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IN'rRODUC'l'ION

" This experiment was a search for dielectron 9airs

emitted near the proton-nucleus reaction:

:·t

close to a CftlS rapidi ty y=0 • In addition to other pair
.

'kinematical quantities. the effective mass of the obs"erved

dielectrons was calculatid

'0 SIN

j'~
,j.!t1

and the resultant mass s?ectrum revealed information on tne

continuum of produced dielectron pairs and resonant 'featu~es

superimposed on it.

The data presented tere was taken ouring two periods of

operation of the Fermilab accelerator between 9/6/75-2/23/76

'~J... ,..

(E288) and between .I .I / / (£494) • During these"

interval~. the .Ferrnilab accelerator was operated at energies
,.~

'oV of lQ0, 200, 39ffj and 4~e Gev. This thesis reports

primacDly on the 490 Gev dielectron sample.

lvhile accelerator intensities .were on the oide"r" of Hl
l3

protons per pulse, this experinent was intensity,limited to

a ·few tirres (10
q

in the target.

H"O ), with 10-20% of th·~se interacting

.', . .. . - '. .... ~
. '.';... :.

o
. .

.'



The history of the observa tion of high mass dilepton

p~i r sbegan with the 1968 ·d imuon .experimen t of Ch r is·tenson

,r---, et al.· (') which observed muon pairs in th~ mass range

from' 1 to 6.7 GeVIc' Its puroose was to search for

~~ructures in the diwuon mass s~ectruwfrom the reaction:

f.A++ .fA +

Data were taken at BNL at four' incident proton eneraies -.....

22, 25~ 28.5 and 29.5 GeV. Horizontal (laboratory) angles

extended over the range +-53 mr. to +-36~ mr. with a 75
. "

mr. Mass resolution of thedimuon

pairs was degraded by uranium and steel that served as the

necessary hadron absorber. Nultiplescattering effects

e l,"imited the resolution to 15% at 2 GeV/c . and' 8% at 5.

of high sensitivity but poor resolution.
#"-or
.~ .

"GeV/c
--

The exper iment can be characterized as being one
""

!)

)

Largely in ret rosp-=c t:, one no\'1 sees that the data of

this experiment provided strong 'shoulder' evidence for the

existence of the J/LP' it served to first measure the
:J predicted d:Hepton :;cntinuurr:, and its

:"\
V

.0

consistency wi th dile?ton .' seal ing lover the s=45-66 GeV

range.

As a logical continuation to this Brookhaven effort, a

second series of dilepton experiments were proposed in June

(;) 1970 .for the 20'.)-500 GeV Fermilab accelerator.

.dilepton modes.:
.C:r (e+- --.

of- c...
~.P+ llv c-t C. US -.':> L~+

.f- A
6" 4· iv....- .,J

Both

: .
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,were to 'be studied. This was done, not simply as a check of

~ -e universality, but to take full advantage of the

complementary aualities of the muon and electron data sets.

Electrons are sensitive to small amounts of matter in their

path. and so one tries to minimize the' mater ial in the

aperature {or them. The electron experiment achieved its

hadron rejection through use of' a ,lead glass shower

.c;alor ime ~er; i t~ .exp~r:imental resol~.~iC?n :~~¥,'1 imi ted o.nly

by the finite c~unter resolution and moltiple scattering in

the appar~tus downstream of the analysis magriets. The m~on'

experiment, ,on th"e other hand, achieved" its hadron rejectTon

through use of. ~n 'absorber' placed in the aperature. This·

absorber eliminated a .large component of the 'hadronic

background 'and permitted running at increased beam" intensity

relative to electrons, while its multiple scattering effects

degTaded the mass resolution.
, '"

Clearly both approaches have something to offer." iData"

takin9began ,with the e+e- phase of E288 •
':, ".

. f

..))"1.

" . t"

• • ,I
I ~"
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~HECRY OVEPVIE~'~

~'il:Y LEP'I'ONS,

In 'this century, the study of the structure of
.

molecular', atomid, nuclear and subnuolear [ratter has been

accomplished to a great extent, throuqh ex!,eriments which

employed electromagnetic interactions to probe. the
t!;s.;.....' miccu 1,.;rorld (1.-). presently ·the structure of the strongly

e, interacting 'elementary'wparticles of physics - the hadrons

is being studied at particle accelerators around the
..~. -

'\oloJ:ld. using'. both the ele'ctrornagnetic and weak interactions

of high energy leptons.

'The leptons (electrons, muons and neut~irios) have

several except ional qual i ties th~t recol'!'rnend them ·for this

purpose r). They are ~ot subj2ct to the lithleunderstood

•nuclear I .forces, behave 2S st ructureless point particles in

their interactions and are ~ll relatively stable. The

)
leptons participate in the weak and the electromagnetic

. '.:) interaction, so ·first ')rder approximate perturbation theory

solutions normally suffice to describe their behavior •

.HadroI13. on the other hand, are subject to the strong

( \ -, ~
nuclear .forces. have radii of 0.5 - 1.0 po cm.:., may break

up~ when 'probed by the pointlike leptons and are ~ll

un~tabler except the proton and antiproton.

"JP
, ~~~~

o
, .

...,' .~



t"age ~

. To the extent that the weak and .electromagnetic

interactions are understood. one can .learn from. the

reactions of leptons with hadrons. 'Ihe theory of Quantuw

fllectrodynamics (OED) ~ which has proved very. successful in

€a predicting the outcoille of the electromagnetic pointlike

. particle interactions, is believed well understood up to the'

.r ."

very high energies of present day accelerators. 'l'he

properties of the weak force are not as weil deter~ined.:but.

even so the ava1lable .approximate theory has served as a

fruitful·· guide -in the interpretation and ·prediction of
. . -

-- exper i\1lental results. Observed deviations frornthe th~oty-...
will suggest avenues of improvement.

..•. '';

.. "

. -
Today, hadrons are assuoed to be composit particle~, in

(Lf);, one can hope that any residual pointlike·

one sense

Ruther:ford

or another.
..

As in the nuclear experiment. of

~: .

structure in the hadrons wL~l man1fest itself through

'.large' cross. sections, measured in high energy-iUomentum

. ,~

f) transfer experiments~ One says 'hope' .since it may be

.1.':>\
":;J

expected that the strong nuclear binding and,confinelY'ent

·forces may oloud interpretation of the experimental results.

The study of hadrons is ;coIDnli·cated .by the 'fact that
. ,

they are subject to strong forces of interaction and have a

"

"l. •••

.. .
finite spacial extension. One can., in the case of

electromagnetism, formally write an interaction hafililtonian

as Jp..A.fJ.., but then one. is faced with ciefining J".. for an

extended, perhaps composite partlcle. ~uark/par~on theories

.'> •

... :' ..... ";'
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(5) suggest that in a ,certain 'Ilirnit of high energy-momentum

transfers, the charged cur ren ts in the hacirons behave as

t:hough made up of ~int charges of +2/3e and -l/3~. The

unknm't'n nature of the couplina

quark/partons and of their 'mechanisw of" confinerr.ent' in the

nucleus ~iscourages, at present, a more complet~ treatment,

of this problem.

,Haoptly it appears that some simple propertiesfamiiiar

(f,) from QED electromagnetic intera~tions may ~~rry over into

the .study of hacirons. Charged hadrons do couple to the

'phot.on, and it was verified in electron-nuoleus
'- .

elastic

~ scattering that the interaction between scattering partioles

takes p'lace pr iJTIa r i,ly through one-photon-exchange (f igure
'.

lb). Observed two-photon-exchange ~ffects are, at best, on

~ the fEw~percentlevel CC::,). :For inelastic scattering, 'it is

,~
V.;J

''')

assumed that th~ smallness of the electrowagnetic coupling
.

constant (0< l insures ,that reactions take place, primarily,

through the exchan~e of one photon~

.In what follows, a review will be made of' so",e of the

informa tion ,learned about haarons from 'lepton probe'

experiments. These include eXgeriments studying:

1. JLepton inelastic scatter ing on nucleons

(figure Ie... ) .'

",

b ta,~""". ~_. .......~"'l .. -... _



2. 'Electron-positron annihilation (figure/d)

3. Dilepton production (figurel&)

All three typ~s of exper iroent probe the. same object' r but

each in a different interaction' mode and in a. di·fferent "

kinemati·cal region. ,So ,far the results from the three have
..... - ., -....... ':

proved very compatible, and in reasonably good agreement

with simple quark/parton Ir.odel (QPM) predictions for the

hadrons.
".:- .

In the' sections that lf0110w. the data results will be

interpreted largelYf~Om the QPM point of view. ~Partons are

pointlike nuclear constituents, which for high
.." .'.

.$

.~)
~ ..

energy-momentum trans£er~. act individually to scatter
., ". . .

. . .

leptons elastically.and incoherently. At present, there are

other theories that adequately account'fo~ cer~ain Jfeatur~s

of the data, and in some cases, reprod~ce QPM results

('ligh t cone' analysis ••for example ( r». .Nevertheless, the

assumption of parton existence and the assignment of certain

properties to them does account for major features ofa

. .

.5>
'... ' l."

broad range of data. ,It is l?robable that the theory

represents an approximation, but it" nonetheless provides

physical insi~h~. direction and a calculational approach

".
". ~... .i. -.~ .....,....

where other methods may fail to do so. The partons'
.... '.' .. ;',;::"':.

o

"simplicity and success are a'lIesome considerinq that their

theoretical basis is vaquely defined and perhaps not

consistent" ('2).

. " .

. ~ .-.. .

.' ..

'''':.- :~"
...~-

.. .....

..........:.~:- .

" ".

. ".J:

.'::: : .

,
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The case for identification of the pointlike partons

'Nith the Gell-Hann (q)', Z,....i~g (10) auarks is suq-;:ested bV

:~vidence tha t the pa r tons have gUCJn tum numbers s im ila r to

the auarks. Measu rernents bear out thCJt pc r tons c re' also

spin 1/2 particles, of .fractionCJl charge ana that the net

number of pa r ton consti tuents in the nucleon is ':h rea. oj us l:

as in the quark case.

independent theories

The concurrence' of these tw6

of the quarks ~hich seemed~ so

successful in accounting for, the spectrum of, all 'known

mesons .and ba~yons in terms of 3 (4(?", 5(?)r, ••• }

.fractiona1ly charged constituents and of the pointJike

partons whose well defined properties provided a

~
..;N

calculational approach to hadronic interaction processe~

makes the case for both th~ories stronger st~11.

·Presenbl~. the nuclEon is viewed as being composed of 3

'valence' quarks, a 'sea' of low mome.ntum quark-antiquark

(qq) pairs and neutral '9luons' that interact through the'

) strong force to bind qu?rks tocether in the nucleus. Th~s

scheme is, all in all, ~8t far removed from that visualized

in the highly suc~es9f~1 theory of Quantum Electrodynamics.

The 'valence' quarks give the hadron its ~uantum numbers and
"

" hadronic identity. The 'sea' of qq pairs is similar to the

par ticle-ant ipartiole sea .fawil iar. ·from higher order QED

o calculations, withgluons playing the role of the strong

,force 'photon'.

o
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l'ihile very successful in accounting for a broad range'

of oata. there are existinq 2G-3~H discrepancies and the

simple model does not account .for the large observed

particle transverse momentum or for quark confinement in the

nucleus. It is hoped that some of the QPM's problems can be
• 0_"

remedied by establishing a roorebroaGly based, deepl~ rooted
- . .. . ...

theoretical framework that is consistent and capable of'

. estimatirg higher order 9luonand sea', corrections to

physic'al processes.' 'AL present', a theoretical ef.fort is

.bein~ made in the directiun of developing the f~rlT!alism of.

Quantum Chromodynamics' 'tJ,_ '- QeD - in. ·which 'asymtotic

.freedom' (11) provides a calculational approach for treating

·Gan, :be ,made about the 'scol ing I of cross sections in high

.
Apari~rom specific ~ode~s, certain general predic~ions

'A
~

, strong force problems. . '..

".,,'

' ...
.:. .....

.-

i
... ~.

. . ~

' ..

energy lepton probe experiments (12).' The cross section ·for

a given Ileptonic or serni-le~tonic ~eaction. with .constftuent
. .

;,).
'-

o.

masses m;i. Ji'ay be writte~:

.-
': ...

where, for the case or reactions including hadrons, one must • . .#

use the inclusive cross section and sum overall. final

hadronic states. A .basic assumption of 'scaling'
...........,

predictions for high energy reactions is that 'no rrasses will

be observed

high enough

above a certain mass M. This means that, for
(~lqZ,-)

energ les (»:-1)1, no parameter exists to determine

~ , #,'

' .. - ".

.. .. :;-'

.' '."
.. ~ ,- . ,.

, .
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.... C1n absolute energy scale. In this liT'l'it (s.g,large)i. the

.=", mc: Jr.asses ~aybe set equal to zero and:

'./"'
'.'

-"';

.,. .-
With this formula,' dimensional analysis predicts:

e+-fC- ~ fA.++fA-

. C"- ..... e..- ~ HItDf201\)S }

e. +- fJ\. ---7 e. +- ~ JH~ Of?ON~C. -1 .(J --7 e +-. ,
Any observed brea kciO'.vr1 in these

b) HAf)(tOt-llC rrftu<:...TuQc
oc ('C. ,,-H) D N l:)t Q IV r;c:.

rather general

cA~ ~G- '1- F'C f)
CL) ~'L

b)' 6 D<--' ~7- S

d."LQ ~ ~ F"cf)w)
cJ-(~d- tAl . . .~ <t-

w.=:· ,/~

/lJ-,' ;

'1.. +
'-

---->v~+ N

relations is of great im90rtance and may be attributed the

existence of an absolu~e enerS'y scale in physics, one's

failure to enouoh· energies, . the . 'bas1c

.:)

incorrectness of assUirin·~ the particle masses to be exactly ­

zero or to a 'higt ene:~,·1 failure of' some aspect of the 9ED

and/or .Fermi interaction vie..,po.int •

o

o

:':, ' ..'



DEEP rNBLAS~IC~?~~!!EP,l~g: Ch~rgea leptons (I~)

First high energy attem9ts to probe the nuclear
.' (14)

structure. were made in exper iments at SLAC ·looking at the

I.. :

reaction (figure ) :
..

e + /VUCLeON -> e -l-' X

Due to lar ge er)erQY ,}osses :from
.

synchrotron
I •..

radiation,

~.

electrons ~re rlifficult to acce~erate to "'" HHj· GeV, energies
. (15) .

and later experiments probed nuclei with muons:

/........ + /VVc.<-eolV -)- /lA.. -f- X

A brief outline of somekine:natical' relations -. and· c·toss

'.-." .

C) section ·formulas pe~taining to these reactions are ~resented

in append ix I •
..-). .

.., ..

o

These scattering experiments yielded cross sections,

eXhibi tlng peaks due to· elastic sca't"t"erlng,. the excIt"atio·n·

of discr~ nuclear levels 'and a broad 'quasi elastic' peak
"

due to .leptons scatte.r ing off· the constituent nucle.i .of the

._.."-- ?~ ..

nucleus. . l'lhat was surprising was 'the observed hiah..... ".

o

C) probability for inelastic scattering -a large inolusive

cross section was observed for deep inelastic scattering" of

leotons with the~ :For a relatively homogeneous

n.:\i·\'rf-.s , one'...-1fi.U- ~xpected to observe inelastic events due· to

.. .;

...

.. '

'-....".

o

photon el1'ission· of the electron when accelerated near thQ
m.ch~

rU.ieeus, but estimates of this effect' feld) short of l

accounting for the data. Integrated oveV the ·cross

section fell of'f slowly with q'l- and ~eJ!'ai~ed close to the

tl/Il'{. c.Jf 0-1 (I:~ cj nUcQ~ - ~ .. ..
n_ L- p.!\/r?<f-l / C.~(N' 6-f~~* 0. c1 )

IlttQNr,(.~\ AJ 1--f ' . 1VV "1/ • - '.

.. .

ry K\l C'\'l0.fJve~~

.. :. .
. - ".

,." ..

..

....• ~) ..

... ~ <~,.-:." ~.~
~..~ >.~;~,:~ ~:,~

.;~:- .. '..'~

...... ~. ... " .
~~: _ :. .. a • '. '.~



order of magnitude" of the (Nott) cross section for

? scattering.off a pointlike proton ((b)'
L.

"The. rather remari<able observations in chenged

lepton-nucleon scattering suggested the develor~ent of a

Lheory of pointlike nuclear constituents confined within th~

finite sized hadrons. These particles were assigned certain.. "

properties, given the name of ·oartons·r. and many 'features

~f deep inelastic scattering wer~ analyzed in terms of their

interactions. Table S 1cJ-1. presen ts a shor t surr.mary of" some

predictions and observations made in these scattering

experiments.
..-

As one ca"n see the data are supportive of

e. nuolear., pointlike constituents, of spin 1/2 with fractional

electric charge.

~ssuming pointlikei, spin 1/2 partons in' the nucleons,

one can use the Q
"~r-

1:. :.; elastic scattering ·formula ,frow

.:) e+/oA~~~-fJ- to predict the ~cattering cross" section for

leptons on quarks:

J'l.. .....- • . "2.-
a LI _ J.. '+TI r;J.. 2. n

JCo'LJ-[-1 - L ~Cf
(J c (2h(E-E') +-1J~)

This sca.ttering of the 1-=9ton off the nucleon is assumed to

take place

the charged

in incoh·~re:;t and elastic interactions between---- ---- .
Ie..

leptons ~nd individual partons ('fi<;rure).. The

total cross section for the process is obtained by simply

suraming the cross sectio:1sfor the individual parton

constituent reactions. The resul tingcross section" obeys

unbroken Bjorken scaling ana relates the scalin] structure

--".~--"---
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·function. F2.," to parton momentum density distribution

funct ions (rt).

ILepton scc tter ing c1a,ta provides strong evidence for

ident i fy ing the par ton cons t i tlJents of the nuclees, \'Ti th

~uarks. and it will be convenient now to adopt quark

notation and assume 4 'flavors' or types of parton

constituent: u, d, sand c. In terms of these, t~~ dee9

inelastic scaling .function .F~ becomes: "

F2.e.,. (~):::: '/Y-' ( ~ ( u. +- .c. ) +-. ~ (cA.+s) ,+- ~~;-l' ~:-'I\QltS )

definitionA
'~Ii'

The functions u, d, s, c are functions of ~~ and they

measure the probability of finding a quark of type'ti, d, s

or c in the proton~ with momentum = x P(proton)~ IX~ ii~he

fraction of nucleon mOmentum possesed 'by the scattered \~~~_

auark!. and a simple ki~e",atic31 argument shows that .this\\ \ t'"
agrees .with . the cppendix definition: x =

:l.- '
q 12m\('. In writing th2 above equations,' we have assumed

.. :

.':'\
" ..;1

1;"\
.J

isosp in i nvar ience o.E t.ho? nl1clee r .forces:

LA (rnul,)".}) ~ clCNevTYlor-J)

cl (fr2- 01 C) N) = tA ('Jc: uT Il. 0";') ,

. --
and will adopt the-assumed quark proton structure:

lU- I c.l S· c
P«OT6'\..) '! L I 0 0

tJ e vT'IL o!J.J ! I '- 0 a

~ .

_~. ." ...,'

.. ","

o

:Sd ••for the proton: , ,r(u. - <A. ) 1. ~'. (. $ - S) cL,'~. - 95cMc = -
~ ~"

,s: (c- c.)h - 95~'(cA-'0- )~
---

6



,r:,. One usually interprets the strangeness and charm relations

C-::-C
-A ze ro isospin rcqu i rement on the qq sea .leads ta:

.1"

A common si~plifying assu~ption,

I"....

....
>.~'

a -·~ .

is then:

LA -=- cl - s ==

often made

~ - C

7
I-

U.,W·
in literature. cLv.

" - Fel(" w-A V' ?

t ~J.. hd--.t

The nuoleon 'charge is given by:

QA::; ~ Qt 5~~ (')0)~

~.,here

. , • A
i = quark type or flavor, A=nucleon index,Q~ , chSlrge'

of , i • quark in nucleon • A '! , d. ~.d • ij etc.

,functions.

-
One advantage of electron scatter ing experiJ!lents over

,......
C) neutrino scattering ey.~srirr-ents is that charged leptons

scatter off strange anci chanted quarks with no sin."l..(e)

Cabibbo angle suppressic~. This will prove very important

) in estimating the stranse and charm quark contributions to

t\YY\
the nuc!-eas •.

:)

~ DEEP INELASTIC SCATTERING: Neutrinos ( )

Additional, complementary information reqardina the

constituents of the nucleus and their momentum distribution

functions may be obtained from the data of deep inelastic

scattering

..............

neutrino experiments Uigure lea.. ). 'Some



.CQYC ..1.::7-

o kinematical formulas pertaining to the reactions:

\f' + tJ U c t-c u S -} fA.. - (c -) +- X.

f lA.. 7
u-(e-] + -"
I' d .1

--,1\.. t.J U C 1..- t:" U L -) l_~ - (,.. .... \, -1-. 7"., ;;;) I . ~- ). !\

....

:.,....:
,In ter(l'ls of quark

-.

-are presented in appendix 1­

constituents CeCCabibbo) = 0):

~ As in the case of charged lept~n-nucleon scattering r one.can

deduce the QPM ·cross section by first calculating the cross. . . .

section for neutrino scattering off a single spin 1/2 partori.. . . ' .

Q
-'

and' then summing this contribution, as .befoz;c, over. -_ali

nuclear partons •.

As' shown in Tables 3 through 5- , neutrino reactions

obey scaling over a- wide range, anri in conjunction with the

c~arged;lepton results:

f'?\
-.;.~

1. reveal that the nucleon is made up of

3 net constituents over anticonstituents.

,.

2. show 'that- 50% of the nucleon momentum
;~~v .R

is carried ~i ~~arks (with the remaindei

,~
~.:3

3.

attributed to gluons).

~truvpreiH:ct a fractional constituent charge •.
.-..

4. demonstrate consistency with charged lepton

structure .functions.

--.1).-

....



~..
l~eu t r ino and antineu tr ino scatter inC! on nuoleons.

provides valuable relations. between the measured· stru:::ture

r- functions and the to-b'2-deterrnined quark distributio.n

:<;.•

-w

~;

functions:

F 'f r - L_ /)( (d. i LJ,~' ) r;r)c'. 2. -

F V
""" - L-P ( LA. -fd )

1- ..-

F 3
vP - L (tA d--)-

FVI\-' L ( cJ. LA)-
- "3 -

e (Cabibbo) is assumed zero so the stranae andcharreed

quark contributions do not appear (Iq)~ In principle r these

relations can 'be solved :far 1..1. U. .~. J. but in practice r 'the
r'

t;9 e~per imental measurements ar:~ not accurate enough' to

accomplish this. At present r there is no· unique accepted

set of quark and antiqu.=.rk fur.ctions; several way 'be ,found

in the .literature (20;. TypicallYr their determination

requ~res use of not cnly the deep inelastic scattering

resultG r but aluo c2~tain tneoretical constraints and

~ simplifying assumptions.

~ The extension of the QPM to treat polarization problems

is straightforward (~I). One defines + and helicity

o

o

states for the quarks such that:

u:: U+ + u.-

cl - J. + +. d. ~

ETC.
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In princi~la, the u-ff, ·u-l. d-H. ... ·can a1l be deter{llined

from scattering experirr.ents off polarized targets and: .

<SOl' ') ~ ~_ ~ ( ( (A ~ - 0, -.) + ( Q ~ - LA -) or (cJ + - d -) -r&, ~ -d ~ )') cl ,j~

(L"2:")~ J- - <S"'i.)
2.-

'.

For the proton, one expe~ ts <S~ ') = 1/2, <L=i-> = a, ~lh ile one

finds, ,from avai"lable ··low energy data, <S?) = 0.:~ and <l~) =

: .

of

not .. so

of . the

Iromenta

is

indicationangivesexampleThis

0.2. The naive QPM ianores the transverse

.Ld/lr . constituents, so this discrepancy
l/~t~l s
surpr 1.fng.

calculational pmver in the QPN approach.

. \
.'

0'_ ....

. ...~....
'.

o ••
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.':""\
i.:.'J

.". "
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.... . . ~ -

.. '.' < .. ,
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ELECTRON-POSITRON ANNIHILATION (22.>

Observation of the reaction:

'.. e. + + e

at col1idinq, bec~ faGilities at SLAC (23) and of its

~.

'inverse- re3ction:

+- X
e at 'BNt (2.4-) establis~ed the existence of. the J/LfJ partic.le,

which 50 abruptly altered the course of present day physics.

Here we shall be concerned wi th the first of these two...
t:-'" reactio!'\S, e-H., e- annihi.>lation int9 hadrons.·ln the I}~ive

..
OPM, this reaction is visualized (figure If) as a ~rocess in

which the electron positron pair annihilates to create a

photon which converts to. a qq pair: these quarkS. ~be'fore

,leaving the nucleus, become I dressed - as physical hadrons.

-Since the photon has .J p~ ,--, electron-positron spectroscopy

is useful for the study of new and. old vector mesons.

Of considerable th~0retical and experinental· interest

is thE~ ratio:
)

..';\,,-.4

R= <ESC e+ +c. --> HA 01'1. ot"S )
~-_ ..

() I r ... ,...~ -,. j /J\ - ')
\ - ,j. t:: --,.

In the QPl-l, this ratio :tas a physical interpretation. To

see this, we shall fall back on the QED spin 1/2

€) (c+e-'-7 f.A+"""'-) formula and apply it to the reaction (e+e-~q

$I

«
If r, F)

'-1:'•••7 •• '7C" ...
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we expect

GeV to 4.5-5.0 between 4 and,
euJl rt.tl\Qlo?\ fUit- 6"\.- ' , , ,

near 5.fl~ 'to 8 GeV.

can be compared to some

+'[. i.Jt
, !..P,,,r

11'2-" .

These observed values

, - <0 Cc -I + C.- ~ ~ t ~ ) ~

(l~) •

If the parton/ou3rk mass is close to ,JS/cf

So one sees that' in the QPN, R is the sum' of· the

, ,

one follows the QPM recipie of assuming,incoherenti~elastic

states (one must dq this to avoid folding in the probability

that a, ~uark ,willI "appear' in a specific hadronic state),

~ .. "

estimate the cross section for the e+e- 'going to all hadron

threshold effects to yield a reduced cross section. To

, ·page 23· '.., ", i-~',

~.. ,':

So :for spin 1/2 partons of mass m and charge Oe:

increases .from 2.5 between 2-3

5 GeV. The curve flattens out

squares of the 'active I QP charges. This ratio of cross

sections has ,been m-ecsured at SLAC, and they find that R

~Spin 1 partons yield a risinq ve>lue of R (2..(.).'

In general for spin 0 and 1/2 partons('2..S)·.:

. . ' - - - . -- . _. ' . - '. '

scattering ~nd one ~u~s th~ quark cross section o~~r all'the
hUG~ \,\"Y\ .' ',. . , ". .'.,

~r constituents. In ge~eral, if there are N partons.. in

the n~ wi th ~harge'QEt. all wi th ~ass < J'VCf ~:
~1uclvn ' .

4 rr QI...""L N ' . 'L.

o(e-t+e"'~ H40(20t.JS) -= ~S· ~ Q~

i

I 0
I
i
I eI
I
i

I 0

I e

0

$

(9

Q

G

0

a

~)

J

0

0

"

. , . ..'

o

standard QPM predictions:

R( u. J cl )S):: 2../3

r< ( CA ) <1, IS) L ot. 0 n.) ::: .1.. "
R. (u. I d.. 1 S) Co) C.OL.~Il) = 10/3

r<.. Cu...l~1 S) Co) CoLol't J HfF\vY LeP10f,J) -:;:. 13/3

. .. .. .

.."~." '.. ~

... ' .

'.



Observed values of R support the color hypoth~sis and

~re co~sis~ent with th2 excitation of char~ in the 3-4 GeV

region. To account for the .larc:e value£: of R obseraved
-

:..t;' above 3.5 GeV, an addi'tional excited 'degree of fr~2dom' way
.~

be needed to account for the data. The newly d iscov.ered

heavy!lepton (21) of charge +-e will add 1 unit to the value

of R.

As' one can see, this' ratio of cross sections, R,

~ provides yet another test of the QPM - this model shou14:be

able to account ·for the observed R values and predict' the,

manner in which R .wi,lll lchange as sand/or q L increase. In

general, people will be rather· surpri!!o.·. if· R does not

approach a constant in so:ne sort of hiqh enet'gy liIDit.

General scaling arguments and a large .olass of theories

(including the QPH and 'light cone' analysis) agree that

R --> constant at larqe 5 and o~ Efforts have been made to

will approach this limit (~q).

its asymtotic value and the ~anner in which

If R does not

presentin

constant:,

adjustments

:owards a

Eome

tei1,l

makinginto

pred ict both

.forced

understanding of the annihillation process. At -one end of

the spectrum, one is facea with admitting, to an absolute

enet'gy scale in high energy physics; at the othet', one may

have to impro·"e available theory to make accurate

e calculations of higher order corrections that may acc~unt

for a variable F. ;Spin 1 partons yield rising R values -'
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perhaps the c+e- annihilation process is sensitive to

constituents whose existence is not probed in lepton-nucleon

scattering. "striking a proton can only excite ouarks

0.·

.."io..;,,;J

o·

o

present in the prot6n, whereas exriiti~g the vacuum can give

rise to the \oJhole particle spectrum" (;p). - Altern3tively, a~

non-constant value of ~ may" be accounted for" by var ious

possible non-scaling c'orrections to present theory (quark

size ~ffect~, oluon ,corrections·etc.). At ~resent the v~l~e

of R has leveled at 5.2; it seems as though more data is

needed, ~xten:Hng ',beyond 8 GeV. to decide asymt?tic limit

~uestions•. The pr~sent status of .R is ~louded by the

excitation of new degrees of freedom and "new particle

thresholds.
. ... ~ . .

". -'"'~...

~, "

' .

.'

" .'.-.J)..
.' ....

" ... ' ," .



~I
DliLEPTON P~ODUCTION (~I )-------------

About the same tiwe as the ori(linal deec inela'stic

scattering ex?erirnent at SLAC, experimenters at BNL.L

~r(' looking for dirr.l1ons oroduced in the reection:

+ x.
106~e-

In a! sense, this is

annih1lation (.figure Ih).

the

,It

inverse reaction to e+e-

is irnag ined in' the QPM that

e the dileptons are produced as a result of quark-antiquark

annihilation into a virtual photorl. which ~later convert~ to

lepton pairs (figure I i-). The differential cross sec-tion
'l.. "2... -

,for produc ing a pa i r of invar ien t mass m = q __ is (3'2.):

cL 'c) ,4- TT t>l.."t. (~ c:. .~ (' ( ) '1. ( )' - '( )
:: "') (\U <..,. ~ x,x., ~i )(, qI x- ... ~.~i t..,

dq;cl'S ~ Ie'" (. )(.+-'1(2.. 0 'oJ

XI (2..). = i ( -I- l -) ~

L 01 Irs
(J"'-/S.t)

Lf pt.

where the

functions

'~J l--

(~4. are

d

0, s, c •••. distribution
~hvL!L ?tariff)) ~4tl d1-t"~-[1

efasF1-c scattEI .. ng--n .

' .

momentum dist~ibuti~ tfilJ:i?
A. :For the case .Of~~

~ (,u~'V? ten
l ~rt(J- or t'f4.,

'Ifu4.(»

the

.- r:c

.-, .~

hadron

reveal

ina

They

tyoequarks of

o

----------,,------------------------_.__.
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where an extra •3' has been added in the c1enomin:ltor to

accoun t ,for the ef fee ts of the color aeg ree of f reec1oiil. .For
~ - /

~ incoroin~ proton:

~' I

~U~().~ (-l- A\ -
For{;.~ target)~

proton contributions:

Q.

.. -2

-'.(j .=
~--A

one

1"

rr.ust weigh _ the neutron and
", ....

....,,: ..-

: ....

One has ~he relation:
- .'

.. -"'_0' ~

. .

(A~~ d. "'0..~ ~ fA r &u•.J ~;C\,j..;
u.,~ u", ~ JlJf.~) ~Jl"l\~ l ~" "

which fO~ls f~om the isospin invarience of nuclear forces.

The sea will be assumed to have -zero -strangenass ,(s =s)." r

-zero isospin (u = d), and the simplifying assumption w£1l ~be

-
made that (u = d =' s = s) • Following, the leaa of Kuti and

,,'{) I"eisskopf (3'!.), we shall separate out the sea and valence

quark contr ibutions as:'

lA. ~ u...v + s , .'

o So one arrives at the erell and Yan (3~) prediction for the

ailepton continuum:
.:

.....
.:. :.:. ~ ~-~

.... , .. ,",'

...... ,.

~,,~L rL (S( c) ( If"'r :.; 1J-tA..er) + ~"'~:~~ 0-. (-c)) ~.. .

'. SC-c) s (L.) )

kany authors (~5") have evaluated this cross section using

.. ':~ "," .'~. ,"

..'... .. "."

", ~ "."

...... .-io ' ...... :' ,"

. -
" ". ., .. - ....... .

." -.
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~ o·wd ~"\JV\~ cw otJ,,1tt~J I'uv.-'~t~ ~Cfi~
their own favorite' aU.:Jrk distribution .functions. fl. A .

reasonable choice of distribution functions usually giv~,.QPM

predictions which either straddle th2 data or are within a
,

comforta~lc ·factor of 2 or· 3 .frorr. the fi'easured v<:llues.

Several comments can be ffiede concernin9. the
\

U:ll~ue

contribution

(£1

tha~ dilepton experiments made to ,our
h CU~1Aly.... -. n. .'I f8.

unders tand ing of~ s truc ture! ..J..U.li4-€ Vi.f)\\...h.U1.LU;~ (VWV\&.Q '{!

V\U)~W\ 1"'-~ (\l--u~d,.. ~cl ~w : ,~

~ UJ" ,Since ,lepton scatter ing cannot be easily done off

. hadrons other than n2utrons and protons, d£lepton pair

'G K
.'-

production offers the opportunity to do scattering

off of nucleons to learn of their. quark structure. A recent Xcit 'LJ

rll/l V\-u..ClJ.-tv-.\ .
experiment ( 3<:')1, exploring: the large x re<Jion, ~ '~Qti-t-. ere ~.rt(j- .
measured cross section ratios ~for charge pions cn carbon

~r nuclei ·(equal number of protons and neutrons). A d in the

-rr" annihilates wi th a a in the nucleons; an u in the IT-

annihilates with a u in the target nucleons. Therefor one

expects:
0- (Ti")

0"-(';-; / Z. '\ 't.
(- \

\. ~ )

\>lhich agrees with observations.~) From the above

expression ,for the scattering cross section, one can readily

see th'.it:

is a .function of the ratio Available data ()T)

C;;~:- support this prediction of a universal dilepton •scal ing'

..



, " : i· ~i -: .;~ ..-

, function. Encouraging results were achieved by Peierls et.

e,

al. (';'\ ). to combine the results f ron var iou5 d i'le-e~on

experiwents, and show that scaling holds from BNL energie5

(2~-30 GeV) up to Fer~ilab energies (4Z0 GeV) •

.Since it is vertfied th2t Bjorke~ scaling is not exact

in lepton-nuoleon scattering experireents one might suspect a

violation of scaling in dilepton production 'experiments. So

far, .t~e available d~lepton data, has' not been -accurate

eno~gh ~¢\.,~~~~Q-fe\./~at.>'6rik-/l-~,b'aK

~t~rt\9.c1m~ds~to reveal, any discrepancies

,on the 20-30%' ·level. :Light Iray be sh~d ~n this '. si tuation

with the publication of 200-300-400 GeV dcta of S ·Herb et.

ale (~'1).

(3) Yamagouchi (lfO) pointed out that the production cross

section !for the interIrediate vector boson
A
\:;J

o

proton-nucleus collisins can :be ,related (through the

conserved vector current hypotesis) to the production cross

section of, virtual phOt01"lS. Using 'eve, as.suming f'igure ( )"

to be correct and tz~ing the isoscaler contribution to

6ilepton production to 'be sm~1~. the production cross

section for W'S is predicted to be larger than:

t./\ w'"l., 'J 00 .11' ,-\
~-1""'''-''

Several current, detat"led teviews of predictions dedl'ced

·from Yamagouchi's idea have recently been published (¥I).

..~ .

' ..~
...,JI."

.,.~~

~ ~ . ,"

,-



Page 5

Four planes of trigger counters downstream of each

momentum. Typically, an inch separated the detectors ~from

(67 mr. at 500 Gev., 96mr a~ 20~ Gev).

(!

)-.

line. and \olere of

'in this experiment

each arw downstream of1n

APPARATUS OVERVIE~

exper imental aperjtures

about the incident beam

I!lagnet was placed

sy~metric

'l'he dual

were

acceptance in either the high or low ,mass reg ion, while

the +-3.5 mr. neutral' beam envelope. A change of curr~nt

in these magnets provided a means of improving the mass.

horizontal aoerature ooening was chosen so as to straddle '9~. .'

iden tical ,larqe sol id ?n~le (f iqures 2 and:' ). The

..
vertica1ly out of the neutral beam, and define their

deqrees in the eMS at various possible accelerator ener9ies

maintaining a significant acceptance over.lap ,froiT! one

current setting to the, next (figures '~and 5). The

magnet. served as a .fast trigger for the experiment (figure

7-) • The vol tages of the TO. '1.] •.52 and T2 counters \'iere

momentum acceptance of a snectrO!l1eter arm, for t\'10 magnet

set tings I is shown in figure c,.

A dipole

the aperjture defining collimators. These served to sweep

.low momentum particles oue of th~. aperf;;u~e and select

higher momentum particles of one sign. deflect them

\I

C

~

@

Q

~

e

e

(>

0

0
r

e

~)

i ,~)

~")-

\)

t)

0
set so that they would efficiently detect minimum ionizing

particles. The threshold of the T2 counter cHscriminator

o was set to require a pulse height of about 15 times miniwum

_. .L...... -'--
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APPARA'l'US OVERVIEh

' . ..:.,;

were

'I'he dual

symmetric

experimental apeitures

about the incident beam

'.

'in this experiment

line. and \-lere of

r.lagnet was placed In. each arlTl dmolOstream of

iden tical ,larqe sol id c?nC?le (f iqures 2 and ~ ). The

horizontal aperature opening was chosen so as to ;traddle '9~

deqrees in the eMS at various possible accelerator energies

(67 mr. at 500 Gev., 96mr at 200 Gev).

A dipole

the oaper/ture defining collimators. These served to sweep

.low momentuJl particles oue of tti". aperf;;,u~e . and' .select

higher momentum' particles of one sign. deflect them

vertica~ly out of the neutral beam, and define their

momentum. Typically, an inch separated the detectors .from

the +-3.5 mr. neutral' beam envelope. A change of curr~nt

in these magnets provided a means of improving the mass.

acceptance in either the high or low ,mass region, while

maintaining a significant acceptance over.lap ,from one

, .

,":l.;; 'u and 5 ) .current setting to the next (figures ~ The

momentum acceptance of a snectrO!ileter arm, for b"o magnet

settings, is shown in figure C.

Four planes of trigger counters downstream of each

magnet. served ~s a .fast trigger for the experiment, (figure

~) . , "

The vol tages of the TO. T] •.52 and T2 counters were

set so that they would efficiently detect minimum ionizing

e <>

particles. The threshold of the T2 counter ciiscriminator .. ..

() was set to require a p~lse height of about 15 times miniJrurn ~
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serious. (Target out/target in) rates were low (1/250) and

redundancy in the ver tical dimension was not considered

momentu'1l ,and mass resolution' of the apparatus is shown in

.figures -g and 4' , respectively.

glass

IcopioLJS

lead

morethe

absorbtion

from

\.,irecnail"bers and hodoscopes
~,~ ,

served to ~y pa~t::l~~, .

to measure the par ticle ~"\L1Fn(.

its momentum. A plot of the

total

electrons

identicaltwo

separateTo

~he particle hits in the

bend angle and so spec if iea

tracks, ana each track serveo

downstream of the magnets

hadrons,

dete~tion of particles showering early in the lead al~ss. ~
" J / 1" I Ii', H~ultA(A.'yV\ I)L(/~1 \"'jc 1'.0 tte SC U1J..[I'~ &-ItLLe 1M L.ltJi,'l..lt' , r r

-6inee 0 partiole ~tion was done before the ~u. x~. l-rit-\o~~ _ <;,e.-t (U, J'
vertical bending magnets.~target oriqin of an event could be

"l' .
checked only in one dimension (the horizontal). The lack of

ionizing. This requirement, made on this counter which was

placed d i rctly beh ind the fir s t layer of lead q.la s9' •.fav~red

. .
the' projected horizontal target distributi~n Ifor events ·\'Ias

;clean. :Since electrons are sensi tive to relatively small

amounts of materinl in their patH. l.nscattering does" not

represent as large a pioblem as in di~uon experiment~. High

'energy .electrons entering the large Z material of the

collimator walls will quickly pf~;h~tP loose energy thr6ugp

bremsstrahl~ Those, fe\.; electrons that manage to

rescatter into the aperjture are of lo\{ energy and do· not.~
represent a· background problem. ~_

r
" (;<-

ti.
I"'"',..

~.-'
f'J

0

Q

G)

Mr

0

@

~

.;)

t)

f)

0

4)

e

()

~. calorimeters were employed.
":Jio.r'

The characteristic shower
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o
development of electrons in the 4 layers of ,lead glass

served to distinguish them from

On-line, a threshold reouirement

other charged

on the Ifanned

oarticles... ..-

in . signal

from the blocks of the first 2 lead glass layers served to

.() reject both low energy particles and higher energy particles

o'f 'late' shower development (hadron-;', typically)~' Off-line

cuts on an event~s' fractional energy deposit in each layer

of lead olass (' sho'Ne r 'cu ts) and on its total calorimeter

deposit (Energy deposit=Particlemomentumi E=P) fur ther

served to refine the sa~?le of electron ·candidates. The

rejection

Backgrounds in this experiment were due primarily" to

~accidental' e~ectron pairs, hadron,? ,faking el,ectrons and
hCt~'k.m tn&llU..J. r~"'-1u...,\ol.i u..'tfuUl, Ct!Y\ot':l.:.t- MCl OCth~ qw.c~ dl

electrons due tOj\Dalitz...J<H: gamma conversions- in· the material

in the beam. These oackgrounds can be of either an

trigger of the experiment provided a single armrejec~ion. .
-2. .

factor of 5 1 ,while off-l ine cuts. improved the overall.

.~
...-;1

.) •accidental' or •cor rela ted' 03 tu re. ·In an accidental pa ir

event, the detected particles originate froQ unrelated

C)
'v. interactions in the target and their mass· spectrum can be

.~
..;.;I

simulated by the off-line pairing of ~ingle arm. events •

Correlated partioles are those which oriqinate .in (or

'near') the same target interaction. An 'upper .liwi~ on the
.

contribution of correlated pairs to the overall dielectron

o
background was estimated using actual 'in tirre' pair data

recorded during the course of the experiment.
'.

'. . ·:I, , .. '

Q

o
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EXP~RIMENTS 280 AND 494

As rnentione6 in this 'JCloer's
~. ~

introduction, th~

dielectron eXgeriment re?orted on here ren' curing two

separate periods, under 2 designatio!19.'E268 andE494.·

Table C) provides a' .list of the integrated intensities., for

both experiments. Hodifications made to the api?aratus for

E494 include the addition 1, on each arm. of two threshold

gas Cerenkov counters for hadron ident1fication. and. an S
.,. I.

nuclear mean free path hadion calorim~ter, placed behind the

lead glass calorimeter. Two planes of ~WPC's (a horizontal

and a nearly vertical chawber) ,were add~d downstream of, the

analysis magnet on each arm to provide improved momentum

resolution and hadron rejection.

~.,ire spacing.

These chambers had 2 mm.

)"

)

The Cerenkov and h~dron calorimeter counters were to be

used primarily for th2 study of the e494 dihadron data

(reClfi). A ,further d.;:s:cription of these counters will not

be presented here, s i:-lo::e they, general,l}f. d iei not play a

J major role in the dielectron data analysis. Information

~ ',r'

~rom the Cerenkov counters was used the improva an estimate

of the dielectron hadronic background, and Ta~le ~ provides

some basic information on their runnin~ wodes durin? E494 •

.r. ..." '",

. ,

. _'0··

"

'. ~,...... .' .t."" . , ~ ..
,1- • ,,_••,:,... ~,;, .,......".. ....... ,. K>
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The E2ae and E494 dielectron experiments were very

similar in ~05t details. but differed in the "following:

1. The additional planes of ~WPC'~, positioned

"just downstrearo of the mZ0ncts, im~roved

the E20e mass resolution in the

3 Gev r~gion by a factor of three and in

the 6 Gev reqionby a factor of two;

._~(....
1_.,"

-::'It
._~

....~
'\~

2. 1n"E494, less time was devoted to lfine

tuning the .lead glass calibration." In E288,

th~ lead glass and MWPC resolutions"

were comparable and one hoped to improve the

overall ~ass resolution by folding together

the energy and rnowentum measurements in the

final mass calculation. ~his was desirable

because the twc resolutions

were complementary. As the ~WPC resolution

worsens at high momenta, the lead glass

resolution imnroves. "In 8494. however,

the significant im?rove~ent in MWPC

resolution rncde the neec ,for fine lead glass

resolution less important.
. "

3. E494 used its improved J/~ mass resolution

to adjust tha calibration of "the analysis

magnets in the d1fficult-to-~ap region near

the magnet pole pieces. This will be

discussed in a later section concerning the ";;l



analysis magnets.

4. The more corrplex hadro~ic trigger of

E494 required a 'D.C. :lonic cicadtine of 250

ns.

These points summarize some of toe differences between

£288 and 'E494. Both ex~erirnents had' :-oughly equal

sensitivity and were run under similar intensity condition~.

'.Identical general analysis procedures and cuts were used for

both jata sets. The addition of wire chambers after the

magnets added an important additional' coordinate to the

.linear -least squares fit done to particle trajectories, and
, ,

the somewhat .less carefully done lead glass calibration
(e(' ~,~d.l~) , , -. . '

barely increased the E/P cut inefficiency ,for electrons.

""Given the similarity of the two experiw.ents and their

rrodes of analysis, this paper ',.;ill not provide a parallel

.~) discussion of both eX9::r lm~:1ts at all points where they

di.ffer •.Itwill concent::-ate on the earlier experirrentr. ,'£288

and all studies \~ill :':-: aone -2xclusively with £286 data,

{} except .."here spec i f ied.

...
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J. BI::AH

The eXgeriment reported on here utilized 100, 2iB, 3g0

and 400Gev w.o~entu~ ~rotons provided by the ,Fermilab

accelerator. The typical spill duration was 1 second, with

an accelerator cyole tiwe of 6-7 seconds. Incident
, .,

intensities for this eXgeriwent ran?ed ,froJTl a ;fm., lOq fo a

few l~ID protons per pulse. The beam particles were ~unched'

Typically 3.... 4 lO"l- .f i,11edbunches were in each spill, so the

in 1 ns. wide groups (RF buckets) r separated by 20ns.
..

number of incident protons ranged from 70 to 700.per bucket.
,~'. 'V 20% of these protons interacted ill/tliethin Be target

used for data taking.

>t:-_
These accelerator 'buci<ets' \vere not aholays un~forIilly

pOPulatedttt~uperbuckets~of 5-10 tim~s the'average bucket

size were monitored during the course of the experiment and

eliminated \olhen possible by -judicious accelerator tuning.,.

On a pulse-by-pulse basis, a cut II/as made on the Ifinal data

, /). .' -- ..

,oJ·-

sample on a quantity pro90rtional where N

o

measures the prot?n population of hte ith bucket and, the sum
A. PP£>N 01)<'

is carried out over the full spill length (see ~1.i:U't on

·,Induty'). This cut serve'a to eliminate events that ,.,ere

accompanied by .grossly non-uniforw soill structure. Figure

10 presents SOiI~e sample photogranhs of this experirrer:t's

oscilloscope macro-spill . moni tor; figure II presents
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photographs of aPHAdisolay of bucket to bucket intensity

variations.
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2.INCIDENT E~AM ,INTENSITY MO~ITGR(SE~)

A secondary emission monitor (S~M) was used to measure

the number of protons incident on target. Beam traversinq

8 the thin cOPger ·foils in the SEN knocked out secondary

electrons and thei t' integratedcharqe, collected over the

o

sp~ll, ~roviaed a measure of the incident number of protons.

The SEM' s. relative cal ibration WetS checked once every 3-6

months during the course of the exoet'iwent. A sample of the

Ifoil calibration results from this experiment's SEM is

presented in Table ~ •

:Predictions and measurements have been made rE;gar~ing

the' dependence. of ,$?H yield on var ious factors - time,'·

incident energy, beam intensity, spot position, incident

..j)

partiole type etc ( 50 ) . Some sample' Ferinilah SEH

calibr 3tion data for. 2 incident energies arid 2 types of

spi1l structure is presented in Table g

The absolute calibration of the SEM was based on

information for the production of radionuclides in

irradiated ,foLls. .For this purpose, the measured. cross

section for the production of 1.1.f N? in Cu '11C!S used (\olith a

·cross check provided by 5~Mn production)~ ~'fNa was chosen

for its high threshold enerqy, its 15 hour half life and the

ease in detecting its emitted 1amma rays •

. ",'



The cross section for 1qNa production was assu~ed to be

3.5 mb. 'l'h is val uc \.;as or ig ina 11y taken f rom a pape~. of

Hudis (51), wh0 for the case of incident protong, found th~

l·'i'N"l oroductio!1 in CLl to be const2,t over a 7 - 3~ ·Gev

incident enerqy ran?2. A :Fer rr. j.l a b pro to 11 a<::' ~? r t£Tl2 nt

measurement for 4C0 Gev protons supports the U3e of 3.5~b.

at this higher energy.

Since theSEM was 2.5" in diameter, unfocused parti~les

in' a .bearr. halo or ra'ndom spray down the bearr:pipe' from

upstream c<?uld give r ise ~o spur iously high' SEh counting

,rates. Beam displacement studies and defocusing tests'

~ indica ted that these potential problems ,were a filinor

'concern.

As determined from horizoiltal and vertical tarqet

the beam spc~ size on target was 20 mils

horizontally and 25 mils vertically. Dur ing rUilning' ~ the

.1
vertical and horizontal be3i!" nosition \vas monitored. on a·

television display of the vertic~l and horizontal wires of a

split wire ionization chamber (S~HC), with 1/2 m~. wire

o

()
"

spacing. This was positioned after the SEM, 69cm. upstream

of the t'lrget.

.,

.'

..

~' --

•
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3. TARCE'i'S

,radiation length at 95 mr.

One target was used for the main data aquisi tion of

Along its .length, it provided 0.27and.e088" thick.

this experiment. It was made of Berylliu~, 4 h lon~, lh high

interaction lengths of materialj 1.3% of a radiation ,length

Mas seen .by particles exi ting at 50 ri~r., and 0.7% of a

ThE:' choice of such a target represent-.s a cOIr.?romise

among several desires. One needed a target substan t'ial

enou9h to provide a .large target in/out ratio, ~'1ithout being

so long as to create colli~ator wall illu~ination problems.

It was to be narrow and of material -,with llong radiation

-- ..

length - to reduce as far' as pcssible, the opportu:ni~y fqr

.~ gamma rays to convert into bac:<ground electron-positron

pairs (the pi zero lifeti2e is sec or

.In addition ':0 tl-:':'s r.;ain target, three wider targets

..;.) (fJ." 63" thick) we re aVe ilable, and could be easily moved

into the beam under remote control~ A wide Be target (which

intercepted the entire beam) \"3S used to measure· the

targe t ing ef f ic iency (65%) of the standard thinner 'Be

tarC?ct. The second wide target was of c09per and was

utilized when special studies or electron calibration

required an increase in the fraction of gamma conversion·



--~- --

electrons in the beam~ The .fin~l tar~et was of aluminum and

consisted of a .963" square ba.r suspeno?d froIT' above arl.d

r' helm-i. This .....as used in cross checking the vertical bea:n

~. position and in measuring the vertical spot size.

'Iargeting was rnonitorec1 by a three fold coincidence

scintillation counter telescope (referred to as NON). -It

was positioned in the neutral beam, at str.ltion 1 on the

•down' ar[fl of the spectrometer·, near 83mr;. The ta.rget

o in/ou t rates for th is coun ter we re 250/1. On the 10 %,level1 •
. .

NON's counting rate \-las unaffected by changes of magnet
•.1.

¥ current and only a slight correction Ttlas' required for its

non-linearity at high intensities:

( I +-. A·'" Nt:) tJ'l- \

A::· (1.0 TO.i...S)X)6- rr

The rates of this cuuntcr were reonitoreo both with and

without va~ious vetoes a~a/cr gates (beam gat~, electronic's

busy etc.), and its courlting rate was used to prov'ide the

o

overall normaliz~tic~ c~ the C.:1;1'".... -. .. -

. '

cross section.

..
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TARGE'l' 20X

1.52 met,=rs downstreaiT' of the target was a sYj!!metrid~

tungs ten .1 ined precision colI ima tor' (f igure 12). This

defined the 50 mr. edge of the horizontal ap-erature and

range.in the +-4 mr.

ng- and was lined with tungsten

of radiation lengths seen by

allowed ver tical -

to maximize

The collimator w

particles that were out of the aperature and might rescatter

in from the shielding walls. Downstream of this, also

4) centered on {} deg.rees was a, water cooled beam dump which

served to attenuate the ~r irna rvbeaIT' that did not _interact

in the target. The ex;:>erimental horizontal' aperatures on

-both sides of the dump we re 1 ined with steel to prov'ide

semi-precision collimation and to increase shie~ding around

the dumf>. No vertical tapering of shielding in the target

') box was done downstreaM of the precision collimator (

+-1.13" was allowed).

A continuous flow of helium to the target box -was

maintained in an effort to minimize the number of radiation

() lengths of material in the aperature before the magnet bend.
, -

"



COPPER FOILS AND LeAL PLUG

r­
(:-

The air •
qat>. . of 0.85 m.~, sho',l!'\ in figure I'"L f • provided

room ·for positioning a corr.pressed air driven mechanism 'Lor

inserting. into the aperature, thin copper foils

(0.036,0.076,0.114 cm. thick) or'a 5.08 cm. thick block of

.lead. The copper foils served to increase IT'a ter ial in" the

aperature by 2-4 times and this facilitated further study of

gamma ray conversion 'backgrounds. The 5.08 Clll.· block of
...

lead provided a sufficien't number of radiation ,lengths' to .

.Qr-.... interaction llengths of m2teri~l into the beain lfor inducing

appreciable hadronic showers or charge exchange conversions.

Typically, during a run in whi~h'foil' data was t~ken,

J',' the foil cont.rol rnechanisrr: would be set into a 'fixed cycle

of' foil and no foil states, moving' the foils in and out 6f

the beam behleen accE:lerc.tor, pulses. The pulse by pulse

state of these foils was read out as a bit pattern into the

computer. These bits were set by ~icroswitches on the

J:'!oving ,foil asserr.bly. It was considered desirable to

include in the same run both stand-:lrd (no foil) and I·foi·l l

data to best sc.~ple becw under average data conditions. Toe

Ifraction of integrated intensity tor each foil state is

, .. ~ .---~-_..-. ~ .... ,,-
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given in Table q

positioned after the foils. in this 5?r.'e arc? p. \·:as a

rectangular a?erature rr.i'lOe from 2" thick bars of tun?sten,

whose cpening defined the +-3.5 mr. vertical a?erature.

..

".. :.

"\ ..

. . '

~, .
.·';;t~ .

..)};
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:SHIELDING P]LE

The shi~lding pile (fiaure /2) was of steel una 2.22 m.

thicK, ~long the bea~ direction ..Its apercture was oversiz~

and untapered in the vertical (+-3.8cm.): horizontally,. its

e~g~s provided collimation a~ 46 and 96 rnr. The symmetric

aperatures in the shielding in both arms were vacuu~ sealed,

connected to the vacuum boxes in each of the analyzing

magnets and evacuated to ~-4 rom.Hg. The pressure in each

magnet-shielding p11e aperature was mrinitored on a pres~ure

gauge viewed by a close circuit television camera.

. ".

. .

. .
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f.!J\GNETS

The purpose of the two analysis dipole ma?n~ts in this

experiment has been described in the introduction. Briefly,

they deflect charged particles ~ro~ the neutral beam, swee?

low momentum partioles out of the aperature and defin~ th~

momenta of p~rticles leaving tracks in the"'lhPC :.: hodoscop'e

aperature of one arm and down into the aperature of the

Earlier Monte Carlo studies showed this arranaement
" ,~

system downstream.

other.

Particles were swept up into the
, I

transverse momentum.

as possible. The center of tne 3.05 m. lopg magnets was

vertical produ~tion angle aperature increase to +-lg~r.,

opened from 18, to 24";. to subtend 47mr. in the ,labora tory

'.

./)
, ,

J'

," .J),

','

~he requirement that

Vertically, the magnet gag was an

,f~-:?:', the t2rget (figure 1'2, ) .' Using

..

bending (for example) and one less dependent on pair

Magnet power and cost consider~tions plus the need for

to have greater acceptance for symmetric' decays' than up-up

tapere~ pole pieces, the magnet's horizontal aperature

i05tead of the chosen +-3.5 mr.

a long lever arm to bene particles out of the neetral beaw

suggested that the magnets should be placed is far upstream

untapered la~. This ,large gap height allowed fora possible

situated 11.3 ~.

system (f igure 13 ).

char<}cd r;>artioles be ,free and olear' of the neutral beam

0

0

a

,:)

,)

I :)~. .

0

0

9

G>

0

0

()



..
before detection, the ,limited bend power of the ~agn~ts ana

th~ finite size of the lead glass array set limits to the

usable vertic?"! aperature. Increasing the vertical

production angle acccpt~nce increesed the size of the

neutral beom envelope and torce~ detectors farther from the

region of hilh momentuw particles.

A horizontally ta?ered aluminum vacuum 'box was inserted

inside (\f each magnet. Its gap height was:7.7S". These

runnin9 assymrnetr i C Cl:: :en ts.

'boxes "",ere ·coupled to the shielding pile' collimators and·

evacuated during running.
.. .e..

Nomentum and mass acceptance curves for the magnetic
...

spectrometer are shown in ;figures 'i. Cf and S. Changes in

Q magnet ·current provided a means of more eff:Lciently

exploring lower·or higher mass regions, while maintaining a

large acceptance overlc~ Nith Jth~r current· settings.

The 4 rr.agnet coi.ls (0.105 Ohms each) were powered in
.o series 3.nd so carried ice~tical currents•.Ear.ly r-~onte Carlo

studies indicated that ;/i.(J acc~?tance was' not improved by

In addi tion, power load ·and

. ..•

:

o supply requirements for two separate current systems were
"

seen as considerable. Voltage limitations of the power '. : .
. ','..

supplies and substation load limits set the maximum nagnetic

field at 11.7 kg., which corresponded to a magnet current of
. ~ : -' ..

1430 amp. The r.lagnet settings used during the course of

this ex~eriwent were 400, 600, 800, 969, 1100 and 1300 arep.

# •

- :.::.- ." ~ ~ .. ;

-. . ~, .
." '. ..~ ....

,-.:: .. "
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The 'current in the magnets was monitored by a Hall

probe in each' magnet, a shunt cnd a Fermilab

readback [ro~ the power supr1y. These four

transductor
") I

",J'

o

recorded on 3 run check she~t curino every reno ,Using their

ffieasured values frorr. the data runs. one 'Celn ·calculate each

rr.oni tor I s ave rage value and standard dev ia tion for a given

magnet setting. The observed fluctuations in the monitors

\iere independent of magnet setting
. '

and' \'/ere small. T .... Ou_

fluctuations had the .fol10wing values.:· transductor, 0.098%;

shunt, 0.32%; Hall probes, D.13%. Added in g'.~adrature,.

A these fluctuations contribute an error of 0.12% to .the-
overall momentum ~esolution. Com~ared to the resolution of

the remainder of the spectrometer, this source of error is

negligible.

,In-calculating the transverse mowentum kick due to each

magnet, all the available monitors were checked fqr 1%

consistency, and they Here 'Neighed' equ::llly in the final

;) transverse momentum kick calculatiqn. If one value failed

the cons is tency ·check'. it was el iri'inated and the two

remaining values we.:e comparee. If these t~'lO were

o inconsistent, no, momentumkicj( value \'1as provided ,for the

off line analysis ~rQgram (no runs were .found.· in this

.catagory) • .i
."

a The ·Hal·l probes, were mounted inside the vacuum box of

() each magnet to separately monitor their fields. I The

cal ibration of the Hall probes was ,aone against an Nl'~R



was fount).

level was observed in the~. No measurable magnet hysterisis

reproducible values with ~.l to 9.2'5 fluctuations cbser.ved

fiysterisis on toe negligible 0.1%

calibrated gaussmeter.and, in operation, the ?robes provided

over c rr.ont:-t's tirre.

I G

~:

r-...
"''';'-

e
The magnetic ,field of the an~lyzing magnets was' mapped

e ..
parallel (z) and transverse (~,y) to the 'beam direction.

The :i·easured data. points were fitted' ·to first 'orde-r

solutions for the magnetic field shape (appendix"?>.) and

­.... agreement to ~.2% was achieved. To this same accuracy, the

central fi~ld values of the ma~nets were ide~tical, and't~~

magnetic field shapes in the four roagnet (x,y) ouadrants

were the same. Because of the tapered horizontal aperature,.. :

the magnetic lfield was not ccnstantalong the beam direction

(z) • 'Ihis shifted the effective magnetic benCi plane 2.7"

upstream of the magnet center line •
.?l
'J

:)

Given the f ini te 3 i ze of the probe used ·for !ragnet

calibration,deterrnination of the field shape near the

.J magnet 90le pieces Mas Ciff icul t to achieve.' ,Higher power

terms in the field exp-3.nsion of appendix -' '3 could not be
,

.--:'l\
:oJ well determined. These terms predict relatively. large

corrections to the mo~entum near the magnet pole piece~. . .

In '£494. the rraanet calibration \-laS redon·~ and adjusted '

using the E494 J/'f si.-,nal \-lith its ifl'oroved resolution. ~

study of the m~~net field map showed that the field in the·

ltagnets could be adeguately descr ibed ,'ignor ing high order

~. .

. \,' .

..' ":" . ~ -

.,'

... ' •.~., f~ • ...:.-'It'.'''':''



terms of th~ magnetic field axpansion:

o (

rl - >....) (I /" '" I.,. ,, <; /

(1 O.a 0 015

A proper ragnetic ~easurement d~terwination of 'a' was

made difficult by systematic fringe field effects and an

inability to measur~ the field near the rnagn~t pole"pi~ces~

~ Magnet 'calibration' with E494 J/~ data revealed that a best

fit~equired a=O.0007. Applying this magnet calibration ~o

the E28a data caused mass shifts on" the orcierof 0 to 56

G Mev. A summary of E288 J/~ mass values using both the E288

and E49~ magnet calibrations is presented in Table '0. Some

- : .........

of the, magnet currentciependence of the E288 J/c.p

removed- \-ihen the E494 maanet calibration is' used.
J "

mass i.s

F~gures

5tf and 5~ show the overall E268 crosssectio~ plots using

the E288 and E494 magnet calibrations, resp~ctively.

')

.'

" .



·TRIGGEP. COU~TEr5

r
e

After allowing sufiicient drift space for separati~~ of

charged froi1 neutral par ticles, there ·follo'.o1ed 4 ~lanes of

Q scintillation counters - T0, '1'1, 52, T2 - making up a

trigger telescope pointing towards the target.

the Tis referr.ed to asTG·Tl·52through the aperature.

The three ·counters Te, Tl, .52 were .located at stations
. adJ1l ~I-ed C'o\G...tif".

1, 2 and 3 respectively (figure =t). Each was.~ to fir.e .J ,u ' .

. '. ()Iould ~ctu. tOOmlr~ I ~LC,.Q..U..t- k> 1,M'\C2. 1:&.
on minimum i.onizing particles and their purpose was to . ~ae..ta.t:ut, .

1\ . cL.u;) "'" tooI'\~

provide. for unbiased detection of charged par'ticles pass'ing' I~ ~ 3Dl1\v'
, .~~k.eJ)

o trigger: TU refers to 3 T tr igger on the up. arm. TO refers

to a T trigger on the down arm (TUO=TU·TD).

Some. details of counter construction are shm-m in

figure 14
- .

and details are specified in Table 1(. TB was

J made up of 5 striJ?s of NEl10 scintH·lator and used Arnperex

. 56AVP tubes, which ~...ere current boosted to prevent sagging

in high rate running. ~he individual TO signals were cabled

() to the trailer on disc loaded coaxial cable (hard line). Tl

-consisted of S cou~ter~. made siroilarly to thos~ 9f T0, with
..,;.- ..

only the small angle (high rate) counters ·boosted. "Pairs of, - .
".' .

'.'

E> Tl ·counters at the sa~e height were passively fanned in and

cabled on hara line to the trailer.

~"~9:
.;.- ~ ........-.

. .

-"" m ' - - ·n.·..' pn=_
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52 was a counter situated behind a sheet of 2.3

radiation ,lengths of lead ~laced before the lead glass array

It used RCA 6342A ~hoto~ultiplier tu~eswhich h~dbeen

tested and were found to be tubes of good long term

stability anu desirable- rate independent beh~vior~

~niformity of p~lse height response of ,52 to mini~um

~

ion iz ing par t ioles over its leng th \olas improved by the use

8-10" sheet of black construction paper placed just below

of a yello"1 photocrrcphic ·f1lter - (Kodak '\'iratta'n 14) and a-
• • _. ro. .._... .' " • • ._. ' .. _. .... •. • ••.• _ ... ' .•.•• ..... .. • ...

the ligh~ pipe, scintillator 'junction. This filter was
.' .. ,

sandwiched :between two l/a"discs of ,lu'cite, sealed arOund
- ,

the edge \... i th epoxy and glued between the photomul tipl ier
.'

-, .

tube and the ,lightpipe~ -The filter served to absorb 'blue

l1ightl •.whos'e absorhtion length in scintillator is shorte·st.
,

1). 35% change in pulseheight over the scintilllator ,length \o1aS

,~.'j>

thus reduced to,13%.
... .' ... :. -

On each, arm, the S 2 dynode signals were fanned iTt,

~
?" ampli·fiecl and ,cabled to the trailer on hard ·line. ,Their

individual anode signals were sent up on RG8 cable and

dig i ti;:ed.

, T2 was nearly identical to 52 in' construction and

13 T2 ·counters covering the same

entering particle had initiated its

Asthey were 'sli~hbly 'ove~lapped)~

T2 \olas placed beh;een the first and

glass at station 3. ,Large' pUlseheight

in T2 meant

aperature as

cabling

sho,oIn in fig

second layers

.~. ,



shmver in 2.3 radiation lengths of lead and 6.5' radiation

C lengths of lead glass, 'a signature of electron like

beh3vior. The T2 discri~inator thre~hold set th2 pulse

height r,equirernznt on the fanned inT2 ~i?nal CI·t 15 tirres

(not independent) tr igger was used to crudely

...lith· the T. trigger (T0·Tl·S2·T2(HIGH», this

ing. 'Ihis signal \"las referred to as T2 (HIG~j) '.

fast logic ~E' trigger.provicJ

A

\'lhen

& moni tor t e EUD pair tr igger. The ':F I tr igger was made up

:.
i

of Tl endT2 (HIGH) (TlUD ·T2UD (HIGH)) • This trigger did not·
i

include '52' and the4a" llong, high rate Tel counter.
,

\
;SoMe typical trigger rates for various currents are

\
given in tables Il. through / ~, in var ious in tens ity bins

(1-8). ' The', IT I to IE' rejection is illustrated in the

·histogram of 'figure 15'. Typic-al

efficiencies are pr~sentec in table (1- •
\

trigger

.,

counter

o

r'\; .,"t}
.;. !

o



construction of the VIr' V2 hodoscope planes at stations 1

~Page 4

,fWDQSCOF ES

the

..•..

concerninginforlTIa tion

These were made up of vertical strios of,.

presents

) .

~

." .

'J'able . II

and 3 (figure

I
I

*.-~, ~

I ...
t;;.

I
i
I -I

I;';'.

~

'-.:: I

~'.y:

NElHJ scintillator· with UVT' light pipes and individual RCA,-.. "'" ... . .. . . . ..... ....

I
66~5A t;'lba~ •

~ adjust for

..~.. .' ... ' ..." .. ... .. .... .... . . ..... : ......
The scintillator strip \,ddths were varied. to

the changing rates across the horizontal

, ". '. I... .:.,. ...~., " .._ .

.~.

. .

aperature •. Each hodoscope signal was amplifi~d bV 10 in the ... ".....
experimental area and the individual siqnals were cableo to

~. the experimental trailer.. All hodoscope ,channels .·\'lere

~vai-lable to be read. into the computer. A typical

efficiency per hodoscope plane was 97%. ... ")
."J.

e

I •

..
".

~..



o , .
MULTIWIRE ,PROPORTIONAL CHA~BERS (M~PC)

The 7 l·~\';PC' s on each arm of th~ s?ectro~eter {,'fiqure

were priwarily responsible for the momentum and target

in this experiment. T~ble(?p'rovides a

of chamber construct'ion, irifor~ation and Tablc'/q
lO
I

summary

provides a resolution summary. The chambers ~vere' of tt'/O ".

types - 'Y' chambers (horizontal wires) and 'P~.IQ' chambers

(slanted wires, 7.125, from the horizontal. 'The entir,e

readout system ,for the chambers (to be describ'ed later) was

~ designed and built by Colurr.bia's Nevis Laborqtories.
\ ..

..
. ..... ",

Hounted on the cha;:-oers were amplifier-discrimina'tor

ca~ds, each of which provided for the readout of 8 wires.

'Elect ron dr i;ft time to the ~oJi res was estirna ted to be 15

,-:-'
-·VI ns. /rom. ; electronics deadti~e per wire ~as ~0e ns.

External voltage aOJus~ilient3 allowed one to vary the

ciiscr i.rr ina tor thresh'JIG andlo r ou tpu t !Julse '~'lid th on ?ll

,:) chann~!ls of a part lCU:,:': chai7lber .

. The discriminated outputs of the cards were cabled to

the experimental trailer on ~tripline (ribbon) cablrOf 32

wires per cable. .In addition to the individual wire
.'

-. -. : ...
, .

.. .:.
.'...... . .~.

, Q readouts, each 'chamber was provided with an outputvhich vIas

an 'OR' of all chamber signals. This would have allowed the
.. ,

chambers to be used in a fast trigger.
",' :,.'.' ,

. . ~ .' ....

- .,," '.~"' ...' ...... , ..... ..'~ .

. " ".
I."•....;. ,.. '.::~ .

. .' -.-.....
.. . '..".'

.. •. . i ". ~
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The gas mixture used for the chambers was 0.097% freo~.

17.2% C02 and the balance was argon. Individual ch-:J:r.ber

efficiencies were in the range of 98-~9%.

0­....
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. .. .. ," . -. .
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tEAt GLASS CALORIMETER

·calclliations ( ~2.) and :-:onte Carlo simulations ( 53) have

bremsstrahlung to 9ro(:'J::= one or more photonS', the 9hotons

'but ',11th an incrca:;ec' nurober of ,electrons, of decreased , .
.' '

, ......

t :'

.'.:. ~ .

..
.', ,- ".:

" .." .~.:.

'.

as

Hany

undergo

maqneticand

typically

calorif:1eter

electrons

qlass

'l'he grm... th of the sho\o/er \o1i11 cpntinue

lead

Electron ide~tific~tion in this ~~oerir~nt W?S orovi6ed

icientic~l

On entering ;natter,

--The le?dglass calorimeter in this experiment

by

it 2S an electron or non-electron event.

s~ectro~eter apparatus on each arffi. An entering particle's

. .. ...." .....

the .lead glass provided information which served to identify

longitudinal shower development and totalenerqy deposit in

a total absorbtion Cerenkov counter f.or containing" the

been used to test the assumed physical wodel.

descriptions exist in literature relating how the passage o!

a single electron throuoh matter can give .birth to observed

large numbers of electro!1s and positrons •. 'Both analytic

the medium in small, relatively continuous ionization energy

until pa i r production is no long.er the dominant' mode of

photo!1 interactiorl, and the shower will die cut as electrons

average energy.

fall in energy and loose larger fractions of their energy to

·convert to e+e- pairs. and the process starts over again,

cascade showers initiated by incident electrons.

~

r
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I •

G

0

G
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l';l..~'
transfers. Heitler stf ) points out th~t such cascade

•

15:, '-
S 'nowers w",_'re first observed l'n '\'l"lson Chamber exQer·,." ..... nt rit , I .. ,,,," ;:J.

and that the wost airect evidence for their physical nuture
... ~--... . .

comes from photogra?hic plates that record the acfu~l shower

~, particle tracks (figure 1'1--).

Figure I~ presents so~e formulas of Cerenkov' and,

,bremsstrahlung radiation. ~hen integrating the Cerenkov
..~

formulas over frequency, it isirnportant' 'tq 'n'ote that' the

,condition n>l//3, bounds" the' available range of integration'- " "

A schema tic' plot of the index of, refraction Cn),' for a

typical optical medium is shown in figure f~ ~ _, The

~. restricted range of integration at high frequencies usually

in'Electrons and positrons .will generate Cerenko

Monte Carlo simulation progra~s which trace elect

lead glass until they r~ach kin~tic energies nea

down to energies close to this lower limit energy indicate
:)

insures that Cerenkov energy losses will be small com9ared

tp .losses due to other ;vailable radiative mechanis~s~" ~ ,
, .', " .,.f.'.' .

::}

,:) that the total track ,l.=:-:gth tL~v2rseo by the e+e,-, particles

in an electromagnetic shower is proportional to the energy

of the original, initiating electron. Since the energy'loss

~ to Cerenkov radiation is independent of electron energy over

a \·ride energy range (see figure ('8 b ), the total Cel:enkov

light. emitted in a cascade shower \'1ill be pro:;>ortional to

the total track length of the e+e- ~article~r and thus

o
pro~ortional to ~he initiatin'] electron's (or t;.lcsitron's)



, .

energy. This susgests the use of a transparent medium, of

Q preferably' short raciiation' length; to serve as an energy

,··r
o

calori~eter. Lead glass was chosen for this experirrent.

lihile bremsstrahlung energy losses are greater th:!n

those due to Ceren~ov raoiation in leae glass

o (bremsstrahlung photons range in energy from f:j up to the

maximum allowed by the radiating electron}"e~ergy losses to

Carenkov radiation in a band near the visible region of the

G9 spectrum (400-80~nm.) are typically orders of magnitude

Ila rger 'than bref:lss trahl ung losses in 'the same res tr icted

frequency range. Given the frequency, dependence of glass

transmiss ion. and a photoca tode' s sensi tivi ty to radiation

near the visible region of the spectru@, a phototube can be

used to sample emi t tea rae ia tion in lead glass nea r the

visible region. The 3YSt0~'S limited sensitivity to

frequencies removed fro~ the visible . range makes it'

insensitive to the mc·re ;revale~t bremsstrahlung radiation •

."
..J

The digitized pulss area 7~osured frow each lead glass

J block' 5 photo:nul t i:,: 1 i,:: tube ~dll be propor tional to the

block"s shoNer the constant of

proportion"llity is referred to as the lead class block's

~ 'calibration' constant. The deter~ination of a set of these

constants for all lead ?lass blockti. and the monitoring of

their variation ~·lith time will be discussed in the section

on ,lead glassc3libration.

o·
"

~ f: r ~t·, "' .. :Jt",. ..
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The configuration of lead glass blocks for one arm is

sbmm in figure 1..0 Each array consisted of. 24 (l5-'x 15)(

~ 3
35)c~n· blocks anc 72(lS .. 25y. lS.23}( 4S)crr blocks. SOfo'e

properties of the le=d glass arc sUf:'rrerizec1 in lfigl~(e 21

'. .. .'... ,. '. ..

~. Nany details pertaining to this calor·imeter are described.

adequa tel y elsewhere

here.

55) and \·,i-ll not ,be reconsidered

..~
~

'An RCA 8055 photomultiplier'tu~ewas glu~d to the smaLl
, "

.face of each .lead glass 'block .with Kodak EEBJ a,ssembly.

cement (n=1.58). Alu;ninum foil (1' mil thick). ~las wra2ped

about the glass up tri the tube base, and this foil was put

~ at cathode potential (through a 1.Se-: resl.stor) to limit

leakage currents flowing 3cross the photocathode. The block

sides and remaining swall face \-:ere covered with mylat (5

e mfi) to mech~ni.cally p:ctect the a,ll1~inuIT1 ,foil surface and

provide elec tr ical insula ticn for' the unground~d foil. To

light tight ea~hbloc~. ~lack ?olyethylene (6 ~il) was use~.

:) A cylindrical mu metel shield was placed around the

.. .'.
..

.:

,''':'I
.J

phototube, and soft iro~ foil ...;as wrapped about the ui?per

portion of the lead glass block to extend the magnetic

shielding beyond the pho~ocathoce about one tube diameter.

Blocks in each lead glass layer "Jere stacked tightly

together wi th no s ignif icant gaps. 'Ihe layers themselves

"

~ - . ....- ."

were separated by 2-3 inches. RG-8 cable (low riispersion)

o was used to translTit the ano~e signals from each bl'ock to

the experiment's trailer.

. ".-. ~

. .,

........
'.":' " ..... ~



The epsilon (. t; signals of the D.C. .logic . were

e derived. on ~och arrn. frofrl the dynode signals of blocks in

a trailer on disc loadeci coaxial cable. There this signal's

- -pulse height \'1as discriminated; the' thresholci set.ting of

G.

the discriminator on each arm determined the minimum energy

deoosit· in the :first two lead g12::5 layers necessary. for the
~ . . '. ....

D.C. logic bit to ·be set.
.: ".

. ....

. Both Ileac glass arrays \'1ere maintained in temperature

and humidity controlled huts. A lead sheet (2.3 radiation

G .lengths) was placed directly in front of the first .layerof-

,lead glass ·to increase the observable differences between.

hadrons and elec~rons. Lead was chosen for its small ratio
!Jc...f2WJ\ ltlkAa c1lM

of~ to radiati~~ le~~tn.
A

:)

.,~\

"-j/

j-'\>••

. .

. . ')". ' ......~.

.......



FAST TRIGGSR LOGIC

( ..
~ ...

1\ sketch of th~fas t tr iqcer .lo? ic is shown in figure

C 21- The T trigger, made u9 of (TO, TI, 52) co~binations·was

weant ,to serve~s an unbiased trigger on . the charged

: i

particles passing through the aperature; 'the E trigger',. , .

G1 with its additional ~2 pu'se height recuirerne.nt (T2 (HIGH»

was biased towards particles initiating showers in the
.:::- .

: ..... ..
pr~vious 2.3 + 6.5 radi~tion lengths of material (E/~= 0.25)

, "

designated 'in Table 20. 'l'ir.ting \'1as set by 'I']}', the shorl:est

''I'0, Tl:, 52 sign31s \vere ,fanned il1, in combinations
.'-.~,

counter ,'\olith the .1eClst time jitter.
: . -.

. -~ .

~ead glazs pulse h~ight information was not 'included in
~
'..J

the fast trigger logic decision. Due primarily to the

.0

o

. .'
'slowness' ·of the RCA fD55 photc~ultiplier tubes, the SUQfficd:

energy from the first t~o le2c glass layers (referred to as

t) arrived rather la te for the fast trigger. Time jitter

and pulse heioht sle\·linq problems associated with such a

trigger would have cv~plicated, but not excluded, the

inclusion in the fast logic decision. This'[',pulseheight

was present ir. the D.C. ·loqie and provided an iF-port2nt

component in thri overall electron tri~ger (L/E=.2). Typical

efficiency curves for the, epsilon bit of the slow logi~ are

shotvn in figure 13. _

,"

'.

- ­,- '
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£C LOGIC

T11·~ D. C. logic (figure 'L<f) 1?rovid~d ;l secon:J (::!~:l

final) stage of decision after the fast trigger. Th~ f.:!:;t

tr igger ou tpu t ('i'GI) served to. gate hodo3cooe

counter and lead glass calorimeter information into

coincide:1ce re'1 is ters(CR 's) in the D.C... logic, wh~r~ tne

inforiila tion 'lias s t.ored ~s DC level 'bi ts' • At D.C. 10; ic

C1ec.ision time, in format ion der i ved from th is s tor ~d d ~t.)

would be testea to see -if it satisfied certain logic:'!l

the careful ti'iling of fast pulse electronics.

of cO:1qlex log ical 'dec is iO:1s \vi thou t r~~l! i r i:t,]

til?before initiating a cO:t'!puter readout. At

~n increased dea~~~~s syste::t" ~f~',;ed
the making

expense of

conditions,

trigg2r accepted by the logic generate6 a 1~5 ns. ~~adti~e
- -

(adj us table) to CO'.Ter its oper ations. PO. t ig:1 t fast tr iS1?:

served to minimiz~ the overall logic ceadti~~ of t~:

experiment.

1'he operation of the D.C. Logic can be oeser ibea :!3

follows. After the

infcr~ation stored

initiating

. in the

fast ·tr igger ,
\L.

CR's ~ logically

proce5sed('or'ed, 'ano'ed, ';natrix'ed etc.) in the a'J3ilabl~

deaatir.1e ana synthesized into resultant out?uts that ..,er·~

use5 to set master bits for th~ u?coming lo.;ical :Jecisio:a.

'. .". . . ~

of ••~. ,. •

'..." ."
0- .~_.~." ••. _ .": ,":.._ .

.,; < • '. .'~ ~- '.- ~., • -' ..... "0~ .• '
,. ." .• . ~· r •
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Eacii ::>n~ of the re~uire"i\~nt~ to be lo,;ically t03t~J i.n t!l~

fin .:11 t ( i i.i .J 2 r dec i s i 0:1 '.... ;l S r e? rese n t e ci asaD. C. 1C if~ 1 ::> !"!

-
Or.2 of tho 16 O:lt-:J bus line3 in 3 .r?!!!._.!.~1ic_~OdUl~ CC~t0.

Th~ co~fi0uratio:1 of 16 ju~r~r ~in3 in each pin logic ~~~Jl~

would d0tcr~in2 wjether a particular data bus lc~~l ('bit')

was to bereguired, veto2d on or sim9ly ignored.

The sequence of 'pin' reguire~ents of each logic wodul~

... .

usually corres?onded to the signature of a particle type in
,
th~ aP9:Hatus (hadron,. electron, ~u\)n).

..
Each module would

output o£lly if the data bus inforl:tation, at decision time,

satisfied the logical 'and' of all its ju.:ni?er (;lin

require'!lents. The modules were strobed for their final

decision 195 ns. after initiation of the process. Their

outputs were ~ ,.. anneo tOjether into a I 'fGO' :nodule- and its

out?ut initiated ~ co~puter readout •

. A further level of cOffi?lexity could be achieved in this

system by the use of an external cable connecting the output

of one logic mocule to t;,e 'L ' input of another •

. served to 'and' th~ ~odu1es tog~th2r.

'l'tlis

This ex~er i:nent . u.3ed one pin logic module' crate for

each spectroiT'eter arm (there were about 2a modules and 16

data bus lines !?er crate). Ar.ll to aro coincidences ~yere

made by the use of ju~?er cables between pin logic modules

o

in separute cr~tes.

specifiea in table

'.roe t r ig'jers f::>r th is ex?er inent are



.l\s system in::,uts, the ['.C. lo:fic '11"5 ::>ro;, ided ..Ii th

infori;!.Jti~n ~11d it re~uired a triJ'T~r to str:J~)'~ this ?ulse

in[or~~tion into coincid~nc~ r~gistcrs. As syste7 outputs,

th"2 module strob~ 5ign:~ls for trarlsL~r of

hod~sco:?e ana lo')ic bus inEor:~~tion to Ca:nac level data

buffers; it generated gates for th.~ ADCls; and after an

ap?ropciate d~lay (12 ~icrosecond~) to cover digitizing

act ion and settl ing, it 9r Oil ided a tr igger to the COfi![)U t~r

for initiating. th,~ ~ve;1t readout. In add it ion to these

outputs, the individual pin logic modules genercted a ?ulse

suftable for sea 1 in3 ,. sotna t their rEI tes could be

...~
"J

conveniently monitored.

After the hodosco~e, tri0~er counter anc 10gic~u5 bit

information h3~ b20~ stor2G in Ca~ac level buffers, the D.C.

logic coulo be cle·:lr~d 3:1(1 :.:ade llive l once a;;air., so th.~t

the scalers of the oin lo~ic ~odules could continue "to

monitor rates. 'rae m·~.t?c electronics could not be regated at

this tiee, sinc2 no secoila level buffer \'l::lS 9rovideci for

storage of its infor~ation. It would h~ve to await

co~?letion of the cOffiputer readout before being regat~d.
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]
Digitizers and Digitizer Readout System
~c. (. fl 0""

This~ will describe the readout system for the

Nevis ADC's and its various options.

We have in the system 256 channels of ADC·s. The

digitizers and s~alers in their no~al operation will.

digi tize 500 pC full scale. E'ull scale being 1024 channels

as the scalers are 10 bit scalers~ Of the 256 channels, 192

are for the lead glass. These 1~2 digi~izer$ are the quad

types. Each unit has a common gate, four BNe signal inputs

and four NIM level pulse train outputs in the rear. The

scalers for the new digitizers are slightly different trom
c.1-~

. those of the previous experiment. There is a line in the

dataway which, if enabled, will allow the scaler to overflow

1024, resetting it to o. This option would have given us an

effective 2048 channels if used in conjunction with the
I

variable format module (VFM). The other 64 channels are the

ones used in the previous experiment. All scalers were

placed in NEVAC crates 3 and 4, so as not to use up valuable

, ,

n
. J

·'1
_·1

j
.~

~)

-I
I
I

I

space in the master crate (crate 1). (NEVAC is the Nevis

version of aC~~C crate made with ECL (Emitter Coupled Logic)

but compatible with CAMAC on the branch highway level.) For

calibration purposes, the slope voltage of the ADC's is set

to 1.2 V (instead of 24.0 V) to give us 20 times greater gain.

A bias voltage is also changed to balance the circuit. This

..





and the branch driver. Crates 3 and 4 are not connected to

;-: t-.. ~.. , JIl;!'a-

The crate controller in crate 1 acts as the crate controller

We now discuss the readout system itself. The Nevis

3. Ground isolation: the ADC's have only one ground,

about 1%.

high galn setting was used for muon straight-through

calibration (see~ 5e.clrQJ,J° 0 tv p~V) Crl..''H5 CALI ~1t-tI'OI'J)
I

other features of our ADC's are:

-
1. Base line restoration: an electronic se~o clamps

the input stage base line to its value for the last few ~s.

Thus only signal above the base line is digitized. This

-47-

that of the DC coupled input. The pulse train outputs are

transformer coupled. We are able to· minimize ground loop

to slave crate li~~s (SCL) in crates 3 and 4. This eliminates

problems;

the need for two additional complicated crate controllers.

CAMAC dataway is 16 bit for the read lines. To use computer

core space efficiently and reduce readout time, the data for

16 bit words. This is accomplished by the scaler packer module

each octal scaler is packed from eight 10 bit words into five

the branch highway directly, but through crate lis dataway.

In crate 1, we have two master crate links (MCL) which connect

allows us to filter 60 cycle and other low frequency ·noise.

2. Pedestal injection into linear range of ADC: pedestals

~ were normally in channels 30-40 with a standard deviation of
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•

for crates 3 and 4. To a branch driver, 'it would appear as .

if 'crates 3 and 4 were normal crates on the branch highway.

As, 256 ADC' s are a large number to read out .(when most.

of them will be pedestal anyway), we designed the crate

linkage so as to allow the hardware (i.e. hodoscopes) to

detc~ine the- groups of lead glass blocks to be read out.

This'isaccomplished by addressing the MeL directly, which

~ctivates the dataway variable line (V). This·is a signal,.

for the variable format module to take over all 'dataway

addressing operations. When an ADC read is executed, the

status of the 16 individual inputs to the VFM determine the

groups of octal scalers to be read. The bit pattern of

header words sent out initially by the VFM informs us as to

which octal scalers are to follow the header word. Using

the VFM. we were able to cut down event size by about 50%.

The digitizers were calibrated for their high gain

setting. The slope of the linear response of the ADC was

measured by changing. the pedestal injection voltage. This

was done for both the normal and high gain settings. The

ratio of the slopes was the relative gain of the two'

settings. This was then incorporated into the muon straight­

through calibration. In addition, tests of digitzer

linearity and stability were made. The non-linear term in

the quadratic fit to the pedestal data indicates a 1/2

(digitizer) scale error of 0.6% and a full scale error of

1.3%. Digitizer gains fluctuate with time on the level of

. '

.!

. -'"j,

-....

•. "!2-.:.

.. ..

:\ .

~
'I

a = 0.4% over a period of '2 months.
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~~PC ELECTRONICS

Toe MWPC electronics. designed and built at Nevis

Laboratory, provided a· syster.for r-:~cding cut ;'he chc:mber

hits as encooea aaciresses. Signals from the

amplifier-discri~inatorcaras '(8 wires/card) on each chamber
o

were transmitted on 32 wire stri~line (ribbon). cable to the

experimental trailer, where each set of 32 was connecte~ to

a coincidence register' (CR) care.' Each M~PCbin could

contain 23 of these cards, in aadi tion to a bin" encoder'

card.

Wi re informa tion ... c: "" s trcl::>ed into the CR' s follo~..ling

the r·:~~pc ga te, and the subseque1lt encod inq of the 'hit i

,,;ires into addresses t',';:lS per£orrreo by. the bin's 'en~oder'

.9 carel. These encod~r C?~CS (o::e l?er f.ihPC bin) were daisy

chained together a1lJ c~n~ecteG to a Camac level master
<:J

modulEi. the H'V'1PC inter.f~ce, Hhich served to multi,?lex the

~) r·a,]pC ci<!ta IfrojTl v2ricus :~~tes tb.::cuqh to the cOi<\puter. 'This

interface unit w;s ~roviGec with an LED dis~lay of
().... .

addressing and data information and could be controlled in

o an off'"'!linemode :for debusginl? purposes. D/.o.. converters in

the unit served to generate an .'Y!,y oscLlloscoFe clispl"y of

all active channels in an addressed m.;pc crate.

..



lIage "l"l

\·ii r e add resses were cl'lcodea into a 3 bi t wire nU£r.ber

(0-2);. a 2 bit ~roupof 8 count (3,4), a CR card address

(5-9)1, an encoder c~rd crate aCicress (10-13) ana acijc:lcency

The address of the ;last \olire' that fired \vas encoded into en

to 4 adjacent wires that might have fired in' the system.

bit info"rmation (14-15). 'Jhe encoaer caras checkeci for up

address and the presence of up to 3 neighb?ring active .wires

".. " .

. ... '

-.' ~.: .

....
.,. .

. ...: ....
. .

. : .....

Mas indicated .by bits 14-15.
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DATA AQUISITION

r
.G

A r'EC [jnich~!l!lel 15 cor-muter syste~ ~'1;;!E used ·for the

data aquisition of this eXgeriment. It consisted of c

E)PDP-15 attached to a small PDP-II, which served 9rinari1y as

a peripherals controller. The PDP-IS was equipped' ,-lith a

fixed head disc, 32 K of 18 bit werrory..· 2 tape drives. a

.line printer, a st~rage display scope and, a special Nevis

designed and built inte~face (assembled from standard cards)

conn~cting the PDP-IS to a Nevis branch driver. The PDP-IS

operated under DOS. The PDP-II used DEC Pack discs and was

equipped with 8K of 16 bit ~emory, a Versatec line'printer

-'.. " ~'.. "

."

In standard o~eration, the on line program initialized

r
Q

and a DEC TUlg tape clrive. It operated under PIREX.

"

the PDP-15 interface· oy ·loCidino it with addressing.

.~)

info t'1':"c? t ion, wh ich s?ec i f ied th~ loca tions of da tC' :bvffers

in J'!lerr.ory, and by storing in the Nevis branch driver a

i,) ser ies of Camac-l i.~~e c'':'::'ri1ands th.::t t selec ted the modules to

.computer awaited a start of spill pulse. At start of spill,

be incl uaed in th~ eve-;, t reaaou t. Having done this. the
:. ..~.

it cleared the blind scalers and enabled the branch driver

to accept triggers. Accepted event triggers caused the

.. " t ..... ",

".. .. '.::~ .

driver to begin executing its series of prestored ,co~~ands

in sequential order. This would accomplish a read out of

the available event information:

.....:

- -....
'. ~ .:~:~<;::

.... . -;

.~. ~ .f.~:

. ...
~ . ..."
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Per word, abou t - 4 microseconds ...rere

(appro~. 6 words)

(approx. 50 words)

(ap~rox. 4~ words)

(2 words}

(5 .words)

Logic bus bit information

'(35 words)

. (24 words)

2. Di~Ji ti zed 1'2. 52 pulse areas

Digitized sum of T2's and 32's

Di~itized ~ pulse height

.Digi tized Cerenkov bucket monitor

Page, 24
:',

1. Digitized lead glass pulse areas

6. TOC's IDQnitoringTrigger timing

7. Additional databl'~ffer information

3. Encoded hodoscope infor~ation

5.

4. Encoded MwPC information

the event buffers beCClIl'e near.Iy ·fl)l:l1. they \vere written out
"

transmission I')roceedec1 without ~ro<.:'rarn intervention. -"ihen

to the PD?-15 6isc.

been prestored' in the PDP-IS half of the interface, data'

Events were transfered to 2 me~ory buffers (IS00Kwords

each) in the PDP-IS. Since their starting 'locations had

~
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-lost to memory and ~rocessinq op~rctions and 16 microseconds

~ were lost to disc writing.
I""'"'

'Events were accumulateci 6n disc until the end of spill.

At this tiffie, a seDarate trigger was sent to the interface

initiating the rcedout ')f 'fifty six 2~ bit bliC'd sc~lcrs.

~ These recorded the rates of counters ever each spill. After

this information had been read. all the data that had b~en

\oIritten to ciisc was transferred to, magnetic tape." -At

o completion C?f tape wr i ting, requests made of the on... l ine

.@'
program were honor'cd' and events \ol~re read

analyzed on~line.

fro!!t disc and
,~. . ,

A t.ypica·l data run ,lasted I hour. The on-line program

e automatically prov ideoi nfonn,3, tion monitoring the state of,

.r the apparatus during each run:
9

1. the number of ti~es the energy in each ~ead glass

block exceeded I Gev

2. the accumulate6 logic tus bit count
"

3. M~PC hit multi9:icity ana adjacency information

,4. blind scaler accu~ulatea su~s

5. HwPC readout error statistics

6. hit ffiulti~licities in ho~~sco~e and trigger

counters

, .

:.. 'I



in addition, a series of rates were tabulated and

checked for run to run consistency. ~~ese rates ~onitored

beau intensity, targeting efficien-:y, the 5yr.'!!l("try of

tri9~er counterE between arrrs, the trigger stahility, 'cte~j'

~ ti:nes, on-line electron rates ana 'accideQtal' (out of ti:r.e

coincidence) rates.

~.

'I'he dielectron running schedule was ,dominated by pair
.:~ - " • .!...

data runs taken at various' magnet settings.. ~ccasionally

G; 'copper foil' and' lead plug' data \V'ould :be taken during the

same runs as standard data (Table q ). ' lJiuon lead glass

calibra-tion runs (of 1-2 hours duration) were made once

~every two days and electron calibration (2-3 hours) was'done

ev~ry w~ek. The remainder of th~ running time was 'devoted

to ~iscellaneous special study runs. These included special

runs taken to rreasure targeti,ng andtri9';Jer coutl't<~r

efficiencies.

'.

. .

v

" )
..,J



OFF .LINE ANALYSIS AND CUTS

The dielectron d~ta writt~n to taFe in this ~xperirr.ent.

was analysed using a sin?le off line analysis ~ackage on the

c;D CDC 6600 at th.= Fermi National Accelerator 'Laboratory.

Typicall~. the data underwent several stages of compression

(filtering) ·before.large scale analysis was ,attempted.

\H thou'!: the .use of the stanciard off ·line track

o reconstruction, thedielectron data was compressed
..

(in

essentially its or iginal data format) from' 2Hl tapes to 3

• using the le~d glass cuts specified in Table '21. Over the

mass range for which this ."experiment had adequate

acceptance, these cuts passed dielectrons with close to 100%
r

G efficiency.

'I'he final level of cOIT.pression is referred to as the

data summary tape level (OST) ..For thiS. events take~ from

the 3 'DDT' level tapes were co~oletely processed by the off

line analysis prosr2~ and information regarding 'gooa'

events was written out to ¢isc in summary form. In passing

to this leveD,. loose cuts were made on the event's

reconstructed E/P, the par ticle' s lead glass shower'

develo~men~. the ~article's position at the target and

widdle of magnet and the total number of ~WPC hits

o (NHIT<81) •

o

(t.



Page 2 .

. )
~.

. '.

..:- .

. f _

5etv:,:.~ .~
. "-..

..... ~. ...

within the ,l~ac ~lass.

glass calibration.

..

~1,and are discussed in the section on

apparatus and 'that its shower was w~ll

insure that th2 particle's energy deposit

each arm, to

the target (+- 3" tolerance), that it had not

bunched accelerator spill structure (2a

shown i~ the figures occur bec~use of th~

had come from the proper accelerator bucket.

Figures 25 and 2~ present scatter plots of the El2

lead glass energy deposit vs. the

ns. peak to peak se~3rction).

•. ,
passed near the collimating edges of the

~OF channel reading. The well defined bands

'timing of the epsilon (£-) lead glass signal, in

- ~ead glass shower cuts.

1. , ,FIDUCIA!:_f!!1''§: (Table 2-3> Essentially these ~re--~­

made to insure th3t an event originCited ,from

4. TOF CUTS: These cuts were ~aae on the

2. !LP CUTS: These are specified in table

i-r.-and are discussed in the sectiol"i.S

34 SHOWER CUTS: These are presented in Table

,Final data plots were made ~sing the DST file and they

inoluded the 'fol-lo'iJing cuts.:

If;
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5. SCALER CUTS: These are s~ecified in

~ Table 2~ and are discu~~ed in the section

entitled 'Intensity: li~itutions ana cut~'.

~ne5e cuts w~re intend~d to elirin~te

data ta~en under 'unfcvor?ble' beam

conditions.

6. RAPIDITY CUT: This cut w~s ~?de in the acceptance

',~onte Carlo to improve its efficiericy,

and so the same cut must be made on tna data

itself.

:". -

'Provided in Table 1 is infor~ationon 'the raw numpers

~ of events affected by so~e of these cuts.

o

o
"



. ,

PAR~ICLE TPACK DETEn~I~ArIGN

..

Information fron: hits in the pro~ortional wire..
chamber.-hocioscope systerr. \o;as used to. reco:1struct particle

trajectories through the apparatus. F.esults from the least

squares fit to ·tbe particle's trajectory were used in

'calculating' the particle's momentum', in. specifying its

position at the target ana for selecting lead glass blocks

\-lhose ene rg ies were to be sU~lT'ed in the event off.} ine

energy determination.

As a first step, the off ....line reconstruction ·program

sought canciidate (x,y) coordinates at stations

(figure.t ). It acce~ted ~ll u:1iquc wire chamber

I and 3..
tripl~ts

consistent to 3.2" and also all chamber dou~lets unless o~e

(or more) of the members .... as alre~dy included in a valid

triplet. Each (x ,y) cocrcii~at8 was checked to be in the

aperature and screened fo agree~ent with the neare~t·

hodoscope (0.75" tcle=2~ce).

Track coordinate candidates were created using all

9airs of station 1 ana 3 .coordinates that passed certain

screening tests 'flith station 2 counters. 1\11 . oairs \'lere. ,

. .
first screened for agreereent with Tl (1.5" tcilera:1c~).

Those ;found ac:reei~s ...dth c Y2 coordin.::!te (0.4". toler-anee)

were then accl?pted. All other possible coordinate' pairs

.\ r

were accepted as long as neither of alrcadv'. ..
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p~rticipated in a track with a Y2 ordinate.

Using these rough track coordinateti. ,loose fiducial

o Cl: ts "Ie re TPade on the pa r tic Ie , s es t i~a tee ver tical .90s it ion

at the center of the magnet (+-2.3~) and on the o3rtiole's ~

coordin?te ~t the target (+-5.0"). This WJS done to

Q eliminate.\ as ear.ly ClS possible, uninteresting track

candidates. Given coordinates at stations I ana 3 that

passed the~e tests. a;l inear ·leas t square fit was done to

~ d.aterrnine the best fit track parerreters and their errors.

The e~ror matrix' used' in this calculation iri6luded the

effects of multiple scattering in material between stations

land 3.
"

<» To check the efficiency of the standard reconstruction

r routine;' this exper iment relied on the scan of many eventso , .

and on the c6mparison of the standard reconstruction's track

o selection with. th.at of an. almost se.9arate re-construction

routine (both relied on the same survey file d~ta) •

A TPeasure of the overall track finding efficiency would

be provided by using a simple overly ef fie ient

~, reconstruction routine to 'recover' events failing the

standard reconstruction on either or both arms. If the mass

spectra of these recoverea events shovls an enhancement in

C) the ~/~) region, this provides a rough measure of the

o
.

stancard reconstruction's track £in0ing ineffici~ncy in the

region of the apparatus illureinated by ~/f ev~nts. At the

&or 6!H.lA setting of the magnets, ~/tp events illuminat.a a large

o

_. ,: 1 'f _ ' .~ '-.":
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. .

.....
~.

traction of the aperature; at 13:t311 2l!1P..r. they illuminate

I~I.
, .- only a small (hiah rate) corner of it. .')

.~

.beforecontinuing.

(J
.The simple reconstruction routine (referred to in.,TBbleC! .

as 'R0') used only ~airs ot 'y' chamber hi~s to determin~ _.,.

.,

"

'These cuts referred to as the 'C0' ·cuts- the :cuts·based on

..

..~)

'io cietermine an approximate

Pairs of Y chamber hits. we~e

reconstruction.

~able2~ r-resents a series of d~fini~ions that will be

a particle's trajectory.

°lseful· in desc~i~ing the resul ts of this (ecoilst~uction

inef f ic ie,ncy stu·::iy. Gnc- should become faw-il iar wi th them

particle's vertic?l positicn at the ~aQnet midplane was

the event's momentum ·\oTascalcula ted. If,· C?n each arm ~ the

• f·:??' olot).

matched together, extrapolated to the magnet midplane· :'and··

sho\oo'er spreaa in the .1e02c glass °

effective mass for the 'recovered' pair event, a calculation

was done of the pa i r o;::en ing 3:iq Ie., assuiT'i ng ta rget or ig in

of the event and using ~~tailed infbrmation from the Il~teral

~he J/l/' mass resolution achieved ~'1i th such a simple

reconstruction routine is comparee with that of the standard
.
reconstruction in figure L1r('MP0PO' plot as compared to the

within 2.5" of center and its EIP was between 0.9 an~ l~l2,

. t~e_ pair was considered reconstructed as a ~ielec~ron~vent.

,.;

i r::.
~
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A com~orison of the effects of th~ 'Cu' and 'C' cuts is

G r:'l3c.le in ,fiqt:rp. 2-g,. C 2ndD. ,In both plots the trc:ss ·was

calculated using the stand,3rd reconstruction routine;: they

differ in th3t 'C\:J' cuts were ap?liec to oht.:Jin s?~ctrlJ!':" o.

rnd 'C' cut~ - for 1)-; The two r.Z!ss 'sgectr a do no td if fer

are<ltlv; this gives a roeasure ~f confioence in the

effectiveness of the 'C0" cuts.

,The' spectra, relevant to the study of track finding
/

0'
" ineff ic ienc ies, are shown in f iaure z.--gr, A and 'B'- These

plot~,co~pare the 'recovered' event mass spectrum to that of'

the standard reconstructed events. (A) contains even ts in

G> the' x'r' cata:Jory, those for which a standard reconstructed

track was not found on one arm. (E) contains 'T~' events,

those for which standard tracks ,y:ere .found on both arms. I'n
I"""'
~ these sample 'recovered' event plots, as in others made for

this study, an enhancement in the J/tp,region' was

discernable.

Not presented nel:e I::; the spectrum of recovered 'XX'

t) events, those with r&~' :: t~nc'hra t r ackfol1nd on either arlt'.

'I'he nUii'ber of recovered •XX I events \'1(')8 down by ~ ,larqe

factor from 'XT' and no rneaSl:ce of the track finding

ct inefficiency could be extracteo .from so .few events.

, I

o

Froil l this study, cstirr.2 tes of the number of, 'J/If events

above background in XT ana 'I~ ~ass spectra yielded the

follo~dn9 efficiency values (l-(XT/'IT»: '95%, (6f10 amp.),

£18% (cOG ilrep.), tl% (S6U am;>.), 86% (lluU amp.). These
. .
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inefficiencies· in the trac~ reconstruction can, by and

.. Page 8

?roc~dure.

Assu:nir.:J an 1-Hi?C plane ef f ic iency of 98. 5!l:f. one has .for

individ1l2l cocnters reg·uireo by the track selection

the probability of a particle registering. as. a chamber

tr iplet:

1~rg2, be ~ccounteJ for by the in0fficiencies· in -the

t...,~ere~c::: the probab])l i ty of it reC] ister ing as a. doublet· is"

Both ooublets and triplets

being found at a station is the~ e~ual to:

reconstruction so the :-:rob.:t::-'ility of an (x,y) coordinate

given by:

track, 2 coordinates e::u the correct Tl '(in the trigger)

were required so:

~here a hodcscope ef(ici~ncy of 97% has been assumed. For a

Using the value of 94% for the single arm track finding

efficiency, one h~s for the probability of a TT event:

I tID
I
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· ~,

and ·for an x'r event:

'2

I ~ I!

while far an XX event:

(·qv) C.Oc.) ~ 0.1{

Page 9

2~

O! 2.'

, , 't-

(,0(,) ;. (),OO 3 (,.

From th2se nU:'llbers one cr.!n see that (1- (XT/TT)) is e~ual to

O. 68%; Given the statistical un_~.e.r ta~.ntie~. ?f .t~is <:lnaly~'is,

this' value is in agreement wi th the numbers obtained from

the J/ Lf efficiency study. One concludes
"

that the

ineff iciency 'of the off'-l ine reconstruction 'Y,1as due, almost

entirely, to the inefficiency of individual counter planes.

In aociition, XX events are predicted from this analysis to

o be 00\'10 from X'1' events by a factor of 3C, which \>t'as roughly

seen in the 'recovered' XX mass spectrum.

Observed track multiplicities (after fiducial cuts) are
~
-::.~

presented in Table'LS-. There ar': so ·fet., events wi th truly

9 different multiple tracks th3t track selection ·criteria are

of minor importance.

o

o
I' •
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MAGNETIC TRAJECTORY RECONSTRUCTION

Two iteration£ were ~ade in the reconstruction of

particle trajectories throuqh the ~agnet. The 'initial oass. ..
was aone using a simplifiea magnetic field shape and a

simple ffiagnet bend plane ap~rnxirnation~ For ..the second

iteration, a better' estimate' was made of. the particlets'

average vertical position in the two halves of the magnet,

the each magnetts transverse magnetic kick. Typically, this
.'

second iteration had the effect 'of increasing particle
'.

momenta 'by about 1%.

:Us_ing the downstream reconstructed track

. " ..
.' . . t~lvu(le 'l.~)' .")
l.nfOrmatlo ", " ""'"

.
first order calculations were done of the particle's

vertical production angle (THY), its magnet bend 3ngle (THB)

and its horizontal proouction angle (THX) ,. These

calculations were done" in the single magnet bend plane

?p~rcximation , assu~in9 a ~ag~~tic fiela shape independent

of x and y. Since no particle oetection is aone before the

magnets, all particle trajectories wer~assumed to originate

from ~=D at the target. . I

Based on these THY, THB and THX starti.ng valu.es and

using the kno\\'ledge of the magnetic field variation along

the bea~ direction (z), one can ·~o an analytic ~alculation

of the particle's average y position value in the upstreaw.



ana downstrea£ii halves of the magnet. 'lhese y values were

o then useo, alongv;ith the full (x,'l) transverse r.1a~lnetic

fie16 shape, to evaluate particle momentu2 kicks in ~ and y

fer the two magnet halves. A new effective bend pl~ne, THY,

O· ThB and ThX were recalculated ana the particle momentu~·was

evaluateci. The hor izontal (x) !i'omentum kicks were usee to

«). trajector ies in the magnets (+-0.5· rr:r.) •

·In the off line analysis, the multi?le scattering and

ffie~surement errors made in the downstream reconstructed.

track were propagated through the recoristruction in the

analysis rroagnets. 'Ihis \{as done to provide· a consistent

overall'event-by~evente:ror analysis for the data.

-?

:_)

..
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routinz used hit ordir.ates -decoded- lfro~ the r-~t-l?C cr:c1

EXPERI~E~TAL RESOLUTION

'Page 12

: .-.'

After t~is, figures
. . ". -~: .

. "

It is ·the nurcose of this section to.. - ,

through the apparatus.

resolution calculated through such a procedure.'

As oiscuss~d earlier', tile off ·line reconstruction.

hodoscope information to 6eter~ine particle trajectories

squa,res fit to toe track coordinates and ,for ·calculating the

ou tl ine, in some detaiJi, the method for doing the least

are shown which present the calculated momentum and mass

errors on the ,fitted track paramete~s.

,....

If:.
W'~

0

~
~

r.,.,.
c.......

i
,
~

IS

~

r-.....

0
. :~ ':. .

·0

Themc~enturn is calculated through use of the followi~g.

equation:
"")..

...,J'

t:'\
\..J

p ';;:

..)
\'ihere

·TH ~ ==
~3· Y J ~/' '13 (c3 -:e-r") '10

-:c h C.:c-~ - -2: I)

Figure 1q defines the terms appearing in both equations.

Knowing the error in 'e', the magnet constant (0.3%),' in

a I I- , . the magnet cur ren t (0.3%) and in 'Td3', the par tic Ie,

bend angle, one can estima te this eXger iment·' s '. ·It'omentum

resolution.
'..

. .

o

. '

~. '



Th~ er ror: in 'L'HB is due pr ir.'!3 r il y to er rors in the

o ,fitted Yl. and Y3 valut?s •. 'l'hese ~rrors include both finite

r-- resolution ana n:ultiplc scatterinq effects. Since there .is
l.. (TA(!l.t':<"~)

1 i t tIe ["i12 ter ial in the beam be fore s ta tion 1, much of the

multiple s~attering error enters through the Y3 term in the

above expression for 'HiB (KO'IE: not sho~'m in the dra..... ing of

figure '3 is a helium bag, pl~ced oO'..Jnstream of the filagnets,
. .

. . .
covering the aperature from the lnagnet ex"it to station 1).

. _. .' ;~..
0. ..~.

A proper determination of a particle's traject~ry

should weigh eoch track coordinate with .i~s . appropriate

. er ror', in per·forming the \fi t. Nul tiple sC'attering effects

~ introduce into the error analysIs important correlation

terms that should be treated in a systematic way. To

provide a genera~ frarre~ork for this study, an appendi~ has

r been included in this p::;?er to outline the general method of

least squares analysis when correiation error terms are no

longer negligible.

As one can see fr8r;"! the eppenaix,. knowledge of the

form of the error n~t:ix, £, for the problem at hand, is of

fundc"-ental irr.port~nce. Ignoring the multiple scattering in

material before statio:"! 1, th2 multiple scatterin9 part of

the error matrix E ""i·l·l have the ,follo'"ing C?pproxir..cte forI1':

0
T K K· K

K J L L

I< L J L

K L L J

VI I PI

'11 0

PI 0
0

E.... ":> - QI

r".-. '12-

0 y~

P3

a 4i~

",' J. tty • " n.
_.n_

QI Y"L



and for the air gaps bet~'een positions Zs ana Zt (between

The multiple scatterin~ sic~c.s are defineo as follows:

•c'

'.

Q3'

.- .'

~-. .'

~T I" .' .' '.. '5 ,d:c (tA-72:) (rY3":'~)
~s ~_)

take into account the' finitediagonal terms to

YI rf .Q I Y2. ' . Y3 P3

'11 Cf;(YI)

6t\"'-(p I) ··0PI
. .

.En..c!. -= .
O;CQI)

.-
QI

'/2 0.
•
I

K ::: <J.-.'.> ('1."2-)"13);; ~,;) (Y2)(J3) ~ Of-'~(YL'J'Q3)

. L - Of.-'\S (Y3
J
P3) - O",s (Y3,Q?» ~ O~S ((J3.}·<i~)

­
~~~~~~~~~
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\',nere
'\...

T ::: Q.-.s (Y2) ).
"L

( P3) '; Oh~ ( G)~) ....I
J :- 6r-t\ ( Y3) ~ Q~s

acaitional

. -' 6"t-\s'=: (5 (MULT,·fLe.. ~ c....-etTTC(l (oCr)
The full error matrix inoludes aLl these ter~s. ~lus

chamber resolution:

.
at station's'· (see Table 1t1 ).

where '6R«~' is the finite resolution error of chamber

for the material' in the bea~ at station s (either station I

stations land 2, 2 ana 3):. .

)
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. ,-..

where

L-. - -cT- -2:S

C'fA; '(-4) -

~nc L ~atrix elements must be evalu3ted for the ~ateriol at

both stations I and 2 ane for the air separating stations I

and 2, 2 and 3. After this is don~. all ·contributions to E

are sur::mec1. 'l'ha calculation of the mul tiple scatter ing

6 terms is a bit tedious and the results are as follows :
.. .F (
:t :: --r-

...

+-' 5/t1?./Ltf )

7- it/-r/n.. +- x2. (If -'r ·*2.3/12 )

-r tIl/I£.. ')

+ iCL/'f + _7;:.23/12 ")

( :t1/2..

(x-i +

£..
1''-
F

P
F

-(I"l.- .L -=.

o ,-,here:

-­,. .

o
;tA ~;:: hATc ~_ f A L ~~T IIJe C' f,J t;TAT IMJ S A A: I·JY) f'b 0 ( II-J F fl/'. <:. 0 r Q-L". )

;to A - f--;.A; Tit'Ll k L AT ° S'T A-i: 6tV A

F -
The unusual fr~ctional v~lues ar~ due, in large part, to the:

common factor Ipl extracted fees each term.

The knowledge of l:: ;:ermits O:1e to evaluate the best fit

g track parameters ('A' of ap?endix Lf) and their- er::ors

(Cov(A) of the same appendix). Knowing these best fit trac~

pararr.eters Clndtheir errors allowscne to calculate track

tela ted quan tit ies (such cs the mo~entu:r.) and the i r

associated errors.
o
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LEAD GLASS CALI6~ATION

Two typc~ of special data were used Jor cali~r~tion of

the leae g,lass arrays. l'1uO!1 calit.tation (done once every

two cays) provided information used to equalize the gain of

each lead glass b,J.ock with respect to those directly in

front or in back of it. A relatively pure muon sample was

4) obtained by remov ing the ta rget and allowing the incident

beam to interact complet,ely in a tungsten :b'eam durnp,2.l

meters downstream of the target position.

Electron calibration (done once every week) proviCied

o data useoto absolutely calibrate the lead glass arrays •.

For this calibration, the sample of electrons in the bea;n
A"'::..

"'" was increased by use of Ct ...,ider copper target and by the

o insertion of copper .foil~ (15-45 mils thick) into the

aperature, 7 feet dO\'1nstream of the target. The thicker

target and thin foils served to increase the apount of

.~ wate rial in the ape r.3 t ure, to c.:l[)ver t more gamlT'Cl rays in to

e+e- pairs.

HUON C/\ LIBRATIOR: For a ;fixed incident trajectory with

o
respect to leaci glass, a muon will de~osit a constant au.ount

of energy in the block, regardless of the r.:uon incident

energy. 135 ~eV was assumed to be the muon energy deposit

()

in 15 cm. of lead glass (block sizes were uniform to 1/2 %)



.'f)
-J.

.'.-

This same· data served to

Plots of E/p, which were

Contrasted with muons, electrons

Analysis of these histogra~3~ o~-line,

were increased by a factor of 20 above

for each block.

glass block gains (to +-HJ%).

norma • linearity and gain of each digitizer ·was

weasu ·for both fhe normal and high gain settings. +-0~5%'

,?rovide .finer individual block gain corrections off-line.

In muon calibration, the trigger was set to illu~in~te

pag~ Ij

Reretition of one muon calibration after another served to

check reproducibility of muon gain val~es measured by this

provided a means of adjusting high volta('res to equalize lead

pcoceaure. Muon median channel values were reprOducible
6" . . ~¢. \<'A'''''') ~ .•~set' . ..

w-itharneasurea ofl.2%. ~~ £UJ~ 'QA'-:~,,~~·'Mfl
,I \..U . ~ ,(.l.: (V-~.lkVl (.rr; I\)\:, i- l'l C-\, •. v~ ~Jiv .)J1\tJ..

, ~ W l\~Y' \--0 - 0 ft.'., ~ lP" - aJY'l ~.'{.

To mqon energy deposi~. ~ead 9las~

?hotocathode; hiEtcgrams of digitized pulse area were rrade

the ha I f of the lead glass block ",os t d is tan t f ro~ . the

ELEC~RON CALIBRATION:

peried.

their incident JTIomentUITl (E=P).

by multiplyinq their calibration constants by a factor that

made using oata with enhanced electron beam, showed a

pror.1inent peak near 1. ~ (f igure 30 ). Each ~ of' four

block s (in a row. along the beem direction) \<1as cal ibr a ted

deposit all their erier9Y in the 25.8 radiation ilen~ths of

would center the set's electron peak at 1.0.

·f.luctuations in gain \.;ere measured over a one month' time

·lead glass, and 50 their measured shower energy should equal

'I
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corrections typically amounted to ~ ·few percent and vericd

C) by 2-4% over the ey.p~riment·s.lifetiGe. Th~ we~klv electro~

'calibration runs provided data for 2djust~ent of: these

corrections with ti~e. In acidi tion to providin·~ e.bsolute

energy calibration, this udjustment roughly corrects for the

sma 11 amoun t of ene rgy ,los t by electrons in the 2.3

r ad ia t ion leng ths of lead :before the c? r rays •

.
,In using .lead glass to measure the energy of shower ing

Q particles, corrections must be made for light attenuation

effects. The ~loser the entering particle ~s to the

photocathode, the greater the measured light output. The

.corr~ction fa~toi used to adjust for this effect is plotted

in figure ~ I • This curve describes an average behavior of
. .

the ,lead 9lass in the arrays. Individual sets of 4 block's
r'

t"1t typically deviate frOfr; :his 3verage behavior by less than

0.5%.
;;!'
::~

resolutionglassthe leadthis correctic:i,Even wi th
'1 J . 1

. .. h' . . '1 . ? ~t. cdegraded slgnlfIcantly ',.1/, en tne enterlng ~artl_Q.:-e passed , ... , _ J-.
. ~~-:yr0t'>(;.(t

wi th in 5-7 crn. cf th 2 =:>i,otOC~l thOC~'Ihi~3.~.~_.P.f"ObablY d~ ,--·r(~.f ':;1,~d .

-'to ene rgy leaka'jes ou t 0 f the 'J lass. .For this reason. a
...

·fiducial cut was made o~ the data 6.35 cm. from the outer

,,":\
.........

G) edges of the array .. Honte Carlo results (5~ ) from the

s imula t ion of 20 GeV electron ini tia tea shm"er s ina ica te
()

that 97% of the electron shower energy is contain~d within a

6.35 cm. radius. .,
. .,.
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To accomod~te the long rise, time of the RCA 8055
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. --... .'

Ciroleswere traced around the track

at 270 ns. and so it extended over 13 accelerator . RF

buckets. During this time, "the lead glass lias 'o~en' to
- ., .

secondary events th~t could shovler (pile up) in the lead

,
at the rear' of each leaoglass layer, and the overlap of

energy determination.

(as determined from wire chamber and hodoscop~ inf~rmatlon)

depos it. ',In the of.f..,l ine analys is, the reconstructed track

was used to select those blocks to be included in the event

photOfGultiplier tube. the .lead gless digitizer gate was set

gla~s after the tiiggering particle. ~his possibility made

it undesirable to sim?ly sum the energy d~!?os,~ted in' all
.....

..•.. :\-.......
': .~:~~ :~.,:~:: '~.

these circles with lead glass blocks selected those blocks .' .<.;f~~i~~):·

inclucied in the energy s'-=:r.l1'aticn..·, '~:';:l~1fg",':

.wereF:hros:hne S:f::r:~ey: ~sr:,i:,:f 3:~ a:3.:::~::t:::1::~ i::::: .'. <if~I~~
rad ii 9 rnd un11y inerense to neco!i1odn t<; the expanding :,,:,:,;~;,Cr.~~~

:::::C::es:::::c::
d

t::::c::r:~fe::::a::s:: ::f~:::gr;d::O:::'.j,l:ll
\-li th 0 ther 5 was dcne and th~ results are shown in f 19ures 3L.- . ... :-<,.,." ....~;.:' .. "'"

and J3 ,for two different rr.omentu~ ran~es. '·':-::>}.~':~~~~ii~~~;~t~

..

.~ ~~z~.~ ~,\~.~.~;-:.~~.~~;.:. ;r.~ .:~~~~.~.

'.lead 910ss blocks to calculate an event's calorimeter
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,Figure 3'f provides information on the lateral spread

e') of electro.n showers in the -leClc) glc~s. The curves present

r-. the fraction of laye! en'2rgy 6'2positcd in a single lead
f:...

glass block as a function of the' entering .particle's

Q distance from block center (the center of the distributions

corres~onds to block center; the 50% 90int aopears 3t the

edge of the :block). The chanqe in shape of the curves,

@t going from momenta of 26 to 4~ GeV is slig~t ana did not

merit the use of momentum-dependent radii •
.'

The chosen set of radii included (99+-1.4%) of the

electron shower ,energy •. A stUdy was made to determin~ the

~ ,fraction of energy deposited outside this cone as a function

of E/p. Resul ts of this study are sho\vn'in figure 35
- .

er---

o

They indicate that as E/P approaches 1.0, more of the total
- -

event ehergy is included in the electron shower cone. -~he

hadrons close to E!P=l.0. passing electron .lonqitudinal

shower cuts, seem rather similar to electrons in their

.) transverse shower dimensions. One concludes that, using the

present radii set, this experinent's hadron rejection would

not be improved by cuts O~ the transverse size of a-

particle's lead glass shower.

As intensity increases and sp111quality worsens, one

expects an increase in leaa glass energy pile up du~ to

secondary events shmvering in -the glass \olitl:'lin 27VJ

o nanoseconds ~fter the tri~gering particle•.The effect- of

this on th~ dielectron data can be judged from th~ values of

_..-_.- -.-~------_ ....-----_...----.-.-_-------------



'Page 11

Table 2..~ • Presented are average E/P values for .100 GeV

dielectrons, wh?re the data ha~ been divided into 4 bins of

NDN and INDU'l'Y x r-..D~:. Seve re !?i Ie u~ proble!"'!:: in the da tel.....

would be reflected in () shift of the average E/P up\'iard,

1"':'.
~ going tro~ low to nigh intensity, or from good to bad beam

quality. No sucQ shift is observed. The actual plots frow.

which these numbers 'Here taken are shQ',yn .~n figures ·3G,; and

cone, in the remaincer of the lead glass blocks, is plo~ted

'3:t • The oercentaae of eneray ,found
L . J ." _

outs.ide the event
~:.. -:.'

in fioure 3~...
. .

, for the 400 GeV dielectro~s. (this percentage

was calculated relative to' the event·· s cone energy) •. ..::; At.'

each -cur rent set ting. lead glass b~ckgrou'nd l'evels are' 10''''.

....
A check on the absolute enerqy calibration of the lead

glas~, and on the energy determination procedure can be made

e .using the clear signal of th~ J/~ particle •. ' Presented in

"'"'»'-
..
'.

table 2l are average E/P values for J/lf'.eventS'~for.each ann

of the spectrometer anc for magnet settings at \vhich j/'f

~) . acceptance wa$ adequ,;lte. Provided also are' J/~ mass values,

calcul~ted using the events lead glass energy and the

reconstructed pair ope~ing angle.

t"-"\.;.,f,jI

. ,..
... ."" ." ". ~

o -..

. ".- .....:~.
.. ......
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LEnD GLASS RESOLUTION

Test bea~ o3ta. taken over c r2nge of energies fro~ 3·

to 75 CeV, was used to determine the validity of the.

o following lead glass resolution forn~ula ( '55"):

'% FW f-(/~ - (,5 -r
(0

fE

Of . particular interest are the data points for:· 50 and 75

GeV, which were ~easured using this experiment's larg~ lead

~. glass blocks, stacked as in thespectro~eter crrays •

.In practice, 211 the benefits of thi~ leaa glass

resolution will not be realized due to random errors
)

inherent in the calibration procedure •. Using estimates of··

calibration errers given in the sectiori on lead glass

calibration, one cen c~lculate a predicted resolution· of the

lead glass by folding ·known errors in t·dth the. published

" resolution formula. Values tor this predicted resolution,

along with values calculated fro~ the publisned formula are

sho~·m in Ta ble 2'( One sees a 20-30% resolution shift

() over the 20-3'J GeV mOinentUJ1 range.

i ,-,
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momentu@ region, but not in the low.
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Longitudinal Shower Development

One of the handles we have in identifying electrons is

that they show a characteristic longitudinal shower development.

We make use of this by sampling the shower four times in the
~e c..TI C1f.J

four layers of lead glass. This.oillS!l. 2_ will discuss how

cuts were arrived at to discriminate between electrons and

hadrons. We will also discuss whether we have made the,

optimal cut or not.
.... -

To look at electron shower development, we must first

isolate a sample of electrons. This is accomplished by a

subtraction technique. We take a run in which we enhance

the number of electrons by using a wide high Z target (eu)

.~ and inse~ting a 0.015 in. foil in the secondary beam. This

o + -results in conversion of ~IS from v decay into e e pairs.

During this run, half the time we insert 2 in. of lead in the

secondary beam. This would absorb all electrons in the beam

leaving only hadrons. We then histogram for each event the

ratio of energy in the lead glass and the momentum in the

magnetic spectrometer (E/p), and the various fractional

energies E./E (where E. is the energy in the i th layer, and
~ ~

E = total energy). Histograms were divided into lead and no

lead and into momentum bins. For each momentum bin, we

l subtract the lead from the no-lead distributions. We

normalize the subtraction using the E/p region away from 1

~ since the shape of the hadron distributions in E/p would not
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~.given sufficient statistics.

O~r first set of cuts was determined by cutt~ng 5, 10,

20% into tails of the distributions. These cuts were then

be affected by the lead. This same normalization is used to

-subtract the E./E distributions. What is left alter the
. 1-

subtraction are the various electron shower dist~bu~ions for
3' -4- <tD

each momentum bin. See Fig.'" for an example of_the sub-

traction. Note that the E./E distributions all have a E/p
1.

.. cut applied to enhance the electron sample. The subtracted

E/p diDtribution shows how good is the subtraction method

plotted as a function of momentum. A linear fit was used:

t E IE C.· = A.p ... B.·eu i : 1. 1. 1.

Due to the way electrons shower, EIIE, El2/E cuts were lower

limit cuts and E2/E, E3/E, E4/E were upper limit cuts.

Since cutting at the tails of distributions involves

1
I

large statistical fluctuations, we developed a second set

of cuts to determine the coefficient A. better. This involves
1. .

plotting the median of the distributions as a function of

momentum. B. is then allowed to float depending upon the
1-

efficiency desired.

The cuts that were in fact used were El/E, EI2/E, E
4
/E.

A look at the E3/E distribution shows that the background is

flat even under the electrons. To maintain high efficiency,

the E3/~ cut would not gain much in background rejection

since it has a relatively long tail. The E2/~ cut was not ~

used since the information is carried by the EIIE and E
l2

/E cut.
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For a given set of cuts, we calculate the efficiency for

electrons. Here again we use a subtraction technique on the

Elp plots. The nUmber of electrons is determined by. subtracting

Elp histograms with and without the lead filter in. The elec-

trans are defined as the number of events in the region

0.90 < E/p < 1.10 left after subtraction. We do the same

thing again but this time apply the shower cuts. The number

of events remaining after cuts allows us to calculate the

efficiency. The efficiencies were calculated for several

momentum bins 20-25,' 25-30', > 30 GeV~ There was no momentum

dependence to the level of a = + 3%.

A study on the question of whether we have the optimal

signal to background ratio for a given efficiency was made.

The background was defined in a region below Elp = 1 but

above any software or hardware thresholds: 0.60 < E/p < 0.88.

The results of the study were that for a given efficiency the

signal to background ratio was a fairly flat function of the

various shower cuts. A gain in signal to background of about

10 + 5% could have been 50tten if our cuts had been optimized.

A minimal gain at best.

The efficiencies and definition of the various cuts used
2""2-

are given in Table ~.

'" ~; :
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spill c;:uality.

coincidence of scintillation counters that "conitored "the

" ,

' ......

INDt:TY

In £494, an air Ceren'<ov counter ''1?S

more than 90% accic1ef".t?-ls ?t ?11 F.!agnet ~ettings.

TO) was dominated by accidentals. 'Scatter plots' of the

ratio rrUD/NDN} ,for TUD in and out of tiree" sho11ed .iuD "to be

.IN'rE~2.ITY: LIrlITJ\TIONS f·nD CUTS

In addition to the52 puls2 ~y pulse monitors r a time of

rates (TUD~N/TU~~D) and ~rovid~d a pulse by ~ulse monitor of

(~ee appen6ix on Induty! wa~ ~alculated using the T trigger

""

bucket to bucket spill :.1niformity on O' PHA (figure II )". A

nureber of orotons incident on target. NON was a three fold
"

Several monitors ~'l('re used dur'i!1? the cour:se of this

experiment to measure beam intensity and check th2 qual~ty

of the accelerator s9i11 structure. "'l'he :SEN measured the

counters viewing the team, provided a visual display of

\-las used to r;!onitor the spill m~cra structure (figure /0 ).

storag::! oscilloscope (\.;hose input came from a '10 counter)

""

In cases of poor bea~ quality, ?ccelerator controls people

were notified, and major 9roblems were usually r~~e~iedby

.fliqht rrodcle. \>:h~cr: ",::=.3 starte': and stopped by independent

"j udic ious tun ing.

rE'la~ive number of target interactions per st>ill and was

. used for this experiment's overall nor~alization. T r~fers"

to the T trigger (either 'IU or TD). Its pair" 'rat~ (TUD=TU"

~,
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insta1led in the be2111line, before the targ~t, to rr:easurc,

~ event by event, the relative nurr,be'r of protons per buck~t.
r

An A~rerex 56AVP photo~ultiplier tube w~s used and a s~ecitil

voltag'=! divider was designed ·for it to provioe '1m·; ~2:in,
.~. .

fast risetime operation. Since this counter's infortllation

·was not 2va:iJlable .for a E:ignificant fraction of the

dielectron running, no cut were made on this counter's pulse

height in the final analysis.

A desirable running in~ensity for this experiment would

be one at. which accidental p~i~ backgrounds are not

overwhelming, the boosted trigger counters do not sag p M~PC

~ and D.C. logic deadtimes are small, the number of ,secondary

showers in the lea~ glass is low and the oif-line

'r-- reconstruction of events is relatively una~bi9uous.

@ Consideration of these fectors, along ~lith a off-line 'scan

of many events yielded the following practical rule of

thumb: at each magnet setting, increase the incident

a intensity until T=l.O~ counts/second.

Q Ttl is g~ne r al r u:' 2 of th :..'!l.'D \ola s not always foIl O'.'ied,

neither by the experimenters nor by the Fermilab

.accelerator. Th~ intensity did fluctuate durin? the course

C) of th~ dielectron runnind. ano th~s section will discuss the

effects of this on the data. A sUfllmary of an intensi ty

study is presentej in tables /2. t~rough tr; All the data

C) has been divid~d into a intensity bins, cieter6ined as

follmois. For each ma<jnet setting. ? historrarr of 1,eN \olclS
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~ede using all the scaler events of the 400 Gev £288 data.

each histojrarr. (one for each currp.nt) h?d its m·m ~ver-~c:c

cuttin~ on multi91es of the standard deviation.Tne bin~ go

0""

o.~)

' ...

.'.

00

are

'fhe B

...

[2. through f~r : fo.r

XX, Xl, 11,

and standard devi~tion (SD).

3. 11=1 track ,fot:no on each arm

2. XI=l track £ou~d

1. XX=no track on either arm

4. etc.

~QN v?lue(AVG)

. Some typical counter rates and track mUltiplicities (!!£

intensity bins were rrade up, using these average values and

from il (NDN < AVG-2~SD) u9 to ~8 (NDN >AVG+4~SD). The use

various curren.ts. The £12 T/E12 entr·les give the fraction

.
~ould make general trends in the data more obvious. ~

the off-line reconstruction program.

of a current ci~pendent average and standard deviation .was

one with respect to another. It was .hoped that doing this

fiducial cuts) are shown in Tables

glass layers (E12) arid ~~ e350~ieted track (Tf was fbund by

of·the time there was more th?n 17 Gev in the f~rst two lead

track Dultiplicity desir~?tion~:
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percentages

~ calculatcci relative to the total nu~ber of, events found with

feaction of th~ E288 4D0 G~v di~lectro~ .int~9rated intensity
·.G

goed pair lo~ic bus bits. The '6r-:DNBY entries give the

in eech of the Table's intensity catagories (E494

intensities were, on the average, lower than those of £286).

Events used for this track st~dy \'lere t~ken ,from cOITIT;lressed

~ electron data tape~, which means that all ev~nts have

already passed certain ·loose electron shower cuts on both

arms (Table L\).

One can use the values in thi tables to estimate

inefficiencies that way have arisen curing high intensity"

running. One·first notes that above TUD=100K p the fraction'

of (XX) and (Xl) events seems to increase. The nu~nbers

e suggest a track findins efficiency dropoff of 10%' above

~UL=lQuK, increasing to 20% above 300K TUD. For all magnet

settings (except 1300 amp.) the fraction of data affected b~

~ these inefficiencies is less than 10%.

() Verification th3t cielectron yields remain constant at
\

various intensities is difficult to achieve because an

increase in accidental pairs at high intensity may mask

charged particle detection inefficiencies. An 'l:~494

i ntensi ty study (9611 cIT'p. ) of single arm elec tron yields

showed that this yield decreased by 2C% above 2~aK TUG and

o that it had fallen off by 3U% above 55~K 'fLu. 'lids is in

rough agreement \'iith the track finding data corr.rr.cntcd on

"
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froiT' T?ble

correlQted pairs. so ;-: !Jlot of J/lJ' yield vs.

J/I..t events prov ide a sa:.tole by

intensity

should proviae a monitor of this e'xpcrilr";ent's efficiency.

Such a stuoy is stct~stically li~itea; at each magnet

"setting there are not enough J/Lf events to aaequately

explore the high intens i ty reg ions. Indeed at 1303 al'[lp.

(the setting at which this experi~ent covered its~reatest

range of intensities);. J/ty acceptance ,.;as so· low that no

study of this type could be done •.

'.' .'

" .

All of this notwithstanding, the 4Ze Gev_J/~yield d~~a

for 69~, 8130 ana 11')3 af:l;? is shown in figure iff. ".Note

that each magnet current corres?onds to a different "ave~age

intensity and a differe~t reaioncf J/fillumination of the

'"J... .

...-I.

a?p.:tratus. For these reasons. th~ division. of the data

\\-hile the SCi! tter of oats points in this plot is too

the point of averaq~ NDN, IN0UTY or NDN*INDUTY .for a

according to magnet current is desirable. Plotted" are the

£a=h point .. in the plot

MeN I~DUTY (=1 h». l.~ on th2 horizontal sc~le represents

particular ~agnet setting.

number of J/lf events .... ". .. ~~Dt'~2 Y ;,~s • A/A !,olere A represents~_t..

one of sev~ral beam quality ~onitors (t,DN C;'N)f. .INDlitIY C~i) ,

represents 23-3f: J/Cf events and so. has 20% st~tistic~l

error.

great to oraw fir~ conclusions about efficiency changes on

the 20-30% level, the 'rather cundom scatter of data points

~~~

0

0

9

3
8

0

C

0

0
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about 1.(J 5u,?gests G! r('latively uni-forli' J/l{J efficiency over

f!-" the liinited ranJe of beClJ1 intensity 2nd s!",ill S-Udlity

Given the previous indication of a slight (jro~off. in

electron yield at high inten?itics, loose scaler cuts were

o made on ND!\, nmli'i'Y and NDrj*INLCTY. 'Iheir cut levels were

determined by histogram~ir.g N, I and N*I for the entire 400

Gev data sample, for the various magnet settings, and bins

@ for the data were made u? using the averages and stand2rd
. ,

d~viat ions . rnecsu red ·f rorr these hi stog rams.

and stano?rd devic?tion values are given in Table 2'7-. The

o final 'scaler' cut was done by eliminating data falling

beyono the ave rage plu 5 0 cer ta in. fixed !:luI t iple of the

standard deviation (Table 1..<..) • The nurrber of evenfs
I .seA u: IL'

eliminate6 by these~cuts is given in ~able q .

o
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I

I
I

Monte Carlo Calculation of Acceptances

In the calculation of cross sections, one must ~orrect

the data for the finite probability that an event will be

seen by the apparatus. This probability is commonly called

the acceptance probability of the apparatus or just the.
~..~

<

1 acceptance. We begin with a general discussion before we - -.~

.~

discuss the specific case of this experiment.

Let

dN
dx. = number of events observed in the interval x. to x. + dx.

J J. J J

~. = differential cross section for process in question ,
1

.~ (x.,x.) = differential probability for various apparatus
j 1 J

effects not related to geometry. It is the probability

for a particle to be produced with parameters xi and

be observed with parameters x. to x. + dx .• x. and x.
J J J 1 J

constitute a complete description of an event.

dN-= ndx .
J

,

= 1 if event is observed ..,

= 0 if event is not observed .-,

= normalization factor (i.e. , flux) •
"

n

where the integral is over the production variables to take

into account the various uninteresting apparatus effects

(i.e., multiple scattering, axial symmetry, resolution effects,

deetc.). If there are no apparatus effects, then dx = 6(x.-x.)
• 1. J
J.



then the ratio of accepted to thrown.

< 1) and n is a flux factor.
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The acceptance--is

,A be) dO'
) dx.

)

dN
dx. = n

)

A(X j ) is the probability that an event will be observed

where the last equality defines the acceptance A(~.) (0 < A(x.)
) . )

at x. if we integrate over the x .• In general, the integration
) ~

to obtain A(x.) is difficult if not impossible to do ~
J

analytically. A Monte Carlo technique is used.

n ~. particles are thrown in the phase space xi and
~

we ask how many are accepted: dN/dx.
]

". ,

The models used throughout in this experiment have been

various J/* production models. As in.most models, we assume

that the invariant cross section factorizes into a P t and x

or y distribution. An event is thrown with P t and x or y

and is weighted according to the cross section. The J/V ~s

then allowed to decay. Various models of the production and

decay of the J/* have been looked at: the helicity and the

Gottfried-Jackson frame with flat and 1 + cos 2e distributions.

The decay products are then traced through the apparatus.

The target interaction point is thrown to allow the inter-

;
;.

i
r

action to be an}~here along the 4 in. target. Bremsstrahlung

loss of the decay electrons in the target is included. About

10% of the J/¢ is irrecoverably lost due to this. The apparent

, mass is shifted well below 3.1 GeV so that the event would not

~ be recognized as a J/~. The particles are then bent into the

e

1
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detector apparatus. At the 80 ft station, we include an

effective multiple scattering as the lepton passes through

the detector.
'.'

If the lepton pair is still in the apparatus as far as

the lead glass, we then reconstruct the event exactly as we

would with real data. The resolution of the hodoscopes and

wire chambers is included in a constrained fit of the track.

The track is then traced back through the bending magnet with

the constraint that the track pass through the center of the

target. Various quantities are calculated for the tracks:

momentum, mass, P t , Y, x, etc.

Fiducial cuts are then applied to each track. If the

event passes, it is histogramrned as a function of Pt' y

weighted by dcr/dPtdy. The ratio of the accepted histogram

and the thrown histogram gives the acceptance as a function

of Pt and y •

. 1 For the mass acceptance, we throw J/, with various

masses and integrate over Pt. The distribution of.thrown

events is given by

d 2
g

n dmdy

The accepted events by

d 2N
drndy

The acceptance is then given by

= d
2

N/dmdy

nd2cr/dmdy

....

.-)
~.

:~

....-

' ..
:. .......' ;;~:.
, .....~~...
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NORCI,ALIZATION

The following proportion?lity is 2ss~~ed to hol6:

o

1. {)(R) = cross section for the reaction

(R):: ? + 'Be --+ e-t- + e + X

2. NUNEVTS = TotC',lnumber of events in 411

solid angle. This is the total number

of observed events; nultiplied by correction.

factors ,for accept2nc~, trigger and track

finding efficiencies, off line cut

effici~ncies ana electronic's dead

t irne •

3 • 6""(N) = n'J C 1:2 ~ .: (0 r n iJ=1eon)

cross s(~ction.

4. I = ?otal intesrate6 intensity on

target.

5. f = fraction of beam th3t inter-

acte~ in the tar~et .

. '



have been observed by an exper iment suotending the full 41r
• • Y. ' ••

trigger requirements ~2re macie to ~easure the efficiency of

each tr igger coun ter. ~·he results are presented in Table(../

'Pa~E' 24

which allows one to estiQate the number of events that would

, ~, ,..

.....

significant

traction of this

behavior,

Since cross sections are

large

The off lin~ algorithm for

Spec i al runE taken \.,i th ·loose

. .

,faJ.ling-· in

+-25% .

The acceptance is a model dependent

is

steeply

ACCEPTANCE.:

TRIGGER EFFleI El'lCI SS:

TRACK FINDING EFFICE~CIES:

Non te Ca r,lo.

norr~c3l i za tion

final cross section 3nd it would be be5t to di~cuss them one

at a ti~e. The estim~ted error in this eXgeri8~n~'5 overall

bremsstrahlung, multiple scattering and apparatus resolution

Seve ral e~eItents are involved in the ca lcula t ion of th.:!

usually

.
correction (see section on Monte Ce~lo) applied to the data r

effects should be incluc2d in the acceptance esti~ate.·

Erer.>sstrahlung effects t·2nc. to steepen r.lass spectra, vlhile

the 'smearing' effects of a finite experiMental resolution

tend to make the~ rrore gentle.

solid angle around the target •

. uncertainty is due to' ciodel aependence in th?' accegtance

Q

e

0

~

~

0

G

e>

0

0

G)

t

0

G

0

~

()

6

track reconstr~ction h~s already been described and its

efficiency estimated. It will be ussurr.ed to be ·1~0%

o
efficient, since the .fraction of lest tracks is\;ell

explained' by the inefficiencies of incivicual CClmter and
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chcffiber planes.

OFF LINE CUT EFFICB~CI2S: The electro~ yield observed

f~ in this eypp-rif'lent rust be corrected for electrons lost to

cuts in th~ ·o£f ....lin~ c::ne-ly£iE". These cu ts ~'''C re made to

improve hadr~n rejectiori (E/p and shower cuts), to eliminate

(S) ~ven ts near the ou ter edg~s of the aon~ rc? tus (f iauc ial

Cl.: ts), to el imina t~ ou t of time triggers (TCl:' information); ~

to ·corrpress data off line (Table -'2.1 ), to eliminate aata

t~ken under bad beam conditions (scaler cuts) and to

duplicate cuts made in the acceptance Monte Carlo (rapi~i~~
...

. cut) . .'I'he ef,ficiency of the' sho\ver cuts 'is presented in

Table '21.. •
.

IfH.i%'lhe E/p cuts are close to efficient .(see

figure 3e,., for ciielectron EIP plots) • 'I'he number of events

eliminated by the scaler, TOF ana raf>idity cuts are giver. in
'r'

o table q. Information c:: the fraction of events eliminated

by fiducial cuts (for eve~t 9assing loose electron criteria)

is nre~?nted in Table '2.3.

EI.EC'l'P.ONICS EUSY 'I t:-: c; : Th is \.;as rroni torec bv sc~l inq

~ . NtH "'lith and \.;ithcui: .:=. 'syste~ bUSy' veto. 'l'y~ically the

overall ex?erimental de~jtirees ~ere kent below 10-15%. The

system busy ca;ne from 3 poss ible sou tces. 'I'he elect ronics

a coulCi be 'dead' either because it. "'as processing an event or

because it ~a5 shut ott by a spill 'spike killer' or an SCR

noise ~~iller. 'l'he' s~:dke killer' gated off th~ ~xgerirr:ent

curing high intensity spill periods. It WpS slow and

required on the order of le0 accelerator Rf buc~ets to turn

...
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~Uh(LR Of INCIDE~~ PROTONS: ~his was measured ~Y this

Q . exc;erirrent's .SElL 'rhe reliability a:1d stability of sue:, 3

device and the validity of its absolute calibration are

discussed i~ an earlier section.

FRACTION CF BEAl-i IN'IEftAC'lING Il~ TARGET: The incident

e intensity rneasureIr.ent (SEH) must be correctecifor ~tha

. . .

fraction of beam that does not intercept the thin Be target

and ,for the fraction of the beam that traverses the target

and does not interact. The fraction of beam that "does

intercept the target was measured by using a wider Be taroet
• J

(D.063 h
), and measuring "the ratio of thin/thick tarqet rates

as deter~ineoby NON. This counter rate ratio was typic~1ly

65%.
~.

The se~on6 target iclate6 factor corr~cts for the

fraction of beam that passes throu~h the ,finite .length

terget ana does not interc:.ct. In th~ case of a target of

len'Jth :Ii. width N, Dacticle e>dt angle A cno absorbtion

lerigth d r the interacti~g fraction is:

For narrow targets, this reduces to:

or 24.2% for a 4" long Ee "target •.

. ....
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Surveys of the tar1et position inoluded ~ visual check

~ for tarqet skewness along the b2a~ direction.

o

~-..v

,

me ••
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t = time resolution.

Let ~, nD = counting rate of counters U and D in time

interval T. U and Dare uncorrelated.
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The shape of "the accidental background is obtained from

._-

mean by accidentals. An accidental event occurs when two

our experiment this is determined by the rf structure of the

accelerator: 18.9 ns) interact. One interaction sends a
._~ _. --

'""I:

trigger one arm of the spectrometer). This "pair" event is

same interacting proton on an event by event basis. We must

Accidental Background Determinatton
S c '-1'1 ()f-J

This~ will describe how we have determined the

accidental background in our data. We first define what we

particle into one ar~ and the other into the other arm of

number of single arm events squared so statistics are not a

entire data set.

is no way to distinguish this from two particles from.the

-
the spectrom~ter. Our hackgroundarises when these two

uncorrelated particles are identified as electrons. There

must pass. The n~rr~er of events gotten this way goes as the

pairing uncorrelated single arm events (i.e., events which

Then nit/T = probability of i counting in time interval Toto

TO+t.

required to pass the exact same cuts that the normal pair data

problem. Tnis spectrum must now be normalized.

. resort to determining the background integrated over the

-. protons in the same time resolution bin of the apparatus (in
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= coincidence rate of counters U and n

= ~t/T • nDt/T • T/t

if uniform counting rate throughout time interval T

T/t is the number of period t.

If.the counting rate is not uniform (dn/dt not a constant),

for time interval T (i.e., beam pulse). The single' arm

electron yield e. was calibrated per ~~NBY (= N) which is a
~

measure of the number of interacting protons. The duty

factor D was calculated from the coincidence TU' TD, TUD

Tun was mostly accidental since there were a great number of

uncorrelated hadrons going through the spectrometer. The
. 30

"rate constants found are given in Table~. e un was suremed

pulse by pulse for the data set presented

~

t

I
~
2
I

~
i
I
~

~

~
~
if,

I""'"'

I
i·.!,
I

"i
"•
~

I•i
i•
l
r
;

the effective counting time T' is given by

T' = I1u~t/rw

Define duty factor

D = T' /T.

The electron accidental pair rate is then given by

_. ~un = ~UeDtiT'.

= tiT • euen/D

"::

The spectrum of pair events is then normalized to E
UO

events.
~6 .

The number of events is given in Table ~~. lie note that

'most of the events will be in the low mass region of the

spectrometer. This normalized spectrum is then correct~d
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for acceptance and flux just as the normal pair data; As

explained in Appendix IX, the model used is the J/*

production model.

The dif:ferential cross sections for the two energies

normalization of the accidental spectrum. The results of
31

this are shown·in Table ~.

but it is dominated by the low mass region. Except for 1100 A,

the accidental background is very low. If we assume everything

away from the J/$ and W' is accidental, we get a second

~)
• I

where the smooth c~~ve is the
. (fV~

figures show that ~ the J/V ~nd

resonances, everything is dominatedv· region, except for the

accidental spectrum. The

are given in Figs. 25-26,

by accidentals. Table XI gives the number of accidental

. events expected in the J/V and ~. region•.

We note that the accidentals go up with current. This

is d~~.-t:(). ou~ .running.at higheJ:' intensity for the higher

currents. The accidentals go as the square of the intensity
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DIELCCTFGN BACKGfOu~D ALGVE 4 GEV.
Ilo••,

ShmJr~ in figure '+Z is an Elp histogcam obtained after

ap91ying le20 glass' shower cuts to a small sampl.e of the

Q -[.288 aata. Events classified as electrons are those of the
. - .

'e' region near E/p =1.0. This selection ~f eyents includes._

not.only target produced electrons (E) but ~l~o Dalitz pair:
:.•. -. .

electrons (N), electrons from gamma ray conversions in

matter in the agerature. (N) and hadrons (H). Events . .;..

recorded in this pair .experiment can be classified as 'be ina
..•. ::~;.~~.:.-.~ - --

of an 'accident81' or 'correlated' nature~ 'Correlated '~.:

?articles \lere produced in. (or I near') the same nuclear , .

interaction; •accidental' pairs were produced in separate.>',
, ,....... J";" • ,'..• :

p·:u ticle, interactions. Sackg round' in' th isexper iment

consists of all correlated and accidental pair co~bi~ation;~
• ... .~. r '.

of N, Hand E events, excluding only correla~ed E:E pairs:'~~'

These correlated E:E pairs are signal.
· - : - ."~,

The purpo~e of this .~
......

cuts bias a sam?l~ of the aata used for the backqround· .
- '- 71,,<

level of" background from'c<:-,.
..,,' :. . '., ..' ~. ~:.::~.:~:;~~

4 Gev. 'Below th is mass~'
.:.,':. ~ ,'-:: ':~1 :.....~:.,;~.~~.:~} ... ~~"\ i.,.::

section will be

these par ticles

value. hardware

to estimate the

above 2. mass of

th resholds and software . tape

· ........ -

compress ion '.
.' ..' ·~-~_i~~¥~. '

- -

studies (th~ 'h I sC':T19le of events). .It w111 he ·convenient·-
. -. '. _...

to def ine C\ fe~'l terms before s ta rting. To specify a pa i r

event, the notation 'C:C' will be used to indicate a pair

0 with a •C ' particle cn one arm and a 'D' particle on the
r'

f3, other. 'l'he notation is meant to include both correlated and
'... -' .

.:, ::.
· -'';'','- ... : .

,- :

,,,- .
~ . "

". '.
I.'" ...

... - J-' .' 4'· .. ,.
. ~~ .',- ~ .



'~...
..... '.

-?cciaent~l pai.rs. .In addition. the follmol~ng definition

will be co~venient to use:

[ C ~ 0 l = C '. ();- 0: C

In this notation, the dielectt'on b"ckaround i~ "'Tritten as

follows:

r,) = .~: K +- fj: tV

..

. ~ .
. •... .

~. :: . ..'
" .. ' '.'

'. -"
'1'0 specify the 'foil I state of the apparatus \"'hennece~sary, ~~ .

• ~'. J • -. ~ •• :... .'

i 0 I will be usee to indicate no foil in the aFeratur~',: I c·~·:>...:'
• ... ..' .~ "......."'••;."i. ~ ••: ....

• • "P • "•••••••••••

to indicate the 45 oil foil in the aperature. So one has ,o'::

forexa~ple, C{O}:D(0}, t(c):D(0), C{c}:D(c) etc •
. .

be considet'ed a shorthand for C(O):D(6}.

..., ....:.....
C:D \';il1."

.. ~ : ..,... ,; ~ ... ' : .. :..... ..
'... . ".', ~.. ~.: -"-.: ~ ..;.

THE HACRONIC BACKGROUND: Let us define as

background: -. ' ..
-. . ~ .' :... - .-.
• _~''''70. •

.:', .":~\.~.:-. ~.

0' .f- [H:E]'
-. ..

.... ." .'
." ''': ':.'
r' . t':.:- " _ .

The study of this component of the b~ck9t'cund is facilitated. . .... .' .". . .. " . ~

. . '. . : .. ' ."..~ ..•. ; ::~•..; ~~~.: .: -:: .::. '~.".

by the fact that both lei ~ndlhl ~ve~ts pass norwaltrigg~r .. ,

requirew.ents and are both recorded on t~pe'during dataruns.«·:;:~":';':~·,~>..'.}>·:
FroI:l this sample of I'e' , and I h' events' on .both ar~'~ .~~~.~~~:".::.,:,;~:,:" :,.:~:::'>:'- .,. ..' .,

extract reconstructed 'h:e ' ,
:'~ .. ' .... .-::;'<....- ;.-.. -.,';' .

'e:h ' ,' 'h:h' 'pairs, ,calculate'.'

their cros~ section and ~cale the resultant pl~ts, using·thi

single arm H/h ratio ~ This will y iela an est,in:a te of the

hadronic (I accidental I and I correlateci I) back9~0':lnd under

'",

•

the E/P=1.6 peak.

'.

"
......

' ..
. .......

. .. : =. :.
: . ..- ......
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Before making use of events below E/~=l for study
'.

I~ ;JUrpose3'. 'one nust be sure th,:lt tricrqer and (j,;ltiJ tape,
" r--

co~pre3sion effici~ncies hJve not introduced ~owentum 'bi3ses

into th~· dc?t2 s?!T'ple. ,I t HiLl be sno\V'n tha t Choos inc a
, ..

fJj lO'lier E/P bound of C. E6-0.68 for the •h' sanple, and using

the standard shower cuts, ensures a 90-100% bias free hadron

sample above masses of 4 GeV.

, ...

Biases due to the lead glass trigger will be considered
';, .:,: :';.....:". ~ .. :.-."

first. Hadrons ·10·.... ' in E/P deposit a smaller fraction of'·,.. '

their energy in the first two lead glass ~ayers , (E12)

more sus~eptible toelectrons and so are

experiment's trigger requirements". The "

.. . . -,,~ .

than, -"
• _ J ~... .~. .

failing'. this'·
. - . ~~ :..

", ....

'E'" trigger.':.
~ .! ... Ii..' '._

.' .

requirements \olere ;~ooser th'3fl than thoseo~ epsilon (figu~~··.
I :: .:',:.:_.. ,._

15); so it suffices to study the effect of the z... trigqer. 0r:t..... '
; ...-'!..~ .• ;....:

the hadronic sample. .-", ,<> .~..;. •• ,:. . ~.

".. .- ;~..".-"'~".
: ...~.~:..: ...;.'

,Using the expression fcr the E12/E leaci glass shower'

cut (E12/~ > -0.0924 P + 0.92) and assuming adequate (>90%)',
...:- ...:,;-.....~.

, ." ... --' .. ~ '.
epsilon trigger efficiency to be reached by E12=12 G~~, on~;':

.' ; ....... ~~•. "-,,,».~.;.: . .-.

can easily show that ','JOrst case hadrons(a.t 0.66 o~ .E/~:,<·:.':··;
: ...: .

", .... ::." ..... : ',,";' ..'"'.~,'\:,".: .,'
barely passino the star1dard shower cuts} t'lould:pass. this,"> ' -
______ .. .. . r ~ _ ••" :':"-~. • ....

- .. -: ::'~. . -:. ~ ~"..:.-~.~..): ~..".;..
exper imen t • 5 hard·.... a ce trigger if th~y. have mOf!\en tag rea ter'" , .'

, .' , ~' ..'. . .-~:~~~~.~~.:};:~~ . ~- _..
than 21 GeV. ..... """,".';"

'" ~.' ...... .

Of ~riTary concern for this study, is the data of the
..

'higher' mass magnet settings of soe, IHH) and 1300 arno.

All were taken \'lith the same epsilon threshold, and all h~ve

r.:omentu:!l acce9tance \'lh ich turns on near the 21 Gev. level
...

.. ..... .

.. ' ..: ....
. . .

'.... . ..
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('I'a~le 3'2.). The C:J se of g rea tes t concern is t.ha t of the ·960
... -

settin~. where the WO~2ntum accept~nce turns on near

case hadrons of 960 am? would be a cause for some concern,o
17 CeVand is not fully. on until 24 (eV. So the IHorst I

o in 'the 10i/est mass bin's. Given that all h:.t.dro~s do not ·fall

into the 'worst' case cat2gory and that a backgrou~d study

@ mass cu t '.vill be made a t 4 :GeV. a s il!'oleci)lcula tion

to convinces one that even the 960 amp. setting offers a.
... ....

hadron sample . relatively . unaffected

trigger requicements.

by the . lead 'glass :.'

l\. second nossible' source ·for bias in the hadron. sarri~l~""~;"":" .- .. --:....>~..,
&" .'. - .. • - .. '

· '::' r·~··.

. ~ ....-.. . _.~,,,., '"

data on to a sIT'al1 nun:ber of tapes •.. This compression -- 'was"; .-"

.. ....'..
.• ' '"11 •

.aeeoi7:plish it.are specified in Table 2J •
-: ..... , .'~ ',:.~"

Progressing ·from--
. . :":-': .. ,

used· to'·· .and '. the eu tsanalysisofconvenienceforaone

. . I.:

one level ~f com~ression to the next, tiqhter cuts 'were mad~ ..- '. . ;.' ~ •... :;-.~:

to filter out non-electron eyents from the data sample~' '~h~~>--'-- .. .....

case for which the hacron sample was mo~t· ll..kely ':t·o~.:'b~~:s,~,~,:, ~.~: ...':. __

biased by these cu ts is that of •H: H', pair,e~ents at, ~!,~~;~L/\"'~~\~
am;:>. . .' .. . - '. "':)~:?~~:~~:~~~?'::;~... :~'>'/:~:'

To study thi s ques tion in SUf-f'~;~~~~" ·d~~ta~~:,:--'~~~:':~:~:~l~~'~~'~:"::~;;:\~::l:)~:"
.. _. : •... ... .:~~. ~:.,:~,~.:,::~~ ' ~: ~ ~-t: ~ . '~~'.':'.':'

da ta tapes from 139 I) • am9. : running lolere' analv-zed and 'mass .:. .'.~..

spectr2 of h:h, (h:e] and e:e pai~ events were made.

Standard shower cuts were applied to all samples and a lower

bound of E/P=b.6U was us~d to cefine the Ih l sample for the

s~udy.A subroutine was used to simul~te the .tightesttape

.. ' .....
· .

. . . .. '

'.
. .- . .. .. ~ .
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co~~ression cuts ~nd these were applied to the raw data to

~ ~tudy th~ii effects. It was found th2t [h:e] eve~ts passed
.r'

cOi::~ression cuts with !UD% cfficic&lC'i, h:h '",ith 55%

efficiency. Because of their high lSJ% efficiencY_ the E/p

bound of 'l.68 was lowereci to 0.66 to oefine the "h" ~3mole

of [h:e] events.

Returning to the task of background estirr.ation th.:n,

thi hadronic component of the background is given by:
':'.,

~ ( H) ~ 1-(: H +- CH : E:J + [ H :.N J

Its magnitude can be estimated by comb~ning h:h and [h:.e]

mass spectra in the following manner (e=E+N+H): ," .. -:.:.

Q [h: c:1- u...?--- h: h

where 'a' is the hadr6nic scaling .f2ctor:

_C\. =: H /lj
. ;. :: ";.. -

A complication to this analysis arises because several
.- .',-

types of hadrons are intermingled in the cata sample .If -

one wishes' to arrive at a worst case - backgroun'o estimate<.· .
. ".' .

one must .choose t~e largest possible value' of __ ' a' • Then,',

" regardless of 2 arm correlations, the right hand side of the

above inequality ~ill be an .upper li~it for B(H).

To study this ha6ronic backgrou&ld ih more detail, the

L(94 Cerenkov counters were employed for distinguishinq

Dions. kaons and ~roto~s. Over~ll rIp plots for each ty?e

.'
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.. ,. .- ~ .'

of 9articl.e are sho..... n in .,fil?,ure 1.3. This data ~.,as taken

with ~he T trigger which rr~kes no pulse height re~uirernen~s

othe~ than ~inimurn ionizing. The figures suggest.that pions

region, protons the least.

contribute the ~ost to background in th2 electron (E/P=l)

A measurement of the B/h ratio, for the various hadron'

types, was performed, using sin'1le arm dat,~taken in' 'E~94.
. .

·lead plul? .\'las {'laced .in the aperature" 21 feet
.:":. .

The 5.e8 ClT'.

Q

Gl

",
G

.. ._.~ .:". .
downstream of the targetl. to eliminate' the N. and,.' E:.-.·

components from the' beam. 'l'he remaining par ticles in the·.-···:-··
'.

. .....

beam' ·were studied and identif ied as pio:"!, "kaon or 9rot~nb~'-""

the E494 Cerenkov count'ers •. Presented in 'l'able' . ate' the.:.-·

la" cross section scaling ·factorsfcr the [h:e) (.lower bound'

£/P=0.66) and h:h (L.B.=0.68) spectra. One can' see' that,

. pions h-ave the largest '1 a I value, protons 'the smallest. A

scan of the la l values in this table shows that la~ may have._
·.·:· ...·4

slight: ··~ornentu:::a·nd magI).et polarity dependances.. .
. "';

. To arrive at a worst case estimate. of the hadronic' :".. ~..'. .
• ". ~~···"r·-·.:·; - ::.:". -

background one should use the 'largest 'observed la l valueto'.~ .

scale the [h: e] andh: h cross sec tions.
. - ....'--':" -t':~"I~':~" :- ~ ~ -."' .~ -

Since. the ·l·ar~·;~'"·:',:·····~,.'.:'.:-.~"
.;. ..."~ :''';f!.~~.'~''":.'~" . ",

this ~s equivalent to assuming.•a' values belong to pions.

that all hadrons ~re pions. This is not· a 'bad
: .....:...: .' .. ~.

assurrption; • '

: ".. -.. .' .". ";" ~ ~"

. .

as one can see frow. the available hadron data (fT).

,

An ir.lportant fact to note is that the [h:e] and -h:h

cross sections are seLf nor~ali~ins to the e:e cross secition

data. This is true since all these types of. pa.ir events

.....
I. '. '.

.. ...... ..

......... ' .... ,. .... . '.' ...", -.; ,.:.,jIII ,.
.....:. 7'.,
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were rccorced .si~ultaneously in standard data· runs. In

@ a~dition it is i~90rtant to emphasize that these spectra are

m~6e up of 'in ti~e' pair evpnt~, and so includ~ both

~ccioental Qna correlotc~ hadron contributions to the

bc:ck~round.

GAMMA CGNVERSIC~ BACKGROUND: An estimate of the upp~r bound

o contribution of conversion gamma -,:ays tc;> the dielectron.

background is made using aatatc:ken wit~ thin copper foils.~

e. (45 mil)' inserted in the aperature, 21 feet downstream of,
.... --_.~. 0'-- • -~. .-"'-" ".:.-- -' •• .-.···.:t:';.;~o...:.,!'--

the target •. These copper foils served to convert gamma rays ..
. '. .... :~...: :~~ :-..

and bre6sstrahl electrons, while leavinghadrons unaffected:~'"
. ~ ....~.:.. ~-'-~ . ..:

These 'conversion' and 'bremsstrahlung' effects will ctiange'

the character. of

·ca re.

the 'data and. must be studied, with
.. -' ..: .... '"

some

. ...

.':- ";. ,.,
~.-. . "";'\:.....'

CONVERSIONS: Of interest for calculi3ting the
o· • ' •.

number' of;~.

~amrrC\ conversion electrons is the u!Ilount of material in-~h~':~i:"

beam before the bend in the analyzing magnets. .~~;~;;~(:~.'
: .: •...... :.~. ~.~.. =..:.\~:..~~:;/:;~>~~~:(~.~..~;.~

converting after this point will yield. electrons whose-' E/P .. ····
.~.' _.7. _." .:. "; ~'.._.~_~::~::.~~•.;:.~~ ..

(as measured' by the' maoiletic spectroflleter and ile2d"'Ql~3s-s)',<:-;:
- '. ~. .'. ..' .~~ : ~~ :~: ~ :t·~:~~~~ .: - .

will be below I.e. These events will fail standard elec~~o~·~~·

cuts ana' so cio not represent a background problem'.

'.' : ..
• • , '_.:. I ..::·.,'•.•. : :.\~ ,,:'.-

'A lis~ ":....

o

..... .....
,. - '.

of the material in the beam before the 'bend is summarized in

. ~"able 3cr.
' ... .' .

,

.• ]I;. ~•..

~..:.: :'.
...... '.' : ': :~ .• - ",. ~ ... '0

. ".-
-: . , .

.:;:-
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One entry in this 'iable tnat deserves' some comment

() concerns the air contamination of toe helium in th~ target

box. Heliu~ wa3 provided from bottles in a service'

bt:ildin·J, "'/her'? its outflold, its return ,f:lO'11 and the ~?S

:;) purity of the return ,flm'l could be r.:easured. In principle,

this . syste~ was identical to that 'used in a previous

experiwent. durin9 which a 0.2% air' contamination' (bi
. .

weight)6f the target box helium was measured. Compared to:

the previous e'xper irnent, hm./ever, the outflo~., of

'" .... ""-

• ' • .,. ••• .J.

hel iun1·:·:·.
. ~ ::::.:..

. measured at the service .building 'was low.• '. Though visibleon"'~';: '.
'.~ .....:,;:;~~~ .~.: ..

the metee. the outflm'1 was not substantial enouah ·to Dermit''':~'"...' . . -. - . ' ..
. . -~'.~~~:'.:''':' ..

a measurement of the helium gas. l?urity. :Bfforts were rnad:~';-:'''';'

to track down the source of this problem but no solution was'~' .

. ~ . .,
.' ., . ;r·. ' .. - .purity•.

. . ." '.~~/':~"~~:._~-' ..

found. It was felt th3.t maintaining. an. ov~rp.ressur~o:~ii\:.'

hel iu@ in thebo>: ..."as sufficient to insure ad~quate helium Z: '.-:
.'- " .
-.~ ...• ' _ .

o

~ . :·~_,,··r .

In a straightfonY'Cl.t:'c rnanneu'. one can estirrate the.fl~;;:'.~·

of conver$ion electrons, F (e ,e) ,. exiting a. foil of 'thickn~~'~:?~-': ~
. .... ....: .~-:t.::~.~·..

d, given. that F ( 6-) gamma rays are inc·ident •. '. This can _·.b.ff.:::::....·:.
..' . .~ ... !.:'~~=:r:~~.:~:.':~ -: -.

done utilizing the gamma conversion factor of exp (-z/Lc) .. 'and:: . ~. -,', ..
. ....-'.... ~:-~:...;.-,,;.~~:.~;.~!~ .. :... ~.'" ~ . .t~':; ;.,_.:

the converted elect.rons to.' be attenuated

. remaining (d-z)

finds that:.

in the ~'.... '

of r.tater ial following ex? (- (d-z) /Lr) •

. . . .

Ct·
0(... (- e
I-~ .

" ...- ,

".. '.

(t)' .

ellen.

l I - 1-/ qrt Lc.-
...•

:
~ .~.

• 1· . .

'1' 'r .:. ,'." •

\."#.~. " .
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.For 5m?ll radiiltion ,lengths, this formula yie~ds an easy to
. ".

r [e~ember result for the ratio of conversion electrons ~ue to

foils of different thicknesses (for exam?le d and D):

/tJ..- Ie'";;.r c/ - I) /,---_._.- --------
-I- - +,(,;, .. ,"\/2.-A." fLO .J

Equation is an a~p!.'oximate' rela tion and' its

deduc t ion .leaves socr.eth ing to. be desi reo'. The use of the

gamma attenuation ,factor exp(-z!Lc) seems physically proper, .

but the treatment of bremsstrahlung as an all or. nothing'

attenuation process is not realistic. Parti.cles. typicaliy-"
.. ;'

loose small fractions of their energy when th~y bFemsstrahl"

and this causes. events to shift 'leftwards' on the energy··....
. .:.. ~"".;"~' :.

scale to lower bins. While equatio~ I may' be correct in·a;~..

aver age sense for· a f la t energy spec truro', one could suspec\.'::~:
. - . . . . .. -- / ':<'. ~:':.. ~ .'.

that it requires a correction when applied to particles with..
.:,.\~...

a steeply falling spectrum of energies~
.... "'; ..

'." .. ;...
.~.. ~':.~. :,,:, "... :".. -., ..

.... .. ~" .. "~":.:

BRENSSTRAHLUNG: The' effects· of bremsstrahlung on a pair'.

.,: '
. .... :. ,,~.....

pair cross section

the, spectrum.

generate events to ,simulate a

cross section could, in gen~ral, depend .pn the mome~turn:~~~\··
... '- -~ .. ".: ..., . .... .

opening an?le distt:ibution of the particies c'o'ntributi~g:\"0'·:.'
-:'. . .. '. '. -;_:. .. ;.\...~ ..,~.~..-\: .. ~.:.:. :.~. '. "

T.o study this, a Honte .Ca.r10 ,\.;as used' ·to····.
~ t.,. _ .

~ . :', ..~ .. -' .. :,: ~. ~.

falling
. ." ~ ."

according to exp (-k H)i. \"here 'k' ·was chosen to take 'on
. " '.

() sa~ple values of D.5, 1.0, 2~B, and 4.0. Events were thrown

according to several 'models' \>lith different momentur!' and

openina angle distribctions, and then 'bremsstrahled' to

learn the effect of the rr.odels on the exponentially falling

.... ,....... - ..

.~ .; '....
.. ~,~, . ~ ," .'

• - ·.::*:~';I';.':'· .
, ~"" .- .' :'.

t ••••

" .. '.
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cross section. The ratio of the bremsstrahled to un

bre~sstc~hle~ ~ass s~ectra will Ge referreG to as the

'brensstr~hlung correction' to the d~ta. It will alw~ys be

less than 1.1:1.

, 'To 5 in:ul ate bremss tr ahl un'g, one needs to s ':.:ar t \-li th a

bremsstrahlung forli'ula. 'I"hree formulas (ref. r:r- ,SS , and

51). were selecfed, checked against each other and found to ,

give similar pre,dictions. 'l'he three formulas pred ict,-
, ' .

si~i~ar values for the integrated probability of energy loss
~ . . " .. : ..

over segments of the energy range and apr:'li,cation of' the

for~ulas to artificially' 'bremsstrahl' actual o~dr data":.
. ~ .". ..

yielded'sirnil(;lr masS s'pectra. In the study that follm"s,.

the forreula takenfrc~ M11ler'swork has be~n used.
..... ..:..

.In,this stUdy then, a pair roass was thrown according to

,")
--,'

exp (-k to!), and the par ticle momenta, pI and p.~,

,Q angle (THX) were calculated for 4 extreme models.:

1. ~HX=~.12; PI=P2=M/THX

andopen'ltJ(,.-
;

.~ .. ~."'.: ..

'. 0"

2. THX=0.l6; Pl=P2=M/THX

3~ THX=9 .. l2; Pl=l. 3 x:-l/TE}1 • p2=M/ (1. 3*TEX)

'"
4. TEX=f.).l6i Pl=1.3*~/THX, P2=H/(l.3*THX}

(t1 = t-ia s s)

. .
~ .. I:;' ," ~ _~

......... -.:." .. :...... " ......... .',

". ~'. '." -.. ,~~:~~ ......~.: ..:... ~ ~ ..
-_ ;. .~' •.. :...~...; ~ r:"~·: . _"" 4"

..- ~ ~."' ...

." •. ~ ttl \"...~. :'.

- ~. " .

.' .'

.~)
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'£he above four 'J!lodels' were E:t:"lected to study the

CiJ 1 CLl 12 ted these morr.entn and occn ing ang Ie, both !ror:>en ta

o[ syiTIl'i'etr ic or

o

effect of brcr?sstrahluClg 0!1 Quir c·"cnts
.

a3syr.~tric ro~e~ta. ?t swall or larc.e i-noles. a~ving

..,erc 'brehlsstrahleci', th-:? pair :ilaS.5 r2calcuLlted and til'?

'bremsstrahled' 83SS spectru~ w~s histo9rawrred.

The bremsstrah]un~ ?rogran assumed that E% of a

r~(Haticn .length of copper ,had _been placed in· each

a2erature. F;,esults of the study! are presented _in Table 35.' --

1~0 change in the bremsstrahlung c:orrection ....,~s obs'erved' in
~, .

qoing -from ,case 1 to 4. The ,brewsstrahluna correction seems
. .. J .

o to depend pr irnarily on the spectreIT' slor~ arid not on many of

the fine details of particle production. This slope

dependence is not unexpected. In comparison with a shallow

~ sloped spectruu., a steep sloped spectrum has fewer events on.

the 'high' side of the scale that can 'brernsstrahl' to lower

values.

spectra.

.. ;.,:, .".

This will affect the slope of the _ resultant:

the effect of bremsstrahlung ~~, ~.~.

To give an exa~plE ~f this

at a sim?le case in which

'slope'
." ' ..

effect, one can -look .,

spectrum can be calculated analytically, (~/). The 'foLlowing

€) si~ple in~ut spectrum will be used:

,oJ E -I'V\
v-- -I

~ In this case the Heitler bremsstrahlung fcr~ula can be

integrated to evaluate the effect of bremsstrahlung on the

-'
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.... .. ~. . .; ...

o

{":"o..~

in:?ut spectrum:

0-lJ[
d. F ;<

J

( "0 ( cLlJ
- )~ W CO) ~ } "/-') Gl rod.. F~, -

D :r
J2-.,..-.7.

." ..... . . . .. .
\ ..... - . ...

- I t::: -,.,..., .• - x. J
<><-. c. /n, -

Und~r brewsstrahlung, E shifts to E + ~ Eand:

" '"

. .. ~.

\.;hich explicitly displays a slope correction to be made to .'-

the well known relation:

-.6E-E

.... "

.'..... -:-: :.- .... '~ ....: '"': .......
· . --.~.::: ..... -.

. . ....... - i... ' ~ -. -
· - .

-It is unfortunate that one cannot solve many probler:ts" "•.

of this type in such a straightfonvard . :nanner •. .)
-...-I

Bremsstrahlung: ,functions d"o not a1\.;ays COIre in simple to

integrate forms and input partiole s,?8ctra are not .. ah....ays
. . ....o .

\fell known •. The previous" calculation suggests that one' can "':
. ,

correct the simple "bre:T.sstrahlung attenuation formula b~/··::.·

including a corrective cn' factor:
· .. ~ ;-::- ;~,'-'I(.:'.

. ..' '" If...... :.:'_

. .:. .. ... ~: -:-: .::-"... ' ..

or similarly, one can show for the mass:

cl r=:_. l_

el;\: " bF

bM

.. '

Th-2 follm..-ing e>:9ressions then resul t for oescr ibing

electron attenuation .effects due to bremsstrahlung and the

~lcctron flux increas~ due to conversions.

. ,-t·.'. .
:.' ...•..,;...: ......

- "........ ,.. '

· ..

~J
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F(cd~;- F(o}

T~e -?bove ~ rgUlT'en t can be im!?rcved (a??end i x ~) a:1d a

rather acneral pr60f cen b~ '~~de . fdr these formulas.

assuming a thin radiator (srr:all value 'of 't I) • One learns

G.

that:

.' \-J ::: 'f.--:3
..

• ~4~"·". "

-' .'.-

signLficantlycontribute, ~hrough bremsst~ahlung,to the
'.' "~ -....:.: '. ..

population, of lower bins. This peans .thatf~ lfor steen. :
~ . ...

spectra E0/E is close to 1.0 and equation L predicts ',~o:,~:>"'"
'," '1·"

. -: -: ~~ ~:·1•• " • •

and 'b' will be closer to 1.0.

accord with one's expectations.

,BACKGROUND ESTIMATE:

large value of , b' • For flat spectra, EO/E can be larger··',~.·
- . , . .".:.- .. ~:~ :~: )~"

So the equation is in rough ,:~' ,: '
.." - "'.~~~~.~~.':'-,:~

. ".; 'r:~:P;:'" -' .'.
. .~ .., };:~~," ~:'.

,. --,:::~q!f0:~:: :'.:; -,
In what follo',oIs, various mass sp'ect';~~,':'-":'

will be combined to yield an upper limit on the dielectrb~!~:

background. Table 3(. presents. in entries -:Sl-:~]',,, .~ li'~-s;~~-'~~.i~'~'::·':~··:.:·o'

/ .: : . . .. -..:,~~~.~;~~:~/.." - '~ .

the V2 r ious pair data sets a,,:,ailabl,e from the· cHelectron-t.,

runnin'3.' All these _nave be'en expanded in terr.1s· of their--:"-
.. ' :-".-

e cO:lsti tllen t Elar tioles. The' :nul tipl iCG: tive factors Band G,

respectively, 'represent the ef·fects of bremsstrahlung and

gamma conversions on the data.

. ". - ..
. . ..

." '. : ~

- .......

. : ... : ' . .;.i·· .....
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. .:.......
",:'

';:' ".

.' ~ '." :".......-...: ".

in ,f i~urcs ~ere

. ''';''

electron data' (references C; 2 ~ ,"

etc.

Conversion/Oirect/Calitz = 2/1/2

e(c}:e(c)

results ,from single arm
~~ ~' '.

) • One learns that direct electrons and pi' zeroes have ~.:",,;,:"'.

To treat the case of E:E accidentals, one can use
', .. -,:," " l·

'.' . ~ .:

, -
• 0 $

By su~stituting the proper expressions from table~~,~'

Page 14

. ' ,

The variou3 cross section plots corrcs?onding to

is shol,oln as a dashed line in the cross section' plot of

N:N contribution by a factor of «B+G)/B) and so provides an
- - ,

u9ger limit on the back?round. The final upper limit curve

similar spectral slopes and that:

inoivicual mass plots with error bars (statistical errors

throu~h If(.,. For to.e sake of clarity, error h·Jrs h0·,Je b2en

one can easily demonstrate that an upper, li~it on 'the

ciielectron background is given by:

-lef t ou t of these plots. Figu res tf-=r th ro'ugh 52- prcsen t the

·figure 53.

~ =- ~ACfl:CrnOUf.J() <'
'," 7

\J M"tS ·of~~ - ~+ UJ~ I

'excluding E: E accidentals. 'fhis formula overestimates the

*-
$

a

~

£)

Q

@

G

Q

0

4)

a

i
0I

I

9

()

~
"
~

, ~

9

~

for an experiment with ~.74% of a radiation length of ~atter

in the aperature, before the ~agnet bend. In E2SS and E494,.

Of,.
,-

. -
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there (las l:'.ore muter ial in the ap'2rature and this im~lies

thiJt:

N:N(accidentuls) > E:E(accidentals)

c; X.ftkS5/0'-J
In~ ?:', the N:N contribution to th'2 backg('o~md is

overestin"atea by af~ctor of about 6: this includes both

accidentals and correlateds. :50 th0 cashed ,lin~ in fiS\.Jce

5~covers also the E:E accidental spectrum.

As no~ed previously, there is sorr.e uncertainty in this

experiment's estimate of the air contamination of helium in

O. the target box. \\hile the heliUi:; outflo';'; from the. box \..as·

visible'on a fiow gauge, its flow rate was not sufficient to

allow a purity measurement. ~h2 contamination of the helium"-:
.' ! -.... -

ftll:S t be kno',.,rn in order to make an accurate determination of -
.. -."

the ' B I and I G I values. 'B' is not affectea greatly by.
'. ,

,.

filling the target box "'ii th 2:11 air , but 'B(G-B) shifts f-rom, ~~

3.5 for pure helium, to 1.6 for pure' air in the target.

box.
", : '.

The background estimate in figure S-~ assurr.es"a.'

conservative value of 3 for B(G-B).

"

-..
... ..

. ,

":~# .•.
-." ...,

.
...::'?~·:·/~ :~.·P' .
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RESUL'i'S: DIELECTP.OI~~S Fp.Or·1 4 '1'0 11 C.cv

5cction plots bas2d onth~ C22a. [494 di01ectrQ~ data

scl':"'ples:

\ '

. .
'. '

... ...:' ...

. .

'. ~'7'-'.~ .

.. ~. :.. ' ~.'~ ..
. ';.,. -'

"" ".........-.: .
:., ..:;..~-: ...~j:.~:: ...

. - ~ ":-

'.

E288

DIDEPTON CONTINUUM

beam quality) cuts

sho'Her cu ts

7. (4) \'lith rnediur:1 leC'd glass .lonGitudinal

.-... .,

~: .., .

..",

4. (1)+(2)

6. (4) \·lith tight 'scaler' (incident

As has been sho~n in the section concerning backgrounds.

5. (3)+(2)

8. (4) with 'loose' cuts

,
3. E268 using E494 mag~et calibration.

above M=4 GeV, ha6ronic and g~mma conversion bac~grounds are

events ebove th is mass are bacl<ground free,· target

.
of minor irr.portance above a wass of 5.5 GeV. The observed

G

0

0

I tC)

0

0

~

()

t)

0

()

I
~

()
'I
~

I (3

•.
~ ()"

. .. "...
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"

criginatins c1ie1ectrons, . and their ooserva,ti.on in' E268
'. '.o yiela.ed' the f ir.st measurerr.ent of the the:oretically predicted

"~ dielectron continuuJ'..

P.,dequv.te fits to dimuon cross section

GeV) are given by:

(3)"=,/0

c·

7t_)Y.;
1-1 '?I

r1e.. Fe nU-Jc c. (Go '3 )

((-

c

A

{ ,

. Y:. 0

d:l(j
ci,,,,,,J. q Iy: 0

2."p,?3. 0=§
({n(~: Jo
(~';·~t~r'£ \~et L.' ,

lrieally, one w,'ould like to fit these functional form,s to tn~ . I I' _I
, '~.-',.', . IUt tl.--\..Cl rl t' ~d

die1ectron data, arrive at optimal values for ~, B. C and:O .

and compare these ,results directly with the aimuon cross .

section. UnfortunatelY., 'because of a :low nmt'ber of events,.-·
.,....,;,. .....

accurate determinati'on of both a slope and an exponent in;; .'

the fitting functions is impossible.
" ,. ... .';''''~.• '''., -

Wh1le th1S 1S .. true,' :

one can show cons is tency with the prev iously Ir.ention~~"';:··

,,,~

..JtI

dirnuon results. If one uses the above functional forms and
"~.';.:.:-{~.'''':-.

al10-,.;s cnly the overall normalizations (A and C) to' vary,:. :'.

one arrives at the ,following
.... ' .~~.•..... ~ , .

•• "'.' . • -. :.~"··~"'·o· -..;'.

fit normalization:~~

the ciirruonc ross section results. A crosso
A=a.124~ 0.672;

agreerrent \'lith

C=1 • 30 t {). 26 •
'''< .....

Both iesul ts are' in 'good"';'"
. ~ .". '. .

section plot of the re<!ion eoove' ~1=5.5 GeV is provicec' in
. .

Also sho\.;n is'a dashed line to indicate the

level of the oir.\Uon cross section Cauta of Herb et. ale

. ..:: ... -",,: ...
", ...~ ' ..:." . .... '.

.,. ,. '.

• '.'J " •.,



is present, and several compon2nts r:'?l<e up the observed

In this re~icn of th~ snectru~. sianific2nt back?round

conversion electron pairs and 'correleted ' oielectrons.

........
Page 18.":

THE 3.5 'fO 5.5 GeV ;·P\SS REGION

'2ccideiltal' pairs, 'correlated' h3dronic and gamma,data:

The shape of . the acciaental. backgrou:td. was deter(T'ined.

.by· pai ring" single arro events and his tog r aming, their:'

• t)"

1

0

G)

0

Q

0

0

;,.. ~"..:.}:, ~ ",

. ~ .' .V '.~.

resultant mass spectrum. The reiati~e normalization of the'

...;..~~., ..

o •••••.... 0-. --_ •

"...

.... . ....~

.~ .
, ,

Cross section" results 'fromthe

. -....: .' ..

.....~: .\"

Hhenextrapolatec to r-~=3 GeV, this forrnul?: '

,Use of this single dihadron function to a'Ooroximate all" .- -, . . "" ~.' ,

The cross sections of thecorrelat.ed H:E,. H:H, N:~i and'"

- ...- ·.:"i·~~;;'·-·
• " _ 'l" r"_ .•.••~ ..:.-( .._

. ' .:.." -- .-. "

the correlated .backgrounds is. of course, unjustified~

Attempts were mace to replace it with the more complex foro

of an (exponential + a ~ass power) function, but no

in the ,lower IP~Ss region.

f · C/>.' II. '2. '5orm L"' •

most part, unknown.

fit in the 4 - 10 GeV mass region by the single function~~

E:N com90nents of. the background (figure 4-2) are~ for the'

predicts a cros~ section slope in good agreement witha··:-·

prior' dihadron eXgerim~nt('5), and so may have some V'al,idi;~~'"

correlated dihadron analysis of E494 (lf4) were 'found to be

accidental cross section is known to better than 2~%.

I e

~

:1
()

i
I

c

Q

I 3

0

e

, 0
•
I
'.i ()•

significant fit iroprovement was achieved. The resul tant

'fit subtracted' data plots Kere nearly identical~ One of

, .

,.,

' ..
,'..

.0 •• o'llo.>



,th::lse subtrtlctec plots is shcl,oin in tigure C~ •

Page 19

It is,

pe rhaps, In':dnly in the 10ioJe r rr:ass' rEg ions \.;he re one migh t

suspect inade~u2cy of tn~ ckployeo fitting [uncticns.

To esti~atc the magnituae of th2 cielectron cross

section at 10..... IT'aSS, fOrir.ulas y- and 5" were used. Eoth

functional for~s yield nearly identical over211 fits to the

cross section data ana so will not be disting~ished further.

The applicability of these formulas to the N>5 GeV regi~n is'

established by e~isting dimuon dat~, but their extrapolation'

to .lower rilossesis presently in dispute (b~).

All objections nobvithstanciin0. ° ,fit to the observed

cross section of figure R was performed by combining the

3 cross sections for the a;:cidental background, the •dihadron'

bac~~round and the dilepton continuum. The fit was done in

biO st2SJes. :Firsti. the overall norw.alization of the

~, dilepton contribution was determined a fit to the aata above

5.5 GeVi secondly,
.
the fit to the lower mass reg ions was

•• 4 _,,,

done, maintaining
,"

this measured dielectron normalization,

and allowing th~ accidental and correlated' 'dihadron '
, 0'

normalizations to vary. This fit was done over the 3.5'to

11.0 mass range, and excluded all sus~ected enhancement and

known reso~ance regioi1s. Typically, in each
. ... . ~

fi~, . the

dielectron nO~~31iz2tion re~ained close to its diwuon

!')r('dict~d vcl~e. the ?cciCient?l nor!"'C\lization Has shiftec.,

o oO'.>n 3~%, and the rr.agnituoe of the 'dihadron ' cO!lt~ibution

varicd, d~~~ndin9 on the :fur.ctio:"31 forr. of the cilepton



o
continu~m function. 7

~'

..~

......

..: .
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'ENHANCC~ENT STUDY

The enhancerrent regions 'selected .for study \-lere near

the rnas~ values of 4.L, 4.9, 6.~ and 9.4 GeV. The number of

events a?pe~ring in the 6.0 and 9.4 GeV regions can be read::
:.•.....:.>

from the cross section plot of ,figllre 5:r. :For the 4.2 'an~,,':'
._ ..

4~9 GeV ~ass regions, ~ detailed raw data plot is provided.~:
. . .. -- .~._.J

in figure Co·t.(- • Regarding the act'ual number of events, 20-25'

events are found wi thin resolution near 4.2, 15-20 near ·4. 9 ~._"

10-15 near 6.0 and 6 near 9~4.
~ • _t ••

. . ..... .' - ~

To oecide questions of an enhancement's significance,:...

one would like to measure the number of standard deviations' ,
.....

each enhancement represents over a sm60th background,',
r

insisting that the enhancement's width be· consistent wi th '

6ne's experimental resolution. Clearly, when one deals with~",
." .- '" ..

')
"~

. ·few eventS •.. the •background.' nay
.... .: . -.. ~

not' appear smooth,' ,the •. ~, ,
. : ,. ' ... : ... ~ . ..~. - ~.. ......

. - .. .... ~... " ...
'estimate of the enhance~entI 5 statistical significance may,',,'

~ not be very reliable, and the measurea enhan~emen~,widthmay

not be ..leI I defined.
..

Nonetheless, one can perform the

calculations. EstiIilates of statistical significance, mass

values, cross sections and widths are presented in Table~i·.,'

... ' ."

..

t '".,":_ •••"
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The subtracted da~a plot on which the Gaussian peak fit

and th~ s t3 tis t iea·l ~ i90 if iccnce cr.llcul a t ions ;) (Co based is

.si1o:.m in f ig~re r.o 3 . In estiroatin0 the si?p.i£icance of

(:nhenceii~ents, 'negi:!tive event' bins h2.ve been set to zero,

QI

so as not to increase the statistical si~ini[icanc2

esticates.

~he fitting program minimized the negative log

likelihood for each fit~ assuming a Poissonian distribution

function. Errors \'Jere combined u~ing the log. likelihood
' ..

result from Poisson statistics: ,
« .. = tJc. - I--Ji.
.' (..

.. : .~'. .

: .:!.:

t-...J ..
(.

... '.:

. ..".. ::-~ -; ;. ~.
<. T(-{ /3 I.Al

- .; ..
"..-..-..:.. :.: .

quite

statistical.

• ' :-:- _"0,.";- ' .•

or= 'CoNTlt..Juul"1 ' ElkNT?::·;··/>:
..... po .. ::--:.:,,;:-'--..

((( C Fe fL eN Cc::. C(; );:~':, /.:'~
s ta tis tical . :.~>~~:<.,~..~~

resul ts \'ihen ····~~~:~F~2:~
is not the cas~ "'. ': :·:;.,::~:/6~~,i:~~

.~.; :: ~:.":._:,.; ,,- "'...-
. . - ." .: .. '.:

. ...• . :-: \.:·1t·l..C~ ~~

knovs that. . :.. ::'~':"'!"'''';-:'-

.' •.•. : ~::.'- .:" ~':__i ~.:':~i{f~.~:i~~
'b;:>ckground' . :- :...!-::: ...•.•.

- . ~ .. ::··-~~;i~?~:2~~
To atte~!?t ."",... ,.; .. <

;.::~?L~~~.:::~
." ~.

. '.. ...:~:/f~7~~~~~~
'~'.:..:'-~: ~

..:,.;::~ £:.-;~..
. . :':_-~"'"":"':~~~:

a second,

One

the

of . tbe

.
( Tf-{

I,) uM f3(tl

una::ibiguous

of events,

regarding

this' paper.

treatment

yields

of

numbers

used to stuay the enhancement ?roble~

EST(h4Tc 0

IIJ

questions

snaIl

sample

.. 'queS1.10n

some

'classical'

oatathe

. 'I-his

to

in

si9nif icance of

ciiffercnt approach was

fluctuations of sreall numbers of events in the

can give rise to spurious clusterings of events.

applied to large numbers of events, but such

significance

e,



Page. 22

- 2 ~eries of ~onte Carlo 3imulations of the experiment were

Id~al1y, one ~ould like

qu~stio!1: If this dielectron

to a:iS',ler

eXr:>eri:nent

the the rollor.·ling

were reneat~d 109

till'es. ip. hO~'i many experirrents would rando~ 'background'

fluctuations yield

better than those observed in E28fHE494. Expressed as a

?ercentage,' this number \'1ill be referred to CiS the randon

,One can simulate the' non-resonant data spectrum of this

experiment by geneiating random nu~be~ 'events' and sorting . " '"·t·. '~ .. ;:;. :.

.:)t;·~\~~t~·!
. 1..~ .• ": ... ' ~

.'<.~:;~ .:~ :: :~)
~"'.~ t· ::·:r:,· ..,;.-

-".-... ,:

.'....:'.:;~. :k~~~" ~-~

thetoproportion31is\.,hosepins,intothem out

produc tf. at each mass value, of thIs

where the cluster is centered.

taIling \'1ithin 4 or 5 'times 'the '0. of the 'expe'rim~ntal mas~

resolution. 'Ioe cross section ciistributio:i, used . for

oeternining . the \-lid th of the 'event' bins \o'as estimated

using a binned (1 GeV) cross section 9 10t of the

dielectron data, exoluci in9 only the lp' region. No



(

(

iunctional fcr~ was soug~t to ~~~roxiGate th~ c(o~s section

curve; 3n int2rpolation ?ro~r~~ w~s us~d to c~lcul~t0 cross

(

r-, ~cc t ion valu2 s be b,·cen c! ~ ta po i l"'. ts •

Results sho',·n in 'cll'Dt0r
(

probability' progra~ evaluate0 cl~ster probabilities for f~~'

events within resolution, at ~ass vnlues from 3.5 to 11 c~v.

(

A fe\-J smple .cluster probabili ty values for the nuanber of

events observo?o at other massef. few sarr-ple cluster

( probability values for the number of events observed at
,

othel: :..masses are as follows: "=.5 CeV - a3.4 %; 5.5 GeV -
(

(

~9.2%, 6.5 GeV - 65.6~, 7.5 GeV - 66:3W. 8.5 GeV - 2.9%.

·It is instructive, in acdltio!:1 to this, to CO~03re

oata sets' yield similar

(

r',
(

same masses. 'r'or this

~ei?2rately to see' v;heth~r both

clus te r probabil i ty va lues a t the

st\.!d~~. 138 '(E494) rnc ,124 (E288)

(, events weie thrown into the 3.5 to 11 GeV roass region. using

each experiffient's sensitivity ana each experiment's ffi~asured

(
cross sec tion. A search ior clusters \>Jithin ~ eJ (~ass

( resolution) was as before, adjusting the Iilass

(

(

(

(

, r".
(

resolution for each experiment following' figure ~~. Results

are presented in an easy-to -cof:\t:>are form in 'Table 39

A fe,,'i cOlT.ments are 1n oreer about each enhanceIT'ent

region. ~hile none of the lower mass enh~ncements are very

strong each does have its ch~racteristic features.

h=C.2 GcV: A glance at figure (3 reveals that, of all the

'"



·eI
I
iAo
I V

ma3S regions .und~r study.

....

the 4.2 GeV recrion has the most
~ .

. -.

...• .'. ~'...

atnot ~el1 known 'Hie

'.
'accident~l's'"ihile . thefit.functional

shape issr.::cctrl1:r.

unc.;!rtain

6ile9ton 'continuum function is not well verifie~ b~low E=5.0

GeV. The 'classical' statistical significance e5ti~3tes

cannot be si8ply t2ken2~ face value. Th~ interesting fact

a?Qut this enhancement is not not th~t it is associated with'
.. d' . ~o,

the

.the'for

that

those

but

\oJidly . di ffer ing

values

E494 •.ana

unlike

£2£>6between

enh~nce:nerit,

too larQ€ to permit further conclusions.

This

The si9n~ficance d~ this enhance~ent is weakeneo'

GeV:

by the lack of agreement

enhanceITlent'~re

11=6.0

: ~:~,:,~:~:~~.~~~".~4.'~

:.··.;-:ri:}1:f~J~~~
:~":;~''''''7.,:~ ·~'.7..~.I. _~

':'(11
...... -' ::~}~~5~~~~~?

. " : .'

.........:-::..;.: ;,,~.~ :-:'·l..;};~

"':.[~'Jalready
..

considered, appears in a region \vhere the nature' of

'continuu~' is'coffi?letely k~own. This is ~n

A calculation of, the enhancements stati'stic2'1 siqni\fica~ce

Co?'ln be made v1ith some confidence.' Referring to
.J

the level of the dielectron 'continuum, in the 5.8 t 6.1 ..-.... __ ..• ,~~~ ..... .r..-
. oo...: ..<.. "'..:": ." 0",,",:"(·" '~.:.~"x.: ..i;1ic>~" ..~ .

region, is 1.2 to 0.8 events per bin (53 NeV). 'AII' events·:·:·~:'··::~::;~~:~~~~~:~··

:::::ne::i:n:r:haetXc:h:S ·01u!::n:: ":: t f:::::; :::s::rs::~ :::~':'~f~~lc
/- "" ,.•... "., t·...<~.il"""~-,-

~. 0 _ " \ :." - •.• '.~oo"~ ·~;·~:~~··~:oo:kZ~:~-"_· .tighter or looser cuts. The fitting pr.ogFam e ... tll'Jat ... :::l th3t _ '. ., _, ~....,_ ..

the enhantrnen t has sStandarddeviatio~ 0 f 110 HeV, whien""'."::':;;l"1};:!::,'
/:..... ·~~~itrt~~1.~~~~

is resolution. An additional study was mad-=- to' ':"''::.~:r,.:.-~.;.. J"
~--~~. ' .' ~ .. '.' ·(·::'~i·:~«1~:.~t~~~t~~:r~·~

/ . ,. :-~·:~,).;,:.:.,.-:.\.,F.;,?~':::·:L.' '..~: :'~:~~;~~':~~~~~:~.:~~·oo~i!! t:~~OO i::~·~.:t,
, ~~'"i.0~': ":'''~I~:~ -~ooi~~~,.. (7J

•

.,' ~": ".~~~ !'~:{ ,,=: ~ ..;'-": -,oo~:J....~p~~~".
f -·,~.;'~~:'.!"~"o':~4,;~~~..k~~~~~~":

". . '" ~'_:'~ " ".. ,. \,"'-~"' .. -"-
. :-:'../~ Ji .(~_!. ';'-4T'~~"" ~ ......

. ~"~~~:~ ~'"Ji~ :,~....~ ~: ~. ~~~:!-~7 ..-':

a relatively low G.lus ter probaoility,

enhancement is see oX. bolO experir::ents of

. resolution. The cluster probability

. H=4 .·9 Gev.:

o
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invcstin~tp. th~ sinnifica~ce of ~ ~os~ible wioe en~anc~rrcnt.

1nc c1ustef prob2bility (oi 17 events in 2ight 5S ~eV bins

i-:;::;9 .4 GeV: This is, of cours~, a resonance region. It has

been treated as an enhancei;!ent so f.ar to learn whz.t the

dielectron data, alone, \-;ould say about the Y (9.4). Its.

roeasured cluster probability is low, Dnd its measured cross

:~- .
•.,
"
:i 4)
.~.

section is .+-

. .; ~ ~.:~
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CERENKOV RADIATION
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CERENKOV FACTOR vs
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LEAD GLASS ARRAY
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,LEAD GLASS
PROPERTIES
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THROUGH II R.L.

Manufacturer Ohara, Inc.Tokyo
Type SF 5
Radiation Length (R.L.) 2.36 em.
Interaction Length 25.6 em.
Specific Gravity 4.08 grn/2m. 3

r'Critical Energy 15.8 MeV
Composition .55 PbO
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(REF. W. B. ATWOOD, SLAC REPORT

185 (JUNE 1975). APPENDIX B

SF-5
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E BIT EFFICIENCY CURVES
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EPSILON (E) TIME OF FLIGHT FOR 400 GeV DIELECTRON EVENTS
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MASS SPECTRA-MEE, MP0P0, MPP (SOOA)
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TRACK .RECONSTRUCTION EFFICIENCY STUDY
MASS SPECTRA FROM SAMPLE OF 600, 800, 1100 AMP. DATA
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SCHEMATIC SIDE VIEW OF
SPEC1-ROMETER ARM
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0/0 OF TOTAL LEAD GLASS LAYER ENERGY
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) 0/0 OF TOTAL Ll:.AD GLASS' LAYER' ENERGY

IN SHOWER 'CONE' VS. 'CONE' RADII
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(inches)

6 LAYER 2 1.5 2.5 3.5 4.5
x LAYER 3 1.75 2.75 3.75 4.75
r1 I LlYFR 4 ?O ~.O 40 ~, n



5 10 . 15 5 10 15 Inches
PERCENTAGE OF LAYER ENERGY DEPOSITED IN A LEAD GLASS

BLOCK VS THE HORIZONTAL DISTANCE OF THE ENTERING

PARTICLE FROM BLOCK CENTER

LO LAYER 4
•• •

P=20-25GeV
•

• •

•

•

• •

• •
•

•

• e •••

•

•

•

••

•

•

•

•

•

•

• •

0.5

1.0
LAYER 3

P=20-25GeV P=40-45GeV

0.5

Inches

P=40-45 GeV
~~-

P= 40-45 GeV ~_

ONE
BLOCK
WIDTH

LAYER I

P=20-25GeV
~1""""

CENTER
OF

BLOCK
< )

1.0

LAYER 2
1.0 P=20-25 GeV

0.5

0.5



) )

% OF TOTAL LEAD GLASS ENERGY

IN SHOWER 'CONE t VS. E/p

)

LOa. i ,. iii

.99

II.......

~ .98
~
(l

vJ
Ul.97

..96

TOTAL ENERGY(cone)
TOTAL ENERGY

o

x

o

x

6

+

~
6
+

~_-D

MOMENTUM
+ 10-20 GeV
6 20-30 GeV
x 30-40 GeV
o 40-50 GeV

RADII = 3~0, 3.5, 3.75, 4.0 inches

.951 I +8 ! 1 ! •
.6 .7

E/p

.8 .9



DIELECTRON "E/p PLOTS ,
I

oj EVEl\lTS OF E/p ~ 0.9 (PAIRS ONLY)

b.) PASSING MEDIUM LEAD GLASS LONGITUDINAL SHOWER CUTS.

col 400 GeV DATA

dJ DIVIDED INTO 4 BINS OF NON

LOW NDN

I 2 3

HIGH NDN

4

sOOA

. )
..I

960A

1I00A

1300A

.9 1.0 1.1 9 1.0 1.1 .9 1.0 1.1 .9 \.0' 1.1 ~J

E/p
NOTE: EVENTS BELOW E/p=Q9 AND ABOVE EJt>= 1.15 ARE NOT SHOWN

FfG U (L c. 3eo



01 ELECTRON E/p PLOTS

Go) EVENTS OF E/p ~ 009 (PAIRS ONLY)

b.) PASSING MEDIUM LEAD GLASS LONGITUDINA.L
SHOWER CUTS

c.) 400 GeV DATA

do) DIVIDED INTO 4 BiNS OF INDUTY x NDN(=Ix N)

.9

LOW Ix N
I

6DOA

BODA

960A

JIDOA

1300A

1.1 .9

2

1.1 .9

E/p

3
HIGH Ix N

4

.9 LO LI

NOTE: EVENTS BELOW E/p=O.9 AND ABOVE E/p=1.I5
ARE NOT SHOWN

F( G-U (L( s1



EXCE.SS LEAD GLASS Ef\JERGY PLOTS
. 400 GeV DIELECTRONS ,",

-...I

N

600 AMP
50

10
N

960 AMP

25

10

N =NUMBER OF EVENTS

N

100

N

200

N

800 AMP

1100 AMP

10

% =% OF LEAD GLASS ENERGY
OUTSIDE OF CONE IN
REMAINDER OF LEAD
GLASS (2ARM AVERAGE) 25

0= OVERFLOW 81 N

1300 AMP

10

~)



) ) )

FF~ACT'ONAL ENERGY DEPOSIT IN LEAD GLASS LAYERS

(P= 18-25 GeV, 802 AMP.)

ENERGY IMOMENTUM LAYER I LAYER 2

300

01="= I ~ . I

.90 S ~ S 1.10

50

oI c="""" I I..... I

100

100

01 ..... - I I..... I
300

200.90 SE/pS 1.10

100

200

(b)

(0)

1
or==r= I L I

500

(c)

ELECTRON 1000

ENHANCED
BEAM

~c
~ 1000

(\ 2" LEAD IN
vJ APERATURE 500
~

-n

(e) =(o)-(b)

1000

SUBTRACTED
500

Or ~ ='---,-"="----j
.2 5 1.0

200

100

0' r I ..., J

,10 .40 ,70

E/p E/E Ez/E



FRACTIONAL ENERGY DEPOSIT IN LEAD GLASS LAYERS
(P=IS-25 GeV, 802 AMF?)

LAYER 3 LAYER 4 LAYERS 1+2.

~300~fl,
i

, 1 300'
I I

ELECTRON
300r

.90 S E/p S /./0 .90 S E/p :S 1.1 0...... .90:s E/ps 1./0. . I .

ENHANCED

200[ J \
2OOt' I I 200BEAM

f

11 100 1001.. L I 100-
c;'
c or J I I or I .......-:) 0

~
(b)

(\ 2" LEAD IN 60

APERATURE I - I 1001- I 100

~ 40
0- I ...... _IU ,I I I I I I I I - I I /

20

0
300r (c}

SUBTRACTED 200r I I (e) "(0) -(bl
"I 2001-1 I I 200

']J ~cvJ 10:~
L I 100

0 .10 .20 0 .03 .06 - .6 .9 ,.\1
E;3/E . E4 /E E,:/E

~
{
',_.I

(.
--' .



J/\jJ YIELD VS BEAM MONITORS

2.0

1.0

2.0

1.0

2.0

1.0

I I I I I I I I I

- [ "INDUTY (T) . -
#J/IJ! 106 A X NON (N)x-

NONBY 1.24 o INOUTY x NON (Ix N)

20% STATISTICAL ERROR /POINT
l:::.

0
,.

0x X l:::. X

I- 0 li
Ikz-20% -

x - 0 6.1=-187

GaGA
N=7150

IxN= 150 x 104
.

I I I ' I I I
I I I , I

I- -
:ff: J/lJ! 106

NDNBY X 0.64 l:::.
x

x o X
I:!.li 0 0l:::. l:::. 0 0 I<z-,20% 0l- x X x-0 l:::.x liX

X l:::.
0 l:::.

X 0 6 -
1=180

80CA N=21000

IxN =350 x 104

1 I .
I • I

I- -
0

:ff:J/lJ! 106

x-
NDNBY .069

x
I:!.

li li 0
X

X I:!. IkV2O%- 0 x 0 -x
>P l:::. xl:!. I:!. 0

1=180

IIOOA "N=42300,

·lxN =720x 104

I I I t r I I I I

lo5 _
A/A

1.4.7 .8 .9 1.0 1.1 l. 2 1.3
MEASURED #- OF) ESTIMATED

#J/'l' =(EVENTS IN J/~ -(BACKGROUND)
MASS REGION

NDNBY =NDN CORRECTED FOR SYSTEM DEADTIMES

r::(c.ro rte If {
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7T -K-p. E/p COMPARISON

PION·

N
7T"+ ­
TT-:- ---

----~

. 0.6 0.9 . E/p

l'J
KAON PROTON

p+ ­
p- ---

, 0.6 0.9 E/p 0.6 0.9 E/p
r' N = # OF EVENTS

. PLOTS RENORMALIZED TO EQUALIZE AREAS·

F= I &0 tL e <.f 3
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: NOTE

The T efficiencies are in
fact ~n upper limit as the T
bit efficiency cannot be take~
out.

VI and V2 Efficiencies

Up Down

VI 97.5±~.2 97.3±~.2

V2
98.4±0.1 98.7±0.I
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~ I"'"' Event Track Multiplicity for 400 GeV DataF;
~

~.,

!
.m (GeV) Number Extra Extra, ,

I
.Events 'l'racks Electrons ~

600A all 193 5 5 ...
~ 92 3 3

I >5 2 B B

I
aB0A all 440 1 1 .!'

~

CJ 253 B B

>5 1 " B

9fi0A all 79 1 B

~ CJ 47 1 "
>5 1 " B

1100A all 345 2 2

.+ 184 2 2

>5 18 0 B

1300A all 65 1 1

, 15 " "
>5 16 0 0

NOTE

Multiple tracks which are
identical to 100 MeV momentlliu
and 1 mrad. opening angle are
considered one track.
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Average Dielectron E/p Versus Beam Quality

x=NDN or INDUTYxNDN (IxN)

x=median value of x for 400 GeV data

.Regions: 1) x<x

2" .X<X<X+a

3} x+o<x<x+2a

4) x+2o<x

E/p Averages (400 GeV)

Current: 6001\ 800A 960A 1100A 1300A

Table of Median Values (400 GeV)

.999 .994

1.000 ·1.fiHiH~0

.999 1.004

i

I

I
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Incident protons=5.6<10 5xNDN
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LEAD GLASS CALIBRATION CHECK WITH· J/\f!

)

E/p STANDARD NUMBER . STANDARD NUMBER
AVERAGE DEVIATION OF MASS

DEVIATION ' OF
EVENTS EVENTS

I /.00 J .038
600AMF? /70 3.067 .102 168

2 \.000 .035

I .994 .037
800AMF? 528 . 3.052 .//8 . 5/6 .

2 .994 .040

I .996 .040
960AMR 58 3.070 . .118 56

2 .997 .03/
.

I 1.000 .035
1I00AMR 406 3.100 •f 13 400

2 .996 .034

I AND 2 ARE INDICES FOR RESPECTIVE
SPECTROMETER ARMS
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~
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LEAD GLASS ENERGY RESOLUTION

16GeV 20GeV 30GeV 40GeV

FORMULA .0400 .0374 .0333 .0308

PREDICTED .047 .045 .041 .039

ACTUAL .063 .055 .045 .040

(FWHM)
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I .l\ccidental Normalization and Rate Constants

I
I 400 GeV eU/NDNBJ:' eO/NDNBY . E

UO
600A .0584±.~08 .0555±.l:l101 60.1

800A .0206±.Gli)75 .l:l196±.e074 111.5

11001\ .00634±.00152 .00648±.00254 162.2

I 1300A .00104±.00035 .00133±.00038 10.0

300 GeV
I
I 600A .0886±.0120 .0743±.0043 122.9i
!..

.0202±.0035 .• 0257±.0059 94.0I 800A

1100A .00395±.00127 .00553±.00131 67.7I
i r",,

1

I
I
t
I
I

i
I

.r'. ..... i
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i
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Table XI

.::;;...~.,,~,~~ ~.r~:~~~J ~:~/ .:::.... .."':.:.~ :;!~,·"!'tt"-:;'''I~::' ~{Ll:~"~"':'

15.8

Accidental Background Under ~/~I

400 GeV
, --- -'-,

Total Accio. Expec~~~::identa~ Expected Accidental

Events Events ~ ~ ~ .

6 4600A l.76x10 60.1 3.22x10 1.1 4930

6 5 4800A 1.50x10 111.5 1.00x10 7.43 1.62x10
.. 5 4 4

1100A 4.61x10 162.2 8.65x10 30.4 4.49x10

If we now normalize away from resonance region

Expected

'P
- ..•. _-..,

.17 /

. 1.20 t

;L<r('

(1 i( '('j

U.:t;C<.1 L;

(~l7{.« I

­>

;)
if
r
(\.l

w

Acc.Evts Data Evts Expected Expected

3.3<m<3.5 3.3<rn<3.5 Acc ~ Acc ~.

600A ' 4
2 5 0.81.25)(10 I

Q:)

4 2.3
"-J

800A 4.16x10 6 14 I

1100A 4 15 18 9.27.34x10

( . l
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