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INTRCDUCTION o L

This experiment was a search for dielectron pairs

emitted near the proton-nucleus reaction:

p+ Be —> CF +&7 + AyTHING

close to a CMS rapidity y=8. 1In addition to other >pair

‘kinematical cuantities. the effective mass of the observed

dielectrons was calculatéd

'

and the resultant mass soectirum revealed information on the

continuum of produced dislectrcn pairs and resonant features

superimposed on it,

The data presented :z2re was taken during two periods of
operation of the Fermilab accelerator between 9/6/75-2/23/76
(E288) and between /7S - 7/ (E494) . }During these

intervald,., the .Ferwmilab =accelerator was operated at energies

of 103, 268, 390, and 408 Gev. This thesis reports

primarily on the 499 Gev dielectron sample.'

While accelerator intensities were on the order of 10'3
protons per puise, this experiment was intensityﬂlimited to
a few timres (lﬂq - 19" ), with 18-28% of thase interacting

in the target. ..

S I Y SRR T 1308 T ey Y v ikar T T T prewbes s Sk e o B e w A Bay - eabidint. oL . 3 .



dilepton wmodes:

The history of the observation of high mass dilepton

nairs ‘began with the 1968 dimuon experiment of Christenson

et al;' (1) which observed muon pairs in th2 mass range

from 1 to 6.7 GeV/c . Its opurnose was to search for

akructures in the diruon mass spectrur from the reaction:

p_+'M_u¢Léus — ot +_/u§" + K

Data were taken at BNL at four incident proton energies -

22, 25, 28.5 and 29.5 GeV. Horizontal'(léboratory) angles

extended over the range +-5§ mr. to +-360 mr. with a 75

mr. vertical apzrature. Mass resolution of the dimuon

pairs was degraded by uranium and steel that served as the

necessary -hadron absorber., . Multiple scattering effects

 Yimited the resolution to 15% at 2 GeV/c -and 8% at 5.

.bev/c . The experiment can be characterized as being one

of high sensitivity but poor resolution.

Largely in retrospact, one now sees that the data of

this experiment provided strong 'shoulder' evidence for the

existence of the J/QI, it served to first measure the

predicted dilepton <continuum, and its data’ showed
consistency with dileptcon ‘scaling' over tﬁe s=45-69 CeV

range.

As a logical continuation to this Brookhaven effort, a
second series of dlleoton experiments were prooosed in June

19786 .for the 200-598 GCeV Fermilab accelerator. Both

- | (er+c” “(( %
- : P+ UUCLCUS —%lM* + /U\



© © ® © 0 © O © O © ©

,

{}

Yy,

® ¢ ¢ © o .¢

D

e gy

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

. fr-e universality, but to take full advaﬁtage of the

complementary aqualities 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 material in the

aperature for tham. The electron experiment achieved its

hadron rejection through use of a :lead qlass‘ showef

.calorimeter; its experimental resolution st limited only_
by the finite counter resolution and multiple scattering 1ntél;:
the apparatus downstream of the analy51s magnets. The muon; |
: exoerimenL, .on the other nand, achieved 1ts hadron re]ection;
through use of an’ absorber' placed in the aoerature._ This

absorber eliminated a laroe comnonent of the 'hadronic“

background ‘and Dermitted running at 1ncrea=ed beam 1nten51ty

relative to electrons, while its multiple scattering effects

degraded the mass resolution.

Clearly both approaenes have sowething to offer.,iData.

takina .began with the e+te- pn*se of E288.

‘Page 4 .
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THECRY OVEFVIEW

WHY LEPTONS

In ‘this century, the study of the structure of
molecular, atomid, nuclear and subnuclear mratter has been
accomplished to éAgreat extent, through exveriments which

employed ~electromagnetic interactions to probe  the

"miccouworld (L). Presently the structure of the strongly

interacting ‘elementary'  particles of physics f'the’hadrohs

- 1is being studied at particle accelerators _arodnd the

world, using both the electromagnetic and weak_iﬁteraéﬁfbhé

of high energy leptons.

- The leptons (electrons,-Amﬁdns ”and. neut;ihés)-'héve'
several exceptional qualities thz2t recommend tuem for fhis
éurpose (3 ). They are not sutjact to fhe litble_understogd
‘nuclear’ .forces, behave as structureless point pafticles in
their interactions and are all relatively stable. The
leptons participate in the wezk aﬁd the electromagnetic‘
interaction, so .first ordér arproximate perturbation theory

solutions normally suffice to describe their behavior.

Hadrons, on the other hand, are subject to the strong

. -1
nuclear forces, have radii of(ﬂ.S - 1.0310 cr., may break

up. when 'probed by the pointlike leptons- and are all

ungtable, except the proton and antiproton.
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o the extent that the weak and .electiomagnetic

interactions are -understood, one can .learn from_ the2

reactions of leptons with hadrons. The theory of Quantur

Blecﬁrodynémics (QEC), which has proved very. successful in

predicting the outcome of the electromagnetic pointlike

-particle interactions, is believed well understood up to the-

very high energies of present day accelerators. The

properties of the weak force are not as well determined, -but
even so the aVailable.approximate theory has served a# a
fruitful guide -‘in the interpretation and .prediction of

" experimental results. Observed deviations from the th2ory’

will suggest avenues of improvement.

_Today} hadrons are assumed to be composit particléﬁ, in

one sense or another. As in the nuclear .exéerimeng . of

Rutherford (45, one car hope thaf.any residual.pointlike’l
structure in the hadrons will ﬁanifest .itself Eh;;ugh:
ﬂlarge' cross .ééctions, measured in high gnérgy—momentum 

transfer exgperiments, One says ‘'hope' .since it may be _

exvected that the strong nauclear binding and sconfinerent

forces may ¢cloud interpretation of the experimental results.v>

\
Y

The study of hadrons is :complicated by the :fact thaf‘

they are subject to strong forces of interaction and have a

finite spacial extension, One cad. . in the <case of

electromagnetism, Fformally write an interaction hapiltonian

as JFA“, but then one. is faced with defining’CHA for an

extended, perhaps composite particle. (Quark/parton theories

o L
(SR



& (5) suggest that in a certain-limit of high energy-momentum

transférs, the charged currents in the hadrons behave as

‘C.

o rtough made up of point charges of +2/3e and -1/3e. The

> unknown‘ ‘nature of the coupling between cons£it6éht

.6§ qbé;k/partoné and of their ‘mechanism of confinerent’ in the

.nucleus discourages, at present, a more complete treatment .

< of this problem,

e Happily it apéears that sdmg simple propefties~fém{1i;r

& from QED electromagnetic intéraqtions may carry oveflinto
the .study of hadrons. Charged hac'irons- do '.cc.m‘ple to the

~ .

photon, and it was verified in electron-nuoleus elasStic

——————

scattering that the interaction between scattering partioles
- tekes place primarily through one-photonéexchange (figure
(b). Observed two-photon-exchange effects aré;'ét best, on

the few:-percent level ((,). For inelastic scattering,'it-is X

Q) o ®

assumed that the smallness of the electrormagnetic coupling

.constant (°<) insures that reactions take place, pfimarily,
9 througnh the exchanae of one photon, |
3 In what follows, a review will be made of some of the
' information .learned about hadrons from ‘lepton probe’
2 experiments. These include experiments studying:
l. 1Lepton inelastic scattering on nucleons
o (figure la )
&)
- 5
&
9 .

Rate o R Y T
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2. ‘'Blectron-positron annihilation (figure ld)

3. Dilepton production (figurel¢)

All three types of experiment probe the:same object, but
" each in a different interaction ‘mdde and in a_ciiffé;ené
_kinematical region. So far the results from the three have
proved vety compatible, and in reasqnab1y¢ good agreement
with simple quark/pafton model (QPM) °predicti6ns"for; the

hadrons. ‘ ' , S e S

"In the'sectiods that »follow, the'daté results wilgrbe

interpretedvlargely'fgom the QP point'of view..=Pattons are

~pointlike nuclear constituents,  which . for  hign -
‘energy-momentum transferd, act individuallyv to scatter

leptons elastically and incoherently. At present, there are

-

other theories that adeguately account for certain features

of the data, and in some cases, 'réptodqce "QPM reésults

(*light cone' analysis, .for example('?)). 'Neverthelesé, the

assumption of parton existence and the assignment of certain .

properties to them does account for major features of a

broad range of data, .It is probaSle _that-’the. theory '
represents an approximation;' but it_'nonetheléss prpyides o
physical insiaht, difection and a celculational apprdachv
where btherl methodéu may fail to do so. The vpartons‘t
“simplicity and success are awesome c0hsidering.tﬁat theairc

theoretical basis is vaguely defineé and perhaps not

consistent™ ( Q).

-

X,
Y




< The case for identification of the pointlike partons

with the Gell-Mann (9), Zwieg (l0) cuarks is suqoested by

_ ;/~\ avidence that the partons have quantum numbers simi;ar to
ﬁ} the quarks. Measurements bear out that pertons are also
ﬁ‘ spin 1/2 particles, of.fractional.charée and that the;net
: number of parton constituents in the nucleon is thred. -just
¢ 2s in the ouark case, The conéurrence' of these two~
é. ' indépendent. theories - of- the .quarks which séeméd; S0

succéssful in accounting for tne spectrum of - all :known

_.G) mesons and Dbaryons in terms of 3 (4(?Y. 5(2), ...}

| o afractionaLly cﬁarged‘ constituehts ~ and of 'the .pointligg

éartons whose well defined ptoperties . prbvidéd a
Gx‘_ _calculatioﬁal appioach to hadroniq interactioh érocésses -
o | makes thé case for botﬁ_theories étronger Stibl.
_gg’\ - ‘Presently. Ehé nucleon is viewed as bging‘composéd ofij
‘valence' quarks, a ‘'sea' of low momentum‘qhark—antiquark

3 (ga) pairs and néutral ‘gluoans' theat intera;t.throuéh the

3 strong force to bind quzarks tosetﬂer in the nucleus. This

_ scheme is, all in all, not far removed from that visualized
23 in the highly successf:l theory of Quantum Electrodynamics;
53 The"valénce' quarks aive the hadron.its duantum numbers énd
- hadronic identitj. The 'sea' of da pairs ié similar to the
e partiCle—antipargiole sea .familiar. from higher orde; QED
) calculationsg, with ‘glucns playing tﬁe ‘role of -the _.strong

force ‘photon’'. | |

(%)
ki
:'-3

. .
)
b
X,
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- .being made 1in the direction of déveloping the'qumalism of .

- . R e g Page13

¥hile very successful in accounting for a broad range’
of data, there are existing 20-32% discrepancies and the
simple model does not account .for the larage observad

particle transverse momentum or for gqguark confinement in thzs

nacleus. It is hoped that sore of the QPM's problems can be

remedied by establishing a more broadély based, deeply rooted

- theoretical framewérk ‘that is consistent éﬁd"éé§éﬁlé' of -

- estimatirg higher order gluon and sea - corrections to

physidal processes. Al present, a theoreticel effort is

Quantum Chromoéynamics "Wy QGD.f-»in.fwhich:'asttotic'
freedom' (]|) provides a calculational approach-for £rea£ing

"strong force problems.

Apart :firom specific models, certain general predictions

..can_:be made about the ‘'sczling' of cross sections in high

energy lepton orobe experiments (12). The cross sectibw-for
a glvenﬁleotonlc or semi-leptonic actloﬂ. w1tn»const1tuent

masses m;i, may be written:
L LePnoMlC

do=Fls g m) gz e Lefmine |

where, for the case or resactions including hadrons, one must

use the inclusive cross section and sum over all final
hadronic states.. A .basic aésumption | oﬁ' 'scaling®
predictions for hign eneray reactions is:that'hé &asses will
be observed above a certaln mass M. This means that, foﬁ

(s, .
high enough eneragiles (>>Mw, no parameter exists to determine
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an absolute energy scale. In this limit (s.dlwlargeﬁ. the

w. rasses may be set eqgual to zero and:

¢ o<

de - F(s, %)

With this fo;mula,'dimensional.analysis predicts:

Ctic™ — ™ : 6_oL~—-:L

Ctre” — HADroNS o _

- | | T LGt F( ) ~
Vre = Ve & ~ 60 au(, )

Cj o C; S .

: S fi'_F” o
Crm ™ eF M ‘Qdfo‘dwx & )

T L GI=CINE

.l/G‘-

b) HADQoN-c STRU(,TQQQ FoncTion’
| . Dc Peaors ONLY OI\) /;o
Any observed breakdown in these rather general

e 1P — € + HaOrRoNs

relations is of great importance and may be at;ributed the
existence of an absolute ensroy scale in physics, one's
failure to reach hiagh enoyah energieg{  the “*basic
incorrectness of assumin:z the particle méssesito'be exactly -
zero or to a ‘higk sns:zc.' failure of some aspéct'of the QEd

and/or .Fermi interaction viewpoint.




9

% © @ ©

@

P

o ©

CRNG I

I

9 ¢ ¢ o 9 © ©

Due to large eneray ,losses :from synchrotron radiation,

and.laﬁer experiments pfobed nuclei with muons:

in appendix 1.

exhibiting peaks due to elastic scattering, the excitation

raye 13 - - Lo

DEEP INDLASTIC .SCATTERING: Charged leptons (|3)

First high energy attempts to probe the  nuclear .
‘ - 09D

structure were made in experiments at SLAC looking at the

reaction (figure ):

€ + Nucceow — e + X

electrons are difficult to accéLerate to «alﬁﬁ'GeV~enefgies-

(15) -

M+ Mucgeouv—¥ p\+-X o f«'f-;

i

A brief outline of some kinematical relations™ and - ctoss

section formulas pertaining to these reactions are oresented . )

- These scattering experiments yielded cross sections, R ' ;‘;)u

of discr#%y nuclear levels -and a broad ;quasi elastic* péak

due to .leptons scattering off the constituent nuclei of the

nucleus, - What was surprising was ‘the bbserved highwv

probability for inelastic scatteriﬁg - a lafge inolusive | | ‘:"“ {.
cross section was observed for deep inelastic ;cattéring“of.. o
leptons with the Qﬁgﬁgﬁ; .For a reiatively homogeneous

2. ' ) . .
nuciéﬁs, one expected to observe 1inelastic events due to

photon erission -of the electron when accelerated near th€7 )

o ) » ;
Aﬂgeus, but estimates of this effect fell siort of ( -
accounting for the data. 'Integrated ove the .cross ;

section fell off slowly with qq' and remained close to the "j"b -

oy vp of rdeos ot ke —
Al nptt s creaeon

At Qd/  :i” - 7




order of magnitude of the (Mott) <cross section for

scattering off a pointlike proton ([().

'The rathner remarkable observetions in  chatged

_ lepton-nucleon scattering suggested the developrent. of a

theory of pointlike nuclear constituents confined within ths
finite sized hadfons. These particles were assighed cerfgin
properties, given th° name of ‘vartons*, and méﬁv ‘features
of deen inelastic scatterlng were analyzed in tormq of thelr
interactions, TableS'*Q-precents a short sunmary' of ~some
predictions and observations made in these scattering
expériments. 'As one can see ﬁhe» data are supportivé“ of

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

electric charge.

sssuming pointlike, spin 1/2 partons in'the nucleons,
oﬁé can use the QEC elastic scatterihg formula from
e%'p&—9C-bﬁl to predict the scatteriﬁg cross section for
leptons on gquarks: | .

d o 1
oLCD A" T2 ¢

EI

This scattering of the izoton off ths nucleon is assumad to

take place in incoherent and elastic interactions between

. : e
the chnarged leptons 2nd individual partons (ficure). The

total cross csection for tne process is obtained by simply
summing the «cross sections for the individuzl parton
constituent reactions. The reswlting cross section obeys

unbroken Bjorken scaling ana relates the scalinj structure

G o™ 5 1 [—'—5:—2 + I.j CY('U“(E,.‘E') " %z>
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function. gﬂ. to vparton momentum densitv distribution

fqnctions (H—),' A . . , . .. . -‘.L e e

WLepton scettering data provides strong evidence for
identifying the parton constituents of the nucleus with
quarks, and it will be convenient now to adont quark

notation and essume 4 ‘flavors’ or types of parton

1nelastlc scaling »function .F, becomes:
FEf(») = /x( (u+c) *“ﬁ
: .cM ‘A o .iﬁ-
BT () = m('964+c) 9
The fuﬁctions u, d, s, c are functions of ﬁ, and thny i
measure the praobability of flndlng a auark of type u, d, g‘l ' 
or ¢ in the proton, with momentum'= X P(proto1)._ 'xf is the'f
fraction of nucleon momentum possesed ‘by thnv scattered ¥M“
&&aéw. and a 51nole kinematical argument shows thaL thls \ §My‘
definition agrees with .the . appendix def1n1t10n: x =
q1/2ﬁv . In writing tha ébove equations, we'ﬁave assuéed-

isospin invarience of th2 nucleer forces:
LA(PQOJM) d. (Nnev TR

d ({)QOTON) = W (UCUT/LOA))'

and will adopt the-assumed quark proton structure:

L S S C
PRrRotors | 7 | e O
NeuTroe?)d [ 2_ O C)ﬁ :

'Sd, for the proton:

(@-a)on=2 So_'.(.s-g)'cw;of

§;(o\-'o’t)cw = | -g;(c--z)&_=?5.

U&+S)‘*ALWWQUARKS)'

\ﬁ'-”

wacin v e

Qi+§)-% KhﬁWQU&QKS>_i;.



One usually interprets the strangeness and charm relations

as: : _ g = [
= C
A zero isospin requirement on the agq sea leads ta: :?
u’-‘- CL o »
Lebat

A common simplifying assumption, often made in 1literaturs, oo

is then: — S : : ’ qﬂ k&
' ‘U—k=0l‘: S=_C':S_:C-,__ {r()“’{"Lh’

The nuoleon charge is g1ven by:

Oy = ZQ "9 4l @M

S - . RPN B .
" where 1 = qguark type or flavor, A=nucleon index,Q; .= charge

of 'i' gquark in nucleon ‘A", _qf = u. d. o, d. @ etc.

L

.functions.

One advantage of électron scaftering expefiments'aver
neutrino scattering erzperiments is that charged leptons
catter off strange ana charmed gquarks with no siql(eﬂ
Cabibbo &ngle supore551u.. Tnis will prove'very importaht
in estimating the strange andé charm cuark contrloutlons to

the nuck§h37'

DEEP INELASTIC SCATTERING: Neutrinos ( )

Additional, complementary information regardina the
constituents of the nucleus and their momentum distribution
functions may be obtained from the data of deep inelastic

scattering neutrino  experiments (figure [ ). ‘Some
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kinematical formulas pertaining to the reactions:

V + pPuctcus = e (e-) + X
Vo4 BUCLeos = ps (ev) v X

-are presented in appendix 2_ . Jdn terms of - éﬁark

constituents ( §(Cabibbo) = 0):

L J . -

Vo+ %'E; S — f&'(fi‘) ; { %;-é

As in the case of charged lepton-nucleon scatterind, one .can
deduce the QPM .cross section by first calculaglng tne crossA

section for neutrino scattering off a 51ngle spln 1/2 parton

ané  then summing this contribution, as _befoce, over -all

nuclear parfons._

As' shown in Tables 3) through 5, neutrino reactionsr

obey scaling over a wide range, anG in conjunction with the

cﬁérged;lepton results:

1. reveal that the nucleon is made up of

. 3 net constituents over anticonstituents,

.2, show ‘that 50% of the nucleon momentum
R R
is carried by cuarks {with the remainde&

attrlbuted to gluons),

foo

3. presict a fractional constituent charge

4. demonstrate consistency with chargead iépton

structure functions,
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_ functions:

L

teutrino and antineutrino scatterino on nuvoleons

crovides valuable relations between the measured structure

functions and the to-be-dztermined c¢guark distribution

<

F'T s 2k (1 00)
Flvm‘ = 2’70 ( M*Cj)
F3VP = | 2 ((A .* C}\)

Fy7 o= 2 (4 ~w) N

6' (Cabibbo) is assqmed zero so the stranae ana-chafmed
cuark contributions do not apéeér'(lq); ;n ﬁrinciple, these
relations can be solved :for uQ d., .JJ. but'in préctice,"thé
experimental measurements are not accurate enough’ to
accomplish this. At present, there is no-ﬁnique accepted
set of quark and antiquzrk functions; sevaral may be :found

in the .literature (20}. Typically, their determination

requires use of not c¢nly the deep inelestic scattering

results, but also c¢2-tain  theoretical constraints and

.
-

simplifying assumptions.

The extension of the QPM to treat polarization pfoblems
is straightforward (21). One defines + and - helicity

states for the guarks such that:
nw= WU+ + -
d: Ck+ +'CL:.

ETC.
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In princiold, the u#, ud, d#, ... .can ell be determined

from scatterlng experlwents off polarized tazgets and: - ;\

o0 =L ClCunmuys (T - u)+(d+d )f\d--d N

\

9 © ? ® © © o © 6 o

<
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Cla>- L;_<51>

2. L :
For the proton, one expects (¢, = 1/2, <Za> = @, while one

findg, »from avablable :low energy data,(ge7 = g.> and <L27-

0.2. The naive QPM ianores the transverse mowenta of

Zé%g%gr ‘constituents, so this discrepancy is not . so

.surpr§£ing. This example gives an indication of .the .

calculational power in the QPM approaci.
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ELECTRCN-POSITRON ANNIHILATION (273)

Observation of tne reaction:

et i e D HApnorS

at colliding  beem facilities at SLAC (23) and of ‘its

‘inverse' reaction: _ S
pr P M T+ X

at-BNL,(zq) established the exisfence of_ﬁhe J/ul.partigle,

whnich so abrupfly altered the course ofvprésenf day physiéé.

Here we shall be concerned with the first of these two

reactiond, e#, e- annihilation into hadrons. .In the ngive
QPM, this reaction is visualized (figure [F) as a process in

which the electron positron pair annihilates to create a

photon which converts to. a qq pair; these quarkd, ‘before

Jleaving the nucleus, become ‘'dressed' as physical hadrons.

Since the photon has J™ |, electron-positron spectroscopy

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

Of considerable thzoretical and experimental interest

is the ratio:
( et +¢c- — F‘(AOHOI\;%)

<]
R.' o ¢

Ltetsce” — ;a.“’* M‘)

In the QPM, this ratio has a physical interpretation. To

see this, we xshall fall back on the QED spiﬁ 1/2

(ete— o a*+ o) formula and apply it to the reaction (ete-sq

a)s | —
G (Ctre = ptip) = L

! 33
g= 4 [, F,

ey S Rl
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So :for spin 1/2 partohs of mass m and charge'Oe:

- 6—- (C4'+C’_;—> % f_(_6) - ‘_(__g(:; G)l . m\‘6<< & . : )

If the parton/auark mass is .close to .\/S4  we expect

threshold effects to yield a reduced cross section. To

estimate the cross section for the e+e- goina to all hédron

. states (one must do this to av01d folding in tht nrobablllty,

that a uuark wrll' appear' in a spec1f1c hadronlc state),

N T

one follows the QPM r°c1p1e of assumlng 1ncoher=nt. elastlc

scatterlng and one sums the cuark cross =ectlon over all the
h gl uim

Pgne&éﬁr constituents. In general, Jf there are N.oartona in
the ngwfe/)ﬁ/g with charge Qd., all w1th mass < \/ .2
hacdum Yy oD- N oo
6-(6* +e” —> HADonuS) = Tr Z‘ Q;
In general for spin 9 and 1/2 partons-(isr:.ft 4>f>' ;_ ,

L

R= Z 0. + < 5QF

1 SPi Ay sfru'
7

fSpln 1 partons yield a rising value of R (ZL). A

-

So one sees that in the CBN, R is the sum’ of  the

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

sections has ‘been maasured at SLAC ~and they find that R

lncreaaes’from 2.5 betwnen 2 3 GeV to 4.5~ 5 ﬁ between 4 and~'

. aund rtmaw\ ot A
5 GeV. The curve flattens out near 5. frem—S ‘to 8 GeV.

(27). ‘These observed values can be compared to some

standard QP predictions:
RCu,d,s) = /3
R_((A)d,S, Coton) = .2~
R (u,d, s, C, coten) = 10/3

Q Cw, 4, $,C, Cotonr, Heavy (_cp'!o'u) = 13/3
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vaserved values of R Support the color hypothesis and

are consistent with thes excitation of chare in the 3-4 CGev

region. To account for the )large values of R obsernved

above 3.5 Gev, an addlt101al excited 'degree of freedom' may

be neaded to account for the data. The newly dlscovered

heavy :lepton (23) of charge +-e will add 1 unit to the value

of K.

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

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

able to account for the observed R values and predict:thé_

manner in which R will :change as s and/or qu' increase. In

o i . 5. 4 _
general, people will be rather surpri%;d' if R does not

approach a constant in some sort of high energy 1lirit,

General scaling arguments and 3 larce wolass of theofies

(including the QPH and 'light cone’ analysis)- agrez that

R — constant at larc° s and dz . Efforts have been made to

predict both its asyﬂto ic value and the manner in whlch K

will approach this limit (29).

If R does not tend towards 2 constant, then on2 mav be

forced into making <some adjustments in ‘our present

understanding of the annihilation process. At -one end of

the spectrum, one is faced with admitting- to an absolute

energy scale in high energy physics; at the other, one may

have to improve available theory to make accurate

calcnlations of higher order corrections that wmay account

for a variable R. :Spin 1 partons_yield rising R values =

atms
H,w conhne ed

ce,uuw 1

>
%(L&W &
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perhaps the e+e- annibhilation process is sensitive to

constituents whose existence is not probed in legton-nucleon
scattering. "Striking a proton can only excite ouarks

present in the proton, whereas exciting the vacuum can give

non-constant value of R may be accounted. for'by various
possible non- scallno correctlons to presont tbeorv {(quark

size effectd, oluon:correctxons °“c ). At present the value

-0of R has lnveled at 5.2; it seems as thougn more data is

needed, exten*lng beyond 8 GeV, to dec1de asymtotlc 11m1t

excitation of new degrees of freedom and new partlcle '

thresholds.,

- rise to the whole particle spectrum"” (30).- Alternatiéely, gl‘

questions. - The present status of R 1sA olouded by the
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DILEPTON P+ODUCTION (31

About the same time as the oricinal deec inelastic
scattering expériment at SLAC, experimenters at BNL41_ )

were lookirg for dimuons oroduced in the reaction:

i+ Nucl<os — Mty T + K

[06‘-"

In sense, this is the inverse reaction to ete-~

-nnihilation (ngure lh), It is imagined in'the QPM that

~ the dileptons are produced as a result of quark anthuark

annikilation 1nto a virtual photord, whlch»later converts to

leoton pairs ‘(figure [i'y. The dlffnrentlal cross sectlon

2L
for produ01ng a pair of 1nvar1ent mass mo = a . 1s (32).
dlc YT et Ly ey, (x2) « ., (X,
dGds - 30 <<: X, + X2 - (4 I e )‘6c <) )c6 (xl))
c -

Xicay = 2_(‘ (>g-lg-40)

§= 2@ /5

D

T: 0575 - =8
. <O m—_.g
S = L{- Pl . . ¢ "Q; ) )
G = LePion Pe <+'fﬂathfTUM
Ky =Xy = X7 b (SL&W 5
' _ 2 - nv &&p&) ' ”
S -)(, K?. - v = -@0 i
v | |
where the %Q are the quark u, OL@S' c...,‘distribution
Goud and shuck  fagle ¢ ek
. functions dete In N &Am-———deea———xne ;s n‘:‘n—-sca tecx:.utm

exceriments. They reveal the momentum di_strib‘utlion of

"7
- . fuck

quarks of type a in hadron A. _For the case off this U’e'&
experimant: Y ::Qf . - ';.", . F&AMﬂiiif'
o _ F ‘ o 4\‘949 whagin v 4

)(..'-'Xm =T o Jl}v}»(d“Cff&w‘
4o T oL o fesvy

dmdKs lx.«-o -~ 3.3 G F (T)
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where an extra '3' has been added in the denom1n:tor to

account-for the eftects of the color aegree of freeaom. For
amw _ /
Ehe\lncomlng proton: : _

T

/ . . .
a oo (2A) S 5
For” thsa tamget one must weigh the neutron and

Lo

proton contributlons.

| Bl

One has_the:ieletien: S
4 PG - ar ‘
ool Ga 5&,\.} %W P\Nmﬂmﬁ e (M’UM& cwh(‘

S fron the 1sosoln 1nvar1ence of nuclear forces.

- The sea will be assumed to have ‘zero sbrangeness A{s =s),

_zero 1sosp1n (u = d), ané ths 51mollfy1ng assumptlon WLLl ‘be

made that (E = 5 =8 = s). Follow1ng-the leada of kutl ana

weisskopf (3%), we shall separate out the sea and valence

quark contributions as:

W= Aot s
d:' dv“'s

So one arrives at the Crell and Yan (34):prediction for the

dilepton continuum:

2 ' ? 5. ‘.'+ day
d e BE ‘”‘”" [’(s<c)( “” o umr)f o 230 C_‘Aé'

CJM\AKF Xe " O

.
.

<) S(‘C)> |

Many authors (35) have evaluated this cross section using

M«W

vv (tﬂ -+" B
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e wankcl fomchn ae othaued Ao deoply snalailey seale

their own favorite ' quark distribution .functions. A A
reasonable choice of distribution functions usually give QOpH
predictions which either straddle the data or are within a

.

comfortable factor of 2 or 3 from the reasured value".

Several comments can be meade concerning_ the unigue

contribution tha dilepton exoerlnents made to _our
Qe

understanding of mwedear structurel! 3£m4€ ciron el [MUVVQQ “%

ww}wnhm /fw kﬁz | (aeendn sendhred ")-ﬂicw- o o

(1) Since ;lepton scatterlng cannot be easlily done off

. hadrons other than neutrons and protons, dilepton pair

production offers the opportunity to do T, K 'scattefing_

off of nucleons to Iearn ofAtheir guark structure. A recent

eyoerlment (3C), explorlnc the 74}4l//y/ large X reglon,

measured cross sectlon ratios :for charge plons cn .catbon

nuclei (equal number of prctons and neutrons). A d in the

T* annihilates with a & in the nucleons; an u in the 1T~
annihilates with a u in the target nucleons. Therefor one

expects: (T ( )1 ]

“*T*.. _; N
o )A 3

vhich agrees with observations.[ (2) From the above

expression .for the scettering cross section, one can readily

see that:
4o |

1
A M

nm

T .
is a.function of the ratio CE, 2lone. Available data (3%)

support this prediction of a universél.dilepton 'scaling’
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" function. Encouraging results were achieved by Peierls et,

al, (). to combine the results fron vafiods dileg;on
experiments, and show that scaling holds from BKL energies
(20-30 GaV) up to Fermilab energies (428 GeV).

Since it is verified that Bjorkeq scaling is not exact

in leoton-nucleon scattering experiments one wmight suspect a

violation of scaling.in dilepton production'experiments.A So .

far, .the available dilepton data has- no; ‘been accurate

enough QG\/%VXQW%M&M%S/ N\}\)/\rﬁ E
é%g(Ehv/ﬁhb/begd\gé&ufﬁte\JQ9deJto reveal any discrepancies -

.on the 29-38% -level, ~:Light mray be shed on thls~51tuat1on-7 N

with the publlcatlon of 288-300-440 GeV data of s Herb et. I R

al. (8.

(3) Yamagouchi (*0) pointed out that the p:oduction-cross‘

section :for the interrediate vector boson (¥)  in

proton-nucleus collisins «can ‘be related (through the

conserved vector current hypotesis) to the production Cross

sectlon of virtual photoas. Using cve, assumlng figure [ _)

to be correct anéd tzkinag the 1soscaler contrlbutlon to

dileoton production to ‘be sm2ll, the production cross

section for H's is predicted to be larger than :
' » Ao ] o
O. 1 Mw + = l

d o . hw.'

Several curreat, detalled t°v1ews of oredlctlona dedvced

from Yonagouchl s 1dea have recently been publl hed (4}).

T
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APPARATUS OVERVIEW

The dual experimental aper tutés :ih this experiéent
were symmetric about the incident beam liné€, and were of
ideﬁtiéal large sclid ancle (fiqures 2 and ). The
horizontal aperature obening was chosen so 3as tovstraddle-95
deqgrees in the CMS at various possible accelerator energies

(67 mr. at 500 Gev., 96mr at 253 Gev).

A dipole magnet was placed 1n each arm downstream of m

the ape:féure defining collimators. These served to sweep

.Jow momentum particles oue of the .ape7glure “and select

higher momentum particles of one sign., deflect them

dfu’the'»ﬁédﬁréi~.beamuAénd ‘define .theif

momentum. Typically, an inch separated the detectors »from

'the +-3;5 mr. neutral beam envelope. A chahge of current

in these magnets twoviéed a means of improving the mass
accepténce in either the ﬁigh 5r low  mass fegioﬁ;'ﬁhile
maintaining a siéhificant acceptance ovenlapb;from ~one
current setting to tHe. next (figqures ks aﬁd 5 ). ‘The~-

momentum acceptance of a soectroveter arm, for two magnet

settings, is shown in figure

Four planes of trigger counters. downstream of Jeach
magnet served as a .fast trigger for the expériment (figure.
+). The voltages Qf the T@. Tl. .52 and T2 counters were
set so that they would efficiently detect minimum ionizfng
particles. The threshold of the T2 counter discriminator

was set to require a pulse height of about 15 times minirum
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Page 5
APPAKATUS OVERVIEW

The dual experimental apergtures :in thié exéeriéent
were syﬁmetric about the incident beam 1line, and wére of
identical large sclid ancle (fiqures 2.' and O ). Thg
horizontal aperature opening was chosen so 3s to straddle -98
deqrees in the CMS at various possible accelerator energies

(67 mr. at 500 Gev., 96mr at 279 Gev).

e e .

A dipole magnet was pvlaced 1n each arm downstream offu.'u'

the'aperf(ure defining collimators. These served to sweep

low momentum particles oue of the .aperhiure and select

higher momentum’ particles of one sign, deflect them

vertically_.out— of the—'hédfréi““beam”,énd ‘define .theifurnm
moméntum. Typically, an'inch separated the detectors from
.the +-3.5 mr. neutral beam envelope. A chahge of current

in these magnets provided a means of improving the mass

acceptance in eithzr the high or low mass region, while

maintaining a significant acceptance overlap from one

current setting to the next (figures S and 5 ). The

momentum acceptance of a ssectrometer arm, for two magnet

settings, is shown in figure

Four planes of trigger counters downstream of “each

magnet  served a2s a .fast trigger for the experiment . (figure

7). The voltages of the T@. TI, S2 and T2 counters were
set so that they would efficiently detect minimum ibnizing
particles. The threshold of the T2 counter discriminator

was set to require a pulse height of about 15 times minirum
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3 . . ionizing. This requirement, made on this counter which was

placed dirctly behind the first layer of lead olasd, .favored

A |
< ot i f particles showering early in the lead glass.
if\ detection ° .p v | % c@eySc vl bt Jim Lid -l madmeen {}"Loll?\
—Sinee ffo particle 1%if;iion was done before the: ZZtisz
s vertical bending magnets}AEargét origin of an event could be '
véb checked only in one dimension (the horizontal). .The lack of_
o redundancy in the verticel dimension was not considered
& serious. (Target éut/target ih) rafes were iow (1/250)ﬁand
o the'projepted horizontal target distributignlfdr evenks.w§§.
‘clean. :Sincé electrons are sensitive to relativély'small‘
- amounts_of méterial in their-pathr inscéttering doengot'
o representias‘large a problem as in dimuoh exgeriments, Bigh -
"energy .electrons entering the large z maﬁerial oﬁ'.the
Q collimator walls will guickly pééiﬁ/@ﬁ loose enérqv thréuqh”" ' ﬂi
g?"‘ bremsstrahlsggi Those few electrons that manage' to A " '
| rescatter into the ape?ééure are of low energy and dofhbttﬂ;ﬁpJﬂy
-2 represent a‘§ackgrouhd problem. “ . S
2 The particle hifs in the wire .chambers anﬁ'hodoscopeé
0 .downstfeam Of the ﬁagnéts served to :u; partiole
trackd, and each trackvserved tc measure the particle ana?&ﬁ%é
53 bend angle apd so specified its momentum. A plot of the .
'ép momentum .and mass resolution of the abparatus is shown in
' fiqures ¥ and 9, respectively. ‘ "
| To separaté electrons from the 1&)"f more »copious
. hadrons, two identical total absorbtion | lead glass
&~ calorimeters were employed. ihe chgractéristic snowar

@ ©

b regmeme v o tene moar men s e e e — B e e et TR R S Y TR "t . -l b ¥ ¥ I ot ST AU .. % st ool — 3
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development of electrons -in the 4 layers of ‘lead qléss
served to distinguish them from other chargad particles.
On-line, a threshold reauirement 6n the fanned in:signal
from the blocks of the first 2 lead glass layers servea to
reject both low energy particles ana higher energy pafticles

of 'late' shower development (hadronz, typiczlly). Off-line

cuts on an event‘s‘fractional energy deposit in each layer .

of lead olass ('shower’ cutsf and on its total calorimeter

dap051t (Energy depo it= Partlcle momentum, - E=P) further
served to refine the sample of electron candidates. The

trigger of the experiment provided a sinole arm rejection

factor of 51 while off-line cuts. improved@ the overall

' Backgrounds in this experiment were due primarily to

‘accidental* electron pairds, hadrons faking electrons and

e (nduced phaow wtid, conoe pma Palu® ecss a

electrons due t?ADa;4tz,0f~gamma_conyaL51095»1n the material

in the beam. These backgrounds can be of either an’

*accidental*' or ‘correlated' nature. .In an accidental pair

event, the detected particles oriqinate from unrelated

interactions in the t=2rget and their mass spectrum can be

simulated by the off-line pairing of single arm events.

Correlated particles are those which originate in (or

*near') the same target interaction. An ‘upper -lirit on the

contribution of correlated pairs to the overall dielectron
background was estimated using actual 'in tire' peir data
recorded during the course of the expefiment.

A
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- EXPERIMENTS 2886 AND 494

As mentioned 1in fhis pager's introduction,"the
dielectron exoeriment revorted on here ren- during two
separate periods, under 2‘ designation§.775288 and .5494.'
TablevC ) provides a 1list of the integrated intensities for
both_é*periments. ﬂodifications made to the apparétus for
E494 include the addition I, on each arm. of two threshold
gas Cerenkov counters.for hadron identification. ahd_.qﬁ ﬁ
nuclear mean free path hadron calorimeter, placed béhind'the
lead giass calorimeter, Two plangs of M¥WPC's (a horizontal
and a nearly veftical chémbe?)-were 2dded dp&nstream of the
analysis magnet on each ars to provide improved mbmentum
resolution and hadron rejection; These chambers had 2 mm.‘

wire spacing.

’

The Cerenkov ang haﬁron calorimeter ccunters were go be
used primarily for th:= study of the 2494 Jdihadron dafa
(refff?). A further description of these counters will not
be presented here, since they, agenerallyt, did not.pléy a
major role in ths dielectron data analysis. Information
from the Cerenkov coudte:s was used the improve an estimate
of tﬁe dielectron hadténic béckground, and Table T provides

some basic information on their running modes during E494,
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The E288 and E494 dielectron experiments were vvery

similar in most detailsg, but differed in the-followiﬁg: ] fj

1.

The édditional vlanes of HWPC's, positioned
'jhst downstream of the macnets, iﬁprovea |
the E288 mass resolution in th2

3 Gev region by a factor of th:ee‘and in

the 6 Gev region by a factor cf two.

In E494, léss time was devoted to fine

'. tuning the .lead glass calibration. 1In 5288,-:"

i rmm e e m 1 ot e b i mn—— = s e - e S meanee C e aeumer e e

the lead glass and “WPC resolutions -

were comparable and one ho?ed to imbroﬁe the
overall mass resolution‘by folding'togeéherl'-
tﬂe énergy and rmomentum measurements in the‘
final mass calculaticn. This was éésifabﬁe ‘ ';;_' . ‘ i _i_;_;
because the twc resolutions '
were complementzry. As the MWPC resolution
worsehs at high momenta, the lead Qlass
reéolution imoroves., .In E494. hq&ever,

the significant impro?ement in ¥wpC
resoluticn made thg neec for fine lead glass

resolution less important.

E494 used its improved J/y mass resolution
to adjust the calibration of the analysis
magnets in the difficult-to-map region near

the magnet pole pieces. This will be

1
discussed in a later section concerning the , ' ;-\4;)
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analysis magnets.

4, The more corplex hadronic triqder of

E4S$4 required 2 D.C. :looic deadtime of 259

ns.

These points summarize some of tne differences between
E288 and ‘E494. Both experiments had rougbly equal

sensitivity and were run under similar intensity conditions.

“Identical general anzlysis procedures and cuts were used for

" both 3ata sets. The addition of wire chambers éftgrmthez

magnets added an important additional ‘coordinate to the

linear least squares fit done to particle trajectorieé,'and

the soméwhat less carefully done lead glass callbratlon B
( (,e,( \‘J—e\.u‘\“ )

barely increased the E/P but 1neff1c1ency for e?ectrons. o

Given the similarity of the two experiﬁents andAEheir
rodes of analy51s, this pager will notAprovidé a2 parallel
discussion of both exg:sriments at all points whére. Ehey:
differ. It will concentrate on the earlier experiwenﬂ.fEZBé-
and all studies will =2 dGone exclusively\ with E288 déta,

except where specified.




o ©.® © © 0 © ©

@

e o

L EEAdT 2%

& Apparades

J.BEAM

The exveriment reported on here utilized 16%, 206, 399

and 4986 Gev rmromentum protons provided by the .Fermilab
accelerator. The typical spill duration was 1 second, with

an accelerator cyole time of 6-7 ceconds. _ Incident

intensities for this exoerlment ranned»from a few 10 ;b a
few 10'° protons per pulse, The‘beam particles were bunched'
in 1 ns. wide groups (RF buckets), separated> by 28ns.

Typically 3-4 197 :.fibled bunches were in each spill, s0 the

number of incident protons rangad from 76 to 7ﬂﬁ,per_bucket.

2@% of these protons interacted in_ ’n@n Be target

used for data taking.

e -

These accelerator 'buckets' were not always unlfornly

pbpdlated /éuperbucketg‘*of 5~ 10 times the’ averaan bucket

size were monitored during the course of the experlment and

eliminated when possible by ‘judicious accelerator tuning.

On a pulse-by-pulse basis, a cut was wade on the final data

sample on a quantity proportional to Z N; where N

measures the proton populatlon of hte ith bucxet and, the sum
. "~ APPen DIX

is carried out over the full spill length (soe sgeater on

*Induty'). This cut served to eliminate events that were

accompanied by grossly non-uniform soill structure. Fiqure

IO presents some sample photogravns of tnils experirent’'s

oscilloscope . macro—spill"monitor; ‘figure I presents



7 @ photographs of a"PHA-display of bucket to bucket intensity

= - variations.
3/" X 260 Co Juuuwseq flro, fu cx‘-i.1u~exd s
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2 INCIDENT EEAM ,INTENSITY MONITGR ' (SEN)

A secondary emission monitor (SEl) was used to measure

tne number of protons incident on target. Beam tfaversinq

the thin copper -foils in the SEM knocked out secondary.

electrons and their integratéd charoe, collected over the

spill, provided a measure of the incident number of protocas.

The SEM's relative calibration was checked once'eveiy'3-6

months ddring the course 6f the exveriment. A sample of'the

ifoil «c¢alibration results from this EXpefiment's‘.SEM is -

presented in Table 8 .

Predictions and measurements have been made regarding -

the - dependence of .SEM yield on various factors - time,

incident energy, beam intensity, spot vosition, incident

partiocle type etc ( 50 ). sorme sample - Fermilab SEM

calibration data for 2 incident energies and 2 types of

spill structure is presented in Table & .

-The absolute calibration of the SEM was..based ~on

information for th2 production of radionuclides in-

irradiated foils. .For this purrose, the measured . cross

section for the vroduction of *¥Na in Cu was used (with a
-cross check provided by St Nn production). *Na was chosen

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

ease in detecting its emitted gjamma ravs.

-
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The cross section for 2YNa production was assured to be
3.5 mb. This value was originally takén from a paper of
Hudis (51), whe for the case of incident orotons, found the
' Na production in Cu to be corstant over a 7 - 53 " Gev

incida2nt energy rancz. A Fermilab oroton dGerertpent

‘meacurement for 4£6 Gev protons supports the use of 3.5mb,

at this higher enerqgy.

.Since the SEIN was 2.5" in.diameter, unfocused partiéles
in- a2 .bear halo or random spray down the beampipe from

upstream could give rise to spuriously high SEi counting

rates, Beam displacement studies and defocusing tests-

indicated that these npotential probléﬁs were a minor

-concern,

As dgtermined from .horizontél and Avertical térgét
s&eepd,j the beam spc:t size on target was 28 mils
horizontally and 25 mils vertically. Dufing funning; the
vertical and horizontal bezr» nosition was monftorei.on a
television displav of the verticel and horizontal wirés of a .
split wire ionization chamber (SWIC), with 1/2 mm. wire

spacing. This was positioned aiter the SEM, 6Scm. upstream

of the tarcget,
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S TARGEYS

One target was used for the main data aguisition of
this experiment. It was made of Beryllium, 4" 1ong; 1* high
and ..69288" thiqk.' Along 1its .length, it pro&ided c.27
interaction lengtns of material; 1.3% of a radiation lenath
vias seen .by partiéles exiting at 56 mr., and 6.7¢ of 2

‘radiation lebgth at 95 mr.

The choice of such a target regresents'a comdromise

among several desires. One needed a target substantial

.

enouah to provide ailarge target in/out ratio, without being

so long as to create coilimator wall illumination problems.

It was to be narrow and of weterial -with ,long radiaticn

in

length- to reduce as fzr a

amma rays to convert _into background electron-positron
g Y

pairs (the pi zero lifetime is 8.3 16" sec or

2.5 18 %cm.).

rt

.In addition cc this main
(0.063" thiék) were available, and coulé be easily ﬁoved
into the beam under ;emcte confrcl; A wide Be target (which
intercepted the entire beam) was used to measure - the
targeting efficiency (65%) of the standard thinner-‘Be
taraet. The second wide target was of copﬁer ‘and was

utilized when special studies or ‘electron calibration

required an increase in the fraction of gamma conversion.

- pGssible. the opgortunity for

arget, three wider targets

<’
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electrons in tha beam. The .fin2l target was of aluminum and
consisted of a .063" square bar suspendad fror above and

helow. This was used in cross checking the vertical beanm

positicn and in measuring the vertical spot size.

‘

Targeting was monippred by a three fold .coincidence
scintillation counter telescope (referreq'to as NDNM). It
was positioned in‘ the neutral beam, at stafion _1 on the
*down' arm of the épecttometerw near .83 mr. The> térget
in/out rates for this éounter.were 258/1; On thz lﬁ%)leﬁeﬂ,

NDN's countihg rate was unaffected by changes of magnet

current 2né only a slicht correction was required for its

don—linearity at high intensities:

y |
( 1+ AxNDN™ )

NDN ¥

- : A =1t

Az (1.0 T 0o.25) x10
The rates of this counter were monitored both with and 
without various vetoes and/or gates (beam gate, electronic's

busy etc.), and its counting rete was used to provide the

~overall normalizaticn c¢f the rair cross sgection,
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TARGET 2CX

1.52 meters downstream of the tarqget was a syﬁmetrfd,

tungsten .dined precision collimator (figure [2). Tails

defined the 58 mr. edge of the horizontal aperature and

allowed vertical- angles in the +-4 mr. range.
The collimator wA

to maximize thk er of radiation -lengthé éeen-‘by

particles that were out of the aperature and might rescatter

-

in from the shielding walls._ Downstream of this, also

centered on 9 degrees was a. water cooled beam'aump which

served to attenuate the orimary bear that did not interact

in the target. The experimental horizontzl aperatures on

both sides of the dump were lineé with steel tq”provide

semi-precision collimation and to increese shielding around

the dump. No vertical tapering of shielding in the target

box was done downstreax of the precision collimator (

+-1.13" was allowed).

A continuous flow of helium to the target box -was

maintz2ined in an effort to minimize the number of radiation

lengths of wmaterial in the aperature before the magnet bend.

ong- and was lined with thngstén;
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COPPER FOILS AND LEAL PLUG

The air qap of 9.85 m., shown in fiqure /21, provided

room for positioning a compressed air driven mechanism :for

~inserting. into the aperature, thin copper foils

(9.836,6.076,0.114 cm. thick) or a 5.08 cm. thick block of
lead, 'The copper foils served to increase mraterial in "the
aperature by 2~4 times and this facilitated further study of

gamma, ray cdnversion:bacquounds. The 5,08 cm{"bloég of

N -

- lead provided a sufficient number of radiation lengths to .

eliminate electrons and gaﬁmas from the beam; 'this‘éata
‘sample was useful in studying hadronic backgrounds. :Lead
=was;choseh so as not to introduce an excessive numbéf of»
interactioﬁ)lenqths of material into the beam .for inducing

appreciable hadronic showers or charge exchange conversions.,

Typically, during a run in which 'foil' data was téken;

~the foil control mechznism would be set into 2 :fixed éycle

of foil and no foil states, ﬁovinq'tbe‘foils in and out 6f“
‘the beam between accelerator pulses. The pulse by oulse
state of these foils was read out as a bit patterh into the'
computer. These bits were set by microswitches on the

roving foil assembly. It was considered desirable to

ﬁnclude in the same run_both standard (no foil) ané tfoil®

data to best sample beam under average data conditions. The

fraction of integrated intensity for each foil state is
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. Page 42
given in Table 9 .

Positioned after the foilsg, in this sare area. was a

rectangular anerature made from 2* thick bars of tunosten,

whose cecening defined the +-3.5 mr. vertical aperature.
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‘SHIELDING PILE

€
I~
* The shielding pile (figqure I2) was of steel and 2.22 m.
2 thick, along the beam directicn. .Its apercture wsas ove'r-'size
e and untapered in the verticel (+-3.8cm.); horizontally, its
edges provided collimation at 46 and 96 mr, The symmetric )

&’-.. aperatures in the shielding in both arms vere vacuvm sealed,
o connected to the vacuum boxes in each of the analyiinq

' mégnets and evacuated to -4 mm., Hg. The preésure in each
@ magnet-shielding pile aperature was monitored on a pressure
o gauge viewed by a close circuit television camera. .
(]
3
3
&
%) .
o
(X ‘
o
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MAGNETS

The purocose of the two analysis dipole maagnetc in this
experiment has been described in the introduction. Briefly,

they deflect charged particles from the neutral beam, sweep

‘low momentum partioles out of the aperature and define tae
momenta of particles leaving tracks in the #HWPC < hodoscopa

system downstream. Particles were swept up into>‘the‘

aoerature of one arm and down into the anerature of tho

other. Earlier Montp Carlo studles showed this arrancenent

to have greater acceptance for symmetric‘decaYS’than up-up

bending (for example) and one 1less dependent on pair

~transverse momentum.

Maqnet power and cost considerations plus the need for
a lon; lever arm to beni varticles ovt of the neutral beam

sugcested that the magnets shouid be placed as far uostream

as possible. The cénter of tane 3.95 m. long madnets was

situated 11.3 r. fr2z the tzrcet (figure |2 ). Using

P

taperea pole pieces, the magnet's ho rizontal aperature

opened from 18 to 247, to subtend 47wr. in the .laboratory

system (figure |3 ). Vertically, the magnet gav was an

untavered 18*. This large gap height allowea for a possiblé_

vertical production angle aperature increase to +-1ldmr.,

instead of the chosen +-3.5 nmr. The reguirement that

charoed vpartioles be .free and olear  of the neutral beam

Koo
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before detection, the »limited bend power of tne wagnats and
the finite size of the lead glass array set limits to the

aperature, Increasing the vertical

usable verticel
oroduction angle acceptance increesed the size of the
neutral beam envelope anc forced detectors fartnar from thae

region of hijh momentum particles.

A horizontally tavered aluminum vacuum box was inserted

inside of each megnet. -Its gap height_wés;7.75“. These

‘boxes were .coupled to the shielding pile/collimators_and-

evacuated during running. ' o

Momentum and mass acceptance curves for the magnetic

spactrometer are shown in :figures Li, ¥ ana 5. Changes in

magnet ‘current provided a means of more effiéiehtly

exploring lower or higher rass regions, while maintaining &

large acceptance overlaz with sthzar current.settings.

The 4 mwagnet coils fﬂ.lﬁs Ohms each) were powered ih
series and so carried iczntical currents. .Early Monte éaflé
studies indiéated that J/w acceptance was not impro&ed bf

ats

running assymmetric cucce In addition, power load -and

supply requirgments for two separate current systems were

seen as considerable. Voltage limitations of the power
supplies and substation lodd limits set the maximum nagnetic
field at 11.7 kg., which corresponded to a magnet current of -

The magnet settings used during the course of

this exrerirent were 400, 699, 829, 969, 1103 and 1359 amé,

Sl 7 SR G RPRTE b~
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The current in the magnets was monitored by a Hall
probe in each  magnet, a shunt and a Fermilab transductor
reacback from the power supply. These four values were

recorded on a run check sheet durina every run. .Usina tneir

measurad values from the data rung. one :can .calcuvlate eacn

monitor's average value and standard deviation for a given

magnet setting. The observed fluctuations in the monitors

[y

were independent of wmagnet setting and were small. The

fluctuations had the following values: transductor, 8.658%;
shunt, 08.32%; Hall probes, #H.13%. Adaed id quadraturé,‘ :
these fluctuations contribute an error of 0;12% to .the’

overall momentum resolution. Comrpared to the resolution of

the remainder of the spectrometer, this source of error is

negligible, - - ’ - Lo

In-calcvlating the transverse morentum kick due to each

magnet, all ths available monitors were checked for 1%
consistency, .and they were weighed equallv -in ths fiﬁal..
transverse momentum kick calcuiation. 1f oné vaiue failéd_
the consistency -.check. 1t was elirinated _aﬁd‘ the two.
remaining valués‘ wezs  compared. If 1the§é ﬁtwo ‘were.‘

inconsistent, no momentum kick value was prcvided :for the

off line analysis program (no runs were found in this

The Hall probes were mounted inside the vacuum box of

each magnet to separately monitor their fields. ' The

calibration of the Hall probes was -Gone against an NMR
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calibrated gaussmeter.and, in opgiation. the probes provided
reproducible values with 0.1 to 9.2% tluctuations?obserQed
over & month's tire. tiyvsterisis on tnez negligible ¥.1%
level was observed in them. No measurable magnet hystefisis

was found. ’ 4 ‘ . .

The magnetic'field of the analyzing‘magﬁets was mapped
parallel (z) and transverse (x,y) to the -beam -directibn;
Thé.vméasured déta: points wére, fittedf-Eo first -o;aer“7
soldtiohs for the magnetic;fiéld shaée (appendix EL)A_and_

agreement to 6.2% was aqhieved. To this same accuracy, the

central field values of thne magnets were ideﬁticai, and:thé

magnetic field shapes in the four ragnat (x,y) quédraﬂts
were the same. Because of the'tapered-horizbnfal aperatuf?}
the magnetitxfield was not conStant'along the begm direciioﬁ
(z); .This shifted the effective magnetic bena pléne z.7"

upstream of the magnet center line.

Given the fiﬁite zize of thne 'probe used for magnet
caiibration, .determination of the field shape near thé
magnaet pole pieces was cifficult to échieve.':ﬁighar.power?
terms in.the field expansion of appendixvg ‘could not be

well determined. These terms predict telatively_ large.

. corrections to the momentum near the magnat pole pieces.

In 'E494, the maanet calibration was redons and adjusted
using the E494 J/Y sianal with its iroroved resolution. A
study of the msgnet field map showed that the field in the .

magnets could be adeQuately described, ignoring hign order

EER A & T, WIS e VR AW B I g EE R LTS N LR *- R i
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terns of the magnetic field expansion:

B Bl (v oo (e o)) N

as

2 0.00 O1s

A proper Pacnetic measurement determination ef ‘a' was
made dlfflcult by systematlc fringe fielc c~ffects and an
1nab111ty to measure the field near the magntt pole pleﬂes.~:~- C e '!
Hlagnet ‘calibration' with E494 J/y date revealed tnat a best |
fit required a=g. ﬁmﬁ Apolyino ‘this rmagnet calivbra.tivon to
the 3288 data caused mass ShlftS on the order of 2 to 56'

Mev. A summary of EZ258 J/¢ mass values uS1ng both the E288

| and E494 magnet calibrations is presented in 1able K’. Sone

of thne magnet current ‘derendence of the E2388 J/q) mass 1s' - -)"
removed- when the E494 magnet calibration is used Flguros ﬂ"\‘l.
:SVand 56 show the overall 5288 cross section plots UC1ng

the E288 and E494 magnet callbratlona, respectlvely.

d
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“PRIGCER CGUNTERS

After allowing sufticient drift svace for separation of

chargsd from neutral particles, there ‘followed 4 pianes of

scintilletion counters - T6, 71, S2, T2 - making up a A

trigger telescope pointing towards the target.

The three.counters Tﬂ,_Tl SZ were locatea at statlona
‘ adpsted <o YaaJ

1, 2 and 3 resoectlvely (figure F). Each was set to_fire

would puands [COMY pulase, g—«uzwk M Hou .

' dn rinirum 1on121ng parflclec and their purpose was to
" provide. for unbiased detection of charged partlcles pa551ng'
through the aperature. T6+T1:S2 is teferred'ix) as the T

trlgger- TO refers to.a T trlgaor on the uop. arﬁ TD refors

toa T trquer on the down arm’ (TUD TU TD).

Some details of counter construction are <shown in

figure I+ and details are specified in Table [/ . TB was

made up of 5 strips of NE11ld scintillator and used Amperex

'56AVP tubes, which were current boosted to prevent saqginél
in hich rate running, The individual.Tﬁ signals were cabled
fb the trailer on disc loaded coaxial cable (hard line). Tl‘
«consisted of § counters made similarly to those of 10, nlth

~.oply the small angle (hlgh rate) countars-boosted “Pairs of

Tl .counters at the sare helght vere oass1vely fanned in and

cabled on hard llne to the trailer.
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$2 was a counter situated behind a saoeet of 2.3

radiation lewqtns of leac nlaced before the lead glass arfay

it used RCA 6342A onotOﬁultloller tubes which had -been'

tested and were found to be tubes of good' long ‘term
stability and desirable rate independent behavior. Tha

uniformity of pulse height response of $2 to minimum

ionizing partioles over its length was improved by iho'use

of a Y°llow photbaranhic Milter'(Kddak hrattan §4) and a'fL.f

8-10" sheet of black ccnstructlon paper placed Just below

the llght pire- sc1nt llator junctlon.._ Tnls flltor was ;

o7

lsandw1ched between two l/&“ discs of ldcite, sealed around.

the edge w1tn epoxy a1d glued oetween th° pﬁotomultloller ‘

tube and the llgntplpe. -Tha filter served to absorb'blue
1light, whose abcorbfion lengti in sc1nt111ator is snorteot'
A 35% changa in pulseheight ovar the sc1nt1blator-leﬁgth was

thus reduced to.18%.

T

Cn each arm, the £2 dynods sn;nals were farmed i,

amplified and -cabled tc the trailer on harc Illne. Thelr

individual anode signeliz were cent up on RC8 ,cable and ”7;1

digitized.

T2 was nearly identical to 52 1n constructlon " and

cabling (there wexye 13 T2 .counters coverlng ”Ehe same

aperature as
shown in figu T2 was bplaced between the first and

second layers aglass at station 3. nLarqe pulsohelght

in T2 meant,K that~an enterlng oartlcle had 1n1t1ated its

they were "slightly overlapped). “As
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#hower in 2.3 rediation lengths of ieﬁd and G.S’Eadiaéién
lengths of 1lead glass, 'a sianature of eleétfon like
behavior., The T2 discrimrinator threshold-‘set_ thz pulse
haight reguirement qﬁ the fanned in T2 sicnal at 15 tires

mininu oniking. This signal was referred to as T2(HIGH).

Wwhen with the T trigger (T@.T1-°S2:T2(RIGH)), this.

providkd (tHe

fast logic ‘'E' triager,

A second (not independent) trigger was used to crudely

monitor the EUD pair trigger. The "F' triager was made hg

‘ of T1 2nd T2(BIGH) (TLUD-T2UD(HIGH)). This trigger did not

" . - . .
include 'S2 and the 48" lond, hich rate T¢ counter.

:Some typical trigger rates for various currents are

given in tables [Z through /L, in various intensity bins

(1-8). - The  'T* to ‘E' rejection is illustrated in the

‘histogram of figure /5 . Typical trigger counter

efficiencies are presentedvin table{?'.
. N h'
N 134
- pee®
\ o
Ny

e
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‘HODQSCOFES
Table -l presents information ~ concerning the

RN

construction of the VI, V2 hodoscope planes at stations 1

and 3 (figu;e ).4 These were made'up of vertical strips of

NE119 scintillator with UVT light pipes and‘individual RCA-

adjust for thne ~changing rates across = the  hotizqhtal'

. aperature. Each hodoscope signal was amplified by’lb in the .

1

experimental area and the individual signals were cabled to

the experimental trailer. . All hodoscope channels .were '”

zvailable ‘to  be read. into the computer. A typicali

efficiency per hodoscope plane'was 97%.

meSSAbthﬁaé}' Thénééintillator strip”wiathsfweféhéérféa fo” ””a.'l
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MULTIWIRE PROPORTIONAL CHAMBERS (MWPC)

The 7 MWPC's on each arm of the sovectrometer (figure

vere primerily responsible for the momentum and target

solution achieved in this experiment. fable fg’prOQideé 3
summary of chambér construction. information and Tab;c"ﬁ7

providés'é rééoihtioh sdmmary;ﬁ.The.chambéts'wefe'of'ﬁﬁd
types - 'Y’ chambérs.(horizontalrwiresi and 'P".'Q; chamberé

(Slanted wi:eé,-:i;125~>f;om the horizontal. 'The'bentife

readout system-for the champers (to.be describéd.later)fkés'".

designed and built by Columbia's Nevis Laboratories.
. . . '\‘.‘

Mounted on the chzmobers Were amplifier-discriminator

cards, each of which provided for the readout of 8 wires.

‘Electron drift time to the wires was estimated to be 15

ns./mm.; electronics dJdeadtire per wire was 588 ns.
External voltage adjustments allowed one to vary thne
discririnator threshoasld and/or output opulse -width on =211

channels of a particuiz: chamber,

* The disériminated outputs of the cards were cablead ﬁo‘
the eXéerimental trailer on stripline (ribbon) cable of 32
wires per cable, .In addition to the Aindividual. wire
readouts, each chamber was ptovided with an output~w5ich was-

an 'OR' of all chember signals. This woulda have allowed the

chambers to be used in a fast triager.

® WM\”\_ /—'
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Page 6
The gas mixture used for tne chambers was 6.A97% freor.

17.2% CC2 and the balance was argon. Individuzl chawber

efficiencies were in the range of 98-99%.

i

[——
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LEAC GLASS CALORINLETER

Electrcn identification'in this euxnerirent wes proviced
by identical lead glass calorirpeter and maanetic
spectrormeter apparatus on each arm. An entering particle's
longitudinal shower.development and total'enérqv depoéit_in
the lead gléss bro&iééd.iﬁfdfﬁétioh”whiéh'séfééa to identiﬁy

it as an electron or non-electron event.

The lead glass calorimeter in this experiment served as

a totzl absorbtion Cerenkov counter for containing the

"cascade . showers initiztad by incident electrons. Many

- descriptions exist in literature relating now the passage of"

a single electron throuah matter can give.birth to observed
large numbers of electrons and positrons. "~ ‘Both analytic
«calculations ( 52 ) ané ronte Carlo simulations ( $2) have

been used to test the assumed piysical model.

On entering nmatter, electrons typiczlly undergo
bremsstrahlung to vroducz ons or more vhotons, the ovhotons

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

‘but with an increas=d number of .electrons . cf dJdecreased

average energy. The growth of the sﬁower will continus
until pair production is no longer the dominéntf.mode of
photon interacﬁion, and the shower will die ocut as.electrons
fall in energy'and loose largef fractions of their enérgy éo

the medium in small, relatively continuous ionization energy

\ . .
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transfers. Heitler ( SY ) points out that such cascade

'showers were first observed in wilson Chamber exocerimentd.

and that the most direct evidence for their physical nature

o e .

comes from photogranhic plates that reccrd the actusl shower

particle tracks (figure [™). ' ’ s

Figure |¥  presents some formulas of Cerenkov " end

bremsstrahlung radiation. when integrating the Cerenkov

-~

formulas over frequency, it is ‘important to note that "the
‘condition n>l/ﬁ_bouhds_the'available range of integration.

A schematic plot of the index of. refraqtionl (n)  for af _

cm

typical optical medium is shown in figure (4 a .. The

restricted range of integration at high frequencies ﬁsuall?

insures that Cerenkov en2rgy losses will be small compared

to '‘losses due to other aveilable radiative mechanisms. Q&
- . R . o ".\'.

‘Electrons and positrons will generate Cerenkoy

lead glass until they rezch kinstic energies neapy

tlonte Carlo simulation proaramz which trace elect hYowers

down to energies close to this lower limit en=2rgy indicate-

tnat :he total trsck 1 \Y

fu
th

ength tr

rsed by the e+e— particles

in an electromagnatic shower is proportional to the energy

of the originel, iﬁitiating electron. "Since the”energy’lbss

to Cerenkov radiation is independent of electron enetgy'over

‘a wide energy range (see ficure 3 b ) ,the total Cerenkov
light emitted in a cascade shower will be prooortional to

the total track length of the e+e-~ particles. and thus

proportional to the initiating electron's (or vcesitron's)

-
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energy. This suggests the use of a transparent medium, of
preferably short radiation  lenagth, to serve as an energy

calorimeter, Lead glass was cnosen for this experirent.

Whiie Bremsstrahlung >energy losses are greéter thzan
‘those  due to  Cerenkov radiation in leaa Qlass
(bremsstrahlung photons range in energy from 6 up to the
maximum allowed by the radiating electron),rpnergy lossas to
Cerenkov r=d1at10n in a baﬂd near the visible reqlon of —%e
spectrum (422-899nm.) 'ére typically orders qf _magnltude
.1§rger ‘than bremsstrahlung lossés in the same restricteéj
frequency rénge. Civen the frequency-dependence of glaés
transmissioﬁ. and a photocatoce S sen:1t1v1ty to radlatlog
near the visible region of thc spectrum, a phototube can be
used to sample emittea raciation in lead .glass near the
visible recgion. The systex's limitea sensitivity t6
frequencies removed from the visible "range makés it

insensitive to the mcre crevalent bremsstrahlung radiation,

The digitized pulsz arez seasured frow each lead glass
block's photomuliizliizz tubs %will be propértional to the
block's showar en2roy denosit; the constant of
proportionality is referred to as the'leaéhqlass block's
‘calibration' constant. The defermination of a seﬁ of these
éonstants for-all lead glass blocks, and the monitoring of

their variation with time will b2 discussed in the section

on .lead ¢lass calibration.
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The configuration of lead glass blocks for one arm is
shdwn in figure LO . Each array consisted of 24 (lSﬂin
35)cn® blocks and 72(15.25x 15.25x 45)cre®>  blocks. . Some
properties of the lezd glass érc surrarized inafiqufe_ZJ ;
tiany cetails pertaining to this calorimeter ate.described
adeguately elsewhere ( 55 ) and will not be recoﬁsidered

here.
- An RCA 8455 photbmultiplier'tube was glued to thélémaLl

face of each .lead olass ‘block with Kodak HE1® ‘aSsémﬁlY:'

LXC

cement'(n=l.58). Aluminum foil (1 mil thick). wéé wrappéd
about the glass up to the tube base, and this foil was put )

at cathode potential (through a 1.5H resistor) to limit

leakage currents flowing across the photocathode. The block

sides and remaining small face were covered with rylat (5 .

mil) to mechaznically p:ctect the alurinum foil sucface and

provide electrical insulaticn for the ungroundad foil. To

[

light tight eadh~block. nlack soivethylene (6 mil) wes used.
A cylindrical mu wetel shi=2ld was bplaced around the
phototube, and soft iron foil was wrapped about the uppar

portion of the lecad class block to extend the magnetic

shielding beyond the photocathode zbout one tubevdiametef.

Blocks in eachAlead cglass layer wé:e stqcked_tigﬁtiy
together with no significant gaps. The.layers Ehemsel?es
were séparated by 2-3 inches. RG—8~cab1e (low dispersio;)
was used to transrit the anode signals'from each blgck to

the experiment's trailer.



The egsilon ( ¢ ) signals of the D.C. :logic were
derived. on each arm, from the dynode signals of blocks in

the first two lead glass layers. These dynode slonals were

N °

vsssively fannza-in, invertec, amplified and cabled to the

(5] "trailer on disc loaded coexial cable. Tnere this signal's
---pulse height was discriminated; = the- threshold setting of
thz discriminator on each arm determined the minimum enerqy
= deppsit'in the first two lead glacs 1ayers'nece$sary_fquthg
D.C. loagaic ¢ bit to be set.
(.}
_.Both)leéd gless arrays were maintained in temperature
s 3 >
and humidity controlled huts. A lead sheet (2.3 radiation
(5 lengths) was placed directiy in front of the first-layer'bf'
o lead cglass to increase the observable differences between .
hadrons and elezﬁzﬁns. Lead was chosen for its small ratio
. mlaachen AR
&  of %bso to radiaticn lengtn.
2
2
L2
O
D
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£
3
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counter -with the .least time jitter,

FAST TRIGGER LOGIC

A sketch of tne fast triacer .logic is shown in figure

11; The T trigger, made un of (TB, TI, S2) corbinations“was

meant tc serve 2s an unbiased trigger on ~ the charged

particles passing through the aperature; the E trigger,

with its additional T2 oulse height recuirement'(Tz(HIGH))

was biased towards particles initiazting showers in >£hé
previous 2.3 + 6.5 radiation lengths'of'matefial,(E/T; 0.25)

T9, TI, S2 éignals were :fanned ir, in -Cdmbinations’,

designated 'in Table 20, Tining was set by TY, the shotfest'

-

iLead glass pulse height iniormation was not ‘included in

the fast trigger 1logic decision, Cue primarilyA to_'the

*slowness' -of the RCA £(S55 pnotcmultiplier tubes, the summed

energy from the first two lead glass layers (reiferred to as
ay

§) arrived rather late for the fast trigger.  Time jitter

and gpulse heicht slewing problems associated with such 'a
tcigger would have coxmplicated, but not excluded, the
inclusion in the fast logic decision. This.'g' pulssheight

was presant in ths D.C. ‘locic and vrovided an important

‘component in tha overall electron triager (L/E=.i). Typiceal

efficiency curves for the epsilon bit of the slow logic are

shown in figure 13.; S - .
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Thz ©.C. logic (figure2Y) orovided a seconid (ani
final) stage of decision after the fast triggsr. <Ta=2 fast

trigger output (TGI) served to. gate hodoscope , triggar’

counter and lead glass calorimeter informetion into

coincidenca reqisters (CR's) in the D.C. logic, whera taa

information was stored as BC level ‘'bits'. At D.C. lozic

W

t

¢

decision time, information derived from this storad o
would be ested to see if it satisfied certain logical
conditions, before initiating a computar readout. _ &t tha=

4 . — ———-nS§S
gexpense of an increased deadtifpe, this systemn alYowed Ior

S

the making of complex logical ‘decisions without rezuiriag
the careful timing of fast pulse electronics. Egca €ast

triggar accented by the logic generated a2 185 ns. JZzadtine

ap——

(aéjustable) to cover its opsrations. 2 tighat fast trigies

served to minimiz2 the overall logic <&eadtime of thz

exoariment.

The operation of the D.C. Logic can be described =23

follows. After the initiating fast +trigger, tha 1inosut
inforeation stored ' in the CR's in logiceally

processad('or‘ed, ‘and'ed, ‘matrix‘’ed etc.) in the availadle

deadtinme and svanthesized into resultant outputs that war2

use3d to set master bits for the2 udcoming logicaliiecision-

Y
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Eacn onz2 of the recuirements to bhe lojically testad in tha

final trifaer decision was represented as a £.C. lovel gn

bus linez in 3 ©in_logic module crate.

[e7)
e

at

Y

on2 of tho 16
Tha confiquration of 16 jurrer 2ins in 2ach oin logic wazala
would determine whether a particular data bus level ('bit‘)

wvas to be required, vetoad on or simply igaored.
The sequance of 'pin' reguirements of each logic modul
usually cecrresponded to thez signature of a varticle tvpe in

the apparatus (hadron,.eléctron, muon). Each moduléAWOuld

output only if the data bus information, at decision time,
satisfied the logical ‘'and' of all its jui?ef pin
té#uirements:. “The 'moﬁﬁles were strobed -for"theif.'finai
decision 195 ns. after initiation of the proéeés. Thairc
outputs were £anned tosgethar info a '1GO* modulé and its

output initiated 3 computer readout.

. A further lev2l of complexity could be achlieved in this

system by the use of an external cable connacting the output

of on2 1lojic module to the ‘L' input of anothar. This

"served to 'and' th2 modules togz=thar.

)

This exgperiment used one pin logic module crate for

eaca spactrowmeter arm (there were avbout 29 modules and 16

N

data bus lines per crate). Arm to arm coincidences wera
made by the use of jumn2r cables between pin logic wmodules
in separate crates. The trigjers for this sxosriment are

specified in table .

w
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As system induts, the P.C. lodic was orovided with
nocoscope, trigger  counter an3d  lead qleis  calorimater

inforaation and it reguired 2 trigger to strobe this oulse

O
=
o
e}
=
cr
“

inforaation into coincidonc: rogisters. As systen
the TCC module orovided strobz signals for transfar of
nodoscooe and logic bus information to Camac level data

buffers; it generated gataes for tha ADC's; and after an

appropriate delay (12 microseconds) to cover digitizing

action and settling, it orovided a trigger to the computer
for initiating thes eveat readout. In 24dition to thess

outputs, the individual pin logic modules gencreted a oulse

suitable for scaling, so ‘tnat their rates could be

conveniently monitored.

After the hodoscope, trigger counter and logic bus bit

information had becsa stored in Camac level buffers, the T.C.

logic coula be cleared and =ade 'live' oace azain, so that

“the scaelers of the oin lojgic modules c¢ould continue 'to

not be regated at

(&7
1A

coul

n

monitor rates. Taz HEPL electronic

this time, sinc2 no second level huifer was provided for

storage of its inforwmation. It would hzva to await

o

comnletion of thz computar readout before ba2ing regate
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Digitizers and Digitizer Readout System

This aééggz;z will describe the readout system for the
Nevis ADC's and its varibus options. |

We have in the system 256 channels of ADC's. The
digitizers and scalers in their normal Qberation will- 
digitize 500 pcC full scale. Full scale being 1024 éhannéls
as the scalers are 10 bit scalers. OFf the 256 chénnels; 192
are for the lead glass. These 122 digitizefs axre the quadr
types. Each unit has a common gate, four BNC 51gnal 1nputs
and four NIM level pulse traln outputs in the rear. The
scalers for the new_dlgltlzers are slightly dlfferent Exom

" v There is a line in the

those of the prev1ous experlment.
'dataway which, 1f enabled, will allow the scaler to overflow
1024, resetting it to O. This optlon would have glven us an
‘effective 2048 channals if used in conjunction with the
Jariable format module (VFM). The other 64 channels are the
ones used in the pravious experiment. All scalers were

placed in NEVAC cratss 3 and 4, so as not to use up valuable

space in the master crate (crate 1). (NEVAC is the Nev1s

version of a CAMAC crate made with ECL (Emitter Coupled Loglc) .

but compatible with CAMAC on the branch hlghway 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

Reass
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high gain setting was used for muon straight-through
calibration (see @W)h SecTionw ON LeAn Class CALIARATION )
Other features of our ADC's are: '
1. Base line restoration: an electronic servo clamps

the input stage base line to its value for the last few ks.

Thus only signal above the base line is digitized. This
allows us to filter 60 cycle and'other low frequenc?'noise.

2. Pedestal injection into linear range of ADC: pédestals
were normally in channels 30-40 with a standard deviation of
about 1%. ‘> o | B | "iw .

3. Ground isolation: the ADC's have.only one grou;d,
fhat of the DC coupled input. The pulse train outputs are
transformer coupled. We are able to minimize ground loop
prob.l ems.<

We now discuss the readout system itself. The Nevis

CAMAC dataway is 16 bit for the read lines. To use computer

core space efficiently and reduce readout time, the data for

each octal scaler is packed from eight 10 bit words into fivé-
16 bit words. This is accomplished by the scaler packer module
: and the branch driver. Crates 3 and 4 are noﬁ connected to
the branch highway directly, but through crate l's dataway.

In crate 1, we have two méster crate links (MCL) which connect

to slave crate links (SCL) in crates 3 and 4. This‘eiiminates

the need for two additional complicated crate controllers.

The crate controller in crate 1 acts as fhe crate controller

. " . . . .
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i . 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

T W

of them will be pedestal anyway),'we designed the crate

.t.,d-.i s sk

linkage so as to allow the hardware (i.e. hodpscopes) to

detcrmine the groups of lead glass blocks to be read out.

R T haiad

This'isvaccomplished by addreséing the MCL directly, which.
activates the dataway variable line (V).v This. is a»signal J
for the variable format modvle to take over all dataway
addressing operations. When an ADC.read is execufed} the
sta#us of the 16 individual inputs to the VFM determinélthe |
groups'of octal scalers to be read. The bit péttern 6f

. header words sent out initially by the VFM ihforms us as fo
which octal scalers are to follow the header Qord. Using
the VFM, we were able to cut down event size by abéut 50%.

The digitizers were calibrated for their high gain

T N

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 : e
ratio of the slopes was the-relative gain of the two' |
settings. This was then incorporated into.the_muon'straiéht—
through calibration. In addition, tests of‘digitzer |
linearity and stability were made. The non—lihear 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 ‘;,dl
1.3%. Digitizer gains fluctuate with time on the level of

e c = 0.4% over a period of 2 months. " e “<J' Lo ;hi
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MWPC ELECTRONICS

The MWPC electronics. desicned and built. at Hevis
Laboratoff,-provided a;svstem for reading.cut che éhambér
hits as . enceré addresses. Signals from the
amplifier-discriminator cards (8 wires/card) on each chamber
;ere’traﬁsmitted on'32_wire strivline (ribkon) cable to tﬂé
experimental traile;, where each Set of 32 was connected td

a coincidence register- (CR) carcd.  Each MWKEC ‘bin could

contain 23 of these cards, in addition to a bin ‘encoder

- card.

Wire information waz strcbed intovtﬁe CR's following
the KEWPC gate, and the sdbsequent encoding of the. ‘hit*
wirtes into addresses was verformed by the bin's 'encoder®
éard. These encoder cerécs (one per MNWPC bih) were daisy
chained together' and conaactec to a Camac level .mastet
module, the MWPC intecizce, waich servea to multinlex the
MWPC datasfrom varicus crates thrcuch to the computer. This

interface unit was

4!

addressing and cata information and could be controlled in
an off-=line mode for debugging ourposes. D/A converters in
the unit servad to generate an .M,y oscilloscore displey of

2ll active channels in an addressed MwWPC crate.

rovicec with an LED display ofri
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liire addresses were éencoded into a 3 bit wire number
(8-2). a 2 bit agroup of & couat (3,4), a CR card address
(5-9), 3an encoder cerd crate adcress (16-13) ana aajacency

bit information (14-15). tThe encoder cardas. checkeda for un

"to 4 adjacent wires that might have fired in- the system.
" The address of the :last wire that fired was enccded into zn
address and the presence of up to 3 neighboring active wires -

was indicated by bits 14-15. = N "'“ ;;;”*.f;_v;
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DATA AQUISITION

A DEC‘Unichannel 15 comnuter system was used -for the

data aquisition of this experiment. It conszisted of e

PDP-15 attached to a small PDP-11, which served vrimarily as

a peripherals controller, The PDP-15 was ecuipped with a

fixed hzad disc, 32'K of 18 bit memory. 2 tape drives. a

Jdine printer, a storage dlsolay scope and a spec1al Nevis

ae51gneo and bu11t 1nterface (assembleo from stanaaro cards)

-

connectlna tne PDP 15 to a Nev1s brancn orlver. rhe PDP 15"

operated under DOS. The PCP-11 used DEC Pac& discs and was'

equ1pped w1th 8K of 16 h1t nemory, a Versatec line prlnter

and a DEC TUlﬂ tape drive. It operated under PIREX.

In standardé ogeration, tine on line progrdm initialized

the PDP-15 interface. by losdina it with addressing_.,

inforretion, which specified th2 locations of date :bvffers

-

in mermory, ané by storing 1in the Nevis branch driver a-

series of Camac-like cooxmands that selected the modules to

be included in tha event readout. Having done this, the“

.coimputer awalted 2 start of spill pulse. At start of SOlll,
it cleared the blind scalers and enabled the brancn drivar

to accept trigagers. Accepoted event tricoers caused the
driver to begin executing its series of prestored .commands
in sequential order. This would accomplisn a read out of

the available event information:
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1. Digitized lead glass pulse areas

(aporox. 43 words) : ' -

2., Digitized T2, S2 pulse areeas

Ligitized sum of T2's and 32°s

Diqftiied 2' pulse heicht
.Bigitized Cerenkov bucket monitor
(35 words) - B
3. Encoded hodoscope information S
- (approx. 6 words) 5i

4, - Encoded‘MWPC information

(approx. 50 words)

5. Logic bus bit information . : BN

- (2 words)

6. TDC's monitoring. Trigger timing -

(24 words)

7. Additional dGatz buvffer informetion |

(5.word$)

Events were fransfered to 2 memory buffers (;SQGK'words

each) in the PDP-15. 'Since their startihg'locatiohs had

been prestored in the PDP-15 half of the~interface, data

transmission nroceedad without vrogram intervention. ‘When
the event buffers became nearly ‘fvll. they vere written out

to the PD2-15 d&isc. Per word, about.4 microseconds were
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-lost to memory and orocessing orerations and 16 microseconds

were lost to disc writing,

‘Events were accumnleted c¢n disc until the.end of Epill.

At this time, a separate.trigger vas sent to the interface
initiatiné the.rcadout nf fifty six 24 bit blird scalers.
These recorded the raies of counters cver each spill. After
this information had been read. all the data'thét had been
writien- to diéc was transferred to ‘ﬁagnetié tage.-”fAﬁ
completiqn.gf.tape writing, reguests méde_of the oh~iiné
érogfam..weré honored "and events were read frosx-aisé'jaqéu.
analyzed on-line. . V T
. A typicél data run lasted 1 hour. The 6n41ine ;rogramu
autohatically prdvided information monitéring the staté of-

the apparatus during each run:

1. the number of times the energy in each lead glass

v

block exceeded I Gev
2. the accumulated logic bus bit couﬁt
3. MWPC hit muitiplicity anu adj;cency iﬁformatioq
4. blind scaler accumulatgd IumSs
5. MWPC readout error statistics

6. hit multiplicities in ho<oscove and trigger

counters
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In addition, a series of rates were tabulated and
checkea for run to run consistency. These rates roniteored
tear intensity, targeting efficisncy, the syrmetry of

tricaer countercs between arks, the trigger stability, 'dezd’

i

times, on-line electron rates and ‘accidental' (out of time

coincidence) rates.

The dielectron running schedule was dominated by pair

data runs taken at various magnet settings. Qccasionally.

'copoer foil' and fléad plug*' data would :be taken during the

same runs as standard data (Table4 ). . Muon lead glass

—

calibration runs (of 1-2 hours duration) were made once -

Vevery two days and electron calibration (2-3 hours) was done
every week., The remainder of.thg ruvnning time was devoted

to miscellaneous special study runs. These included speciél

runs taken to rweasure targeting and 'trigger counter

o

- efficiencies.
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OFF LINE ANALYSIS ANC CUTS

The dielectron cdata written to tagre in this exgeriment.
was analysed using a single off line analysis package on the

CbC 666% at tne Fermi National Accelerator ‘'Laboratory.

Typically. the data underwent several stages of compression

(filterina) ‘before .large scale analysis was .attempted.

Without the use of the standard off .line Eracf

. reconstruction, the dielectron data was compressed (iﬁ

essentially its original data format) from 216 tapes to 3

using'the’lead glass cuts specified in Table2| . Over the

mass fange for which this ’‘experiment had adequate

acceptance, these cuts passed dielectrons with close to 108%

efficieﬂcy.

The final level of compression is referrédAto a#’the
data summafy tape 1eve1'(DST). For this. events taken from
the 3 'CDT' lgvel tapes were comnletelv crocessed b§ the off -
liné énalysis precgrar  and information ‘regarding ‘gooca’
events was Qritten out to disc in summary form.t_In paésiﬁg
to -this levell, loose cuts were made on the evenk's
reconstructec E/P, the particle's lead glass showgr'
developmentl, the varticle's rposition at the target _and'

middle of magnet and the total number of MNWPC hits

(NHIT<81) .
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'Final data plots were made ysing the DST file and they

Page 2

included the following cuts: . .

1.

 apparatus and that its shower was well

‘contained within the \le2d aless.,

FIRUCIAL CUTS:(Table 1%) Essentially these were*

made to insure that an event originated .from

([

the target (+- 3" tolerance), that it had not

T v : .
passed near the collimating =dgss of the : -

-~

E/P CUTS‘ These are specified in thlg

ll/and are dlscussec in the cectlox.~ ‘ o T e

-~

SHOWER CUTS: These are presoﬂted in lable H;'f,'

Qﬂband are dlscusced 1n the sectlon on’

dead glass shower cuts.

TOF CUTS: These cuts were made on thé_"'

-

‘tiring of the epsilon (¢ ) lead glass signzal, in

eacn arm, to

insure that th=2 particle's energy deposit

had come from tne pr 2r accelerator bucket.

Figures 25 and 2¢ present scatter plots of the E12

lead glass energy devosit vs. the e

s

TOF channel reading. xh; well c°f1nec bancs

shown in the figures occur because of tn=

bunched accelerator spill structuce (29

ns. peak to peak sevaration).

on lead glass calloratlon. §ZQ/ G)»___—— L

),
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5. SCALER CUTS: These are snecified in
o Table 2L and are discussed in the section
ﬁ\ . . . 0 3 -
entitled '"Intensity: limitations 2nd cuts',
o _ .
fnese cuts w2re intended to e2lirinate
(=) data taken under ‘unfevoreble! beam
conditions.
) o
o 6. RAPIDITY CUT: This cut was rade in the acceptance
' X - ' . i L ) . o ‘
~Monte Carlo to improve its efficiency,
e and so the same cut must be made on the data o
: itself.
S
@ ‘ ) . . ) . ) - . » . . . . . -
‘Provided in Table ﬂ is information on the raw numbers
.€3 of events affected by sore of these cuts.
P ) ,
2
o
o
(% |
&
r
&

@ ©
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‘calculating  the particle's momentum- , in specifying its

PARTICLE TFACK.DETERMINATION A .

Information frowr hits in thne proportional wire
chamber-hoGcscope system was used to. reconstruct particle

trajectories through the apearatus. Results from the least

squares fit to .the particle's trajectory were used in

positiob at the target and for selecting lead glass_bloéké'

whose energies were to be summed in the event off . line

energy determination.

"As_  a first step, the off-line reconstruction program

sought candaiaate (x;y) coorGinates at stations 1 and 3

(figure # ). It acceoted 211 unique wire chamber triplets

" consistent to 2.2" and a2lso all chamber doublets unless one

(or more) of the members was already includeé in a valig

triplet. Eacn (x,y) coccrdinate was checked to be in the

aperature and screened fo agreewent with the nearest-

hodoscope (0.75" tclezznce).

Track coordinate candidates were created using all

-

vairs of station 1 anéd 3 .coordinates thzt passed certain
screening tests with station 2 counters. 211 pairs were
first screened for agreement with T1 (1.5 tolerancz).

Those :found zareeing with 2 Y2 coordinate (£.4" tolerance)

were then accerted. 211 other possible coordinate pairs’

were accepted as long as neither of tham already
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particivated in a track with a Y2 ordinate.

Using these rbugh track coordinated. -loose fiducial
éufs vere macde on the particle's estiratec vertical oosition
at thé center qf the-magqet (+-2.3") and on the oparticle's »
coordinate 2t the tarcet .(+-5.B"). This .was doné to
eliminatd,x 2s early as possible, Qninteresting track
candicates, GiQen coordingﬁes at statiéns j..ané 3 that
passed thése tests.'a diheér leaet ccuare f1t was done‘to

determlne the bost fit track Uararetors “and tnelr errors.-

© The error matrix- used in tnls Calculatlon 1ncluced the

effects of multiple scatterlng in material between statlons

» 1 and 3.

To check the efficiency of the éﬁéndard feconstrudtidn
routiné;:this experiment relied on the scaen of méhy e&énts
and or the comparison of the standard reconstruétion'sitrack
selection with that of an . almost separate reconstruction

routine (both relied on the same survev file adata).

A measuvre of the overall track finding efficiency would
be provided by using a simple overly ‘efficient
reccnstruction routine to~ ‘recover’ events"failing the
standard reconstruction on éithef or»both aims. If the mass
speétra of these recovere& events shows an enhéncement in
the J/q: region, this provides a rouch measure of thae
stancdard recdnstruction's track finding inefficiency in the
region of the apparatus illuminated by J/% events., - At the

6’0A cettlng cf the magnets, J/W events illuminate a large



@

ke

© © 0 ©

6 0 © ©

)

"within 2.5" of center and its E/P was between §
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fraction of the aperature; at 1333 ampJt. they illuminate

only a sirall (hiah rate) correr of it. . _ s

table 24 rresents a series of definitions thet will be

“t

n

eful ~ in describing the results of tnis recoastruction

inefficiency study. Cne should become familiar with them

.before continuving.

The simple reconstruction routine (referred to'in Table

(Zi)as ‘RO*) used only pairs of 'Y' chamber hits'to detépmiﬁé?.

a particle's trajectory. Pairs of Y cbambér_-hitsf were ;

matched together, extrapolated to the magnet midplane “and '

the event's momentum was calculated. If , on each arm, the
particle's' Vertical positicn at the mragnet midplane was

.5 and 1:12, 

“the pair was considered reconstructed as a dielectron event.

-

-

These cuts referred to as the 'Cb':cuts--_théfcuts_bésed dn
éhe VR@ reconstruction. 10 dgtermine'-én épprbximate

effective mass for the 'cecovered'.pair event, a éalcuiation

was done of the pair o;ening angle. asSuming tafgeildrigin'
cf the event and using Z=2tailead infbrmatiop from Ehéiibte;al

shower spread in the .lead glass. |

The J/y mass resclution achieved with such a simple
reconstruction routine is compareG wita that of the standard
reconstruction in figqure 273 ('MEFGP3' plot as cowpared to the

‘1P pvlot).

.
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A'comparison of the effects of tae 'C' and 3C' cuts is
made in fiqure 2%, C 2nd D. .In both rlots the rass ‘was
calculated using the standard reconstruction routine;. tney
giffer in that 'CY' cuts were arplied to obtain'specffum a.
and °'C' cuts- for D~ The two ress -scectra do.not Eiffer
acteatly; thié agives a nmreasure ©of conficgence in the
effectiveness of,the"CG‘ cuts.

~.The' spectra, relevant to the study of track finding

inefficiencies, are shown in fiqgure 2%, A and 'B. These

- plots .compare the ‘recovered' event mass spectrum to tha; of -

‘the standard reconstructed events. . (A).contains events in -

the 'XT' catagory, those for which a standard reconstructed

track was not found on one arnm. (B) contains 'T1' events,

those for which standard tracks were found on both arms. In

tnese sample ‘'recoverec' evsat plots, as in others made for
this study, an enhancerent in the J/¥J region was

discernable.

-

Not presented nere is the spectrum of recovered ‘'XX'~

track found on either arm.

-

tandar

o]

()]

events, thosz with nn
The nuwber of recovered 'XX' events was down by a :large
factor from 'XT' and no measure of the track finding

inefficiency could be extracted :from so .few events.

From this study, estimates of the number of J/%/cvents
above background in XT and TT mass spectra yielded the
following efficiency values.(l—(XT/TT)): " 95% (608 anp.),

‘N

£8% (&06 arcp.), E1% (560 amp.), &66% (llvy amp.). These
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inefficiencies - in the track reconstructicn can, by and
large, be accounted for by tne inefficiencies -in -the
individuzl counters requireus by the track selection

vrocedure.

Assuming an #li2C plane efficiehcy of 98.5%. one has for
the probability of a particle reg lsterlng as. a chamber

tri_plet: o _' o _ T - '-

Puminer) = gror (235)7= Jqs5¢ - -

* whereas the probability of it registefing as a doublet is -

given by: R r /‘\
= (qxs) (.

P(pousLeT) 015) ’*.O‘-{"f
- 4 &*L&CN
Eoth doublets and triplets were acceotable to th  standard

reconstruction so the =~robaxziiity of an (x,y) coordinate

~

being found at a stetion is then ecuel ta:

-

' P(cOom)wAfc,) = ( Y’(waccj)f P((}ooﬂx’..clf.) X Oﬂ:}: OC{SL

where a hodcscope efficizncy of 97% has been assumed. For a

~track, 2 coordinates and the correct T1 ‘(in the trigger)

were reqguired so: o B
P(TRACK) = 'P'L(Cmrz‘owﬂ‘c) = 0.9¢

Using the value of 94% for the single arm track finding

efficiency, one has for the probability of a TT event:

(omﬂ

VRS 0.3%
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and for an XT event:

2L (.9%) (oc) = 0.1

[V 1]
wvhile for an XX event:

2L (06) 2 0.0036

ot 2"
From these numbers 6ne can see ﬁhat (1-(XT/TT)) is ecual to
§8%; Given the statistical uncertzinties of this analysis,
this’ valué is in agreément with the numbers obtained from
the J/(f efficiency study. : One 4conclude$ that ;.tﬁe_
inefficienéy'of the off-line réconstructid&~wasldud, alhcst'

entirely, to the inefficiency of individual counter planes.v

In addition, XX events are predicted from this analysis to

be down from XT events by a factor of 36, which was roughly

seen in the 'recovered' XX mass spectrum.

Observed track multiplicities (after fiducial cuts) are
presented in Table™25 . There are so .few events with truly
different multiple tracks that track selection criteria are

of minor imcortence.
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MAGNETIC TRAJECTORY RECONSTRUCTiON

Two 1iterationc were made 1in the reconstruction of

C oW

particleAtrajectories.tﬁroUgh“the ragnet. 'fheiinitial pass
was done using a simplifiea megnetic field shape and"e
simple magnet bend plane apgroximation;  'Fef_jthe ‘secend
iteration, a better 'estimate " was made df the partlcle si
average vertical p051t10n in the two halves of the magnet,'

ana the full magnet;c flelc shaoe was used 1n calculatlng

'the each magnet s transverse magnetlc_klcx. Tyolcally, tnls

second iteration had the effect of increaSLng particle

S
.

momenta by about 1%,

‘Using the downstream reconstructed track 1nformat10
first order ‘caleulations were done ef  the particle's
vertical prcduction angle (TiY), its-magnet.bend angleu(THB)
and its horizontai rroduction engle (THX);~ ' These

calculations were done in the single wagnet bend plane:

1

accreximation , assurin

(18]
H

-

a magnatic field shape independent

cf x and y. Since no particle detection is done before tne

.magnets, all particle trajectories were assumed to originate -

1}

from y=9 at the target. o o - . .

Based on these THY, THB and THX starting values and
using the knowledae of the magnetic field variation along
the beam direction (z), one can do an analvytic ealeulation

of the particle's averags y position value in the upstream’

{(Fl(rune ?—1)
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and downstream halves of the magnet.»‘ihesg Y values’;ere
then usea, along with the full (x,y) transverse magaetic
fiela shape, to evaluate particle momentuxm kicks in x and vy
fcr the two magnet halves. A new ecifective kend plene, TdY,
ThB and THEX were recalcﬁlated ans the particle momentum- was
evaluated. The horizontal (x) momentum kicks were used to
correét for the siight' horizontal bend of .the .particle

trajectories in the magnets (+-8.5 rr.). ' T B _lv’

- O 3

in the o%f line analysis, the mu}tipie %éatéériﬁéiéﬁd-'
measurement errors mace in» the downstreah_ Eéconstrdgtedl
track vere ‘propagated through thé reéohstrﬁcfidn' iﬁwnfhe"
analysié magnets. This was done to'providefé_cbnsiStent

overall event-by-event error analysis for the data.

N .
. . L]

e D BN L e e - ————
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EXPERILENTAL KESOLUTICH

M

‘As daiscussed earlisr, thne off -line reconstruction.

routinz used hit ordirates ‘descod2d*® »from the MUPC ond

hodoscope information to determine particle trajectories
through the apparatus. It is-the purpose of this section to |

outliné, 'in, some detaili, the _methpd for doing the .LeaSt -

squares fit to tne track coordinates and:for-calculating-the

are shown which present the calculated momentum and mass -

resolution calculated through such a procedure.':

The mcrentum is calculated through use of the folléwingﬂ

eguation:

T
P= =a

where

22.Y] —2).Y3 - (z3-2D Vg

Zh (23 -=21)

Figure 79 defines the terms appearing in both equations.

Knowing the error in 'C', the magnet constant (6.3%),"in

'1',’' the magnet current (6.3%) and in 'Td3', the bérticlg

bend angle, one can estimate this experiment‘Sa-moﬁentum

resolution.

errors on the :fitted track parameters. .After this, figureéﬂ.‘g
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Th2 error in THB is due primarily to ecrors in the
fitted Yl.and Y3 velues. .These errors include both finite
resolution ana multiple scattering eifects. Since tnere .is

. i ] (TadLe 2¢)
little meterial in tine beam before station 1, nuch of the

multiple scattering error enters through the Y3 term in thne
above expression for THB (NCTE: not shown in the drawinq of
figure '3 is 2 helium bag, placeo oownstream of tho nagﬂets,

covering the aperature from the maonet ex1t to statlon 1).

A proper determination of a particlé‘e tra]ectory
shovld weiagh 'each track coofdinate with 1ts aoproorlatp ;4
“error, in pevforming the=fit.‘ Multiple scatterlng effects'
iﬂtfoduce into the error' analysie ‘important eorfelatieﬁ
terms that should be treated in a syetemetic wav.: To
provide a general frarework for this stuay, an appendix hus
been included in thlS pozper to cutline the general methoa‘of
_least squares ana1y51s when correlation error terms are eo

lohger negligible.

As>one can see frcm the appendi%;. kncwledge of the
form of the error matcix, E, for the problem at hahd, is of
fundamrental importance. Ignorinc the multiple scattering in
material before stetion 1, th2 multiple scattering part of

the error matrix E will have the .followina approxiﬁéte form:
_ Yi Pl Q1 Y2 Y3 F3 Q2
yi [ O | '

el : O |
EEI«s - Q! e, . o
c I K K K
r - ‘

Y3 K L. L

P3 K L J L

63 K L N

I L I T . LR . L T -~ - wee e
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waere

IT=6,.072)

J: G (Y3)Z O (m z @JQ;)

£ - Tns (Y2¥3) % . (yz P3) = Grs (Y2,03)

L= O (V3 P3) = O (¥3,03) = Ons (P3,¢3)

. | G-MS'E o CHULTI rre. S CA‘T-'—CH H'JC—) _
The full error matrlx inoludes 211 these terms, plus

e¢ditional clagonal terme to take into account the finite

cnamber resolutlon-

viPLo G y2 Y3© P393
vi /G,{(w) T \
b " Cﬂ:(fl} . '-f<::) L

.Eidps = : . .
| gale)

where 'Gp(cS)' is the finite resolution error of chamber 'c'

at station 's' (see Table |9),

The multiple scatterins sicrmas are defined as follows:
for thes material in the beam at station s (either station 1

or 2):

e, (YA, ) = O_EP'_S) (_%A %5)(%6 z—s)

&

and for the air gaps batween positicns Zs ana It (between

stations 1 and 2, 2 and 3): :
' 2T

. N T ﬁl ' . { ."“ ‘A; :
GUMSCYAJYG) :QQ—%LS) J—LL—;YL o S dz (%/‘f‘%)(%ﬂ 2)

),
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where o
L= 2T-259

: 3
O_hg(fA,\f/’v) = 67*5(7"\’)
“ine E matrix elements must be evaluated for the material at
both stations 1 and 2 and for the e2ir separating stations 1

and 2, 2 and 3. After this is_done. 2ll .contributions to E

‘are summed. The calculation of the multipl scattering

terms is a bit teolous ana the results are as follows:

(g o+ m/n_)

{1

PL ( 7@,; + '-’,L;Uz/—)_ »-f- tZ/’-{- + 123/(2)

]

T=.
J
K pw- (tl/z + 5k|1/2%> _ _

L = e (A - TR A tz/L,L f—tzz/:z)

vhere:

- TAL
A A T RAT AL AT STRIION A

W

F o= (0.0154" (%3~ =)

The unusual fractional vciuesz are due, in large part, to the"

common factor 'F' extracted T cacn term.

Hh
~
(o}

n

The knowledge of £ sermits cne to evaluate the best fic
track parameters ('A* of appendix 1 ) and tﬁeir er:ors
{Cov{a) of the =zame a;cendixs. XKnowing these best'fit track
parareters and their errors allows cne to calculate track

related gquantities (such 2s the momentum) and their

assocliated errors.

MATe i AL RTwecw sm*moaus A ato (m F/z»c, or QL )
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As a matter of course, thz standard off line
reconstruction verformed a track fit and calculated the-.fit
tarareter ecrrors, essentially as ountlined 2bove. Fiaures 3

and qi, rezecectivelV, present this reconstruction rovtine's

estimate of the momentum and mass resolution achieved in

E288 and E454, for events of the dielectron samnle.

b
. -
v
. -~
-
- .
r.
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LEAD GLASS CALIGBKATION

Two'types of special Gata were used Ior calibrntion of
the leaé¢ glass arrays. Fuoa calikraztion (done once every
two days) proQided information used to eqgualize the gain of
each lead glass' block with respeét to those directly. in
front.or‘in back of'it; A‘relatively puré mﬁonﬂsampié'wééu
obtained by'reﬁoving the target and allowing the incident.
beam to interact éom'pl'et.etly 1n a tungsten .beam dﬁmp _2.1‘

meters downstream of the target position.

Electron calibration (done once every week) providad
data used to absolutely czlibrate the lead glass érrays._

For thié calibration, the sample of electrons in the beaw

-@‘).@ © ® 9 ® © 0 ©4y9 ©

was increased by use of 2 wider copper target and by the

insertion of copper .foils (15-45 mrils thick) into the

$

eperature, 7 feet downstream of thne target. The tnicker
target and thin foils served to 1increase the arount of
. material in the aperature, to convert more gemma rays into

e+e- pairs.,

MUCN CAL}EEATfO&: "For 2 fixed incident trajectory _with

respect to lead glass, a muon will deposit a constant amount
of energy in the block, regardless of the ruon incident
eneray. 135 MeV was assumed to be the muon ensrgy deposit

in 15 cm. of lead glass (block sizes were uniform to 1/2 3)

a-oei‘)@e@@u
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In muon callbrat1on, the trigger was set to illuminate
the half of the lead aglass block most distant fror ‘the
photocathode; hicstcgrams of digitizea pulse area were rade

for each Dblock. Analysis of these histoqrams, oa-liane,

orovided a means of adjusting high voltaces to equalizc=lead

glass block gaiﬁs (to +-19%). This same -Jata served to

wrovide finer individual block gein corrections off-line,

Revetition of one muon calibration after ancther served to

check reproducibility of muon gain values measured by this

procedure.  lMuon medlan channel values were reoroducible
- me}
»“Mk) }&, ﬁAﬁ ﬁqu
Lk ay‘\y p i ®
13 [0

To measure

ins

normad’

measu

‘fluoctuetions in gain were reasured over a one month time

pericd.

ELECTRON CALIBRATICN: Contrasted 'with muons; ‘elecﬁrons

deposit all their energay in thz 25.8 radiation dengths'bf

lead glass, and so their measurod shower enarqay should ecqual

their incident momentum (E P) Plots of E/P, which-wefe

- made wusing data with enhanced electron beam, showed a -

prominent peak near 1.6 (figure 30 ); Each set of four

blocks (in a row, aloné the beam direction) was calibrated

by multiplying their calibrationlconstants by a factor that‘

——

would center the set's electron peak' at 1.0. Thesa

L e ere ey Nwemeenr kg amun - e Toaane . [

cnd )
l»hﬁﬁﬂLV“ cf*”d i

, \a )
he muon: enerav dep051§ -leaa -glass
were increased by a factor of 23 above
The 1linearity and gain of each diqgitizer was

(@ for both the norzal and high gain setEings.~l+-Q:5%x

- ) + .
g e e et g



0

¥

i

@

@ O

@
)

@ ©

2 © 0 0 9,0 @

Page 14

corrections typically amounted to a few percent and veried

by 2-4% over the experiment's lifetire. The weekly 2lectron

.celibration runs provicded dats for adjustment of  these

corrections with time. 1In addition to providina absolute
en2rgy calibration, this adjustment roughly corrects for the
small amount of energy .lost by electrons in the 2.3

radiation lengths of lead :before the arrays.

JIn using lead glass to measure the energy of showering
particles, corrections must be made for lignt attenuation

effects. The <closer the entering particle is to the

-

photocathode, the greater the measured light output. The

correction factor used to adjust for this effect is plotted

in figure 3| . This curve describes an average behavior of
thé»leadiglass in the arrays. 1Individual sets cf 4 blocks
typicaliy deviate from this aberage behavior by less_than

b.5%.

Even with this correcticn, the lead alass resolution

" degraded significantly when the entering varticle passed

: . ¥ A
iotocathsce., his was probably due

[¢7]
s

within 5-7 cm. o¢f tnh

"

e
to energy leakajes out of the glass. ( .For this reascn, a
~ . )

fiducial cut was made on tane data 6.35 cm. from the outer

edges of the array.. Honte Carlo results (356 ) from the
simulation of 20 GeV electron 1initiatea showe:s‘ihdicate
that 97% of the electron shower energy is containzd within a

6.35 cm. radius.

} /
27 hee
"a()f )Ye (LI"
Srges caud
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‘LEAD GLASS ENERGY DETERMINATICH

S

To accomodate the long rise time of the RCE 9"55
rhotorultipolier tube. the .lead class digitizer gaﬁe;was sét
at 276 ns. and so it extended over 13 accelerator -RF
buckets. buring this time,~thé lead.glasé_was 'bpenfhtb h
seCOndary évents'that could shdwgr (pile_hp) iﬁlfhe.ieéd .

glass after the triggering particle. This possibility made

lead olass blocks to calculate an . event's caloriﬁétéf

deposit. In the off-line analysis, the reconstructed track

faé determined from wire cnamber énd hodoscope inquhatiéni
was used to select those blocks to Sé included in the event
ehérgy determination. Circlesz were traced éfound the ﬁréckf
at the ;ea;'of each lesa glass laye;,‘and ﬁhe pveriap of:

these circles with leag glass nlocks selected those blocks

included in the energy suwmaticn.

.For these circles. radii of 3.8,3.5,3.75 and 4.9 inches

_were chosen (For layers 1,2,3 =2nd 4 respectively). These

radii gradually increazse to accomodate the expanding .
particle shower and will be referred tc as defining a 'cone'. %

about the particle trajectory. Comparison of this radii set ff 

with others was done and the results are shown in figqures 37—{

and D3 ,for two different momentum ranaes.
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:Figure 34 provides information on the lateral spread
of electron showers in the -lead qlass;4 The cﬁrVes.present
the fraction of layer energy deposited in a }single leaad
glass block as & function of the én&éring .particle’s
aistance from block ¢enter (the center of tane distribution§
corresnonds to block center; the 58% point aapearé at thne
edge of the :bléck)". The change in shepe of the cu’rves,.
going ftoﬁ momenta of 26 to 40 GeV is élight anaé did_not

merit the use of momentum-dependent radii.

The chosen set of radii included (9§+-1.4%) of the

electron shower energy.. A study wes made to determine tne

fraction of energy deposited outside this cone as a function

~of E/P. Results of this stddy'aie shown in figure 325 .

They inﬁicafe that és E/ﬁ apprqaches 1.6, more 6f the total
event energy is included in the electrén showeEAcone. ‘The
nadrons ciose to E/P=1.0, bpassing electrén ~longitudinai
shower cdts, seem rather similar to belectrons. in their
transverée shower dirmensions. Cne concludes that, using the

present radii set, this experiment's hadron rejecfion would
not be 1improved by cuts on ths transverse size of a.

particle's lead glass shower.

As'intéhsity'increases and spill_éuality-wdrsens, one
expects an increase in lead glass energy pile uo due to
secondéry avents showering in tha glass withiﬁ 273
nahoseconds after the tricgering perticle.  The cffect  of

this on the dielectron data can be judaed from the values of
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Table 2= . . Presented are average E/P values for 493 GeV
dielectrond, wh2re the datez has been divided into 4 bins of Jﬁ}
NDN and INDUTYx NDN. Severe pile up problers 1in tﬁelggta
would be reflected in a shift of tne avéraée E/P upward,
going trom low to nigh intensity, or from good to bad beam
quality. No such shift is observed. The actual plots from
which these numbers were taken are shown_jq figufes '3§ and
.33? . The percedtage of enerqy‘fouqé qufside the-éven£~
cone, in the rémainder of the 1éad glas; bloéks, isiplobtédl
in figure 3% , for the 490‘Gév dieiectroqs:(this percéntadé
was calculated relative toffhe evéﬁt's éone ehg:gf)fﬁ Atﬁ
each current setting. lead glasé bﬁckgrodnd’iéveié'a:e:law;i

Y ',.i

A check on the absolute energy calibration of thes lead

glass, and on the energy determination procedure can be made B ;)

.uéing the clear signal of the J/VY particle," Presented in

table 23 are average E/P values for J/¢Vévents;for each arm

of ths spectrometer and for magnet settings at which J/L{)

- acceptance was adequate., Providaed also are'J/¢ mass values, .

calculated using tna events 1lead glass énergy and Ehe

reconstructed cair opening angle.

o mmtmmm s et D L Smawmene 4 T T e @ mmRT Lm %o o Sy O T e s
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LEAC GLASS RESOLUTION

Test becam datd. teken over a2 renge of enercies frem 3.
to 75 CeV, waes used to determine the validity of the.

following lead glass resolution formulaA('Sf):

T Fwttn= 1S

{O

- Of particular interest are the data points for. 53 and 75

GeV, which were measured using thics experiment's large lead

glass blocks, stacked as in the sprectrometer arravys.

In practice, all the benefits of thais lead glass
resolution will not be realized due to random errors
inﬁerent in thé calibration procecure. _Using estimates of
calibration errcecs <iven in ths section on lead Aglass
calibration, one can calculate a predicted resoiution-of the
lead glass by folding known errors in with the published
resoiution formdia. Values for this predicted resolution,
along with values calculated from the publisned formula ére
shown in Table 29 ., one sees a 20-39% resolution shift

over the 20-3u GeV momentux range.

LE3 I B ks T Coa. ¥ISe . - ~
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A measuvrerent of tne actuzl lead gless resolution was

-~ 5

“made, using an electronn enhanced beam and studaviog the

variation of the electron p2a% width in E/?2 histocrers with

0]

nergy. The cesults are shown in the s2me tzable.

Q

momentum region, but not in the low.

There is

cod acreerent with the predicted resolution in tna high
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Longitudinal Shower Development
One of the handles we have in identifying electrons is
that they show a characteristic longitudinal shower devélopﬁent.
We make use of this by sampling the shower four times in the
~four layers of lead glass. This ;;;;;:ax,will discuss how
cuts were arrived.at to discriminate between electrons ;nd

-

hadrons. We will also discuss whether we have made the .

optimal cut or not.

To look at electron showér deveiopment, we must fi;;t
isolate a sample of electrons. This is accomplished byta
subtraction technique. We take a run in which we enhance
the number of electrons by using a wide high Z tarxget (Cu)

~ and;inse;ting a 0.015 in. foil in the secondary beam. This
results in conversion of ¥'s from 7° 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 Ei/E {(where Bi is the energy in the ith layer, and
E = total energy). Histograms were divided into lead and.no

lead and into momentum bins. For each momentum bin, we

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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be affected by the lead. This same normalization is used to
.subtract the Ei/E distributions. What is left after the

subtraction are the various electron shower dlstributions for
each momentum bin. See Flga;égﬁ¥or an example of.the sub-
traction. Note that the E, /E distributions all have a E/p
"ecut applied to enhance the electron sample. The subtracted‘
E/p dlstrlbutlon shows how good is the subtraction method
given sufficient statistics. n f-.."; ;‘A':i¢~

Our first set of cuts was determined by cutt?né 5, 10,
20% into fails of tﬁe distrihutions. These cuts were then -
plotted as a function of moﬁentum. A linear fit was used:

'\ ecut Ei/E: c,’ = AP+ B . .

Due to the way electrons shower, El/E' Elz/E cuts were lowe;
limit cuts and E2/E, E3/E, E4/E were upper limit cufs.

_Since cutting at the tails of distributions ihvolﬁés
large statistical fluctuations, we developed a second set
of cuts to determine the coefficient A; better. This involves
plotting the median of the distributions as a function of
momentum. Bi is theﬁ allowed to float depending upoﬁ the
efficiency desired. | | »

The cuts that were in fact used were_El/E, Elz/ﬁ, E4/E.
A look at the E3/E distribution shows that the background is
flat even under the electrons. To maintain high efficiency,
the E3/E cﬁt would not gain much in backgrouhd rejection

since it has a relatively long tail.  The E2/E cut was not

used since the information is carried by the El/E and E,./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

E/p plots. The number of electrons is determined by subtracting

E/p histogréms with and without the lead filter in. The elec-

trons are defined as the number of events in the region

0.90 < E/p < l.lo;left after subtraction. We do the same

thing again but this time apply the shower cuts. The ﬁumber

of events remaining-after'cuts allows us to calculate fhe

efficiency. The efficiencies were calculated for several

=

momentum bins 20—25, 25;30;'> 30 GeV. ‘There was no momentum
dependence to the level of ¢ = * 3%. )

A study on the question of wﬁether we have the optimal
signal to background ratio for a given efficiency was made.
The background was defined in a region below E/p = 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 signél to background of about
10 + 5% could have bsen zotten if our cuts had been optimized;
A minimal gain at best.

The efficiencias and definition of the various cuts used

. . 22
are given in Tabls #V%.
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JNTENZITY: LIMITATIONS AND CUTS

Several monitors were used durino the couvrse of this

experiment to measure beam intensity and chack thz quality

of the accelerator spill structure. - The !SEM measured the

" number of protons incident on’ target. NDN was a three fold
coincidence of scintillation ccunters that ‘moni;oredﬁ'the'

relative number of target interactions per spill and was .

to the T trigger (either TU or TC). Its pair rate (TUD=TU

. TD) was domrinated by accidentals. ‘Scztter plots of the

ratio (TUD/NDW) for TUD in and out of time'showed.TUD to be

-

more than 99% accidertels a2t 211 magnet settings. INDUTY

Iy

(see appendix on Induiy! was czlculated using the T trigyer

rates (TUD*N/TUXTD) and 2rovided a pulse by pulse monitor of

spill cuality.

In addition to thasz pulsz dy pulse monitors, a time of
f£licoht module, whicii wz= started and stopped by incependent
counters viewing thne beam, provideéd a visual display of

bucket to bucket spill uniforrity on a- PHA (figure I i. 'A

storagz2 c¢scilloscope (whose input came from a T8 cbunter)

was used to wmonitor the spill macro structure (figufelo ).

In cases of poor beam cuality, accelerator controls peoplé

were notified, and major oroblems were usually rermedied by

‘judicious tuning. In E4S4, an air Cereankov counter w=as

w

%
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installed in the beemline, before the targst, to measuke,
event by event, the relative number of protons pér bucket;
An Amnperex 56AVP photomultiplier tube was used and a special
voltage divider was désigned for it to ovrovide ‘low czin,

fast risetime operation. Since this counter's informatior

‘was not avablable .for & «significant fraction o¢f the

dielectron running, no cut were made on this counter's pulse

height in the final'analysis;

A.desifable runniﬁg intensity for thisAexpgri@ent woqlé
be one at rwhich accidental pair backérohnds éré not
overwhelming, the boosted tricger cdﬁn£ers do nof Saé,NEWPC
aﬁd D.C. logic dead;imeé are smail, tae number of_secbndary
showers in the lead ¢lass is low. 'andh‘the oif-line

reconstruction of events is relatively unambiguous.

Consideration of these fzctors, along with a off-line ‘scan

of many events yielded the following practical rule of
thumb: at each mégﬁet setting, increase , the incident

intensity until T=1.0M counts/second.
This general rule of thurd was not always followed,

neither by the experimenters nor by the Fermilab

.accelerator. The intenzity did fluctuate durings the course

¢f thz dielectron runnind. and this secticn will discuss tne
eff.écts of this on the data. A summary of an intensity
study is presented in tables /2 through /¢ . All the data
has bpeen dividad into 8 intensity biné, Geterminad as

follows. For each magnet setting. & histocrar of KON was
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' mede using all the scaler events of the 469 Gev E28§ data,

gLach histogram (on2 for each curreat) h=2d its own averace

NCM  velve (AVCG) end standard deviation (8D). The 8
intensitQ bins were race upg, using these average values and
cutting on ﬁultiples of tne standard'deviation. “The bin$ go
from 31 (NDN < AVG-2xSD) up‘to £8 (NEN >VAVG+4xSﬁ). The use

of a2 current dependent avarage and standard deviation .was

done in a .crude attempt to normalize the current settings,

one with respect to another. It-was.hoped’thét dqing this

would make general trends in the data more obvious. -

. Some typical counter rates and track multiplicities

fiducial cuts) are shown in Tables IZAihrough'lc ,.ffqr

various currents. The E12 T/El2'entfies_give the fraction

-~ -

of "the time there was more then 17 Gev in the first two lead

glass lavers (El2) and =~ =23zccizted track (T) was found by

the off-line reconstruction orogram. XX, X1, 11, ... ‘are

track mgltip;icity desiﬂ:aéiona:
1. XX=no track cn =ither arm
2. Xl=1 track found
3. llfi track :fornd on eachiéym

4. etc. - ' .

(no

>
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These track multiplicity entries are pepcentégeﬁ
calculated relative to the total numéer of events found with
gocd pair logic bus bits. The 3NDNBY entries give the
fraction of the E288 440 Gev dielectrcn integrated intensity

in eech of the Table's intensity catagories (E494

intensities.were, on the average, lower than those of E286).

Events used for this track study were taken .from compressed

electron data tapes, which means that all events have

already passed certain loose electron shower cuts on both

. arms (Table 2}).

One can use the values in the tables to estimate

inefficiencies thaet may have arisen during high intensity

running. One :first notes that above TUD=16€K, the fraction-

of (XX) and (Xl) events seems to increa;e.' The numbers
suggeStE a tréck finding efficiency dropoff of 16%° aSove_’
TUC=1H6K, incfeasing to 20% above 355K TUC. For ali magnet
settings (excegt 1308 amp.f the fraction of data éfﬁected by

these inefficiencies is less than 18%.

Verification that dielectron yields rémain.constant at
various inﬁénsities i diffiéult to achieve because an
increase in éccidéntal pairs at high intensity may‘ mask
charged particle detection inefficieacies. ._An ‘E494

intensity study (980 amp.)'of.siég;e arm electron vyields

showed that this yield decreesed by 2% ebove 263K TUD and
that it hed fallen off by 30% above 553K TUG. ‘ihis is in

rough agreement witnh the track finaing data commented on
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fror Table .

J/q events vrovide a Gzta csamole domin2ted by
correlated peirs. sc & olot of J/Y yielé vs. intensity
should proviée a monitor of this experirment's efficiency.

Such 'a study is statistically limiteaq; at each magnet

"setting there are not enough J/Ly events to ,adeéuately
explore the high intensity fegions. AIndeed at 1322 amp.A‘
(the sétting at which this experiment covéredAits-greatest

range of intensities)i. J/q/acceptance was‘sblléw’fhat,noi

study of’tﬁis type could be done.

All of this notwithstanding, the 488 Gev J/qzyiéld'data'

for 688, 8062 and 1103 amp. is shown in figure /.  Note
that each magnet current corresoonds to a different average

intensfty.and 2 different reaion of J/q/illumination of the

"~
0

2

n

appacatus. For these
accoréing to magnet current is desirable. Plotted are the

numbar of J/% events zer NDR2Y vs. BA/A were A represents

one of several beam gualitv monitors (KDN (=¥)i. .INDUTY (=I),

CMLN IKDUTY (=I K)). 1.. on thz horizontal scale represents

the point of average NODN, INDUTY or NDN*INDUTY .for a

particular ragnet setting. Each point._in' the  plot

represents 23-3¢ J/Ir events and <=0 has 26% statisticel

error,

While the scatter of date points in this plot is too

creat to draw firm conclusions about efficiency changes on

the 20-30% level, the ‘rather random scatter of data points

ong. the division. of the data
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about 1.0 sungests 2 relatively unifors J/Y efficiency over
the limited ranjge of oeam intensity and srill quality

displeyed.

Given the previous indication of a slignt czégoii'in
electron yield at higb intengities, loose scaler cuts were
rmade oﬁ NDN, IKDUTY and NEN¥*INLEUTY. Their cut leyels were
determined by histogramming M, I and N*I for the entire 452
Gev data sample, er.thé various magnet settings, and Bins
for the data were made up using the averéges and étandard
deviétions'measu;ed fror these histogramé. ' These averace
and standard devietion values a;e given in Table 2?14 ‘The
final 'scaler' cut Was done by eliminating daté falling
beyond 'the- averzge plus 2 certain>fixed.‘multiple of the

£

standard deviation (Teblel™), The nurber of events
ST 'scaten’ : ' ' o
eliminated by these cuts is given in Table 9 .

(4]
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Monte Carlo Calculation of Acceptances

s A S etid

{ In the calculation of cross sections, one must correct

~ the datz for the finite probability that an event will be

seen by the apparatus. This probability is commonly called .

Mg, .
U T X T LY EE TR (TP ST T TN N S I P

the acceptance probability of the apparatus or jUSf the

I

acceptance. We begin with a general discussion before ve
- discuss the specific case of this experiment. '7','.': -8

Let

o]
=z

F

number of events observed in the interval x. to xj + dxi .

Qs
Q

differential cross section for process in question ,

H2

(xi,xj) = differential probability for various apparatus ' _/?
effects not related to geometry. It is the probability
for a particle to be broduced with parameters X and
be observed with parameters xj to xj + dxj. X5 and xj
Oﬁw constitute a complete description of an event. ' .
405%<’ A(x.,x.) = 1 if event is observed , - | o "ivf

X = 0 1if event is not observed , . C e

ol \ ,‘
kﬁﬂ n = normalization factor (i.e., flux) . o e

"
VR A aNn_ _ do_d9 . . -
'Q‘ dx. n dxi dxj (xi'xj) A(xi’xj) dxi !

where the integral is over the production variables to také

into accocunt the various uninteresting apparatus effects -

(i.e., multiple scattering, axial symmetry, resolution effects,

etc.). If there are no apparatus effects, then as 5(xi—2j) .

dx.
J.




an_ _ 'y 8o ' - -
dxj n A(xj) dxj ,

where the last equality defines the acceptance A(xj)(O ; A(xj)
< 1) and n is a flux factor. ) <
A(xj) is the probability that an event will be observed

at x; if we integrate over the x;. In general, the integration
to obtain A(xj) is difficult if not impossible to do =
analytically. A Monte Carlo technique is used.

11%%—-particles are thrown in the phase space X5 and
i

" we ask how many are accepted: dN/dxj . The acceptance is
then the ratio of accepted to thrown. -
The models used throughout in this experiment have been
various J/}y production models. As in most models, we assume
that the invariant cross section factorizes into a Py and x
or y distribution. BAn event is thrown with Py and x or y
and is weighted according to the cross section. The J/$ is
then'allowed to decay. Various moclels of the.production and
decay of the J/¢ have been looked at: the helicity and the
Gottfried-Jackson frame with flat and 1 + c0529 distributions.
The decay products are then traced through the apparatus.
The target interaction point is thrown to allow the inter-
action to be anywhere along the 4 in. target. Bremsstrahlung
loss of the decay electrons in fhe 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/y. The particles are then bent into the
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detector épparatus. At the 80 ft ;tation, we include an
effective multiple scattering as the lepton passes through
the detector.

| If-the lepton pair is stiil in the apparatus as fé} as
‘the lead glass, we then reconstruct the event exactly aé wé
would with real data. The resolution of the hodoscopes and
wire chambers is included in a constrainéd fit'of the track.
The track is then traced back through the bending magnet with
the constraint that the track pass throuéh the center of the
térget. Various quantities are calculated'for the tr;ckst‘
momentum, mass, Pyr Yo X, etc. |

Fiducial cuts are then applied to'each'track. If thev

event passes, it is histogrammed as a function of pt, y
weighted by dc/dptdy . The ratio of the accepted histogram |

and the thrown histogram gives the acceptance as a function

of Py and y.

1 For the mass acceptance, we throw J/y with various
masses and integrate over py- The distribution of .thrown

events is given by

d_zg_

n dmdy

" The accepted events by

2

da’N
dmdy
The acceptance is then given by
' 2
d ncd
Alm,y) = g/dm v ]
nd“g/dmdy
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NORMALIZATION

The following oroportion=lity is assered to hold:

ag(r) _ S )
MUNEVTS Tt

1. © (R) = cross section for the reaction

(R): p + Be— e" +. e + X

e

2, MNUMEVTS = Totai number of events in.4lI
solid anglé. This is the total number

of observed events, multipiieé by correétion.
factors -for acce?tancé, tricger and track
finding efficiencies, off line cut

efficiencies and electronic's dead

time.

jomrt
[{:]
(¢}
3

A d

3. 6 (N) = nucle2:z (or nucl

cross section,

4, 1 = Total integrated intensity on

target.

5. f = fraction of beam that inter-

acted in the target.
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[3

Several elements are involved in. the calculation of the

final cross section and it would be best to discuss them»one'

_at a time. The estimated error in this exneriwment's overall
norralizaetion is +-25%. A large fraction of tnis

‘uncertainty is due to model dependence in the2 acceotance

Monte Carlo.

- ACCEPTAMNCE: ‘The acceptance 1is a model dependent

v

correction (see section on Monte Cazrlo) applied to the data,

which allows one to estimate the number of events that would

have been observed by an experiment subtending the full 47T

solid angle around the target. Since cross sections are

usualiy | steeoly maliing " in behaviocr, significant

bremsstrahlung, multiple scattering and apparatus resolution

effects should be includad in the acceptance estimate.’

to

remsstrahlung effects tz=nd tc ste2pen mass spactra, while
tne 'smearing' effects of a finite experiment2l resolution

tend to make them more gentle,

TRIGCER EFFICIENCIEY: Smecial runes teken with Jbose

tricger regquirements were made to reasure the 2fficiency of

each trigg2sr counter. The results are presented in Table<:;:;7

TRACK FINDING EFFICENCIES: The off line algorithm for
: e

track reconcstruction has elrezdy been described and its

efficiency estimated. It will be assumed to be 160%

efficient, since the .fraction of locst tracks 1is well

explained by the inefficiencies of individual ccunter arnd

)

0
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cnember planes.

OFF LINE CUT EFFICENCIES: _The electron vield observed

in this erperirment rust be corrected for electrons lost to
cets in the -off-lire analysis. These cuts were made to
improve hadron rejection (E/P and shower cuts), to eliminate
evénts n2ar the outer eda2s of the aoperétus (fiducial
cuEs), to eliminate out of time triggers‘(TCE informatigny:

to .cowpress'(iata_ off line (Table 2| ); to eliminate_“daéa
taken under bad .beam conditipns[scaler Abuts) and >td

dunlicate cuts made in tne acceptance Monte Carlo (rapiditg;

.cut). .The efficiency of the shower cuts 'is presented in

$able'11-. The E/P cuts are close to 16g% efficienf.(see;

figure 26 for dielectron E/F plots). Thé number of events

eliminated by the scaler, TCF and rapidity cuts are given in
table 9. 1Informaticn ¢~ the fraction of evants eliminated
py fiducial cuts (for event pz2ssing loose electron criteria)

is presented in Table 2.

ELECTEGNICS EUSY TINE: This was monitored bv scalina

"NLil with and witboub z 'syster busy' veto. Typically the

ovefall axverimental dezitimes were kent balow 18-15%. The
system busy came from 3 possible sources. The electtonics
covla be ‘'dead' either because it was proceésing an gvent or
pecause it-was shut oftf by a spill 'spike'killér‘ or an SCR
noise killer. The.'sgike killerf gated oifif tn2 experi#ént
¢uring high intensity spill periods. It waé sloQ and

required on the order of 1€2 accelecrator RF buckets to turn
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NUMEER OF INCIDENY PRCTONS: ‘This was mea

“excerirent's .3Etl, fThe reliability and stability of such a

device ancé the wvalidity of its abcsolute calibration are

discussed ir an earlier section,

FRACTION CF BEAM INTERACTIKG IK TAKGET: The incident

intensity measurement (SEM) must be corrected for -tha

fraction of beam that does not intercept thé'thin Be target .
ané for the fraction of the beam that traverses tne target

and does not interact. The fraction of beam that -does

intercept the target was measured by using a wider Be targat

(0.363”), and measuring ‘the ratio of thin/thick.tatqet'rates

as determined'by.NDN. This counter rate ratio was typically

»

65%.

The seconé target relatea factor corrects for the

fraction of beam that passes through the finite .length

target and does not interact. 1In ths case of a target of

lenyth I, width W, vacticle exit angle A zné absorbtibn”

-

length &, the interacting fraction is:

(l— ExP (- (L+¥)/A)) Ex?(ﬂuA/za\f'(uvid)EMﬁGQﬂ

For narrow targets , this reduces to:

( (- Exe (—_L/J\)y

or 24.2% for a 4" long Ee ‘target.’
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for target skewness along the beam direction.
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T 9
 Accidental Background Determination
Se cTakd .

This zppprdiz will describe how we have determined the
accidental background in our data. We first define what we

mean by accidentals. BAn accidental event occurs when two

-protons in the same time resolution bin of the apparatus (in

our experiment this is determined by the rf structure of the

accelerator: 18.9 ns) interact. One interaction sends a

- ~:

particle into one arm and the other into the other arm of

A -

the spectrométer. Our background arises when thesemtﬁa

uncorrelated particles are identified as electrons._ There

is no Qay to distinguish this from two particles from the

same interacting proton on an event by event basis. We must

)

- resort to determining the background integrated over the

entire data set.

The shape of ‘the accidental background is obtained from
pairing uncorrelated single arm events (i.e., events which
trigger one arm of the spectrometer). This "pair" event is
required to pass the exact same cuts that the normal pair déta
rmust pass. The number of events gotten this way goes as the
number of single arm events squared so statistics are not a
problem. This spectrum must now be normalized.

Let Ny N = counting rate of counters U énd D in time

interval T. U and D are uncorrelated. |
t = time resolution. .
Then nit/T = probability of i counting in time.interval To'to \‘L]

T +t.

0
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UD coincidence rate of counters U and D
= nUt/T . nDt/T - T/t S
if uniform counting rate throughout time'intérVal
T/t is the number of period t.

I1f the counting rate is not uniform (dn/dt not a constant)

‘e

L)

the effective counting time T' is given by
T = nyhpt/oyp -
Define duty factor

D =T'/T.

The electron accidental pair rate is then given by

-_— [ ]
Cup T ?UeDt/TA_A.

= ¢t/T - eUeD/D

for time interval T (i.e., beam pulse). The single arm
electron yield e; was calibrated per NDNBY (= N) which is a
measure of the number of interacting protons. The duty

factor D was calculated from the coincidence Td' TD' TUD .

TUD was mostly accidental since there were a great number of
uncorrelated hadrons going through the spfctrometer} The
: @]

rate constants found are given in Table XX¥I%. eyp Was sumrmed

pulse by pulse for the data set presented

EUD = I e

UD

The spectrum of pair events is then normalized to EUD events.
I

The number of events is given in Table %#%¥. We note that

‘most of the events will be in the low mass reéion of the

_spectrometer. This normalized spectrum is then corrected

» .
L.-..._-.- - e -
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for acceptance and flux just as the normal pair data: As
explained in Appendix IX, the model used is thé»J/v
production model.

The differential cross sections for the two energies L
are given in Figs. 25-26, where the smooth curve is the

N -
accidental spectrum. The figures show that'gz’the J/§ and

' fegion, except for the resonances, everything is dominated

by accidentals. Table XI gives the number of accidental

“events expected in the J/§ and §' region. - - -

We note that the accidentals go up with current. This

is due to our running.at highex intensity for the higher

currents. The accidentals go as the square of the intensity )
bﬁtAit is dominated by the low mass region. Except for 1100 a, - ﬁ".;
the accidental background is very low. If we assume everything

away from the J/y and V' is accidental, Qe get‘a seconq'

normalization of the accidental spectrum. The results of

| 31
this are shown in Table #4.
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DILLLCTEOH BACKGROUND ABOVE 4 GEV

[

Shown in figqure 2 is an E/P histogram obtained'after

o)
i)

pelying lead glaSS'showericuts to a small saiple of the
268 data. Events elassified as electrons are those ot the
‘e' region near E/P =1.6. This'selectioh‘of events inclodesy‘

not only target produced electrons (E) but elso.Dalitz:pair;.-

electrons (M), electrons from gamma ray conversions*’in:

- CoemTesl

matter in the aperature (N) and hadrons (H)._g Events

recorded in rhls pelr experiment can be c1a551f1ed as bnlna o

,cf‘.. ..

cf an acc1dental' or correlatec nature,j 'Correlatec s

34 T

particles were produced 1in . (or ‘near') ths same nuclear}“n'

interaction; taccidental' pairs were procuceu in seoarate

.'x.\r:_ ..

°© .0 9 2 0@ ® ® 2 9

parkticle. interactions. ‘Background © in.  this experlhent

L) N

consists of all correlated and accidental pair combinations -

of ¥, H and E events, excluding only correlated E:E pairs;"
Tnese correlated E:E pairs are signal.: Tne purpose of tnls fpii

section will be to estimate the level of bacxground fron‘

tnese particles above 2 mass of 4 Gev, Below thls mass-
- N :~} \,

PN )

valud. hardware thresnolds and software tape comore351on

R
: "l**:-r

cuts bias a sémple of the data used for the baquround

-l.._

studies (the *'h' samole of evente). It wiLl be oonvenleot‘
to define a few terws before startino. To speorfy a pairi
eveot, the notetion 'C:L' will be used to indicate é pairv
with a 'C' particle on one'arm and a Hb' partiole onkthe_

other. The notatioﬁ is meant to include bota correlated and
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for exanple{ c(0):0(8), C(c)°-( )o Cle)s D(c) etc C:Dﬁwlll

- requirements and are both recorded on taoe durlng cata runs.”

o page 2

accidentzl pairs. In. addition, the following definition

will be coavenient to use: . o o - 5
[c.07)= C.n+ G C

In this notation, the dielectron backarcund is written as

.follqws:

»B :_H;Ff¥-u4kj¥-E{E(A&ﬂL)*fCH{U] tcptﬁj’kcakej.f "

TO specify the 'foil’ state of the apoaratus wnen necessary,t“;"

-

'0' w1ll oe usea to 1na1cate no f01l 1n the acerature :'c'

‘-

LI
e :

to 1nd1cete the 45 nxl fo1l in the aoerdture. So one nes ;'

be considetred a shorthanc for C(G) D(B)

THE HACRONIC BACKGROUND: Let us define as the hadronic
background:

ﬂ(H3f¢k#ffwifohj + QH{E]f‘

The study of this component of the backarcund isTfecilitateé lﬂ;! S

- by the fact that-both 'e"end"h' eveﬁts Dass ﬁormel'tri'ce;f;;ififffr

s

From this samplc of 'e' and 'h' events on both arns, one can-*’“’V"

extract reconstructed ;h-e' .'e-h' ' n-h' palrs, calculatetfnﬁ‘,'
tneir cross sectlon and scale tne resultant olots, u51ng the :

single arm H/h ratio, Thls will ylela an °St1ﬂute of the )
"hadronic ('accidental® end correlateo ) oackground under .

the E/P=1.6 peak. _ . . . e , ;_1 T )
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@ of a I ' : w h
Before makinjg use of events below E/P=1 for study
- purposes, ‘one nust be sure that triager and data tape
'.‘/.\ . . ’

compression efficienclies have not introduced momentum bizasss -

@

inte the date sample; It will be sdown that cﬁoosing a
lcwer E/P 50und of G.€6-5.68 for the 'h' samdle, anéd using
tnhe standard saower cuts, ensures a éﬂ;lﬂﬁ% bias free hadroe
sample above masses of 4 Cev. .

Biases due to the lead glass trlgger w111 be con51cered

b e

first. Eadrons 'low. in E/P deposit a smaller fractlon ofAu'

their energy in the first two lead glass 1ayersv(812) tnan
electrons Aand. S0 are. ﬁore- suseeptible.“to fsiling: thls
experiment's  trigger redhirements} Tﬁe.: {E'}f tr1qqer~:
reaulrements-were :looser than than tnose of eDS1lon (floure
95 ), so it suffices to st udv t'ne effect of tne 2 tr1q

the hadronlc sample.

{Using the expression for the le/E lead glass showerﬁ

cut (EL2/E > ~ﬂ G924 P + 0. 92) and assunlng aaequate (>9B%);j
epsilon trlqgar efflc1encv to be reachad by El2= 12 Geu, ne.

can ea51ly snow that vorst case hadrons (at 0 66 on E/H,

@@@3@@‘@@@@@

.‘- .-

Qare}x passing the standard shower cuts) would pass tnls

exveriment's hardware trigger 1if they have mowenta greater

tnhan 21 GeV.

Cf vriwary concern for this study, is the data of the
‘thigher' mass magnet settings of $86, 1108 and 1380 amp.

All were taken with the same epsilon threshold, and 2ll havei_

?‘"‘)9 @ © & €

momentum accentance which turns on near the 21 Gev 1level
. ’ . : - ~

@ ©
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‘may be due to the cuts used to 'comnfess! the dlelectr01 f.‘éi'lﬁf_f

. . . e o Page4

(Table 32). The casz of greatest concern is that of the 960

\

aro. settind» vhere the momcntLr acceptence turns on ﬁeéf' f)
17 Cev and is not fully cn until 24 CeV. So thea 'worst!'
case ha7rons'of.969 amp. would be a cause for some concern,
in the lowest mass bins. Given tﬁat ail hadrqns_do not fall
into the “‘worst' case éétagory and that 2 background study

mass cut will be made at 4 GeV, e simﬁle -calculatioh .

convinces one that even the 666 amp; settlng offer° Aal

hadron ‘sample -relatively..unaffecte&, by the lead glassj~i(f:

trigger requicements.

. .

A second nossible source for bias in the hadron. sacml'=

© .

~.’- -

data onto z small number of tapes. - This comp re551on was

done for ccnvenience of analy51s and'~the cuts used .toz-"-f"- ”}
: i ’ . . . o 112'.'- S O '_ . /

. accomplish it,are spec fi in aoleQJ . Progréssing from* o

one level of compression to the next, thntar cuts vere nade;n“

to filter ocut non-electron eyents from the data sample.' Thef"“ ;'-171{‘

case for which the_haérdn cample was most llkely to be

biased oy thase cuts is that of 'H:H'-péif' vonts at 1300

' To study this question in suf ient. dntall. 26"réw“

data tapes from 1390 .amo. runnlnq vere analyzed and mass Y~3;’;”f3:

spectra of h:n. [h:e] and e:e paly events were made.f

Standarc snower cuts were applied to all samples and a lowér ”'
bound of E/P=(.68 was used to cefine the ‘'h* Sample forvthe

study. 'A subroutine was used to simulate the:tightest*tape ’ i . i)
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3/

compression cuts and these were applied to the raw data to

study their effects. It was found thet [h:e] events passed

Lo
3

compression cuts with 145% efficieacy, h:n with S53

@

cfficiency. Because of their high 1433 efficiency. the E/P

bound of (.68 was lowered to ¥.65 to define the ‘h' samole

Q

of [in:e] events.

v

Returning to the task of background estimation t

et
(1]
o ]
-

the hadronic cémponent of the'background is given by:
CB(HY H:H +CH:&] +CH:NT

Its>magnitude can be estimated by combining h:h and [h;ef
mass spectra in the following manner (e=E+N+H):
BeH) ¢ a Lhied —a® hth
where 'a' is tne hadronic scaling .factor:
. CL: H /h ' (SH\)GLC AQ.M) §
A.complication to this analysis arises bescause sevefa;
types of hadrons are intermincled in thne cdata sample. ifi'_
one wishes to arrive at a worst case backgrouna estimate,fﬁ
one must choose the largest possible value of .'a'. Then,.
regardless of 2 arm correlations, the right hand side of the

above inequality will be an upper limit for B(H).

To study this hadronic background in more detail, the
L4964 Cerenkov counters were emplovad for distingquishing

nions, kaons and ovrotons. Overall E/p plots for each tvpe

® ©O €?‘) @ ® & 9® © © @ & \)éi  ® © @ 9
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sllght momentum and magnet polarity dependances. .

‘a' values belong to piong. thls is oculvalent to assunlng“ -

‘that all hadrons are pions. This is not" a bad assu*ptlon,;‘

¢ @& °© ¥ © B

Page 6
of particle are shown in'iigureffa. This dataz was taken
wvith the f triqgaer which rakes no rulse height recuirements : \_’)
other then minimum ionizing. The figures suggest that pions -
contribute the rost to background in thz electron (E/P=1)

region, protons the least.

A measurement of the E/a ratie, for ths various hadron'
types, was Derformeo, us1ng 51nqle arm onta taken in’ E’94
Thes 5.68 cwm. lead nluo waa p1a~ed in tne aperature, 21 feet_f )

downstream of the taraeﬂ.' to ellmlnate 'the N, and Ezj:f:

. components from ths beam. The remaining'particles in theg"

beam were studied and idehtified as pion, ‘kaon or ofoton:hy?T
tbe E494 Cereﬂkov counters. ‘Presented in Table'V. ate’ tnaﬁgf:
‘a' cross soctlon scallnﬂ'factors for tne [h e] (1ower bound?

E/P=0.66) and h:h (L.E.=0.68) sgectra- _One cen see thathg o _;ai)

'_01ons have the largest 'a' value, prqtohs the smallest;',ﬁ

scan of the 'a' values in this table shows that tat may have .

~To arrive ‘at a worst case estlmate. of the hadronlc““
backgrouna one should use tne- larcest observea 'a' value to:‘
- Wy

scale th2 [h:e] and h:h eross sectlons. Slnce tne larger

_._-,,.\:. et e e N
S e Tis

as one can see from tne available hadron data (77 .

An important Ffact to note is that the ([h:e] and ‘h:h’

cross sections are s2lf norralizirg to the e:e cross section

data. This is true since all these tyges of. pair eveats
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were recorced cimultaneously in stand=rc aata ‘runs.  In
acaition it is important to emphasize that these cDectra ace
made up of 'in time' pair events, and so include both

accidental and correlated hadron contributions to the

bzckaround.

GAMKA CCHVERSICN EBACKGRQUND: An estimate of the ﬁpper'bound

.care. - : L f"';a;i‘ff.

contribution of conversion gamma rays to _the dielectron. .

background is made using data - taken with'thin>copper foiisﬁf

(25 mil) inserted in the'aperature, 21 feet downetream of

— eme e o ae - ——— .- ~7 - - y. -v ~_.-‘-

" the target. . These copper f01ls served to convert gamma rays

and bremsstrahl electrons, wnlle leav1na nadrons Lnaﬁfecteo
These 'conversion' and 'bremsstrahlung effects w1ll change‘

the character of tne ‘data and must be studled w1tn some .

COMVERSIONS: Of interest for calc culating the"m‘nbor of

'will be below l g. These event° wlll fall stancard electron

camra conversion electrons is the amount of materlal 1n “the
beam before the bend in the analy211g magﬁets._>7
convertinq_after this “01nt will yield electron: wnose E/P

(as meas ured by the’ macwetlc scoctrOmeter and lead '3lass)

cuts and so do not reyresent a backoround problem. 'A lxst

of tha Taterlal in the beam before the bend is Lmnarlzed 1n

-vable 3%, | I,
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_neesurec at th° serv1ce bullalnc was low. Thouqn v151ble on

‘the meter. the outflow was not substantlal enouqh to nermlt

‘remaining (d-z) of naterlal follow1ng ero( (d z)/Lr).

Page ﬁﬁm

-

Cne entrj in this fTable tnat' deserves: some comment
concerns the air contamination of tne helium in tne target
box. tlelium was provided from bottles 1in a service-

buildiny, wher2 its outflov, its return :£low and the aas

rurity of the return :flow could be measured. In drinciple,

this . systemr was identical to that used in =& §revious
experiment, durinag which a 8.2% air ‘eontamination (by
weight) of the target box helium was measured. Conpared to

the previous experiment, however, the outflow- of hellum’M

.o

a measurenent of the helle cas erlty._ Bfforts were mace

founu. It. was felt that malntalnlng .an overpressure_of
halium in the box was sufficient to insure adequate heliumj

purity.

In 2 straightforward manheﬂ. one ‘can estlrate the £lux
of converSien electrons, F(e c),_exltlng a. f01l of thlcxnees
d, glven that F(a ) gamma rays are incident.. Thls can-be
done UtlllZlnG the camna conver51on factor of exo(—z/Lc).ahd

allow1ng the convertea nlectrons to be attenuated in tne

finds that:

Fle,d). : xx s

—_ - Ci _ ="Kk
FG) l— ( S C )

= <i/LnA Co S

" to track down the source of thls oroblen out ‘no solut101 was'”
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rerember result for the ratio of conversion electrons cue to
foils of different thicknesses (for example & and D):
Fle,d) = tp #5(«-)/2 o %
"F (0503 y R S 1y /2 | Lo

Equation | is an approximate- relatlon and' its

deduction leaves something to.be desireo ~ The use of the

q:mma attenuation .factor exp( z/Lc) seems pnys1cally proper,s'v'

FPor small rediation .lengths, this formuia vields an easy to‘

put tne treatment of bremsstrahlung as an all or nothlng f

attenuatlon process 1s ‘not reallstlc. Partlcles typlcally

locose snall fractions of thelr enercy when tn=y bremsstrahl

and thlS causes events to Shlft 'leftwards' on tne energy

scale to lower blns. hhlle equaulon | may be correct in an -

that 1t recu1r°s a correction when applied to partlcles w1th

a steeply falllnq scectrum of enercles.

-

average sense fov a flat energy spectrum, one coulc susoect Vf

EREMSSTRAHLUNG: The effects of i)rensstra‘xlunc on a oau:

cross section-could in general depend .on the monentum and

- »-_-»_ i

ooenlng anale dlstrlbutlon of tne partlcles contrlbutlng to R

.

the,spectrum. To study thlS, a Honte Carlo was used to‘”“”'

generate events to simulate a pair cross sectlon falllng__-ij_--‘
according to exp(-g M), where ‘'k' was chosen to taxe on,

sarple values of 0.5,.1.0, 2.8, and 4.9. Events were thrown

according to several ‘'models’' with different momentus and
opening angle distributions, and then ‘bremsstranled' to

leacn the effect of the models on the exponentially falling




e © @ @ 9°

14

2 @ © 2 @ © ® © 9 ¢

Page lb'

cross section. The ratio of the brexsstrahled to un

premsstcahled mass sgectra will ce referrac¢ to as tae
‘bremsstrahlung correction' to tne cdata. It will zlways be

lesz than 1.E.

To simulate bremsstrahlung, one needs to start with a

bremsstrahlung formula. Three formulas (ref. 5+ , 53, and

54). were selecEed, checked zgainst each other and founé to .
give similar predictions.  The three formulas predict -
- =1n11ar values for tna,lnteﬂrateo prob ablllty of enargv loss -

ovar segmonts of the energy range and gon11c~t10n of tne”ff“'

formulas' to artificially 'bremsstranl' actual o=1r dataf .

.yialdﬂd'similar‘nass sbectra. In tne studv that follows,?"

the formula taken :frcm Pleer s work nas oeen used,

JIn-this study then, a pair mass was thrown according to

exp(-k M), and the particle momenta, Pl and g2, and:opengu«r

ahgle'(THX) werélcalculated for 4‘ext£eme ﬁoéelé:
1. THX=3.12; P1=92;M/THX
2. THY=0.16; pi=é2;A/Tsx

i 3; Tax%z.;2;2i=1.$;§/§sﬁ. Pé=g/kl.§;?EX)fq

" 4. TEX=9.16; Pl=1.3*Y/THX, P2=}/(l.3*THX)

! . : ) (1 = Mass)

)
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fne above four ‘models' were sealected to studv the

effect of bremsstrahluag on vaicr events of symretric or

V.

rce &nales, daving

assyretric romenta,. ot erell or 1
calculated tnese wmomenta and ocening anale, bkoth wmomenta
were 'bremsstrahlea', the pair moss recalculated and the

'bremsstrahled’ mass spectrum was histocrerred,

The bremsstrahlung vprogram assumed that €% of a
radiaticen lencth of copper hed _beén plaéed in :eacﬁ
aperature. Kesults of the study/'g;e’ presented_»ih Tvable?)f;_.‘
Ko change in.thé bremsstrahlung correction was obgeréeéviﬂ
going -from .case 1 to 4. fThe.b;emsstrahlungicorteétion s;éms
to dep=and primarily on the spectrur slope and not on mény 6f_

the fine ~details of varticle production.  This 'slopé

Gevendence is not unexpected. In comparison with a shallow =

Q,

slo

o
~

(]

spectrum, 2 steep sloped spectrum has fewer events on -
the 'high' side of the scale that can 'bremsstrahl' to lower

values. This will affect the slope of the resultant:

spectra.

at a simple case in which the effect of bremsstrahlung on a -

spectrum can be calculated analyticélly‘(Gl). The following

simple input spectrum will be used:

AN - |
dele = < BT = T

Al

In this case the BHeitler bremsstrzhlung tormula can be

integrated to cvaluate tha effect of bremsstrahlung on tae
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%"g [ = S:bw (g, E, nf> W g = w B
DA - (fn

Under bremsstrahlung, E shifts to E + & E'and: |

TG (P F) = K [

which explicitly displays a slope correction to be made to ..

the well knownvrelatibnﬁ o
- DE

z =Kk

‘It is unfortunate that one cannot solve'many prbblemswf

of this type in such a sgralgntforwarc ) Tanwer. .

Sremsstrahlung functions do not always come 1*1 51np1e to

integrate forms and incut particle spectra are not always

vell known. Tbe previous calcu1ac1on sugge;cs that one canw"'

correct the 51mole bre sstrablung attenuation formula byf”*m

~

lncluclng a corrective ‘o' fac;or:

Coax T oRE

or similarly, one can show for the mass:

- & -
'c)dt_bM

The - follow 1ng exoressions then result for describing
electrcen attenuation. effects due to bremsstrahlung and the

electroa - flux increasa due = to. gamma conversiond.

)

-
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accord with one's expectations.

. BACKGRGUND ESTIMATE: In what followa,'varlous maas soectra

:Page';gff
tesnectivelu: o, e
/:(f’\rl‘: F'(c o) ~p(-bd /f—rz)
Flcd - FY'3> ( ex P (— ci:t) ey (fkﬁfj)

The above z2rgument can be imprcved (z29vendix () and ar
rather aceaneral proof cen beé rade  f6r tHese formulas,
aésuming a thin radiator (small value of 't'). Gne learnéh
that: | ' ' -2

0.. (o~ Eo./EY

For steep spectra, only nearby .bins have enougn avents to -

significantly contribute, through oremsstrahlunq,. to the-

~

population of lowor bins. This neans thad; 1for steeo.f-

spectra E9/E 1is close to 1.0 and acuatlon X predlcts'a .~'~

large value of 'b'., For flat spectra, EG/E can be larger.
‘-.-I

and 'b° ﬁill be closer tc 1.8. oO the ecuatlon 1s in rough

will be combined to yleld an upoer 11m1t on tne alelectron

backg:ound. Table 3( presents. in entrles \1 SW._ xllst of:

7/

the various pair data sets avallable from tane 01electro

ruaning.  All thase nave been expanded in terms ‘of thelrﬁf[

constituent particles., The multiplicative factors B and G, -

respectivelv, represent the effects of bremsstrahlung and

camma conversions on the data.
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figure 53.

Pagé 14

Tne various cross section plots  corresdonding  to
2(3) e (), e(c):e(c) etc. are showm in -fiqpres‘ﬁJ

throuch Y. For tne sake of clarity, error biars have been

deft out of these plcts., Filgures 4 through 52—present the

inaivic¢ual mass plots with error bars (statistical errors

only).

By substituting the proper excressions from tablebc,f

one can easily demonstrate'_thatb an upper__limiﬁ on the

Gielectron background is given by:

(s? $s) —n* (SQ, 83)
BRI

1S = GACKan,O:Jf.J() f
(jﬂNTS-szVu)f Si%uﬁhﬂ’?

:N contrlbutlon by a fac;or of ((B+G)/B) and so provides an -

upper limit on the bacxground. The F1nal up"er limit curve

is shown as a dashed line in the cross sectlon' plot cf .

To treat the case of E:E accidentals, one can use

results from Single arm electron aata (references CQ.&M&

similar snectral slopes and Lhat- S : *-...“#ﬁf}ﬁ}-

Conversion/Direct/Dalitz = 2/1/2

for an experiment with £.74% of a radiation length of matter

iﬁ the aperature, before the magnet bend. 1In 3288 and E4%4,

Al

'excluding E:E accid=ntals. This formula overestimates the

w-.

). One learns that direct electrons and pi- _zeroes have JJ;W

ot

+gL,c (3

v)
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there was more material in the aperature and tanis implies

8 © ©

that:
- a
7~
% R:M(accidentals) > L:E(accidentals)
> .
E XPRess jon . ) .. . . i L.
In epzzizon '5, the N:N contribution to tnh2 background is
overestimated bv a factor of about 6; this includes both
accidentals and correlateds., :So the dasned line in ficurce
533 covers also the E:E accidental spectrum. : I
'As noted previously, there is some uncertainty in this

o experiment's estimate of the air contaminaticn of aelium in

Q ‘the target box. While the helium outflow from the box. was .
visible on a flow gauge, its flow rate was not sufficient to

o allow 2 purity measurement. 'h2 contamination of the neliem’ =

7~ N . ) . 5._

0 must be known in order to meke an accurate determination of .
the 'B' and 'G' values. 'B' is not affected greatly by.

@ filling the target box with 211 air , but 'B(G-B) shifts from ..

o 3.5 for pure helium, to 1.€ for pure air in the target
box. The background estimate in figure 573 'assumes a

) _ : o o o S .
conservative value ot 3 for E(C-B). s

2
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RESULTE: DIELECTRONS FROM 4 0 11 Gev

. o . . ey - . . ’
vrovicded 1in .ficures )zfthrourn 6l zrce various: cross

jad

section plots base on .tn? [28d. 4S54 dielectron deota

\ .
carples:

3. E288 using E494 magnet calibration.
4, {1)+(2)
5.. (3)+(2)

6. (4) with tight ‘scaler’ (inciﬁent

beam guality) cuts

7. (4) witn mediun lead glass:longitudinal

shower cuts

8. (4) witn 'loose' cuts

DILEPTCN CONTINUUH

”-As has been shown in the séction concerhing~béckgrouhds 
above.ﬁ=4 GeV, haaronic and gamma conversion backgfounds are
of minor importance above a mass of 2.5 GeV., The observed
evénts above> this mass are backgaround free,\ tafget_

»

-’
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one arrives at  the . following fit normallzatlo

Laye A

£

originating dielectrons, -and thnir ooaervatlon in E268

yielded the flrst measurement of the tn;oretlcally predlcted

dielectron continuum.

Adeguate fits to dimuon cross section data (¢>5.0

CeV) are given by:

vo L, (- B |
— | = =) A= 003xg
-éN*“JJa - ~ p13 :
-QCFcncncc (4@3) . o -
domdyy huy = Cl cxp( Drﬂ Cf :.Z ug:_
| RﬁF&nLucc (Cq) C'CUK%
‘ (4 wn
ally, one would llke to flt th=se functlonal forms to tn,

dielectron data, arrive at optlmal values for H.’B, C and D
and compare these results directly with the dimuon cross -
section. Unfortunately, ‘because of 2 :low number cf events, -

accurate determiqation of both a slope and an exoonent“in*“

3

the fitting functions is impossible. Whlle tnls is true,;?'

one can <chow consistency with the prev1ously went10n°d'ﬂ

dimuon results. If one uses the above functlonal forms anai;;

allons cnly the overall nornallzatlons (4 and C) to vary,;rﬁf

:

o
"
-
-

A=0.124% 0.672, C=1.30% 6.26. Eoth ctesults are in qu@i*f

aareemrent with the diruon cross section results. A cross

section plot of the reaion ebove 1=5.5 GeV. is vprovidéed in

ficure (2. &lso shown is "a dashod line to indicate the

level of the dimuon cross section data of lierb et. al.

(¢n- R

f»(. wak o
._'}QQPLQQ o w
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‘accidental cross section is known to better than 25%.

® @ ® © 9 ©

THE 3.5 TO 5.5 GeV ASS REGION.

In this reaicn of th2 snectrum, siagnificent backaround

is present, and several componants m2ke up the cohserved

Gata: ‘accidental' pairs, 'correlated' hadronic and ganmnma

convaersion electron pairs znd ‘correlated’ dielectrons.

The shape of "‘the accidental background was deterwined

by  pairing single arm events and histograming their®

resultant mass spectrum. The relative normalization of the

The cross sections of the correlated H E,. H:H,_N:N énd“;

E:N coroorents of the background (flgureLFZ) ape,.fot'thé-

most p*rt,. unxnown._ Cross section - results ‘ftom tne

correlateu Gihadron analysis o‘ P‘94 (%ﬂ) were fouqd to bn

.-4:_. “

fit in the 4 - 10 GeV mass region by the single functlonal
form C/F"lg . When extrapolated to M=3 GeV, this fbrmula’

redicts a cross sectlon slope in good agrecment w1th a

.._A\ .-

prlor d1nadron exoerlmant @5? and so may have some val dluy

in the'lowcr mass recion.

Use of this single dihadron function to approximate all =’
the correlated baCKorounds is, of course, unjustified"'

Attempts were macde to replace it with the more conplek forn :

of an (exronential + a mass power) function, but no

significant fit improvement was acﬁleved The resultant

'fit subtractec’ aata olots were nearly 1oant1ca1 " Cne of

).
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th2se subtractec plots is shewn in tigure (7, it

Page 19

is,
pernaps, mainly in the lower mass regions whare one might

suspect inadequacy of tne ermployea fitting functicns.

To estimate the magnitude of tin2 dielectron cross

egection at low irass, formulas HL ané S were 'seé, Foth

functional forwms yield nearly identical overell fits to the

Ly

ned furthear.

e

cross section data and so will not be distincuis
The arplicability of these formulas to the M>5 GeV region is’

establisned by existing dimuon data, but thair extrasolation

to lower masses is presently in dispute (73).

All objections notwithstandind. a fit to the observed

cross section of figure 5% was performed by combining tha

cross sections for the =z2ccidental background, the *dihadron’
backaround and the dilepton continuum. The fit was dones in

twvo steges. First, the overall norralization of the

dilepton contribution was determined a fit to the data above

5.5 GeV; secondly, ths fit to tae lower mass regions was
done, maintaining this measured dielectron normalization,

and allowing th2 accidental &and correlated ~ 'dihadron'
normalizations to vary. This fit was decne over the 3.5 to
11.¢ mass range, and excluded 2ll susvected enhancement and

known resonance regions. Typically, in each £it, -the

Qdielectron norra2lizeticn remained clos2 to its diwmuvon

0‘

nredicted valus, the 2ccidental norralization was shifte
down 3i%, and the magnituae of the ‘dihadron' contribution

varied, deoendina on the :furctional forr of the cilepton

..
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few eventd. :the ‘bac ground' nay not appea: smooth, the

Page 26. . -

continuum function.
U&w& Q “&%\k W -

‘ENRANCEHENT STURY

The enhancerent tegions'selected for study here:hear -
the massg valuee of 4.z, 4 9, 6.4 and 9. 4 GeV. The nunbervctf“:
:-events aopearlng in th° 6.6 and 9 4 Gev reglona can be read

from thes Cross eectlon plot of ficure 5F. ‘For the 4 2 ano‘
'4;9.Gev mass regions, a cdetailed raw data plot is‘providequ“”
 in.figure L. Regarding the actual number of events, 2042§i;E

events are found within resolution near 4.2, lS—ZO_near~4.9,tft

16-15 near 6.8 and 6 near 9.4.

To decide auestlons of an enﬁancement s 51on1f1cance,f -

one would llke to neasure tneAnumber of standard aev1at10ns

each enhancement renresonts over a smootn background, L

, .
1n51st1ng that the ennancement s width be con51stent w1th

i

ona's experimental resclution, Clearly, when ona deals w1th'

"estimate of the enhancement's statlstlcal sig £1cance may,tm

not be very rellable, and the necsurec enhancenent wloth may

not be well defined. honetneless, one can vperform tne

calculations. Estimates of statistical significance, mass

values, cross sections and widths are presented in Table ¥3°,
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The subtractea data.plot on whicna Ehe Gau;sian peak fit
and the statistical siqnificance calculations are based is
saown in figure (3. In estimatinc the sionificance of
¢nhancerents, 'negaetive event' bins héve been Seﬁ tc zecrc,
sc as not to increaze the statistical significance

estirates.

" The fitting program minimized the Hegative log
likelihood for each fit, assuming a2 Poissonian distribution ' - ;’4';

function. Errors were combined using the log 1likelihood
result from Poisson statistics: . . , S S
I'd

N T

[ 2 . . - A -

5 |
so = (-5¢ dac N [ ac®

Ni = DUMBen OF OBScnuep EvenTe (N CTH Bl

p . S ' -
NI & ESTimATCcn MNumncn  OF S(bNT]ﬁMJUH ‘ EU(NT;
o TN CTH BN (ﬂCmeCc c,g;)'
‘This ‘classical'® treatment of . the statistical .

o

significance qﬁsstion yields unambiguous 'results when
applied to largé numbers of events, but such is not tﬁe'caséf:lb””'“
in the Gata sample of this % paper. One knoys that =~
fluctuations of srall numbers of evénts in the 'baCkground{?m:*‘

can give rise to spurious clusterings of events. To attempEﬁ
to answer some gquestions regarding the statistical .

sicnificance of srall numbers of events, a setond, quite

different approach was used to study the enhancement sroblem -
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Aexcerlnental nass rosolutlon (flgLreCSd, at . the mass valuc’

262 events (L,U subtractnd) were thrown 1n the mass recuon'

2" page.22

~ & s3eries of lonte Carlo simulations of thz experiment were

.
-~

made, Id=2ally, one. would like to anzwer the the following ’ ’")
quastion: If this dielectron exnariment were reneated 108
tires. ir how many experiments would random ‘background’

fluctuations vield spnectra with enhisncerents ecuesl to or

better than those observed in E265+E4%4. Expressed as a

oercentage, this number will be referreé to as the random

cluster probability for a given event conficuvration.

1Oﬁé can-simulé£e the’non—reéénant'éété speétfum'of thig“
ezperiment by genéfatiﬁg random number 'evénts"énd éorting.
them out into bins,"ﬁhésé width is’ p;qportipnal‘ to the
oroduct. et eacH mass 'valde. of ‘ihis experiment's
sensitivity and obscrved cross soctlon.‘,Haviné ;hréwp .=zl-l'.~
events, the"resultant' event spect;um can -bé -scanned fdf
clusters of K events. To qualify as én_enhancemeht,'gﬂef
events must be recu1re to'fall within sore Pultiolé df'the

where the cluster is cantered. . e _ i L

For the study of the COmb1n°d E288+Pd94 data samoles, 
from 3 5 to ll Gev. and 2 search was made for ennancenents
talllng within 4 or 5 tlnes the<§r of the exper1me1ta1 mass
reaolutlon. Tae ‘cposs section _olstrlbutlod, uéed.lfor
determining _thé width of tﬁe 'evenf' “bins was estimated
using a wide Abinned (1 GeV) cross sgctioh olot of - the

. . . ra
dielectron data, exocludaing only the q) reagion. No




functional ferm was sougat to approximate the cross section
curve; an intecrpolation pronram was vsed to calculate cross

ceckion values petwean dz2tae noints,

Results  are snown in Table 33 . The ‘clucster
prebability' program evaluatea cluster Qrobab;lities for "'
events witnin resolution, at mass values from 3.5 to 11 CeV.
A few.smple_cluster probability values for tne number of
events observed. at othef_ massei‘_ few sampgple cluster
probabélity values for the‘ number of events _observed at
'othezgmasses are as fo;lows: £.5 GeV - 83i4%; £.5 Gev -

49.23%, 6.5 GeV - 65.6%, 7.5 GeV - 66.3%. 8.5 GeV — 2.9%.

It is instructive, in addition to this, to comoare

494 ceparately to see whethzr both

1

results :from E288 =2nd
data sets 'yield similar cluster probabilié§ values at the
same masses. For this stuvdv. 138 (E494) enc 124 (E288)
events were thrown into the‘3.5 to 11 CeV mass tégion. using
each experimeht's sepsitiyity and each expériment's‘meagured
Cross séction.‘ A searca for clusters withih ¢ & (@ass
resolutioh) was dene as before, adjusting the nass
resolution for each experiment folliowing figure 65, Results

[y

are presented in an easy—~to-coanpare form in Table 39 .

A few comments are 1in order about each enhancerent
region. While none of the lower mass enhancements zre very

strong each does have its characteristic features.

hn=4.2 GeV: A glance at figure 63 reveals that, of all the
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"resolution. The cluster probability Qalues _5fo: . the .

" ¥=4.5 CeV.: The cignificence of tnis °nhance ent is woakened

by the lack of agreement betwzen E288vand E494.

Page 24" . -"_-'.;ﬁfji

mass‘reqions.undef stddf. the 4.2 GevVv regioq has the'most.
uncaertain Functional fit. While the ‘accidéntal‘s' mass ' "vi}
sceoctrum  cshepe 1s not well known at .low masses. The
¢gilenton continuum function is not well verl eG balow E=S.0
Gev. The ‘'classical' statistical significance estimates

cannot be simnly teken atr face value. The interestina fact

about this enhancement is not not that it is associated with™ - = f;.if
a relatively low cluster probability, fbuﬁ that' the. _ :

enhancement is see by two experiments of widly differing

enhancement cre too large to permit further conclusions.

=6.0 GevV: This enhancément,. unlike those alfeady

considered, appéars in a region where the nature of tne

‘continuum® is- comol°telv known. This is an 1wportant fact

& calculatlor of the ennanceﬁnnts statlstlcal 31anrf1cance

can be made with some conflcence.V Referrlng to flgure.:"w

-

the iével of theAdiei ctron c01t1nuum, in the 5.8 to 6 l
ragion, is 1. 2 to 0. 8 ev=nts ner bln (53 Mav) . All events
above this are excess. A lance . at flguresfy? QO and G[."

convinces one tnat thn .oluster is rct ezsily clsoersed' by

-/// . .
tignter or looser cuts. The fitting program estimates that

the enhancement has a standard deviation of 110 rheV, wnlch

v

An additional study was made tofff”’
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investioate the sianificance of 2 rossible wide enhancerent.
1he cluster probebility for 17 events in 2igat 5% eV bins

was 2.5%. Assuming that the M=5.4 ech2aacerment ic wrida. the

Aonarently serious inconzistency botween E268 " end  F494

cluster

]

cc valves disarpeers,

“=9.4 Cev: This is, of course, & resonance region. 1t has
been treated as an enhancement o {far to learn what the

dielectron ceta, eaelone, would say about the T (9.4). Its
measured cluster probability 1is low, ané its measured cross

section is -,
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DIELECTRON ‘E/ PLOTS

a.) EVENTS OF E/p 2 09 (PAIRS ONLY)

b.) PASSING MEDIUM LEAD GLASS LONGITUDINAL SHOWER CUTS.
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DIELECTRON E/ PLOTS
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J/y YIELD VS BEAM MONITORS
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Trigger Counter Efficiencies

Up | Down

98.2%1.1 99.8+9.8

9G.3t8.6 97.1:8.5

98.9:0.3 99.6:0.2

93.7:0.7 96.5¢t0.6

99.8+0.7 99.7*0.6
- NOTE

The T, efficiencies are in
fact gn upper limit as the T
bit efficiency cannot be takeﬁ
out.

V. and V. Efficiencies

1 2
~Up Down
97.5%*0.2 97.3%p.2
98.4%0.1 98.7+8.1
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Table XV

Material in Secondary Beam

Comment

Tgt 4x.0088x
Target box
5mil window
Between tgt
box and filt

Filter

Length
1" .154
-+ 585.3
.ﬂ127
71.19

er

Bet filter/pile 17.46

Pile window
Vac in shiel
Magnet vac
Mag window
He Bag face
He in bag
tle bag face
Air gap to
station 1
Al screen
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HV planes

.Signeal plane
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| 353.1
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.000016

L0127

00254

RL

35.3
444x10
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28.70.
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28.7
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.35
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8.9

4

4

3

-9]-
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hodo wrapping .

21 Scint Vl 1/8 and 174" .42 42.9 7979 2422
22 T light ~  ,9127  38.0 .0334 2422
tighting |
23 Al Al for T® 08254 8.9 0285 2422
24 Scint T8 1/4° .635 42.9 1.43@f 2423
25 Air  Sta.l to T® 41,91 30058  .1395 2465
26 Air T0 to Y2 : 5@8.01 30650 1.691 2973
! 27 see 1Y,P,Q _
28 Air Y2 to Tl 60.96 36050 £2ﬂ29_ 3034
.29 ' see TO |
E 30 Air T1 to Sta. 3 495.3 30056 1.648 3538
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Average Dielectron E/p Versus Beam Duality . O

INDUTYxNDN (IxN)

X=median value of x for 408 GeV data

_Regions:

E/p Averages (408 GeV)

Current:

Low NDN

Low IxN

600A
800A
960A
1100A

1308A

N = B W N

1

W

NDN
7159

21000
29000
42309

66C¢2

1) x<Xx

2) x<x<X+g¢

3) X+g<xX<X+2g

4) §+20<X

699
.992
.994
992
.998
.926
.999
.999

.994

800A
.995
.994
.994
.995
.994
.995
.994

.995

960A

.998 -

.996
.992
1.890
»994
.596
.994

»994

11088
.999
1.066
.999
.994
.999

1.008

.997

.996

‘Table of Median Values (480 GeV)

o
24e9
6400
8600
13000

29099

INDUTY
1.87
1.80
1.8
1.89

1.890

a
.30
.30
.33
.31
.38

NxIx10
1.5
3.5
5.7
7.2

14.3

Incident protons;5.6<lﬂstDN

40 e

-~88 -

v a

1396A

.994

1.0000

4

- 1.004

1.008 ‘_’)
-994
1.000
1.068

1.9066

9

.64
1.6
2.9
3.7
8.3



LEAD GLASS CALIBRATION CHECK WITH J/y

22099V L

E/p | STANDARD NUgEER MASS '|STANDARD| NUMBER
-\ OF
AVERAGE DEVIATION| _ 2 - |PEVIATION | ¢
[ 1 1.00] 038 -
600 AMR [ 70 3.067 102 |68
21 1.OOO 035
‘ 994 037 | ‘ | |
800 AMPR 528 | 3.092 118 . 516 -
2| .994 040 | :
P .996 .040 .
260 AMP - 58 3.070 118 56
21 .997 03] '
| .000 | 035 -
[IOOAMP | 406 3.100 13 400
| >| 996 | 034 .

I AND 2 ARE INDICES FOR RESPECTIVE
SPECTROMETER ARMS



LEAD GLASS ENERGY | RESOLUTION'

6 Gev | 206Gev | 30Gev | 40Gev
FORMULA |.0400 |.0374 | .0333 | .0308
PREDICTED| .047 | .045 | .04] | .039
ACTUAL | 063 | .055 045 040
” (FWHM)
-

Le 2%V ]




400 GeV
6003A
880A
1100A
1300A
300 Gev
600A
890A

1168A
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Accidental Normalization and Rate Constants

e,/ NDNBY
0584+ .708

. 8286%.6375
.BB634+.00152

.00104%,060935

.0886%,01206
-0202%,0035

.00395%,00127

eD/NDNBY

.0555%,9101

.0196%,0974

.B8648%.00254
.08133%.06938

.0743%,00643

. «P257+,0059

«00553%,00131

oy
66.1

111.5
162.2
16.9

2 122.9

94.0

67.7
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499 GeV
Totél Accid.
Events
660A  1.76x18°
800A  1.50x10°
1100A  4.61x105

I1f we now normalize away from resonance

Acc,Evts

3,.3<m<3,5
686A  1.25v10°
800A  4.16x1p*
1100 7.34x10?

s srps b b i v s

Table XI

Accidental Background Under v/v°

Data Evts
3.3<m<3,5
2

Expectedléccidental)
—
Events /] \J
60-1 3022!1@ lol
111.5 1.00x16° 7.43
162-2 8-65"1” 39'4

region

Expected

Acc ¥

5
14
18

Expected Accidental

"
4930

1.62x104

4.49x10%

Expected
Acc v

g.8

! 2-3
9,2

- 1.20

Expected
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