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RECENT RESULTS FROM DASP ON e+e- ANN IH ILATION ( I I )  
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Incl u s i ve producti on of n± , K± and p by e*e- anni h i l ation has been analyzed 
for cm energ i es W between 3 . 6 and 5 . 2  GeV . The experimental i nformation on 
the F and F* mesons i s  reviewed i ncl udi ng new data on FF producti on at 
4 . 16 GeV . Data are presented on semi l eptonic decays of charmed parti cl es . 
El ectron-two-prong data have reveal ed ' production at the � ·  whi ch i s  bel ow 
charm threshol d .  Wi th these data a prec ise value  for the , mass has been 
obta i ned , m, = 1 . 807 ± 0 . 020 GeV . Leptonic and semi l eptonic decay modes 
of the , are di scussed . 
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1 .  INTRODUCTION 

New resul ts from DASP on the total hadronic cross section , on the pc/x 
states and on the radiative J/� decays are discussed by G .  Grindhammer1 )  

a t  thi s meeting . This l ecture concentrates o n  incl usive partic le  production , 
the evidence for F and F* , the semi l eptonic decays of charmed particl es , and 
the properties of the T. Most of the information presented here was obtai­
ned after the 1977 Hamburg conference2l . 

2 .  INCLUSIVE HADRON PRODUCTION AND A TEST FOR SCALING 

One of the bas ic  properties of el ectron hadron scattering is the 
a lmost perfect sca l e  invariance exhibi ted by the structure functions in  
the deep inel astic region. Incl usive hadron production in  e+e- annihi l ation 
is expected to possess s imi l ar properties .  F irst measurements on this sub­
j ect were carried out by the SLAC-LBL col l aboration who observed approxi­
mate scal ing of the sum over al l charged hardons produced3 ) . In the DASP 
experiment4l  the rr± , K± and p spectra were determined separately, which 
al l owed to test scal ing for each particl e species .  

2 . 1  Kinematics 

We start with a brief description of the formal ism5l for incl usive 
hadron production 

+ - + e e _,. h- X ( 2 . 1 )  

depicted i n  the fol l owing figure : _6'(_ e+ h 

Define : q 

q2 

p 
0 
x 

v 
Note that 
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P+ + p_ four momentum vector of the v irtual 
photon 

s square of the cm energy 
(p ,E)  four momentum vector of the hadron h 
production angl e of h with respect to the e+ directior. 
� _ 2E 

s - Ts fractional energy of h 

.9___:_£ 
2rnv m 

E -= iii VS 
= x .  

energy of  y in  h rest system 

s 



The virtual photon , as seen in the rest system of h ,  has trans­
verse {T) and l ongitudinal {L)  components . As a consequence the process { 2 . 1) 
is described by two independent structure functions , e . g .  WT (s ,v) and 
WL ( s ,v) . The di fferential cross section has the form 

d2 2 1 + 1 
dx

o
dn = � � m (Q'T ( 1 + cos20) + il { l - cos 20) } ( 2 . 2)  

Special cases of ( 2 .2 )  are pai r  production of fermions ( e . g .  e+e- + µ+µ-) 
+ - + -where il = 0 and of scalar or pseudoscal ar mesons ( e . g .  e e + 11  11 ) ,  where ll:r = 0 .  It fs customary to use i nstead of il ' iT the structure fucntions 

i1 and i2 which are defined as :  

( 2 . 3 ) 

(2 .4 )  

Note that in the pure transverse case {il = 0)  the equivalent of  the Cal l an­
Gross relation reads 

vi2 = - �ez il 

From ( 2 . 2 )  and (2 .4)  we find 

( 2 . 5) 

{ 2 . 6 ) 

where fl = IP I  I E .  Note that mi1 � 0 since the cross section has to be 
a pos itive quantity;  After integrating over the angles and repl acing 
411a2/3s by oµµ one has 

¥x = 3a µµfl x {m i1 + i fl2 x vi2} 

For E >> m thi s  s impl ifies to 

( 2 . 7 )  

( 2  . 8) 
If the structure functions i1 and i2 obey scal ing they become functions 
of the ratio v/s alone. Using x = 

2':1 as the scal ing variabl e and 
substituting 

- mw1 { s ,v) : r1 ( x , s )  

vi2 { s ,v) = r2 { x , s )  
{ 2 . 9 )  
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sca le  invariance is defined as 

v -+ ()() s -+ "' ( 2 . lo )  
x = const x = const 

and simi l a rly 

Sca le  invariance l eads to the fol l owing express ion for the incl us ive cross 
section:  

( 2 . 11 )  

If  sca le  invariance is  val id the shape o f  the particl e energy spectra , dcr/dx , 
i s  independent of s .  Furthermore , the magnitude of the incl usive cross 
section behaves l i ke s- 1 . 

2 . 2  Experimental Procedure 

The incl us ive spectra measured by DASP4 )  were obtained empl oying a 
genuine inc lus ive trigger: bes ides a charged particle in one of the spectro­
meter arms no other requi rement was imposed on the final state. A deta i l ed 
descri ption of the partic le  i dentification can be found in Ref. 4 .  Bas i­
cal ly, particl es penetrati ng the i ron fi l ter were identified as  muons ; 
el ectrons were recognized by shower , cerenkov and time-of-fl ight counters ; 
pions , kaons and protons (antiprotons ) were identified by time-of-fl i ght . 
The momentum range was for p ions 0 . 14-1 . 5  GeV/c , for kaons 0 . 28-1 .6 GeV and 
for protons ( anti protons ) 0 .45-3 GeV/c .  

Data were taken a t  cm energies between 3 . 6  and 5 . 2  GeV for a total 
l umi nos ity of - 8100 nb- 1 . They were grouped into eight different energy in-

4 + 3 + - • terva l s .  A total of -10 rr- , -10 K- and 130 p were used for the analys i s .  
Since the majority o f  the protons were due to beam gas interactions only an­
ti protons were cons idered . The proton yiel d was assumed to be the same as  
for anti protons . 

The differential cross section for incl us ive production in general 
depends on the pol ar angl e 8 ( see e . g .  eq . ( 2 . 6 ) ) .  In the present analysis  
the pol ar angu l ar acceptance was i cos8 1 < 0 . 5 5 .  Within th is  range no  sta­
t i stical ly s ignificant cos8 dependence was observed and a constant angul ar 
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distribution was assumed in order to i ntegrate the cross section over 
case . 

To estimate the possib l e  error introduced by this procedure we con­
s ider the l imit that only transverse photons contribute, WL = 0 .  In  this 
case the cross sections g i ven below wou l d  have to be i ncreased by at most 
24 % .  Wi th the angul ar dependence observed by SLAC-LBL3)  the estimated 
i ncrease is l ess than 5 % for x � 0 . 5  and �13 % above . 

2 . 3  General Behaviour of Inc l us ive Partic l e  Production 

Fig . 2 . 1  gives an impression of the rel ative frequency of pions , 
kaons and nucl eons . It shows the cross sections dcr/dp as a function of mo­
mentum for the ind iv idual types of partic l es averaged over cm energies 
between 4 and 5 . 2  GeV . ( Here dcr/dp, e . g .  for if means the sum for TI+ and TI­

producti on . ) The dashed curves were obtained from an extrapo lation of the 
i nvariant cross sections E/4Tip2 da/dp ( see bel ow) . They ind icate the ex­
pected momentum dependence at l ow momenta , where the particl es are swept 
out of the spectrometer due to the magneti c  fiel d ( pions ) ,  are l ost by 
decay ( kaons ) or suffer too big an energy l oss in the material in front 
of the magnet (anti protons ) .  Bel ow 0 . 5  GeV/c the TI± : K± : 2p yiel ds are 
roughly in the ratio 100 : 10 : 1 .  With increasing momenta the d ifferences 
become smal l er .  

F ig .  2 . 2  shows the same data pl otted i n  tenns of the i nvariant cross 
section E d 3a/d3 = E/4TI p2 da/dp . To with in  20 or 30 % accuracy the TI± , p 
K± and 2p fa l l  on the same curve 'which i s  wel l approximated by an expo-
nential , 

E/4Tip2 da/dp - exp( -bE) 

The exponent b has the va l ue 5 . 4  Gev-1 . A simi l ar behav iour was observed 
for the i ncl usive spectra from J/� decay ( see Fig . 2 . 3 )6) . Incl usive spectra 
in hadronic col l i s ions behave in the same way if the data �re plotted as a 
function of the transvers energy ET = / m2 + pf . This i s  demonstrated i n  
Fi g .  2 . 3  where the curves represent the i ncl us ive spectra from p p  col l i s ions 
in the central region at IS =  53 GeV . It is surpris ing to see that i ncl usive 
spectra that come from such different in it ia l  states as e+e- col l is ions , J/� 
decay and pp col l i s ions are very simi l ar .  
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2 . 4  Test for Scal ing 

S i nce the angu lar  distribution was found to be cons istent with i so­
tropy we negl ect the s.econd term in eq . ( 2 . 6 )  and obtain  

t:= 411�2 s x wl ( s ,v) ( 2 . 12 )  

The quantity i t:  i s  then proportional to the structure function w1 . For 
the purpose of ori entation Fig . 2 . 4  shows first the ratio R = <tot/aµµ in  
the  energy region analyzed here1l . Note that the heavy l epton contribution 
has been excl uded . At 3 . 6  GeV which is the first energy analyzed and which 
is bel ow charm thresho l d ,  R is of the order of 2 .3 .  Above charm threshol d  
three resonance-l i ke structures show u p  a t  4 . 04 ,  4 . 16 and 4 . 4 1  GeV . Beyond 
4 . 5  GeV R seems to have reached its post charm l evel with a val ue of 4 . 5 .  

Fig .  2 . 5  shows the x dependence of ]- t: for 11±( i . e .  sum o f  11+ and 
11- ) ,  K± and twice the p production as measured in  the eight energy interva l s .  
The 11 ,  K and p cross sections for x � 0 . 2  decrease nearly exponentia l l y .  More­
over, with increasing energy ....S-, and increas ing x the cross sections for the 
three particl e species become more and more al i ke .  The p data , with in  l arge 
errors , do not show any significant change with s ,  i . e .  they appear to 
scal e .  

In  order to test the pion data for scal ing we compare in  Fig .  2 . 6  the 
cross sections at the "nonresonant" energies s = 13 and 25 GeV2 . Bel ow 

x = 0 . 3  the cross section rises by a factor of 1 . 5  to 2 between s = 13 and 
25 GeV2 . At higher x val ues the two cross section sets agree within errors . 
I n  other words , the rise of R from a val ue of 2 . 3  at s = 13 GeV2 to - 4 . 5  at 
5 . 0  GeV i s  assoc iated with l ow x pions only. 

In  Fig .  2 . 7  ( s,£) dcr/dx) i s  pl otted for 11± and K± as a function of s 
for fi�ed x .  A l arge increase in the 11 cross section at s = 16 GeV2 is most 
prominent for x < 0 . 4 .  The cross sections at s = 13 and 27 GeV2 for 
x � 0 . 4  are equal wi thi n errors . The K cross sections increase by a factor 
of two or three from s = 13 to s = 16 GeV2 . For x > 0 . 4  the K cross section 
above the 4 GeV resonance region fal l s  back to its pre-charm l evel . This 
suggests that at high energies (s > 30 GeV2 ) charm contributions to K pro­
duction are confined to x val ues bel ow 0 . 4 .  Note al so that for s � 25 GeV2 

and x :: 0 .  3 rr and K cross sections tend to be the same . 
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2 . 5  

Inc lus ive production of a partic l e  h by e+e- annih i l ation and 
i nelastic el ectron scattering on particl e h are rel ated by crossing ( see 
diagrams bel ow) . At the speci al  po i nt x = 1 (where for inel astic el ectron 
scattering x is defined as 2 p · q / ( -q2 ) ,  q ,  p four momenta of the vir­
tual photon and the target parti c le  h )  the structure functions for one pro­
cess can be cal cul ated from those of the other one if scal i ng hol ds . Cons i der 
e+e- + pX and e p + e ' X . In thi s  case5l 

p e e' 

s = q 2 

� 
+ -e e + pX 

F\ ( x  = 1) - F1 ( x  = 1) 
e p + e ' X  ( 2 . 13 )  

F2 ( x  = 1) F2 ( x  = 1) 

However, an ana lytic conti nuation which wou l d  connect poi nts at x # 1 is 
in general not poss i b l e7 l . 

Gri bov and Li patov8l , studying both processes i n  a fiel d theo­
reti cal model predicted the fol l owi ng rel ations : 

-1 1 F1 (x) x 
1 

= X3 F (_!_) 2 x 
( 2 . 14 )  

A prel iminary ana lys is  of the DASP data for F2 ( x) is  shown i n  F ig .  29 . The 
experimental po ints were obta ined by summing over cm energies from 4 to 5 . 2  
GeV . The structure function F'2 ( x) was determined from the data assuming 
the Cal l an-Gross rel ation 

( 2 . 15) 

which l eads to 

( 2 . 16) 

The Gribov-Li patov prediction cal cul ated from deep i nelastic ep scattering 
data is shown by the curve in F ig .  2 . 8 . It fai l s  to describe the data : the 
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theoretical curve i s  always bel ow the measured points . The discrepancy i s  a 
factor of - 2 at x = 0 . 8  r is ing to - 4 at x = 0 . 4 .  Part of thi s  fai l ure - if 
not al l - may have to be attributed to contributions from processes of the 
type + _ _ 

e e � h X ,  h p + . . .  where h = A  

p • . •  p • . .  

' N , etc . -
p 

which s hou l d  be excl uded from the e+e- data before the comparison is being 
made . I t  i s  this type of contributions which prevent i n  general an analytic 
conti nuati on from the scattering to the ann ih i l ation case7 l . 

3 .  THREE GLUON VERSUS gq ANNIH ILATION 

Approximately 70 % of the J/w decays are direct decays into 
hadrons which are bel ieved to proceed via three gl uon annih i l ation . E l ectron­
positron ann i h i l ation i nto hadrons on the other hand at high energies appears 
to proceed via a primary quark-antiquark pai r .  For this reason one might ex­
pect the J/w to yield more l ow energy particl es than nonresonant hadron pro­
duction . DASP6 )  has analyzed the i ncl usive spectra for 71± , K± and p from 
J/w decay and for a cm energy IS of 3 . 6  GeV ( i . e .  bel ow charm threshol d ) .  I n  
F i g .  3 . 1 the cross section cr!ot i�  is shown as a function of the fractional 
particl e energy x � 2E/IS. The data poi nts represent the val ues at 3 . 6  GeV , 
the curves the resul t at the J/w. The J/w curves were normal i zed such that the 
integrated 71 cross section from J/w agrees with that at 3 . 6  GeV for x = 0 . 3 .  

With i n  errors n o  di fference is  observed in  the shape o f  the 71 and K spectra 
at the two energies . Most l i kely the energy of -3 GeV is too l ow for the two 
mechani sms to produce a noti cecabl e  difference . Remember that at 3 GeV the 
sphericity distributions for the two extreme cases of phase space and jet 
formation are the same9 l . 

The only difference between on and off resonance data in Fig . 
3 . 1  i s  seen to occur for antiprotons . The J/w decay rel ative to the 71 and 
K yiel ds produces more antiprotons by a factor of 2-3 . No expl anation has 
been offered for thi s fact.  
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4. 1 The F mesons 

The charm model predicts mesons carrying both charm and strange­
nes s .  The ground state is  F+ . The GIM favored decay of the F is  into an ss system 
l eading to final states containing KR, qi , n or n' .  

Si zeabl e n production i s  therefore a hint for F production . The production 
characteristics for F mesons can be expected to be s imi l ar to that for D ' s .  
Copious D production was found near the D+ threshol d a t  4 . 028 GeV proceeding 
mainly via DD� and D�D� formation . Assuming a simi l ar behaviour for the F 
meson one expects l arge FF� and F'F' cross sections near threshol d .  Since both , 
F and F' are isospin s ingl ets the favored decay of the F+ is the radiative tran­
s it ion F'+ Fy provided the F� - F mass difference is l ess than 2 mrr10) . The 
s ignal for F production can therefore be enhanced by requiring a l ow energy 
photon in addition to the n s ignal . 

DASP11 ) searched for the F meson by studying events of the type 

+ - > e e + ny l ow + - 2 charged tracks + X 

The n was identified by its decay into two photons . /l, search of this type 
i s  hampered by the yy mass resol ution which in the DASP experiment was 80 MeV , 
and by the l arge Y. Y. combinatorial background : on the average there are 2-3 ,,o ' s  l J 
produced near 4 GeV l eading to 4-6 photons or 6- 15 two-photon mass combinations . 
The event sel ection was done as fol l ows : The photons were detected in the inner 
detector and their  angl es and energies measured . The detection efficiency was 
50 % at 0 . 05 GeV ris ing to 80 % at 0 . 1  GeV and 95 % above 0 . 3  GeV . Events 
accepted were required to have at l east two charged tracks coming from the in­
teraction region and at l east two photons with energies exceeding 0 . 1  GeV . The 
vector sum of the momenta of these two photons was required to be between 0 . 3  
and 1 . 2  GeV . Events contai ning a photon o f  l ess than 0 . 14 GeV (yl owl i n  addi-
tion to the two used for forming m were cal l ed l ow energy photon events . yy 
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Fig .  4 . 1  shows the m di stri bution for events contain ing a l ow yy 
energy photon for fi ve energy interval s between 4 . 0  and 5 . 2  GeV excl uding ener-
gies around 4 .4 GeV ; the 4 . 4  GeV region ( 4 . 36 - 4 . 48 GeV ) is presented in 
Fi g .  4 . 2 .  There i s  a cl ear n si gnal at 4 .4  GeV not observed at the other 
energies . 

The occurence of n producti on i n  associ ation with l ow energy 
photons at 4 . 4  GeV i s  strongly suggestive of FF* ( F*F* production ) .  A search was 
made for the two body decay of the F± into nTI± detecting the pion i n  one of the 
spectrometer arms . A total of 35 events were found with a p ion momentum above 
0 . 6  GeV/c ,  a yy combination in the n reg ion (0 . 35 - 0 .65 )  and a l ow energy 
photon ( this  time E < 0 . 2  GeV) . These events were fi tted to the reactions y 

(4 . 1 )  

and 
( 4 . 2 )  

These are two constrai nts fits because o f  the mass constraint o n  m and the re­YY 
qui rement that for ( 4 . l }  Tin and the miss ing vector must have the same mass mF ; 
for ( 4 . 2 )  the Tinyl ow system and the missing vector muit have the same mass mF* "  

A total o f  2 5  events gave a fi t to ( 4 . 1 )  wi th a x2 
< 8 .  These 

events are pl otted in Fi g .  4 . 3a as a function of �. the di fference between the 
measured and the fi tted Tin mas s .  The distribution peaks at � = 0 .  Cutti ng at 
l � I = 0 . 25 GeV 21 events with l � I  < 0 . 25 GeV are reta ined . These events are 
shown in scatter pl ots (F ig .  4 . 3 b , c }  of the mass di fference between the recoi l  
mass and the Tin mass versus the Ti n  mass . The data taken a t  4 . 4  GeV have a c l uster 
of 6 events wi th a wel l  defined Tin mass and a recoi l  mass some 100 MeV higher. 
The background is  found to be negl igibl e from the event di stribution outs i de the 
4 . 4  region ( Fi g .  4 . 3c } .  In the l atter - data no event with a Tin mass compatib le  with 
the si gnal at 4 . 4  GeV was found for an i ntegrated l umi nos i ty fi ve times l arger than 
that at 4 . 4  GeV . F ig .  4 . 4  shows a scatter pl ot of the fi tted Tin mass versus the 
mass of the recoi l  system and Fig .  4 . 5  gi ves the projection onto the Tin mass axi s .  
There are s i x  events wh ich give the same (mTin ' mrecoi l ) mass val ues wi th i n  errors : 
mTin = 2 . 04 GeV ,  mrecoi l  = 2 . 17 GeV , mF* = 2 . 1 1 GeV . Al l owi ng for possib le  syste­
mati c uncertai nties the best estimates are 

. mF = 2 . 03 ± 0 . 06 GeV 
mFJI! = 2 . 14 ± 0 . 06 GeV 

The mass di fference between F* and F can be d i rectly determined from the energies 
of the l ow energy photon :  

mF* - mF = 0 . 12 ± 0 . 04 GeV . 
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By compari son wi th DD production one mi ght expect to fi nd a strong FF s i gnal cl ose 
to the FF threshol d  ( - 4 . 06 GeV ) . In  th . s  case no correl ation between production 
of F and a l ow energy photon wi l l  exi st .  Using the same sel ection cri teria as be­
fore but not demanding a l ow energy photon the m mass di stribution shown i n  

yy 
Fi g .  4 . 6 ( cm energy 4 . 0  - 4 . 10 GeV ) and F ig .  4 . 7  ( 4 . 10 - 4 . 22 GeV )  were obta ined . 
The fi rst energy b in  shows a rr0 peak but no n s i gnal . The second energy b i n ,  be­
si des the rr0 exh ib its a cl ear n peak . Si nce no n s i gnal is observed at 4 . 0-4 . 10 GeV 
the n mesons do not come from D decay and DDn production is excl uded by ki nematics . 

The observed features strongly suggest to associ ate the n s ignal 
wi th FF production . A search for events with F± + rr±n reveal ed one event . From the 
fi t a val ue of 2 . 03 ± 0 . 01 GeV was found for the F mass . 

5 .  SEMILEPTONI C  DECAYS OF CHARMED PARTICLES 

5 . 1  El ectron i nc lus ive events 

The semi l eptoni c  decays of charmed parti cl es were studied with 
i ncl us ive el ectron events , 

( 5 . 1 ) 

Events of th i s  type can come from charmed parti c le  decays but al so from a vari ety 
of other sources , tri vial ones l i ke QED processes , Dal i tz pai rs ,  hadrons fak ing 
el ectrons , or from other new particl es such as heavy l eptons . 
The analys is  was done for cm energies between 3 . 6  and 5 . 2  GeV and for el ectron 
momenta Pe above 0 . 2  GeV/c .  12 • 13 The total integrated l umi nosity amounted to 
6300 nb-1 . The el ectron was i denti fied i n  the magnetic spectrometer by a Cerenkov 
counter together wi th ei ther time-of-fl ight ( for Pe < 0 . 35 GeV/c )  or shower 
counters ( Pe > 0 . 35 GeV/c ) .  The probabi l i ty for a pion to fake an el ectron was 
measured to be 4 · 10-4 • E l ectron pai rs from Dal i tz decay or pai r  convers i on were 
rejected by pul se height cuts on the scinti l l ation counters mounted before the 
magnet.  Background from QED processes was suppressed by requir ing the system X to 
conta in  at l east one nonshoweri ng track T± ( e . g .  µ±,  rr± , K± but not e ) .  
As a resul t of the sel ection cri teria the tri vial background to the events sel ec­
ted turned out to be smal l ( see table 5 . 1 ) .  

I n  a second step the charged mul ti pl i c i ty di stri bution and the 
e l ectron momentum spectra were analysed12 . It was found that by a simpl e cut on 
the mu l ti pl ic i ty ( shown in Fi g .  5 . 1 )  a c lear separati on between events from 
charmed parti c le  and from heavy l epton decay i s  possi bl e .  El ectron events with 
a s i ngl e charged track ( they wi l l  be cal l ed el ectron two prongs ) are due bas i ­
cal l y  to heavy l eptons ; el ectron events wi th two or more charged tracks (el ectron 
mul ti prong events ) origi nate from charmed parti cl es . The rel evant numbers are 
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l i sted i n  tabl e 5 . 1 .  The di fference i n  mul tipl i c ity (and el ectron spectrum as 
shown bel ow) can be understood ( and was expected ) in terms of the production 
and decay characteristics of charmed partic l es and heavy l eptons . Th i s  is ex­
pl ained by tab le  5 . 2 .  

Tabl e 5 . 1  Event statistics for i nc l us i ve el ectron events12-14 

sati sfying 
sel ection criteria 
tri vial background 
background from 
charmed parti cl es 
background from 
T production 

60 

7 ± 2 

5 ± 2 

Number of events 

182 

28 ± 9 

<22 

Tab le  5 . 2  Properti es o f  heavy sequential l eptons and new hadrons ( taken from 
Ref. 15 )  

L H 
Production e+e- + L+L- e+e- -+ H R 

( damped by form factors ) ( point cross section ) 
e+e- + L+L- + hadrons 
( negl i �i bl e  smal l ,  l ess 
than a of e l astic pro­
duction near thresho l d )  

e+e- -+ H R +  hadrons or H*R* 
( domi nant at higher energies ,  
cross section wi l l  have structure ) 

Decay Modes 

Final States : 
eµ + neutri nos 

" 
R. R. + neutrinos 
+ hadrons 
e ( µ )  + neutrino 
+ hadrons 

L .... R, VR, \)L 
+ vl · hadrons 

important, cl ear s ignature 
( e ( µ )  from three body 
decay 
negl ig ibl e ,  order a2 at 
threshol d 
l arge , l epton spectrum 
computabl e and hard , 
hadrons have l ow 
mul tipl i c i ty 

H -+ R, VR, 
(suppressed if the l owest fl avour 
state has spi n 0 )  

+ R. v R.  • hadrons 

+ hadrons 

negl ig ib le  
(e (µ )  from a mu l ti body decay) 

l arge ( e ( µ )  from a mul ti body 
d.ecay) 
l arge ,  l epton spectrum 
soft , 
hadrons have high 
mul ti pl i ci ty 
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5 . 2 El ectron mu l ti prong events and semi l eptonic decays of charmed 
parti cles 

The properties of sem1 l eptoni c  decays of charmed parti cl es were 
deduced from the el ectron mu l ti prong events . The l epton spectrum associ ated with 
the mul ti prong sampl e i s  shown i n  Fi g .  5 . 2 . The estimated background due to 
hadron m is identi fi cation or heavy l epton production i s  a l so p lotted .  The back­
ground was scal ed from measurements bel ow threshol d .  The heavy l epton contri ­
bution was estimated assum ing a , branchi ng ratio of 30 % to decay i nto final 
states w i th three or more charged parti c les . It was found that l ess than 12 % 
of the events with nch : 3 can be expl ai ned as heavy l epton production . The 
simpl e cut on hadron mul tipl i c ity therefore yiel ds a rather cl ean sampl e of 
charm decays . 

The el ectron spectrum contains i nformati on on the semi l epton i c  
and the l eptoni c  decay modes ,of the l owest mass charmed hadrons . Fig .  5 . 2 de­
monstrates that semi l eptoni c  decays are much more important than l eptonic decays 
because the l atter, bei ng two body decays , woul d  produce a peak in the el ectron 
spectrum around 1 GeV/c . This i s  tn gross disagreement wi th the data wh ich peak 
around an el ectron momentum of 0. 5 GeV/c with only few events above 0 . 7  GeV/c .  
T o  study the observed momentum spectrum i n  more deta i l  we  consider the spectrum 
obtai ned for cm energies between 3 . 99 GeV and 4 . 08 GeV . The charm cross section 
in thi s  energy region is domi nated by oo* and o*o* production and is bel ow the 
threshol d for F production . The spectrum , corrected for the background and the 
heavy l epton contri bution, is  shown in Fi g .  5 . 3 .  

The spectrum i n  Fi g .  5 . 3  was fi tted to three possible channel s :  
- - -

* D + even '  D + eveK and D + eveK ( 892 ) .  A V-A current was assumed and the form 
of the spectra was taken from a paper by Al i and Yang16 . Note that the theore­
ti cal spectra are model dependent .  These fi ts gave a x2 val ue for 10 degrees 

- - - * of freedom of: �9 . 6  for D + even '  6 . 3  for D + eveK and 2 . 8  for D + eveK ( 892 ) .  
The decay D + even can therefore be excl uded as the sol e semi l eptonic decay mode 
of the D. The data can be fi tted with ei ther D + ev K or D + ev K*(892 ) .  e e 

The absol ute cross section for i ncl usive el ectron production + - + e e + e- + X ,  where X conta ins at l east two charged tracks and any number of 
photons ,  i s  plotted i n  Fi g .  5 . 4a as a function of energy . The data have been 
corrected for radi ati ve effects . The background from hadron m is identifi cation 
and the contribution from heavy l eptoni c  production have been subtracted . 

The i nc lus ive cross section due to charmed partic le  production can 
be wri tten as : 

Here 
a (e+e- + e±X )  = E1. J. a ( e+e- + C . C . ) · { B ( C .  + ev X )  + B ( C . + ev X) } , l J  i e J e 

+ - -(e e + Ci Cj ) denotes the effective cross section for producing the 
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l i ghtest channed hadron stabl e agai nst strong and el ectromagneti c  decays . These 
partic l es mi ght ei ther be produced di rectly or resul t from the cascade decay of 
exc i ted channed hadrons .  The cross section a ( e+e- + Ci Cj ) was obta i ned by sub­
tracti ng the cross sections for "ol d" hadron production from the total hadronic 
cross sectio n .  

Near threshol d ,  where only neutral and charged D production can 
contri bute DASP f inds : 

B ( D  + e + X )  = D . 08 ± 0 . 02 

Th i s  s hou l d  be compared to the val ue 

B ( C  + e + X) = 0 . 07 2  ± 0 . 02 

obta i ned by averi ng over al l energ i es between 3 . 9  GeV and 5 . 2  GeV ( see Fi g . 5 . 4b ) . 
These val ues were extracted u s i ng the DASP1 data for the total cross section 
and the error quoted is mai nly systemati c .  Eval uating the branch i ng ratio  u s i ng 
the SPEAR data1 7  on the total cross section as i nput l ed to an average semi ­
l eptonic  branchi ng ratio of 0 . 08 ± 0 . 03 ,  compared to 0 . 11 ± 0 . 03 obtai ned u s i ng 
the PLUT018 total cross section . 

The semi l eptonic  branch i ng ratio can al so be detenni ned from the 
.fracti on of i nc l u s i ve el ectron events conta i n i ng a second el ectron . Usi ng thi s  
method the DASP group fi nds B ( C  + e-X )  = 0 . 16 ± 0 . 06 .  Note that thi s  val ue i s  
i ndependent o f  the chann cross section . 

The semi l eptonic  branch i ng ratio of D ' s  as measured by DASP i s  
i n  accord wi th the resul ts by LBL-SLAc19 and the prel imi nary analys i s  of 
DELCo20 . ( see Tabl e 5 . 3 ) .  

Tab l e  5 . 3  Sem i l eptoni c  branch i ng ratio  o f  D mesons 

Experiment B ( D  + eX)  

DASP13  8 ± 2 % 
DELC020 1 1  ± 3 % 
LBL-SLAC19 7 . 2  ± 2 . 8  % 

The sem i l eptoni c branch i ng ratio i s  l arger than the val ue of 4 % predicted21  

from the  weak decays of strange part icl es . Th i s  i nd icates that the mechani sm 
respons i bl e  for enhanci ng the nonl epton i c  channel s i n  strange part ic l e  decays 
are l ess effecti ve22 for charmed particl e decays . In fact i f  none of the 
avai l ab l e  channel s are sel ectively enhanced one expects a semi l epton i c  branching 
ratio of 0 . 20 .  Th i s  number i s  obtai ned by s impl e counting : the W decay can 
proceed i n  fi ve di fferent ways , W + ev , µv and qq ' times three because of three 
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di fferent col ours : Assumi ng the same coupl ing strength , each channel has the 
probabi l i ty 1 : 5 = 20 % .  

One event was found by DASP wi th 3 el ectrons pl us  hadrons13 . Thi s  
number i s  consi stent with the expected background l eadi ng to a n  upper l imi t of 

(e+e- + 3e + X) < 0 . 1  nb ,  

wi th 90 % confi dence . Events of that type coul d ari se from a charm changing 
neutral current, wh i ch al l ows a charmed hadron to decay i nto two el ectrons pl us 
hadrons23 . A neutral l epton pai red with the el ectron in a right handed doublet 
wou l d  al so yi el d events with three el ectrons and hadrons22 . 

DASP12 has determined the number of charged kaons emi tted i n  
el ectron mul ti hadron events . Th i s  provides a n  i ndependent cons istency check on 
the nature of the weak current respons ib le  for charm decay . If it is the GIM 
current then almost every el ectror event wi l l  ha\\'! a KR pa ir .  The measurement 
was done wi th events that had an identi fied charged hadron (n ,  K or p) i n  the 
magneti c s pectrometer, an el ectron i n  the i nner detector and possi bly other 
charged parti cl es or photons . No epX events were seen . From the observed K to 
n ratio and the measured charged mul ti pl i c i ty it was found that each mul ti ­
prong event contained on the average 0 . 90 ± 0 . 18 charged kaons per event i n  
agreement wi th the G IM prediction . 

6 .  T product ion 

Measurements on l epton events of the type 
e+e- + eµ + noth i ng 

and e+e- + e(µ ) + non$howeri ng charged parti cl e 
+ any number of photons 

( 6 . 1 )  

( 6 . 2 )  

provided convinc i ng evi dence that besides charmed partic les a new type o f  weakly 
decaying parti cl e ,  T ,  is being produced above 4 GeV 24 . Concl u s i ve proof for 
i ts exi stence was recently gi ven by the DASP col l aboration who observed T pro­
duction bel ow charm . thresho l d  at the w ' .  

6 . 1  T production bel ow charm threshol d 

T production at the w '  was studied wi th el ectron twoprong events 
( 6!. 2 ) .  The sel ection cri teria for th i s  sampl e were di scussed i n  the previous 
secti on . A total of 17 events were found at the w '  and 1 event at a cm energy 
of 3 . 6  GeV . 

The el ectron momentum spectrum measured at the w '  and p lotted i n  
Fi g .  6 . 1  shows two c lear cl usters o f  events , one centered around 1 . 5  GeV/c and 
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the other wi th momenta between 0 . 4  GeV/c and 0 . 9  GeV/c . The fi rst  cl uster can 
be associ ated wi th the cascade decay w' � J/w X � e+e-X .  

The el ectrons i n  the second cl uster have a rel atively fl at momen­
tum di stri bution . The background from the reacti on e+e- � e+e-µ+µ- has been esti ­
mated to contri bute ( 0 . 6  ± 0 . 2 )  events . An estimate us i ng data at other energ i es 
shows that we expect l ess  than 0 . 1 event from beam-gas i nteractions . Indeed , al l 
the events ori gi nate with i n  the nominal i nteraction vol ume . A twobody hadron fi nal 
state can fake events of type ( 1 )  if the charged hadron travers i ng the magnet i s  
m i s i denti fied a s  a n  el ectron . For hadrons with momenta above 0 . 35 GeV/c the 
measured probabi l i ty Phe for th i s  to happen is 4 x 10-4 . At the w '  resonance 
2 1 13 events were observed of the type e+e- � h± + nonshoweri ng track + � 0 
photons where h i s  ei ther a kaon or a pion travers ing the magnet and the non­
showeri ng track i s  observed i n  the i nner or outer detector. Thi s  cl ass of events 
therefore contri butes a background of (0 . 84 ± 0 . 02 )  events . Dal i tz decays of n° 
and n and photons convert ing i n  the beam p i pe were estimated us ing the two prong 
sampl e above . A total of ( 0 . 2  ± 0 . 1 )  events were estimated compared to 9 events 
observed . The computation of background Jssociated with mul ti hadron events was 
checked by searching for i ncl u s i ve el ectron events at the J/w resonance . One 
event of the type e+e- � e± + nonshowering track + � 0 photon was found which 
i s  to be compared with an estimated background of 1 . 3  events . 

Further evidence that the el ectron events observed at the w '  are 
not true hadron events comes from an i nspection of the photon mu l ti pl i c ity .  
Tab l e  6 . 1  shows a comparison of the photon mul tipl i c i ti es for twoprong electrons 
( 0 . 4  GeV/c < Pe < 0 . 9  GeV/c ) and twoprong hadron events ( ph > 0 . 4  GeV/c )  from 
w ' decay . 

Tabl e 6 . 1  Photon mul ti pl i c i ty di stri butions 

Number of photons 0 1 
e± + nonshoweri ng track 3 3 
at the w ' ( 0 . 4  < Pe < 0 . 9  GeV/c ) 

h± + nonshowering track 207 370 
at the w ' ( ph > 0 . 4  GeV/c)  

e± + nonshoweri ng track 
!ST 4-5 . 2  GeV ( Pe > 0 . 2  GeV/c)  

49 17 

2 

440 

10 

The di stri buti ons are stri ki ngly di fferent.  The 
by a few events as expected for T decay whereas 
mul ti pl i c i ty .  
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el ectron events are accompanied 
the hadron events have a l arge 



We concl ude therefore that an anomal ous el ectron si gnal i s  observed 
at a cm energy of 3 . 684 GeV wh i ch is bel ow charm threshol d .  Th i s  s i gnal i s  then 
assumed to come from TT producti on . The el ectron spectrum predi cted for a T 

of mass 1 . 80 GeV and a zero mass neutri no fits the data wel l ( see curve i n  
Fi g .  6 . 1 ) .  

6 . 2  T production above 4 GeV 

We turn now to the el ectron twoprong data at hi gher energ ies .  A 
total of 80 events were found at cm energ ies between 4 . 0  and 5 . 2  GeV . A fraction 
of the twoprong el ectron events observed above 3 . 9  GeV might resul t from asso­
ciated production and semi l eptonic decays of channed parti c l es . An upper l im it  
can  be obta i ned by assumi ng that al l i nc l u s i ve el ectron events with more than 
two prongs are �ue to charm production .  From the measured mul ti pl ic ity distri­
bution of these events ( Fi g .  5 . 1 ) and the known detection efficiency a total 
of (5 ± 2) events has been estimated from thi s source . The di rect decay of a 
pa i r  of charmed hadrons i nto a final state with one el ectron and one non­
showeri ng track is expected to contribute l ess  than one event.  The background 
from al l other sources has been ,estimated to (9 ± 3 )  events , i n  agreement with 
( 7  ± 7 )  events extrapol ated from the 3 . 6  GeV data . 

6 . 2 . l T mass and spi n 

The quant ity 2aTT Be · Bns  i s  pl otted i n  Fig .  6 . 2  as a function of 
cm energy . Radi ati ve corrections were appl ied and the data were corrected for 
the enhancement at the 1/1 '  due to vacuum pol arization . Note the rapid rise near 
thresho l d  which is characteri stic for s-wave production . The data shown i n  
F i g .  6 . 2  were used to determine the mass o f  the T and i ts sp in14 . The cross 
section for TT production for a T spin  of 0 ,  1/2 and 1 reads as fol l ows : 

sp in  0 :  
a -TT 

where a µµ 
spin 1/2 : 

= 1/4 aµµ 
= ?s and 

s3 f F f 2 B T e 

F i s  the T 

. B ns  

formfactor. 

aTT = aµµ ST { 1 + 1/2 ( 1-S� )} Be Bns 
The T i s  assumed to be poi ntl i ke .  

Spi n 1 : 

aT_ = aµµ ST { (�) 2 + 5 � + 3/4 } · Be · Bns 
T T 

( 6 . 3 )  

( 6 . 4 )  

( 6 . 5 )  

The T i s a�sumed to have the same e l ectromagnetic properti es a,s the W boson25 . 
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For spi n 0 the upper l im i t  on 2a,, BeBns was cal cul ated with F = 1 
and the conservative assumption that the ' has only l eptonic decays and Be = Bµ . 
Th i s  upper l im i t  i s  p lotted i n  Fig . 6 . 2  und i s  seen to be l ower than the data by 
an order of magn i tude . For spin  1/ 2  and 1 a fi t was made treati ng the ' mass and 
the products of the branchi ng ratios Be · Bns as free parameters . The spi n 1 curve 

_ ( see Fi g .  6 . 2 )  does not descri be the data ; i ncl uding the data obtai ned at h igher 
I �nergies at SPEAR excl u des sp in  1 .  The data are wel l descri bed by a po i ntl i ke 

fermion of sp i n  1 / 2 .  The fi t yiel ded for the ' mass 

6 . 2 . 2  

m 1 . 807 ± 0 . 02 GeV .  T 

The l epton momentum spectrum 

Besi des el ectron i nc l us ive events the DASP group studied al so µ 
i nc l u s i ve events14 . Candi dates for muon i nc lus ive events had to have one muon 
track in the spectrometer ,  a second nonsh-i?weri ng track and any number of photons 
observed ei ther in the i nner detector or in the spectrometer arms . A charged 
partic l e  was cal l ed a muon if it had a momentum greater than 1 . 0  GeV/c,  gave no 
s ignal i n  the threshol d  Cerenkov counter, suffered an energy l oss cons i s tent 
with that of a mi n imum ion i z i ng part ic le  in the shower counter and penetrated 
at l east 60 cm of i ron .  A total of 25 events with a background of 3 .8 events 
was found . 

After al l corrections (21  ± 5 )  muon i nc l u s i ve events and 
( 1 8 . 5  ± 4 . 6 )  el ectron i nc l u s i ve events were observed with momenta above 1 . 0  GeV/c .  
The . rati o  o f  the l eptonic wi dths eva luated d irectly from these data are i nde­
pendent of the form of the coupl i ng .  Thi s  yiel ds B /B = 0 . 92 ± 0 . 32 with a µ e 
systemati c uncertai nty of 0 . 07 .  The res u l t  i s  cons i stent with eµ uni versal i ty .  

The l epton momentum spectrum, obtai ned by comb in i ng the el ectron 
and the muon data , i s  pl otted in Fi g .  6 . 3  for cm energies between 4 . 0  GeV and 
5 . 2  GeV . Thi s  spectrum extends to much hi gher momenta than the el ectron spectrum 
observed i n  the semi l eptoni c  decays of the charmed hadrons , refl ecti ng the 
poi ntl i ke s tructure of the , and the l ow mass of i ts neutri no . 

The sol i d  l i ne shows a fi t to the data assumi ng m, = 1 . 80 GeV , a 
massl ess neutri no and a ( V-A)  structure of the current . The dotted l i ne i s  a 
fi t keepi ng the masses constant but chang i ng the l eft handed V-A current i nto 
a right  handed V+A current .  Both fi ts are cl early acceptabl e .  
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6 . 3  L�ptonic  and topol ogi cal T decay branc�i ng ratios 

The DASP group measured14 e+e- 7 eµ + m i s s i ng energy i n  the cm 
range of 0 . 4  GeV to 5 . 2  GeV . Muons of momenta greater than 0 . 7  GeV/c were i denti ­
fied i n  the outer detector ( Phµ � 4 . 2  ± 0 . 8  % )  by range ,  el ectrons wi th momenta 
above 0 . 2  GeV/c ei ther i n  the i nner detector ( Phe = 2 ± 0 . 9  %) or the outer 
( Phe = 4 x 10-4 ) .  A total of 13 eµ events with an estimated background of 
1 . 2 ± 0 . 4  events were found . Us i ng the known production cross section and assumi ng 
eµ uni versal i ty yiel d :  

B µ 
B µ 

0 . 182 ± 0 . 028 ± 0 . 014 for a V-A current and 

0 . 206 ± 0 . 033 ± 0 . 01 5  for a V+A current.  The fi rst error is the 

stati stical  one . 

The fi t used ·to eval uate the • mass from the el ectron i ncl u s i ve 
events yiel ds Be · Bns  = 0 . 086 ± 0 . 01 2 .  Us i ng Be = 0 . 182 ± 0 . 028 the DASP group 
deri ved the branch i ng ratio for T + v + nonshowering part ic l e + � 0 photons , T 
Bns = 0 . 47 ± 0 . 10 .  The branchi ng ratio Blh for T + vT + hadron + � O photons 
i s  g i ven by Blh  = Bns - B = ( 0 . 29 ± 0 . 1 1 ) . The sYstemat ic  errors are smal l 
compared to the stati stical error.  The average number of photons associ ated 
wi th T + vT + hadron + � 0 photons can be obta i ned from tabl e  6 . 1  after maki ng 
background correcti ons . Averaging the observed photon mul tipl i c i ty over al l 
two prong events i n  the h igher energy data and correcti ng for the photon da­
tection eff ic i ency the decay of the type T + vT + charged hadron + any number 
of photons was found to yiel d on the ave�age 2 . 8  ± 0 . 7  photons .  

The branching rati o B3h for the T to decay i nto fi nal states 
wi th at l east three charged partic l es can be obta i ned from B3h = 1 -Be - Bns · 
(The number of el ectron events wi th Pe > 1 GeV/c and 5 or more charged tracks 
were found to be smal l . )  The resul t is B3h = 0 . 35 ± 0 . 1 1 in agreement wi th the 
Pluto26 measurement ,  B ( �  3 prong ) = 0 .30 ± 0 . 10 .  

F its were al so made varyi ng the mass of the T neutri no . The 90  % 
confidence upper l im its on the neutri no mass are m < 0� 74 GeV for V-A and v 
m < 0 . 54 GeV for V+A . T 

v T 

6 . 4  Semi hadroni c  decays o f  the T 

A characteri sti c feature of the standard weak i nteracti on i s  that 
decays. i nvol v i ng strange part ic les are suppressed rel ati v to decays i nvol v i ng 
nonstrange final states by tg2ec z 0 . 0 5 .  The DASP group determi ned12 the ratio 
of strange to nonstrange part ic les in semi hadronic  T-decays from a measurement 
of 
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a(e+e- + e +  + K± + ?  0 photons) 
a ( e+e- ± e+ + n± + :: 0 photons )  

It  was shown that the two prong cross section i ncl udi ng one el ectron predomi nately 
+ - - -resul ts from e e + TT +  (vT eve ) (vT + hadrons + :  0 photons )  wi th only a smal l 

contami nation from chanTI decays . The hadrons were i dentified and measured us ing 
one of the spectrometer arms . The el ectron was i dent if ied i n  e i ther the i nner or 
the outer detector.  

The resul ts was 
a (e + + K± + � 0 photons ) = 0 . 07 ± 0 . 06 
a ( e +  + n± + :;:: 0 photons ) 

Therefore on the average only 7 % of al l semi hadronic T -decays yiel d a strange 
parti c l e  in accordance with theory .  Th i s  shoul d be compared to mul ti prong events 
where DASP found12 : 

a ( e +  + K± + ::: prong + :: 0 photons )  

a ( e +  + n± + > prong + : 0 photons ) 
0 . 24 ± 0 . 05 .  

Si nce the charged mul ti pl i ci ty i s  o n  the order o f  4 th i s  i s  equ i ­
val ent to ( 0 . 9  ± 0 . 18 )  charged kaons per mul ti prong event .  ( See di scussion  i n  
section 5 . )  

6 . 4 . 1  T + TI\! 

We have searched27 for the T + nv decay by studyi ng the process 

e+e- + T� + (evv ) (nv )  

l eading to the fi nal state en± Oy . In  order to reduce background from charm 
production only cm energ ies W > 4 .48 GeV were cons i dered . The el ectron was de­
tected in the i nner detector or i n  the magneti c  spectrometer , the n± was identi ­
fied i n  the magnetic spectrometer .  To enhance the T + nv s i gnal only n± with 
momenta above 1 . 1  GeV/c were consi dered . Two events sati sfyi ng these selection 
criteria were observed . 

From T� production 6 . 7  events were expected p lus  1 event from 
background (e . g .  T + pv where the n° from T decay escaped detection ) .  The d if­
ference between expected and observed number of events corresponds to a 2 s . d .  
effect.  The observed number o f  events l ead to 

or 
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whi ch can be compared to the theoreti cal val ue of B = 0 . 10 .  The data from 
SLAC-LBL presented at this meeti ng28 suggest ,  howev;r ,  that the TIV decay ex i sts 
wi th the expected strength . 

The OASP group has al so searched for events of the type 

e+e- + ,; + { ( Kv )  (evv ) + (µvv ) + ( Tiv ) } 

K± + charged track + mi ss i ng energy . 

Only one event with pK > 1 . 0  GeV/c was found27 . Thi s yiel ds a 90 % confi dence 
u pper l im i t  of BK < 0 . 016 . 

6 . 4 . 2  T + PV 

DASP measured27 the decay , + pv, by sel ecting fi nal states with 
TI± + charged track + two photons . Events in wh i ch the two photons are compati b le  
with resu l ting from a Tio decay are retai ned provi ded that both computed photon 
energ ies are above 50 MeV . The remai ni ng events are pl otted versus M ( TI±Tio ) i n  
Fig . 6 . 4a .  Events with a n  i dentified el ectron are hatched . Events within the 
p-band ( 0 . 5  GeV < M ( TI±Tio ) < 1 . 0  GeV) are p lotted versus the momenta of the TI±Tio_ 
system i n  Fi g .  6 . 5 .  The momentum di stri bution expected from the decay ' + pv, 
i s  shown as the dotted l i ne . Note the fl at di stribution above 0 . 9  GeV/c wh i ch 
i s  characteri st ic  for a two body decay of a mov i ng object .  The enhancement at 
l ow momenta is presumably due to mul tihadron events . To reduce the background ,  
on ly events with a (TI±TI0 )-momentum above 1 . 0  GeV/c are  cons i dered .  The TI±Tio 

mass di stri buti on for these events are plotted i n  Fi g .  6 . 4b .  These events yiel d 
as a prel imi nary val ue 

s = o . 24 ± 0 � 09 p 
i n  good agreement wi th the theoretical prediction ,  B 0 . 22 . 29 

p 

6 . 5  SU11111ary o f  the ' properties 

Tab l e  6 . 2  summari zes the i nformation on mass , l eptoni c  and semi­
hadroni c decay modes of the , from th is  and other experiments . 

The observation of the , at the � ·  bel ow charm threshol d conc lu­
s ively demonstrates that the  ' s ignal has nothi ng to  do  with charm.  The shape 
and magnitude of the <T production cross secti on excl ude spin  0 and 1 for the , :  
they strongl y  favor the assi gnment a s  a poi ntl i ke ,  sp in  1/2 fermi on . The best 
val ue for the , mass at present is 1 . 807 ± 0 . 02 GeV .  The analys i s  of the decay 
spectra puts a l imi t of 0 . 54 GeV on the mass of the , neutri no . The l i fetime 
of the ' is l ess than 3 . 5 · 1o- 12 sec . 
The l epton momentum spectra can be described by a V-A as wel l  as a V+A coupl ing 
of . the weak current to the Tv, system al though the fi rst  poss i bi l i ty i s  
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.... 
� Tab.l e 6 . 5  Properti es of the 

experimental 
resul ts 

mass (GeV)  1 . 807 ± 0 . 020 
Spi n 1/2 
l i fetime (sec)  <3 . 5 · 10- 12 

m \) ( GeV ) <0. 54 
T 

TV coupl i ng to V-A favored T weak current 

Bµ I Be 0 . 92 ± 0 . 32  
Be 0 . 186 ± 0 . 010 ± 0. 028 

0 . 16 ± 0 . 06 
0 . 224 ± 0 . 032 ± 0 . 044 
0 . 182 ± 0 . 028 ± 0 . 014 
0 . 15 

B µ 0 . 175 ± 0 . 072 ± 0 . 030 
0. 14 ± 0 . 034 

0 . 22 + 0 . 07 
- 0 . 08 

0 . 20 ± 0 . 10 

B ( T  -+ ey) <0. 026 
B ( T  ..,. µy) <0.013 
B(T ..,. 3 charged <0 .006 

l eptons )  <0 . 01 
( ; 

predicted experiment comments 
by theory 

DASP14 

2 . a · 10-13 PLUT030 

SLAC-LBL3 1 , PLUT030 

SLAC-LBL3 1 , PLUTo26 

1 ( seq . l ept . ) DASP14 

0 . 18 SLAC-LBL32 from eµ ; assume Be = B and V-A 
PLUT030 from eµ ,µX ; assume V-A 
LBL-SLAC33 from eµ ; assume Be = B 
DASP14 from eµ ; assume Be - B and V-A 
DELC020 from eX ; prel imi nary 

0 . 18 SLAC-LBL from µX ; asst.me B18 = 0 . 85 and V-A 
PLUT026 from µX ; assume V-A 

Iron bal l 35 from µµ 

Maryl and-Princeton from µX 
-Pavi a  

LBL-SLAC3 1  

LBL-SLAC3 1  

SLAC-LBL3 1  

PLUT036 



.... t-> _, 

Table 6 . 5  conti nued 

B ( ,  + 1 charged 
+ any photons )  

B ( T  + 1 charged 
hadron + any photons ) 

B ( T  + 3 charged 
hadrons + any photons ) 

B ( T  + 11v) 
B ( T  + kv ) 
B ( T  + pv)  
B ( T  + po11±v) 

expedmenta 1 
resul ts 

0 . 70 ± 0 . 10 
0 . 90 ± 0 . 10 
0 . 65 ± 0 . 12 

0 .40 ± 0 . 15 
0 . 45 ± 0 . 19 
0 . 29 ± 0 . 1 1  

0 . 35  ± 0 . 11 

0 . 02 ± 0 . 03 
<0 . 016 

0 . 24 ± 0 . 09 
0 . 050 ± 0 . 01 5  

predicted experiment conmen ts 
by theory 

PLUT026 

LBL-SLAc33 

DASP14 

PLUT026 

LBL-SLAC33 

DASP14 

DASP14 

0 . 10 DASP27 

0 . 005 DASP12  

0 . 22 DASP27 

-0 . 1 PLUT030 p1 1 sepctrum consistent with A 
decay. Incl uding neutral d�cay 
modes woulrl give 
B ( T  + A1v )  = 0 . 10 ± 0 . 03 



s l ightly favored by the data . The meas�red l epton i c  decay rates are consistent 
wi th e/µ universal i ty .  The l eptoni c  and semihadronic b ranch i ng ratios agree wi th 
those expected from theory for a heavy l epton of mass 1 . 8  GeV , except perhaps 
for the decay , �  nv whi ch needs further study .  

The consistency wi th e/µ universal ity cl ass i fies the , as either a 
orthol epton or a sequenti al l epton . In the fi rst case the , has the same l epton 
number as e or µ .  In the second case the , carries a new l epton number. Recent 
neutri no experiments rul e out that the , is µ-l ike37 and strongly i ndi cate that 
it is not e- l i ke38 e ither. The , is therefore most probably a sequential heavy 
l epton with a new l epton quantum number and wi th its own neutri no . 
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