
ABSTRACT 

RESONANCE PARAMETERS OF T AND T '  
AND I NCLUS I VE SPECTRA MEASURED AT DORIS 

DESY - Dortmund - Heidel berg - Lund - Moscow - Co l l aboration 

W .  Schmid t-Parzefal l 
Deutsches E lektronen-Synchrotron DESY , Hamburg. 

Res ul ts on  measurements of the T and T' resonances by the DASP2 col l aboration 
obtai ned at  the DORIS s torage r ing  are reported.  From the cross secti ons for 
e+e- + µ+µ- and e+e- + hadrons we obtain  a branch i n g  ratio for the T ( 9 . 46) of 
B = ( 2 . 9  ± 1 . 3  ± 0 . 5) % ,  a l eptoni c  width r!e = ( l . 35 ± 0 . 1 1  ± 0 . 22) keV and 
a
µ�otal wi dth of (47 � i�) keV . We s tudi ed i ncl us i ve parti cl e prod uction and 

observed an excess of anti protons produced on the T and T' resonances . 

RESUME 
Les res ul tats presentes sur l es resonances T et T '  ont ete obtenus par l a  

col l aborati on DASP2 aupres de  l ' an neau de  stockage DORIS . A parti r des sections 
effi caces e+e- + µ\- et e+e- + hadrons , nous obtenons un rapport de branche­
ment  B = ( 2 . 9  ± 1 . 3  ± 0 . 5) % pour l a  resonance T ( 9 . 46), une l a rgeur l eptonique 
T µµ + 37  ree = ( 1 . 35 ± 0 . 1 1  ± 0 . 22 )  keV  e t  une  l argeur tota l e  de  (47 _ 15) keV .  Nous 

avons ega l ement etudi e des productions i ncl us i ves et observe un exces d ' anti ­
protons produi ts sur l es resonances T e t  T ' . 
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RESONANCE PARAMETERS 

The T and T ' were fi r0t  seen i n  e+e- col l i s i ons l ) at DORIS i n  1978 . Then 
DORIS had to serve PETRA as i njecto r .  After construction of the posi tron accu­
mul a t i on ring P IA ,  h i gh energy phys i cs coul d resume at  DORIS . New data were 
taken duri ng  a run from December 1979 unti l Easter  ' 8 0 .  Fi g .  1 shows the energy 
range covered by DORIS so fa r .  Note the sma l l  stati sti cal errors on the peaks of 

2 )' the resonances . Recently,  detai l ed acceptance ca l cul ations have been performed 
and the absol utely norma l i zed resonance cross secti ons have been obta i ne d ,  as 
s hown i n  Fi g .  2 .  The observed shape of a resonance is dependent upon the beam 
energy spread of  the storage ri n g  and on radi ati ve effects . However the a rea 
under a resonance gi ves i ts e l ectron i c  width , ree (T + ee ) 

where M denotes the resonance mass and Bµµ ( T  + µµ ) i ts branch i ng rat io  i n to 
muon pa i rs . Our pre l i mi nary res ul t i s  ree = ( 1 . 35 ± 0 . 1 1  ± 0 . 22 ) keV . 

The total w idth of the T can be determi ned i ndi rectly us ing  

r ee -B ­
µµ 

The branchi n g  ra ti o B ( T  + µµ ) has recentl y been measured by DASP2 3 ) and 
4 )  µµ 

LENA . In order to reduce a l a rge background counti ng  rate due to cosmi c 
muons , ti me-o f- fl i ght  measuri ng equi pment was added . Th us muon pa i rs from e+e­
anni h i l ation  coul d be safel y  i denti fi ed over  a l a rge sol i d  angl e .  We obtai ned 

T . T + 37 Bµµ = ( 2 . 9  ± 1 . 3  ± 0 . 5 ) % ,  and, fi nal l y ,  for the tota l wi dth rtot = 
( 47 _ 15 ) keV.  

Whereas in 1978 a t  DORIS just the fi rs t  evi dence for the T '  resonance was 
o bta i ned , i t  has been preci sely measured by now . For the mass  di fference be­
tween T ' and T we obta i n  6M ( T '  - T )  = ( 556 ± 10) MeV and for the rati o of the 
e lectron i c  wi dths ree ( T )  I ree ( T ' )  = 0 . 45 ± 0 . 1 .  

The resonance parameters are summari zed i n  Tab l e  I .  The average for DORIS  
i s  computed by tak i ng  i n to account al so the  res ul ts of  the  LENA 4 )  and PLUTO S )  
col l abora ti ons . From these fi gures some i mportant resul ts can  be deduced. 
Each of  them is connected wi th i nteres ting  phys i cs . 
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TABLE I 
Resona nce parameters of the T and T '  ( pre l i mi nary ) 

DASP2 DORIS 
average 

ree ( T ) [ ke V l  1 .  35  ± 0 . 22 1 . 29 ± 0 . 1 3 
Bµµ ( T )  [ % l 2 . 9 ± 1 . 3 3 . 0  ± 0 . 8  
r to t( T ) [ keV ]  47  + 37 43  + 20  - 1 5  - 1 1  
LIM( T '  , T )  [ Me VJ  556  ± 10 556 lO  

r ee ( T '  ) / ree ( T ) 0 . 45 ± 0 .  1 0 . 45 ± 0 . 04 

ree gi ves the cha rge eb of the b-qua rk . To l owe s t  order 

( + - ) 16  2 2 � ree T + e e = na eb M2 

l 

hol ds , where ¢ \ o ) denotes the quark wa ve- functi on a t  the ori g i n  and a the el ectro­
ma gne ti c  coup l i n g con s tan t .  Tho ugh the wave func tion i s  unknown , i t  can be shown 
experime ntal l y ,  Fi g .  3 ,  and  a l so a rgued theoreti cal l y  usi ng quark ?Oten t i a l s ,  
that [ ¢ ( 0 ) [ 2/ M2 does no t va ry s trongly as a functi on o f  quark mas s .  Assumi ng  then 
that ree/ eq is rough l y  consta n t ,  one obta i ns the resu l t  that the b -quark charge 
i s  l eb I = 1/ 3 .  

B µ µ  i s  connected to the s trong  coupl i n g  constant as . Accordi ng  to QCD a T 
s ta te decays i nto 3 gl uons just  as orthopo s i tro n i um decays i n to 3 photons . The 
fi rs t o rder express i on fo r the wi dth i s  6 ) 

r ( T + 3g ) = � ( n 2  - 9 )a3  � 3g  0 1  s M2 

Us i n g  the above express ion  for ree ' th e un known wave functi on cancel s 

1 0 ( n 2  - 9 )a� 

9na2 

The unknown w idth r39 
can be approxi mated noti ng  that the domi nant decays o f  the 

T go i n to 3 gl uons and i n to l e pton- or q uark-pai rs , and negl ecti ng o ther decay 
modes , 

rto t = r3g + ( R + 3 ) ree + 
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Fi g .  3 The rati o of the el ectro n i c  wi dth r ee over th e square of  the e0 for 
rad ia l  ground s ta te vector mesons as  a function of  mass . 
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Fi g .  4 The parti c l e  separation propert ies of the DASP detector .  
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where R = crh/crµµ denotes the ratio  of the cross sections for hadron to muon 
production in the con tinuum bel ow the T. Fi nal ly  the s trong coup l i ng constant as 
i s  gi ven by 

"s 0 . 0557 V11s - ( R+3 ) µµ 

wh ich l eads to 
as (';' ) 0 . 1 7  ± 0 . 02 to be compared w ith 

a s ( J/l/; ) 0 . 1 9  ± 0 . 02 obtai ned the same way . 

Experimental l y  the reacti on T + µµ determi nes as w ith a maxi mum o f  preci s i on . 
Th i s  s hou l d  be a cha l l enge to theory ,  to compute the h i gher order correcti ons to 
the now avai l ab l e  fi rs t order express ions . 

rtot( T )  has al mcst  the same s i ze as rtot ( J/ij; ) = ( 6 7  ± 12 ) keV . Th i s  suggests 
that the nature of the two mesons is i ndeed very s i mi l ar ,  and is i n  fact the 
strongest proof that the T is a bound s tate of b-quark s ,  ca rryi ng the fi fth 
fl avour .  

i\M( T '  ,T ) ,  the mass di fference between the T '  and the T resonance , gi ves evi­
dence for the fl avour i ndependence of the quark fo rce .  Over the range , where the 
quark poten ti a l  is probed by the JN and T s tates , it is wel l descr ibed by a 
l ogari thmi c s hape .  For a l ogari thmi c potentia l  the l evel s pac i ng i s  i ndependent 
from the quark mass . Thus , the observati on of about  equal l evel s pac i ng for the 
T- and the J/ij;-sta tes is evi dence for the fl avo ur i ndependence of the quark force . 

I NCLUS I VE SPECTRA 

I t  i s  bel i eved tha t  e+e- anni h i l ation proceeds vi a an i n i ti a l  q uark-anti quark 
pa i r  fragmenti n g  i n to hadrons i n  the conti nuum. I n  contras t ,  i n termedi a te quark­
oni um s tates such as J/l/; or T decay predomi nantly i n to three gl uons , whi ch agai n 
fragment i nto hadrons . Hence one mi ght expect to fi nd di fferences i n  the 
parti cl e s pectra from quarkoni um decay and from non-resonant production . 

The i ncl us i ve s pectra of rr±, K± and p produced at the T ,  the T '  and the near­
by continuum have been measured 7 ) . The DASP detector is i deal l y  su i ted for these 
measurements due to i ts excel l en t  parti cl e i denti fi cati on properti es , as can be 
seen in Fi g .  4 .  

Fi g .  5 s hows the i nvari ant cross secti on E dd/dp3  as a functi on of the hadron 
energy E in the three regi ons of i nterest .  The on-resonance cross sections refer 
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to the d i rect decays o n l y .  Contri butions from non-resonant background a nd 

vacuum pol a ri zation have been s ub tracted . 

The i nvari a n t  cross sections can be approximated by an exponenti al , 

Ed 3a/dp3 � exp ( - bE ) .  From the l east-squares fi t we get b = ( 4 . 4  ± 0 . 3 )  GeV- l 

for non-resonant pion  production . Th i s  va l ue agrees w i th the s l ope parameters 

for pion producti on in the con ti nuum measured at other energies 8 • 9 l , as  s hown 

i n  Fi g .  6 .  The s l ope appears to fal l  s l i ghtl y ,  weaker than l /v's·, with the centre 

of mass energy. 

The pion spectrum from d i rect T decay has a sl ope which i s  practi cal ly equal 

to the conti n uum val ue ,  i f  fi tted over the enti re measured energy range . 

However, i ts l ower part ( E  < 1 GeV) fal l s  off fas te r ,  w i th b = ( 4 . 9  ± 0 . 2 )  GeV- l  

The average number of charged pi ons , kaons a n d  anti protons can b e  cal cul a ted 

by a numeri ca l i n tegration of the measured spectra . Us i n g  R = crh/cr
µµ 

= 3 . 6  ± 0 . 2  

and the exponenti al fi ts des cribed above i n  order to extrapol a te to zero energy, 

we fi nd a total charged hadron mul ti pl i ci ty of 6 . 9  ± 0 . 6  in the con ti nuum and 

7 . 9  ± 0 . 6  for d i rect T decay ,  i n  agreement wi th other experi ments lO , l l l . Th i s  

observation i s  i n  contrast to early specul ati ons ,  whi ch predi cted a much h i gher 

mul tipl i ci ty from gl uon fra gmentation . The average fra ction of the centre of 

mass energy carri ed by the charged hadrons was ca l cu l a ted in the same way as the 

mul ti pl i ci ty .  We obta i n  <Ec h>off/15 = ( 5 1 . 8  ± 8 . 0 ) %  i n  the cont i n uum and 

<Ech >on/15 = (48 . 0  ± 3 . 6 ) %  for di rect T decays . Aga i n  thi s resul t is i n  contrast 

to s pecul ation s ,  which expected a n  excess of neutral parti c l es produced by gl uon 

fra gmentati o n .  

T h e  i n va ri ant cross secti ons of the three types of hadrons i n  the con ti nuum 

and on the T resonances are c l ose together (cf.  Fi g .  5 ) .  However ,  anti proton 

producti on appears to be more abundant on resonance than off resonance . The 

ra tio between the y i e l ds of 2p and a l l charged hadrons i s  i ndeed as h i gh as 

( 8 . 1 ± 2 . 1 ) %  for d i rect T decay compared to ( 1 . 5  ± 1 . 1 )% i n  the conti nuum. Th i !  

i ncrease o f  ( 6 . 6  ± 2 . 4 ) %  has a s ta ti s ti cal s i gni fi cance o f  2 . 8 s ta ndard dev i ­

a t i ons . A s i mi l ar effect of 2 . 5  s tandard devi a ti ons i s  found · for d i rect T ' 
decays . 

The fra ctions of the vari ous charged parti cl es are summa ri zed i n  Tab l e  I I  
Us i ng the mean charged mul ti pl i c i ty as determi ned above , t)1e average number o 

anti protons per even t comes out to be <p> = 0 . 32 ± 0 . 08 on the T ,  and 

<P> = 0 . 05 ± 0 . 03 in the conti nuum . 



TABLE I I  

Parti cl e rati os i n  the momentum range 0 . 3  < p < 1 . 5 GeV/c 

2p 

con ti nuum 0 . 0 1 5  ± O .O l l  
T 0 . 081  ± 0 . 02 1  
T ' 0 . 189 ± 0 .  069 

0 . 183 ± o . o3g 
0 . 1 54 ± 0 .027 
O . l 19 ± 0 . 072  

+ 
'IT-

0 . 802 ± 0 .059 
o. 765 ± 0 .048 
0 .  692 ± 0 .  129 

I t  i s  i n terest i ng  to note that a s i mi l ar ri se i n  the anti proton y i el d  has 
been seen on  the J/� 8 l . In the conti n uum, a l arge producti on  of ( anti ) baryons  
has  recently been reported by PETRA groups around 30 GeV 12 ) . S i nce it  is  
bel i e ved that gl uon emi s s ion processes become appreci abl e at  thi s e nergy and 
that, on  the other hand , the J/� and T s tates decay pri mari ly  via  three gl uons , 
one may wonder whether more copi ous baryon product ion  i s  connected wi th gl uon 
fragmentation . Th i s  effect of about th ree s tandard devi ati ons deserves a more 
thorough i nves ti gat i on both theoreti cal ly  and experi mental l y .  

OUTLOOK 

A workshop on  DORIS  experiments was hel d at DESY in February 1981 . Potenti al 
i mprovements of the storage r ing  and experiments w i th an upgraded DORIS were 
di scussed. Dr .  K. Wi l l e  proposed an i mprovement programme for DORIS ,  which fore­
sees the fol l ow ing  achievements : 

An i ncrea�e of the l umi nos i ty at T e nergi es from 1030 to 1031 cm-2s-1 . 
An i ncrease of the maximum centre of mass energy from 10 . 2  to 1 1 . 2  GeV .  
A reduction of the power con s umpti on to one hal f o f  the present val ue . 

Thi s  upgraded machi ne woul d be an excel l en t  tool wi th whi ch to s tudy the 
T-regi on , i ncl udi ng  B-mesons .  Preparat ion s  have been s tarted to have th i s  i m­
provement  programme compl eted i n  the s ummer of 1982 . 

Two detectors wi l l  be avai l abl e at thi s t ime .  A magneti c uni versal detector 
cal l ed ARGUS i s  under con structi on . In addi ti on a compl ementary ,  Crystal Bal l 
type detector wi l l  be i ns tal l ed .  I t  coul d be a n  upgraded LENA detector or even 
the famous Crystal Bal l i tsel f ,  whi ch is now runn i ng  at  SPEAR. 

The di s cussion  of poss i bl e  experiments at the Workshop showed that a l arge 
n umber of i mportant but  di ffi cul t experiments are poss i bl e  at DORIS .  

163  



1 6 4  

REFERENCES 

1 )  C . W .  Darden et  al . ,  Phys . Lett .  76B ( 1978)  246 
Ch . Berger et al . ,  Phys . Lett. 76B ( 1978)  243.  

2 ) H .  Hasemann , thes i s ,  Un i vers i ty of Hamburg, ( 1981 ) 
3 )  H. Al brecht  et al . ,  Phys . Lett .  93B ( 1980 ) 500 
4 ) J. Bienl ei n et  al . ,  Phys . Rev. Lett. 46 ( 1981 ) 92 
5 )  Ch . Berger et  al . ,  Phys . Lett .  93B ( 1980 ) 497 
6 )  T. Appe l q u i st  and A . D .  Pol i tzer, Phys . Rev. Lett 34 ( 1975 ) 43  

Y .A .  Novi kov et  al . ,  Phys i cs Reports 4 1  ( 1978)  1 
7 )  H .  Albrecht et a l . ,  DESY 81-011 , s ubmi tted to P,hys i cs Letters ; 

E .  Stei nmann , thesi s ,  Uni vers i ty o f  Hamburg, ( 1981 ) 
8 )  R. Brandel i k  et al . ,  Nucl . Phys . B148 ( 1979)  181 
9) The s l o pe parameter b at  12 GeY was ca l cul ated from data in Ref .  12 

10 ) Ch . Berger et a l . ,  ( PLUTO col l aborati on ) ,  DESY 80/1 17  ( Dec . 1980 ) ,  
Zei tschri ft fUr Phys i k  C .!:!_ ( 1981 ) 101 

1 1 )  B. Ni czyporuk et al . ( LENA col l aborati on ) ,  DESY 81/8 ( Jan . 1981 ) 
s ubmi tted to Zei tschri ft fLlr Phys i k  C.  

12 ) D .  Pandoul as , rapporteur ta l k  at the 20th I nternati onal Conference on  
H i gh Energy Phys i c s ,  Madi son , Wi scons i n ,  1980 , and I mperi al Col l ege 
Preprin t  I C/HENP/80/5 ( 1980 ) .  


