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I t  Oniurn" New Flavour I d e n t i f i c a t i o n  - 
J.J. Aubert ,  LAPP 

There a r e  p o s s i b l y  new f l a v o u r s  appear ing  i n  t h e  f u t u r e  LEP energy 

range.  These new quarks might be observed a s  "onium" (bump i n  t h e  c ross-  

s e c t i o n ,  obse rva t ion  of a sudden change of s p h e r i c i t y  of t h e  events  . . .) o r  

a s s o c i a t e d  wi th  o l d  quarks i n  meson-like s t a t e s  qQ (mass peak observed i n  t h e  

Z decay, semi- lep tonic  cascade decay, s p h e r i c i t y  change a s s o c i a t e d  wi th  
a had ron ic  

semi- lep tonic  decay) o r  f i n a l l y  by an i n c r e a s e  o f  R ( 
a 1 

Most of t h i s  n o t e  comes from previous work. P v 

- CERN Yellow Report 76-18 

- B. Wiik, t a l k  a t  Les Houches 

- Roy S c h w i t t e r s ,  p r i v a t e  communication 

Search  f o r  "Onium" --- 
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So t o  s e e  a bump i n  t h e  t o t a l  c ros s - sec t ion  a t  t h e  onium mass w i l l  

r e q u i r e  very  long scanning-time i f  one has  t o  scan  a f u l l  range of  energy.  

A s  an  exanple:  wi th  a mean signal /background of 1 ( f o r  a quark charge  of 

2 /3) ,  a 40 events/day luminos i ty  p e r  u n i t  of R ,  f o r  a 50 e f f e c t  5 hours a r e  

needed pe r  po in t .  With a t  l e a s t  20 p o i n t s  p e r  GeV and 50 GeV range,  t h i s  

rough scan  w i l l  need 5000 e f f i c i e n t  hours  ( f o r  a quark charge  113, t h i s  w i l l  

i n c r e a s e  by 10) .  

But i f  o t h e r  i n d i c a t i o n s  w i l l  g i v e  an approximate mass va lue  f o r  

an onium w i t h i n  1 GeV, a s can  of -100 hours  w i l l  g ive  p r e c i s e  i n d i c a t i o n  on 

t h e  onium mas;. 

Change of S p h e r i c i t y  a t  t h e  Onium Mass 

What i s  known: A t  DORIS t h e r e  i s  a l a r g e  i n c r e a s e  i n  s p h e r i c i t y  

when one c ros se s  t h e  Y mass. 

Q u a l i t a t i v e l y  one expec ts  t h i s  t o  be t h e  same f o r  t h e  next  onium. 

Try ing  t o  be  q u a n t i t a t i v e ,  one has t o  go through a model. We use  t h e  Monte- 

Ca r lo  events  of D r i j a r d ,  Grote,  Innocent i*for  t h e  2- je t  events  and t h e  3 - j e t  

e v e n t s  (qqg) . 
For 2-jet  events  t h e  s p h e r i c i t y  i s  always s m a l l e r  than  . O 1  (100 

even t s  w i th  a mean va lue  of 4.3 One could a s k  whether  t h i s  Monte-Carlo 

s i m u l a t i o n  reproduces t h e  DORIS r e s u l t ,  it i s  not  obvious and even t s  seem t o  

b e  t o o  j e t - l i k e .  

* s e e  LEP/ECFA no te  



For 3 - j e t  events (qqg) generated according t o  J. E l l i s ,  M.K. Ga i l l a rd ,  

and De Rujula,  out  of 79 events the re  a r e  2 events wi th  a s p h e r i c i t y  > .2 and 

6 events with a s p h e r i c i t y  > .1 ( t h e  mean value  is  .03). 

Taking these  simulations f o r  granted,  i . e .  no background f o r  

s p h e r i c i t y  l a r g e r  than .2, one can see  how long one w i l l  have t o  scan t o  see  

a t  l e a s t  two l a r g e  s p h e r i c i t y  events.  

Onium mass Number of hours needed t o  see  
5.3 onium events ( i . e .  > 2 with 90% CL) 
i f  s p h e r i c i t y  > .2 

1 

1.5 

So i f  f o r  high mass onium one can make a s p h e r i c i t y  cut  a t  .2 a 

scan of (1.5 x 20 x 50) 1500 hours w i l l  be OK. I f  f o r  any reason s p h e r i c i t y  

of onium events would be smaller  o r  t a i l s  of j e t s  even l a rge r  ( i . e .  a  cu t  i n  

s p h e r i c i t y  a t  . l )  such a scan would be much longer. I f  .for any reason useful  

luminosity would be 4 times smal ler ,  6000 hours of scan would be necessary.  

A s  a  conclusion,  d i r e c t  onium search by scan seems t o  be  d i f f i c u l t  

even i f  s p h e r i c i t y  s igna tu re  i s  more powerful than bump i n  t o t a l  cross-section.  

Search f o r  qQ S t a t e  i n  the  .EO Peak 

A known propor t ion of QG p a i r s  a r e  

produced a t  t h e  ifo peak (See R formulae). 

These Q quarks w i l l  be dressed with ordinary - quarks (u,  d ,  s ,  c . . .) t o  bu i ld  new 
e ' 

Q s t a t e s  q. 

These s t a t e s  w i l l  decay weakly (semi-leptonic decay, hadronic decay, 

o r  cascade down v i a  hadronic decay ( ( q ~ ) *  + qQ + hadrons).  



1) Hadronic Decays : Search f o r  I n v a r i a n t  Mass 

M£O = 86 GeV s i n 2 8  = . 23  r a t e  of Z0 p e r  d a y s  l o 4  

The number of QG p a i r s  produced p e r  day i s  around 15% of t h e  t o t a l  

EO p roduc t ion  f o r  a  new Q w i th  a  mass smal le r  t han  ~ 0 1 2 .  Assuming a hadro- 

n i c  branching  r a t i o  of 1% p e r  channel ,  t h i s  w i l l  l ead  us  t o  300 e v e n t s  i.n a  g iven  

channe. f o r  500 hours  of running t ime.  Now d e t e c t i o n  e f f ic i .ency  has  t o  be  \ 
fo lded  i n  and t h e  background has  t o  be looked a t .  The l a r g e r  t h e  Q mass, t h e  

l a r g e r  t h e  pt of hadron d e b r i s  from qq s t a t e s  and t h e  sma l l e r  t h e  background 

coming from m u l t i p l e  combinations of hadrons w i l l  be .  

2) Semi-leptonic Decay 

A s  an  example we w i l l  look a t  t h e  cascade decay of a  t o p  meson 

So e+e- -t TT w i l l  be a  source  of m u l t i l e p t o n  f i n a l  s t a t e s .  Assuming a 10% 

branching r a t i o  f o r  a l l  semi- lep tonic  decay, we have t h e  fol.lowing r a t i o  f o r  

500 hours  of running time a t  t h e  £O peak. 

I f  it i s  no t  c l e a r  how t o  d i s en t ang le  d i f f e r e n t  c o n t r i b u t i o n s ,  TT 
even t s  w i l l  l e ad  t o  lepton-charge c o r r e l a t i o n  on each s i d e  improving t h e  r e j e c t i o n  

of t h e  background. Furthermore, charm o r  K w i l l  h e l p  t o  f i n d  a  s o l u t i o n .  This  

technique  t o  prove t h e  e x i s t e n c e  of new s t a t e s  may w e l l  be  powerful .  

Search f o r  AR stepJC 

R = 
a (e'e- -+ hadrOns) . 

When R i s  a pu re ly  e l ec t romagne t i c  
(e'e- -+ p+p-) 

process  i t  i s  c a l l e d  R and on t h e  20 po le  i t  i s  c a l l e d  R Cross ing  a  new 
Y Z ' 

t h r e sho ld  w i l l  i nc rease  R by AR. 

- 
Number of £0 Events  

2 - l o 5  

* Taken from M.K. G a i l l a r d  and J .  E l l i s  CERN Yellow Report 76-1.8, page 55 

Number of TT 

3 . 1 0 ~  

Number of Di lep tons  

1200 

T r i l e p t o n s  

, 240 

Quadri- 
leptons 

4 



16 6 4 8 16 / 3 ( 2  - -j; sinZ@ + - sin4@ ) AN + 3(2 - - sin2 + - sin" ) AN 
w 9  W P  3 $ 9  W n  

Where N and N are the numbers of 213 and -113 quark charge and NHL the 
P  n 

number of heavy leptons. 

Even in the most unfavourable case (AN = 1 for pure e.m. case) n 
40 hours of running time will give a 5 effect. So the result will depend 

more on the ability to control systematic error. 

Conclusion 

Even if new quark threshold will be more difficult to find at 

1,EP energies, existing different possibilities could hopefully be successful. 




