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ABSTRACT 

Limits on the gluino and s c a l a r  quark mas ses were obtained in a proton 
beam-dump exper iment . The results do not favour the ex istence of low mas s g luinos 
( < 2 GeV) and s calar quarks (< 100 GeV ) . 
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Supers ymmet r i c  theories predict t h e  exis tence o f  partners o f  ordinary 
quarks , l eptons , and bosons , at a mass s c a l e  o f  100 GeV which w i l l  become 
acces s ib l e  with future generations of a c c e l erators . However some of these mode l s  
a l s o  predict part i c l e s  with s ma l l  mas s . These a r e  t h e  supersymmetric partners o f  
g luons and photons : g l u inos and photinos 1 ) .  Limits o n  t h e  g l u ino m a s s  derived 
from exis t ing data have been d i s cu s s e d  e l s ewhere2 ) . 

A s e arch for events induced by react ions involving g l u inos and photinos was 
performed by the CHARM C o l l aboration in a proton beam-dump experiment ' ) . As 
s hown in F i g . 1 ,  the g l u inos cou l d  be produced by the proton-nucleus co l l is ions 
in the copper dump (pN � ggX) . I f  the g l u ino is heavier than the phot ino , it 
decays into a photino and hadrons according to the react ion g � rqq . The photino 
reaches the CHARM detector , where it interacts producing a g l u ino (rq � gq ) .  
S ince a photino interact ion res emb l e s  a neut r a l - current neutr ino int eract ion , 
the number of events induced by the des cribed chain was e s t ab l ished from the 
muon l e s s  events in exc e s s  of those expected from neutrino interact ions . 

Cu DUMP 

CHARM DETECTOR 

Fig . 1 Chain of the proce s s e s  that l eads to a supersymmetric s i gn a l  in a 
proton beam - dump experiment . 

The experiment was per formed at the CERN SPS in 1 9 7 9 . In the exposure o f  
6 . 9 6 x 10 1 7  protons on the fu l l  den s i ty target ( a  2 m long copper b lock) 8 0 . 5  ± 
14 ( s t at . )  ± 6 . 3  ( s y s t . )  muo n l e s s  events of prompt origin with shower energy 
(E shower ) > 2 0  GeV, have been observed in the f iduc i a l  volume of the CHARM 

detector• ) ( 100 t) covering a s o l id ang l e  of 6 . 8  x 1 0 - 6 s r .  The events include 
charged-cur rent ( C C )  and neut ra l - current (NC) interactions of ve and v e as we l l  
as interact ions o f  neutrino - l ike part i c l e s  without a muon in the final s t ate . 
The number of prompt CC events induced by e l ectron neutrinos has been est imated 
by direct iden t i f i c at ion' ) . The procedure is based on the charac t e r i s t i c  
features o f  e l e ctromagnet ic showers i n  the CHARM ca lorimeter' ) : their sma l l  
widt h ,  their regu lar longitudinal pro f i l e ,  and the s t rong corr e l a t ion between 
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the total  shower energy and the energy detected at  the shower maximum . The 

energy detected in a row of scint i l l ation counters of 15 cm width , starting at 

the vertex and cross ing the shower maximum , has been calibrated us ing isolated 

e lectron showers obtained in a test beam . Ninety per cent of  the total e lectron 

energy is detected in such a row with a resolution of o (E ) /E = 0 . 25//E (GeV) s l . 
These features a l low the identification of showers with a l arge e lectromagnetic 

component (y  Eem/Eshower > 0 .  4 ) . For v eN -> eX events a correction for 

hadron-shower energy overl apping the row was app lied . Neutra l -current events 

with 11° ' s  of large energy may s imulate C-;) CC events . This contribution was e 
determined us ing muonless events obtained in the wide -band beam . The number of  

prompt CC events induced by  Ve and ve has been estimated f itting the y 

distributions o f  CC cv� events and of NC 11° background to the experimenta l  dat a .  

A total of 60 . 7  ± 13  (stat . )  ± 5 . 3  ( syst . )  events have been attributed to CC CvJ 
e 

interact ions . From this total  the corresponding number of NC events with 

Eshower > 20  GeV was computed to be 15 . 8  ± 3 . 4  (stat . )  ± 1 . 5  ( syst . ) .  

Subtracting the e lectron neutrino events from the observed number of muonless 

events ,  4 ± 21 events with Eshower > 20 GeV could be attributed to the 

interact ion of other neutrinos or neutrino - l ike particles . 

From this result a l imit on the gluino mass as a function of the scalar 

quark mass was derived . The expected number of photino events was computed by a 

Monte Carlo s imulation . The gluino production cross -sect ion was computed 

assuming the gluon fusion mechanisms ) shown in F ig .  2 .  G luino hadroproduction 

via the gluon fus ion mechanism is enhanced with respect to that of heavy quarks 

of comparable  mass by the colour factor of 8 1/ 7 ,  because gluinos be long to the 

adj oint representat ion of the colour SU ( 3 )  group . G luino decay into a photino 

and a qq pair is described by the diagram of Fig . 3 .  The interaction is mediated 

by a scalar quark whose mass is of the order of the supersymmety-breaking mass 

scale  [ 0 ( 100)  GeV ] . The dominant mechanism for the photino-nucleon interaction 

g g g g I XL  
g g g g 

K g g 

F ig .  2 D iagram for gluon fus ion 

into a gluino pair . 

Fig . 3 D iagram for the interaction 

of a gluino and a photino 

with quarks . 
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F ig .  4 The 90% CL lower bounds o n  t h e  g l u ino m a s s  as a function o f  the 
mass o f  the s c a l ar quar k .  The broken l ines show the g l u ino l i fe t ime 
cons t r a ints . 

is the invers e of g luino d e cay7 ) . For a s c a l a r  quark mass equal to the W-boson 
mas s the photino cros s - s ection is expected to be o f  the s ame order as the CC 
neutrino nuc l eon cros s - s e ct ion . The r e s u l t s  are p lotted in Fig . 4 .  The s o l id 
curve is a l ow e r  bound at the 90% CL on the g l u ino mass as a function of the 
s c a l ar quark mas s . The broken l ines ind i cate the g l u ino l i fet ime constraints . 

In conc lus ion , the r e s u l t s  of t h i s  s e arch for supersymmetric part i c l es do 
not favour the existence of low-mass g l u inos ( <  2 GeV) and s c a l ar quarks 
(< 100 GeV ) . 



REFERENCES 

1 .  G . R . Farrar and P . Fayet , Phys . Lett . 7 6 B , 5 75 ( 1 9 7 8 ) ; P . Fayet , Phys . Lett . 

78B , 4 1 7  ( 1 9 7 8 )  4 1 7 ;  G . R . Farrar and P . Fayet 7 9 B , 442 ( 1 9 7 8 ) . 

2 .  B . A . Campb e l l ,  J . E l l is and S . Rudaz , Preprint CERN TH - 3 1 84 ( 1 9 8 1 ) ; 

G . L . Kane and J . P . Leve i l l e ,  Phys . Lett . 126B , 227 ( 1 9 82 ) . 

3 .  M . Jonker et a l .  ( CHARM Col l aborat ion ) ,  Phys . Lett . 9 6 B , 435 ( 1 9 80 ) . 

4 .  A . N . Diddens et a l .  (CHARM Col l aboration ) , Nuc l . Inst rum . Methods 1 7 8 , 2 7  

( 19 80 ) . 

5 .  M . Jonker et a l . ( CHARM Col laboration ) , Nuc l .  Instrum . Methods 2 0 0 , 183 

( 1 9 82 ) . 

297  

6 .  H . M . Georgi , S . L . G l ashow , M . E . Machacek and D . V . Nanopou los , Ann . Phys . ( NY )  

1 1 4 ,  2 7 3  ( 1 9 7 8 ) . 

7 .  M . I . Vysotsky , Prep r int ITEP -43 ( 1 9 82 ) , submitted to Nuc l . Phys . B .  


