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1 .  I NTROD UCT I ON 

Bes i des e+ e- col l i s i on s ,  deep i nel a s t i c  µ-p scatter i n g  ( D I S )  i s  an 

approp r i a te process to s tudy QCD-mod i f i c a t i on s  of the s impl e  Qua rk-Pa rton­

Model pred i c t i on s .  The i n terac t i on of the v i rtual photon w i th the con s t i -

tuents of t h e  target n uc l eon resul ts i n  a forward q uark jet a n d  a back­

ward target jet.  The d i rec t i on of the v i rtual p h oton , the momentum tra n s -
2 fer Q and the energy tra n sfer v = k

µ 
- kµ ' can be we l l  determ i ned from 

the k i nema t i c s  of the muon . T h e  total hadro n i c  energy W i s  re l a ted to 
2 Q and x8j by 

and ranges from about 4 GeV to 24 GeV i n  t h i s exper iment. 

QCD effects can be stud i ed u s i n g  s i n g l e  parti c l e  d i stri b ut i on s  ( e . g .  

z ,  x
F

, p
t

, part i c l e and energy- f l ows ) a s  we l l  a s  event shaP.e v a r i a b l es 

( l i ke T hrust , O b l a tenes s , Speri c i ty ) .  For exampl e ,  the Q 2 -dependence of 

the d i fferen t i a l  m u l t i p l i c i ty ( 1 )  of c harged hadrons and the i nc rease of 

< p t> re l at i v e  to the v i rtual p hoton d i rection ( 2 )  w i th W are effects 

pred i cted by QC D .  

T h e  re s u l t s  presented are ba sed o n  a n  analys i s  o f  30000  µ-p events 

from a hydrogen target u s i n g  the 280 GeV µ-beam and the EMC doub l e  

magnet spectrometer. T h e  apparatus ( 3 )  c on s i sts of a forward spectrometer 

to meas ure the scattered muon and fast hadrons and a vertex spec trometer 

part i n c l ud i n g  a streamer c hamber. Tracks a re meas ured in a momentum 

range between . 2  and 280 GeV/ c ,  th i s  corresponds to a nearly 4rr 

acceptance in the CMS .  
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I n  µ-p D I S , the fol l ow i n g  d i a g rams con t r i b ute to add i t i onal Pt for 

forward g o i n g  hadron s .  
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F i g .  2 Lowest order as processes  i n  µ-p 

79 

These QCD-effects have to be  i sol ated from other sources of pt , such  as  

trans verse motion  of the  quarks i n s ide the  nucl eon ( pr imord i a l  kt ) ,  the 

fra gmen tat i on i tsel f and the decay of unstab l e  parti c l e s .  

Contribut ion s  from fra gmentation a n d  from kt d o  not exp l i c i tly  

depend on  W and a re expected to  be roughly forward/bac kward symmetri c ,  

whereas hard QCD-effects a s  wel l a s  effects from the em i ss i on of soft 

g l uons ( a s  in the Lund 4 . 3-model ) i ncrease w i th W and occur only in the 

forward jet .  ( 4 )  

2 .  JET PROFILES I N  µ-p SCATTER ING  

A poss i b i l i ty to  separate QCD-effects i n  jets from purely k i nema t i c  

W-effects i s  t h e  ana lys i s  o f  jet-prof i l es wh i c h  a re def i ned a s :  

l E . 
c harged 

l 

E . 
c harged 

l 

( s ummat ion :  xF < 0 backward jet 

xF > forward jet ) 

Sca l i ng cf j et prof i l es ( e . g .  be ing  i ndependent of jet energy ) was found 

to be  val i d  at  l ow energy pp- reac tions ( 5 )  and in neutri no-p sca tteri n g  

( 6 ) . 

Us ing  charged part i c l es only , EMC data has been anal ysed i n  4 

W- i n terva l s  and i s  compa red to va rious model pred i ct i ons . 

W 1 : 4 - 8 GeV W2: 8 - 1 2  GeV W3: 1 2  - 1 6  GeV W4 : 16 - 20 GeV 
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As i s  s hown i n  F i g .  3 ,  the i ndependent jet model wi thout QCD s hows very 

good sca l i ng , except for the f i rst  b i n .  The rat i os of jet-profi l es a t  

d i fferent energ ie s , wh ich  are defined a s :  

W i k  (;\) = ds/d!. ( W i ) 

ds/d>. (Wk )  

a re very c l os e  to  un i ty both  for  the  backward and the  forward jet  

(F ig .  Sa ) .  However ,  data jet  profi l es do  not s how th i s  sca l i ng behav iour  

in  the  forward jet  ( F i g .  4 ) .  

" 
" '  
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F i g .  3: Jet profi l es ( I J ,  forward , 

no QCD ) , W2 and W4 

Ratios  of energy-prof i l es as expected from the L und  model are compared 

to data in F i g .  Sb . Whi l e  the bac kward jet rat ios  essent ia l l y  rema i n  

fl a t  ( a l so w i th QCD i nc l uded ) ,  the forward jet  s hows s izeab l e dev iat ion s  

increa s i n g  w i th W .  T hey a r e  d ue t o  hard QCD a s  wel l as t o  mul t i pl e 

em i ss i on of soft gl uons ,  both effects being  a lmost eq ua l ly l a rge.  

I n  contra s t  to the i ndependen t jet model , there are sca l i ng  

deviations  present a l ready i n  the  Lund-model wi thout QCD  (F ig .  Sb , 

dotted l i ne ) .  I n  fact th i s  behaviour i s  expected a s  a " stri n g-effect" 

d ue to a "crosstal k "  between the backward and the forward jet, it depends 

( for the forward jet )  on the tran sverse mas s  of the backward going  

parti cl es ( ba ryons from the target remnant) and contrib utes to the 

sca l i ng  dev i a t i on s  in the string  model ( 7 ) . By def i n i t ion , there i s  no 

"crossta l k" in the i ndependen t jet fragmenta tion . Good agreement of data 

and Monte-Carl o can on ly  be obta ined  us i n g  the L und-fragmen tat i on wi th 

ful l QCD .  



3 .  THE RAD IATION PROF I LE F UNCTION 

A radi a t i on prof i l e  f unction parametri z i ng the jet prof i l e  has 
been suggested ( 5 )  and was tested at  l ow energ i e s  and i n  Monte Carl o 
cal cul at ions for e+e- ann i h i l at i on ( 8 ) . 
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The parameter M corresponds to the average transverse mass in the centra l 
rap i d i ty p l a teau .  To test the va l i d i ty of p ( A )  in µ -p sca tteri ng a LSQ 
f i t  of M to the data ( see F i g .  4 )  and various Monte Carl o mode l s  i s  
summari zed i n  F i g .  6 .  The resul t ing  M refl ects the "broadness" o f  the 
jets w i th fragmen tat i on effects ( l im ited pt ) be ing  el im inated . In genera l , 
p i s  found to describe the jet prof i l e for the forward jet sati sfactor i l y ,  
the bac kward j e t ,  however shows s i zeab l e  dev iat ion s .  For the Lund-model 
w i th QCD and the " string-effect" i nc l ude d ,  the i ncrea se of M w ith W 

roughly agrees w i th the data and i s  much stronger than in the i ndependent 
jet model . 
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F i g .  4 :  F o rw a r d  j e t p r o f i l e s f o r  d i f f e r e n t  W - i n t e r v a l " 
( d a t a  a n d  f i t )  
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F i g .  5 b  
R a t i o s o f  j e t  p r o f i l e s f o r  I J  m o d e l  w i t h o u t  Q C D  ( 5 a ) a n d  t h e  
L u n d -m o d e l  w i t h  Q C D  c o m p a r e d  to  d a t a  ( S b )  

F i g .  6 :  F i t t e d  M - v a l u e s  f o r  
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