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Abstract 

T h e r a t e of f o r w a r d j e t s , i .e. j e t s w i t h a s m a l l ang l e w i t h r e s p e c t t o t h e p r o t o n d i r e c t i o n , h a s 
b e e n m e a s u r e d in d e e p ine la s t i c s c a t t e r i n g ev en t s a t t h e ep col l ider H E R A . S u c h a m e a s u r e m e n t 
h a s b e e n p r o p o s e d as a s i g n a t u r e for o b s e r v i n g B F K L d y n a m i c s . A n inc lus ive j e t c ross sec t ion 
m e a s u r e m e n t is p r e s e n t e d for j e t s in t h e t a r g e t r eg ion of t h e Bre i t F r a m e . 

Resume 

Le t a u x d ' e v e n e m e n t s avec u n j e t d e p a r t i c u l e s vers P a v a n t , c . a .d f a i san t u n p e t i t a n g l e avec la 
d i r ec t i on d u p r o t o n i n c i d e n t a e t e m e s u r e d a n s les col l is ions p r o f o n d e m e n t i n e l a s t i q u e s a u p r e s d u 
co l l i s ionneur e l e c t r o n - p r o t o n H E R A . C e t y p e de m e s u r e a e t e p r o p o s e p o u r m e t t r e en ev idence u n e 
d y n a m i q u e B F K L . L a m e s u r e d e l a s ec t ion efficace inc lus ive de p r o d u c t i o n de j e t d a n s l a reg ion 
d u r e s idu d u p r o t o n est p r e s e n t e e d a n s le referent ie l de B r e i t . 

1. Introduction 

T h e e l e c t r o n - p r o t o n col l ider H E R A h a s o p e n e d n e w 
k i n e m a t i c a l r eg ions for t h e s t u d y of d e e p ine las t i c 
s c a t t e r i n g ( D I S ) : t h e r e g i o n s of l a r g e f o u r - m o m e n t u m 
t r ans f e r Q2 ( u p t o Q2 « 1 0 4 GeV2 ) a n d s m a l l 
B j o r k e n - z ( d o w n t o x ^ 1G"* 4). I t h a s b e e n s u g g e s t e d [1] 
t h a t t h e s m a l l x r eg ion m a y b e sens i t ive t o n e w d y n a m i c 
f e a t u r e s of Q C D . T h e Z E U S a n d H I c o l l a b o r a t i o n s h a v e 
o b s e r v e d [2, 3] t h a t t h e p r o t o n s t r u c t u r e f u n c t i o n F2 
e x h i b i t s a s t r o n g rise t o w a r d s s m a l l Bjorken-cc. T h i s rise 
h a s c a u s e d m u c h d e b a t e o n w h e t h e r t h e H E R A d a t a a r e 
sti l l in a r e g i m e w h e r e t h e Q C D e v o l u t i o n of t h e p a r t o n 
dens i t i e s c a n b e d e s c r i b e d b y t h e D G L A P ( D o k s h i t z e r -
G r i b o v - L i p a t o v - A l t a r e l l i - P a r i s i ) [4] e v o l u t i o n e q u a t i o n s , 
or w h e t h e r t h e y e x t e n d i n t o a n e w r e g i m e w h e r e t h e 
Q C D d y n a m i c s is d e s c r i b e d b y t h e B F K L ( B a l i t s k y -
F a d i n - K u r a e v - L i p a t o v ) [5] e v o l u t i o n e q u a t i o n . T h e 
B F K L e v o l u t i o n e q u a t i o n is e x p e c t e d t o b e c o m e 

a p p l i c a b l e in t h e s m a l l x r eg ion , s ince it r e s u m s all 
l e a d i n g as\nl/x t e r m s in t h e p e r t u r b a t i v e e x p a n s i o n , 
in c o n t r a s t t o t h e D G L A P e q u a t i o n . P r e s e n t F2 
m e a s u r e m e n t s d o n o t ye t a l low t o d i s c r i m i n a t e b e t w e e n 
B F K L a n d c o n v e n t i o n a l D G L A P d y n a m i c s [6, 7], 
a n d a r e p e r h a p s t o o inc lus ive a m e a s u r e m e n t t o b e 
a sens i t ive d i s c r i m i n a t o r . H a d r o n i c final s t a t e s a r e 
e x p e c t e d t o give a d d i t i o n a l i n f o r m a t i o n a n d t o b e m o r e 
sens i t ive t o t h e p a r t o n e v o l u t i o n [8, 9, 10]. In th i s 
p a p e r we s t u d y j e t p r o d u c t i o n in t h e r eg ion a w a y 
f rom t h e s t r u c k q u a r k , t o w a r d s t h e p r o t o n r e m n a n t . 
Since a t H E R A t h e p r o t o n d i r e c t i o n is cal led " f o r w a r d " 
d i r e c t i o n , t h e s e j e t s a r e t e r m e d " f o r w a r d j e t s " . 

T h e d a t a u s e d in t h e s e a n a l y s e s were col lec ted by 
t h e H I a n d Z E U S e x p e r i m e n t s in 1993 a t H E R A , w h e r e 
e l ec t rons of e n e r g y Ee — 26 .7 G e V coll ide w i t h p r o t o n s 
of e n e r g y Ep — 820 G e V , r e s u l t i n g in a t o t a l c e n t r e of 
m a s s e n e r g y of y/s = 296 G e V . T h e d a t a c o r r e s p o n d 
t o a n i n t e g r a t e d l u m i n o s i t y of 320 n b _ 1 a n d 540 n b - 1 



for H I a n d Z E U S , respec t ive ly . 

2. BFKL and DGLAP dynamics 

For ev en t s a t low h a d r o n p r o d u c t i o n in t h e r eg ion 
b e t w e e n t h e c u r r e n t j e t a n d t h e p r o t o n r e m n a n t is 
e x p e c t e d t o b e sens i t ive t o t h e effects of t h e B F K L 
or D G L A P d y n a m i c s . A t lowes t o r d e r t h e B F K L 
a n d D G L A P e v o l u t i o n e q u a t i o n s effectively r e s u m t h e 
l e a d i n g l o g a r i t h m i c a 5 l n l / # or a , In Q2 c o n t r i b u t i o n s 
respec t ive ly . In a n a x i a l g a u g e t h i s a m o u n t s t o a 
r e s u m m a t i o n of l a d d e r d i a g r a m s of t h e t y p e s h o w n in 
F ig . 1. T h i s s h o w s t h a t before a q u a r k is s t r u c k b y t h e 
v i r t u a l p h o t o n , a c a s c a d e of p a r t o n s m a y b e e m i t t e d . 
T h e f r ac t ion of t h e p r o t o n m o m e n t u m c a r r i e d b y t h e 
e m i t t e d p a r t o n s , a^, a n d t h e i r t r a n s v e r s e m o m e n t a , fail 
a r e i n d i c a t e d in t h e f igure . I n t h e l e a d i n g log D G L A P 
s c h e m e th i s p a r t o n c a s c a d e follows a s t r o n g o r d e r i n g 
in t r a n s v e r s e m o m e n t u m fc|,n ^> kq,n_1 ^> .. . ^> fcyX, 
whi le t h e r e is on ly a soft ( k i n e m a t i c a l ) o r d e r i n g for t h e 
f r ac t i ona l m o m e n t u m xn < z n _ i < .. . < X\. I n t h e 
B F K L s c h e m e t h e c a s c a d e follows a s t r o n g o r d e r i n g in 
f r ac t i ona l m o m e n t u m xn <C # n - i <C .. . <C a>i, whi le 
t h e r e is n o o r d e r i n g in t r a n s v e r s e m o m e n t u m f l l ] . T h e 
t r a n s v e r s e m o m e n t u m follows a k i n d of r a n d o m wa lk in 
fa space : t h e va lue of fai is close t o t h a t of fai-i, b u t 
i t c a n b e b o t h l a rge r or sma l l e r [12]. 

A p r o p o s e d s i g n a t u r e of t h e B F K L d y n a m i c s is t h e 
r a t e of j e t s w i t h t r a n s v e r s e m o m e n t u m fa jet ~ Q a n d 
t h e m o m e n t u m f r ac t i on of t h e j e t , Xjet — Ejet/Ep, l a rge 
c o m p a r e d w i t h B j o r k e n - z [9, 10, 13]. He re Ejet a n d 
Ep a r e t h e energ ies of t h e j e t a n d t h e i n c o m i n g p r o t o n 
respec t ive ly . D u e t o t h e s t r o n g o r d e r i n g in t h e D G L A P 
evo lu t ion , t h e c o n d i t i o n fa jet ~ Q s u p p r e s s e s t h e p h a s e 
s p a c e for j e t p r o d u c t i o n . H o w e v e r j e t p r o d u c t i o n f r o m 
B F K L e v o l u t i o n is g o v e r n e d b y t h e r a t i o Xjet/x, wh ich is 
l a rge . Hen ce t h e r a t e of e v e n t s w i t h a j e t sa t i s fy ing t h e 
se lec t ion is p r e d i c t e d t o b e h i g h e r for t h e B F K L t h a n 
for t h e D G L A P s c e n a r i o . 

T h e j e t r a t e s will b e c o m p a r e d w i t h p r e d i c t i o n s 
f rom M o n t e C a r l o m o d e l s w h i c h a r e b a s e d o n Q C D 
p h e n o m e n o l o g y . In t h i s r e p o r t we cons ide r t w o of t h e 
c u r r e n t l y ava i l ab le M o n t e C a r l o p r o g r a m s : t h e M E P S 
( M a t r i x E l e m e n t s p l u s P a r t o n Shower s ) a n d C D M 
( C o l o u r D i p o l e M o d e l ) m o d e l s . T h e C D M m o d e l [14] 
p rov ides a n i m p l e m e n t a t i o n of t h e co lour d ipo l e m o d e l 
of a cha in of i n d e p e n d e n t l y r a d i a t i n g d ipo les f o r m e d b y 
e m i t t e d g l u o n s [15]. P h o t o n - g l u o n fusion e v e n t s a r e n o t 
de sc r ibed b y t h i s p i c t u r e a n d a r e a d d e d a t a r a t e g iven 
by t h e Q C D m a t r i x e l e m e n t s [16]. T h e C D M d e s c r i p t i o n 
of g luon emiss ion is s imi l a r t o t h a t of t h e B F K L 
evo lu t ion , b e c a u s e t h e g l u o n s e m i t t e d b y t h e d ipo le s 
do n o t o b e y s t r o n g o r d e r i n g in fa [17]. T h e C D M 
d o e s n o t expl ic i t ly m a k e use of t h e B F K L e v o l u t i o n 
e q u a t i o n , howeve r . T h e M E P S m o d e l is a n o p t i o n of 

t h e L E P T O g e n e r a t o r [16] b a s e d o n D G L A P d y n a m i c s . 
M E P S i n c o r p o r a t e s t h e Q C D m a t r i x e l e m e n t s u p t o 
first o r d e r , w i t h a d d i t i o n a l soft emi s s ions g e n e r a t e d by 
a d d i n g l e a d i n g log p a r t o n s h o w e r s . T h e e m i t t e d p a r t o n s 
a r e s t r o n g l y o r d e r e d in fa. B o t h M o n t e C a r l o p r o g r a m s 
use t h e L u n d s t r i n g m o d e l [18] for h a d r o n i z i n g t h e 
p a r t o n i c final s t a t e . 

A p a r t f r o m M o n t e C a r l o p r e d i c t i o n s , a n a l y t i c a l 
c a l c u l a t i o n s h a v e b e e n p e r f o r m e d for t h i s p r o c e s s [10]. 
R e c e n t l y a n e w c a l c u l a t i o n b e c a m e ava i l ab l e [21], 
t a i l o r e d t o t h e k i n e m a t i c a l r a n g e se lec ted b y t h e 
m e a s u r e m e n t s . T h e s e c a l c u l a t i o n s a r e sofar a t t h e 
p a r t o n level . 

T h e H I a n a l y s i s p r e s e n t e d in t h i s p a p e r d i scusses t h e 
m e a s u r e m e n t m a d e in t h e k i n e m a t i c a l r a n g e oixjet » 
x a n d fa jet ~ Q- Z E U S p r e s e n t s a m e a s u r e m e n t of 
t h e inc lus ive j e t c ross s ec t i on for j e t s in t h e c u r r e n t a n d 
t a r g e t h e m i s p h e r e , a s a n in i t i a l s t u d y for t e s t i n g B F K L 
d y n a m i c s in t h e f o r w a r d r eg ion . 

F i g u r e 1 . P a r t o n evo lut ion in the ladder approximat ion. T h e 
se lect ion of forward j e t s in DIS events is i l lustrated. 

3. Events with a forward jet (HI) 

In t h i s s ec t ion t h e c ross sec t ion of t h e p r o c e s s g iven 
in F ig . 1 is s t u d i e d . Fo r t h i s a n a l y s i s D I S e v e n t s 
w i t h Q2 < 100 G e V 2 a r e used , in w h i c h t h e s c a t t e r e d 
e l ec t ron is o b s e r v e d in t h e b a c k w a r d e l e c t r o m a g n e t i c 
c a l o r i m e t e r of t h e e x p e r i m e n t [19], T h e k i n e m a t i c 
va r i ab l e s a r e d e t e r m i n e d u s i n g i n f o r m a t i o n f r o m t h e 
s c a t t e r e d e l ec t ron : Q2 = 4 Ee E'e c o s 2 ( 0 e / 2 ) a n d y = 
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F i g u r e 2 . a ) DIS event event w i t h a forward j e t in the H i 
detector . T h e pro tons are inc ident from t h e right , e lectrons from 
the left. T h e sca t tered e lec tron is d e t e c t e d in the backward 
e lec tromagnet ic ca lor imeter ( B E M C ) w i t h a n angle of 166° a n d 
an energy of 18.9 G e V . T h e forward je t is observed in the l iquid 
argon calorimeter a n d h a s a n ang le 6jet = 11° a n d a n energy 
Ejet = 65 G e V . A v e r a g e d over all event s w i t h a s e l ec ted forward 
j e t , the transverse energy flow a r o u n d t h e forward j e t axis is 
s h o w n in b ) as a func t ion of At7, i n t e g r a t e d over | A < £ | < 1 . 0 a n d 
in c ) as a funct ion of A<f>, i n t e g r a t e d over |A?7| < 1 . 0 . Here Arj 
a n d A<j> are m e a s u r e d w i t h respect to t h e r e c o n s t r u c t e d j e t ax is . 

1 - (E'E/EE) • s i n 2 ( 0 e / 2 ) . T h e s c a l i n g v a r i a b l e x is t h e n 
d e r i v e d v i a x — Q2/(ys). 

D I S e v e n t s a r e s e l ec t ed in t h e fo l lowing way . T h e 
s c a t t e r e d e l e c t r o n m u s t h a v e a n e n e r g y Ef

e l a r g e r 
t h a n 12 G e V a n d a p o l a r a n g l e f @e b e l o w 173° in 
o r d e r t o e n s u r e a h i g h t r i g g e r efficiency a n d a s m a l l 
p h o t o p r o d u c t i o n b a c k g r o u n d [3]. F u r t h e r r e d u c t i o n of 
p h o t o p r o d u c t i o n b a c k g r o u n d a n d t h e r e m o v a l of e v e n t s 
in w h i c h a n e n e r g e t i c p h o t o n is r a d i a t e d off t h e i n c o m i n g 
e l e c t r o n ( r a d i a t i v e e v e n t s ) is a c h i e v e d b y r e q u i r i n g 
Y,j {Ej -Pz,j) > 30 G e V [3], w h e r e t h e s u m i n c l u d e s 
al l p a r t i c l e s j of t h e e v e n t . H e r e Ej is t h e e n e r g y a n d pzj 
t h e l o n g i t u d i n a l m o m e n t u m c o m p o n e n t of a p a r t i c l e . I n 
a d d i t i o n t h e r e q u i r e m e n t y > 0 .1 w a s i m p o s e d t o e n s u r e 
t h a t t h e j e t of t h e s t r u c k q u a r k is wel l w i t h i n t h e c e n t r a l 
r e g i o n of t h e d e t e c t o r a n d (for n o n - r a d i a t i v e e v e n t s ) is 

f Polar angles are d e n n e d w i t h respect t o t h e p r o t o n d irect ion 

F i g u r e 3 . T h e n u m b e r of observed D I S events w i t h a se l ec ted 
forward j e t ( s ta t i s t i ca l errors o n l y ) , correc ted for radiat ive event s 
faking this s ignal , c o m p a r e d t o pred ic t ions of t h e C D M a n d 
M E P S m o d e l . 

T a b l e 1 . N u m b e r s of observed D I S event s w i t h a se l ec ted 
forward j e t , corrected for rad ia t ive event s faking this s ignature . 
T h e s e m a y b e direct ly c o m p a r e d w i t h the e x p e c t a t i o n s from the 
M o n t e Carlo m o d e l s . T h e m e a s u r e d cross sec t ion ep —• jet - f X 
for forward j e t s is also g iven . T h e errors reflect the s tat i s t i ca l 
a n d s y s t e m a t i c uncer ta int i e s . 

e x p e c t e d t o h a v e a j e t a n g l e l a r g e r t h a n 6 0 ° . 
D I S e v e n t s a r e s t u d i e d a t s m a l l x w h i c h h a v e a j e t 

w i t h l a r g e Xjet [20]. A c o n e a l g o r i t h m is u s e d t o find 
j e t s , r e q u i r i n g a n ET l a r g e r t h a n 5 G e V in a c o n e 
of r a d i u s R = \/Arj2 + Acf)2 — 1.0 in t h e s p a c e of 
p s e u d o - r a p i d i t y r) a n d a z i m u t h a l a n g l e <j) i n t h e H E R A 
f r a m e of r e f e rence . I n t h i s s a m p l e of D I S e v e n t s w i t h 
Q2 K 20 GeV2 a n d 2 - 1 0 " 4 < x < 2 • 1 0 " 3 we h a v e 
c o u n t e d e v e n t s w h i c h h a v e a " f o r w a r d " j e t de f ined b y 
x j e t > 0 . 0 2 5 , 0.5<pTjet2/Q2 < 4 , 6° < 6 j e t < 20° a n d 
PTjet > 5 G e V , w h e r e prjet is t h e t r a n s v e r s e m o m e n t u m 
of t h e j e t . A t y p i c a l e v e n t w i t h a h i g h e n e r g y f o r w a r d j e t 
is s h o w n in F i g . 2 a . T h e t r a n s v e r s e e n e r g y flow a r o u n d 
t h e f o r w a r d j e t a x i s , a v e r a g e d over al l s e l ec t ed e v e n t s , 
is s h o w n v e r s u s rj a n d 0 i n F i g s . 2 b a n d 2c . D i s t i n c t j e t 
profi les a r e o b s e r v e d , w h i c h a r e well d e s c r i b e d b y t h e 
M o n t e C a r l o m o d e l s . 

T h e r e s u l t i n g n u m b e r of e v e n t s o b s e r v e d w i t h a t 
l eas t o n e f o r w a r d j e t i n t h e k i n e m a t i c a l r e g i o n 160° < 
0e < 173° a n d E'E > 12 G e V is s h o w n in F i g . 3 a n d 
g iven in T a b l e 1 a n d c o m p a r e d t o e x p e c t a t i o n s of t h e 
M E P S a n d C D M m o d e l s a f t e r d e t e c t o r s i m u l a t i o n . T h e 
d a t a a r e c o r r e c t e d for p h o t o p r o d u c t i o n b a c k g r o u n d a n d 
r a d i a t i v e e v e n t s , w h i c h d u e t o t h e c h a n g e d k i n e m a t i c s 
a t t h e h a d r o n v e r t e x c a n e jec t a j e t i n t h e f o r w a r d 
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d i r ec t i on . A b o u t 4 % of t h e d a t a e v e n t s were f o u n d t o 
c o n t a i n t w o f o r w a r d j e t s . In t h e k i n e m a t i c r a n g e s t u d i e d 
he r e t h e C D M gene ra l l y d e s c r i b e s t h e d a t a b e t t e r t h a n 
t h e M E P S m o d e l . H o w e v e r , i n c r e a s i n g t h e Xjet c u t f r o m 
0.025 t o 0 .05 r e d u c e s t h e t o t a l n u m b e r of e v e n t s w i t h 
f o r w a r d j e t s t o 46 for C D M , t o 77 for M E P S a n d t o 105 
for t h e d a t a , h e n c e C D M d o e s n o t d e s c r i b e t h e r a t e of 
h i g h e n e r g y j e t s . 

T h e m e a s u r e d cross sec t ion for f o r w a r d j e t s 
sa t i s fy ing t h e c u t s g iven a b o v e is a l so p r e s e n t e d in 
T a b l e 1. I t h a s b e e n c o r r e c t e d for d e t e c t o r effects 
u s ing t h e C D M . T h e s y s t e m a t i c e r r o r s i n c l u d e effects 
f rom D I S even t se lec t ion , t h e c a l o r i m e t e r e n e r g y sca le 
( 5 % ) , t h e j e t a n g l e b i a s (10 m r a d ) , t h e p r o t o n s t r u c t u r e 
f u n c t i o n , a n d a g l o b a l n o r m a l i z a t i o n u n c e r t a i n t y of 
4 . 5 % . E v e n t p i l e -up effects were f o u n d t o b e neg l ig ib le . 
T h e s y s t e m a t i c e r r o r s o n t h e t w o d a t a p o i n t s a r e l a rge ly 
c o r r e l a t e d . T h e r a t i o of t h e j e t c ross s ec t ion for t h e low 
x t o t h e h i g h x b i n is 1.49 ± 0 .25 . 

T h e p rec i s ion of t h e d a t a d o e s n o t ye t a l low a firm 
conc lus ion t o b e d r a w n . W e n o t e , h o w e v e r , t h a t t h e 
f o r w a r d j e t c ross s ec t ion is l a r g e r in t h e low x b i n 
t h a n in t h e h i g h x b i n . T h i s is e x p e c t e d f r o m B F K L 
d y n a m i c s a s a r ecen t a n a l y t i c a l c a l c u l a t i o n [21] a t t h e 
p a r t on level d e m o n s t r a t e s : in t h e k i n e m a t i c a l r eg ion 
se lec ted t h e r a t i o of t h e c ross s e c t i o n s in t h e low x b i n 
t o h i g h x b i n is 1.62 for a c a l c u l a t i o n i n c l u d i n g B F K L 
evo lu t i on , c o m p a r e d t o 1.03 for a c a l c u l a t i o n w i t h o u t 
g l u o n emis s ion f r o m t h e l a d d e r in F i g . 1. 

4. Inclusive jet production cross sections 
(ZEUS) 

In t h i s a n a l y s i s t h e inc lus ive j e t p r o d u c t i o n c ross s ec t ion 
is m e a s u r e d s e p e r a t e l y in b o t h h e m i s p h e r e s of t h e Bre i t 
f r a m e . In t h i s f r a m e t h e v i r t u a l p h o t o n a n d t h e p r o t o n 
a r e co l l inear a n d t h e e x c h a n g e d c u r r e n t is en t i r e ly s p a c e 
like, h a v i n g j u s t a z - c o m p o n e n t of m o m e n t u m — Q. I n 
t h e s i m p l e Q P M p i c t u r e t h e c o n v e n t i o n is u s e d t h a t 
t h e i n c i d e n t p a r t o n a p p r o a c h e s w i t h m o m e n t u m + Q / 2 , 
a b s o r b s t h e p h o t o n , a n d leaves w i t h m o m e n t u m — Q / 2 , 
in w h a t is ca l led t h e c u r r e n t h e m i s p h e r e ; t h e o t h e r o n e 
is ca l led t h e t a r g e t h e m i s p h e r e . 

D e e p ine la s t i c s c a t t e r i n g e v e n t s for t h i s a n a l y s i s 
a r e se lec ted in t h e Z E U S d e t e c t o r [22] by r e q u i r i n g a n 
ident i f ied e l ec t ron w i t h t r a n s v e r s e e n e r g y ET > 5 G e V 
(hence Q2 > 25 G e V 2 ) , y < 0 .95 , yJB > 0.08 w i t h 
yjB = J2h(&h - pz,h)/2Ee, w h e r e t h e s u m i n c l u d e s al l 
h a d r o n s h. T o r e d u c e r a d i a t i o n a n d p h o t o p r o d u c t i o n 
b a c k g r o u n d a c u t J2j &j ~ Pzj > 35 G e V is a p p l i e d 
( s u m i n c l u d e s al l p a r t i c l e s j). 

J e t s a r e ident i f ied in t h e d a t a w i t h t h e &t j e t 
f ind ing a l g o r i t h m [23], u s i n g t h e E - s c h e m e a n d a ycut — 
0.5 . T h e energ ies of t h e j e t s h a v e b e e n c o r r e c t e d for 
losses u s i n g a t e c h n i q u e b a s e d o n e n e r g y b a l a n c e in 

F i g u r e 4 . ( t o p ) T h e cross sect ion dajdE^ a n d ( b o t o m ) the 
laboratory angular d is tr ibut ion of j e t s d e t e c t e d either in the 
Breit current or target hemisphere . 

3IU -3 

r i g u r e o . ± lhe cross sect ion for jet events as funct ion of the 
target m o m e n t u m fraction, for ( t o p ) 1 + 1 jet events and 
( b o t o m ) 2 + 1 jet events . 

1-jet e v e n t s . M o n t e C a r l o s t u d i e s s h o w t h a t in t h e 
c h o s e n k i n e m a t i c a l r a n g e t h e r a t e s of t h e m e a s u r e d 
j e t s c o r r e s p o n d closely t o t h e r a t e s of t h e p a r t o n j e t s . 
H e n c e f o r t h t h e d a t a will b e c o m p a r e d w i t h p a r t o n j e t 
M o n t e C a r l o c a l c u l a t i o n s . 

T h e d i s t r i b u t i o n s dajdE^1 a n d t h e n u m b e r of j e t s 
v e r s u s t h e l a b o r a t o r y j e t a n g l e a r e s h o w n in F ig . 4, 
s e p a r a t e l y for t h e c u r r e n t a n d t a r g e t r eg ion , a n d 
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c o m p a r e d w i t h C D M . C l e a r l y m o r e j e t s a r e p r o d u c e d 
in t h e t a r g e t r eg ion c o m p a r e d t o t h e c u r r e n t r eg ion . 
G e n e r a l l y t h e m o d e l de sc r ibe s t h e l a b o r a t o r y j e t ang le 
d i s t r i b u t i o n for j e t s in t h e c u r r e n t r eg ion well. In 
t h e t a r g e t reg ion , p a r t i c u l a r l y a t s m a l l j e t ang l e s , t h e 
a g r e e m e n t is wor se . T h e m o d e l c lear ly p r o d u c e s t o o 
few f o r w a r d j e t s w i t h a l a b o r a t o r y a n g l e less t h a n 2 0 ° . 

N e x t , t h e j e t c ross s ec t i ons a r e s h o w n v e r s u s t h e 
t a r g e t m o m e n t u m f r ac t i on . T h e e v e n t s a r e classified a s 
1 + 1 a n d 2 + 1 j e t e v e n t s ( t h e + 1 i n d i c a t e s t h e p r o t o n 
r e m n a n t wh ich is g e n e r a l l y n o t r e c o n s t r u c t e d ) . For 
t h e 1 + 1 j e t even t s , i .e. t h e c u r r e n t j e t + t h e p r o t o n 
r e m n a n t , t h e r e l evan t t a r g e t m o m e n t u m f r ac t i on is t h e 
B j o r k e n - z . T h e j e t s of t h e s e e v e n t s a r e p r e d o m i n a t l y 
f o u n d in t h e c u r r e n t r eg ion of t h e Bre i t f r a m e . For 2 + 1 
j e t even t s t h e j e t s a r e f o u n d m o s t l y in t h e t a r g e t r eg ion . 
Here t h e r e l evan t t a r g e t m o m e n t u m f r ac t ion is £, def ined 
a s £ = x(Q2 + M2-)/Q2 > z , w h e r e Mjj is t h e m a s s of 
t h e 2 j e t s . T h e d a t a a r e s h o w n in F i g . 5 for t h e 1 + 1 
a n d 2 + 1 j e t s a m p l e , a n d c o m p a r e d w i t h t h e C D M a n d 
M E P S p r e d i c t i o n s . A g a i n a g o o d d e s c r i p t i o n is f o u n d 
for t h e d a t a in t h e c u r r e n t r eg ion , whi le a n excess of 
d a t a w i t h r e spec t t o t h e M o n t e C a r l o c a l c u l a t i o n is 
o b s e r v e d in t h e t a r g e t r eg ion . T h i s excess is f o u n d 
t o resu l t p r e d o m i n a n t e l y f r o m £ va lues in t h e r eg ion 
0 .01 < £ < 0 . 1 , i .e. a t r e l a t ive ly l a r g e t a r g e t m o m e n t u m 
f r ac t ions . T h e d i s a g r e e m e n t is l a r g e r for t h e M E P S 
m o d e l . B F K L d y n a m i c s w o u l d l e a d t o p r o d u c e m o r e 
j e t s a t r e la t ive ly l a r g e £ va lues , b u t o t h e r m e c h a n i s m s 
t o e x p l a i n t h i s excess c a n n o t b e e x c l u d e d ye t . 

5. Conclusions 

In o r d e r t o s h e d l igh t o n t h e Q C D m e c h a n i s m 
re spons ib l e for p a r t o n e v o l u t i o n in t h e r e g i m e of s m a l l 
B j o r k e n - z , t h e p r o d u c t i o n of j e t s in t h e f o r w a r d reg ion 
h a s b e e n m e a s u r e d a t H E R A . 

A f o r w a r d j e t se lec t ion d e s i g n e d t o e n h a n c e t h e yield 
in t h e case of B F K L e v o l u t i o n , a n d t o s u p p r e s s t h e 
yield for D G L A P e v o l u t i o n , r e s u l t s in a r a t e of o b s e r v e d 
f o r w a r d j e t s c o m p a t i b l e w i t h t h e B F K L e x p e c t a t i o n . 
T h e H I d a t a s h o w a n excess of f o r w a r d j e t p r o d u c t i o n 
c o m p a r e d t o m o d e l c a l c u l a t i o n s b a s e d o n M E P S . T h e 
a g r e e m e n t w i t h C D M in t h e se lec ted k i n e m a t i c a l r a n g e 
is g o o d , b u t ge t s wor se if t h e Xjet c u t is i n c r e a s e d . 
T h e r a t i o of t h e j e t r a t e a t s m a l l x t o t h e o n e a t 
l a rge x is c o m p a t i b l e w i t h t h e e x p e c t a t i o n s of B F K L 
d y n a m i c s . A firm c o n c l u s i o n o n t h e g r o w t h w i t h 
x however n e c e s s i t a t e s a l a r g e r d a t a s a m p l e . 

T h e inc lus ive j e t c ross s ec t i on m e a s u r e m e n t f rom t h e 
Z E U S c o l l a b o r a t i o n s h o w s t h a t t h e r e is a c lear excess of 
f o r w a r d j e t s c o m p a r e d t o t h e m o d e l p r e d i c t i o n s . T h i s 
excess is in t h e r eg ion of t a r g e t m o m e n t u m f r ac t ion 
w h e r e effects of t h e B F K L d y n a m i c s c a n b e e x p e c t e d . 

T h e r e su l t s p r e s e n t e d h e r e a r e e n c o u r a g i n g a n d 

h in t t h a t B F K L d y n a m i c s m a y r evea l i tself in f u t u r e 
m e a s u r e m e n t s of t h i s k i n d . T o r e a c h a firm conc lus ion , 
n o t on ly m o r e d a t a is n e e d e d , b u t a l so a ( c o n t i n u i n g ) 
close c o l l a b o r a t i o n b e t w e e n e x p e r i m e n t a n d t h e o r y . T h e 
" s h o p p i n g fist" c o n t a i n s c ross s ec t ions a t t h e p a r t o n - j e t 
level, h i g h e r o r d e r B F K L a n d D G L A P c a l c u l a t i o n s for 
t h e p h a s e s p a c e of t h e s e m e a s u r e m e n t s , a B F K L b a s e d 
M o n t e C a r l o p r o g r a m , m o r e f u n d a m e n t a l u n d e r s t a n d i n g 
of t h e r e m n a n t f r a g m e n t a t i o n . . . 
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