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We present measurements of the inclusive jet cross section, jet shape and 
energy flow in di-jet events in pp collisions at = 1.96 TeV. 

1 I n t r o d u c t i o n 

H a d r o n i c j e t s a r e one of t h e key s i g n a t u r e ( and b a c k g r o u n d ) of m o s t s tud ie s a t 
h a d r o n coll iders. A n u n d e r s t a n d i n g of b o t h the i r p r o d u c t i o n cross sec t ion a n d 
the i r k i n e m a t i c p r o p e r t i e s is a n essent ia l e lement of a n y precis ion m e a s u r e m e n t 
a n d search for physics b e y o n d S t a n d a r d Mode l . Over t h e las t q u a r t e r of t h e 
cen tury , Q u a n t u m C h r o m o d y n a m i c s ( Q C D ) h a s b e e n es tab l i shed as t h e only 
v iab le t h e o r y of h a r d i n t e r ac t ions . T h e Q C D coupl ing cons t an t , a 5 , is precisely 
d e t e r m i n e d a n d i t s r u n n i n g is well es tab l i shed . Cur ren t ly , t h e precis ion of 
p a r t o n d i s t r i b u t i o n s needs i m p r o v e m e n t , especial ly a t large x t o a c c u r a t e l y 
p red ic t S t a n d a r d M o d e l r a t e s a n d hence t h e discovery p o t e n t i a l of cu r r en t a n d 
fu ture e x p e r i m e n t s . J e t p r o d u c t i o n p r o b e s t h e sho r t e s t d i s t ance scale cu r r en t ly 
accessible, ~ 1 0 " 1 7 cm, a n d prov ides a un ique w indow t o n e w p h e n o m e n o n . 

Bas ic processes a t h a d r o n coll iders can b e descr ibed as t h e emiss ion of pa r -
t o n s t y p e i\^i2 from incoming h a d r o n s ca r ry ing m o m e n t u m fract ions x\ a n d 
x\ w i t h p robab i l i t i e s fi{x\), fiix^), s ca t t e r ing of p a r t o n s w i t h a p robab i l i t y 
p r o p o r t i o n a l t o cross sec t ion dij a n d showering a n d t r a n s f o r m a t i o n of ou tgo ­
ing p a r t o n s t o h a d r o n s which a p p e a r as co l l imated spray, jets, in t h e d e t e c t o r 
(Fig . 1). Given a c c u r a t e Q C D pred ic t ions , t h e j e t p r o d u c t i o n cross sec t ion 
can b e u sed t o d e t e r m i n e t h e p a r t o n d i s t r i bu t ion funct ions ( P D F ) , fi(x). T h e 
s t r u c t u r e w i t h i n a j e t is i m p o r t a n t t o accu ra t e ly s imula te b a c k g r o u n d s t o var­
ious s igna tu re s . I t is also a good t e s t of p e r t u r b a t i v e Q C D ca lcu la t ions a n d 
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Figu re 1: Schema t i c d i a g r a m of j e t p r o d u c t i o n a t h a d r o n coll iders. 

fixed-order p a r t o n shower M C p r o g r a m s . T h i s ar t ic le p r e sen t s t h e inclusive j e t 
cross sect ion, energy d i s t r i b u t i o n w i t h i n a j e t a n d ene rgy flow in di-jet events 
m e a s u r e d us ing ~ 90 pb"1 d a t a collected from February , 02 t o J a n u a r y 03 . 

T h e Fe rmi l ab T e v a t r o n pp collider was u p g r a d e d from center of m a s s energy 
y/s = 1.8 t o 1.96 TeV. T h e inclusive j e t cross sect ion increases by 20% a t low j e t 
t r ansve r se energy, ET, a n d by ~ 300% a t ET = 400 G e V a t ^/s = 1.96 TeV. T h e 
C D F d e t e c t o r was u p g r a d e d t o t a k e full a d v a n t a g e of h igh luminos i ty p romised 
for R u n I I . T h e cen t r a l t r ack ing sys t em, p lug ca lor imete r (1.2 < J 7 7 I < 3.6) 
a n d luminos i ty m o n i t o r i n g s y s t e m were replaced. N e w electronics , t r igger ing 
s y s t e m a n d d a t a acquis i t ion h a r d w a r e a n d software have increased t h e qua l i ty 
a n d q u a n t i t y of d a t a be ing recorded . T h e s e i m p r o v e m e n t s have a l r eady lead 
t o b e t t e r s t a t i s t i ca l precis ion. A large d a t a s amp le col lected specifically t o 
ca l ib ra t e a n d m o n i t o r t h e d e t e c t o r will he lp reduce s y s t e m a t i c unce r t a in t i e s . 

2 I n c l u s i v e J e t C r o s s S e c t i o n 

T h e j e t d a t a were r ecorded us ing four t r iggers requ i r ing a j e t above n o m i n a l ET 
t h r e sho lds of 20, 50, 70 a n d 100 GeV. D e t e c t o r a n d cosmic ray b a c k g r o u n d s a r e 
r emoved by requ i r ing t h e t o t a l energy in t h e ca lo r imete r t o b e < 1.96 T e V a n d 
miss ing energy significance, E™SS/^Y1ET < 6 G e V 1 / 2 . Efiss (J2ET) is a 
vec tor (scalar) s u m of t h e ET of all towers . J e t s are r e c o n s t r u c t e d from energy 
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F i g u r e 2: Inclus ive J e t Cross Sect ion c o m p a r e d t o N L O Q C D pred ic t ions us ing 
C T E Q 6.1 p a r t o n d i s t r i bu t ions . 

observed in t h e ca lo r imete r by C D F ' s aged- to-perfec t ion i t e ra t ive fixed cone 
c lus te r ing a l g o r i t h m deve loped in 1989/1990 ( J e t C l u ) [ l ] . T h e ca lor imeter - level 
j e t cross sec t ion d e t e r m i n e d us ing m o d e r n a lgor i thms , M i d P o i n t a n d kx w i t h 
D = 0 . 7 , is very close t o t h e resu l t s o b t a i n e d us ing J e t C l u . T h e ene rgy cor­
rec t ions were der ived us ing a s imple di-jet genera to r , f r agmen ta t i on funct ions 
a n d a m i n i m u m b ias gene ra to r t u n e d t o C D F d a t a a n d a fully ca l ib ra t ed C D F 
d e t e c t o r s imula t ion . T h e cor rec t ion p r o c e d u r e [2] cor rec t s for b o t h ca lo r imete r 
ca l ib ra t ion a n d s m e a r i n g d u e t o t h e convolu t ion of t h e ca lo r imete r ene rgy res­
o lu t ion w i t h a s teep ly falling s p e c t r u m . J e t ET is cor rec ted t o s u m of pa r t i c l e 
ET'S w i t h i n r a d i u s R=y/ (Ar])2 + ( A 0 ) 2 = O . 7 a r o u n d t h e j e t axis . N o cor rec t ion 
is m a d e for energy r a d i a t e d ou t s ide t h e c lus ter ing cone from p a r e n t p a r t o n . 

T h e co r rec ted h a d r o n level j e t cross sect ion for j e t s w i t h p s u e d o r a p i d i t y 
0.1 < \r)\ < 0.7, is c o m p a r e d t o par ton- leve l N L O Q C D pred ic t ions [3], calcu­
l a t ed w i t h C T E Q 6.1 P D F s [4]. H a d r o n i z a t i o n effects a re expec t ed t o b e smal l . 
T h e d a t a e x t e n d t o ET = 550 G e V , ~ 130 G e V b e y o n d t h e h ighes t ET j e t 
observed a t y/s = 1.8 TeV. M a n y con t r ibu t ions t o t h e s y s t e m a t i c u n c e r t a i n t y 
were s t ud i ed . I t is d o m i n a t e d by a 5% u n c e r t a i n t y in j e t energy scale. 

T h e C T E Q 6.1 P D F s were d e t e r m i n e d by a fit t o world d a t a inc lud ing R u n 
I j e t d a t a from t h e t h e D 0 a n d C D F col labora t ions . At h igh x , t h e g luon 
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F i g u r e 3: In teg ra l ene rgy d i s t r i b u t i o n as a funct ion of r a d i u s r w i t h i n a j e t for 
j e t s a t different 77 values (left), ( r ight) Transverse E n e r g y d i s t r i b u t i o n a long 
t h e a z i m u t h a l d i rec t ion a t l ead ing j e t 77 w i t h i n A 7 7 = 1.4 ( r igh t ) . 

d i s t r i bu t i on , G{x), is m a i n l y d e t e r m i n e d by t h e T e v a t r o n j e t d a t a . R u n I I d a t a 
confirms t h e conclus ion t h a t t h e m o s t likely e x p l a n a t i o n of h igh ET excess 
observed in R u n I is t h e u n d e r e s t i m a t i o n of G(x). T h e C D F co l l abora t ion h a s 
also m e a s u r e d t h e inclusive j e t cross sec t ion in different 77 b ins . O n c e final, t h e 
low ET, h igh rj j e t d a t a will he lp cons t r a in G{x) a t low Q2 (ET) which c a n b e 
evolved t o p red ic t t h e h igh ET, low 77 j e t cross sect ion. 

3 J e t S h a p e a n d E n e r g y F l o w i n D i J e t E v e n t s 

T h e in tegra l j e t s h a p e , \&(r) is defined as t h e fract ion of t h e j e t t r a n s v e r s e 
ene rgy in a cone of r a d i u s r : 

E v e n t s con ta in ing a t least t w o ET > 25 G e V j e t s w i t h \q\ < 2 .3 , r e c o n s t r u c t e d 
by J e t C l u , a re used . T h e j e t s h a p e \P(r) is ca lcu la ted from ca lo r ime te r towers 
a r o u n d t h e j e t axis . T h e d a t a a r e d iv ided in to 6 ET a n d 3 77 b ins a n d c o m p a r e d 
t o H E R W I G M C pred ic t ions in Fig . 3 . J e t s b e c o m e na r rower w i t h increas ing 
ET- F o r w a r d j e t s a re s l ight ly b r o a d e r t h a n cen t ra l j e t s . Herwig gives a good 
desc r ip t ion of cen t ra l j e t s for all ET r anges b u t a t h igh 77, t h e d a t a j e t s a re 
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b roader . P y t h l a M C predic t ions a re similar. Analys is performed us ing charged 
t racks , l imi ted t o \r)\ < 1 region, shows similar agreement w i th M C predic t ions . 
T h e s e d i s t r ibu t ions , after correct ing for hadron iza t ion effects, will b e c o m p a r e d 
wi th p a r t on-level calculat ion [5] a n d our previous measu remen t [6]. 

T h e energy depos i t ed in ATJX A<f> = 1.4 x 15° as a function of ^ -d i s t ance from 
leading j e t a z i m u t h pos i t ion is compared wi th M C predic t ions for four intervals 
of A7712 = 1771 — 7721 s epa ra t ion be tween two leading j e t s and t h r ee ranges of 77 
of leading j e t in Fig . 3. Spec ta to r in teract ion, ini t ia l / f inal s t a t e r ad ia t ions a n d 
mul t ip le j e t p r o d u c t i o n con t r ibu te t o th is energy. T h e peak a t <p — 7r for smal l 
A??i2 co r responds t o second j e t in t h e event. H E R W I G predic ts t o o smal l ET 
a r o u n d 7 r / 2 from je t , p robab ly be d u e t o t oo l i t t le spec t a to r in te rac t ions . 

4 C o n c l u s i o n s 

W e have m e a s u r e d t h e j e t p roduc t ion r a t e a n d energy d i s t r ibu t ion wi th in a n d 
close t o t h e j e t s in pp collisions a t yfs = 1.96 TeV. T h e d a t a a re s ta t i s t ica l ly 
precise a n d in nea r future w i t h much reduced uncer ta in t ies , will be used t o t e s t 
p e r t u r b a t i v e Q C D calculat ions , improve M o n t e Car lo genera tors a n d de t e rmine 
t h e p a r t o n d i s t r ibu t ion functions, especially m o r e precisely. 
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