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The results of last year publications [1] and [2] 11 on RunI DO inclusive 
jet product ion d a t a analysis performed with the use of kt algorithm, 
are presented. The comparison with the results obtained with the cone 
algori thm [3] and with the QCD predictions based on different P D F 
parametr izat ions are discussed. Also the results of studying the sub-
jet multiplicity of jets reconstructed with the kt algorithm, and of the 
est imation for the first t ime for hadron-hadron colliders da t a of the rat io 
of mean values of sub je t multiplicity in gluon Mg and quark jets Mq are 
given. 

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

T h e k t j e t a l g o r i t h m , p r o p o s e d in t h e L E P e r a in different modi f ica t ions (see 
references a n d discuss ions in [1] a n d [2]) ha s a lot of well k n o w n a t t r a c t i v e 
fea tures . So, i t w a s n a t u r a l t o app ly t h i s too l t o d a t a analys is after t h e m a i n 
p u b l i c a t i o n on t h e s t u d y of j e t p rope r t i e s us ing t h e cone a l g o r i t h m was issued 
by t h e DO C o l l a b o r a t i o n in 2001 [3]. T h e message f rom th i s a r t ic le is t h a t t h e 
R u n I cone j e t d a t a d e m o n s t r a t e h igh sensi t iv i ty t o different P D F p a r a m e t r i z a -
t ions a n d on ly few of t h e m a re found as leading t o a successful d a t a / P Q C D 
a g r e e m e n t . C o n s i d e r a t i o n of k t a lgo r i t hm m a y allow t o clarify t h e role of j e t 
finding a l g o r i t h m in confront ing of Q C D pred ic t ions t o h a d r o n coll iders d a t a . 

2 W h a t n e w i s l e a r n e d b y a p p l y i n g t h e k t a l g o r i t h m 

T h e cross sec t ion (see F i g u r e 1) of inclusive j e t p r o d u c t i o n in t h e cen t r a l region 
of p s e u d o r a p i d i t y (|T7| < 0.5) was m e a s u r e d us ing 87.3 pb^1 of d a t a col lected 
w i t h t h e DO d e t e c t o r a t t h e Fe rmi l ab Teva t ron pp Coll ider d u r i n g R u n I a n d 
j e t s offline r e c o n s t r u c t i o n us ing t h e k t a lgor i thm, w i t h D = 1.0 (a t N L O th i s 
va lue p r o d u c e s a t heo re t i ca l cross sec t ion t h a t is essent ia l ly ident ica l t o t h e cone 
p red i c t i on for R = 0.7 ). T h e resu l t s (see F igu re 2) a re c o m p a r e d t o t h e p Q C D 
N L O p r e d i c t i o n be sed on J E T R A D p r o g r a m [4] w i t h t h e r eno rma l i za t i on a n d 
fac tor iza t ion scales se t t o _ p J n a x / 2 , whe re p™ax refers t o t h e Pt of t h e l ead ing j e t 
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in a n event. T h e compar isons a re m a d e using pa rame t r i za t ions of t h e p a r t o n 
d is t r ibu t ion functions ( P D F s ) of t h e C T E Q [5] a n d MRST[6] families. F igure 
2 shows t h e ra t ios of ( da t a - t heo ry ) / t heo ry . T h e predic t ions lie below t h e d a t a 
by a b o u t 50% a t t h e lowest p T a n d by (10 - 20 )% for pT > 200GeV. 

T h o u g h t h e agreement is reasonable (x2/d°f ranges from 1.56 to 1.12, t h e 
probabi l i t ies from 4 t o 31%), t h e differences in normal iza t ion a n d shape , espe­
cially a t low Pt , a re qu i t e large. If t h e first four d a t a po in t s a re no t used in 
t h e x2 compar ison, t h e probabi l i ty increases from 29% to77% when using t h e 
C T E Q 4 H J P D F . Also, while t h e N L O predic t ions for t h e inclusive cross sect ion 
for k t (D = 1.0) a n d cone j e t s (R = 0.7, R s e p = 1.3) in t h e s ame \r}\ < 0.5 interval 
a re wi th in 1% of each o the r for t h e p T range of th i s analysis [7] t h e measu red 
cross sect ion using k t is 37% (16%) higher t h a n t h e previously r epor t ed cross 
sect ion using t h e cone a lgor i thm [3] a t 60 (200) GeV. 

To u n d e r s t a n d t h e origin of th i s difference a compar i son was done of t h e 
m o m e n t a of j e t s recons t ruc ted wi th t h e D O fixed-cone a lgor i thm to those of 
k t - je ts [2]. I t involved a b o u t 7 5 % of t h e events in t h e 1994 - 1996 d a t a t h a t were 
used for t h e analysis of t h e inclusive cone-jet cross sect ion a t s = 1 8 0 0 G e V [3]. 
T h e j e t s recons t ruc ted by each a lgor i thm were compared on a n event-by-event 
basis , associa t ing a cone j e t w i t h a kt- je t if t h e y are s epa ra t ed by AR < 0.5. 

Figure 1. The central (\r]\ < 0.5) 
inclusive jet cross section obtained with 
kt algorithm at yfs = 1.8 TeV. 

Figure 2. Difference between da ta and 
JETRAD. The shaded bands represent 
the total systematic uncertainty. 

F igu re 3 shows t h e difference pT(ktjet) — ET(conejet) as a function of P t ( k t 
j e t ) . Generally, t h e Pt of k t j e t s (D = 1.0) is higher t h a n t h e ET(= Pt) of 
associa ted cone j e t s (R = 0.7). T h e difference increases approx imate ly l inearly 
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w i th Pt j e t , from a b o u t 5 G e V (or 6%) a t Pt = 90 G e V t o a b o u t 8 G e V (or 
3%) a t Pt — 240 GeV. Th i s difference in t h e cross sect ions is consis tent w i t h 
t h e measu red difference in p T for cone j e t s ma tched in rj — <p space t o k t j e t s . 

I n add i t i on t h e s t u d y was done t o es t ima te t h e effect of final-state hadron iza-
t ion on r econs t ruc ted energy (using H E R W I G , version 5.9, [7] s imula t ions) , 
which migh t account for t h e difference between t h e observed cross sect ion using 
k t a n d t h e N L O predic t ions a t low Pt. F igure 4 shows t h e r a t i o of Pt spec­
t r a for particle-level t o par ton- level j e t s , for b o t h t h e k t a n d cone a lgor i thms . 
Pa r t i c l e cone j e t s , r econs t ruc ted after hadron iza t ion from final s t a t e par t ic les 
(after had ron iza t ion ) , have less Pt t h a n t h e p a r t o n j e t s (before had ron iza t ion ) , 
because of t h e energy loss ou t s ide t h e cone. In cont ras t , k t par t ic le j e t s a re 
more energet ic t h a n the i r p rogeni tors a t t h e p a r t o n level, due t o t h e merg ing 
of n e a r b y p a r t o n s in to a single par t ic le j e t . 

Figure 3. The difference 
pT(ktjet) — ET(conejet) as a 
function of the kt jet pt. 

Figure 4. The ratio of paricle-level over 
parton-level HERWIG pt spectra for jets 
as a function of parton jet p t . 

3 S u b j e t m u l t i p l i c i t y o f g l u o n a n d q u a r k j e t s r e c o n s t r u c t e d w i t h 
k t a l g o r i t h m i n pp c o l l i s i o n s 

T h e k t a lgor i thm a l ready was appl ied t o s t u d y t h e sub je t mult ipl ici t ies of j e t s 
p r o d u c e d a t L E P by O P A L [8] A L E P H [9] and D E L P H I [10] Col labora t ions 
(see m o r e references on th i s sub jec t in [2]). 

T h e idea is based on t h e form of Q C D Lagrangian which pred ic t s t h a t t h e 
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probabili ty for a gluon to rad ia te a gluon is proport ional t o t h e color factor 
CA = 3, while gluon radiat ion from a quark is proport ional to t h e color factor 
CF = 4 / 3 . To this reason the average number of objects radia ted by a gluon 
is expected to be a factor CA/CF = 9 /4 higher t h a n the number of objects 
radia ted by a quark. 

To pass from the pa r ton t o je t level the Q C D est imation of t he relative 
admixture of gluon and quark je t s (passed a set of kinematic criteria) in pp 
collision events at different values of center-of-mass energy ^fs was done using 
H E R W I G v5.9 event generator. This s imalat ion allowed t o t rack t h e corre­
spondence of the final s t a te je t t o be of gluon(quark) origin, and to e laborate 
t he distance criteria (in rj — <f> space) to establish the correlation between je t s in 
t he calorimeter and par tons from the ha rd scat ter . T h e gluon-jet fraction f was 
defined as t he number of 2 —> 2 final s ta te gluons t h a t passed the selections 
(kinematic, geometrical and e.t.c.) divided by the to ta l number of t h e final 
s t a te par tons t h a t pass the selections. T h e Pt and y/s dependence of gluon-jet 
fraction was also es t imated from the Monte Carlo simulation. 

Finally t h e following nominal gluon-jet fractions /isoo = 0.59 and /eao = 
0.33, obta ined from Monte Carlo events a t t he calorimeter level for 55 < Pt < 
100 GeV, were used to determine the sub je t multiplicity in gluon Mg and quark 
je t s Mq. T h e sub je t multiplicity in a mixed sample of gluon and quark je t s can 
be wr i t ten as the following linear combinat ion of subjet multiplicity in gluon 
Mg and quark je t s Mq: 

T h e coefficients are the fractions of gluon and quark je ts in t h e mixed sam­
ple, / and (1 — / ) , respectively. Considering Eq. (1) for two samples of je ts 
a t sfs = 1800 GeV and 630GeV, and assuming t h a t t he multiplicities Mg and 
Mq are independent of s one gets from (1): 

where Migoo and M 6 3 o are t he measured multiplicities in t he mixed-jet samples 
a t y/s = 1800 GeV and 630 GeV, and /igoo and feso are the gluon-jet fractions 
defined as before in the two samples of Monte Carlo events. 

Using the expected fractions of gluon and quark je t s a t each s, t he mea­
surement of multiplicity of sub je t s in gluon and in quark je t s was done on a 
stat is t ical basis following [8]. T h e results are presented as a rat io of average 
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mul t ip l ic i t ies of s u b j e t s in g luon j e t s t o q u a r k j e t s : 

because t h e s t a t i s t i ca l u n c e r t a i n t y on < M ™ e a s > is cor re la ted w i t h t h a t o n 
< M™eas > . A dev ia t ion of t h e va lue of r from 1 would m e a n t h a t t h e s u b ­
s t r u c t u r e of g luon j e t s differs from t h a t of q u a r k j e t s . 

Figure 5. Corrected subjet multiplicity 
for gluon Mg and quark Mq 

jets, extracted from DO data . 

Figure 6. The difference between DO d a t a 
on Mg and Mq with theory [11] 
and H E R W I G / J E T R A D predictions. 

T w o d a t a s a m p l e s of 11 007 j e t s a t = 1800 G e V , a n d 1194 j e t s a t 
^ = 6 3 0 G e V w i t h Pt b e tween 55 a n d 100 G e V were selected . T h e s e j e t s were 
r e c o n s t r u c t e d w i t h t h e k t a l g o r i t h m for D = 0.5. T h i s choice t e n d s t o select 
events w i t h fewer s u b j e t s from in i t i a l - s t a te r ad i a t ion , which c a n va ry w i t h y ^ . 
T h i s is t h e first m e a s u r e m e n t of i t s k ind a t a h a d r o n collider. T h e va lues 

of s u b j e t mul t ip l ic i t i es e x t r a c t e d from th i s m e a s u r e m e n t a re shown o n F i g u r e 
5 whi le F i g u r e 6 show t h e difference of DO d a t a ( a nd M o n t e Car lo) w i t h t h e 
p red i c t i ons of [11]. T h e average n u m b e r of sub je t s in j e t s a t = 1800 G e V 
is < M i soo > = 2.74 ± 0 . 0 1 , w h e r e t h e er ror is s t a t i s t i ca l . T h i s is h ighe r t h a n 
t h e va lue of < M 6 3 0 > = 2.54 ± 0.03 a t = 6 3 0 G e V . W i t h t he se resu l t s t h e 
r a t i o h a s a va lue of 

T h e r a t i o m e a s u r e d by DO agrees w i t h t h e resul t of r = 1 . 7 ± 0 . 1 from 
ann ih i l a t ions a t T/S = Mz [9], a n d w i t h t h e asso-A L E P H , m e a s u r e d in e 4" e 
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d a t e d M o n t e Ca r lo a n d r e - s u m m a t i o n p red ic t ion [12], b u t is h igher t h a n t h e 
r a t i o m e a s u r e d a t D E L P H I [10]. 

4 C o n c l u s i o n 

T h e D O Co l l abo ra t i on h a s s t u d i e d for t h e first t i m e t h e p rope r t i e s of h a d r o n -
collider j e t s r e c o n s t r u c t e d w i t h success ive-combinat ion a l g o r i t h m based o n rel­
a t ive t r ansve r se m o m e n t a (k t ) of energy c lus ters . T h e resu l t s o b t a i n e d w i t h 
t h e k t a l g o r i t h m in t h e cen t ra l region of pseudorap id i ty , exh ib i t s r easonab le 
ag reemen t of t h e inclusive j e t cross sec t ion w i t h nex t - to - l ead ing o rder Q C D 
pred ic t ions , except a t low Pfet whe re t h e ag reemen t is m a r g i n a l . 

T h e k t a l g o r i t h m was used t o s t u d y t h e s u b s t r u c t u r e of j e t s . T h e sub je t 
mul t ip l ic i t ies in q u a r k a n d g luon j e t s a r e m e a s u r e d a n d the i r r a t i o is found t o 
b e in a g o o d a g r e e m e n t w i t h Q C D pred ic t ion . T h e D O resul t d e m o n s t r a t e s 
t h a t g luon a n d q u a r k j e t s a re significantly different in h a d r o n collisions, a n d 
t h a t i t m a y b e poss ible t o d i sc r imina t e be tween t h e m o n a n ind iv idua l bas is . 
T h e ident if icat ion of g luon a n d q u a r k j e t s m a y prov ide a powerful too l in t h e 
s t u d y of hadron-co l l ider physics , for example , in case of "boson + je t 5 5 events . 
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