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RANDOM WALK THROUGH RECENTCDF QCD RESULTS�Christina MesropianFor the CDF CollaborationThe Rokefeller University1230 York Ave., Box 125, New York, NY 10021, USA(Reeived July 1, 2002)We present reent results on jet fragmentation, jet evolution in jet andminimum bias events, and underlying event studies.PACS numbers: 12.38.Qk, 13.87.Ce, 13.87.�a, 13.87.Fh1. IntrodutionThe results presented in this talk address signi�ant questions relevantto QCD and, in partiular, to jet studies. One topi disussed is jet frag-mentation and the possibility of desribing it down to very small momentumsales in terms of pQCD. Another topi is the studies of underlying eventenergy originating from fragmentation of partons not assoiated with thehard sattering. 2. Jet fragmentation studiesMeasurements of inlusive harged partile multipliities in jets allowtesting of Modi�ed Leading Log Approximation (MLLA) alulations [1℄omplemented by the Loal Parton Hadron duality (LPHD) hypothesis [2℄whih treats jet fragmentation as a predominantly perturbative QCD pro-ess. MLLA is the resummed perturbative alulation (uto� parameter ofthe model, Qe� , an be as low as �QCD) whih aounts for terms of order�snlog2nEjet and �snlog2n�1Ejet at all orders n of the perturbative expan-sion, while taking are of olor oherene e�ets by introduing angularordering. LPHD is the hypothesis whih onsiders hadronization to be loal� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3135)



3136 Ch. Mesropianand our at the end of the parton shower development; thus, the hadronsremember the parton distributions, Nhadrons = KLPHD � Npartons, whereKLPHD is an experimentally determined parameter and Npartons(hadrons) isthe number of partons(hadrons). In the simplest interpretation of LPHDKLPHD � 1, so that for harged partiles KhargedLPHD should be between 1/2 to2/3. The measurements [3℄ are based on 95 pb�1 of data olleted during1993�1995. Clean dijet events with dijet mass in 9 bins from 80 to 590 GeVwere seleted by requiring two well balaned entral jets. The jets in theanalysis are reonstruted using the one algorithm with R =0.7. Chargedtraks are ounted in restrited ones of sizes 0.28, 0.36, and 0.47 around thejet axis. Corretions were applied to ompensate for detetor ine�ieniesand physis e�ets. The independent MLLA �ts of the inlusive momen-tum distribution of harged partiles in jets for all 9 dijet mass bins for 3one sizes allowed us to obtain the Qe� parameter, plotted on Fig. 1 as afuntion of the dijet mass. Qe� tends to beome smaller at larger energies.The slight drift in the value of Qe� may be an indiation of the presene ofhigher order ontributions and/or non-perturbative e�ets at the hadroniza-tion stage. The �nal value, alulated as the mean of 27 measurements, isQe� = 230�40 MeV. This analysis also allowed the simultaneous extrationof KhargedLPHD and r = Ng=Nq, the ratio of hadron multipliities in gluon andquark jets. Fig. 2 shows the results of this extration for 3 di�erent onesizes, where one an see that the experimental results agree pretty well withthe expeted linear dependene of KLPHD on the fration of gluon jets, �g.The results support the MLLA+LPHD desription of jet fragmentation asof perturbative nature.
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Fig. 1. Fitted values of the MLLA parameter Qe� as a funtion of dijet mass.
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Fig. 2. Parameter K as a funtion of �g . The �rst error is the ombined statisti-al and systemati experimental unertainties; the seond error orresponds to atheoretial unertainty of 0.2 on the nMLLA fator FnMLLA.3. Charged jet evolutionIn this analysis [4℄ CDF studied the growth and evolution of hargedpartile jets produed in p�p ollisions at 1800 GeV. The data are omparedwith QCD based hard-sattering Monte-Carlo programs Herwig, Pythia,and Isajet. The jets are reonstruted using a simpli�ed non-standardalgorithm with lusters of harged partiles in a one of R = 0:7 in � � �spae. Every harged partile in the event is assigned to a jet, with thepossibility of having jets that onsist of only one partile. This approah isjusti�ed sine one is dealing with only a few low pT partiles in a jet.First, we studied `loal' jet observables and ompare them with QCDMonte-Carlo simulations. Fig. 3 shows the average number of harged par-tiles (pT >0.5 GeV/ and j � j<1) within the leading harged jet as afuntion of PT. The Min-bias data (triggered by oinidene in sintillatorsplaed along the beam) smoothly onnet to the Jet20 (jet data passing anET �20 GeV trigger). We see evidene of harged partile lusters in the
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�� ����	������ ����������	� ���������Fig. 4. Left: Average number of harged partiles as a funtion of pT of the leadingharged jet for the transverse region; Right: Illustration of orrelation in azimuthalangle �� relative to the diretion of the leading harged jet in the event.Min-bias data, whih beome apparent around PT of 2 GeV/ with about 2harged partiles and growing to 10 harged partiles at PT =50 GeV/. Thejets in Min-bias data look like the extrapolation of jets in Jet20 data downto very small PT. The QCD hard-sattering Monte-Carlo models agree withthe data for 5 GeV/ jets as well as for 50 GeV/ harged partile jets.As a next step we studied `global' jet observables, where to �t the ob-servable the QCD Monte-Carlo models have to desribe orretly the en-tire event struture. In partiular, we examined the `transverse' region, seeFig. 4(right), whih is dominated by the underlying event. Fig. 4(left) showsthat the number of harged partiles doubles when moving from PT =1.5



Random Walk Through Reent CDF QCD Results 3139GeV/ to 2.5 GeV/ and then limbs onto a plateau for PT >5 GeV/. Inontrast with the `toward' and `away' regions, whih are fairly well desribedby the Monte-Carlo programs mentioned above, none of QCD Monte-Carlomodels examined desribes orretly all the properties of the underlyingevent in the data, with Herwig and Pythia 6.125 not having enough a-tivity in the underlying event, and Isajet having a lot of ativity and withthe wrong PT dependene. The information obtained from these studiesan be used to better tune beam-beam sattering omponents of QCD hardsattering Monte-Carlo models.4. The underlying eventThe underlying event energy is essential for a desription of non-pertur-bative proesses and improvement in jet energy measurements. Sine thejet reonstrution in reent CDF measurements was based on the �xed onealgorithm, the underlying event energy should be extrated from the jetenergy before omparison with theoretial preditions. To study the ontri-bution of the underlying event in jet events, two ones with R =0.7 at thesame pseudorapidity but �90Æ in azimuth from the leading (entral) jet wereonsidered [5℄. For eah event, the one whih has the largest P pT � sumof transverse momentum of traks inside the one is alled max one andthe other min one. NLO perturbative orretions to the 2!2 hard satter-ing proess ould ontribute only to one of these two ones; thus di�erenebetween max and min ones represents this ontribution while min one or-responds to the ontribution from the underlying event. Fig. 5 shows P pTinside the max and min ones for the 1800 GeV jet data (left) and 630 GeVjet data (right) and for the Monte-Carlo samples with the same experimen-tal uts. The Herwig+QFL and Pythia6.115+QFL show similar behaviorfor max and min ones as the data: the min oneP pT stays �at, while themax one inreases with leading jet energy, ET, due to the ontribution ofthe third jet in the event. Despite the fat that Pythia was tuned to thedata, it is still onsiderably higher than the max one data for both the 1800and 630 GeV data samples. The same studies were repeated for minimumbias data with the onlusion that the underlying event in a hard satteringis more ative than in a soft ollision, with the pT inside a random onevarying up to 20% from the min one in jet events, depending on the vertexseletion riteria.These measurements will help to tune Monte-Carlo programs in order tobetter reprodue the data.



3140 Ch. Mesropian

1

2

3

4

5

6

0 50 100 150 200 250

MAX Data
MAX Herwig+QFL
MAX Pythia6.115+QFL (tuned)
MIN Data
MIN Herwig+QFL
MIN Pythia6.115+QFL (tuned)

CDF PRELIMINARY

Et of leading jet (GeV)

p t co
ne

  (
G

eV
/c

)
 

0.5

1

1.5

2

2.5

20 30 40 50 60 70 80
Et of leading Jet (GeV)

P
tt

ra
ck

(G
eV

/c
)

MAX Data
MAX Herwig+QFL
MAX Pythia6.115+QFL
MIN Data
MIN Herwig+QFL
MIN Pythia6.115+QFL

CDF PRELIMINARY

Fig. 5. Left: P pT inside the max and min one in jet events as a funtion of ETof the leading jet for 1800 GeV(left) and 630 GeV(right).REFERENCES[1℄ Yu. Dokshitzer, S. Troyan, XIX Winter Shool of LPNI, vol.1, (1984);A.H. Mueller, Nul. Phys. B213, 85 (1983).[2℄ Ya. I. Azimov et al., Z. Phys. C27, 65 (1985).[3℄ D. Aosta et al., submitted to Phys. Rev. D, FERMILAB-PUB-02/096-E.[4℄ T. A�older et al., Phys. Rev. D65, 092002 (2002).[5℄ V. Tano, Proeeding of the XXXVIIth Renontres de Moriond,hep-ex/020523.


