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Ycy6oB 3.Y. El-99-298 
TioHcK CTPYKTYPhI KBapKOB Ha LHC. 
AHarrHJ pacnpe,!1.eJieHHH nonepe'IHOH KOMilOHeHTbl 3Hepnm CTpyii 

PaccMoTpeHhI scpcpeKThI, no KOTOpbIM MO)KeT 6bITh o6Hap~eHa CTPYKTYPa 
KBapKoB Ha LHC. TipHBe.D.eHhI npe.D.CKaJaHmI wrn pacnpe.D.eJieHHii nonepetIHoii 
3HeprnH CTpyii Ha ycTaHOBKe ATLAS. 1-fayqeHo BJIH.SIHHe cpyttKUHII pacnpe.D.eJie
HIDI KBapKOB H HeJIHHeHHOCTH OTKJIHKa KarropHMeTpa Ha 3cpcpeKThl, CB.SI3aHHhie co 
CTPYKTYPOH KBapKOB. TipHBe,!J.eHbl oueHKH 3Ha'leHHH KOHCTaHTbl CB.SI3H KBapKOB, 
KOTOpble MOryr 6b!Tb ,!J.OCTHI1IYThI B 3KCnepHMeHTe. 

Pa6oTa BbIIlOJIHeHa B na6opaTOpHH .SI.D.epHbIX npo6JieM 0115111. 
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The paper considers the quark substructure effects that will manifest them
selves at LHC energies. The inclusive jet transverse energy spectrum as would be 
seen by ATLAS detector is investigated. The influence of the parton distribution 
function choice and calorimeter non-linearity to the compositeness effect is stud
ied. The data sensitivity to the quark compositeness scale for low and high LHC 
luminosity is discussed. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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The test of QCD · predictions provides· a useful tool to probe· the un

derlying dynamics and to search for new physics such as quark compos- · 

iteness, the existence of axigluons or other new particles. Measuring the 

inclusive jet cross section and studying the dijet mass spectrum and an

gular distributions open a new window to this field. The connection be- · 

tween jets and partons has been clearly demonstrated in the high statistic 

LEP,'Tevatron and HERA experiments. The existence of a quark sub

structure would appear as an excess of the high Pr jets compared to the 

level predicted by QC D or with dijet angular distributions more isotropic 

than what is expected from a point-like quark theory. Dijet angular dis

tributions have been studied by the CDF[l] and D0[2] experiments at a 

center-of-mass(CM) energy of l.8TeV. The highest Er reached so far at 

the Tevatron, 440 GeV, corresponds to a distance scale of order 10-17 cm. 

The experimental data have been compared with QC D predictions includ

ing compositeness. No evidence of quark substructure was found. Previous 

studies of dijet invariant mass spectrum reported by U A1[3], U A2[4] at 

vs= 630 GeV and by CDF[5] have aiso shown the data that were consis

tent with QCD predictions. The CDF[6] and D0[7] results on high-mass 

Drell-Yan cross-section measurement sets lower limit on the quark-electron 

compositeness scale about 5.5 TeV. From the ratio of charged current to 

neutral current cross-section measurement in the CCFR fixed target neu

trino experiment[8] at Tevatron limit on A~ 8 TeV was achieved. 

In future hadron colliders, the search for quark substructure will con

tinue. Here we investigate the effect of quark compositeness as would be 

seen by ATLAS[I2] at the LHC. To simulate a scenario with quark sub

structure the eve~t generator PYTH1 A-5. 7[9] has been used. This has 

allowed to use a simple phenomenological approch of contact interactions 

between quark constituents with a compositeness scale A[lO], where the 

sign of the effective Lagrangian for a flavor diagonal definite chirality cur

rent is positive ( destructive interference) or negative ( constructive interfer

ence). The data simulated in the framework of Standard Model (SM) are 

compared with those obtained assuming quark compositeness. The sim-



ulated. event sample included the following hard-scattering subprocesses: 

qq, qg, gg, gry, qry, ."/"/· The .'Y* /Z, W, tt production su~processes ftlsp en

abled. To get a sufficiently large number of events with high PT jets in 

a reasonnable CPU time, a cut on the transverse mom_entum of th~ hard 

scattering subprocess was set to 1000 and 1200 GeV for low and, high lumi-
- . - . . , ' . ' 

nosity,respectively. Initial and finalstate QCD and QED racliation, fr~g-

mentation and decay of partons and particles, multiple interactions werf. 

enabled .. First-order running as calculations were applied. The AQcD value 

is chosen according to the parton distribution functions (pdf) parametriza

tions, used in PYTHIA. For the Q2 scale in the hard scattering 2 ➔ 2 

process, Q2 = (m}1 + m}2)/2 was used. The detector performance was 

simulated using the AT LF AST[ll] package which provides a reliable es

timate of the detector response to hadronic jets. Jets were reconstructed 

with AT LF AST using the standard procedure of sunl'Ining the energy de

posited in a cone ofradius !).R = J!).r,2 +!).qi= 0.7. All calorimeter cells 

with ET > l.5 GeV are taken as possible initiators of chrnters. The total 

Er summed over all cells in a cone !).R should be larger than 15 GeV. Jets 

are reconstructed down to 1771 :S 5.0. 
Figure 1- and Figure 2 show the effect of compositeness on the inclu

sive jet energy spectrum for 30 Jb-1 of integrated luminosity. The ca8e of 

constructive interference is shown; the destructive case is similar. Only 

events with two jets of ET > 400 GeV are included. The deviation from 

Standard Model prediction asurnming that all quarks are composite i8 

shown. This figure emphasises that the deviation is significant for the 

largest values of ET. Figure 3 and Figure 4 show the effects on the jet ET 
distribution for 300 Jb- 1 of integrated luminosity and larger value8 of A. 

The effects of compositeness could be masked by uncertainties in the 

pdf's. Figure 5 shows a band corresponding to the results obtained with 

all the pdf's in PYTHIA-5.7 (except for DOI and EHLQl which have 

large inconsistencies with present data). For this case A~1 = 15000 GeV. 

The non-linear response of the hadron calorimeter can affect the ob

served difference between the SM and cornpositeness scenario, or fake a 
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Figure 1: Er distribution for two leading jets showing the Standard Model prediction 
(open circles) and the effect of quark cornpositeness to the scales indicated. 30 Jb- 1 of 

integrated luminosity assumed. 
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Figure 2: Difference of the Standard Model prediction and the effect of composit.cucss on 

the jct Br distribution, normalised to the Stamlard Model rnt,c. The errors correspond 

to 30 Jb- 1• 
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Figur~ 3: The same as in Figure 1, but for an L = 300 f b'-1. · 
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Figure 4: The same as in Figure 2, but for an L = 300 Jb- 1
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compositeness signal. To study this effect, we considered a non-linearity 
of the jet Er scale according the relation(13]: 

Er(meas) =Er. c(l. + (e/h - ~:). 0.11- lnEr) (1) 

wh~re E;.( meas) and Er are me~_~r~d ·and true jet transverse energy, re

spectively; e/h = l.3q andc·is'adjusted such that at 5009eV the sc_ale is 
unchanged. TM para~eter b controls the size of calorimeter non-linearity. 
After correction the residual uncertainty can be parametrised by this for

mula with b = 0.025 and corresponds to a 1.5% non-lin~arity .at 3 TeV. 

If no correction is made then b = 0.11 and there is a 5%,non-linearity at 
3TeV. . 

The effect of non-linearity shown in Figure 6. The figure shows the 
fractional deviation of the transverse energy spectrum as measured by a 

non-linear ralorimeter to that expected from a linear one. The rates are 

normalised to be equal at l.20TeV. Two cases are shown corresponding 
to b = 0.025 and b = 0.11. It can be seen by comparing this plot to that 

of Figure 4 that, in the worse case, the effect of a non-linearity is similar 

in magnitude to that due to a c~mposite ~cale of 20TeV, and that if_the 
1.5% non-linearity can be achieved then it is comparable to the 30TeV 
case. The points in Figure 5 are shown calorimeter non-linearity affected 

distributions. 

In order to estimate the calorimeter non-line_arity part in the effect we 
construct the variable: · 

~nanlin. _ R~n. 

R= R;: ' in. 

where 
Rn - N(Er > Ei)I I N(Er > Ei)I 

- N(Er < El,) Comp. N(Er < El,) SM 

and N(Er > Ei) (N(Er < Ei)) is the number of events with Er > Ei 
(Er < Ei). From the Figure7 where we demonstrate R versus A-;;_1 it 
can be observed that the effect almost twice bigger at A-;;,,_1 = 6000 GeV 
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Figure 5: The jet Er spectrum showing the uncertainty from present parton distribution 
functions; 30 Jb- 1 assumed. The points are shown for calorimeter non-linearity resulting 

predictions. A;;j1 = 15000GeV. 
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Figure 6: The fractional difference between the Er spectrum measured by a linear and 

non-linear calorimeter. The curves are normalised at l.20TeV. 
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Figure 7: The R versus compositeness scale A;;j1 (see the teJ\.'t). 30 Jb- 1 of integrated 
luminosity assumed. 

resulting from non-linear response of calorimeter. We choise b = 0.11 and 

Ei = 1500GeV. 
In conclusion, the effects due to quark compositeness has good chance to 

be observed by ATLAS at LHC. High transverse energy jet product.ion at 

a center-of-mass energy of 14 TeV can give bounds of quark compositeness 

scale A above~ 25(40) TeV for integrated LHC luminosity of 30(300) Jb- 1
• 

We can note that A limits estimation using inclusive jets ET spectrum is 

very sensitive to calorimeter non-linearity effects and pattern distribution 

function choice. 
I would like to thank D.Froidevaux, I.Hinchliffe and M.Bosman for hdp 

and valuable comments. 

7 



References 

[l] CDF Collaboration, F. Abe et al.,Phys.Rev.Lett. 77, 533G (i996). 

[2] DO Collaboration, B. Abbott et al.,Phys.Rev.Lett. 80, 666 (1998). 

[3] PAl Collaboration, C. Albajar et al., Phys. Lett. B209, 127 (1988). 

[4] PA2 Collaboration, J. Alitti et al., Z. Phys. C49, 17 (1991). 

[5] CDF Collaboration, F. Abe et al., Phys. Rev. D41, 1722 (1990), 

Phys. Rev. Lett. 71, 2542 (1993). 

[6] CDF Collaboration, F.Abe et al., Phys.Rev.Lett. 79, 2198 (1997). 

[7] DO Collaboration, B. Abbott et al.,Fermilab-Pub-98/391-E. 

[8] CCFR Collaboration, KS.McFarland et al., Fermilab-Pub-97 /001-E. 

[9] T. Sjostrand, Preprint LU tp 95-20, Computer Physics Commun. 82, 

74 (1994). 

[10] E. Eichten, K. Lane and M. Peskin, Phys. Rev. Lett. 50, 811 (1983). 
E. Eichten et al., Rev. Mod. Phys. 56, 579 (1984). 

[11] E. Richter-Was, D. Froidevaux and L. Poggioli, ATLAS Internal Note, 

PHYS-No-079 (1996). 

[12] ATLAS Collaboration, Technical Proposal, CERN/LHCC/94-43. 

[13] M. Bosman, VI Int.Con£. on Calorimetry in HEP - Frascati, June 8-14, 

1996 Frascati Physics series Vol.VI,(pp.299-310) 

Received by Publishing Department 
on November 15, 1999. 

8 


