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On the Possibilities of Measuring the Gluon Distribution

Using « �/Z 0
� Jet» Events at Tevatron Run II and LHC

The number of « ��jet» and «Z 0
�jet» events suitable for a determination

of gluon distribution function in a proton f x Qp

g ( , )2 at Tevatron (Run II) and during

the low luminosity runs at the future LHC experiments are estimated for various inter-

vals of x and Q 2 . These numbers would allow one to extract f x Qp

g ( , )2 in new kine-

matic regions of 2 10 103
� � �

� x . with 16 10 2 103 2 4. � � � �Q (GeV/c) 2 at Tevatron

and of 2 10 104
� � �

� x . with 16 10 2 103 2 5. � � � �Q (GeV/c) 2 at LHC. The contribu-

tions of background events in different Q 2 intervals are also given.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear

Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004

Áàíäóðèí Ä. Â., Ñêà÷êîâ Í. Á. E1-2004-56

Î âîçìîæíîñòè èçìåðåíèÿ ãëþîííîãî ðàñïðåäåëåíèÿ

ñ èñïîëüçîâàíèåì ñîáûòèé « �/Z 0
�ñòðóÿ»

íà òýâàòðîíå (ñåàíñ II) è LHC

Äëÿ ðàçëè÷íûõ èíòåðâàëîâ ïî x è Q 2 îöåíèâàþòñÿ ÷èñëà ñîáûòèé

« ��ñòðóÿ» è «Z 0
�ñòðóÿ», êîòîðûå ìîãóò áûòü èñïîëüçîâàíû äëÿ îïðåäåëåíèÿ

ôóíêöèè ãëþîííîãî ðàñïðåäåëåíèÿ â ïðîòîíå f x Qp

g ( , )2 íà òýâàòðîíå (ñåàíñ II)

è â áóäóùèõ ýêñïåðèìåíòàõ íà LHC â ñåàíñàõ ñ íèçêîé ñâåòèìîñòüþ. Ýòè ÷èñëà

ñîáûòèé ïîçâîëèëè áû èçâëå÷ü f x Qp

g ( , )2 â íîâîé êèíåìàòè÷åñêîé îáëàñòè:

2 10 103
� � �

� x , ïðè16 10 2 103 2 4, � � � �Q (ÃýÂ/c) 2 íà òýâàòðîíå è 2 10 104
� � �

� x ,

ïðè 16 10 2 103 2 5, � � � �Q (ÃýÂ/c) 2 íà LHC. Òàêæå îöåíåíû âêëàäû ôîíîâûõ ñî-

áûòèé â ðàçíûõ èíòåðâàëàõ ïî Q 2 .

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004



INTRODUCTION

To study the possibilities of getting out the information about the gluon
distribution from inclusive photons [1] and from ®γ/Z0 + jet¯ events [2Ä5]
measured in pp or pp̄ collisions we estimate here the numbers of events that can
be collected during the nearest 2Ä3 years of running with the planned luminosity
at Tevatron Run II and LHC (at L = 1033 s−1cm−1) experiments as well as the
contribution from the background events. The process pp(pp̄) → γ/Z0 + 1 jet +
X , we are studying, is caused at the leading order by the following subprocesses:

qg → q + γ/Z0, (1)

qq → g + γ/Z0. (2)

The results presented here are heavily based on the studies done in [2Ä5]
where the selection criteria of events with a clean ®γ/Z0 + jet¯ topology and
most suitable for jet energy scale setting at Tevatron and LHC were developed.

Our estimations are done mainly within the framework of PYTHIA event
generator [6] and complemented by detector response simulations while studying
a possibility of the background events rejection [7,8]∗.

1. THE BACKGROUND ESTIMATION

To estimate a background to the signal events, we have done by three gen-
erations (each of about 40 million events) with a mixture of all QCD and SM
subprocesses existing in PYTHIA including subprocesses (1) and (2).

Each event generation was done for three different values of minimal trans-
verse momentum of a hard subprocess p̂min

⊥ : 40, 70, 100 GeV/c for Tevatron and
40, 100, 200 GeV/c for LHC.

The background to the ®γ + jet¯ events is mainly caused by the events with
high Pt photons produced in the neutral decay channels of π0, η, ω and K0

s

mesons (®γ−mes¯ events) and by the events with the photons radiated from
quarks (i.e. bremsstrahlung photons) in the next-to-leading order QCD sub-
processes (®γ−brem¯ events).

The background may be also caused by ®e± events¯ containing one jet and e±

as a direct photon candidate. The fraction of these events in the total background
turns out to be negligibly small after application of all selection cuts (including
the cut on the missing transverse momentum in an event) and the account of the
tracker information.

∗The geometry of D0 and CMS detectors are used for all presented estimations.
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The selection criteria of the ®γ+jet¯ events are described in detail in [2,3,5].
It is worth mentioning among them only two new ones, not used earlier in previous
experiments. They leave only the events having small values of cluster (mini-jet)
transverse momenta, i.e. Pt

clust, and the modulus of a vector sum of transverse
momenta of all detectable particles that are out of ®γ + jet¯ system, i.e. Pt

out,
by limiting them from above by 10 GeV/c∗.

The obtained after application of the selection cuts the signal-to-background
(S/B) ratios are presented in Table 1∗∗.

Table 1. S/B at Tevatron (ˇrst three columns) and LHC (last three columns)

p̂min
⊥ (GeV/c) 40 70 100 40 100 200

S/B 2.9 8.8 21.1 4.1 22.4 47.0

The estimations in PYTHIA have also shown that most of ®γ−brem¯ and
®γ−mes¯ events (80% at least) originate from qg → qg and qq → qq scatterings
with dominant contribution from the ˇrst subprocess (60 − 70%) [5].

2. EVENT RATE ESTIMATION FOR GLUON DISTRIBUTION
DETERMINATION AT THE TEVATRON RUN II AND LHC

The rates of the selected qg → γq events are presented in Table 2 for the
case of Tevatron (at integrated luminosity Lint = 3 fb−1) for different intervals
of Q2 = (Pt

γ)2 and parton momentum fractions x. The corresponding rates
of qg → γq events for the case of LHC (calculated with Lint = 10 fb−1) are
shown in Table 3. The fractions of each event type in a given interval of Pt

γ̃ are
presented in Fig. 1 (100% are taken for all events) for a case of LHC.

The estimations of event rates with a charm quark gc → γc at Tevatron and
LHC are given in [2,3]∗∗∗.

The discrimination efˇciencies of a single photon from the π0, η, K0
s mesons

(decayed via neutral channels) as well as those between quark and gluon jets
allows one to increase noticeably the purity of ®γdir + jet¯ events [5, 8].

Another possibility to extract a gluon distribution in a proton is a usage of
®Z0+jet¯ events with the subsequent Z0 decay via leptonic (l+l−) channels. The

∗The selection criteria (mostly the two of them that limit Pt
clust and Pt

out [2Ä4] allow the
events with a good Pt

γ and Pt
jet balance to be selected because they provide an essential initial

and ˇnal state radiation suppression, i.e. a suppression of the contribution of the next-to-leading order
diagrams.

∗∗They are given without account of the contribution from the ®e± events¯ [2, 3, 5].
∗∗∗They give approximately 14 times less number of events.
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Fig. 1. The contributions of various event types to the total number of events as a function
of Pt

γ

Table 2. Numbers of ®qg → q + γ¯ events (divided by 103) in Q2 and x intervals for
Lint = 3 fb−1. Tevatron

Q2, x values of a parton All x
(GeV/c)2 .001Ä.005 .005Ä.01 .01Ä.05 .05Ä.1 .1Ä1. .001Ä1.
1600Ä2500 8.6 56.3 245.2 115.9 206.6 632.6
2500Ä4900 0.4 13.5 119.3 64.4 123.0 320.7
4900Ä8100 0 0.2 17.9 13.5 27.4 59.0
8100Ä19600 0 0.0 3.8 5.6 12.0 21.5

1 034(103×)

Table 3. Numbers of ®qg → q + γ¯ events (divided by 103) in Q2 and x intervals at
Lint = 10 fb−1. LHC

Q2, x values of a parton All x

(GeV/c)2 10−4Ä10−3 10−3Ä10−2 10−2Ä 10−1 10−1Ä100 10−4Ä100

1600Ä2500 830.7 2503.8 2577.6 221.3 6133.3
2500Ä5000 358.0 1497.9 1615.2 233.8 3704.8
5000Ä10000 36.0 380.3 415.7 116.5 948.4
10000Ä20000 1.9 84.8 98.9 46.1 231.7
20000Ä40000 0.0 16.9 24.9 13.3 55.1
40000Ä80000 0.0 2.9 5.4 3.8 12.0

11 084(103×)

selection criteria guarantee practically complete suppression of the background
events [4]. Shortly, these criteria are the following [4]: Pt

l > 10 GeV/c, |ηl| <
2.4, |MZ − M ll

inv| < 5 GeV/c2, Pt
Z > 30 GeV/c, 1 jet with Pt

jet > 25 GeV/c,
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∆φZ−jet < 15◦, Pt
clust < 10 GeV/c and Pt

out < 10 GeV/c. The distribution of
the number of the ®Z0 + jet¯ events, originated from subprocess qg → Z0 + q
(with the decay Z0 → µ+µ−, e+e−) over Q2 and x intervals are given in Table 4
for the case of LHC at Lint = 20 fb−1.

Figure 2 shows a kinematic plot with the area that can be covered by studying
the process qg → γq at Tevatron and LHC. The distribution of events inside

Fig. 2. Kinematic region for pp(p̄) → γ +
jet + X process at Tevatron and LHC

this area is given in Tables 2 and 3. It
is seen that at Tevatron (full line) and
at LHC (dashed line) it would be pos-
sible to study the gluon distribution on
a good statistics of ®γ + jet¯ events in
the region of small x at values of Q2

that are about by 1Ä2 orders of magni-
tude higher than those that are reached at
HERA now. It is also worth emphasizing
that the x−Q2 region covered by Teva-
tron has a common region with HERA at
0.05 < x < 0.5.

Such an overlapping allows one
to carry out the cross-check of the
fg

p (x, Q2) measurements at Tevatron and
HERA. The data from Tevatron, in their
turn, will be important for analogous
cross-check of the fg

p (x, Q2) measure-
ments at LHC (see Fig. 2). So, the data
from Tevatron combined with ones from
HERA and with the future data from
LHC would allow one to fulˇll the QCD analysis in Q2 region varying in the
wide interval of 102 < Q2 < 105 GeV2.

Table 4. Numbers of ®gq → Z0 + q¯ events (with Z0 → µ+µ−, e+e−) in Q2 and x
intervals for Lint = 20 fb−1. LHC

Q2, x values of a parton All x

(GeV/c)2 10−4Ä10−3 10−3Ä10−2 10−2Ä 10−1 10−1Ä100 10−4Ä100

900Ä1600 19563 55852 59257 2838 137510
1600Ä2500 8627 38407 40262 2422 89718
2500Ä5000 5108 37197 45256 4276 91837
5000Ä10000 530 19866 25391 3368 49154
10000Ä20000 38 6735 11882 1968 20623
20000Ä40000 0 1324 3746 1097 6168

395 010

5



Acknowledgments. We are greatly thankful to D. Denegri, P. Aurenche,
M. Dittmar, M. Fontannaz, J. Ph. Guillet, M. L. Mangano, E. Pilon, H. Rohringer,
S. Tapprogge, H. Weerts, and J. Womersley.

REFERENCES

1. Aurenche P. et al. // Nucl. Phys. B. 1980. V. 168. P. 296;
Phys. Lett. B. 1984. V. 140. P. 87;
Phys. Rev. D. 1989. V. 39. P. 3275;
Owens J. F. // Rev. Mod. Phys. 1987. V. 59. P. 465.

2. Bandurin D. V., Skachkov N. B. D0 Note 3948, 2002, hep-ex/0203003.

3. Bandurin D. V., Konoplyanikov V. F., Skachkov N. B. hep-ex/0207028.

4. Bandurin D. V., Skachkov N. B. hep-ex/0209039. (Subm. to ®Part. Nucl., Lett.¯)

5. Bandurin D. V., Skachkov N. B. hep-ex/0210004. (Subm. to ®Eur. Phys. J.¯)

6. Sjostrand T. // Comp. Phys. Comm. 1994. V. 82. P. 74.

7. Bandurin D. V., Konoplyanikov V. F., Skachkov N. B. // Part. Nucl., Lett. 2000. V. 103.
P. 34; hep-ex/0011015.

8. Bandurin D. V., Skachkov N. B. JINR Commun. E2-2001-259. Dubna, 2001;
hep-ex/0108051; JINR Commun. E2-2001-260. Dubna, 2001; hep-ex/0109001;
Kyriakis A., Loukas D., Mousa J., Barney D. CMS Note 1998/088.

Received on April 19, 2004.



Šµ··¥±Éµ· ’. …. �µ¶¥±µ

�µ¤¶¨¸ ´µ ¢ ¶¥Î ÉÓ 18.06.2004.
”µ·³ É 60× 90/16. �Ê³ £  µË¸¥É´ Ö. �¥Î ÉÓ µË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,56. “Î.-¨§¤. ². 0,79. ’¨· ¦ 365 Ô±§. ‡ ± § º 54481.

ˆ§¤ É¥²Ó¸±¨° µÉ¤¥² �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
141980, £. „Ê¡´ , Œµ¸±µ¢¸± Ö µ¡²., Ê². †µ²¨µ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


