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J/ ¢ pair production at the Fermilab Tevatron
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The doubleJ/ production inpa collisions is reexamined. It is found that tlléy pair production rate
obtained in the color-singlet model, at leading orderainand with transverse momentupy>4 GeV, is
similar in magnitude to what is derived from the color-octet mechanism. Although the ddubleroduction
process was proven to be observable with data yet collected at the Fermilab Tevatron detectors, our findings
show that the analysis on this process using the accumulated data would be no help in the aim of clarifying the
quarkonium production mechanisms, but can give information on the nature of the color-singlet prescription
for charmonium production. Nevertheless, with more data to be collected in the future, the evidently different
features ofd/ ¢ pair production inp+ distribution in two different schemes enable experimental study to give
a decisive conclusion on them.
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Quarkonium production and decays have long been taken In explaining the highpr ¢ surplus production discov-

as an ideal means to investigate the nature of QCD and othered by the Collider Detector at Fermil@BDF) group[3] at

new phenomena. Hence, to establish a proper theory whicthe Fermilab Tevatron, the color-octet scenario tells us that
can precisely describe heavy quarkonium production and déhe dominant source of charmonium production at large
cays is very necessary. A novel effective theory, nonrelativiransverse momentum comes from the produced hard gluon
istic QCD (NRQCD) [1], is possibly one theory to this aim followed by its fragmentation into an intermediate color-
which is formulated from the first principles. However, to octet cc state, which eventually evolves into quarkonium
make a precise prediction for quarkonium production withnonperturbatively. Applying this idea to the double-
only the NRQCD is not enough at least for now, since thequarkonium production, Bargest al. [10] studied theJ/s
magnitude of the nonperturbative parameters in the theorpair production via the double-gluon fragmentation mecha-

are still unknown. The theory itself can at most give out thenism and found it gives a result which is detectable in pre-
relative weights of these parameters in orders ofrom its ~ Viously accumulated data at the Fermilab Tevatron detectors.

“velocity scaling rules.” Up to now, on one hand the color- Hence, they claimed that the measurement of this process in

octet[2] mechanism still stands as the most plausible pro€xPeriment would offer a clean test for the color-octet
posal in explaining the large transverse momenty’) quarkonium production scheme. In this work we show that at

production “anomaly” discovered at the Fermilab Tevatron high transverse momentum this scenario really works, how-

[3]; on the other hand, it encounters some difficulties in conEVen making a conclusion by using integrated cross section

. ; with relatively low pt cut, e.g., 4 GeV as discussed in their
fronting other phenomena]. Especially, a recent stud| paper, is impossible to this aim.

shqws that previous calculations a.bout the coIor—ocFet CONMI™ " \Wjithin color-singlet model, the partonic processes start at
butions to highpt J/#(y¢") production were overestimated, order of o for the J/y pair production, which includey
although not by much. Therefore, to what degree the color- N — ]
octet mechanism plays a role in quarkonium production ist9—3/¢+J/¢ andq+q—J/¢+J/4. Since the latter, the
still not clear and an interesting question. quark ann|h|lat|on process, gives less contr|_but|0n at the
During the past decade, with the advent of NRQCD lotsTeévatron energy, in this Brief Report, we restrict our calcu-
of work has been done to investigate feasible approaches fétion to the gluon-gluon fusion one, as shown in Fig. 1. The
finding distinct color-octet signals. Unfortunately, the natured/# pair production via gluon-gluon fusion is similar to the
appears to be more elusive than expected, and experimenfzS€ in photon-photon scattering discussed in Fasf. but
efforts have given no single conclusive answer yet. One inthe extension from there to the present discussion is not
teresting point is that once there was a proposal faf a trivial. The QCD non—Ab{-_\Ilan natur_e involves more pos§|ble
production process, which claimed to be favorable for théUb channels, i.e., the third topological group as shown in the
color-octet production channel, however, people soon founffgure. _ , , _
a competitive channel in the color singlet for the same pro- 1 he differential cross section for quarkonium pair hadro-
cess. For instance, in electron-position scattering Rgff.  Producion is given by
pairs with Ref.[7], and Ref.[8] with Ref. [9] in direct
photon-photon collision. This reality indicates as well that do —
more effort is still necesssary before fully understanding the d_pT(pp—’ 231 ¢r+X) = ;} J dXady1farp(Xa) forp(Xp)
guarkonium production mechanism. '
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wheref,,, andfy;; denote the parton densities;as well as  the Tevatron energy in our subsequent numerical calcula-
s andu appearing later, is the parton level Mandelstam vari-tions.

able; y,(y,) is of the rapidity of producedd/y; xp The hard scattering differential cross sectiba/dpy of
=2my//Swith my=m?+ pTz. Here,S denotes the incident gluon-gluon toJ/¢ pair can be calculated by the standard
beams total energy square and is taken to be (1.8 e¥) way straightforwardly. It is

do 16a27|R(0)[*
dt  81m2s8(m2—t)4(m2—u)*

(2680M?*— 14984m?% + 31406n°%%— 318283+ 17668n%* — 7172m4>

+2956m*%%— 794m1%7 + 47mBt8+ 20m5t°+ m*t19— 14984n?2u+ 89948n%%tu— 202576n'%2u+ 228560n%t>u
—153360n*t*u+ 76406n'%5u— 30782n'%5u+ 7642n8t"u— 822m5t8u— 66m*t°u + 31406122 — 202576n*8 u?
+470856n'%2u?— 536476n*t3u?+ 361624n'%*u? — 182454n%5u? + 73146m°t°u2 — 17905t 'u2+ 2469m*t8u?
+ 36m?t°u?— 31824n'8u3+ 228560n%t u® — 536476n*t%u3+ 571900n*%3u - 335186n*% *u®+ 150334n°t°u3
—581261°t%us+ 12874n*t"ud— 2344n%t8u3+ 17668n'%* — 153360n 4 u*+ 361624n'%%u* — 335186n %t 2u*
+132508t%u® — 35306n°t°u? + 11928n*t%ut— 148m?t ‘u*+ 69&8u* — 7172m 4 + 76406011 u°
—182454n'%2u5+ 150334n8t3u®— 35306M°t*u°+ 1164n*t°u®— 1576n°t%u°— 181@ ‘u®+ 2956m*°
—3078™%ub+ 73146m%t2u®— 58126n°t3u®+ 11928n*t*u®— 157an%t°u® + 274&°u8— 794m*%" + 7642mBtu’
—17902n°t%u’ + 12874m*t3u’ — 148m2t*u’ — 1816°u” + 47mBuB— 822m°tuB+ 246an*t?2u — 2344m?t3u8
+69&*u8+ 20mfu® — 66m*tu®+ 36m?t2u®+ m*ulo), 2

wherem is the mass of charmonium, tidéy; |[R(0)| is the  To manipulate the trace and matrix-element square of those

magnitude of its radial wave function at origin. In obtaining tens of diagrams, the computer algebra system

the above analytical expression, we start from general FeyrMATHEMATICA is employed with the help of the package

man rules and project the charm-quark—charm-antiquark paifeYNCALC [11].

into theSwave vector charmonium state in the color singlet.  The values of input parameters used in our numerical cal-
culations are

o(k) e m.=15 GeV, |R(0)|°=0.8 GeV, ()
+ + + -
9(k) T/9(P') and the nonrelativistic relatiom=2m, is adopted. The typi-
cal scale is set to be at;, and hence the strong coupling is
(4) running with transverse momentum.

With the formulas and input parameters given above, the
magnitude of direcfl/ s pair production rate at the Tevatron
can be immediately obtained. Applying the pseudorapidity

+ + e cuts on both produced charmonia, i.¢%(i4)|,|7(¥2)]

<0.6, we get the integrated cross sectiom(pp
— Pyt - Pu+ ) for pr()>4 GeV to be 0.09 pb. Here,
(B) the notationy,+ ,- means that the branching ratio B{ ¢
—utu")=0.06 of the practical measuring mode to recon-
struct the charmonium state is included. For an integrated
luminosity of 100 pb ! achieved in the past run of the Teva-
tron, there will be about ted/y pair events, coming from
the conventional production mechanism, to be detected,
©) which is about the same in magnitude as what was obtained
in Ref. [10], where half of the predicted events came from
FIG. 1. Typical Feynman diagrams df pair production in  higher excited state feed down and rough approximations on
p p collision at leading order. pseudorapidity ang, cuts were taken. In our numerical cal-
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ment of J/¢ pair production rate withpt>2 GeV and
| 7(¥1)|,| n(,)|<0.6 can give information on the magni-
tudes of higher order corrections and normalizationlaf
wave function.

In the above analysis, we take the charmonium siage
as an object. Nevertheless, the results can be readily applied
to some other charmonium and bottomonium states. For ex-
ample, they’ pair production rates in color-singlet model
can be obtained by multiplying the constant

[R'(0)]* B3¢/ —p'n’) B —u'n)

1E-3

1E-4

1E-5

1E-8

1E-7

Bri(Jiy -> ') doldp, (nbiGeV)

1E-8 ~ (4)
IR(O)|* B2 p—pn™) BYAy—p*u)
1E-8 T T T T 4 T T T T T 1
4 6 8 10 12 14 with the J/ ¢ results.
P (GeV) In conclusion, we calculated thi ¢ pair production rate

. . ) ) . at the Fermilab Tevatron by taking the conventional heavy
FIG. 2. The differential cross section dfy pair production . arkonium production treatment, the color-singlet model.
versuspr at the Tevatron. Solid line comes from the color-singlet +,o a1culation is carried out at leading order in the strong
calculation of this paper; the dashed line from the color-octet Cal'coupling constant. However, higher order corrections should
culation read from Ref.10]. not be too large due to the relatively high interaction scale
) o , we are considering. In addition, the relativistic correction,
culation, the parton distribution &fTEQsL[12] is used, and  \yhich is not always too small to be negligible in the study of
both renormalization scale and factorization scale argparmonia, is also doubly suppressed since we are consider-
evolved to the same poimty ; the integration limits 0k, in  jng the pair production; and for the same reason, the higher
Eq. (1) are truncated in accordance with the pseudorapidityycited states feed down is suppressed as well. From our
cuts on both produced charmonia. ) i analysis, together with previous investigations, 20-J3¢
The color-singlet doubld/ ¢ production cross section as pair events with transverse momentuym>4 GeV can be
a function of transverse momentups is shown in Fig. 2.as  found in the accumulated data at the Fermilab Tevatron de-
a solid line. For comparison, the result from the color-octetgctors. Among them at least 40% is produced via the con-
process obtained in Ref10] is presented in the same figure yentional quarkonium production scheme, considering the
as a dashed line. From the plot we see that the differentiglncertainties existing in the estimation in REL0]. This
cross section obtained in the_ conv_entmngl production meCh%“nding tells us that analyzing the previously accumulated
nism falls off much more rapidly with the increasemfthan  ata for the doublé/y production process is not useful for
the one obtained in the color-octet mechanism. This featurgnasing the color-octet signature, but can give information
indicates that in principle the color-octet mechanism caryy the normalization and higher order correctionsJiny
definitely be tested in the large _transverse moment_um regioRy|or-singlet production. Moreover, the transverse momen-
although, unfortunately, there is not enough available datg,m gistributions show that with high enough luminosity in
for such a purpose at the moment. Provided we lower they.esent and future runs of the Tevatron or LHC, the dis-

transverse momentum cut to 2 GeV, the concemed cololg,ssed process does provide a crucial test for quarkonimum
singlet process will give a cross section of 2.4 pb, Wh'Chproduction mechanisms

means hundreds df ¢ pairs could be found from the accu-

mulated data. In this case, no matter if the double gluon This work was supported by a Grant-in-Aid aid of the
fragmentation mechanism still works well or not, it is negli- JSPS committee. The author is grateful to the organizers of
gible compared to the singlet process. Therefore, a measurB®lKEN school 2002, when this work was initiated.
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