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® A measurable process, by detecting J/ b with a charmed
hadron

® In some cases, a dominant contribution to J/ ¥ production

On the theoretical side:

¢ A independent way to study J/ ¥ production mechanism
® A new process to determine NRQCD matrix elements

® |tself Is non-factorizable at NNLO ( Nayak, Qiu, Sterman PRL99,212001 )



@ J/ Vb +cc production @ Belle

@ In 2002, Belle measured (prL 89,142001)
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_ole e > J/y+cTt+X ]20-591811§i0-12

Ret TR
cle’'e > J/y+X]

® The latest results given by Belle (prp 79,071101)
olete” = J/y+Xj=11740.2+0.7pb

ole"e” > 3 /y+cT+ X]=0.74+0.08°%pb

© NRQCD theoretical prediction at LO is ~0.1. | see chao and
Wang talks

® This puzzle is resolved by including NLO QCD corrections.



@ J/ Vb +cc production @ LEPII

® Theoretically, it is the most important color singlet process
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P. Artoisenet, F.Maltoni, T.Stelzer JHEP 0802,102; C.F. Qiao, J.X.Wang PRD 69,014015



@ QED contribution to J/ ¥ production
@ B-Factories |

Double charmonium process

PRD 72, 031101(R)

J/ b +n (fb) J/Ib+ x , (fb) J/b+ n (2S) (fb)
BABAR 176 +2.8+2.1 10.3+25+1.8 16.4+ 3.7+ 3.0 PRD 70, 071102(R)
Belle 25.6+28+ 3.4 6.4 +1.7+1.0 165+ 3.0+ 24 +—
JTheory (NRQCD LO) 2.3%255 2.3~6.9 1.0~3.7 << Liuetal, PLB 557,45

Bratten, Lee, PRD 67,054007

® OED contribution,

oS

will enhance the cross sections by
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Liu,He,Chao rrD 77, 014002

® At NRQCD LO,ole’e > J/w+J/y]=18xole’e >J/y+n]

Bodwin, Brateen, Lee PRL 90,162001; PRL 95,239901(E)



@ QED contribution to J/ ¥ production
@ B-Factories I

Inclusive J/ ¥ production
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When S12>20GeV, the
two on process
Il prevail over to the
one photon process
even it is suppressed
by a factor (a/a,).
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Next question: What will happen, when we consider the

QED contribution to J/ v hadroproduction???



@ J/ b production @ Tevatron 1

The COM can explain the P, distribution. '3/ It can not explain the polarization. ' >=)
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@ J/ b production @ Tevatron II

The J/ ¥ +cC process

® Part of a 4 corrections: gg 2J/ ¥ +cC

: — 1 -
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Artoisenet et al. PLB 653,60




@ QED contribution to J/ ¥ +X
production @ Tevatron and LHC 1

QED contribution up to (e«,) VS QCD contribution up to «;
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@ QED contribution to J/ ¥ +X
production @ Tevatron and LHC I

® LO results

; a(p1) + q(p2) — J/d(ps) + a(pa),
Two partonic level sub-process:

(p1) + G(p2) — J/¥(p3) + 9(pa),

The analytical differential cross tions show explicit 1/p,* behaviors.

déy QWQQQegegas(Of/w) (1 —5)?2 4+ (1 —u)?)

- 5.2 2 . o e P
d¢ 3m3s ] su where % — (Piﬁl-l?;fz) b= (Piimis) LU= (pizlﬂfi4)
déy _ 2m2a2e2elas(O07/7) (1L —u)® + (1 - 1)?)

d¢ 3m3s? ul

® Next NLO QCD corrections
Virtual corrections: 19 diagrams are left for each virtual processes.

i 99 — J/vqq, qq — J/v¥qg,
Real corrections: The real processes 9q — J/ad, 97 — J/$d T,
. Iy . . qq" — J/Pqq’, aq — J/Paq,

are divided into 7 categories. 9a(a) — J/baa(@),

After combining the real and virtual corrections, the UV and IR
finite results are obtained!



@ QED contribution to J/ ¥ +X
production @ Tevatron and LHC III

® The B -dependence curves of the total cross sections

Parameters: a (M,)=0.130 (LO),
a (M,)=0.130 (NLO), m_=M,, , /2=1.5 GeV,

<O,Y*>=1.35 GeV?3, and
He = Hy ::uo:\/A’m(:Z+ ptz.

Cut conditions: P>3GeV,
V;/41<0.6 ( Tevatron ), |y;,,1<3 (LHC).

e{nk)

The NLO QCD corrections are positive, and they enhances the LO
results by about 30%~40%, at » = n,for both Tevatron and LHC.

And at NLO the un-dependences are improved!



@ QED contribution to J/ ¥ +X
production @ Tevatron and LHC IV

® The p, distribution of the cross sections

102 103F <
: NLO—total 3 NLO—total
10 b | NLo-gED . 105 - NLDO—QED P
F (1 LD—QED 3 10 b ____ LD-QED 3
T3k e HLD—0cD E Ev AN T NLO—-QCD
Eow £ 17 F % =]
ST i =, b E %
E b % t 5 |QCE<O 6 3 i \J‘“
= F 2 evatro : S =
E 1 0—2'_ \;:‘\::\‘ o E —n
e e 10k 4
) F - E
c —3F i seih o
01 Ty B N SRS =
il E [a F
= _aF N T e =
1o b w10 F =
= F ™ _5fF
—sf 10 F -
e 16
—af E 3
% Tevatron ]
—F E
- s
g E 10 F 3
10_8'....|....|....|....|....|....|....|....|....|...- 10_9:....l....l....l....|....|....|....l....|....|....'
o 5 10 15 %o 25 30 35 40 45 50 0 10 ZOo 30 %D 50 BQ 7O BO 20 100
b} P (Ge\) z) P, (GeY)

At the Tevatron (LHC), the NLO QED contribution will be larger than
that of the QCD contribution, when P, >26 (35) GeV, and becomes 6 (10)
times larger than that of the QCD contribution at P,=50 (100) GeV.



@ QED contribution to J/ ¥ +X
production @ Tevatron and LHC V

© The p, distribution of the polarization of J/ ¥
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The J/ b produced in the QED part mainly has transversal
polarization. After combining both the QED and QCD parts, a
changes from negative value to positive value rapidly.



@ QED contribution to J/ ¥ +cc
production @ Tevatron and LHC 1

¢ gg(gqqg)—> J/ v +cC process at O(a 2 a ?)

Non-fragmentation diagrams Fragmentation diagrams

The total cross sections of the QED part are about two orders
of magnitude less than those of the QCD part in both Tevatron

and LHC cases.



@ QED contribution to J/ ¥ +cc
production @ Tevatron and LHC I

¢ P, distribution of the cross section
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The p, distribution of the QED part will be comparable to
that of the QCD part in large p, region.



@ QED contribution to J/ ¥ +cc
production @ Tevatron and LHC 111

¢ P, distribution of J/ b Polarization
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The polarization of J/ ® will be changed largely, when the
QED contribution is included in both Tevatron and LHC
cases, even in the moderate p, region.



@ Summary and conclusion

® The QED contribution to J/ b production is important, when the
typical energy scale is much larger M ,;,.

® For J/b prompt production at Tevatron (LHC), the P, distribution
of the QED part will be 6 (10) times larger than that of the CS QCD
part at NLO, at P,=50 (100) GeV.

¢ And the value of the polarization parameter a changes from
negative to positive rapidly, when the QED contribution is taken into
account.

® |In the J/ ¥ +cC hadroproduction process, the QED contribution has
a large impact on the P, distribution in large P, region and on the
polarization distribution of J/ b even in moderate P, region.

Thank you !!
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