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Success of NRQCD

0 NRQCD approach for quarkonium production

opp — H+ X) = Z /dajld@gbi/p(a:l)qu/p(@)& [ij — (QQ),](O)) Braaten, Bodwin, Lepage 1995
1,7,M —_
6 ij — (QQ)n] : production of QQ state with quantum number n, calculable in pQCD
as a expansion of as

") . can be expanded in powers of v?

n

O Comparison with Tevatron data based on LO formula
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NLO contributions
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Jhp NLO
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wiie == 1 Color-singlet contribution for J/y and Upsilon
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Large uncertainty band

MNLO unc. band:
=strong scale dependence

ugl2 < ”’f,r"‘ﬂ g
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Large NLO, NNLO contribution
= how perturbative series converge? o 4:
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Scale dependence of the cross section

O Scale dependence of the ttbar cross section at NLO
10_ N T ||||||| | | T T T T

vs-18 eV, mg-175cev 1 With NLO correction included, scale-
1 dependence is strongly reduced

“ Linear scale

Bonciani, Catani, Mangano, Nason, NPB529 (1998) 424

(LO+NLL (A=2)
(LO+NLL (A=0)

O Scale depéﬁmﬂpence s still large for J/p at NLO: large NLO corrections
LHC Vs=14 TeV N €+€_ — J/w + cc

. 'Q —

T(e;ratron Vs=1.96 TeV ] =] m=14~15GV A =0.338GeV
= 3al1l/ o ] ()

pp »> “Si(cc) » I/Y + X — IRs(0)[2 = 1.01GeV? /5 = 10.6GeV

Next-to-leading order

Leading order

100

50 _IIII NN RN NNRNNRNRNENT]
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Campbell, Maltoni, Tramontano, PRL98(2007) 252002 Zhang and Chao PRL98, 092003(2007)
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Why NLO contribution is LARGE?

*Scale dependence from ¢(z, p1)? a2 (1)
( 1
(PT Q *Prdependence P

L NLO: new channel NLO: high power as(u), low power in Pr

' CDF data

Jhp prﬂductmn at the Tevatron j}{;* ,:jff_-'i

g

BR: 5.88 %, <O= = 11:3(3.@&1
ug=(4m 24P )12 :

MLO unc. band:
Hg/2 < g =<2 g

1dGEU¢:m =:1EGE"I.F

NMLD unc. band:
Mg /4 < 5; <2 mg

ONLO to existing LO channels
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(PT I.
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Large logarithmic contributions

O To have a stable perturbative expansion, one need resum all the large
logarithms: resummation

O Same large log contribution for color-octet channels
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New factorized formula with QCD resummation

O Fragmentation contributions E. Braaten, et.al., 1993

o' (pp — H+ X) = Z /dxld:cgdngi/p(xl)qu/p(:vg)& [ij — k]Dj_.p(2)
1,7,k

Dk—+H(z) resums all the logarithms.

This is the dominant contribution when P°>>m?

< Q: What is the relation between fragmentation contribution and fixed order results
in NRQCD?

P% ~ m? : o~ o't calculated by fixed order NRQCD. Logarithms are not important

PZ% > m2 O R gF Logarithms dominate / resummed
* How to transform smoothly between these two regimes?
** How to avoid double counting beyond LO?

O We propose a new factorized formula:
o= cgP" + « resum all the fragmentation logs

O_Dir _ O_Pert o O_Asym - No |OgS

separation between Direct and Fragmentation contribution
depends on the definition of fragmentation function D(z, u?)
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Fragmentation function Dg—Jy(zs, 11?)

O Operator definition for Dg_.uy(zf, u?

P
Dy—p(zp, p?) = Lo >
k

O Calculation of leading order fragmentation function: D©g,y(zs,?)

Oy O Oy O
N7 A
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Zf P-I— n
_ P
/l€2<ﬂ 27m)4 4k+5( kT )Tl“[ Tk, )}

/ \
: o (zp —1)*+1 2§
: |
(2r.h) = g OsC0) - | L (W
O Evolution equation of Dg—.y(zs,u?): inhomogeneous term

d dg

— D — ) — — y a_
du q J/w(zf 1) Yq J/w(zf M)+27T y S

042

aayolego ) = o OsC1)) |1
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Case study: e*te—J/y+qq

O NRQCD perturbative results

2 2 OO [(Eofed

O How to identify the logarithms before the full calculations — ;4sym
R k//P
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Smooth transition

o O_Pe'rt _9

O Direct contribution o2 = gFert — gAsym _

dO’Dir 2 ozg <08(351)>

dE;p 0 /518 md :
X[((z—1)2—|—1+2£2—z+€22 A  JessiGev
2z y 2z

(G =D
21 Zf Am?

p=2E,y
O Full cross section

g — O_Dzr _|_

N\

with evolved fragmentation function
=log resummed

d d Dar
< when Ey~m S

Vs=91GeV

Vs/20,do/dEy

d dot [
* when E y>>m .Y o1 [
dEJ/@b dEJ/w i

O Compare to lowest order NRQCD calculation ™

of
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Hadronic collisions - in progress

0 Direct contribution:

i 2

G

LO

O Fragmentation contribution:
2

é ®Dg—>H +

Stay tuned
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Summary

O We proposed a QCD resummed factorization formula for heavy
guarkonium production

O We reorganized the perturbative series of NRQCD calculation

O New formula is reliable for a wide range of collision energy

Apr 29, 2008 Zhongbo Kang, ISU




