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QCD correction to the Drell-Yan process at J-PARC energy
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Introduction : Leading order, general structure
Next-to-leading order : collinear singularity, factorization
Threshold resummation :

Summary



Introduction

Drell-Yan process : N{N> — ¢~ ¢T + X

g~ Zfa,/N1 D fo/Ny @ Tab
a,b

NN

fa/n  : parton distribution functions

o, - partonic cross section < perturbatively calculable



J-PARC & GSI-FAIR experiment

Recently, new experiments in moderate
energy have been proposed

; K el
S’ Y nmnm;m i mw

\ t m‘mth

e J-PARC . pp, VS =10 GeV

e GSI-FAIR (PAX) : 7Pp, VS =145 GeV

* PDFs at large-x

» Large QCD correction
e COMPASS . 7p, VS = 14 GeV {

» Power correction,,,




Drell-Yan cross section formula

e Cross Section Formula :

do dc A\ P
nE= 2 [ da gawa, w) [ dy gy, 1) 2% (M, s, M/) + O (<)
T=M?/S
i z = M?/3
S <




~ 2
LO = parton model : . Tl = 2T 25— )
S

dM?2  3N.§
: ] do p ] 5,7
Hadronic CS : Vel ;/ :I:lfq(xl)/ ;)j2f67(x2)dM2
Amra?
= erg/dwlfq(fvl)/dxzfg(x2)5(7'—xlxz)
¢ q
.
2
Mzdcji\; - TZ_O = 00 £(7) 70 = i;as £(r) : parton luminosity
T C

scaling law of the DY cross section

T VS = 10, 200 GeV
_ 0.01 | M=1GeV 20
e 0(JPARC) > o(RHIC) * 0.1 3 60

0.3 55 110



Parton Luminosity :

£(r) = Y e2 [dnrfa(ar) [ dwofa(@2)d(r - a122) g
q,9

M fu(er) [ dwafa(r/an)

R
e L(T) x 77t (b>1)

« E[RIZIL. scalelZH{&E (DGLAPEE)

L(T) = L(T, 1)
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http://durpdg.dur.ac.uk/hepdata/

Proton-Proton collision data W.J.Stirling and M.R.Whalley ("93)

(V'S = 20.5, 38.7, 44, 62 GeV)
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Fixed-Order Corrections

* QCD corrections

2 d&ab
dM?2

= oK (2, as, 1)

5o |KG (2) + 5K () + -

NLO : K2 (z.r), K3 (2,7)

qgq — v*(g) virtual éﬂ % ?‘”
a9 — 7 R H

~ % deY
"~ 3N,5

0
Ké(j) = 662]5(1 —2)

S



NLO correction
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The total cross section defd@? for the production of a muon pair of invariant mass
% vig the Drell-Yan mechanism and the Feynman x p differential cross section
d2a{d@3dx ¢ are caleulated in QCD retaining all terms up to order (02}, The caleulz-
tions are performed wing dimensional regularsation of the intermediary infrared and
collinear singularities, but we present our results in a form independent of such details
The comrections to both these cross sections coming from radiative corrections to the
lowest-order g annihilation diagram are found to be large at present values of 32 and §
when the cross section is expressed in terms of parton densities derived from leptoproduc
tion, for all Drell-Yan processes of practical interest. Mumerical calculations age presented
which show, for any reasonablé parametrisation of the parton densities, that the neglect
of higher-order terms in ag((32) is not justifiable. The quark-gluan dlagrams on the other
hand give small corrections in this order and are only importani for PP scattering.

10

G.Altarelli,R.Ellis,G.Martinelli,
NPB157, 461 (1979)

PQCDMD T B HYEH

e Drell-Yan@NLO Correction
(XRITIEAE)

o (—OFRTEMEWVLDHD)
- Also in gluon-mass 1E8ll1k

J.Kubar-Andre, F.Paige ('79)
Harada,Kaneko,Sakai ('78)



qq — 7" (g)

virtual E§>vvw %E>ﬂ~ ;;*“”

A2\ T(1 —¢)
M?Z2 ) (1 — 2¢)

2 3 272
— S 284+ |s(1-
[ €2 € T 3 ( Z)

(1) _
chj (2) =Cp (

IR double pole cancel between

Eﬁm % virtual and real corrections

A2\ T(1 =€)
M2> (1 — 2¢)

2 214 22
[?25(1 TG,

(1)) =
qu (Z) - CF (

_ 2
+4(1 4 2?) (m & z)> ol Inz]

« plus function : /01 dz [f(2)]4 g(z) = /01 do f(z) [9(z) — g(1)]

11
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(1) _
K,7'(z) = Cr - —

5 (In(1—2) 1422 2 ,
414z )< >+—2 1 Inz—|—<§7r —8)5(1—,2)]

2
+ 2P0 (2) {—l + g — In47 + In (M—2>}
€

H 1422

Pla-2)4

Altarelli-Paris kernel

Pug(z) = C n 25(1 ~ )

collinear singularity

® Collinear singularity is factorized into the (renormalized) parton distribution functions

0=q0®qRV®00=qRqR0

as for the DIS structure function, Fo> = qo® Cr o =¢q ® (>

s 1
10(2) = trs (@, 12) = 4o(@) ® [8(1 = 2) + S2Pyy(2) (=~ + g —Indr)| __
MS scheme

— M2
KIMS () = Do(2) + 2P (2) In (uz )
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« Also for qg subprocess, o H

)2
KPe) = T [(z2+<1—z>2>m((1 : )) LAC ]

+P{9(2) {—1 + g —Indr +1In (M—22>}

z Pyg(z) = Tg [2* + (1 — 2)?]

factorize collinear singularity! and push onto quark distribution!!

10(x) = ayzs(, 1%) = qo() ® [5(1 = 2) T on {qu(z) <__ T - |n47r) H

+g0(z) ® ;—; {qu(Z) (—; +vg —In 47r>}

M2
Ké;)’MS( )= Dg(Z) + P(O)(z) " <,u,2> M
~
go(x)

» quark and gluon contributions mix by factorization (evolution).



e Factorization scheme :

we can subtract with the collinear singularity

den( 1) = 10(@) @ [31 = 2) + 52 Pug(e) (¢ + 9 — nam) + €5 |

+90(2) @ 52 { Pig() (= + 7 = In4m ) + (=)

s s M?
KD (2) = Do(2) — 205 (2) + 2P (2) I (F)

sc sc M2
Kig"*™(2) = Dg(2) — C5(2) + P& (=) In (F)



example : DIS scheme

CPB () =) = cp

(1+Z2)<In(1—z)> 3 1 1422
+

1—2 _5(1—2“)_,_ 1—2

CPB(2) = Y (2) = Tg

(L =2)24+2%)In (;) — 822482 — 1]

so that no NLO term remains in F, :  Fo(z, Q%) = Y eZ fo(z, Q%)
q

(absorb all DIS O(a,) correction into PDFs)

KRB () =cp

2(1+Z2)(In(1—z)) n 3
+

472
1 (1_Z)+—6—4z—|—5(1—z)(1—|——>]

3

KquIS(z) =Tg (22 + (1 - 2)2) In(1—2)+ g — 52+ gZQ

2

Inz+342z— (%4—%)5(1—,2)]

15
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NNLO calculation has been already done

Kég)(z, r), K§2 (2, ), K$2 (2, 0), K82 (2, 7) Hamberg,van Neerven,Matsuura(’91,'02);
Harlander,Kilgore('02)

J-PARC pp VS =10GeV

/s=10 GeV GRVIS(NLO) #s=10 GeV, GRVIS(NLO}
4 T T T T T T T ‘ T T T I T T T T 20 T T T T ‘ T T T T I T T T T ‘
10°E, E
N + LO 3 o- —oNLO
o .\:-:::.‘*.._:-‘...;‘\ . —_ ﬁo E o= 0 NNLO N LO/LO
5[ "-§ i 1Of |
,.\10 2 '.,_"“:'"..;_t.\ 3 i NNLO/LO .
N% .".:\..;:.ﬁ.\' : - .
3 . N 1 - _
?“;102_ \:\\\\ E bg SH -
2 AT 1T 4r
S : N 1 °
= 101_ LO . ' \.\\ _ 3+ §.—-—0— e |
- ..o \\. E -—-IJ""--D'_--.
C NLO . LN, ] == T ————e——7
L '.'\\r 2— ——-B____o___...e-——- ]
k. NNLO : B
i | ‘ l ] ] | | |
2 3 4 5 6 2 3 4 5 6



M’ do/dM (pb GeV?)
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factorization scheme dependence :  MS scheme vs. DIS scheme @ NLO

J-PARC RHIC VS =200 GeV

10

—_
)

—
o

—_
o

/s =10 GeV GRV93 /s =200 GeV GRV98
4 T T T T T T T | T T T | T T T T T T T T T T T T T T T T T T T T T T T T T T
3 ---- LO (MSB) 3 50 |
A ...- LO (LO) ] 107 F ~ ... LO (MSB) -
N ~ .___\ —— NLO (MSB) 4 E Nk‘\:\ -—- LO(LO) E
| e S — - NLO (LO) 1 - Sads -=+ NLO(MSB)
10 = :__":T\\\ E - s:..\_:\.\\ — - NLO(LO)
R \\ B - N i
r = 1 .~ NN
L Ny 1 = 4 T
L B .\::-':.‘._\ 1 8 10 = “A‘h\."'\ —
21 Sl TS ] = r S S~ 7]
F T SR ERG C l““‘h\'\, 7
= AT ER= B Sal S i
- s 7] = L e ™
- TR N - = ~
TN B ~w -~
- --,"\:\\\ - m—c - \_‘\\.\\
l:_ . \\ \\ - = 5""-\.
- "\.\ ~ = 3_ P
- DT N 4 ].0 r ]
» ., " ~ 4 - =
- . ] + .
. . L ]
- ‘. <.
0 RO - i
L ‘ I 1 ‘ 1 | 102 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
2 3 4 5 6 0 10 20 30 40 50

M (GeV) M (GeV)



* Note, g subprocess contribution is negative in MS scheme and also in DIS scheme

due to the subtraction of the collinear singularity

RHIC /s = 200 GeV, M = 40 GeV

- do
. 3 — _ 2
MS scheme : M dM‘NLO = 1870+900—170 (GeV?2 pb)
(’)(ag) O(as)qqg  O(as)qg
oIS scheme : M 322 — 18704+-800—70 (GeV?2 pb)
scheme : dM NLO —_ P

O(ad) O(as)a7  O(as)ag

18
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1 1
Mellin moment : /v = /01 dex™ 1 f(2) o(7) =/T dwlf(ﬂfl)/T/

1 drof(x2)o(7T/2122)

x

— 0N = fN4+1 " fN+1°ON

WOMS _ o [,e2 4 o [ 20@N242N?+1)  [(4n?

anvN _CF _481 N(N+ l)Sl-l_ N2(N+]_)2 + 3 8 +4’qu(N)|I']’I"
WM _ . [ 2(N2+N+2) N4+ 11N3 4+ 22N2 4+ 14N + 4

Ko =TR"yvr D+t T e+ nav 2z | T e

e large-N limit :  s1 59+ 1)+ ~InN+9p Harmonic Sum :
Noa
k=1
(1),MS oo, 4m2 N k

_ _ . 4r?
(K%?)/VDIS ~ Cp [an N?2-3InN + % + 1] + 474(N) In T’)

J.Blumlein,, J.Vermaseren,,
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Threshold Resummation :

20



Large corrections come from the partonic threshold region (z—1)

v’ real emission suppressed by the phase space restriction

v’ imbalance between real and virtual gluon corrections

threshold logs : %(%L =) (%)k<ln2k_11_(lz_z)>+

M? :
PE 1 — only soft gluon can be emitted @g‘%
— soft gluon (eikonal) approximation >w
Lo
to treat these logs up to all orders “
= Sterman(’87);Catani, Trentadue(’89)
Keypoint : (@ factorization of soft-gluon radiation amplitude

@ factorization of phase-space in moment-space

21



(Multiple) soft-gluon radiation amplitude :

e One-gluon radiation case :

e

q

» eikonal approximation : Pﬁ.

MO

2

Q

X

(ﬁ'_ﬁ) a *
1) (gsT“9") u(p)e,(a)
BT )

2
(ot -l
° pL 4 DP2-q
? (g2Cr) _2p1-p2 _ MOP 11(q)

b1 -gp2-4q
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Multiple gluon radiation phase-space :

d3 q n d3 qs

(27r)32q0k£[1<27r>32q2

dd(v*, g") = (@2m)**(P-q—-Xq)

n

27 q? d3qy,
= T5(1--x%
231253 1 ot

therefore, phase-space factorize in the moment-space in soft-gluon limit

dr. d>qy,
dd(7*, g") — ] (1 —) S 3k
k=1 12 (27T)32q]93



Multi-gluon radiation cross section (moment-space)

ON

_ v omo s L mpP
N 2 N 2s ‘=yn! ‘M ‘ APn
qo N-1
~ 1——]"') J1(q
o0 Z o kHl (2“)32% ( = 1(qx)

O\ N1
_ k
= opexp [/( 7r)32qk (1 - f) Jl(Qk)]

1 N=11 (M?(1-2)? d2
= ogexp [2/0 dz” /o L (%CF)

1—2 \ g T

virtual correction collinear singularity

cut at ,uf

factorization scale

24
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e as — as(k?) : rescaling takes in the higher order logs

e gluon correlation effect :

fﬁw and ﬁm have different color charge, but still

exponentiate with modified color charge
Gatheral(’83),Frenkel,Talyor('84)

as a result, perturbative series in the exponent

2
%CF — Aq(as) = %A((Il) + (%) Ac(]2) 4 ...

™
Agl) - CF

7'('2 .
AP = Cr (C’A (6_7 - _> — gnf> Kodaira, Trentadue(’82)
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Threshold resummation

Sterman(’87);Catani, Trentadue(’89)

e General Formula : Sudakov Exponent

N-1 201-2)2 1.2
~1 (2/M (1-2)2 dk2,
,uf T

1 2
KJ(N,as,r) = Cpy (as,7)-exp {/0 de—— > —5 Aq(as (k7))

+ Dpy (as<M2<1—z>2>))]
Ag(as) 1 soft collinear gluon

Cpy(as,r) : coefficient function

Dpy(as) : large-angle soft gluon

pr @ factorization scale

 Integral contains the Landau pole singularity through the scale of strong coupling

e_’YE

but, logarithms arise only from 2 <1 —

approximation : 2V !—-1~-©(1 -2-1/N) N — NeE
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M2 dk2  (Nk M2 gj:2 -W
— Cpy ex [2/ T (25T A (o (k2 —2/ T A (s (b2)) In N

perform integral with keeping A = bga,In N finite

1
= Cpyexp | —n{N) + 1P + ash® )+

LL NLL NNLL
ok 1,2k ol 2k

QA
[y
~—

rD0) = Q‘i—boA [2X+ (1 —2)) In (1 = 2)\)]

2 (1)
h$? <,\%> — At [2)\ +In(1-2X) +%In2 (1- 2A)]
)

2 27h3
0

A(l) M2 A(2) A(l) M2

__|n ——L |2 4+ In(1-2))] - —LI-AIn—

2rbg  pf  2w2bj 7hg Ty

— N = 61/2a5b0 = M//\QC'D

N~

still singularity at A =
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* NNLL accuracy : 3-loop split. func. gives A((f’) Moch,Vermaseren,Vogt('04)

Dg\z, CE)Q\;(r) given by NNLO

LL NNLL
LO 1
NLO asL? aus L
NNLO afL* a2 13.2} a2L
ok 1,2k ok [ 2k—1,2 ok [,2k—3,4
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Kramer,Laenen,Spira(‘98);

e Collinear improvement - Catani,de Florian,Grazzini(‘02);
Kulesza,Sterman,Vogelsang(’02,’04)

Taking into account the universal collinear (non-soft) gluon radiation

* re-arrange the exponent

M2
dk?2 M?
In(K™®) ~ — / k—QTAq(Oés(k%))'n (kz2>

MQ/NQde
+ [ SF [~244(as(i3)) InN]
5 T
FE

* re-cover the full evolution kernel by : —2A(§1)(a3) INN — %Sr})(N, as)

e correctly re-produce the of L2*~1/N terms to all orders

* numerically sizable effects
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Catani,Mangano,Nason,Trentadue('96)

e Minimal prescription :

.. 1 C+Hio0
Inverse Mellin integral ~ o™°(7) = _/ dNTN 5es f2
211 JC—ioco
. . 1
how to treat Landau pole singularity at A=~ — N = el/2asbo = M/AGep ?

e Answer : don’t care! define the inverse Mellin contour as the left of the Landau pole

Landau pole is not related with the summation of logarithmic corrections.

kImN
e reproduce all logarithmic terms, of course !! AN
Y
e no factorial growth , . Re N
//CMP L
e definition of the pert. content of the resum. p




Threshold resummation

31

~@?=mewo§%$%m»+@%mgm+ﬂJ$k%L@+“.

20

LL : NLL :

/5=10 GeV, GRV98(NLO)

NNLL :

10}

o NLO
o NNLO
- 1L
NLL (gg mix)

—— NNLL (gqg mix)

J-PARC pp

V'S = 10GeV



Convergence

not only the convergence of logarithmic accuracy (N"LL),
but also the convergence of the power expansion of Sudakov exponent
to O(al)

/s=10 GeV, GRVI8(NLO)

32

20 T I | I | I | I | I |
—— NNLL (qg mix)
------ lst
: -—-- 2nd
10 rd B
- 4th ~
- —— 6th
g - -—--- 8th 1
g D
o 4
3
J-PARC pp
\/§ - 1OGeV 1 ] ] | 1 ! l 1 1 |
2 3 4 5 6



M’ do/dM (pb GeV"™)

Scale ambiguity

Renormalization/Factorization scale dependence

2 AFART—)L

/s=10 GeV GRV98(NLO)

NNLL (mix)

NLL (mix) / 2.

e Lol

mum LMN
I:'L'l\ | 4
_ Jru.m,nu %_E
Iru'Jll’l:t
1l
3 | | | —é
2 3 4 5

M’ do/dM (pb GeV?)

10

BFERT—IL

33

M/2 <p<2M

/5=10 GeV, GRV98(NLO)

[ I I _
§ — NNLL (mix)

NLL (mix) /2.
T —— NNLO /4.
g Mgy ‘W'Lﬂn y
WU““”JM;LEMN
3 Wy "ot 3
- it
E | | E
2 4 5

M (GeV)
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PDF uncertainty

Unpolarized sea-quark and gluon distributions are still uncertain !

pp, /s = 10 GeV pp, /s = 14.5 GeV
pp, /s=10 GeV, NNLL 5 p-pbar, /s = 14.5 GeV, NNLL
A E——
4 | =
10 Dy - — GRV98(NLO) E
- m'ﬂfﬂﬁ\ — - MRST2004(NNLO) ] E
m;mﬁ‘m\\ . — alekhin02(NNLO) ;
3 — ] = ~T— — N/—\
10 me'mmm] \\:“"\-...__‘_ 3 > E

e “m.l R L
E ”m”[m'“m \""-..\\"'-- O
o 2 o~ - ~ = E E
2 10°F J[Hm“m Sso T~ 4 = g E
= ][N -
:Q \"., h ~ 10 E E
" 1 m,mmm *\\ | ] & --- GRV98(NLO)
%10 SO P |’k —— MRST2004NNLO)

- ‘ . = 10 F —— Alekhin02 (NNLO,VFNS)

i | L L . 1-2: | L | |

2 3 4 5 6 107 4 6 8 10 12
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Matching with fixed order

gematch _ geres Kres|0(an) 4+ i f0.0(ay)

v’ relevant for all phase space regions
/s=10 GeV, GRV9E(NLO)

v qg sub-process contributions 07—
- LL
NLL il
| NNLL
10_“ o NLO n
. [ o NNLO
LL : [ NLL+NLO
ot NNLL+NNLO
G |
o 4 |
3 a e o o a -
NNLL+NNLO : o gt o o 3
P o °
----- o ° °
1 | | | | |
2 3 4 5 6
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Resummation in DIS scheme

Sudakov exponent in DIS scheme : K{™ = KF/(CS{'_]%)Q

exp {%CF (QLQ)]

(oo [per (322 + 30)])

2
/s =10 GeV GRV98 RHIC /s =200 GeV GRV98
4 T T T ‘ T T T T I T T | T T T T T T T I T T T T I T T T T I T T T T I T T T T
== ---- 1O (LO E 5
10°¢ o NLC()(M)SB) 1 10F ~- 10 (L0)
2 —- NLO (LO) . EON N ~=+ NLO(MSE)
I — NLL+NLO (MSB) ] - M — - NLO (LO)
10°E .=. NLL4+NLO (LO) 3 — NLL+NLO (MSB) ;
S E .=+ NLL+NLO (LO) |
r‘l> : {‘J> 4
S T S 10 F
210°F R
= - =
z ¥ S
© > o]
= B BNy m’U
= 10'F ENN s R
g RIS 1033— T~ 3
L .. ~ -
B . o r
0 ] -
10" E i
: 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ] 102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
2 3 4 5 6 0 10 20 30 40 50

M (GeV) M (GeV)
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Double Transverse Spin Asymmetry

H.Shimizu,G.sterman,
W.Vogelsang,HY('05);

_ d50/dM2d¢ oS (2¢) 2 63 0g®0g W.Vogelsang,HY('06)

T

do /dM?2d¢ 2 Yezf®fq
J-PARC pp GSI pp, V'S = 14.5 GeV
0.25 . T - 04— 7 1T 7
i i i _.u“‘““b’
0.2+ i
/ 0.3 .
/ i
u 1 F
FOISE oL <
- e 0.2 7]
- = 10 L -+ LO
0.1 _ o 7 z —— NLO
- NLL | — res. (U,=0) |
—— NLL (qg mix) i | « = IS, (u0=0.3GeV) |
1 | 1 I | ‘ 1 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0'052 3 4 5 6 0'12 4 6 8 10 12

same Trans. pol. PDFs model, for all lines



Power-suppressed correction

M.Beneke, Phys.Rept. 317 ("99);

38

M.Beneke,V.Braun, NPB454,253 (95); hep-ph/0010208

dg 4
how to treat :
. 0 (2h\ . \ / k!
like Y (—) of k' (factorial growth) ok
k=0 \ P '

; > Kk
the best : define the sum by cutting the series,
. . 2b
at where the correction become minimum : pOOés kvl —sk=kFken~ pra
Otks
then, the error of the sum is about the order of the last term :
—k —k —p/2b AQcp P -
kp e kel ~ e e = 7 P/2P0% = 7 Power-suppressed correction

e power correction is defined by defining the sum of the divergent (asymptotic) series



 Landau pole is a consequence of the divergent series in a,

Os

(0% 1{72 n
e 0§ (e (4)
1+ boas In (M_g) n=0 p

» Landau pole in the resummed exponent may tell us

the structure of the power-suppressed correction

IN(K%) =4

dky Nkr
T Aq(as(kT))ln< v )

kT min < Agcp, when N — large

_ _ 1/2
b min = max(M/N, o) ~ ((M/N)? + 43)"/

_ | N2u3 2 72
gives A = AN=)A— Eboasln <1 + 72 5 (In (Kgg_s)) ~O (:Ufo )

39

order is consistent with
Beneke,Braun(’95)
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» Size of the effect :

as a hint of the size of the power-suppressed correction

cut-off scale — hadronic scale

set ug = 0.3 GeV, 0.4 GeV

reduce the Sudakov enhancement
by few-ten percent,
but not spoil all the enhancment

* need more developments, in
theoretically and phenomenologically.

« desire !

M do/dM (pb GeV™)

/s=10 GeV GRV98(NLO)

40

p—
]
UL T T 171

100;

. — NNLL (1,=0.4GeV)

— NNLL (n,=0.3GeV) 3




Comparison with past DY data

Proton-Proton collision

d M
S . Td—a depends on {T,M,Oés(u),—}
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Proton-Proton collision

10 E T T T 1 r T T T T LI T T T T T T T T ?
29 - A 4 CERNR209 /s = 62 GeV .
@ 10 F o CERN R209 /s = 44 GeV =
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E C B  FLAB 444 /s = 20.5 GeV ]
O 10—30 = - LO(/s=62GeV) —
AN = — — NLO (/s =62 GeV) 3
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Prediction for /s = 62 GeV

with GRV98
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Proton-Proton collision

Prediction for /s = 39 GeV
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Proton-Proton collision

Prediction for /s = 10 GeV
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Pion-Nucleus collision

(GeV2cm?)

dr

S'T—
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Proton-AntiProton collision

S'T—

(GeV2cm?)

dr
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with GRV98



summary

Drell-Yan process at the J-PARC energy,
e QCD correction is very important, and higher-order corrections

beyond NLO may be required.

e Resummation studies tell us, however,
PQCD correction can be controlled by summing the large log terms.

o must become relevant, and needs more studies.

e Unpolarized PDFs (sea-quark, gluon) is still unknown,
and have to be measured at the J-PARC experiments.
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NNLO : Anastasiou,Dixon,Melnikov,Petriello("04)
Resummation : Mukerjee,Vogelsang('06),
Bolzoni(’06),Vogelsang,HY("06)

 Rapidity distribution :

* Transverse-momentum distribution : Kawamura,Kodaira, Tanaka(’07)

PhySiCS Interest : Proposal for J-PARC, P.Reimer, arXiv:0704.3612

Unpolarized : sea-quark distribution, Boer-Mulders function,
nuclear effects, power correction,,,

Single-spin asymmetry, Double-spin asymmetry

: Transversity, Sivers function, Higher-twist,,,

 Other processes : J/V¥, direct photon, hadron production,,,



