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Hadron physics at J-PARC

| Possibilities |
| Approved proposals |
Hadron and Nuclear Physics \
& @ Strangeness nuclear physics (1st experiment)
\Q@s e Exotic hadrons |
R . @C'a“%o Hadrons in nuclear medium
4;,&& % ¥ e Hard processes (— 50 GeV)
i\ &‘z’»\z ¢ Nucleon spin (proton polarization)
é@e’b & A ¢ Quark-hadron matter (heavy ion?)
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Hadron Physics at J-PARC

Note: Hadron Physics
= (narrow sense) Hadron Physics + Nuclear Physics
in my talk.
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Spin asymmetry in pp elastic scattering
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Single spin asymmetry in pp elastic: A, = — I
O +0

J-PARC 30 GeV is the same as the AGS energy.
(The Kinematical range is similar.)
For a possible J-PARC experiment,

* New observable should be investigated
for providing a clue to pin down a possible
mechanism of producing the asymmetry

at large p.

SPIN IN PARTICLE PHYSICS
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From Spin in Particle Physics, E. Leader,
Cambridge University press (2001);
D. G. Crabb et al., PRL65 (1990) 3241.



Color Transparency

At large momentum transfer, a small-size hadron could freely pass
through nuclear medium. (Transparent)

Investigate pA - pp (A-I)
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Nuclear transparency: 7T =

Color transparency:
I' — larger, as the hard scale — larger 04
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Short-range NN interaction |uish-momentum 2 =20 !
pp

E. Piasetzky et al., PRL97 (2006) 162504

102 =+ ¥ np
D. Higinbotham, E. Piasetzky, and M. Strikman :

o =
CERN Courlel' 49 (2009) 22. = m op/np from [“Cle,e'pp)/ Cle.e'pn))/2
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3D picture of nucleon by Generalized Parton Distributions (GPDs)
(Nucleon tomography)
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Generalized Parton Distributions (GPDs) at lepton facilities

q __v* Y ~q-4 p+p
P= , A=p’'~
R ; pP'-p
k

2
A Bjorken variable S — L
2p-q

Momentum transfer squared 7= A’

\_/‘ o f—p” AY
p p=p+A Skewdness parameter &= f* Tl alS

t=A2 p++pl+ _2P+

GPDs are defined as correlation of off-forward matrix:

d. ixP*z" |t +
[ e W2/ 27y 1 2)|p)

i07%A

] [H(x,é,t)ﬁ(p’)y+u(p)+ E(x,E,t)u(p’) g u(p)}

F=0.5=0 ~ p* 2M

Forward limit: PDFs  H(x,,0)|,_,_, = f(x)

First moments: Form factors
Dirac and Pauli form factors F; F, jdx H(x,8,t)= F,(v), de E(x,8,t)=F,(t)

Second moments: Angular momenta
1 1
Sum rule: J = EjdxxI:Hq(x,ﬁ,t =0)+E (x,5,t= 0):| , J, = 5Aq+ L,



GPDs in different x regions and GPDs at hadron facilities
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“1<x<& (x+&<0,x-£<0) E<x<l (x+&>0,x—&E>0)

. o E<x<& (x+&>0,x—&E<0)  Consider a hard reaction with
Quark distribution ], 2], | M2, |« M

Emission of quark with momentum fraction x+& tF K\ N
Absorption of quark with momentum fraction x-& p > ‘3
>
Meson-like distribution amplitude

Emission of quark with momentum fraction x+& p >
Emission of antiquark with momentum fraction &-x

GPDs at J-PARC: PRD 80 (2009) 074003.

Antiquark distribution

Emission of antiquark with momentum fraction &-x Efremov-Radyushkin
Absorption of antiquark with momentum fraction -x-& -Brodsky-Lepage (ERBL) region
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Applicability Of perturbative QCD Large contributions come from

the partonic threshold region

Cross section = pQCD X non-pQCD (PDFs) M 2
_
Z B ~ = 1. /'6_5666\\
In order to extract the hadron-structure part, S 660

PQCD should be understood. Soft-gluon resummation is needed. %
2,

Drell-Yan cross section Qo
Ref. H. Shimizu ef al., PRD 71 (2005) 114007

tdo ldx, ¢l dx, 2 2 2 2
dtdg ~§;L X, -[r/xa X, JaCas )y (%5, )0 (2, M, | 1,02, )

e.g. in transverse spin asymmetry

=M, /s, z=7/(x,x,)=M,, /§

(04
®,(z,M,, | 1*,0.) = 0 (2) + >0 (z,M,, | 1)+ fixed order
In(1 7—t Z) g .
w;fl)(z,Mjﬂ/uz)=CF[4z( : ) +} = LO 1
-z Ji |
note: large contribution from the region z — 1 E NLO o I o L
Mellin transformation: Jﬂl dx x"'F(x) g
&
do" =
o S T e (4, 1 ) =
f K kLZk kL2k—l
oPN (M}, | )= C,[2In*(Ne™ )+ ] ’ NLO % e
A large term at z — 1 corresponds to LL NLL

a large term in the Mellin space at NV — oo. L=InN



Applicability of perturbative QCD in Drell-Yan

* Higher-order o corrections

e Resummations

(o]
pQCD corrections are shown by

O-Leading Order (LO)
as a function of the dimuon mass M -

/3=10 GeV, GRVI98(NLO)

20 T T T T T T T T T T

o NLO
o NNLO
.. LL
NLL (gg mix) 7]

1ok .

—— NNLL (gg mix)

G/GLO

Yokoya@High-energy J-PARC
http://www-conf kek.jp/hadron08/hehp-jparc/

H. Yokoya and W. Vogelsang,
AIP Conf. Proc. 915 (2007) 595.

fixed order
:
S
g LO 1
E NLO oL’ | oL
(73]
D
&=

NLO D¢ o

v

LL NLL

Higher-order corrections are large at J-PARC (50 GeV);
however, the pQCD terms could be under control in Drell-Yan.




fs=10 GeV, GRV98(NLO)
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Hadron facilities

m2
e.g. Drell-Yan: x x, = A

S

_> x~
= S=(p1+172)2

J-PARC: s =10 GeV . 1
RHIC: /s =200 GeV e.g. Quark spin content: Ag = jo dxAq(x)
LHC: Js =14 TeV = Integral from small x (RHIC)
° m, >3 GeV to large x (J-PARC).
0.3 J-PARC  Large-x facility
(Medium-x)
0.02 RHIC

0.0002 LHC Small-x facility



Flavor asymmetric antiquark distributions: u/d

13 o(pd) =1[1+£J _
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K: 0.4 0.5 0.5
http://www.acuonline.edu/academics
J-PARC proposal, M. Bai et al. (2007) /cas/physics/research/e906.html

3 g e SER 4 SK, Phys. Rep. 303 (1998) 183;
This project is suitable for probing G.T. Garvey and J.-C. Peng,

‘“peripheral structure” of the nucleon. Prog. Part. Nucl. Phys. 47 (2001) 203.



Nuclear corrections on parton distribution functions

Ca 2
f N (x,Q2 ) This region could be investigated by J-PARC.
[ (x,07)
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Global NPDF analysis result
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PDF (parton distribution function) uncertainty MSTW
by MSTW-2009
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Quark substructure?

CDF experiment: PRL, 77 (1996) 438.
Comparison of theoretical calculations

=
g with CDF experimental data. p+p—o jet+ X
3 %
S e Js =18 TeV, E}*=15-400 GeV
Q E 3w
T EFF wf
S cwlif
5 Zf < i 299
= =E 5k Subquark signature ???
<P R
= s -
3 = JERPURESEEEE s G 2 A R AR 4 The same thing could happen
g . T i \\ at LHC.
< - e \
= 25 s CDF ———— CTEQ M \\
S b, o ime Ll tieona N
= s ' )
<P - % N
R e * Could be explained
E e e e T w Emm without substructure
Jet Transverse Energy iGeV)
3L T A (importance of accurate PDF's)

Jet transverse energy



Single Spin asymmetry (No polarized proton beam is nee(cyltTacl_!)Cyi

o Q Nucleon e (Quark AN e o

A, ~ f7-D, (Sivers function x Unpolarized fragmentation)
©-9 x ©

The Sivers function describes unpolarized quark
in the transversely polarized nucleon.

- -0 ~ ®-0

A, ~0,q-H;" (Transversity x Collins fragmentation function)

Probe of angular
momentum

The transversity distribution describes transverse quark polarization
in the transversely polarized nucleon.

The Collins fragmentation function describes a fragmentation of polarized quark
into unpolarized hadron.



Nucleon spin

Naive Quark Model Sea-quarks and gluons?
AY.=Au, +Ad =1 Recent data indicate
i 1 ~0.1.
Electron / muon scattering s smad atx el
AX=0.2~0.3 Zj Q> =1 GeV?
Almost none of nucleon spin 03
is carried by quarks! 02| xAu_(x)
0.1
0900;'7_«—‘.-.‘;‘(‘)1
1 1 S —
—=—(Au, +Ad, +Aq, )+ AG+L +L,
2552 V- 1 xAd, (x)

AX

&

D@@@ HERMES

Orbital angular momenta ?

J-PARC
N\

— AAC06
| -+ GRsV
-~ BB

XAg(x) /

-0.1

-0.2 ‘
0.001 0.01

Q2 =1GeV?

0.01

0.1
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Fermilab

BNL-PHENIX, STAR
DESY-HERMES GSl FAIR SLAC

500 ~ 1000 experimental physicists now,
Strong activities of theoretical physicists

(T.-A. Shibata at the KEK workshop, 2010-01)
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Hadron physics with 30 — 50 GeV proton beam
BRR(30GeV)THIELZ IO S b

¢ Spin physics in elastic pp reaction

e Hadron interactions in nuclear medium
e Short-range NN interactions

¢ J/y, charm physics

e Generalized parton distributions e Drell-Yan? ...

50 GeV DfEFE—L
e Drell-Yan
¢ Single spin asymmetries
e Spin structure of spin-1 hadrons e ...

50 GeV D {RIBEFE —L
¢ Drell-Yan: Double asymmetries (Polarized PDFs)
e Complimentary to RHIC-Spin (large-x physics)
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RHIC, Fermilab, CERN-COMPASS, JLab, GSI-FAIR, EIC, ...
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RHICZENDSREEICBIE L TEEPO/N\ FOVEBRFENSEH Y.
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“Null experiments” T/ —RJ)L %
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The End

The End



