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BFIENEE

* FundamentallGxtRTHAHIZEHhMHoT , HES
AL TLVEL

* QCDZEBLITHMEHFENFEELTLS

» RFDBETHNLELIC, QCDIZHT HT A,

HEELTED

— Q? evolution + factorization + universality

— global QCD analysis of e*+e-, e+p, and p+p(or pbar)
data
 unpolarized/polarized parton distribution functions

 fragmentation functions
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— DF—DETIIL—F U DEHEREBENDTES
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|E j _ E >| quar
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FZFRE 11 2D ?
s RIBL I EIEE L EELEER
N Ze?(qi(x)—qi‘(x)) ) ZeﬁAq&x) a0
(71T/2 +(73T/2 Ze?(qr(x)*‘ch_(x)) Zeizqi(x) F (X)

more correctly

A =9X-7r60 , _ 200 7 (6(0+0,(X)
== — Fl (X) 1T/2 + 3T/2 F1 X
- RBRT—4% oete %9
A I N,-N,_ DA Ay DA ET target polar.izat.ion
PP, N_+N_ 7 . beam polarization

D depolarization factor
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ZFERE 112D )E ?

$ This experiment |
° EMC¥.%ﬁ@CERN 08t i ztii [[;] J}MI/J/
J. Ashman et al., NPB 328, 1 (1989) 06F  — Carlitz ond Kaur Medel ﬁrﬂ:
Af 0.4} .l ‘I
J-l dxg,” (x) = l[iAu +1Ad +1AS} | + |
0 2L ’ 7 I {
=0.123+0.013(stat) £ 0.019(syst) oof—— -
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- x=0~1DIRAICKDTHERE %

» KULLXEBEEES. KYEVEEDT 40 R E
- SLAC/CERN/DESY/JLAB 38

20074108198 (£) 6



IRtBL T > R A AL S

- Q? DD RSN TS

unpolarized DIS
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I iE DELH

o DF—DREVETIN—FRELDEFEDEIE
— QCD collinear factorization
— Q2 evolution
— global analysis
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QCD factorization

— ex. hadron production
In proton collisions

 pp—>hX

dé-gb(xaPAﬂbeBﬂ P./Z., 1)

do =" [dx, [ dx, [ dz, [f.(%,, 2} |f, (%, ) D! (2, 1)

a,b,c

f (X, 1), f,(X,, 1) parton distribution function (PDF)

h . . } long distance term
D. (Z., 1) fragmentation function (FF)

dé,, (X, Py, X, Ps,P, /2., ) partonic cross section short distance term

i factorization scale — boundary between short and long distance
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Global QCD analysis

« framework to combine various experimental data
into a systematically controlled extraction of the
unpol. & pol. PDFs, FFs

— experimental data a%at3(x, Q2) with experimental errors
Sadata(x, QZ)

— function form (parametrizations) of PDFs and FFs
satisfying physical requirements at the initial Q2

— Q?evolution of PDFs/FFs and theoretical calculation
corresponding to the experimental data ac@'°(x, Q?)

— x? analysis (minimization)
o2, Q) —a™ Q)
‘ _ZL 2™ (4.Q")

— parameters (and errors on the parameters)
determined

20074108198 (£) 11



TIN—F 2 RECDEFE
o« {RIBERIEFEHEMERELEERDRAT—ILAIDEN
— EEQCDDOEEAEXDEETII
- Q2O EBHEMNELN TS
SMC: Ag(Q® =1GeV?) =0.99"""7(stat) " (syst)"-4 (th)
B. Adeba et al., PRD 58, 112002 (1998).
E155: Ag(Q* =5GeV?*)=1.6+0.8(stat) £1.1(syst)
P.L. Anthony et al., PLB 493, 19 (2000).
» semi-inclusive ZEIETE M ELEL EER

_ _I%_L\pTOD/\PDDﬂgEE‘Z lepton beam /
_ T—jopa—_"v_i\ijg‘z 901’5 !

Yheavy flavor

e
-

Ssluon
- or € Qg
nucleon Target g
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TIN—FRECDEFE
o {RAB/\FOEREER
— double helicity asymmetry

_ do,  —do,_ = € }=
d0++ 4 d(7+_ ) Versus _
= |- =
— leading-order 7' JL—# > BIE
« FDEREERM
« ELVIL—/N—4RL

LL

proton beam

Yy v Y

proton beam >

-2 or € -2 or €
Z.gluon Uy,
@%\ gluon 0r———
hoton gluor% @:r heavy flavor
g6
> or € > or € s
proton beam i proton beam >
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TI—F 2 RE>DE ’—.77

e semi-inclusive

ZRIERE M BN EL EBR
— HERMES@DESY
« BL\p;D/ARAU R AR
— SMC@CERN
« BL\pD/NAFOU T AR
— COMPASS@CERN
« BL\p;DAROU R &R
« F—TUFv—LAERK

/

i

lepton beam
> or &

Yheavy ﬂavor

Qggluon

= or &
nucleon Targat

b 4

Y
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AG/

-0.2
-0.4 | ® HERMES (Method I)
-0.6

08 . S ——

fitwith AG=0
* fitwith AG=0
COMPASS, opan charm, pral.
0.8 & COMPASS, high p., O <1, pral.
v COMPASS, high p: @P=1, pral.
0.6 = SMC, highp _, o=
A HERMES, high p,, all &, (2000)
‘. HERMES hlghp ELIIO2 incl, pral.
0.4=
02—
& —_T
Ve — 1
-D.2 — | ]
04—
0.6 __T ] | L1 141 | | | | |
-2 1
10 10 X
o08
2 wee GRSV-std
1 — GS-C
0.6
----- FNS (Kretzer)
----- FNS (KKP)
0.4 - — BB-06
1 — HERMES Method Il fct. 1
1 ---- HERMES Method Il fct. 2
0.2 4

4 Compass (Open Charm) +
1 0 Compass [Q2 > 1 GeVd) [— —"

1 m Compass (Q° < 1 GeV?)

1o smc
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RHIC X E> 51iE[@BNL

R B iy B s
— IR)LF— 200 GeV (FF3#kI[d 500 GeV)
— (RABE60%LL L (HEEIEL70%)

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
\ _ 7, A/
P—— o O BRAHMS & PP2PP
PHOBOS =

Siberian Snakes

\

\

Spin flipper

Spin Rotators
(longitudinal polarization)
Pol. H™ Source Solenoid Partial Siberian Snake

N LINAC

Spin Rotators
(longitudinal polarization)

BOOSTER

«— Helical Partial Siberian Snake

\\
200 MeV Polarimeter =~ «—AGS Internal Polarimeter

./ i .
Rf Dipole % AGS pC Polarimeters
Strong AGS Snake
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LB RE
 perturbative QCD applicable ?

— dependence of the calculated cross section on u
represents an uncertainty in the theoretical
predictions

o ( 1, /2) ¥, - o(0/2)
. o {tin)
O-(ll’lO ) . _ Aﬁﬂiﬁ’rs)

COMPASS
| (hadron pairs)

(/' 2) /0 (o)

L PHENIX
2+ (inclusive hadrons)
1k PHENIX M. Stratmann
' (direct photons) | and W. Vogelsang
ol R ST
1 e py [GeVl pT (GeV/C)
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4E 5% oy i 72 B E
— comparison of n° cross section

between data and NLO Vs =200 GeV

_ _ mid-rapidity
perturbative-QCD calculations ¢ SOF
: L 10k 3 10y -
— agreement is excellent down s . A Y
evento p;~1 GeV/c Sk g
o = =102 F 5 .o
i T 102k o e
forward rapidity BLE b sl .
p+p—>m°+X  vs=200 GeV P10°F . " .
Py E 107 ]
N> 2| 7° mesons 10_4? 10° ;T“‘1m‘1“‘m‘“m"“m:‘ruunummnu
8 107 ® ® 37<n<4.15 sC 005 115225335 4 45
. ¥ 3.4<9<4.0 107 ¢ p_(GeVic)
" B 3.05<n<3.45 10°F """”“:{;““‘
S0t 107 «. PHZ-ENIX
~ jsmn = NLOpQCD
» 1087? (by W.Vogelsang) RS
_g- =  CTEQ6M PDF; KKP FF RN
I L <n>=4,00 10_9:? H=Pp./2,p_, 2p.
b £ = S <
Lt A% 7\ L1 ‘ 111 ‘ 111 ‘ 1 11 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111
E : N é 1 ; ASIN 9.7% normalization uncertainty
I UEE NN 2 E S is not included
10 L S e g o5 ; el P _
" NLO pQCD cale. ™. 2 o / : F——"
F— KKP FF . =\ % 05 = e ——
-2/ — — Kretzer FF > <n>=3.8 e S . . . . . . . . .
10 23 35 T35 40 a5 B0 55 0O 2 4 6 8 10 12 14 16 18 20

E, (GeV) b (Gevie)
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0.6

0.4 -

TI—F D REDEES
 PHENIX A, in neutral pion production
— mid-rapidity |n| < 0.35, Vs = 200 GeV

A =[wy JAGAG +[o,,AQIAG + [ @, AGAQ]

Yl s >

0.2

08 ——r———F—r—r————1—" 17— s, 40.05¢
: | | | - PHENIX Preliminary
0.04
~ «Runb5 (9.4% scaling error)
0"J:";:_-Runﬁ (40% scaling error) G=04
] Q2=1(GeV/c)?
0.02: GRSV-std
- «} ]
0.01" —
E GRSV|AG =0
g -0F i AG = 0.1

at Q2=1(GeV/c)?

-0.01—
+ d . t E Scaling errors not included
gg qg ominan . 0-02:_ Onling Polarization values
sensitive to the gluon reaction - useld in Rluns | | | | |
_0-03 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 2 3 4 5 6 7 8 9
20074108198 (£) p, (GeVic) |18



TIN—FRE>DEFSF

 PHENIX A/, of =" Calc. by W.Vogelsang and M.Stratmann
— GRSV-std scenario, AG =
0.4 at Q2= 1(GeV/c)?, !
- AGgpsy -
excluded by data on more : 064G
than 3-sigma level, 20(- |
2 2 59 ' ncertainties
X (Std)—X min I included
» only experimental statistical -
uncertainties included (the il
effect of systematic
uncertainties expected to be Lol
small in the final results) - Run® gfgl'ifnxi'no;oy“-359€
* theoretical uncertainties not
included 5_"AG:—G" "AG=0" "std" "AG=G"
:Illllllllllll\l/ll\l/llllllIll\ll/
-1 -0.5 0 0.5 1
MGy Q%=1 GeV?)

200710A 198 (&) 19



JIN—FRECDEFES
« STAR A, of jet

‘*LI.

D.E | =
C mi o F ™
a i 2005 STAR preliminary = R i Pol. uncertainty
F —— AG= MIN - A
0.15[ AG=0 -4
- —— AG=STD il 107
- B 2005 STAR Prafiminary - GRSV DIS
0.1 N ) .
[ 107
0.05- - STAR Preliminary
: _'_—__,_,_——'_'_'—d -
- - ——— 10°
Ll - ’ by S - b % 3 e G
B -3 Sz 5
L T @ 2 o )
-0.05[— _ 104 o o 9 G
- Systematic error band E o ; -
- - : I
-D'1'_I I | 1 ] 1 1 1 1 | 1 1 1 1 I [/ 1 1 1 | 1 1 1 1 I 1 1 I [ I 1 1 11 L1 | 1 11 1 | 1 11 1 | L1 1 1 | 1 | 11 L1
0 5 10 15 20 25 30 1 05 0 0.5 1

?=0.4 GeV?
Measured Jet P, (GeVic) A9 (u eV’)
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IN—F 2 RE>DEFF

 [ERE

— mid

7 E@)
=200 GeV w: -
— gluon compton process ~ 8°F
dominant ~75% 8oL
AQ(X,) :
_ g P A S L
AL (Pr)= A (Xq)'al_l_ 10
g(xg) w E
o
proton beam . -
KAy % glu(;n B
%\ g 2
hoton 851
- or & X g .

proton beam

20074 10A

-rapidity |n| < 0.35, Vs

E RS F

PHENIX Data

— NLO pQCD
(by W.Vogelsang)
CTEQ 6M PDF
BFGII FF

u=1/2p,pr.2p;

o
N
N
»
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DA —lGtBD I —/ — 77

* various quark and antiquark

polarization individually AN
AU, AT, Ad, Ad, As, AS o S A ™
— reduction of uncertainties to P
determine the quak spin . i
contribution A~ and gluon spin ¢} Pyt
contribution AG to the proton spin | ————r—————rmm==_
e semi-inclusive DIS n*4k+++£
— HERMES Zequ (X)I dzD (Z) -0.2 ;—i{ — I ___.I__ BIB:1IL0I
h 72- K_ Al 0 __x_%a e -____j S— J;
Zeyqif(x)jdzDif(z) SR
_ h Saeemaaae —
= Z Ry (X, 2)AQ; (X) N S TP
— P"(x,2): purity aafr _
 unpolarized quantity 0.03 0.1 06
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DA —lGtBD I —/ — 77

* weak boson production |

RHIC pp Vs = 500 GeV J L dt = 309 pb’

— RHIC spin g
» Vs = 500 GeV 08 L
« 2009 -
— parity-violating asymmetry
AL
A AU(X,)d (%) = Ad (X,)U(X,) ~ of
U(Xa)d (Xb) + d (Xa)u(xb) '0-2; AT/
— no fragmentation ambiguity “*“F __
— x-range limited 0.6 |4~ M
[ |---- GS95LO(A)
0.8 |— BS(Ag=0)
_1: ] ] ] 11 1 II| ] ] ] ]
107 10"
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HE it D E 4R

« DA—DETIL—FAUDEEREBEIFEDTFE
— QCDIZEDCER DR F

— TMD (Transverse-Momentum Dependent)
factorization 7 &
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Single transverse-spin asymmetry
° ZEEQIE;RJ-WJ

U0 | o — UORignt

Kt

A, =

U0 o T UORignt

» Bl Arapidity
— Fermilab-E704
- EIEIZHIEER
« Vs =19.4 GeV
— RHIC-STAR
« Vs =200 GeV
e Xc> 0.3 TRELRIIEANHE
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Single transverse-spin asymmetry

s BIASETAT4
- gFﬁﬂ'\Fﬁ ~20%
— £<DQCDIZES<EH DR

\/S = 19 4 GeV \/S =200 GeV
" I

aﬁﬂ}----agﬂ % Fermllab E704—

0
® 1T mesons

© Total energy 1 SJSTAFI
— Collins s MM
--- Sivers _

" -+— Initial state twist-3 _ ¢

- — Final state twist-3 _]L B

.
£

[ 4 PF—*?’-": X i 5 L

v ppomX é +5+:
20 __Q..P-D.r)!;.'llx........i,.. ‘*+ 4 -]

o
o

A, (Assuming Aﬁ”':ﬁ.m 3)

=
(=]

Ul _|0-2- 1 |0.4| 1 I[lﬁl 1 IUISJ -UEG 02 . 04 ) DE ) U.B
}LF X

F

Phys.Rev.Lett. 92 (2004) 171801
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ST LR TR

» Transversity s i BE 2K

A(X) = h; (X) @ —
— fEARIZEBLEFARSIZE TS/ \— o DiEARAR
E2 DR
« Sivers Bk @ 3
fr (X, pr)
— EFDEARREE. GEFREDIEFB/A—L DiE
A ELEENE (p,2)EDTEE]

e CollinsTHFBI%k
HIJ_(Zak'I%) @ - @
— BT H5/N\—rDEARAEVE ERSNT=/\FAOY
DIN—b I T S A RLERI = (k2)EDFERY

20074108198 (£) 27




Interpretation

. lr'_
unpolarized quark :

distribution
need

T-0dd

helicity or Chll’ﬂht‘f
distri

Need
transverse spin distr.

or transversity

DISTRIBUTION FUNCTIONS IN PICTURES

-_fl{m*rﬂg"]'
FE{mAE 53 fn B B

y 1 I
JF ['-‘:"‘r!'-""_r'}
yvers%%z

ﬂlL{m#}T]‘
Hehmtyﬁ?ﬁﬂﬁﬁ

pTM ng{m}pT}

th{I:.F'TJ'

ﬂP—TM (2, p7.)

SL il_% h1L{1=-FT}

[

Transversnyﬁ?ﬁﬂﬁﬁ
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I SE T 47 4—

EETAFI

A b+p —> 14X at va=200GeV
a.2

A <p>=33

& <p>=37

L s twist—3 (hep—ph/0609238}, n=3.3

0.1

<pe> (GeV/c) =

1.3 -

2.8

P I R TR T N T
-06 -04 =02 0 0.2 04
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R ST 7o —
« PHENIX
— B 5HEEIFRIMEIE

« contribution from both gluon-gluon and quark-gluon reactions
x=0.03-0.1

small quark polarization/transversity

no gluon transversity in leading twist

negligible transversity & Collins effect contribution

0.04 =

E " pos. Hadrons {2005)
0.03 #  neg. Hadrons (2005)

— ) pos. hadrons (2001/02, publ.)
0.02=— O neg. hadrons (2001/02, publ.)
0.01 :_ & pos. hadrons mean (pt-shifted)

TE L L & neg. hadrons mean {pt-shifted)
= %1 ¢t I
-0.015
-0.02— oR!
003 P HENI)( Té 1
0.04E5 Prejim,:
0055 ma']»’ .
E| L 1 I 1 1 1 1 I 1 1 1 L I 1 1 1 1 I 1 1 1 1 I “I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
00605 1 15 2 25 3 35 4 45 5
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1t FEXT FE@P12

» performed in 2001-2002 with Vs = 200 GeV polarized
proton collisions at the 12 o’clock collision point

D, magnet ~1800cm +2.
B _ - * o
Blue beam yellow beam
Hadron EM Cal
Cal \ /
Charged veto

Post shower counter

|

Gamma veto
(plastic scinti.)

PHOBOS

{f' /[ PHENIX
(
\

_ead block /

AL ~
N,
\'\..

LOCAL-POL

BRAHMS

R

(plastic scinti.)

/

.

8mrad
[10cm

Steel

Neutron veto
(plastic scinti.)




s T 1 . .
it FERHEHFE@PL2 |
- § o liof pairs of
. Phys. Lett. B 650 (2007) 325. : energy clusters
0.6
[ ~t [||4__
g F 1T N N —J/N. N -
‘.E 0.4 A(¢) _ \/ Yo gt N " Tgr g M: |
4 Pe \/NT,¢N¢,¢+7r +w/NT,¢+nN¢,¢ T )Jf
B Lt b PP P
E'DE__ 1:II} 0.05 0.1 D.!15 0.2 [I'..I?Er 0.3
= invariant mass (GeVic
[|'_ - et L .- - FIG. 3: Invariant mass of pairs of energy clusters in the
B EMCal, for 444K events with no additional selection require-
= ments (solid) and for 35K events with photon identification
1 |:|'5_— (dashed).
- 1: { forward backward
ha T T neutron —0.090 + 0.006 £ 0.009] 0.003 £+ 0.004 £ 0.003
-1.5 -1 0.5 0 0.5 1 1.5 photon —0.008 + 0.015 + 0.007 —0.019 £ 0.010 + 0.003
. —0.022 £0.030 £ 0.002 0.007 £ 0.021 £0.001
FIG. 4 Azimuthal dependence of asymmetry for the n-ID  TABLE I: Asymmetries measured by the EMCal. The er-

sample produced forward with respect to the polarized pro- rors are statistical and systematic, respectively. There is an

ton direction, based on the east detector. The error bars are  additional scale uncertainty, due to the beam polarization un-

statistical. certainty, of (1.07047).
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 RHICZDMMDIRIBEERT. L FRAEUIZXNT ST
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« RIFZFAEVICHT DMEAEBEDFS DA

E . RTE
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W EXFEFEHD
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J- PARC faC|I|ty

- o o Hadron Beam Facility
I\/Iaterlals and Llfe SC|ence I
Experlmental Facility

—
ST

< Nuclear
Transmutation

: Neutrino to

i _ o Kamiokande B

Linac 3 GeV Synchrotron 50 GeV/ Synchrotron
(330m) (25 Hz, 1MW) (O 75 MW)

' ‘ J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA
2007%10H19H (&) 34




J-PARC parameters

« 50 GeV beam
— repetition 3.4 ~ 5 (or 6) sec
— flat top width 0.7 ~ 2 (or 3) sec
— linac energy 400 MeV
— 3.3x10"* ppp, 15 pA
— beam power 750 kW

« 30 GeV beam (phase-1)

— linac energy 180 MeV
— 2x10" ppp, 9 pA
— beam power 270 kW

200710A 198 (&)
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Hadron experimental hall (phase 1)

beamlines for secondary beam experiments at the beginning of the phase1

Experimental
Area

7 7777 (on the guide
“ % rail
for Phase 2)
: l S T area for primary beam experiments

200710A 198 (&)
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Drell-Yan SE&&

The simplest process in hadron-hadron
reactions

E S

z z q I
DIS X Drell-Yan ,‘
* Y

2.4 9.9 g |

— no final-state effect from QCD
— no polarized Drell-Yan experiment yet

Flavor asymmetry of the sea quark distribution
— unpolarized and (longitudinally-)polarized

Orbital angular momentum in the proton?

— Sivers effect (no Collins effect)

Transversity, etc.
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Drell-Yan SE&&

+ Why at J-PARC ?
— polarized beam

» feasible in discussions with J-PARC and BNL accelerator
physicists

— high intensity/luminosity
« small Drell-Yan cross section
« e.g. 10'2 protons/sec, 10% target — L = 2x103%/cm?/sec

200710A 198 (&)
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Sea-quark Z* @ Dflavor FEXT FHTE

» Gottfried sum rule
— In the parton model with isospin symmetry

o = [R (0Q) - F Q)] = 5+ 2 [ dMT(x,Q") -G (x.Q°)
— CERN NMC experiment

[ dX[F, (x.Q%) - F(x.Q)]

004

=(0.221£0.008(stat.) £ 0.019(syst.)
atQ° =4 GeV”>

|, =0.235+0.026
_[; dx[d (x) —T(x)] =0.148 +0.039
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Sea-quark Z* @ Dflavor FEXT FHTE

* Fermilab E866 Drell-Yan experiment
— flavor asymmetry of the seq quark distribution

13 FNAL E866/NuSea Drell-Yan o™ 1 d(x,)
i CTEQ4M .-~ ~—| 14+ —
12 20 2 u(x,)
i -~ | CTEQsM
1.1 -
N - ~ GRV98
X 1A with CTEQ5M
o-b L o 0.35 — .
0.9 CTEQ4M (@ -1 = 0) dX[d (X) —Uu (X)]
- 0.015
08 briva = 0.0803+0.011
A Y(S) P
07 % g systema t sh Il dX[d_(X) u(x)]
- 6 Systematic error not shown —
Y A N N e 0

0 005 0.1 0.5 02 025 03 035 =0.118+0.012

Xy
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Sea-quark Z* @ Dflavor FEXT FHTE

* Physics origin
— meson cloud model
« virtual meson-baryon state

p— pr’,nzt, Ax

— chiral quark model

d a,d
L/ ) ;/ “4d distribution is softer than meson cloud model
N v/ __, becauseit splits from (valence) quark
Fig. 17. Valence u quark splitting.
— Instanton

— chiral-quark soliton model
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Figure 14: Comparison of the E866 [70] d—4i results at Q% = 54 GeV?/c® with the predictions
of pion-cloud and chiral models as described in the texi.

Fig. 2. Overview of CTEQSM parton distributions
at @ =5 GeV. The gluon distribution is scaled down
by a factor of 15, and the (d— @) distribution is scaled
up by a factor of 5
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J-PARC TDdimuon E&

— based on the Fermilab spectrometer for 800 GeV, the length can be
reduced but the aperture has to be increased

— two vertically bending magnets with p; kick of 2.47 GeV/c and 0.5
GeV/c

— tracking is provided by three stations of MWPC and drift chambers
— muon id and tracking are provided
— 2x10%% 50 GeV protons/spill

Schematic view in horizontal plane

tapered copper beam dump and
Cu/C absorbers placed within the first magnet

Dump arfd Absorber 1
Station 1 Station 2

)] |
Target I

Main Magnet
. 100 Inches 2nd Magnet Detectors and absorb
o (Stati )
8]
<
@]
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J-PARC TDdimuon E&

* Unpolarized program
— proton beam on proton and deuterium target

CTEQIM .-+~

-~ | CTEQ5M

- “CTEQ4M (@ -1 = 0)”

Drell-Yan

Jhy
Y(1S)
Y(2S)

1% Systematic error not shown

> > e

- FNAL E866/NuSea Drell-Yan

GRVO98

-

N R
0.15 0.
X

7\\\‘\\\\\\
0 005 0.1

2
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Spin physics at J-PARC

olarized Drell-Yan

— A, measurement
 flavor asymmetry of sea-quark polarization

0.15

005 H

—0.05

=01

-0.15

a1

chiral quark soliton
. model prediction :

-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII-
0 01 02 03 04 05 06 07 08 08 1

X

20074%10A19H (&)

__1_|||||||||||||||||||||||||||||
0 0.1 0.2 0.3 0.4 Q.5 0.6

X2

120-day run
75% polarization for a 5x1011 protons/spill
polarized solid NH3 target, 75% hydrogen

polarization and 0.15 dilution factor
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Sea quark helicity distribution
* Polarized Drell-Yan

—x025-05 RHIC pp 5 = 500 GV, | L dt =309 pb
. IT— —e— A W
W production at RHIC T DA
08— | — —
— x:0.05-0.1 ;
0_4:_IIIIIIIIIIIIIIIIIII 1T _:
0,2:—
EE' 0
=-0.2 —
04| B -0.43
06 - . 060 [@ =M
i ] L |---- GS95LO(A)
—u.a:— E -0.8F |— BS(Ag=0)
e v by v b b b b ] ..: 1 Lol
4] Q.1 0.2 0.3 0.4 0.5 0.6 =1
. 10?2 10" .
2

reduction of uncertainties to determine the quak spin contribution AX
and gluon spin contribution AG to the proton spin
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Spin physics at J-PARC

¢ BRFAEVICRT OHMEREHNENDEHS
-~ NFAVERERINCERNEREBEDFSICHEY
O<IE_nHH'j:$T.7Ld~L\
— LHDL. RiB%FHOEASROESCEAHLIMRILE
ERAEHELEZRTHIET
* Sivers &
* higher-twist 31 &
— A BIZED high-x TELEAEE=I(C sensitive...

« Feng Yuan 5@ L, =1 [Zx9 55t &... [Harut Avakian, Feng
Yuan, et al. arXiv:0705.1553.]
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Polarized Drell-Yan

* Ay measurement

— Ji, Qiu, Vogelsang, and Yuan
- PRD 73, 094017 (2006)
- sensitive to higher-twist effect at high g~ Q

 Sivers effect and higher-twist effect provide the same
description of SSA on Drell-Yan at moderate g;: Aqcp << 0

<< Q
 similar for SSA on semi-inclusive DIS: hep-ph/0604128
— Sivers function in Drell-Yan is expected to have a
sign opposite to that in DIS
 test of QCD between e+p data and p+p data
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Polarized Drell-Yan

* Ay measurement

=
<IJ.14

0.12

0.1
0.08
0.06
0.04
0.02

0

-0.02

-0.04

4<M,, <5GeV

integrated over q;

ok IIIIIIII III]IIIIIII]Illllllllllllllll

1
o

Theory calculation by Ji, Qiu, Vogelsang
and Yuan based on Sivers function fit of
HERMES data (Vogelsang and Yuan:
PRD 72, 054028 (2005))
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rapidity

1000 fb-1 (120-day run), 75%
polarization, no dilution factor
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Polarized Drell-Yan

* A;r measurement -
— h,(x): transversity Zeq(hlq(xl)hlq(xz)ﬂl < 2))
q

A = > e2(fg (%) Fig (%) + (1 <> 2))
B sin” Ocos(2p—os —¢s)

élTT
1+cos* @

« SSA measurement, sin(¢p+og) term
— h,(x): transversity
— h,t(x): Boer-Mulders function (1t moment of)

1 > ei(h P (x)h (X,)+ (1> 2))

A=—— _
2 Zeé( flq(xl) 1:lq (X2)+(1 <« 2))
q
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Unpolarized Drell-Yan

« Boer-Mulders function h(x, k{?)
— angular distribution of unpolarized Drell-Yan

( : j(da) =[i}[l+lcosz ¢9+,usir12<90()s¢+%sin2 Hcosz¢}

o )\.dQ 477

— correlation between transverse quark spin and quark
transverse momentum

A e d

Pxk)S . _ (P
Ui l) q.hqu(ijkf).( -

—

N

L)' q

N () oc hi 9 (x,, kf)

<
<
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Unpolarized Drell-Yan

» Boer-Mulders function by unpol. Drell-Yan
— Lam-Tung relation 1-A=2v
* reflect the spin-1/2 nature of quarks

— violation of the Lam-Tung relation suggests non-
perturbative origin v£0,1-1#2v

. - ep+dat80Gevic _
- = + W at 252 GeV/c 1

L 4 T+ W at 194 GeV/c

- -1

With _Boer-Mulders function h,™:

06

" al L vmWP 1 X)~valence h;(1r)*valence h;(p)

04

_:/./+/./-X)~valence h;"(p)*sea h;(p)

0 0.5 1 15 2 2.5 3 3.5 4

p; (GeVic)
L.Y. Zhu,J.C. Peng, P. Reimer et al., hep-ex/0609005
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Towards the goal

» 30 GeV — 50 GeV

* unpolarized — polarized target — polarized beam
— polarized beam study by BNL & KEK groups
— possible locations of partial snakes in MR

Insertion C
116.1m
. RF, Fast Extracti
O
I
S
©
S

General Layout
of the 50 GeV Ring

First 30% snaket % e 3§écond 30% snake

e

" e 557 R
fi i.: ' - - w7 -3 . 1 s -y -
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Polarized proton acceleration at J-PARC

— 50 GeV polarized protons for slow extracted beam
primary fixed target experiments

— low intensity (~ 10"2 ppp), low emittance (10 = mm
mrad) beams

m— Phase 1 50 GeV PS
3 GeVPS pC CNI Polarimeter EXPerimental Area

Y= Phase 2
(25Hz .

R&D for Nuclear 3 Gt\aV PS
TrEmSmUALEn Experimental Area
Linac Extracted Beam
' Polarimeter
Pol. H'\iource (Superconductln\g)
Linac 50 GeV PS

(Normal Conducting) /

180/400 MeV Polarimeter Neutrinos to

SRR e 25-30% Helical Partial Siberian Snakes

Thomas Roser (BNL), et al.
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Physics at 30 GeV

o Jy
— gluon fusion or quark-pair annihilation

— quark-pair annihilation dominant
« must be confirmed experimentally...
 similar physics topics as Drell-Yan process

calculations by color-evaporation model

- -2
10 1 WF  P+P U/ +X ot 30GeV

E i i 0
%‘ P+P = /¥ %‘
~ 50 GeV beam ~
n o b
q I o ks

o]
.
......-A-""'""‘?;J-.......l i i
[

O - _....I .|...|...|...: = I W I P PR
q I m—{lﬁ =06 =04 =02 0 02 04 06 08 m—{?.ﬁ =06 =04 =02 0 02 04 06 08
KF }:F
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Physics at 30 GeV

J-PARC: E|ab 50 GeV maX|m|zed 33 __________

qq from fit «eeeeeees i

SSA measurement of open

charm production
— no single-spin transfer to the < |
final state |
— sensitive to initial state o2 =
effect: Sivers effect o b T
. . 1 08060402 0 02040608 1
— collider energies: gluon- 0.3
fusion dominant I S ;j:i?g;}ﬁc f
» sensitive to gluon Sivers RHIC: Vs =200 GeV P
effect s | kS
: : s !
— fixed-target energies: quark- < !
pair annihilation dominant o /]
- /]
- sinsitive to quark Sivers N S
effect 008..0.{.3.-5?_.;.2-..—;..0.2.0.4 06 08

M. Anselmino, U. D’Alesio, F. Murgia, et al.
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SSA measurements of neutron

— large asymmetry found at RHIC

— production mechanism of neutron

* one-pion exchange dominant — spin flip
7

X X X X
ETC ETC p'raZ P
D N n P | n P n e I n
- -n"“‘--__‘
b

ff'“w._

a b a

Fig. 1. One-pion-exchange diagrams contributing to the deep-in- Fig. 2. The p- and a,-Reggeon (a) and the Pomeron (b) exchange
elastic scattering ep — ¢'nX without (a) and with (b) production of an contributions to the deep-inelastic scattering ep — e'nX
additional pion in the proton fragmentation region

« figures for study in DIS exps. (HERA), please replace virtual
photon with proton to apply them for pp reaction

— asymmetry measurement

 sensitive to interference between spin-flip term (one-pion
exchange) and non-spinflip term (other reggeon exchanges)

— relation to the meson-cloud model? p —nxz”

— neutron-tagged measurement of Drell-Yan?
« production rate
e asymmetry measurement
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FLD

» J-PARC dimuon REEDAE A= 1 —
— #tm4® A, of Drell-Yan
* sea-quark {RIBD I —/\—IEXTFRTE
— ¥ {R4& A, of Drell-Yan

« SiversB %4 (sin-term)
« transversity7> B8 %1 & Boer-MuldersB %% (cos-term)

— ¥{RM® A of Drell-Yan

e transversity$ fi B %K

- T D1tk (30-GeV)
« J/¥: Drell-Yan ERFBRD A= —7
- A, of open charm: SiversBE#g
* neutron-tagged Drell-Yan
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