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* RFDEEZRNDHELIT, QCDITH T 2T A,
HEE LTS
— Q2 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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SMC: Ag(Q* =1GeV?) =0.99 ;3 (stat) 5, (Syst) ‘gas (th)
B. Adeba et al., PRD 58, 112002 (1998).
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P.L. Anthony et al., PLB 493, 19 (2000).
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TIN—F 2 RECDEFES
 PHENIX A, in neutral pion production
— mid-rapidity |n| < 0.35, Vs = 200 GeV
ALL - [a)gg ]AgAg + [wquq]Ag + [wqquAq]
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TN—FRECDEFES
e PHENIX A of 0 Calc. by W.Vogelsang and M.Stratmann

— GRSV-std scenario, AG =
0.4 at Q2= 1(GeV/c)?, |
excluded by data on more !
than 3-sigma level, 200
1 (std)=x2min > 9 _

« only experimental statistical

x=[0.02 — 0.3]

AGrsy . -
~ 0.6 AGnay

No theoretical
uncertainties
included

uncertainties included (the
effect of systematic
uncertainties expected to be Lol
small in the final results) - RunS: hep-ex-0704.3599
Run6: Preliminary
 theoretical uncertainties not
included 5_"AG:-G" "AG=0" "std" "AG=G"
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* weak boson production

— RHIC spin T !
* Vs =500 GeV 0-8r
e 2009 -
— parity-violating asymmetry
AL

AW+ - Au(Xa)(T(Xb)_A(T(Xa)u(xb)
T u(x)d (%) +d(x,)u(x,)

— no fragmentation ambiguity ™
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Drell-Yan ZE&
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Drell-Yan ZE&
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Sea-quark 2D IL—s v—FEXT Fi £
« Fermilab E866 Drell-YanZEE&

1.3~ FNAL E866/NuSea Drell-Yan oM 1 d (X,)
i CTEQaM .- ~ 211+ 2
12 20 2 u(x,)
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(),97 “CTEQ4M (d - u = 0)” J‘ dX d X) —U(x
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Figure 14: Comparison of the E866 [70] d— & results at Q? = 54 GeV?/c? with the predictions

Gluon /15 of pion-cloud and chiral models as described in the text.

{dbar'ubar}' *5

Fig. 2. Overview of CTEQS5M 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 dimuon ZE&#
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J-PARC dimuon E&
o HMFIBDrell-YanZ=EEx

LL//sI]E
« sea-quark{RiB R HDIL—/\— QF*ﬁ’FIE
015 T T T T T T T T T [T ! i
o | ] 02f-
I 54,
<L
0,05 -‘.' - ~0.2
chiral quark soliton E
_oos L model prediction ) a3 :
1 X2
= 1 120-day run
: ) 75% polarization for a 5x101" protons/spill
-0 Losbnli oo bl sbunlon] - polarized solid NH3 target, 75% hydrogen
X polarization and 0.15 dilution factor
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Sea-quark fF#E 5 D IL—s \—FEX FilE
» {®H#BDrell-Yan3E&

—x025-0.5 RHICpp\E=50{}GeV,j L dt = 309 pb’
+ RHICTDW:4 % gl A
o8- 'L

-0.4F

—0.6 :— —: -0.6:_ 02 = Mfﬁ"
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reduction of uncertainties to determine the quak spin contribution AX
and gluon spin contribution AG to the proton spin
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J-PARC dimuon E&%

s BRFREVIZH T HAEEAEHENT S
— NFOVEEEBRALEESEAEHENTSIZHY
DCBEFITFEEA L

— LA, RiB%FHRDEAROESICEAHLIMRILE
BEAEEEEEFZRTHIET
. Sivers &
* higher-twist 18

— A BIZE® high-x; TELEAESN=IC sensitive...

« Feng Yuan 5® L, =1 %39 %5 &... [Harut Avakian, Feng
Yuan, et al. arXiv:0705.1553.]
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fE1FDrell-Yan SE&#

« SSA (A,) AIE
— Ji, Qiu, Vogelsang, and Yuan
- PRD 73, 094017 (2006)
« B\ gy~ Q T/thigher-twistZ/-2/ZBEZE A S L)
o WHE gt Agep << Gy << Q DFHF TIZ, Sivers ZyELhigher-
WISt E N E LA E 5 A S
« semi-inclusive DISDSSAIZDL\TH [[EFk: hep-ph/0604128
— Drell-Yan38& TIE St % Sivers 7 B # (I DISEER
THIESNDALDEFENF(ZLD
c e+pT—REPHPT—ADREITHQCDIZX T HTRK
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Theory calculation by Ji, Qiu, Vogelsang
and Yuan based on Sivers function fit of

fE1FDrell-Yan SE&#

» SSA (A,) measurement

S0.1aF

0.2
0.4
0.08]-
0.06
0.04F-

0.02-

4<M,, <5GeV
integrated over g

T

02 03 04 05 06 07 038
rapidity

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

HERMES data (Vogelsang and Yuan:
PRD 72, 054028 (2005))
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fE1FDrell-Yan SE&#

* A measurement o
— h,(x): transversity Zeq (M, ()N, (%) + (L > 2))
g

ATT ) éTT | ZeS( 1?1q (Xl) 1:1q (XZ) + (1 < 2))

. sin” 0cos(2¢ — ¢, — s, )
1+cos® @

TT

* SSA measurement, sin(¢+¢g) term
— h,(x): transversity
— h+")(x): Boer-Mulders function (15t moment of)

, > el (hg® (x)h, (X,) + (1> 2))

2 Y el (fi, (%) fig (%) + (1> 2)

A=
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FEfE#BDrell-Yan EL&

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

(1j(d0j [3 }[chos 6’+ysm29003¢+ Sin 6’(:0324
o )\ .dQ 41 2

— correlation between transverse quark spin and quark
transverse momentum

Ve —

(PxK)-S
M

(Pxk,)-S

N(g) oc ¢ (%, k*) L (%, k)

< |
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FF th 3D

 Boer-Mulders functio
— Lam-Tung relation

rell-Yan SE&#%

n by unpol. Drell-Yan
1-A=2v

* reflect the spin-1/2 nature of quarks
— violation of the Lam-Tung relation suggests non-

perturbative origin

v£0,1-4A#2v

L =+ W at 252 GeV/c

o[ AT +Wat194 GeVic

" With

o F Boer-Mulders function h,™:
oa | L v(mWp prrX)~valence hy(1r)*valence h;(p)
02 {'iz v(pd %_:u+,u-X)~valence h,(p)*sea h; (p)

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

e 30 GeV — 50 GeV

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

General Layout
of the 50 GeV Ring

First 3020 s/nake*'

20074 I ="""CNP Workshop
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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

= Phase 1 50 GeV PS
3 GeV PS pC CNI Polarimeter EXPerimental Area

=———" Phase 2
(25Hz .

R&D for Nuclear 3 GeV PS

Transmutation Experimental Area
Linac Extracted Beam
Pol. 1~ Source (Superconducting) Polarimeter
N
Linac 50 GeV PS

(Normal Conducting) /

180/400 MeV Polarimeter Neutrinos to
SuperKamiokande

25-30% Helical Partial Siberian Snakes

| Thomas Roser (BNL), et al. |
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Physics at 30 GeV
o Jly
— 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

P+P = J/¥ +¥X ot 30 Gev

) D10
a 3
X P+P = J/¥ X
~ 50 GeV beam ~
" o o
q | g g

[ ]
P,
L]

- _....I N PR = I AR
q I m—ﬂ.ﬂ =06 =04 =02 0 02 04 06 OB m—ﬂ.ﬂ =06 =04 =02 0 02 04 06 0B

Xe X
2007F11A12H(R) RCNP Workshop
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Physics at 30 GeV

ma)umlzed qq

J-PARC: Eygp 3 50 GeV i -

SSA measurement of open LI
charm production
— no single-spin transfer to the <
final state |
— sensitive to initial state al .
effect: Sivers effect N e
. . 1 08 06 0402 0 02 04 06 08 1
— collider energies: gluon- Y A —
fusion dominant tos b e oo ;j:f?;’cf;)ﬁc E
» sensitive to gluon Sivers RHIC: Vs =200 GeV P
effect s ; S
] — 0.15f i %
— fixed-target energies: quark- < ;
pair annihilation dominant 7 N
C oy : 0.05 | /]
* sinsitive to quark Sivers e A
effeCt 008 Olélhz)'_érlq_l(;-;ﬂOHOIQI 0I4 0I6 0.8

M. Anselmino, U. D’Alesio, F. Murgia, et al.
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FLED

» J-PARC dimuon EERDAEPE A= 21—
— #t{R4B A | of Drell-Yan
* sea-quark IRIBD 7L —/\—IEX TR
— FE{R1E A, of Drell-Yan
- SiversBg#4 (sin(¢-¢g) term)
« transversity7 fi B2k & Boer-MuldersB % (sin(¢+ds) term)
— ¥{R#B A, of Drell-Yan
e transversityy i B %k
— T D{th(30-GeV)
« J/¥: Drell-Yan ERFBRDA=2—7
« A, of open charm: SiversBi%k
 (neutron-tagged Drell-Yan)

2007411 8128(A) RCNP Workshop
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HBFIE> 11 2DER ?
o FIEL T R sEL R

— IN—FFERY

2> or <&
AQ(X)=q"(X)—qg (x) nucleon Target
S, +S, =1/2 S, +Sy =3/2
S PR
Oyjp ~ Zezq+(x) O3z ~ Zeizq_(x)
ool 26 (00,09 2 efAg (9 R
GlT/z T J3T/2 Zei (0 (x) + CI._(X)) Zei g, (x)  F(x)

i IR B4R 1= BE 3K
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ZFRE 1120 E ?
o« {RIBL I iR IEH M EELEER

. ol ot Zi‘,ef (0 (x) 0 (x)) Zi)equi (X) 0.0

ol tol, 2 e 0+ (x)  Deq) R

more correctly

A = g,(0)—-7°9,(x) A, = 20" _ 7 (9,(x) + 9,(x))
. gﬁé%ﬁj—_\‘_g F (%) O_lT/z + O-3T/2 F.(x)
1 N_-N_ |:>T target polarization
A= 5P N +N D(A +7A,) ~ DA P, beam polarization
T B ++ +—

D depolarization factor
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IRtBL T > R I T I A5 E R

— Q2DEF RS TS

unpolarized DIS

polarized DIS

HERA F,
- X=632ES E 4 - ) ]
= 000161 E= £EUS NLO QCD fit o x=0.0063 B
&n - 2=I1.000253 . * ) i
& I . —— I PIF 2000 fit & i — NLO QCD fit
g - £ 053 H1 94400 w 3.5 |- i P S B HERMES
la o § . -— - PO Ear S H
I (1 HI (prel.) 9900 ﬂm B %=0.0141 * SMC
il 1 = FELS 0607 -
BOTDMS 3 [ _1,,;;""_" S B

25 -

=013 2 -

[ BT {_x-i},liﬂ-iﬁ

{ -
i -li—}——; . *“T T x=0.0450
| Bl -_l‘—LI: J—
i 1, ; »=0.0775
i IIIE.% -i-—'—'_}{ ="
I ¥ ~Eﬂ3§-§5—““‘ﬁ'i_x_=m?3

R T
T A S S

*=0.0245

x=0.122

)

w=0.2435

| X ._!i ; (125 : ___‘f—"'?—.t.—w--—u——;-——t-___
i T 0.5 |- _ = ()_490
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e - A E155 . x=0.735
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i tB DEL

« YA—DREVET IL—FR
— QCD collinear factorization
— Q?2 evolution

— global analysis

2007F11A812H(R)

RCNP Workshop
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QCD factorization

— ex. hadron production
In proton collisions
* pp—hX

P

dg: Zjdxajdxbjdzc fa(xa’:uj fb(xb’:uj Dch(zcnujdo’:ab(xaPA’XbPB’ Ph/Zcuu)

ab,c

f.(x,,u), f,(X,, ) parton distribution function (PDF)
long distance term

D/ (z., 1) fragmentation function (FF)
d&;’b(xa P., X, Ps, P, /z,, ) partonic cross section short distance term
i factorization scale — boundary between short and long distance

200711 A12H(A) RCNP Workshop 39



QCD factorization

* long distance term
— unpol. & pol. PDFs — partonic structure of the nucleon
— fragmentation functions
— determined from experimental data
— “universal” property of the nucleon — same in each reaction
— Q¢ dependence calculated by the evolution equation of the
perturbative QCD
* short distance term

— unpol. & pol. partonic cross section — hard interaction of
partons

— calculated by the perturbative QCD — process dependent

— the first order (next-to-leading order, NLO) corrections are
generally indispensible for a firmer theoretical prediction

dét =dos® + == s doi® +..
T

2007F11A812H(R) RCNP Workshop 40



QCD factorization

* factorization scale

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

— dependence on u decreases order-by-order in the
perturbative QCD

— knowledge of higher orders in perturbative expansion
of the partonic cross section is important

2007F11A812H(R) RCNP Workshop 41



Global QCD analysis

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

— experimental data ad%ata(x, Q2) with experimental errors
6adata(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)
2 adata (X, QZ) . acalc (X, QZ) 2
£ ;( 5adata(X’Q2) j

— parameters (and errors on the parameters)
determined

2007F11A812H(R) RCNP Workshop 42



Global analysis

* polarized-DIS analysis
— GRSV, LSS, BB, AAC, ...

* AACO3 i Hirai, S. Kumano, and N. Saito, PRD 69, 054021 (2004)
— NLO analysis

— fit A, data with function forms

Af (X) =[X" — k(X" —x*)]f (x)
Af(x), f =u,,d,,9,0 polarized PDFs
f (x) PDFs (GRV98)

— experimental A, data
 proton data: EMC, SMC, E130, E143, E155, HERMES
« deuteron data: SMC, E143, E155
« neutron (°*He) data: E142, E154, HERMES

2007F11A812H(R) RCNP Workshop 43



Global analysis

* polarized-DIS analysis

0.57

] 2
1Q*=1GeV - | — AACO3
0.4 % { «er GRSV
] -.l' ]
0.3] ] y
[II-: xﬂu (J:)
2] = _
] 0
0.1 I
] - ] 'I.Ag{"r}
0 T '-"-"-_-T.--. ——rr — _- — e ey -
0.001 0.01 0.1 1 ul_[m 1 0.01 0.1 1
= 0.01-
0
- -0.01]
0.1 ]
- 0,021
-0.03 — 5 2
1 xAq(x) Q- =1GeV
0.001 0.01 0.1 1 0.001 0.01 0.1 1

X X
AU, Ad, well determined

AQ,AQ  more experimental data necessary
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TIN—F 2 RECDEFE
o« {RIBERIEFEHEMERELEERD R T —ILAIDEEN
- EEIQCDOFEEAIEXDEZRTRII
- Q2D EHEHMNELN TS
SMC: Ag(Q* =1GeV?) =0.99 ;3 (stat) 5, (Syst) 'gas (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 R 3EB {451 E 8
- B D/ANFE R R lepton beam
— =T oFv—LER Sor € LHJ

heavy flavor

SYluon
2or<
nucleon Target

2007411 8128(A) RCNP Workshop

45



JIN—F2RECDEFHF
o (RAB/NFOEEEER
— double helicity asymmetry

_ d0++ _d6+— :[})¢ }:
_ dg++ —|—d6+_ Versus
= P =
— leading-order 7' JL—# > AI5E

« XFDEEERK

« BIVIL—/\—HRK

LL

proton beam

proton beam

2or< 2or< i
0g
gluon’@n——
| 1 heavy flavor
> or € > or € ot

proton beam

proton beam
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HERMES @ DESY

 semi-inclusive DIS
— internal polarized gas target: H, D, 3He, polarization

(H, D)
— electro

2007F11A812H(R)

~85%
n/positron beam: 27.6 GeV, polarization ~55%

';_ FIELD CLAMPS _-1 TFlH:.'l'i.iEFl. HUODLESCAFE HY

FROMT DRIFT ¢ HAMBERS - 270mea
L O
HODO \ i
= \ PHE!—.-HUWEF.-:H.!I -
DRIFT .
LHAHBE&&}**
-F':.-1 /2 .
PROP- -
i CHAMBERS LU MM OSITY
B ot .| s S - - < =S - - - - - - - - - -G oo — oo e -
TARGET I -. ! I:li . MONITHR e+
CELL - - -
ol e T
i
i HODOSCOPE HO -
STEEL PLATE _‘I-?:J_'n'ac

RICH =~ -~

BC 304 TRD  CALORIMETER
IROM WALL e
270 m

WIDE ANGLE _
LN HODOSC OFE MUON HODOSE OPES

1 T T 1 1 1 T T 1
2 3 4 i 5 ! 5 9 10 m
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COMPASS @ CERN
» semi-inclusive DIS
— polarized SLiD target: polarization ~50%
— u* beam: 160 GeV, polarization ~80%

trigger-hodoscopes

RICH_1

ECAL2,HCAL2
_#~ MWPC Gems Scifi

5
A
e
-

SM1 dipole
Polarised Targe

% e
A

2

M’;M
"Muon-filterl , MW1

straws, MWPC,Gems, Sc

ems, élFi ,DCs,straws

BMS SciFi Micromegas,DC, SciFi
2007118B12H(A) RCNP Workshop 48



TN—F 2 RECDEFS

o semi-inclusive

R JERH B EL EER
— HERMES@DESY
« Ep/\FOURAER
— SMC@CERN
s Ep/ ROV ER
— COMPASS@CERN
« Ep/\FAURAERK
. 7r—7°>5°Jv—A_¢L&

Soré

lepton beam
Y
LH{‘heavy flavor

SYluon
2or<
nucleon Target >

2007#€11HA12H(R)

fitwith AG=0
* fitwith AG=0
E ! COMPASS, opencham, pral.
0.8 o COMPASS, hghp el pral.
v COMPASS, high p_r oF=1, pral.
SMC, highp_, ©F=1
0.6 & T
q A HERMES, high p_, all ©°, (2000) ;
’ HERMES, high pT,aIIDz,incl.,pral.
0.4 -
0.2
- —]
: v, T
0 ———— — Y [
D.2 — [ |
0.4—
'D-E__T ] | [ I I | | | ] |
-2 1
10 10 X
2 0.8 > A
> N : SN L
2 GRSV-std SV
— GS<C FEA YA
0.6 /A A
----- FNS (Kretzer) & 7 :
----- FNS (KKP) ¥ BV
04- — BB-05 / R
— HERMES Method Il ft. 1 i
----- HERMES Method Il fct. 2 S
0.2
L ety — ) FJ "—-’,,' ":,
0 :-_'"'“" S =,='5,'::::'.'. ----------- o
-0.2 \/
-0.4 4 ® HERMES (Method I)
| a Compass (Open Charm) ~ +
B o Compas (O 1 GeV? ) —_——
" | m Compass (Q°<1GeV?)
1 o sMmc
-0.8 — ;
102 10" 1
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RHICXE > 5HE/@BNL

R e R Ay IBE
— IRJ)LF— 200 GeV (5% 500 GeV)
— RIBRE60%LL L (BIRIEL70%)

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
\ L A
s e BRAHMS & PP2PP
PHOBOS = \o—
C‘ <«—— Siberian Snakes
Siberian Snakes
% PHENIX e

\

Spin Rotators Spin flipper

(longitudinal polarization)
Solenoid Partial Siberian Snake
LINAC

Spin Rotators

Pol. H Source (longitudinal polarization)

N

BOOSTER
«— Helical Partial Siberian Snake
200 MeV Polarimeter -~ ~ . «AGS Internal Polarimeter
/ 7
Rf Dipole % ¥~ AGS pC Polarimeters
Strong AGS Snake
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STAR and PHENIX @ BNL

Coils Magnet S;Iimﬂ:; r;:-x ° STAR deteCtOF
ﬁs‘mn 7 _ 21 coverage for
pav: .~ Corimeter jet measurement

Time Projection

ChL ..--" =y 4 = B * barrel TPC and EMC
!Em Ry L Bm i » endcap EMC

= s | —
% AW 7
A Fa ' = el 4
‘i =1 | i i= A MULTIPLICITYNVERTE X &g
ill' ¥ f k = o DETECTOR N
_ N y . N CENTRAL MAGNET]l |
’ b a A o S r i A o
" 7 | _ L ON MAGHET \
Eﬂ'f“ nics
atforms il b/

Forward Time Projection Chamber

MLION
TRACKING
CHAMBERS |,

« PHENIX detector _
* limited acceptance = 1\
* high resolution central EMCal e
* high-rate trigger and DAQ
» forward muon detectors
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LB EERE
» perturbative QCD applicable ?

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

predictions
3
oy l2) 5 of o/
~ [ O{ Lo
O 3 | %RMES
(lLlO) \Ei’ Ak (hadron pairs)

COMPASS
=L (hadron pairs)

i PHENIX
2 (inclusive hadrons)
1f PHENIX M. Stratmann
[ (direct protors) | gand W. Vogelsang
ol iyl L L
1 o p; [GeVl pT (GeV/C)
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LB ERAE

— comparison of nt® cross section
between data and NLO

Js =200 GeV

_ _ mid-rapidity
perturbative-QCD calculations B
Y 10 S 10f & = 10
] % u 8 ‘
— agreement is excellent down  § - N
.C.l E ~ ‘\o
even to pr ~ 1 GeV/c Sk g,
-y o b\ "o107F %
forward rapidity swE A oL LN
p+p — 7°+X v$=200 GeV £10°% ol "
N> 2 n mesons 10_4;5 10° E_....I....I....I....I....I...\.\fu..l....l....l.:
8 10 Y ® 37<n<4.15 s 005 1152 25 3 35 4 45
\ v 3.4<n<4.0 107 p_ (GeVic)
"0 B 3.05<9<3.45 ) 0'6:5 3 TN
%10 L 10—7_ \PH/\Ele
~— STAR NLO pQCD AN
nD. 10—8 (by W.Vogelsang) RS
5 = CTEQ6M PDF; KKP FF
I 1 <n>=4.,00 10_9_5 H=p/2,p, 2p_
b ! F - -
’.ZU C \\ a :III|III|III|III|III|III|III|III|III|III
W :<?}'>=3-3\ . % 1E igsjr:)/ootni(r)][:rITJ%:iezc?tion uncertainty
—1 ~ = E
10 M. o 05F
- NLO pQCD cale. ™+ N 2 of
- — KKPFF - _3 £ o5 E
1 [}_2 — —  Kretzer FF ~ <ﬂ> 8 e S I I I I I I I I I
S N T R '5'? — '35 0 2 4 6 8 10 12 14 16( 18 / 2)0
E, (GeV p, (GeVic
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TIN—F 2 RECDEFES
« STAR A, of jet

A

D.E | E
E . =
s r Q - - &
. —— AG= MAX 2005 STAR prellmlna y C RS k. Pol. uncertainty
= —— AG= MIN B b
015 — 4G=0 Al
- —— AG=STD . 107
- B 2005 STAR Preliminary n GRSV DIS |
0.1 . ) *
- 102
0.05— - STAR Preliminary
= e . 10°E o o
*F . i | % £E3 o &
- S > & >
L & e X e
-0.05— _ 104 & o © o
- Systematic error band E : :
g — C ; |
oY | GRS s I s SR TS T B A B T B e
0 5 10 15 20 25 30 4 05 0 0.5 1

A g (u?=0.4 GeV?
Measured Jet P (GeV/c) g (u ev’)
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TN—FRECDEFES

- EEARLF
— mid-rapidity |n| < 0.35, s
=200 GeV

— gluon compton process
dominant ~75%

A9 o s
ALL(pT)_ g(xg) A (Xq) a

proton beam
2or<

2or<
proton beam

2007411 8128(8) RCNP W

PHENIX Data

—~~
QD
N

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

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

Ed3c/dp° [pb GeV ¢

10

[EY

Data-Theor
Theory

N o ST N

o
N
1SN
(@)]
oo
[HY
o
[EY
N
[N
IS
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Gluon polarization

* A/, projection

— ¥ and direct photon at PHENIX
* mid-rapidity |n| < 0.35, Vs = 200 GeV

e« 2005 - 2009 runs

0]. I I I I I I I I

%
e
QOO’QOO’Q

ol
L

H

sl

5
5
S5

-0.05 =

_005 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
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Gluon polarization

* A/, projection

_ jet at STAR |
e -1 < n < 2
. ys=200GeV
+ 2005 run
0.05
.

i
Yo
'P++

bt
e
i

<5
o

sy
e

o
i

iy
L

i

L,
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o
i

‘+¢

el
5
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i
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o
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o
L

L

L

%
L
5

S

v,
X
R
i

e
S
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o
o
o

&
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e

e
s

— coincidence channels
o dijet, n%-n°, y-jet, y-n’

 reconstruction of partonic kinematics

2007F11A812H(R)
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OA— I tB DI —/ —k 77

* various quark and antiquark

polarization individually b4 bt
Au, AT, Ad, Ad, As, AS e S
— reduction of uncertainties to T e
determine the quak spin S E T S
contribution A~ and gluon spin L E L Y
contribution AG to the proton spin = | ———r————"m==_
° Semi inclusive DIS 0 ;-.-_—_—.%.:_:_+_::_.|-t_:_:+_:_—_+'.-.:.+-,—._-i__-_:_GR.svznm
— HERMES ZeZAq ()[dzDf(z) e2fri e
h=7"K* A"~ N S
Ze q ()] dzDf(2) P
:ZPq (X, Z)Ag; (x) N T R
— P, (x,z): purity 1 S .
* unpolarized quantity 0.03 0.1 06
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Kt tB D EER

« F—OETI—FDEEREFENEFE
— QCDIZED<HEGBZODOEF

— TMD (Transverse-Momentum Dependent)
factorization % &

(m
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DISTRIBUTION FUNCTIONS IN PICTURES

®+®
- @@

Interpretation

fl(ﬂhiﬁ}
. AT AT O

unpolarized quark
distribution

+(<)

XI5 p1 b
B fir(z, 07}

§"|{versE§]§i
- - T -_.’:I-.ﬂlL(E-,ﬂE-} = e @ -
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SSA (Single Spin Asymmetry ) E

s BIASETA4T4
— glzi‘-_l-%;i ~200/o

— Z<DQCDIZE DR DEHF

A %

40

20

20

Vs = 19.4 GeV

E 1 |
g FermilabE

. pp—i:n:*?{ : ; ;

704

v oppoinX | *
__Q__p.p.ﬂf_u}f{_. N ;{) 4 N
- ! ik : -

=0.013)

CHI
M

A, (Assuming A

AP N IS NN W

2007#€11HA12H(R)

=
o

-0.2

F
Phys.Rev.Lett. 92 (2004) 171801

RCNP Workshop

Vs = 200 GeV

~—-— Initial state twist-3 ||
- — Final state twist-3 %

0
® T mesons

o Total energy 1 #ETAFI
— Collins e

-- Sivers

prr= 1.0 1.1 13 1.5 18 21 24 GeVic
L L L | L L L L | L

0

L | L
0.2 0.4 0.6

08

X
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BT ZE

O =t

ET1471—

BRAHMS

'ﬁw p+p — 1 +X at vs=200GeV = 0.1:— SRATMS Prefiminany - -
Q.2 - t _ e
B -
4 <p>=33 | s e
a {‘n>=3r? B — -
| . twist—3 (hep—ph/0609238), n=3.3 Qik s n Ceosew
----- Sivers effect (L.dAlasio and F.Murgia). 7@? _ o L L o
4] 0.1 0.2 0.3 0.4 0.5
o1k \ X of 7t
-d:z B BRAHMS Preliminary e K
&/ 0.1 - K
& : <
Q | : 2 25
S a +
0+ } %'Iﬂtt@ -------------- ol K
\Q%ﬁ,}me‘#fc]— 16 _ 37 o o1 0.2 0.3 o.;.('F Of 'l‘o(.s
<pe> (GeV/c) = 1.3 - 2.8 i F  BRAHMS Prolimi
| reliiminary - p
0-1? S~ - p
: et P
ol e e L B g _
-0.6 -0.4 -0.2 . 0.2 0.4 0.6 ¥ o # ‘n"d:
F - p -
-0.1}
o 0.1 0.2 0.3 0.4 “o.s
X of proton
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2 S 7o —
« PHENIX

- B 0EEFRITEE
 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— & neg. hadrons (2001/02, publ.)
0.01 — & pos. hadrons mean (pt-shifted)

TE L ] & neg. hadrons mean {pt-shifted)
= Wi % 1 .
-0.01 -
-0.02— ol
— L |
-0.03 P HENIX o T
- ary
0.05=
: 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I “I 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
006,05 1 15 2 25 3 35 4 45 5
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HF1EFERIEGFHE @ P12

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

D, magnet ~1800cm +2.8mrad
1@ — % @ [ ] [10cm
Blue beam yellow beam
Hadron EM Cal
Cal ﬁarged veto Steel
Post shower counter (plastic scinti.) \

l |
$ LOCAL-FPOL
) " PHOBOS BRAHMS
o —j— =L
— A~ \ >

Gamma Veto // | ;_'I:‘ PHENIX

(plastic scinti.)
Lead block

Neutron veto
(plastic scinti.)



T 1 . .
it FEREEHFE@PL2 | invarant mass
B sl 1 of pairs of
. Phys. Lett. B 650 (2007) 325. : energy clusterp
0.6 |
- rera— 0.4
% 0.4 A(¢) _ 1 \/ NT,¢N¢,¢+7z _\l NT,¢+7zN¢,¢ E
¢ 0.2 |
4 U Pe \/NT,¢N¢,¢+7: T \/NT,¢+7IN¢,¢ : )Jf
B - [ A e
0.05- = Ay sin(g—¢,) R Y T X B X T R ¥ TR E)
= invariant mass (G e\f.fc:zln
[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
0.4 5'_ (dashed).
. 1: { forward backward
h I T 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  —0.009 £ 0.015 £ 0.007 —0.019 £ 0.010 £ 0.003
v - —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 (1.0*53).
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J- PARC faC|I|ty
e Hadron Beam Faclty
Materlals and Llfe SC|ence — _
[ﬁl_rﬁl]ental Facility |

Nuclear
Transmutation

\‘\\\\\\ﬂ .§§¢"._.-:-- -

2007F11A812H(R)

Linac s GeV Synchrotron 50 GeV Synchrotron
(330m) e L), (0.75 MW)

, ‘ J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA
RCNP Workshop
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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

2007411 8128(A) RCNP Workshop
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Hadron experimental hall (phase 1)

beamlines for secondary beam experiments at the beginning of the phase1

Experimental
Area

| &
frd 0% F. . % i

2270075

W W W WM
&\
Kt.8BR
Test . S K1.8
Beard e T
2 7, 2,y A ///7; )

G E AT

\

\ ~\§
A\
N

-
|1 BLE "k ]

2007F11A812H(R)

| (on the guide

rail
for Phase 2)

area for primary beam experiments

RCNP Workshop



Sea-quark ZfDflavor FEXT 1L

o (Gottfried sum rule

— In the parton model with isospin symmetry
o = [ IR (0Q) - F (x Q1= 5 + 2 [ 6 (x, Q%) - (x,Q%)

0 X
— CERN NMC experiment

[ dX[F (x.Q%) ~ F/(x.Q%)]

=0.221+0.008(stat.) + 0.019(syst.)
at Q° =4 GeV?

¢ =0.235+0.026

01 dx[d (x) —T(x)] =0.148+0.039
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Dimuon experiment
* Fermilab E866/NuSea

— closed geometry

—Ring-Imaging
. ' Cherenkov Counter
Fermilab E,_, = 800 GeV
2 X 102 protons / 20 sec Muon
—Station 1 ' Detectors
|

—Cryogenic Target System |

- Station 2

| —Hadronic

_ | Calorimeter
_— Station 3

| \ ~—Electromagnetic

\ SM12 Analyzing SM3 Analyzing Calorimeter

Magnet Magnet

LMo

2007411 8128(A) RCNP Workshop
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Simulation studies

Expected Drell-Yan

counts for a two-month

p+d run at 50 GeV

— 2x10'2 protons/spill

— 50-cm long liquid
deuterium target

— assume 50 percent
overall efficiency

1055r1 LI B N B B 1T g

[ [P PR A Lo ] 1'..|...|..|. Lo o]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Xq Xz
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— Cross section

Physics at 30 GeV

« PYTHIA (6.228) study with PHENIX tune (<k;> = 1.5 GeV/c, M, =
1.25 GeV/c?, K-factor = 3.5, Q% = s)

| XF:-U‘

10+

D meson cross-section (ub)

pp — DD’

" Wohri and Loyrenco

10

CTEDSD {2002}
CTEDM (2002)
CTEDSL (2002}
MEST c-g (2001)
MRET 2001 LO

o4 consistent at fixed-target

region, too

s (GeV)

s (GeV)

smaller yield (same result
as Laurenco’s study)

0.1 7

[ ]
 J-PARC: 3-4 order smaller cross section than that at RHIC
— can be compensated by higher intensity/luminosity at J-PARC...

2007F11A812H(R)

RCNP Workshop 72



D-meson

— silicon detectors to identify second decay vertex

— yield study
« 10° proton/sec beam
10% target
2 X103 cm~sec™
X 1 week = 103 pb-”

o Pr > 1.5 GeVic

5.5x106 DO
for 103 pb1

TR I T I
0.8 -0.6

» acceptance 0.05 — 0.3 to cover forward/mid-
rapidity/backward
Pr .s£. DO yield
1.5 Gel¥c P owb
.-11 -0.8 -0.2 )-(oF 0.2 04 06 08 1 0;1"]'
200711 A12H(A) RCNP Workshop
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SSA measurements

— neutron-tagged measurement
* measure A of coincident particles at BBC at PHENIX
 forward neutron, forward BBC, left-right
— (-4.50+0.50+0.22)x102< 0
 forward neutron, backward BBC, left-right
— (2.28+0.55+0.10)x102 >0
— asymmetry in the forward BBC has the same sign
while backward particle has opposite sign Ay

v Initial-state effect - favored
o, p Ay(X) <0, Ay(Y)>0

X.» final-state effect
o ANX) > 0, A(Y)??
P N
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SSA measurements

— neutron-tagged measurement of Drell-Yan pair...

« Jen-Chieh Peng’s calculation expecting sensitivity to the
meson cloud model, and measurement of pion structure

PR B PR P PRI "V i EPRPRPRTI B . TR

10 15 20 30
Mass (GeV)

FIGURE 3. The solid curve corresponds to dimuon event distributions in one muon arm for a
one-month p + p PHENIX run at /s = 200 GeV. The dotted and dashed curves correspond to
the yields for p+p — n+pTpu~ + X with ¥ > 0.6 and Y > 0.8, respectively, where ¥ is the
fraction of proton beam momentum carried by the neutron.
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Polarized proton acceleration
» AGS warm helical partial Siberian snake
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> replaced solenoidal partial snake 5000

» same design as cold snake (dual pitch) o000 - N Koo Lo N e Mo o

» 1.5 Tesla field s000 N N

» ~ 6 % partial snake (w/o generating oo
COUpIing) 150 -100 -0 0 S0 100 150

> funded by RIKEN, built by Takano Ind. “ e

| Thomas Roser (BNL), et al. |
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Twist Rate (deg./cm)

Polarized proton acceleration
« 25 % AGS super-conducting helical snake
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measured twist angle 2 deg/cm
in the middle ~ 4 deg/cm at ends

2.0

1.5

—_—

o

- ™ o = hac! o2
= = =) = =

‘Zpos (m) | Thomas Roser (BNL), et al. |
ZUUIT11ATZH(A) RCNF vvorkshop &4

= ha =
S S S




e emittance: 10 mm-mrad, 95%

* repetition rate 25Hz

* sinusoidal ramping
* kinetic energy: 180MeV — 3GeV -

strength for a particle

-- e|ntrinsic resonance

0.0
0.006 |-

Polarized proton acceleration at J-PARC
Intrinsic resonances in RCS
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Polarized proton acceleration at J-PARC
Spln tracklng in 50 GeV MR

VIV

20 22 24 26 28 30 32 34 36 38 20 on an ellipse of 4n mm-
mrad
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Polarized target

* Michigan polarized target
— existing at KEK
— target thickness ~3 cm (1% o Bgit:nffhr
target) =N =
— maybe operational with 101"~ - i " Radiaton
ppp (luminosity ~1034 cm-2s-1) ) Soparator

-— 140 GHz Microwaves

Heat
Exchanger

=

Superconductingd”

colls ﬁ\@ EH ' |
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SSA measurements of neutron

— large asymmetry found at RHIC

— production mechanism of neutron

e one-pion exchange dominant — spin flip
}‘*

X X X X
ETE :Tt p:ra? P
P . n p I n P n p I n
- -:n"“'--_'_‘_
b

;rf_"n._

a o 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 — e'nX without (a) and with (b) production of an contributions to the deep-inelastic scattering ep — ¢'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—nz”

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