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Origin of the nucleon spin 1/2 ?
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Origin of the nucleon spin 1/2 ?

e polarized DIS
r 2@ -0 (x) D eAg(x)

T
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Origin of the nucleon spin 1/2 ?

¢ This gxperiment

« EMC experimentat CERN  ° ! @

¢ sLac (3

J. Ashman et al., NPB 328, 1 (1989). 7| — ftieestouton

SO | S U N
_[degl(x)_ { Au+9Ad+9AS o2}

Pl

2| 9
— 0.123+ 0.013(stat) + 0.019(syst)

gof-— — 4 - -
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0.1 002 nos 0.1 0.2 0.5 1.0

— combining with neutron and hyperon decay data

AY = Au+Ad + As=12+9(stat) +14(syst)% “proton spin crisis”

o total quark spin constitutes a small fraction of the nucleon spin

— Integration in X = 0 ~ 1 makes uncertainty

* more data to cover wider x region with more precise data
necessary

= SLAC/CERN/DESY/JLAB experiments
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Polarized DIS

 fixed target experiments
— spanning a limited range of Q?

polarized

DIS
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e quark contribution S 006 |
AX=0.1~0.3 sl |

 origin of the nucleon spin

1/2 ?
1 1

—=—AX+Ag+L

2 2

Polarized DIS

® HERMES
004 - * SMC

. E143 iﬁf Y
A :

002 -

deuteron

H&;@f*’%

neutron { He}

“HH%;W

5 E154

JLAB

p.02
— gluon contribution ? )
— orbital angular momentum ?  ©
0.04
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Gluon contribution

» scaling violation in polarized DIS

— Important success of the evolution equation of the
perturbative QCD

— spanning a limited range of Q2
SMC: Ag(Q® =1GeV?) = 0.9975 3 (stat) 535 (syst) 5 e (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).

e semi-inclusive DIS lepton beam
| . . /
— high-p; hadron pairs Zor<

Yheavy flavor

— open charm production

k.
r

Sluon
-2 or € Qg
nucleon Targ& >
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Gluon contribution

e polarized hadron collision
— double longitudinal spin asymmetry

d0++ B d0+— ;#t =
A= do.. +do S i T
++ o — y 1» ¢ *:
— leading-order gluon measurement
o direct-photon production
* heavy-flavor production

proton beam proton beam
2 or < 2 or & Ty
2or < 2or< 6
proton beam proton beam
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QCD factorization

P

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

do = Zfdxafdxbjdzc fa(Xa 1) fb(Xb,ﬂ)| D¢ (2, ) 65, (%, Pa %, Py, By 2, 12)

a,b,c

f (X, 1), T,(X,, ) parton distribution function (PDF)
long distance term

D/ (z., 1) fragmentation function (FF)
do (X,P,, % Ps,P,/z,,u) partonic cross section short distance term
M factorization scale — boundary between short and long distance
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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

e 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

dél =das? + Sd6§b(1)+
/A
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QCD factorization

 factorization scale pu

— 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
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Global analysis

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

— experimental data ada(x, Q2) with experimental errors
Sadata(x’ QZ)

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

— Q2 evolution of PDFs/FFs and theoretical calculation
corresponding to the experimental data aca'°(x, Q?)

— x? analysis (minimization)
2 _ adata(X,QZ) . acalc(X’ Qz)jz
Z Za:[ 5adata(X,Q2)

— parameters (and errors on the parameters)
determined
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Global analysis

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

e AACO3 M. Hirai, S. Kumano, and N. Saito, PRD 69, 054021 (2004)

— NLO analysis
— fit A, data with function forms

Af (X) =[X" — (X" —Xx*)] T (X)
Af(x), f =u,,d,,9,q0 polarized PDFs
f(X) PDFs (GRV98)
— experimental A, data
e proton data: EMC, SMC, E130, E143, E155, HERMES

e deuteron data: SMC, E143, E155
e neutron (°He) data: E142, E154, HERMES
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Global analysis

* polarized-DIS analysis
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]

HERMES @ DESY

e semi-inclusive DIS

— internal polarized gas target: H, D, 3He, polarization
(H, D) ~85%

— electron/positron beam: 27.6 GeV, polarization ~55%
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COMPASS @ CERN
e semi-inclusive DIS
— polarized °LiD target: polarization ~50%
— u* beam: 160 GeV, polarization ~80%

trigger-hodoscopes

SM2 dipol

RICH 1 HCAL1

SM1 dipoIe\A\A-

Polarised Target

ECAL2,HCAL2
MWPC Gems Scifi

on-filterl,MW1
straws,MWPC,Gems, Sc
ems,élFi ,DCs,straws

Micromegas,DC, SciFi
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Gluon polarization

e semi-inclusive DIS

— HERMES @ DESY
e high-p; hadron pairs
— SMC @ CERN .
« high-p; hadron pairs :

AG/G

COMPASS 02-03: high p,, O° = 1 (GeV/c)®
COMPASS projection 02-04: high p,, all o’

COMPASS projection 02-04: open charm

SMC high p, (Q° = 1 (GeVie)®)
HERMES high p, (all G°)

04 =
— COMPASS @ CERN P
: : 02 e
e high-p; hadron pairs e |
 open charm (projection) 0 T
lepton beam / 02 F— coaqo) t
> Y - GSBLO)
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RHIC spin @ BNL

e polarized proton collider
— energy 200 GeV (and 500 GeV in the future)
— polarization 40% (70% in the future)

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
N , &
BRAHMS & PP2PP

o

g > @ \\. N

PHOBOS

c <«—— Siberian Snakes
Siberian Snakes
< PHENIX T Oc

Spin flipper

Spin Rotators
(longitudinal polarization)
Solenoid Partial Siberian Snake
LINAC

Spin Rotators
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N

BOOSTER
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200 MeV Polarimeter -~ ~ '« AGS Internal Polarimeter

./ e |
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STAR and PHENIX @ BNL

L

Coils  Magnet Sehader 4 o STAR detector

» 21t coverage for

nm‘ﬁ%'l}ff' jet measurement
" Chahber e barrel TPC and EMC

Tirme OF

e « endcap EMC

f/ Forward Time F‘ru-j ection Chamber

« PHENIX detector

* limited acceptance

* high resolution central EMCal
* high-rate trigger and DAQ
 forward muon detectors
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Cross section

e perturbative QCD applicable ?

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

predictions
o(uy12) ¥
o (1)

o(ue/2)/ 0
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Cross section  ./s=200GeV

— comparison of n° cross section mid-rapidity
o : A 'ﬂ)
between data and NLO > o'ty PHFENIX
. - o .
perturbative-QCD calculations 2 ;
] o 107 PHENIX Data
— agreement is excellent down g — KKPFF
even to p; ~ 1 GeV/c T = Kretzer FF
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© 4 L M W )=3.8- PRL 92 (2004} 171801 10
ﬂ...{'? : N A (1)=3.3- hep-ax0403012 10"
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Gluon polarization

e A, In neutral pion production
— mid-rapidity |n| < 0.35, Vs = 200 GeV

A =loy]AgAg +| 0y, AQIAG +[ @, AGAQ]

e
+

+

L e

gg + gg dominant

sensitive to the gluon reaction

March 25, 2005
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< 0-1:_ * Combined
0.05, Y
L T S I
-0 05:_ Ag = 0.42
""" PHENIX PRELIMINARY at Q°=1{GeV/c)
'0-1:— Scaling error of ~65% T
- isnotinclugea. | PHTENIX
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Gluon polarization

 direct photon production
— mid-rapidity |n| < 0.35, Vs
= 200 GeV

— gluon compton process
dominant ~75%

® PHENIX Preliminary
Bands represents systematic error.

~ NLO pQCD (by W.Vogelsang)
CTEQ&6M PDF

u=12p, P 2P

Ed’s/dp’ (pbGeV’c?)
=
I

Ag(x,) 5 3

ALL(pT) - g(ng) ’ Alp(xq) a 1022—
proton beam 10 L
-2 or & :

~——

2 or < PH}\E NIX

proton beam

1 1 1 1 1 I 1 1 1 | 1 1 1 I 1 1 | 1 1 1
4 6 8 10 12 14 16 18
pP(GeV/c)

March 25, 2005 Yuji Goto (RIKEN/RBRC) 23



Gluon polarization

* A/, projection

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

e 2005 — 2009 runs

()] py—p—————— e 7
i n ] il
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i 1 GRSV-stt” |
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Gluon polarization

* A/, projection
— Jet at STAR
e -1<n<?2
e s =200 GeV
e 2005 run

(L5

[

F o Ws =200 GeV
-|||||l.4-1|l-1-11||||

] 10 2 30 410

) P [{f}c"v’]

— coincidence channels
o dijet, n%-n°, y-jet, y-n"
 reconstruction of partonic kinematics
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Flavor-sorted quark polarization

e various gquark and antiquark

polarization individually
Au, AT, Ad, Ad, As, AS

— additional test of the

smallness of the quak spin of

contribution AX
e semi-inclusive DIS

— HERMES h=7r" K"

2,644 (%) [ dzD"(2)

AT Za 6.(0[ 02D} (2

= 3 Pl(x,2)Aq, (X

|
— P"(x,2): purity
 unpolarized quantity
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Flavor-sorted quark polarization

« weak boson production Y — —
, N - RHIC pp Vs = 500 GeV :
— RHIC spin 5 1L, = 800 pb ! _
* s =500 GeV b A (W) -
. 2009 — o5k &4, (W) el
— parity-violating asymmetry | & 1/14
A e = Ad/d
v - AU0QA06) ~AdeOU0G) o[ A et A
u(x)d (%) +d0Qu(x) [Py -
— no fragmentation ambiguity :
— x-range limited 5 | BHERVES Semincoi ‘*+\é/c.§’/d -
—L.o o ata by Aug. " 7]
— complementary to HERMES 0= M2 )
semi-inclusive DIS R GSOSLO(A)
 wide x-range BS(Ag=0) N
« limited sensitivity to sea D S
flavors 10 10
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Summary

 origin of the nucleon spin 1/2 ?
— quark contribution measured by polarized DIS AX = 10~30%
— gluon contribution ?

e gluon polarization measurements
— semi-inclusive DIS experiments — HERMES/SMC/COMPASS
* high-p; hadron pairs, open charm production

— polarized proton collider — STAR & PHENIX at RHIC
« 70, direct photon, jet production, coincidence channels
— first data started to arrive
— variety of new data will arrive in next 5 years (or a decade)

« flavor-sorted quark polarization measurements

— semi-inclusive DIS experiments
o 1+, K+, ...

— polarized proton collider
* weak boson production
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Gluon polarization
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