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Parton Distribution Functions (PDF)

Partons = (anti)quarks and gluons

Helicity distribution
Af(x) = -

Unpolarized distribution

fix) = ;



PDF and pQCD

Factorization:

o 310 @) @D

f=qaq’g

Af(x), f(x) — Universal between DIS and pp

Scale dependence: Af(x), f(x) => Af(x,Q?), f(x,Q?)

» Different Q? probe PDF differently

» Higher Q° - better resolution d e M * b
£ dInQ’| Ag AP, AP, Ag

» DGLAP evolution: Af(x,Q,%) => Af(x,Q?)

» Gluon and quark PDF mix up AP;; — splitting functions, calculable in pQCD
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Helicity PDF and Proton Spin

Jaffe — Manohar Spin Sum rule

= lAZ + AG + Lq+Lg

1
2 2
AZ(Q*) = [ dx|Au+Aii +Ad +Ad + As + A5 |(x,0%)

AG(Q*) = [ dxAg(x,0%)

=> Need to know Af(x) in wide x range



Helicity PDF: other applications

> Valence region: Ad ):1 1 Counting rules/pQCD
Testing ground for models d —1/3 Constituent quark model

> Sea quarks: Au vs Ad Variety of models:
Asymmetry in pol. sea? meson cloud, chiral quark, Pauli blocking, ...

> Strange quarks: As, As AS = (Au+At)+(Ad + Ad) + (As + AS) =
SU(3); breaking? 3F - D +3(As + Ay)
- . 1 i 1

> Bjorken sum rule: s @0 g (x.0M)]dx = - E4CY (0, (0%)
A fundamental pQCD prediction % 6 gy,
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Access to Helicity PDF

=) m K, ...

e, U P

= =44

p p
DIS: SIDIS: pp:
Ag +Ag Ag, Aq Aq, Aq
Ag (From Q2 evolution of g, ) Ag Ag

Complementarity:
Different reaction — different aspects and kinematics

Test for Factorization&Universality

A.Bazilevsky, SPIN16
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Experiments

Tremendous efforts over ~30 years

SLAC: HERA:
E80 — 155 HERMES
e+p,d,3He e+p,d,3He
CERN: JLab:
EMC, SMC, Hall A, B, C
COMPASS e+p,d,’He
u+p,d

RHIC:

PHENIX,
STAR
p+p collider 7
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DIS: Ag o

E: 2+
2
q

*
I4
2 —
oy, ~ Yeq
q
Spin independent
o,-0 Eequq d’o : 2
- ~c b (x,07)+c,F,(x,07)+
A= % %zglzq deEl 11(Q) 22(Q)
1
oy +0y  h Eezq €:8(%,0%) +¢,8,(x,0%)
BT H o

Spin dependent

From unpolarized DIS



DIS: g, o
gleeSAq p

COMPASS: M.Wilfert, Parallel Il
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flj : x=0.007 O cswesaw B coransmon ,cl‘ : % x=0.0055 B COMPASS160GeV (O CLAS W>2.5GeV
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N - -
G [ _, g —®g— x0012 c [ x=0.009
LIS a x=0.017 X L _.J_ x=0.012
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- —p® B ——m— X003 e - i
A o= — -0.035
6 TW'_%.’%—M x=0.099 6L At w8 ' 0.049
- — x=0.
- Aot e mE— K x X=0077 (1=10) [ Ay m@f akgmX m o x0077 (=10
| orotra oot tgy— 48— K om—em X012 | D g, opds " x=0.12
A0 A Aoy Wil - X=0.17 4—Q£q B D ond @K O sem X mx x=0.17
| a-r0B oA —ah—oB—a—Wex—mx—o ¥0-22 :A%@-WH—*—;!—*—-* x=0.22
- A BOS S oo x—mx—Xm—em X029 - A -DOh - o om—o—ym—mx X029
21~ - oD - = som<=0.41 2 L K X=0.41
- - = b O A o———omo—m——om X=0.57 - - - e O A e & a— Xx=0.57
O_'l T Tt R T el el T e e e e LA 0_11 L M- ot X0
1 10 10° 1 10 10?
Q2 (GeV?/ c2) Q2 (GeV?/ c2)

Precise recent data from COMPASS:
Extended x&Q? coverage
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DIS: Ag fit .
COMPASS: PLB 753 (2016), 18 P

NLO pQCD fit of p, d and n (*He) data

» 0.26 < A2 < 0.36 (~1/3 of the proton spin)
(extrapolated to x=0 and x=1)

» p/niso-symmetry => u/d separation

» Strange quark polarization is negative

T Assumes SU(3); flavor symmetry:
AX=3F-D+3(As+Ay)

A(s+3)x)
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DIS: valence Aq ¥

JLab-Hall A: Phys.Lett.B744 (2015), 309

p——

LH
DSE (realistic)

...;....I....I....I....I....I....I....
04 05 06 0.7 08 09 1
X
! ¢ HERMES (SIDIS) v COMPASS (SIDIS)
08 A JLabE99117(DIS) o JLab CLAS EG1b (DIS)
® This Work Strange quark uncertainty
06 Statistical —— NIL
— F - LSS (BBS) —-—-- Avakian et al.
= 04
+
g\ 02
3 ° } ; DSE (realistic)
%-0-2 i} R—%__é,_ é_«x L - ___-sg
o4 S 4
06 DSE (contact)

Also new data from JLab-SANE

A.Bazilevsky, SPIN16

Au/u>0
Au/u—1 for x—1

Ad/d<0
Up to x~0.6

Test models on nucleon structure in
valence region (with different OAM

assumptions)

More precise data with extended x
range expected from JLab-12GeV
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DIS: Bjorken Sum Rule iy

A fundamental pQCD prediction p
J.D.Bjorken, Phys. Rev. 148, 1467 (1966)

Current algebra, Isospin symmetry between u and d quarks

1

0% = [ 8 (5.0 -8 (x.0")]dx = - 54.CY(a, (@)

o/ ;gv \

DIS data From neutron B decay Calculated to O(c) )
COMPASS: PLB 753 (2016), 18

%0-1:— lwionton i COMPASS:
0.08[ -~ NSt (srmoasured range) ga/9y=1.22 = 0.05(stat) + 0.10(syst)

0.08f
C Neutron 3 decay and CNS

g,/9,=1.2701 £ 0.0020

Verified to ~10%

~20% in NNPDF
(no functional form assumed for extrapolation to x~0)

A.Bazilevsky, SPIN16 13




= T K,...

SIDIS: A,

COMPASS: PLB680, 217; PLB693, 227
HERMES: PRD71, 012003

P
e dET ﬂ Measure:
o;:.. . 290%® ’ ;:.. . o240 ' % ;:§ OH%ﬁ
o ey Sy Sy Aus A s A Ay Ay A
102 10" 0-45— E_ A,
el Extract:
v -]
S Au, A, Ad, Ad, As = AS
Y e;Aq(x) [ Dl (2)dz
Al =4
Eeéq(x)ng(Z)dZ
q
Depends on Fragmentation Func !
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SIDIS: Ag o

COMPASS: PLB693, 227

04F
02F
02f
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0,02F

0,04 |-
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102 10"

DSS FF

107 10"
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X

T K,...

COMPASS LO extraction:

» Sea quarks pol. consistent with O
Hint on Az >0 and Ad <0

Flavor symmetry breaking?

» As~0
Disagree with DIS extraction?
DIS: As+As =-0.1
SU(3); broken?

Sensitive to kaon FF !
E.Leader, Parallel V

Similar results from other fits
(with larger variations for As)

15



As Puzzle

Tension between DIS and (kaon) SIDIS?

DIS => As<0
Even more precise fit from LSS, PRD91, 054017 (2015)

SIDIS => As~0, changing sign vs x
As~0 also in Lattice: QCDSF Coll., PRL108, 222001

Resolution Path(s):

» SIDIS: improve (kaon) FF
From LHC, COMPASS, HERMES, BELLE, BaBar
> pp—= AX
N\ polarization sensitive to As
Need more theoretical work
Exp. data coming
» DIS CC charm production or pp—W+c
Charm-tagging to probe As
Requires a lot of L => EIC

» NCwp
As=Gs,(Q?=0), trend to As<0

New data coming from uBooNE

K.Woodruff, Parallel V

A.Bazilevsky, SPIN16

E.Nocera at SPIN2014
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pp: Ag(bar)

ptp — W= — (e/u)*+v -
» Parity violating W production: _‘_4’:__
Fixes quark helicity and flavor:
djtg =W~ u,dp —> w* 17

» No fragmentation involved
» High Q? (set by W mass)

- 0'—0" _ Au(x)d(x,)(1-cosf)’ - Ad(x))ii(x,)(1 +cosb)’

Al
Yoot+o (x)d(x,)(1=cos8)? —d(x)i(x,)(1+cosH)

A.Bazilevsky, SPIN16 17



PHENIX: W—e, PRD93, 051103 (2016)

W—p, Preliminary

- 1.0 T -
WHZopt et Pj>16 GeV P} >30GeV
Run 13: p+pat ys = 510 GeV [&] AY (2013) [W] A (2011-2012)
(W] A} (2013)
B NNPDFpoll. 1 ]
0.5 — GRSV STD
— DSSV
— DNS KKP
— DNS Kretzer
0.0
T — M =]
-0.5 B
o 1O +
WiZowe  pHTENIX
preliminary
0.5 i
— ﬁii
0.0p= i t
205 o ]
Sampled Luminosit b
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=
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pp—=>W= — [*

d
5 v
STAR: W—e, PRL113, 072301 (2014)
AL, _p)+pewi eei+v QIE__ T T IIIIIII T T IIIIII| T T IIIIE
r Vs=510 GeV 25 <E; <50 GeV - F Sea asymmetry ]
0.5 01 -
; Pas=
I F 3
A 0.04f 3
B o Rel lumi E E
syst 002} -
it 1—
-0.02F =
o T C 2 3
F i~ 7~ STAR Data CL=68% -0.04— 02=1 0 GeV —
- DSSV08 RHICBOS o ]
ro- - DSSVeB CHE NLO -0.06f- NNPDFpol1.1 x(AT - Ad) 3
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-2 -1 0 1 2 10’ 10? 10t 1
lepton n X

Au-bar tends to be more positive

= Symmetry breaking in

polarized sea?

= Opposite sign asymmetry compared to unpol case
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PHENIX: W—e, PRD93, 051103

W—p, Preliminary

pp—=>W= — |*

New data from STAR!

D.Gunarathne, Parallel V
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A.Bazilevsky, SPIN16
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PHENIX: W—e, PRD93, 051103

pp—=>W= — |*

New data from STAR!

W- Preliminary | [) Gunarathne, Parallel V
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Works well
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With HERA data
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(small Q2
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SIDIS: AG

COMPASS: arXiv: 1512.05053
K.Klimaszewski, Parallel |V

Photon gluon fusion

ror\ AG 0.6
LL >— 2 " e COMPASS, all-p , Q%1 (GeV/cy, 2002-06
G %) - o COMPASS, high-p, Q%<1 (GeV/c), 2002-03
0'4: 4 COMPASS, Open Charm, 2002-07
o SMC, high-p_, Q*>1 (GeV/c)*
0_2: « HERMES, high-p_, all G*
N
Low staft. ool e b
Theoretically clean [
040 — | -
— _ 102 107
yg—=>qq —>h"h, h Xg
High stat. Ag/gt® = 0.113+0.038(stat) +0.035(syst)
Background
Low Q2 ?

Hint on positive AG at x~0.1
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pp: AG
b :‘\— pp — hX .

e

o >~
o
| o |

/X-_-§
7y X’
b 1

ZAfa R Af, RdG =X .&{sz*f?( ®D;

do™ —-do™

A, =
Y dot +dot 2 £, ® f, ®do’ " @D}

pp—jet+X

[ % ga qg
‘\

Subprocess Fraction
o e e
w B o
A REERIREERRN

°
I

Solid:  y¥=200 GeV
Dotted: {5=500 GeV

pp—jet+X
NLO CTEQ6M
Anti-kT R=0.6

' E .\N\
X

i i I i 1 1 1
005 04 015 02 025 03 035 04 045 Yn.s
Jet Xy (= 2pYI s)

pp—10+X

L " 99

Subprocess Fraction
(=)
T

Qg

0.2
Solid: {s=200 GeV
Dotted: {8=500 GeV
P M B B
00 0.05 0.1 0.15 0.2
xr (=2p,/Vs)

Double longitudinal spin
asymmetry A | is sensitive

to AG
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pp: AG :

=

P
PHENIX: PRD 90, 012007 (2014)

STAR: PRL 115, 092002 (2015)

PRD 93, 011501 (2016)

- e -
- r . - B 0
< STAR p+p — Jet+X < pp —> 7w +X Ini<0.35
—&— 2012 510 GeV R=0.5 |1n|<0.9 Prelim. ," | B 510 GeV: Run12-13
0.04— —e— 2009 200 GeV R=06 In|<1.0 , 0.02- 510 GeV: rel. lum. uncertainty
B Relative luminosity uncertainty ',5—0—1 ' ® 200 GeV: Run6-9 (PRD90,012007)
""" ;221\’01"4 o ~ | 200 GeV: rel. lum. uncertainty
i - | 510 GeV /200 GeV pol. scale uncert. 6.5% / 4.8% A
--------- NNPDF1 '1 , ’ '-_. /
L . ".'-‘;' /
0.02— R % 0.01
,l" L L 1 FPHENX | m W A ¥/ ... 8-
i #6:5% polarization scale uncertainty not shown | Theory curves: LSS10p (dashed), DSSV14|(solid) and NNPDF1.1 (ddted)
L 1 I I | L L 1 I | I 1 L 1 | L I L L L L | ' 1 1 1
0 0.1 0.2 0.3 0 0.05 0.1

X (= 2p_/\s) Xr (=2p./ \s)

Observation of non-zero A, |
associated with non-zero AG !
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DSSV:

AG: global QCD it~ pa™

M. Stratmann
W. Vogelsang

I'IYYYIII'T"IYIYTI"YIIYI"Y]
o -t

=
E{’ | [ E88 NEW FIT -
90% C.L. region
= = Dssve
i = 90% C.L. region
S8 A DSSV ] DSSV: Phys Rev Lett, 101, 072001 (2008)
0.5 | y Data from up to 2006
X
s - New DSSV: Phys Rev Lett, 113, 012001 (2014)
g 0 s B Data from up to 2009 (Vs=500 GeV not included)
< ] 1
05 2 2 —
Q =10 GeV _ +0.06
[ dxAg(x)=0.27%  90%CL
02  -0.1 -0 0.1 , 02 03 0.05

At large x ,de Ag(x)

Significant non-zero Ag(x) in the kin. region probed by RHIC
Similar result from another global fit NNPDF
Still huge uncertainty in unmeasured region (x<0.05)

=> Measurements at higher \s and forward rapidity
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pp: AG, Near Term Projections

From already available data from 2011-15

n0: 3.1<n|<3.9 Aschenauer, Stratmann,Sassot: 1509.06489
0.003 r~~—r 7 rrrrrTTT] 1.5 | T T T T T T T T T
C 2 i DIS + SIDIS s RHIC projection]
0002 - ALL —_ 90% C.L. constraint data < 2015 i
C ] == DSSV 2014 mmmm EIC projection
r 1 1 with 90% C.L. band Vs =78 GeV —
0001 | . on i
C ] < 4
L | 4 <
0 fodmm { ] S 3 .
L ] — u
C ] 0.5 —
-0.001 - b 4
=— DSSV 2014 j i
r with 90% C.L. band ] i
-0.002 |- { proj. incl. n’ data: ] ]
r 510 GeV, 3.1 < <39 : 0
0003 Lo b b 1
3 4 5 py [GeV]
05 5 4 3 2 1
10 10 10 10 10 1
Jets: i<l X min
— T T ]

Other channels also being measured

(but with weaker stat. power)

A o o] Y, N, TE, -hi,‘heavy flavor through
LL r o :un:s : :omlme‘ :: e and H, Jet-]et, h-h

0.04 - STAR 20109 run i

[ 4 m<os

0.0 9 05<hi<10

0.04 ~ === NEWFIT
[ with Ax*=1and 90% C.L. bands

L --- Dssv
002 F

Great improvement expected

Jet [ oplycmeee
ALL or

AT B ... Still not enough precision for
py[GeV] AG full integral
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E.Aschenauer

Pienary | Electron-lon Collider

2015 NSAC Long Range Plan: |
We recommend a high-energy, high-luminosity polarized Electron P N
lon Collider as the highest priority for new facility construction EiC White Paper
following the completion of FRIB all, e

> Both ¢ and p (d/°He) polarized

» Luminosity L,,~10%cm™ sec!
x100-1000 as HERA

> \5=20-140 GeV

42 T i ]
103} Cuvent polarzed DIS data: /’d
0CERN ADESY +Mab DSLAC v i
_ — |  Curent polarzed BNLAMIC pp data: /‘/
N> SFHENDI X' ASTAR 14t
e
8"
Interaction Point —— ~ g
—> N - N
Electron Collider Ring Booler 10 F
lon Source
Electron Source

1 |
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E.Aschenauer

EIC: Helicity PDF

Aschenauer, Stratmann, Sassot,
PRD 86 (2012), 054029

0_04:_ xAu _::_ xAd ..: 0.04
002 I 1 0o

02| JF J-002
02f  pesy V

C DSSV+ & EIC 5100, 9250 F
o0sf | ]

all uncertainties for A" =9

o1 — — ]
=x(Au -Ad)
005 — —
o =
————————— X QSM — - —— CTEQS6 =(@-u
—————- DSSWV u
EEEN DSSVs & EIC 5<100. 5<250
005 — an u:xllcetmix\ties for Ax==9l —
=Y = 1
10 10 10 = 1

A.Bazilevsky, SPIN16

» Ag(x) from scaling violation
> Au, AJ, As from SIDIS

> Flavor separation at high Q2 via CC DIS:

g = Ali + Add + AT + As
g =Au+Ad +Ac+As

g = Ali - Ad + AC - As
g! =—-Au+Ad —Ac+As
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E.Aschenauer

Plenary |
o 15 LULLLLI 1L L R R AR o 1 LUy U ) ELRLLL] IELARLLLL ILELRRLLL
S = . o}
F pommmmes —owam: ] 9 | mcpsesms | = osyou ]
g | RHIC spin EIC projections: 08 - mm vs-miseev DSV 2008 ]
e 1+ projected data up to 2015 mm s=775GeV | Vs =1227 GeV 90% C.L bamd
=l L N s Vs =1227 GeV 4 "?; 3 - s =1414GeV
- | B Vs=1414GeV — P
i ] 06 | -
05 —
0 e
Q*=10GeV?
_05 [ RTINS B AW RTTY B SRR TTTT MW ATTT] ||||||T vl vl vvvel vl vl o
) - - - - 2 - -6 -5 -4 3 2 -1
10° 107 10* 107 107 107 1 10° 107 107 100 107 107 1
. h.
min min

1/2 - Gluon - Quarks
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EIC: Proton Spin

Aschenauer, Stratmann,Sassot
arXiv: 1509.06489

o
%)

o
o

win o
o

172 - [ dx [1/2AX + Ag] (xQ)
o
s

o

=)
to
T

T I LI ] L I L

DSSV 2008
90% CL. band

EIC projections:
B Vs=775GeV

N+ Vs =1227 GeV
N+ Vs = 1414 GeV

| LELRALLL B

—— DSSV 2014
with 90% CL. band

PR T N I S N T B

Spin puzzle will be solved

Orbital angular

momentum

Also GPD for independent
OAM extraction
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Global NLO fits

Compilation by M.Stratmann (2015 Jlab Users Meeting)
overview of recent helicity PDF fits @ NLO

Blumlein, Bottcher

9508347
GRSV 0011215

15 NLO analysis 1995

|| . -t .S,
— = K o
&
[
latest — (¥ @ W
paper § oy
NNPDF  1406.5539 @ O @ jets 100 MCreplicas  pp dataw/
Ball, Forte, Guffanti, Nocera, W stat. approach reweighing method
Rodolfi,Rojo
0904.3821 jets  Lagrange mult. data fitted
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Higher Twist

Including more
probes
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Summary

Good progress !
More precise data => More advanced QCD analysis => Better PDF accuracy

Proton Spin contributors:

Quarks: ~30%; Gluon: ~40% (in the limited x range) => more data coming
Hint on asymmetry in pol. sea => more data coming
Strange quark role still contradictory => more data coming

New data to come from COMPASS, JLab, RHIC
Plans for polarized beams & targets discussed at FermiLab (US), J-PARC (Japan),

NICA (Russia), U-70 (Russia)

Low x measurements are crucial => EIC
EIC — the only option to resolve the proton spin issue(s)

103} Cuvent polarzed DIS data:
oCERN ADESY s b DSLAC

Curent polared BNLAMIC pp data:
SFHENDI X' ASTAR 14t
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Backup



High Energy Spin Experiments

Aidala, Bass, Hasch, Mallot, Rev. Mod. Phys. 85 (2013), 655

TABLE I. High-energy spin experiments: the kinematic ranges in x and Q® comespond to the average kinematic values of the highest
statistics measurement of each experiment, which is typically the inclusive spin asymmetry; x denotes Bjorken x unless specified.

Experiment Year Beam Target Energy (GeV) 0? (GeV?) x
Completed expeniments
SLAC: E80, E130 1976-1983 e H-butanol =123 1-10 0.1-0.6
SLAC: E142/3 1992-1993 e NH;, ND; =30 1-10 0.03-0.8
SLAC: E154/5 1995-1999 e NH,, °LiD, *He =50 1-35 0.01-0.8
CERN: EMC 1985 pt NH, 100, 190 1-30 0.01-0.5
CERN: SMC 1992-1996 n H/D-butanol, NH; 100, 190 1-60 0.004-0.5
FNAL: ESS81/E704 1988-1997 p p 200 ~1 0.1 <xp<08
Analyzing and/or running
DESY: HERMES 1995-2007 e, e H, D, *He ~30 1-15 0.02-0.7
CERN: COMPASS 2002-2012 pt NH;, SLiD 160, 200 1-70 0.003-0.6
JLab6: Hall A 1999-2012 e “He =6 1-2.5 0.1-0.6
JLab6: Hall B 1999-2012 e NH;, ND, =6 1 -5 0.05-0.6
RHIC: BRAHMS 2002-2006 P p (beam) 2 X (31-100) ~1-6 —0.6 <xp <06
RHIC: PHENIX, STAR 2002+ p p (beam) 2 X (31-250) ~1-400 ~0.02-0.4
Approved future experiments (in preparation)
CERN: COMPASS-11 2014+ ptop Unpolarized H» 160 ~1-15 ~0.005-0.2
T NH3 190 -02 < XF < 0.8
JLab12: Halls A/B/C 2014+ e HD, NH,;, ND;, *He =12 ~1-10 ~0.05-0.8
A.Bazilevsky, SPIN16 34



Exp. Technique

-

_ 04, -0y, 1 Ng-Ng, Measure asymmetry between different spin

A= — configurations (with precision to 103 - 104 )
O+ 05, PBPTf NSI + st = High Beam polarization Pg

1 1

S ~ )
Y PPf JIN

.

= High Target polarization Py, small or no dilution (f=1)
= High luminosity (N)
= Small syst. uncert. (=> frequent polarization flip)

~

/

Fixed target Experiments

SLAC:

e~ beam Pz=0.80-0.85

Solid target Pg=0.80-0.85 (f=0.1-0.5)
HERMES:

Gas target P;=0.85-0.88 (f=1), spin flip every ~1ms
EMC, SMC:

u polarized beam from 1 weak decay, Pg~0.80

COMPASS:

2-3 cell target with opposite polarizations

JLab:
High intensity polarized e beam, spin flip every 30ms

A.Bazilevsky, SPIN16

Collider (RHIC)

v' Bunch spin configuration) alternates
every 106 ns , P;~0.6

v Data for all bunch spin configurations
are collected at the same time

=> Possibility for false asymmetries is
greatly reduced

35



Bjorken and Ellis-Jaffe Sum Rules

N = %( Au + Ad+ As)

1 1 "™ =+ a3+ —as + —a
= —(Au—Ad) +%(Au+Ad—2As) + 5 (DutAd+As). 1 12773 " 9"
. . . — /\
Axial charges: AL, = Uy P
= Au-Ad -Isovctor = a3S,
= Au+Ad-2As  -Octet = agS,
= Au+Ad+As -Singlet = @Sy,
Isospin invarince: a; = F+D = g,/g,, = 1.270£0.002, from neutron 3 decay
SU(3); symmetry: ag = 3F-D = 0.585+0.025, from hyperon (3 decays
F, D are symmetric and antisymmetric couplings obtained from hyperon decays
Ellis-Jaffe: As=0 (=> a,=ag) Bjorken:
P _ 1 n 1 Eoo(O2 4 B (O? p om 1 1{ga
1 - 12 (0,3 + 30'8 'A'\'S(Q ) + 300 S(Q ) Fl — Fl = EangNS = 6 g—‘ ENS
Ens(Q?) — 1_7—(3)933) (a‘ )9 (20.2153) (“7) — (130) (%)4
A.Bazilevsky, SPIN16 Es(@) = 1-=*—(L0959) (= )2— (6) (07)3 e
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DIS kinematics
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Helicity PDF: first moments

DIS: COMPASS, arXiv:1503.08935

First moment | Value range at Q° = 3(GeV /c)”
AL [ 026, 036]
Au+ Au [ 0.82, 0.85]
Ad +Ad [ —0.45, —0.42]
As +AS [ -0.11, —0.08 ]

SIDIS: COMPASS, PLB693,227 (2010)

Table 4

First moments of the quark helicity distributions at Q3 =3 (GeV/c)? truncated to
the range of the measurements and derived with the DSS fragmentation functions.
The first error is statistical, the second one systematic. The values of the sea quark
distributions for x = 0.3 are assumed to be zero.

X range 0004 «x<03 0.004 <« x<07

Au 0.47 +0.02+0.03 0.69+0.02+0.03
Ad —0.27 +£0.03+0.02 —033+0.04+0.03
All 0.02+0.02+0.01 -

Ad —0.05+0.03+0.02 -

As(A3) —0.01£0.01£0.01 -

Ay 0.46+0.03+0.03 0.67+0.03+0.03
Ad, —0.23+0.05+0.02 —0.28+0.06+0.03
Ail — Ad 0.06+0.04+0.02 -

All + Ad —0.03+0.03+0.01 -

AX 0.15+0.02+0.02 0.31+0.03+0.03

A.Bazilevsky, SPIN16

Global: DSSV, PRL 101, 072001 (2008)
TABLE IL.  First moments A £} =" at 02 = 10 GeV?.

Xoin =0 Xmin = 0.001
best fit Ay* =1 Ax*/x? =2%
Au+ Aq 0.813 0.793+0911 0.793+00%8
Ad + Ad —0.458 —0.4169911 —0.4167993%
Adi 0.036 0.028 70921 0.028*303
Ad —0.115 —0.089+9.029 —0.089730%
A5 —0.057 —0.006+0-910 —0.006*§03%
Ag —0.084 0.013+01% 0.013*47%
A3 0.242 0.366*9913 0.36610042

Before RHIC Run9 data for AG

No W data yet
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1.0

AG

0.0

-0.5

-1.0

1 1 | 1 1
5 10 50 100 500 1000
Q% [GeV?]

Q2 dependence

AG is dynamic value — Q2 dependent
- — AG can be large at large Q? (and can be >>1/2) no
matter how small it is at some low Q?
Large AG at large Q? is compensated by L,

1 proton 1

5 =§AZ+Ag+Lq+Lg
At large Q2
3n 1 16
Tasar =1 2" o8 Ag+L, == =0.32
2 ! 23n,+16 23n,+16




Subprocess Fraction
5
T T T | T T T | T T T |

A.Bazilevsky, SPIN16

1
0.15
X (=2p

{%2

o
n

TIT [T T T[T T T[T [ T T I[TrrT

Subprocess Fraction
L
>

N soals A T I
0.05 01 016 02 0.25 03 035

" 99 a9

pp—jet+X
NLO CTEQEM
Anti-kT R=0.6
i<t

04 045
Jet X (= 2p'l

P

ﬁois

- A gg-gg  Daqg-qq
B qq»qq E gg-qg
- C qq'>qq  qg-ge
E q@-q9  qg-gy
- qg~qg q9-qq
g 9g-qY qq-l1

aadaaadaaa laaa o laaalaaaliag

08 04 0 04 08

cosV
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Projection

pp—=>W= — |

AL B 6 +p— w*
{s = 510 GeV
L = 716 pb™ (delivered)

0.5
<P>=53%

I

-0.5 STAR PHENIX

B e  W'oe*+X (25<E]<50GeV)

B o W St + X (E:>15GeV)

- - N CHE-DSSV (E_ > 25 GeV, Ay*/x2= 2%)
Loy

-2 -1 0

lepton

RHIC W-data will give a significant
constraint on anti-quark polarization

in the proton

A.Bazilevsky, SPIN16

S NF
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AY: The status

DSSV:

D. de Florian

R. Sassot
M. Stratmann
S A B . W. Vogelsang
OSH ] 0.042 2
= Q= 10 GeV> Lo N f dxAZ ~ 0.366 % 062 @106eV
5 A3(0*) = [ Ag, (x,0%)dx. N
O3 .
04 - 6
1
2
[ dxAZ ~0242@10GeV
0.2 == DSSV 2014 — >
with 90% C.L. band 10
eRHIC data:
e, - Y T _
0 004 [ XAu JE xAd ] 004
10° 10° 10" 107 107 10 lxminl ook kd 100
. . 0f ] 0
Drop in the integral due to shape of . e
polarized sea quark PDF aos DN —Dsvary 1 o0s
B I L [ : o
Important to measure flavor o0s [ xAs e N
separated sea quark PDF 002 f T,
v" To understand dynamics of the quark- / \//\\ 0
antiquark fluctuations 0er T 1os
v' Unpolarized sea is not symmetric: i = d o Qzl? CE‘\I e _“giitl z:f: i,
=> what about polarized sea? 0?2 10t 4 02 10t 4



