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Foreword

@> 7@’ Af(x, Q2) =77 (x, QQ) o (x Q2)

How do quarks (including sea quarks) and gluons carry the proton spin

S(p)==-= Z<P S|Jz(w)|P; 5 / dxAX(x, p) / dxAg(x, p) +

All quantities depend on factorization scheme and scale
Spin decomposition is not unique (Y. Hatta, S1)
Very little of the proton spin is carried by quarks

/ dxAY = / dx > (Aq+ A7) ~30%

0 q=u,d,s

Quark and gluon longitudinal contributions <= longitudinal spin-dependent PDFs
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@ Introduction
@ Impact of latest experimental results

e pp collisions at RHICH: W¥, 7 and jet production
o inclusive DIS: COMPASS and JLAB

© Recent theoretical progress

@ higher-twist corrections
o all-order resummation, higher-order computations

© Summary and outlook

DISCLAIMER

Emphasis on recent achievements in our knowledge of polarized PDFs
in global QCD analyses

Apologies in advance for not discussing your favourite subject
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1. Introduction

PLEASE BE

CONCISE AT 2 P.H,
THERE IS

ANOTHER TALK !

@

MAY I BOTHER YoU
FOR A WHILE ?
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Probes of nucleon helicity structure

Guiding principle: FACTORIZATION

oo

2 N 2 ~ Qs \" N
eg DIS dAo = Af(x. Q)@dAG,¢(xP,as(Q%)) dAG¢ = (T) dns',
s
q9,9,8 n=0
Reaction Partonic subprocess PDF probed x Q? [GeV?]
i _é‘ £{p,d,n} —» 1Ex T Aqgg“’ 0003<x<08 1<Q2<T70
i Au AT
0 {p,d} — £Ehx v*q = q Ad Ad 0.005 <x<05  1<Q2<60
- Ag
sors £ {p,d} — ¢EDx Y*g — ce Ag 0.06 < x < 0.2 ~ 10
. 88 — q8 < i < 2
- BB — Jjet(s)X a — az Ag 0.05 <x<02 305 p% <800
+ updg - W Au A 0.05 < x < 0.4 o M2
- Fp -+ WEX dioig — W™ Ad Ad B Xs My
88 — q8 2
v PP — X o — a8 Ag 0.05 < x < 0.4 1< p% < 200
Different processes constrain different PDFs, factorization is successful )
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Polarized vs unpolarized PDF determinatio

Limited (x, Q%) kinematic coverage
o ; g

o difficult to get Ag from scaling violations in DIS and SIDIS
— additional direct probes of Ag are needed (jets, open-charm)
@ need to use data down to Q? = 1 GeV?
— is perturbative QCD reliable?
— how much higher twists affect the perturbative description of observables?

@ No neutrino DIS data

@ no quark-antiquark separation from inclusive DIS
— limited set of W¥ production data in pp collisions
— SIDIS data require knowledge of fragmentation functions (extra uncertainties)

© Sum rules on shaky (?) grounds

o first moments of nonsinglet distributions <= hyperon decay constants
— some constraints on As and AX at small-x values
— is SU(3) symmetry broken?
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Recent determinations of polarized PDFs @ NLO

Fit Data sets Parton Distributions Uncertainties Latest update

AACO8 DIS, =° Aut, AdY, Ast, Ag Hessian Ax? = 12.95 [ ]
BB10 DIS AuT, Ad™, AG, Ag Hessian Ax? = 1 [ ]
LSS10 DIS, SIDIS  Aut, AdT, AT, Ad, A3, Ag Hessian Ax? =1 [ ]
JAM13 DIS AuT, AdT, AT, Ad, A5, Ag Hessian Ax? = 1 [ ]
e OSI apagr s naasae | SRE0SL L |
NNPDFpolil.1 a)i?ects Aut, AdT, AL, Ad, A3, Ag Monte Carlo [ 1

PDF uncertainties stem from three sources
@ the underlying data, affected by statistical and (correlated) systematic errors
@ the theory used to describe them, based on the truncation of a perturbative series

© the procedure used to extract PDFs from data

Available PDF sets are all based on item 2, but may differ significantly for items 1 and 3J
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2. Impact of latest experimental results

A LOT OF NEW
EXCITING bATA!
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1) pp collisions at RHIC: W* production

Proton helicity ="+" Proton helicity ="—"
- an
= , =
) 29
N /
>’ff§\,ﬁ,’7 \
Soey N
— \
— ==

Proton helicity ="+" Proton helicity ="—"
m— e —
i) f/v M \ag(xl) /,(J
ﬂ/ x) \( fute N
— —_—
Y [
W
AV~

ATl dy (1 — €05 0)? — Ady, Tixy (1 + cos 0)?

Uy dx, (1 — cos 0)2 — dyy Txy (1 + cos 0)2
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a- d d

backward lepton rapidity
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forward lepton rapidity

Longitudinal single- and double-spin asymmetries

A ot —o~ A ott —ot™
L= " — L= o
ot 4o~ ottt 4ot

FEATURES

quark/antiquark separation at Q ~ My
no need of fragmentation functions

at RHIC, (x2) ~ Mffvsvefmﬁ ~ [0.04,0.4]
for Wt, d «— d and Ad <— Au
non-trivial positivity bound [ 1

1+ Au(yw) > [ALlyw) £ Ac(—yw)|

no access to strangeness (W= + c required)

MEASUREMENTS

Helicity-dependent PDFs

STAR + PHENIX (Z. Jinlong & F. Giordano)

much more to come from ongoing RHIC run

October 21, 2014



1) pp collisions at RHIC:

= +
p+p > W e+ v
25 < E < 50 GeV

Vs=510 GeV

Rel lumi
syst

i HH STAR Data CL=68%
—— ---DSSV08 RHICBOS
- DSSV08 CHE NLO

LSS10 CHE NLO
DSSVO08 LO Ax*/x?= 2% error
3.4% beam pol scale uncertainty not shown

DSSV08 CHE NLO

-2 -1 0 1 2
lepton 1
Au [ P oW Setev
05~ (5510 Gev 25 < ES < 50 GeV _
i = |
[ % " w
05— +4+ 3+ STAR Data CL=68%

6.5% beam pol scale uncertainty not shown

05 1 lepton In|
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Helicity-dependent PDFs

W= production

Longitudinal single- and double-spin asymmetries

+ ++ +-

o' —o
ott fot—

— o

A= —
ot

AL =

FEATURES
@ quark/antiquark separation at Q ~ My
no need of fragmentation functions

at RHIC, (x12) Mffvsvefm/z ~ [0.04,0.4]

~

for Wt, d «— d and Ad <— Au

o
o
o
@ non-trivial positivity bound [ ]

1+ Au(yw) > [ALlyw) £ Ac(—yw)|

@ no access to strangeness (W= + c required)

MEASUREMENTS
@ STAR + PHENIX (Z. Jinlong & F. Giordano)

@ much more to come from ongoing RHIC run
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1) pp collisions at RHIC: W* production

Ay

AL

WHZopter
Run 12: pipat 5 =510 GeV.

Wook P16 Gey Wos e P30 Gev
o1 AL o) AL o920

o)

WAz

1 PHENIX Run 2009 + Run 201 (500
Run2012 (510 Gov) (10% scalo uncert)

PHENIX Run 2013 p4p 510 GeV
0l ® (10% scale uncert)

cons

——
050 PH ENIX ]
preliminary
103 1 0 1 2
Ylu
< fwez w2

CHE
* < —Dssv
N P +++ DNS max
0 P} >30Govic PH ENIX _ o o
Iy <035 prefiminary __ grsv sta
b ~— GRSV val
Lo bbb bl Lol Lolinl —
45 4 @5 0 05 1 s a5 4 05 0 05 1 15
y, y,
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Longitudinal single- and double-spin asymmetries
ot —o” o

gt
¥ - Au=
ot +o ottt +o

AL =
FEATURES
@ quark/antiquark separation at Q ~ My
@ no need of fragmentation functions
@ at RHIC, (x12) ~ Mffvsvefmﬁ ~ [0.04,0.4]
@ for Wt, d<+— dand Ad «+— Au
@ non-trivial positivity bound [ 1

1+ Au(yw) > [ALlyw) £ Ac(—yw)|

@ no access to strangeness (W= + c required)

MEASUREMENTS
@ STAR + PHENIX (Z. Jinlong & F. Giordano)

@ much more to come from ongoing RHIC run
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1) pp collisions at RHIC: W* production

EFFECTS ON AT AND Ad DISTRIBUTIONS

0
i

XAU(x,Q2=10 GeV?)

| NNPDFpol1.1

SSV08 Ax?=1

— positivity bound

L |

102 107 2 1
X 10 10

X
NNPDFpoll.1: W¥ i, SIDIS ® DSSV08/++ : W* x , SIDIS i

----- DSSV with COMPASS SIDIS 4
004 - -

DSSV++ with STAR W data

@ start to test of what we know about light sea quarks from SIDIS with pions
@ looming (mild) tension between W= and SIDIS data?

@ are fragmentation function uncertainties underestimated?
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1) pp collisions at RHIC: W* production

EFFECTS ON AT AND Ad DISTRIBUTIONS

xAd(x,Q?=10 GeV?)

r

xAd
Q% =10 GeV*?

002 -

-0.02

[7ZJNNPDFpol1.1
DSSV08 Ax?=1
— positivity bound
I R | .
102 107 1 2 a1
X X

NNPDFpoll.1: W¥ i, SIDIS ® DSSV08/++ : W* x , SIDIS i

-0.04

[ ‘

3

@ start to test of what we know about light sea quarks from SIDIS with pions
@ looming (mild) tension between W and SIDIS data?

@ are fragmentation function uncertainties underestimated?
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1) pp collisions at RHIC: W* production

EFFECTS ON FLAVOR ASYMMETRY AT — Ad

0.12 0.12

oif. Seaasymmetry osf. X(AT - Ad)
0.08 0.08
0.06 0.06

0 1 E LUUNIT
-0.02- 3 -0.02(-
o0af Q°=10 GeV? E ooaf. Q?=10 GeV2 MG (p) - PB (ansatz)
-00s]- [} NNPDFpol1.1 x(a0- A7) E 006 [777) NNPDFpolt.1  —MC () -CQsM
008 NNPDF2.3  x(d-1) 3 DSSV08 Ax?=1 ' MC (w-0) -~ ST
TRl | L e— TRl R | Ll e—
10° 2 10" 1 10° 2 10" 1
X x

@ the polarized asymmetry is sizable and comparable to the unpolarized asymmetry

@ polarized and unpolarized asymmetries have opposite sign _ B
— large uncertainties, difficult to determine whether |[AT — Ad| > |o — d|

@ the polarized asymmetry is positive, hence some models are likely to be disfavored
— more data are needed to discriminate between models

11 /25
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2) pp collisions at RHIC: jet and 7 production

AG AG AgAG Aglq
G G q G N
M % E Longitudinal double-spin asymmetry
. TN o ot — ot
Jet production LL = m
s *F FEATURES
. @ at RHIC, (x1.2) ~ 22Le~7/2 ~ [0.05,0.2]
% oaf- fromsnd 2 P2 = Tse D
8 Mo CTEGen pea? _ .
goa y w @ gg and gg initiated subprocesses dominate
@ — . .
LS — (for most of the RHIC kinematics)
O @ A, sensitive to gluon polarization
7 production @ cross sections are well described at NLO in pQCD

MEASUREMENTS
@ STAR (mainly jets) (Z. Chang & C. Dilk)
@ PHENIX (7 production) (A. Manion & I. Yoon)

@ much more to come from ongoing RHIC run
— gaining precision
— di-jet measurements

04 -
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2) pp collisions at RHIC: jet and 7 production

£ STAR 2009

E +p - Jet+X . . .

E p@fzoo Gev _ Longitudinal double-spin asymmetry

E _

E - —
GousE ottt — ot

2 A=

E o+ o

FEATURES

@ at RHIC, (x12) ~ 2%677:/2 ~ [0.05,0.2]

_ @ gg and gg initiated subprocesses dominate
(for most of the RHIC kinematics)

@ A sensitive to gluon polarization

@ cross sections are well described at NLO in pQCD

+6.5% scale uncertainty
£ from polarization not shown R

3 ‘ 35 MEASUREMENTS

10

Ptsrton Jef%T (Ge\%/sc)
@ STAR (mainly jets) (Z. Chang & C. Dilk)

GRSVAg=-g —DSSV B+b)4)n0+x
ssTaR R Soaoc | T @ PHENIX (7 production) (A. Manion & I. Yoon)
--------- T +[# @ much more to come from ongoing RHIC run

! — gaining precision
— di-jet measurements

L
T
©
H]
@
2
>
<

@

1

6% Scale Uncertainty

[

P, [GeV/c]
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2) pp collisions at RHIC: jet and 7 production

%3 Fa= ossvos
< 0025 :_-IH GRSV ag(x)=0 /
I S P Longitudinal double-spin asymmetry
F @ P, Corelated Systematic Uncert.
oo1s - s - e
E _ A o — 0
0.01 — e —
E L] Iy LL =
E ++ +—
oons - /J./ R ot +o
ofﬁ/ﬂdflﬂ'f-""."*"'"" - FEATURES
s e @ at RHIC, (x12) ~ 2%6*7:/2 ~ [0.05,0.2]
oon . 42x10" bl shit uncert. (a) =,
¢ 0 3 + $ " w"] @ gg and gg initiated subprocesses dominate
o, 100V . )
(for most of the RHIC kinematics)
40.14,
ot Ay () @

@ A sensitive to gluon polarization
01

£ 7% vertical scale uncertainty

@ cross sections are well described at NLO in pQCD
MEASUREMENTS

@ STAR (mainly jets) (Z. Chang & C. Dilk)
£ @ PHENIX (7 production) (A. Manion & I. Yoon)

R T R I A S B R
b, (GeVic) p, (GeVic) .
@ much more to come from ongoing RHIC run
— gaining precision
— di-jet measurements
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2) pp collisions at RHIC: jet and 7 production

EFFECTS ON Ag DISTRIBUTION

XAg(x,Q?=10 GeV?)

T
' > 2
0.2 Q" =10GeV

xAg

PRI

0.1 |

1

P

P

1

[Z] NNPDFpol1.1
SSV08 Ax?=1
—— positivity bound
—, 1 | Y S
10° 10* 10"

X

PR

- - - DSSV
Lol Lol PR
-3 -2 -1
10 10 x !

NNPDFpoll.1: jet data /], m data X DSSV++: jet data 1/, ™
first evidence of sizable gluon polarization
NNPDFpoll.1 and DSSV++ results in perfect agreement

most significant constraints come from STAR jet data from 2009 run

the gluon polarization remains largely uncertain outside the x-range probed by RHIC
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3) More DIS data: COMPASS

INCLUSIVE DIS (F. Kunne) OPEN-CHARM PRODUCTION (K.Kurek)

@ new measurement of A7 and g (2011) @ idea: process receiving (dominant)

@ beam energy increased to 200 GeV contributions from 7*g fusion

. > . phmon:_anhe
@ lower values of x and higher values of Q & real orvirtual
open charm
o % wux=0.0036 (=00 T O om hadrons
[ ifee=00045 A s 0 e -
— [ + } ..x=0.0055 @ s Y conpasan 1ea s
& [, (SR
B @ new evaluation of gluon polarization at
o =0.012 .
byt B ) LO with a neural network approach
L i <0017 =07 (17.3-ix))
oot
L & gve i%'m x=0.024 o 0.6
[ . Y . —..x=0.035 = © COMPASS, all-p, Q*>1 (GeVic)’, prel., 2002-06
L el }{) ‘%H:J' %=0.049 2’ A COMPASS, Open Charm, 2002-07
. i - e . 0.077 (i=10) 0.4r COMPASS, high-p, Q%<1 (GeV/c)’, prel., 2002-04
| ey oy Ben S o SMC, high-p,, Q*>1 (GeVicf
b oo gt o By F-ax=012 . 0.2] * HERMES, high-p,, ail @* i
A e g0 O h g T X017 F —t —
oD O W - e g X022 ok T .
r OO T OGP T Dy X=0-29 L i
o [
L O B GG Sl 00 O @en @ =041 02;
o O3 S X=0.57 L
ol L e e ey X074 | S o4l L &
1 10 10° 102 10"
Q? (GeV/e)* Xg
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3) More DIS data: JLAB

INCLUSIVE DIS: g1 AT LARGE x INCLUSIVE DIS: g»
(P. Bosted) (S. Choi & M. Cummings)
@ new data on gf’d/Flp’d from CLAS @ measurement of gj"’e by JLAB Hall A

| ‘TJ @ much more to come from JLAB Hall C

)r»/-‘ Ol T T~ T T T T T T T
L:u i [ Panel a)
HH“‘ ’WL g 005

MLH*' »’Ec,,N ”?‘ﬁ l {;;_ ] Jn —
Nl==RE ; [ ][ Lo ]
005~ O E01-012 (Resonance) |
F o E99-117 1
r s BT ]
T

@ new data on Af from Hall A ) )

I [ Panel b) = This Work (E =47 GeV) |

F o stackie o staceiss [ & e This Work (E = 5.9 GeV)

08E r Global Analyses 4

ok 0005~ é B

0.4 " DSE (contact [ [ ]
E - - — 9 23 7o —

£ .- - e £ r y b q

i 5 IREsE RS TR

E P N %o ey \ﬁ S

Meskroyt | B [ hbrtanoo

FRLARS [ 1 ]

s 0,005~ — 4

06 [ | N — |
Y T N T T T TV TN T 001l | | | | 1.5

0102 03 04 05 06 07 0% 09 | 0y 02 04 06 08 1

X
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3) More DIS data: JLAB

POTENTIAL IMPACT OF JLAB DATA ON LONGITUDINAL ASYMMETRIES

15— — r 7
AN(x.Q%=4 GeV?) 1 L Alx,QP=4 GeV?)

11— 2 L
= /1 05—

05 b oL ]
o 7 05 +E154 7
[ =E143 J F =E155 [ZZINNPDF q
[ <E155 [ZINNPDF ] [ -=HERMES [JrcaM  ---Lss(Bss) |

0.5 = HERMES [CJrcam  —-NiL i - +JLABE99-117 ---Avaetal. — NJL ]
r =+JLAB E93-009 - - Statistical — SU(6)-breaking - L +JLABE06-014 - - Statistical — SU(6)-breaking {
Cova bl b o b b oo Lol Bl oo oo Lo o o Lol

0. 03 04 05 06 07 08 09 01 02 03 04 05 06 07
x X

@ JLAB data are much more precise than previous measurement

JLAB data cover the large-x region, up to x ~ 0.7

@ JLAB data are expected to have significant impact in narrowing PDF uncertainties
— better determination of total up and down distributions
— possibility to test different models of nucleon structure in the valence region
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3. Recent theoretical progress

ANY NEWS FROM

THE THEORY SIDE?
& &
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1) Progress on inclusion of higher-twist corrections: JAM13

0.08 . 0.04 0.5
. : - -
0.06 xg, - - - - ref.
004 proton 00 04 :
X N Bt + smear |
002 -~ heutron 0 xAu +TMC
o 002 0.3
0.02 | -
002 fromprretoeroes et eeeet] 0.04 0.2
oot 73 0.03
1 ' 0.1 | 53
o ] 0.02
1 0
001 1 001
0.04 - ’ 0 0.1
002f T4 1 +
D — 02F - A E
o 001 0= 1Gev? 0.2 ‘ ‘ xAd ‘
0.04 . 002 -
0 02 04 06 08 0 02 04 06 08 0 0.2 04 06 038
x x X

@ leading-twist factorization of g1 and g» receives contributions from higher-twist terms

4

T=3

gi=g ‘+gl ‘He ' @=g '+

— g{:2 can be related to g{zz via Wandzura-Wilckzek relation [ 1
— g{:3 can be related to gf:3 via Bliimlein-Tkablaze identity [ |
— gZT:3 can be parametrized (using e.g. the form by Braun et al.) [ 1
— g7 =* can be parametrized as g7 ~*(x, Q%) = h(x)/Q? (D. Hui)
@ higher twists to both g; and g» are included in JAM13
@ higher twist contributions are sizable and are needed for describing JLAB data properly
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2) Progress on all-order resummation

DIS: Hall A data | ] SIDIS: G. Karayan data | ]
0.6 — T L e e L i e e AR RR R R AL
r T T T e ]
r —— Resummed Bl [ ]
[ ] E Resummed 4
,,,,, Ao [ ]
o4l T Hanadaa B 1.00— _]
I 1 Eoml ]
=~ 02 — t. [ ]
S . 1= & I ] =
2 L ] té 0.50 — -
[ / ] 0.25— —
P IR DU TV IOV T R F R
0.2 03 000
x x
@ resummation of large logarithm corrections to spin asymmetries in DIS and SIDIS
@ asymmetries are rather insensitive to the inclusion of resummed higher-order terms
@ modest decrease of spin asymmetries at fairly high x values, more pronounced for SIDIS
@ most relevant for JLAB kinematics, important for future high statistic JLAB12
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3) Progress on higher-order computations (MS scheme)

linear scale logarithmic scale
T

0.2 T T T 0.2 T T T 0.03 T ™ 0.08 T T

dAqg/dIny’ dAg/dIny? dAgg/diny’ dAg/diny’

M, =03, N;=3 0.6

* 1/(1-x)*

* 1/(1-x)°
|

I I | 03 I I I I 001 - - " 0 - _
0 02 04 06 08 1 0 02 04 06 08 1 10 10° 1072 B “ - 2 !

NNLO (three-loop) corrections to spin-dependent splitting functions have been computed
NNLO corrections to the splitting functions are small outside the region of small x

corrections to the evolution of the PDFs can be unproblematic down to x &~ 10—*

QCD analyses of polarized PDFs are now feasible up to NNLO accuracy
— only in a FFN scheme (VFN would require non-trivial unknown matching conditions)
— only including DIS data (coefficient functions are know at NNLO only for DIS)
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4. Summary and outlook

Emanuele R. Nocera (UNIGE)

ity-dependent PDFs

FINALLY THE
END OF THE TALK |

October 21, 2014

MAYRE THE END
OF THE TALK.,, BUT
NOT THE ENb OF
THE sToRY |
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A new standard of spin-dependent PDF

0.
E 0.15]
04F xAu o XAd o06f XAg
03 Q°=10 GeV? . o4F -
005 02k .-
02- ’ E E
’ o - 0
ot e -0.05F - R 0.2
T o1 -04-
& 0.15F 08
0.1~ — GS96 0.2F b3
— positivity bound -
P L Y L -0.25¢ L L . L
10° 10?2 107 10° 10? 10" 10° 10?
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0.02- 0.02F xad 0.02r
001 0.01-
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001~ . 001 < -0.02-
002 T 0.02F -
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Polarized PDFs took the first steps
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A new standard of spin-dependent PDF

045 xAu
03- Q?=10 GeV?
0.2

0.1

F - INNPDFpol1.1
0.1 — GS96
— positivity bound

. .

10° 0?10 1

.
10° 10?2

.
10" 1

Polarized PDFs are coming of adult age now )
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Achievements & open issues

ACHIEVEMENTS
@ new data are improving the accuracy of PDFs determined in global QCD analyses
@ there is evidence for a positive gluon polarization in the x region covered by RHIC data
@ a determination of Az and Ad distributions from W data is now possible

1 0.5
/ dxAY (x,10 GeV?2) = 0.25 + 0.10 dxAg(x,10 GeV?) = 0.23 + 0.07
10-3 0.05
OPEN ISSUES

@ uncertainties coming from the small-x unmeasured region dominate

1 1
/ dxAY(x,10 GeV?) = 0.18 + 0.21 / dxAg(x,10 GeV?) = 0.03 & 3.24
0 0

@ is there mounting tension between inclusive DIS and (kaon) SIDIS data?

— DIS data = negative xAs
— SIDIS data = changing sign xAs XAs
— new, very precise, JLAB data (DIS) 0.01- Q=10 GeV? 4
point to negative xAs [ 1 0
— simmetry breaking? (F.-C. Cao) 001

directly from SIDIS
0.02-
K,

indirectly from DIS

> é
P =
DIS

10° 10? 107 1
X

@ need for a better knowledge of FF 0.02
— new data are now available 00 ,ggg\[/)ggoné‘

N Ay=1

(F. Kunne, G. Karayan) _ 004k —postivity bound
— global QCD analyses are ongoing ‘ ‘
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Opportunities at a future EIC

\ T
= REQUIREMENTS & FEATURES
S 10*E current polarized DIS data:
i OCERN ADESY ¢lLab-6 O SLAC o Iarge kinematic reach
o current polarized BNL-RHIC pp data: | A
O,UL o PHENIX 7’ 4 STAR I-jet v W bosons — hlgh—energy collider
Starting up: 555 JLab-12 .. .
projected CC DIS data: @ precision of electromagnetic probes
o eTTes — electron beams
@ spin
0 b — polarized hadron beams
@ versatility
N S s . ‘ — heavy ion beams
10 107 10? 10"
DELIVERABLES OBSERVABLES WHAT WE LEARN
Ag scaling violations in DIS gluon contribution to proton spin
_ . uark contribution to proton spin;
Agq, Ag SIDIS for pions and kaons 4 _ P P
flavor asymmetry A — Ad; strangeness As
- inclusive CC DIS at high Q2  flavor separation at medium x and high Q2
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[ xAu JE xAd E
oosp XA * o EXPECTED IMPACT OF EIC DATA
0.02 - 1 - 0.02
TN . @ dramatic reduction of uncertainties
vk > o of both PDFs and their moments
rrrrrr DSSV
oo e e Jom @ accurate determination of Ag via
L L wul L . . . .
— w Er ‘ 7 03 scaling violations in DIS
004 XAs JF xAg _
ank 3 1% = @ accurate determination of Au, Ad
) o~ ER via SIDIS and CC DIS
—_— _4 -0
002 ¥ 1o, @ access to unknown electroweak
004 E Q7= 10 GeV? E , structure functions via CC DIS
L L C L L a 02 o
107 0! k1 107 ' g o1
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Ag scaling violations in DIS gluon contribution to proton spin
_ . uark contribution to proton spin;
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Opportunities at a future EIC

0.1 _ -
F x(Au -Ad) 1
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1

[ Ag(x,Q% dx
' =}
e

0.001

&0 DSSv+

05 K [ . iy
B e | . Besv e ]
EIC znxzs()jg B DSSV+ &EIC 5x100, 5x250 1
all uncertainties for A’=9 | 2 -0.05 all uncertainties for Ax’=9 —
T Y P B s v S
03 035 , 0.;& 045 103 102 - ]
[AS(x.Q) dx
0.001
DELIVERABLES OBSERVABLES WHAT WE LEARN
Ag scaling violations in DIS gluon contribution to proton spin
_ . uark contribution to proton spin;
Ag, Ag SIDIS for pions and kaons q Hon o p P
flavor asymmetry At — Ad; strangeness As
gV g inclusive CC DIS at high Q2  flavor separation at medium x and high Q?

(X. Jiang)
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Opportunities at a future EIC
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DELIVERABLES OBSERVABLES WHAT WE LEARN
Ag scaling violations in DIS gluon contribution to proton spin
Aq, Ag SIDIS for pions and kaons quark contribution to proton spin;
' flavor asymmetry A — Ad; strangeness As
glw , g5W inclusive CC DIS at high Q? flavor separation at medium x and high Q2
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Take away message

Spin experiments continue to produce high impact results
(STAR, PHENIX, COMPASS, JLAB)

Theory efforts and global QCD fits try to keep up interesting physics questions
in gluon/sea quark regime

The next (last?) chapter in the tale of the proton spin will begin with an EIC

Electron lon Collider:
The Next QCD Frontier
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Predictions for single-hadron production asymmetry

ottt —ot— > abc—ggg 2 ®Hh® DY @ A&<,

AR — =
LL =
ott +ot- X:a,l:uc:q,a,t;f fo®f,® DI @ 9

PHENIX [ 11 11 ] STAR | 1
IO S I N B e R e R e R
S 0 | S 0 |
EAL E E AL ]
0.3~ - 0.03~ -
[ Vs=200 GeV E [ (s=62.4 GeV E
002 4 0.02- =
0.01; —f o.otf— —f
'0-01; —f -0401; é
-o.ozf— é -0»02; ’f
-o.nsf— —f -0.03; —f
[ NLO QCD, NNPDFpol1.1 E [ NLO QCD, NNPDFpol1.1 ]
0.04 - 0.0~ -
f\\;\\\i\\\‘\;\\\;\\\‘\o\— 7”4\”\1.\5\\”;\\HZESHHS\HHJS\\u‘\tu—

p, [GeV] P, [GeV]

@ Good agreement between experimental data and theoretical predictions
@ Experimental uncertainties are larger than than those of the corresponding predictions

@ We expect a slight impact on the gluon PDF from these data
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s Al 1A
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Predictions for single-hadron production asymmetry

ottt —ot— > abc—ggg 2 ®Hh® DY @ A&<,

AR — =
LL =
ott +ot- X:a,b,c:q,a,g fo®f,® D ® 9
PHENIX [ 11 11 ] STAR | 1

A e Frr T

E ALL E 0403:— ALL
ol V5=200 GeV . [ Vs=200 GeV

[ 0.8<n<2.0 ] L Inl<0.38

L A [ 74
o%E B 001 .

S | | 4 i

b % ! 1
-0.05} {
< NLO QCD, NNPDFpol1.1 ] NLO QCD, NNPDFpoli.1-]

H\\5‘\\\\6‘\\\\;\\\\&\\\\;\\\\1‘0\\\ 1\1\\\\12 HA\\HA\HS\H\1\0\\\1\2\\\‘\4”\1\6\\*

p, [GeV] P, [GeV]
@ Good agreement between experimental data and theoretical predictions
@ Experimental uncertainties are larger than than those of the corresponding predictions

@ We expect a slight impact on the gluon PDF from these data
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Predictions for single-hadron production asymmetr
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@ Good agreement between experimental data and theoretical predictions
@ Experimental uncertainties are larger than than those of the corresponding predictions

@ We expect a slight impact on the gluon PDF from these data
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Effects of open-charm production at COMPASS

Virtual photon-nucleon asymmetry for open-charm production
[ 1
ATN—DOX _ Ag ® N6y ® DY
Ry ® D¢
FEATURES

@ Ag is probed directly through the photon-gluon fusion process
(in DIS Ag is mostly probed through scaling violations instead)

@ the fragmentation functions for heavy quarks are computable in perturbation theory
(and only introduce a very moderate uncertainty in the fit)

EXPERIMENTAL MEASUREMENT
@ COMPASS (2002-2007) [ ]

2
i X~/ Ndat

Experiment  Set Naat  yNppFpo11.0  DSSVOS ~ AACOS  BB10

COMPASS 45 1.23 1.23 127 125

COMPASS Kl 15 1.27 1.27 143 138

COMPASS K27 15 0.51 0.51 056  0.55

COMPASS K37 15 1.90 1.90 181 1.82
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Effects of open-charm production at COMPASS

o
AN LamasEREE Eane

P E L | _ E
! ] i INREREE ]
R J [ 9 i E
—————— DSSV08 El - DSSV08 $ - DSSV08 El
--- AAC08 | --- AAC08 A i --- AAC08 |
— BB10 1 — - BB10 — -BB10 ]
[ZZINNPDFpoli.0 [ZZ] NNPDFpol1.0 [ZZINNPDFpoli.0
—— COMPASS Kin E —— COMPASS Kin —— COMPASS Kin E
oo TRESE T oo TRESE ] Ceoom TR ]
T R T e T
P2 [GeV] pY’ [GeV] P2 [GeV]
Data are affected by large uncertainties w.r.t. the uncertainty due to PDFs
They do not show a clear trend
E . t Set N, Xz/Ndat
Xperimen € dat  NNPDFpol1.0  DSSVOS  AACOS  BB10
COMPASS 45 1.23 1.23 1.27 1.25
COMPASS K1m 15 1.27 1.27 1.43 1.38
COMPASS K2 15 0.51 0.51 0.56 0.55
COMPASS K3 15 1.90 1.90 1.81 1.82
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Effects of open-charm production at COMPASS

ot
[

o
TP

NNPDFpol1.0

[I71] NNPDFpolt.0
NNPDFpol1.0 AW

INPDFpol1.0 RW— W
JOMPASS Kin ] —e— COMPASS K1n ]
= --0-- COMPASS K21 { --0-- COMPASS K2 — --0-- COMPASS K21 {
[ Eo<30[GeV] | o COMPASS K3t ] [ 30<Ep<50[GeV] o COMPASS K3t [ Eo>50[GeV] o COMPASS K3t ]
T R T e T
P2 [GeV] pY’ [GeV] P2 [GeV]
The impact of open-charm data from COMPASS is mostly negligible,
as we notice from the value of the x?/Nynda: and the reweighted observable
Experiment  Set Naat  X*/Naat X2y /Naat
COMPASS 45 1.23 1.23
COMPASS Kim 15 1.27 1.27
COMPASS K2 15 0.51 0.51
COMPASS K3 15 1.90 1.89
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