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Polarized PDFs in a nutshell ]

@ The momentum densities of partons with spin () or (i) w.r.t the nucleon

Af(z) = fM(z) - fH (), f=u,,dds

@ Allow for a proper field-theoretic definition as matrix elements of bilocal operators

© Guiding principle: (leading-twist) factorization and evolution
© Combining theory and data with a suitable methodology

Theoretical constraints

(z,Q%)] < f(z, Q%)

integrability (the nucleon matrix element of the axial current for each flavor is finite)

SU(2) and SU(3) flavor symmetries (related to the baryon octet 3-decay constants)

1 1
az = / dx ATs = 1.2701 £ 0.0025(+0.176) as = / dx ATs = 0.585 £ 0.025
0 0

AT; = Au+ At — Ad— Ad ATy = Au+ Au + Ad + Ad — 2(As + A3)
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The data

Process Reaction

Subprocess PDFs probed
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Kinematic coverage
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Evolution of NNPDFpol fits

[ NNPDFpol1.0 | ] }

e inclusive DIS data from CERN, SLAC and DESY on gf’d’"
Yol 2 L,TMC  pHT L
o (Ons © Aans 4 Cs @ AR+ 20,00 89) + o + o+ 0(55)

91(z, Q%) =

leading-twist factorization power-suppressed TMCs and HT
e kinematic cut W2 > 6.25 GeV? to remove sensitivity to dynamical HTs [
e inflated uncertainty on ag (up to 30% of its exp value) to allow for SU(3) violation
e NLO perturbative accuracy, MS renormalization scheme, ZM-VFN scheme

NNPDFpoll.1 | | ]

e + new collider data from RHIC, included via reweighting:

— jet production: STAR [ 1, PHENIX [ ]
— W-boson production from STAR | 1

e + open-charm production: COMPASS [ ], included via reweighting
[ NNPDFpoll.2 [ ] }

e + new inclusive DIS data, included via a complete refit:

— COMPASS | 1(p) 1 1(d)

— JLAB | 1 (p.d)

e + new collider data, included via reweighting:

— di-jets [ ] and W's from STAR, 70 from PHENIX [ ]
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Impact of RHIC data: Au — Ad and Ag ]

W* boson production
first evidence of broken flavor symmetry
for polarized light sea quarks
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X

(@1,2) = HWe™m/2 ~[0.04,0.4]
A > 0> Ad, |Ad| > |Ag]

.04
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0.4
/ da Asea (2, Q% = 10 GeV?) = 40.0640.03 /
0 0.0

High-pr jet production
first evidence of a sizable, positive
gluon polarization in the proton

Fxag

o

$-Q%=10 GeV?

DSSVi4
[E] NNPDFpolt.1
— positivity bound

-0.8]

Ll Ll L
10° 10? 10"
X
2 —
(21,2) ~ %e /2 % [0.05,0.2]

NNPDF and DSSV results well compatible

0.2
dx Ag(z, Q% = 10 GeV?) = +0.23+0.23
1

Polarized NNPDF



Impact of JLAB data: total Au™ and Ad™

Inclusive DIS

T T T T T T T T T 9 E T T T T T T T T T ]
£ ] 01— 3
05 XAUT(X,Q%=1 GeV?) [7]nwporpoltt E xAd*(x,Q%=1 GeV?) [7]nweorpoit.t
E NNPDFpolt.1 rw 0.05F NNPDFpol1.1 w ]
04— = — C = |
£ 3 o -
0.3 = £ E
02 E -0.05 E
04 3 e E
of S E
£ 1 02— E
01 | | L Y | | L]
0.035 0.03=
0.025E Oyxau* N - - - NNPDFpol1.1 0.025E Oxad* LD - - - NNPDFpolt.1
0.02 LT — NNPDFpol1.1 rw - 0.025- s, — NNPDFpol1.1rw =
0.015- - E 0.015= - AN E
001 _.---="" e E 001 T E
0.005[ ~. ~ T E 0.0055= — e
0 . . . . . . ==t = o , . . . . . . . ik
0™ 0i 02 03 04 05 06 07 08 09 00102 03 04 05 06 0.7 08 09
X X

conservative kinematic cut on the invariant mass of the final state

w? = mi%QQ > 6.

25 GeV

in order to remove sensitivity to dynamical higher twist
PDF uncertainty reduced up to 50%
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Impact of new RHIC data: Au — Ad and Ag |

W* boson production

first evidence of broken flavor symmetry

/
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0.6 STAB prel. (2013)

0.4

.04

for polarized light sea quarks

0.6 Af-
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NNPDFpol1.1 (w)
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An > 0> Ad, |Ad] > |Adl

MTG m/2

High-pr di-jet production
confirm a positive
gluon polarization in the proton

Dlets . )
AZ™ [sign(ny)=sign(n,)]
0.06 | s=200 GeV n; ,1<0.8

NNPDFpol1.1
NNPDFpol 1.1 (rw
002 st (2009)

0.08 2]ets

[sign(n,)#sign(n,)]

M2je|s [GeV]
(w1,2) = PE (e*73%M4) % [0.01,0.2]

x sensitivity extended down to x ~ 0.01

0.2
dz Asea(z, Q% = 10 GeV?) = 4+0.0740.01 /001 dz Ag(z, Q% = 10 GeV?) = +0.32+0.21
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Open issues: small-x extrapolation | ]
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NNPDFpol1.0 +0.23 £0.15 —0.06 + 1.12
NNPDFpoli.2 +0.25 £0.10 40.49 +0.75
NNPDFpolEIC +0.24 £0.04 40.49 4+ 0.25

1 2
zj dxAZ(x,Q7) -

Xiin

quarks and antiquarks ~ 20% — 30%
- L L L ] gluons ~ 70%
10 10 x‘:i" 10 OAM ~ 0%
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Open issues: how much AX is there at small 27 ]

Agtml(@?)
—— DSSV14

- — - This work (x=0.03)

— — This work (x,=0.01)

— - — This work (x,=0.001)

Small-z evolution equations for g;
based on the dipole model
resum powers of as In?(1/x)
become closed for N¢, ny large
a solution for the flavor-singlet is

1

*h
g1 ~ AY ~ (*) 5 ap ~ 2.31
T

asN¢
2m

Potential solid amount of spin at small =
attach A (z, Q?) = Nz~ “hat z¢ to DSSV
detailed phenomenology needed

Should be tested at an EIC

Emanuele R. Nocera (Oxford)

0 FIT1

02, - FIT2 zzzzzz -
04  Mo=1GeV FIT3 =z -

} SR
10°  10* 10% 102 10" 10°
Xmin
FIT1: ATs; = 1.270 4 0.003
ATs = 0.585 + 0.176

FIT2: AT3 =1.515+0.304
ATy = 0.691 +0.138

FIT3: ATz =1.44440.289
ATg = 0.684 £ 0.137

FIT1 FIT2 FIT3

2o 0.74 0.76 0.79
AY +0.23+£0.09 +0.64+0.14 +0.73+0.16
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Open issues: the strange content of the proton

A5 (assuming As = AS, which may not be true | )]

k|

XAS(x,Q2=10 GeV?) > directly from SIDIS Kaon data
. 4

L

h
%
N

SIDIS

— indirectly from DIS scaling violations

-0.02] 0 ¢
[INNPDFpolt.1
-0.03]
DSSV08 Ay?=1
-0.04 — positivity bound N X
[ DIS

&
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NNPDFpoll.1: DIS i, SIDIS (K*) =;  DSsvo8: DIS i, SIDIS (K¥*) u;

@ DIS data = negative zAS; SIDIS data = changing-sing zAS
@ New, very precise, JLAB data (DIS) point to negative zAs [ ]
@ Is there mounting tension between DIS and SIDIS data?

@ How well do we know K fragmentation functions? [ ]
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Open issues: the Bjorken sum rule

Msx @) i

min’ 0
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Xemin

fixed az = 1.2701 £ 0.0025

1
Fll\ls(mmianQ) = /

dxg} (z, Q%) — gf (z, Q)] —22=—

Tmin

10° 107 10°  10°  10*  10° 107 10"
Xmin

fitted ag = 1.19 £ 0.22

% 2aa(@)ACHs o (@°)]

1
a3(Q?) = /0 dz [Au(z, Q%) + At(z, Q%) — Ad(z, Q%) — Ad(z, Q?)]
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Open issues: polarized to unpolarized PDF ratios |

Aut/u*(x,QP=4 GeV?)
-~ Avakian etal. [/JNNPDF
--- LSS (BBS)
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G v b b b b b b b L v becnc bn b b b b Lo
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09

X X
Model Autjut Adt/dt Model Aut/ut Adt/dt
Su(6) 2/3 -1/3 NJL 0.80 —0.25
RCQM 1 -1/3 DSE (realistic) 0.65 —0.26
QHD (o7 /2) 1 1 DSE (contact) 0.88 —0.33
QHD (v) 1 -1/3 pQCD 1 1

NNPDF (z = 0.7) 0.07 £ 0.05

—0.

19 + 0.34 NNPDF (z = 0.9) 0.61 £ 0.48 +0.85 £ 6.55
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