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Foreword

Thanks to all the speakers in the Nucleon Helicity Session )

SPIN | ]
is a fundamental quantum degree of freedom
contributes to the basic structure of fundamental interactions
provides a complete test of QCD
is a unique opportunity to probe the inner structure of a composite system

Outline
@ Longitudinally polarized partons in QCD
» Parton distributions, factorization, evolution
@ A global determination of polarized Parton Distribution Functions
> The art of parton fitting: data, theoretical progress, open issues/limiting factors
© The path forward

» Opportunities at JLAB, RHIC and at a future polarized EIC

@ Drawing conclusions
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Where does the proton angular momentum come from?

naive p.m.

ao = ( P; 8|5 (u*)|P; ) 2(S2HT) = 1

(ap ~ 0.6 including relativistic effects | )]
EMC 1988 ag = 0.098 + 0.076 + 0.113 | 1

An anomalous gluon contribution to the singlet axial charge | ]

S(M )

—1

ao = ( P; S|J&(u?)|P; 5 Ban(?) - np BIAGHE)  AGH2) o o (142)]

The gluon does not decouple in the asymptotic limit

A realization of the proton's total angular momentum decomposition | ]
- 1 1
TW?) = 3 (PsSITF1A)IPiS) = 5 = SAS(?) + AG(?) + Lq(1®) + Lo(n?)
f

The decomposition is not unique

What should be the decompositions that lead to gauge-invariant, physically meaningful terms
(and in which sense these are measurable) are discussed in [ ]

Here | focus on AY and Ag
1
= X / [Aq(z, 4%) + Ag(z, 4?)] AG(p?) =/0 dzAg(z, p?)

q=u,d,s
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Polarized PDFs on the light-cone | ]

@ The momentum densities of partons with spin () or (*) w.r.t the nucleon
Af(@) = fT(@) = f*(), f=ut,dds5g

s - @ - @ )= S -

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

t . .
parton z P collinear transition
| of a massles proton h
P into a massless parton
proton with fractional momentum z
| local OPE = lattice formulation
\ [ ]
1 _ iy~ zPt - —
Aqw) = 4 [y I RS0y, 0,07 P OIPS)
1 _ gy azpt _ ~
Age) = o [ eI R SIG R 0, 00GE )| S)

with light-cone coordinates and QCD field-strength tensor G (A1 = 0 gauge)
y=@ "y .y, vt =00Hy)/V2 T =00 -y /V2, v = ()
e a a abc Ab pc
GS, = OuAL — 9, AL + fabeAb AC
@ All these definitions have ultraviolet divergences which must be renormalized
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Factorization of physical observables | ]

@ A variety of sufficiently inclusive processes allow for a factorized description

short-distance part N long-distance part
3 ) factorization
hard interaction of partons > nucleon structure

scheme & scale . L .
process-dependent kernels " universal parton distributions

@ Physical observables are written as a convolution of coefficient functions and PDFs

1
Or = Z Crs(y, os(1?))® f(y, u?) +p.s. corrections f®g=/ d?yf (E) 9(y)

—~ y
[ ¢ Noof(oa,n2) _—X ¢ ¢

N h
ol
N=" f@.n? —X N1™7f (21, 12) X N fCS)
DIS DY SIDIS
© Coefficient functions allow for a perturbative expansion
DIS (NNLO) | ]
_ as\k (k) SIDIS (NLO) | ]
Crswa =2, () ' Ppaioy | ]
- [

@ After factorization, all quantities (PDFs) depend on p
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Evolution of PDFs: DGLAP equations | ]

@ A set of (2ny + 1) integro-differential equations, ny is the number of active flavors
e} St dz T
g ——— Afi(z, p?) Z/z AP (2,05(1%) Af; (;,;ﬁ)
J

@ Often written in a convenient basis of PDFs

ny ny
Agnsit = (AGEAG)—(Aq;£AT)  Aansy = D (Aqi—Ag;) AT = (Agi+Ag))
i

i

0
aT'uzAQNS;i,v(% ,u2) = APi’V(wy.U‘i“) ® AQNS;i,v(x,,U?)

0 AS(z,p2) \ _ [ AP AP9Y ® AX(z, pu2)
dlnp2 \ Ag(z,p?) )= \ AP AP Ag(z, p?)

© With perturbative computable splitting functions

LO [ ]
ag\ k+1 NLO
APji(z, a5) = Z (E) AP (2) { | ]
= NNLO | ]
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Experimental data |

Process Reaction Subprocess PDFs probed z Q2/p%—a/M2 [GeV?]
(E{p,d,n} 5 XX  A'qg—gq Aqg‘gA‘j 0.003 <z < 0.8 1<Q2<70
os
- ! Au Az
%” (X {p,d} - tFnx Y*q = q AdAd  0.005 Sz <05 1<Q2%2<60
x Ag
i (E{p,d} - (EDX  ~A*g— ce Ag 0.06 <z <0.2 ~ 10
N . BT o jet(s)X ZZ :: Zg Ag 005<2502 305 p2 < 800
7 +
+ urdr - W Au Aw 0.05< 2 <04 2
Pp— Wtx drip — W Ad Ad 055z 0. My,
b x 99 — 49
w 7T — X 9o > a9 Ag 0.05<250.4 1< pZ <200
"t e2
DIS: g1 = T (CNS®AQNS +CS®AE+2nng®A9) ]
f
SIDIS: g =Y ¢ [Aq@Clh®Dh+Aq®Cgl&h®Dh+Ag®Clh®Dh] {
9,9
h (C) [ ]
pp : Ao =Bt —gH)- = Z Afa ® (D) fo(®D7) @ A6y | ]

Emanuele R. Nocera (Oxford)

a,b,(c)

Helicity theory overview

[

September 30, 2016

9/31



Recent available determinations of polarized PDFs

DSSV NNPDF JAM LSS
DIS v v | v
SIDIS val X X val
PP E (jets,7r0) m (jets,Wi) X X
statistical Lagr. mult. Hessian
Monte Carlo Monte Carlo
treatment AXQ/X2 =2% AxZ =1
. polynomial neural network polynomial polynomial
parametrization (23 pars) (259 pars) (10 pars) (20 pars)
. minimally large-x higher-twist
features global fit biased fit effects effects

latest update
+ simultaneous determination of PDF uncertainties (data, theory, methodology)

A matematically ill-posed problem: determine a set of functions from a finite set of data

E[0] = /DAf’P(Aﬂdata)O(Af) V[O] = /DAf’P(Aﬂdata)[O(Af) — E[O))?
Maximum likelihood (DSSV, LSS, BB)
P(Af|data) — Afo

Monte Carlo (JAM, NNPDF) [ |
P(Afldata) — {Afx}
E[O] = % >, O(Afr) E[O] = O(Afo)
VIOl ~ + 3, [0(A f) — E[O])? V[O] a Hessian, Ax?envelope, . . .
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Impact of data: W production in pp collisions

OBSERVABLE
ot —o~
Ap = ——
ot 4o~
FEATURES
@ at RHIC,

(1,2) =~ MTVSVe*’H/2 ~ [0.04,0.4]

@ Ay sensitive to Ag, AG at Q ~ My,
(no need of fragmentation functions)

w—  Alg dey (1 —cos0)? — Ad, | Tig, (14 cos0)?

A ~
L Uy dao (1 — cos 0)2 — dyy Ugy (14 cos 6)?
" d d s

backward lepton rapidity forward lepton rapidity

@ for W+, d+— uand Ad +— Au

@ no access to strangeness (W* + c)
MEASUREMENTS

@ STAR | ]

@ PHENIX | I

EFFECTS

First evidence of broken flavor symmetry

for polarized light sea quarks

(AU - Ad)

o
°
=

-0.02F
-0.0af

[ Q%10 GeV? ~MC (t-p)  --PB (ansatz)
'0'065 [777] NNPDFpolt.1 —MC (p) - CQsM

[ DSSV08 Ax?=1 --~MC (m-c)  --ST

T R B
102 10"
X

@ Au > 0> Ad, |Ad| > |Ag|
@ |Ad— Ad| ~ |a—d|

@ some models are disfavored
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Impact of data: jet and 7 production

OBSERVABLE
P o+t — ot
LL = v+ ot-
FEATURES
@ at RHIC,

(x1,2) ~ 21’736*77/2 ~ [0.05,0.2]

@ ¢g,gg initiated subprocesses dominate 02f

(for most of the RHIC kinematics)
@ Aj; sensitive to Ag

PP-sjet+X
NLO CTEQ6M
Anti-kT R=0.6
Inl<1

Subprocess Fraction

aa+aq’

Solid: 5200 GeV.
Dotted: V=500 GeV

T T T T

DR B N E R X R ¥ e
Jetx, (=2p I¥s)

MEASUREMENTS
@ STAR (jets) [ ]
@ PHENIX () | 1

Emanuele R. Nocera (Oxford)

ErFrFECTS
First evidence of a sizable, positive
gluon polarization in the proton

0.8

08-QP=10 GeV?

-0.8] — positivity bound
Lol Ll L
10° 10% 10"
X

Q% =10 Gev?  [92 dzAg(xz, Q)

NNPDFpoll.1 +0.15 £ 0.06
DSSV14 0.107 99

Helicity theory overview



Higher twist corrections to g; | ]

) Zf 63 pIMC  pHT 1
gl(x,Q ) = W(CNS ® Agns +Cs ®AE+2nng ®Ag> +7 + @ -‘ro(@)
leading-twist factorization power-suppressed TMCs and HT
Helicity PDFs (DIS only) including TMCs and HT (up to 7 =4) | ]
04} = zAu* —— D,
0sl T s Ad* 0.10F — aDy
’ —1 zAs* — zH,
0.2} A 005} —— .11,
0.1
0.00
0.0
—0.1 —0.05¢
07 107 010305 07 4 0 102 01 03 05 0.7 o
LT PDFs (contributing to g+T) 9773 < D and ¢g7=% = H/Q?

remarkably accuracy of all distributions (except the gluon)
nonzero twist-3 quark distributions
twist-4 quark distributions compatible with zero
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Threshold resummation for polarized processes | ]

DIS: Hall A data | ] SIDIS: HERMES data | ]
0.6 —————
r | B R A A il I e Y -
Resummed p
7- 1.00:7 —
g ’EE 0.75 — —
K tb;; 050 |— —
025 -
02 0.3 0.5 0.7 1.0 0.00 To-1
X x

resummation of large logarithm corrections (NLO+NNLL) 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

threshold resummation also performed for high-pr hadron production [ 1
(but effects are smaller than the experimental uncertaity of the data)

threshold resummation also performed for W production in polarized pp | ]
(but effects cancel out when asymmetries are considered)
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Higher-order computations (MS scheme) | |

linear scale logarithmic scale
0.2 T 0.2 T T 0.03 T — 0.08 T
dAgg/dIng’ dAg/dIny? dAqg/dInp?
0.1 - 01 G

M. =03, N,=3

0.1

#1/(1-x)*

03 L L L L 03 -
0 02 04 06 08 1 0 02 04 06 08 1 10 107 1072 10!

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 z
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 including DIS data (coefficient functions are know at NNLO only for DIS)

may be needed at a future EIC
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Helicity evolution at small z | ]

small-x evolution equations to calculate quark and anti-quark helicity PDFs and the g1

they resum powers of as In?(1/x) in the polarization-dependent evolution
along with the powers of aIn(1/z) in the unpolarized evolution

these equations become closed in the large N¢ and large N¢ and ny limits

a solution of the flavor-singlet evolution equations at large N¢ is

1\ N,
g1 ~ A ~ (7> . ap ~ 231,20
x 2

s

A z[xmm](QZ)
0.5

—— DSsV14
0.4 - — - This work (xo=0.03)
0.3 — = This work (xo=0.01)

= = = This work (x=0.001)

0.2

0.1

Xmin

108 107 102

poor-man solution: attach a Ai(w, Q?) = Nz~ %h factor to the existing polarized PDFs at z

potentially solid amount of spin at small = (but detailed phenomenology needed)
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Open issues: SU(3) breaking and strangeness | ]

R AN
E x[As+A§](x,Q§=1 GeV?)

0.061- [7777] NNPDFpol1.0

-
NNPDFpol1.0 | ] 008 4 directly from SIDIS Kaon data

[ dz[As + A5) = —0.13 £ 0.09

1Lattice [ 0 I 0041 [ BB10 Ax=1
Sl dz[As + AF] = —0.020(10)(1) [ AACOB a=1
02" positivity bound

indirectly from DIS + SU(3)

] f ‘
T N; ix
7 oIS

10° 10? 10" 1
x

All PDF determinations based only on DIS data (+ SU(3)) find a negative As™
PDF determinations based on DIS+SIDS data (+SU(3)) find a negative or a postive Ast
depending on the K FF set

Is there mounting tension between DIS and SIDIS data?

SU(3) may be broken [ ], but how much?
— in NNPDFpol, the nominal uncertainty on ag in inflated by 30% of its value to allow for a
SU(3) symmetry violation (ag = 0.585 £ 0.025 — ag = 0.585 + 0.176)

First moment constrained by _¢ o
az = [} dz[Aut — AdT) :
= 1.2701 £ 0.0025

ag = [y de[AuT +AdT —2As7T)
= 0.585 £ 0.025

— but e.g. lattice finds a larger SU(3) symmetry violation | ]
No neutrino DIS data so far, but MicroBooNE will measure the ratio of neutral-current elastic
to charged-current quasi-elastic events at low Q2 [ |

Inclusion of SIDIS data requires the knowledge of the fragmentation s — K
— how well do we know the kaon fragmentation function?
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Open issues: fragmentation functions

@ Progress on global determinations of Fragmentation Functions

¢ N, x
et +e” > h+X v L+ N =0 +h+X N1+ Nz —h+X
X single-inclusive semi-inclusive deep- high-p hadron production
. annihilation (SIA) It " inelastic scattering (SIDIS) x

in pp collisions (PP)

SIDIS 3

Process DSS HKNS JAM [ ] NNPDF [ ]
SIA vl vl vl vl
sIDIS vl X X X
PP vl X X X
statistical Lagr. mult. Hessian
Monte Carl Monte Carl
treatment AxZ /X% =2% Ax? =15.94 onte ~arlo onte arle
hadron species wi,Ki,p/ﬁ, Rt wi,Ki,p/;ﬁ ot KE Tri,Ki,P/iﬁ

latest update

a truly global analysis is needed to determine all the aspects of FFs (fav./unf., gluon)
@ Experimental data

final COMPASS multiplicities for charged pions, kaons and unidentified hadrons

[ 1

internal inconsistency of HERMES [z, z] and [Q?, 2] projections of pion multiplicities

HERMES [Q2, z] and COMPASS [z, y, 2] © multiplicities compatible in global analyses
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Open issues: need for data | ]

T

”> 10% current polarized DIS data: =
[§] F . YyYYYyYyYYTYTVYY v ]
@] F ©CERN ADESY ¢JLab-6 0O SLAC - ]
= B -]
o § current polarized BNL-RHIC pp data: LB B

.
010 3 o PHENIX i’ 4 STAR I-jet ¥ W bosons "R oe
F . I - m mj
E starting up: 2> JLab-12 e ’. A E
F projected CC DIS data: - 1
i B eRHIC Vs = 141 GeV 1

) L]
10° 4
0 e 3

107 10 10 107 - 1

main culprit: lack of covergae at small-z + limited Q? lever arm
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Ongoing/planned/proposed experimental programs

Relativistic A future
Heavy lon Collider Electron-lon Collider

Jefferson Laboratory

Electron lon Collider:
The Next QCD Frontier

[arXiv:1208.1244]

. ‘ 2 ‘
h
2 %
N X %
DIs

SiDis

[arXiv:1212.1701]

DIs SiDIS

large-z, high precision Ag, Agq, Ag small-z, high-Q?
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Opportunities at JLAB (towards 12 GeV upgrade)

VIRTUAL PHOTOABSORPTION ASYMMETRY IN INCLUSIVE DIS | 1
r i 1.5— ]
[ Al(x,Q%=4 GeV?) B - AT(x,Q%=4 GeV?) 1
[ 1 4 1]
05— — = 4
o 3 o5 .
05~ o E154 7] o 7
b <=E155 [”JNNPDF 9 L =E143 i
[ -=HERMES [CJrRcQM  --- LSS(BSS) ] r <=E155 [”ZINNPDF b
AT+ JLABE99-117 ---Avaetal. — NJL 1 .05 =HERMES [JrcaM  — NJL n
L -+ JLAB E06-014 - - Statistical — SU(6)-breaking r -+ JLAB E93-009 - - Statistical — SU(6)-breaking -
G b b b b b b b b e G b b b b b b b Lo el
01 02 03 04 05 06 0.7 .8 09 01 02 03 4 0. 06 07 08 09
X X
Model AT AT Model AT A
SU(6) 0 5/9 NJL 0.35 0.77
RCQM 1 1 DSE (realistic) 0.17 0.59
QHD (0y/2) 1 1 DSE (contact) 0.34 0.88
QHD (¢,) 1 1 pQCD 1 1

NNPDF (z = 0.7) 0.41 £0.31 0.75 £ 0.07 NNPDF (z = 0.9)

0.36 £ 0.61 0.74 +0.34
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Opportunities at JLAB (towards 12 GeV upgrade)

POLARIZED TO UNPOLARIZED PDF RATIOS |

== Avakian et al.
1.2 - - Statistical

[ ---Lss(8BS)

O — NJL

--- Su(6)-breaking

AUP/UH(x,QP=4 GeV?)

[”INNPDF

DSSV08 Ay=1

Ad*/d*(x,Q2=4 GeV?)

--- Su(6)-breaking

] o

1 1L - Avakianetal.

| [ - - Statistical

] 1 --- LSS (BBS)
E— NL

[ZINNPDF
DSSV08 Ay2=1

L b e b b s b b

F E RS
g 1 s
2 1 4
I
uu\uu\mmm\uu\uu\uu\uu\uu\mT ’uu\uu\mw\uu\uu\uu\mmm\mmm’
03 04 05 06 .7 08 09 0.1 03 04 05 06 07 08 09
X X
Model Autjut Adt/dt Model Autjut Adt/dt
Su(6) 2/3 —1/3 NJL 0.80 —0.25
RCQM 1 ~1/3 DSE (realistic) 0.65 —0.26
QHD (o /2) 1 1 DSE (contact) 0.88 —0.33
QHD (¥,) 1 —1/3 pQCD 1 1
NNPDF (x = 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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Opportunities at JLAB (towards 12 GeV upgrade)

POTENTIAL IMPACT OF JLAB DATA (INCLUSIVE DIS) [ ]
XAu*(x,Q?=1 GeV?) [77) nnPoFpolt.1 0'1;7 XAd*(x,QP=1 GeV?) [77) nnPoFpolt.1
NNPDchH 1w 0.05- NNPDFpol1.1 rw
o

[ O R T ST I
=4
&

0.1
01sE-
01, e 02 b
el [ -~ NNPDFpolt.1 oooeE Oyngt .--"**~.. - NNPDFpoli.1
0.025 <77 — NNPDFpolt. w - 0.025- . — NNPDFpolt.1 rw -
0.015E E 0.015E E
001 - T E 0.01E - E
0.005F .~ ~Ti. E 0.005E= T T T T
05707 03 04 05 05 07 08 08 1 0770302 03 04 05 06 07 08 09
X X
Experiment Reference Observable Target Ngat X2 /Naat X?w /Naat
JLAB E99-117 | 1 AP He? 3 1.22 1.02
JLAB E93-009 [ 1 Ag NH® 148 1.20 1.05
AY ND3 9 1.65 1.05
JLAB E06-014 [ ] AR He3 6 4.31 1.32
JLAB EGI-DVCS | 1 AP NH3 18 0.59 0.29
184 1.93 1.09
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Opportunities at RHIC

PINNING DOWN THE LIGHT POLARIZED SEA ASYMMETRY (new 2013 data)

rad
Al

[ZINNPDFpol1.1

NNPDFpol1.1+ (W* projected) §§

X(AU - Ad)

g T[T T T T

.......

0.2 E
-04:— -0.021—
s o0a. Q=10 GeV? -\MC (n-p) -~ PB (ansatz)
0.6 E
[ —= STARW projected ] 006 [77) NNPDFpoit.1  —MC(p) - CasM
0.8~ —=— STAR W"* projected - 008 NNPDFpol1.1+ - MC (n-c) ---ST
IR A R WA T EE R B Je S| Ll M
45 4 05 0 05 1 15 10° 107 100
n X
=3 deAf(z, Q) SO deaf(z, Q2)
cv unc (poll.1) wnc (poll.1+) cv unc (poll.1) wnc (poll.1+)
Aut +0.764 +0.035 +0.034 +0.523 +0.014 +0.013
Adt  —0.407 +0.037 +0.036 —0.231 +0.018 +0.018
Au +0.044 +0.046 +0.030 +0.019 +0.023 +0.012
Ad —0.088 +0.067 +0.032 —0.037 +0.021 +0.013
Agea +0.123  £0.076 +0.038 +0.056  +0.030 +0.016
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Opportunities at RHIC

PINNING DOWN THE GLUON POLARIZATION (combine jet and 7° data leq 2015)

—

== DSSV 2014 - based on RHIC rung jets and
with 90% C.L. bund J
projections:

{ RHIC spin upcoming 200/510 GeV RHIC spin results

jets and @ @ central & forward n

['dx Ag(x.Q%)

o
o

best fit prefers 04
Ag of about 0.36
70-75%o0f1/2!
but LARGE uncertainties () 2

1 510 GeV forward rapidity data will
3 have sensitivity down to few x 10

[E.C. Aschenauer’s talk]
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Opportunities at a future EIC ]

T

10*L current polarized DIS data:

OCERN ADESY ¢JLab-6 O SLAC
current polarized BNL-RHIC pp data:
3 © PHENIX n’ 4 STAR I-jet v W bosons
starting up: >~ JLab-12

projected CC DIS data:

® eRHIC Vs = 141 GeV

10

REQUIREMENTS & FEATURES

@ large kinematic reach
— high-energy collider

@ precision of electromagnetic probes
— electron beams

@ spin
— polarized hadron beams

@ versatility
— heavy ion beams

10 10 10 10 X
DELIVERABLES OBSERVABLES WHAT WE LEARN
Ag scaling violations in DIS gluon contribution to proton spin
_ . uark contribution to proton spin;
Aq, Aq SIDIS for pions and kaons q p P

g eV

flavor asymmetry A% — Ad; strangeness As
inclusive CC DIS at high Q2 flavor separation at medium z and high Q2
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Opportunities at a future EIC

@ Dramatic reduction of uncertainties of both PDFs and their moments [PrD 86 (2012) 054020]
@ Accurate determination of Ag via scaling violations in DIS [PrD 86 (2012) 054020]
@ Accurate determination of A%, Ad via SIDIS and CC DIS [PrD a3 (2013) 114025]

@ Access to unknown electroweak structure functions [PRD 88 (2013) 114025]

|

Q*=10 GeV?

- S
004 XAu JF xAd J oo

0.02 - 1 = 0.02

V0L DSSV ] V 10 5 [
~

B DSSV+ & FIC 5x100, 5250

004 alluncertainies for A9 {F o0 o T 1
L >€ 0 — —
e
e 1
_a_ | i
—g 5
[ 1
05 N &0 Dssv+ i
L - EIC 5x100 | H
5x250 |8
L EIC 20250 | &
=
004 F Q2= 10 GeV? 3 L all uncertainties for Ax’=9 { 2
. . E . . 402 I S S T B S B L
0?0l 0* et g 0.3 035 0.4 045

JAZ(X,Q) dx
0.001
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Opportunities at a future EIC

@ Dramatic reduction of uncertainties of both PDFs and their moments [

@ Accurate determination of Ag via scaling violations in DIS [ ]
@ Accurate determination of Aw, Ad via SIDIS and CC DIS | 1
@ Access to unknown electroweak structure functions | 1
3T T T
bt o —o—0 07(18)
— - 0.47 (1.6)
2F o N N o e a2 031(14) -
T T T T T e om0 02(12)
0.1 + _ _ =1 e —o—oa—=>0 0125(10)
--LO
k X(Al] _Ad) - L e—e—eo—s— 0.08 (0.8) NO
L 4 oo 0.05(0.6) Adldo]
L i o——o——e—"0 0.032(04)
e——e—o 0.02(02) Awi'p+‘,
[ 1 o[ o s00BEn L
0 e x=0013=0) T B
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The ultimate spin content of the proton |
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After three decades of experimental and theoretical activity,
we cannot really say we know AY and Ag
Main culprit: small-z behavior of polarized PDFs

Spin experiments continue to produce high impact results (RHIC, JLAB, ...)

first evidence of gluon polarization and light sea symmetry in the proton
Theory efforts and global QCD analyses try to keep up

Only an EIC would be able to push forward our knowledge of the nucleon spin content
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Thank you for your attention
Sin-Itiro Tomonaga, Nobel Prize for Physics, 1965
[Spin] is a mysterious beast, and yet its practical effect prevails the whole of science.

The existence of spin, and statistics associated with it, is the most subtle and ingenious
design of Nature - without it the whole Universe would collapse.

S-1. Tomonaga, The story of spin 2nd ed., University of Chicago Press (1998) [from the preface]

Julian Voss-Andreae, Spin Family (Bosons and Fermions), Steel and silk (2009)

Emanuele R. Nocera (Oxford) Helicity theory overview September 30, 2016 31/31



	Longitudinally polarized partons in QCD
	A global determination of polarized PDFs
	The path forward
	Drawing conclusions

