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In spite of Stern—Gerlach experiment (1922)...

wra  Electron spin
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Read the StOI’y in: Letter of B.L. Thomas to Sam Goudsmit (1926)

http://lorentz.leidenuniv.nl/history/spin/goudsmit.ntml _ Peter Opggneer, UU
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|
European Muon Collaboration CERN, Phys. Lett. B206 (1988) 364:

An Investigation of the Spin Structure of the Proton
in Deep Inelastic Muon—Proton Scattering

I 1
- — _AZ —l_ AG _|_ Lq —l_ Lg Jaffe-Manohar
2 2

1 1
AE(Q2):/O dz [Au+ AT+ Ad + Ad + As + AF] (z,Q?), AG(Q2)=/O dzAg(z, Q?)

EMC measured: AY ~ 0.1!

paper cited 1 OOO"‘ times (exactly 1 954)
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PDFs: 1-D structure

Longitudinal momentum / e |® partons

Kt = 2Pt 2, .
®
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R (x5 0®

11 A.Bacchetta (Baryon 2013 Conference)
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Nucleon spin structure in DIS: i + N — 1/ +X

d%c o®> E -
* ag ~ g BV
e Symmetric part of W*”— unpolarised DIS,
antisymmetric — polarised DIS
e Nominally F1,27 q(as, Q2) — 01,25 Aq(‘ra Q2)
where g = ¢ +q¢, Agq=q" — ¢, but...

e ...anomalous gluon contribution to g, (z, Q%)

e ...g,(z,Q%) has no interpretation
in terms of partons.

Definitions of DIS variables... ...and of the v*-N asymmetry (e.g. for v*-p):
Q*=-¢* ~* virtuality . 4B

z=Q%/(2Pq) Bjorken variable SA A AR N o O1/2— O3/
y = Pq/(Pk) relative v* energy o /40 1@, Q7) = o172 + 032
W=P+q v*-N cms energy Mhabi " g
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|
Method of extraction of ¢,

e Inclusive asymmetry, A,.cas(z, Q%), ~*-N asymmetry, A (z, Q?), and g1 (x, Q%):
1 N= — N& a1(z, Q%) Lo ;egAQ(vaﬁ
v = gty (e ) S PN P R © P ey
f, D: dilution and depolarisation factors; Pr, Pg: target and beam po(IIarisations;

N="=: number of /7 interactions in each target cell:
(upstream, downstream) or (outer, central)

e Then gi(z,Q%):

2y 2 2y _ 2 F2($aQ2)
g1(z,Q7) = A1(x, Q") - F1(=,Q7) = A1 (x,Q )m
e For the deuteron target:

N i T 3
(per nucleon)g{ = g1 (1 — ng) = %(1 - ng); wp = 0.05+0.01
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Processes available for parton helicity distributions

= = IR KRN f_
e M e, p W<
= y
P p p
pp

DIS: SIDIS: :
Aq+AG Aq, Ag Agq, Ag
Ag (From Q2 evolution of g, ) Ag Ag

A. Bazilevsky, SPIN2016

L,??? viaGPD; hintsin TMD
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Partonic structure of the nucleon; distribution functions

Three twist-two auark distributions in QCD and after integrating over the quark intrinsic k¢

qg(x) = Quark momentum DF;
well known (unpolarised DIS — F1 2(x, Q2)).

Difference in DF of quarks with spin
Ag(x) = - parallel or antiparallel to the nucleon’s spin
in a longitudinaly polarised nucleon;

less well known (polarised DIS — g1 (x, Q2)).

Difference in DF of quarks with spin

parallel or antiparallel to the nucleon’s spin
A q(x) = in a transversely polarised nucleon;

poorly known (polarised DIS — hj (x, Q2)).

Nonrelativistically: Arq(z, Q%) = Ag(z, Q?). OBS.! Arg(z, Q?) are C-odd and chiral-odd
If the %+ taken into account = 8 TMD distr.; e.g. fi7 (accessible through “Sivers asymmetry”).
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Jransverse momentum

Longitudinal momentum
Kt = 2Pt

3D maps of partonic distribution

1o With spin
00 08
-1.0 7n'skx (GeV)

A. Bacchetta, DIS2017
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Partonic structure of the nucleon; distribution functions
@iquark

@ In LT and considering &, nucleon NUCLEON

8 PDF describe the nucleon

— Transverse Momentum Dependent PDF ) funpo\arized longitudinally pol. !%aisversely pol.
2 1 1T
@ QCD-TMD approach valid kt < v/ Q2 TEJ ® ék: @
cl number density -lver
@ After integrating over kr > :
only 3 survive: f1,g1,h1 g
v 3 Ou Oir I
@ TMD accessed in SIDIS and DY 5 :EJ - GO
by measuring azimuthal asymmetries 3 & helicity
with different angular modulations = h @ @
gl ) -
@ SIDIS: e.g. Agiver x PDF &FF e @ hL[—Msversn
g i K y ke
@ DY:e.g. Agivers ox PDFP®2M g PDFteret 2 M @2 @m ﬂ@[ﬂt@
@ OBS! Boer-Mulders and Sivers PDF are T-odd, i.e. process dependent

€ €L 1 1
hi (SIDIS) = —hi (DY) fir(SIDIS) = — f (DY)
@ OBS! transversity PDF is chiral-odd; may only be measured with another chiral-odd
partner, e.g. fragmentation function.

@ TMD parton distributions need TMD Fragmentation Functions!
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Wigner distributions

TR _Jransverse momentum
p(xv kTa bT) k

5-D correlations Trapsverse _f—

position/

- - . \‘
Longitudinal momentum ®  partons
A"JFy o
°
\\\\.
o o
o
e o

11 A. Baccheita (Baryon 2013 Conference)

see e.g
B. Badelek (Warsaw )

C. lorcé, B. Pasquini, M. Vanderhaeghen, JHEP 1105 (11)
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Descriptions of pdf® in the nucleon

Wix,b, k)
Wigner distributions

-kfa"k,.

Fourler trf.
b <A

flaky) f(x,by) — 3 H(.\'.O.gl
transverse momentum Impact parameter t--A
distributions (TMDs) distributions

seml=Incluslve processes

L
filx) E(@®)

parton densltles form factors
Inclusive and seml-Incluslve processes elastlc scattering
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f—

generallzed parton
distributions (GPDs)
excluslve processes

f dax™!

A p(O)+45°A4, ()4 e

generallzed form
factors
lattice calculations

From “White paper”, arXiv:1212.1701
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The (spin) players

Fixed target spin experiments:

@ JLab (Hall A, CLAS (Hall B)): polarised e of < 12 GeV, polarised targets
@ CERN (COMPASS): polarised nt of 160-200 GeV, polarised protons, deuterons
@ (completed) DESY (HERMES): polarised e of 27 GeV, polarised targets

Proton

Collider spin experiments: BNL (STAR, PHENIX) polarised protons, /s < 510 GeV

Neutron Deuteron
510°f R 510°F %510
S ¢ fme . 3 S © HERMES g smc .
D sMc L ) [} * E143/E155 o °
1) o Er3E1ss o3, ¢ o JABhallA e © HERMES %"
o © HERMES 4 oo o o
© o cuas gt o © e clas e
compass ° E142/E154 * COMPASS RSO
®ee o,
10f 10f 10F o, "
. ]
. AR
. H o
: .t et /’.(
° et 2te A &
L ditsee AR A gon =
10° 10° 10" 10° 10? 10" 10° 10? 10" 1
X
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Global NLO fits

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

£
& &
& Sy
latest & & &
paper § &
NNPDF 14065539 @iets 100 MCreplicas  pp dataw/
Ball, Forte, Gutranti, Nocera, W stat approach  reweighing method
Rodoi,Rojo
09943821 ics Lagrange mult. data fitted
DSSV it @p,m grang pp data
ae Florian, Sassot, Ms, Yogelsang| (Hessian) fast Mellin method
JAM 14033355

limenez.Deigado, Accard,
Avakian, Melnitchou, Sato,

LSS 0w.0s7
Leader, Sidorov, Stamenov

1502.02517
BBS 087057

Bourrely, Buccella, Soffer
1010.3113
Blumiein, Bottcher

9508347

GRSV covrie

Gluck, Reya, MS, Vogelsang
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Hessian
Hessian
Hessian

Hessian

(%4

(CICECLCRCE R
QWA Q|

(%2
(%4
(%4
o
(%

large x [ JLab region
pp soon

higher twist, As

statistical approach
unpol/pol simult. fit

@z, higher twist

15 NLO analysis 1995

Spin-dependent parton distributions

Moving towards
NNLO

Higher Twist

Including more
probes

A. Bazilevsky, SPIN2016
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N
Results on Al(ﬂf) and g1 (x) at the measured values of Q*

1 e e I
] £ = COMPASS 200 GeV
4 0.8 e COMPASS 160 GeV'
Toe El .+ + SMC190 Gev
] 0.6 +
Jos £ H
ot ‘ 1 * b
—oa F I H e
] 0.2F e,
iD,Z *
o
o2
1
X
| 1Al e
Aloosf BT« coupass A L
o caswzsceviet T 4o 02 t
o ed 44 & HERMES bl L 3 te
Jf;} « o CEE
—os o~ t
o0d o E155
o o7, & El

© COMPASS 160 GeV
+ SMC 190 GeV.

PLB 753 (2016) 18

PLB 769 (2017) 034

@ Good agreement of new COMPASS A;(x) and g1 (z) with world data
@ ¢P(z) clearly positive at lowest measured z; g{ () compatible with zero

B. Badelek (Warsaw )
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]
World data on ¢? and ¢{, @ >1 (GeV/c)?

Continuous line: COMPASS NLO QCD fit to the world data at W2 > 10 (GeV/c?)?
dashed line: extrapolation to W?2 < 10 (GeV/c?)?

=} = = =}
2 [ + x=0.0036  (i=0) * o X oo ~ L ¥ swc A e
S 1 x=00045 0= S 121 O E155 & HERMES
a T X=0.0055 o) comresin a T x=00045 (=
8T g 0007 P o T X=0.0055 ® coupass O cuasw2scer
+ = — coupmssieol + [ x=0.007 | — compass Lo it
~10—_ 4 x=0.009 - 10 14—4?
o [ ﬂ’._-).,*_ x=0.012 o [ ﬂ—L x=0.009
Er W x=0.017 ot "“T ooz
° 8 o g se dme— 002 T —— oW
[ & o . o x002
_apé e tme— X003 L
r ¥ L oo o o X003
6 MW X=0.049 6 0049
L F 5 ¥ =
Aoty e wE e I —Kmx X007 (1=10) 3 x=0077  (=10)
L X012 [ s ey %012
L L o .
don oo X0.17 a5 o s “w’fp K o ue ¥ ox X017
Fa . ooy X022 [a _ - Mo X022
[ A @@@5 " K m—m X=0.29 b oA - bad e o ¢ x=0.29
Zj e & VAP—— T C ol -l . X=0.41
r - A Y s o———ome——om X057 r - 0P BB X057
ol T L B e e = s el olul L cocfrif e ® bt 07
1 10 10° 1 10 10°
Q? (GeV¥c?) Q? (GeV?c?)

Phys.Lett.B753(2016)18

B. Badelek (Warsaw )

Data little sensitive to Ag
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Phys.Lett.B769(2017)034
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Inclusive g, (z, Q?) at EIC (pseudo-data) = low

50

10

Errors statistical (EIC: expected, modest parameters); bands: from gluon helicity uncertainty

g,(x.Q") + const(x)

+ x=8 210 (453)

1m0

= Dpssv2014
90% L. Ag varotions,_|

EIC projections
¥ Ns=T15 GeV
4 = 127GeV

e b2t o 5= 1414GeV

- es e 33x10% 28

52x10% (524)

8:2x107 s21)
e e
Fo. e ar el 30107 (519 B

fixed target DIS data

3
1 10 10 10

| Qe

arXiv:1509.06489
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In 1/x

Y =

2
saturation Qs(Y)
region ‘(@‘\

c

o

(2]

@

o

=

T

2

= } BFKL

[0}

o

z @ DGLAP

o —_—

c

Aécp In Q2
ag ~1 og <1

White paper”, arXiv:1212.1701
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-
Semi-inclusive asymmetries and parton distributions

@ SIDIS permits to separate ¢ and ¢ distributions
@ COMPASS: measured on both proton and deuteron targets
for identified, positive and negative pions and (for the first time) kaons
CLAS12. Undate to E12-09-007

COMPASS, Phys. Lett. B 693 (2010) 227
DSSV, Phys. Rev. D 80 (2009) 034030

© COMPASS
o HERMES
— DSVt

102 107 102 10! : f O

X X ' ' o o
@ COMPASS: LO DSS fragm. functions and LO unpolarised MRST assumed here.
@ NLO parameterisation of DSSV describes the data well.
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-
Polarisation of quark sea

@ As puzzle. Strange quark polarisation:
1

2AS8 = / (As(z) + As(z))dz = —0.09 £ 0.01 & 0.02 from incl. asymmetries + SUs,
0

while from semi-inclusive asymmetries it is compatible with zero

J D?Jr (2)dz

but depends upon chosen fragmentation functions. Most critical: Rgr =
p p g SF D KT (2)dz

—> COMPASS extracts it from multiplicities.

@ Example of sesitivity to FFs at Q%=2.5 (GeV/c)?

0.02] XAu
001
001
002
—— LSS11(HKNS FFs) = "
V0| Ss10(DSS FFs) 003} xad Q'=25GeV?
o X aoT X
0.2 —— LSS11(HKNS FFs) 03
———LSS10(DSS FFs) 02
0.01] ——LSS08(DIS) o
0.01 04
02
002 XAS 0.3 xAG
o o aoT 3]
x X

LSS, PRD D84 (2011) 014002
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|
Charged hadron (h*, 7*, K¥) multiplicities; identified kaons

e Studied to measure fragmentation functions (FF), Dg(z, Q%) (= cf. As).

th(l',Z, QQ) (d:):ddszQ2>SIDIS L:() qug [q(QOz)D(};(QOz) —‘r(f(iﬂ, QQ)DQ'(Z, QQ)]

- 2 N o2y L 4
S e Al ]

Di(z)

o New COMPASS results on isoscalar target, 3D bins of (z, y, z)

X
. . PDF
e Large samples; very important input for future FF global analyses
E »mu‘i-“(:"—]‘!ﬂi.l 00l<x <002 002 <x <003 003 <x <004 004 <x <006
;gm ..v sa=0. 4 \' v_ ',, . K_
02
[ T T L e zaoses gozooonstet- g =2z eentats
006<x<0.10 0.10<x<0.14 0.M<x<0.18 0.18<x <040 02 04 06 O0X
o8} *, N
04 | § o1
ol at u

z

COMPASS, PLB 764 (2017) 001, PLB 767 (2017) 133
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Update on Fragmentation Functions

et +e = h+ X

{4+ N>V +h+ X

semi-inclusive deep-

", x
: 2 ﬁ
i X

Ny +Nas—h+ X
high-p7 hadron production
in pp collisions (PP)

« 5
}‘*%} single-inclusive
. annihilation (SIA) i x inelastic scattering (SIDIS)
DHESS HENS JAM NNFF1.0
SIA val v v val
SIDIS il = X &

PP vl X X bl
statistical Iterative Hessian ;iesslan Monte Carlo Monte Carlo
treatment 68% - 90% Ax® =15.94

hadron species ﬁi,Ki,p/;ﬁ, hE 'ﬁi,Ki,p/ﬁ ‘./Tj:,Ki Wi,Ki,p/ﬁ
latest update

New data: BELLE | 1. BABAR | 1 (SIA)

1, COMPASS | 1(SIDIS)

HERMES |

B. Badelek (Warsaw )
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|
Direct measurements of Ag(x)

Direct measurements — via the cross section asymmetry for the
photon—gluon fusion (PGF) with subsequent fragmentation into

= = (hi ; . A\PGF _, ; PGF Ag
cé (LO, NLO) or ¢g (high pr hadron pair (LO)): AYSY ~ (b >7
0.6 0.8
2 s COMPASS, all-p, O°>1 (GeVic)', 2002-06 D «  COMPASS,allp , G>1 (GeV/c]’, 200206
8’ + COMPASS, high-p,, @*¢1 (GeVic)’, 2002-03 %’ 0.6 ___ AG>0
0.4 . compass,open Charm, 200207 o4 —- a6

SMC, highp, @>1 (GeVic]

F Ag/g total uncertainty
0.2} * HERMES, high-p, all &* 0.2} I .
ol £
| S — oo e SO

FA— -0.2] B i b,

0.4 iy

M ~
-0.2 ]

0.6 i
0.4l 08t - ot

102 10" 10°? 10"
Xg Xg

COMPASS from SIDIS on d for any (pr)n and at LO:

Ag/g = 0.113 & 0.038(stat.)  0.036(syst.) at (Q*) ~ 3 (GeV/c)?, (x4) ~0.10
clearly positive gluon polarisation! COMPASS, EPJC 77(2017) 209
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Ag(x) from A, for = production at \/s=200 and 510 GeV @ RHIC

AGAG
G G

>

A

0.04

0.02-

844G
q G

STAR p+p — Jet+X

—8— 2012510 GeV R=0.5 |1 <09 Prelim.

—e— 2009200 GeV R=0.6 |1<1.0
Reaen lominosiy mcwrsiry

0

Z. Chang et al. (STAR Collaboration), SPIN

0.1 0.2

2014. (Run 12 /510GeV)

DSSV++ with 200 GeV data:

1.0

Ag(x)dx = 0.27

0.05

B. Badelek (Warsaw )

0.3
X (= Zth\s)

0.06
0.07

Spin-dependent parton distributions

. Atsmallx  [ax Ag(n)

°

_—J

[ Q*=10GeV?

02 01 0 o1, 02
Atlarge X | dx Ag(x

03

)

Sum of Gluon Spins Above Momentum Fraction

DIS + SIDIS

with 90% C L. band
DIS + SIDIS + RHIC

with 90% € L. band

= RHIC proj
ding 51

including

jection
) GeV data

1.5

IS R

ok
b Projections Existing Data 4
0.5 Bttt ! ! d
5 Bl " -
10" 10 10 10 1
x"]lll

DSSV, PRL 113 (2014) 012001
Surrow, DIS2017

Wealth of new data on single-, double jets, ©° prod., J/¥
agree with this estimate DSSV14, NNPDF1.1
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|
Aq(z) from Ay, for W* production at /s = 510 GeV @ RHIC

@ Direct coupling to qq of interest _ :
@ Scale set by W mass u+d —@@w ’ ot i+d ﬁ@—)@+
@ Efficient spin separation e P B —
@ Easy detection

Cartoons from D.Gunarathne. DIS2015

A

) unpotareec
Boar

003} e 2

A L XAU(x,1%)
L P+p oW Set+v o
5=510GeY 25 <50 GeV
05— 0.01

- : s
p+p =W —e +v
{s=510 GeV 25 < E} < 50 GeV

002} Oyp5

0.01
Rel lumi
syst

01
NNPDF polL
x NNFDFDG\[DIOK

31 1 aman e
[ -?d ENIX 2013
’i“

DSSV08 RHICHCS

- DSSV0E CHENLO

- L3310 CHE NLG

DSSV08 LD 5771y = 2% arror

T I D3Vos CHENLO
- - L5510 CHE NLO

-1 DSSVOB LO ay%/47= 2% error

L 3. 7‘ beam pal ’:rﬂ\lr uncertainty nc‘| shown

O3 0.02
I I . -2 -1 1] 1 2 . 0.01
lepton L L
-2 - 0 |1 ton 2 - STAR, PRL113,072301(2014) P n 001 01 10
ef n - PHENIX, PRD93,051103(2016) X

STAR, Q.Xu, DIS2017 E. Nocera, arXiv:1702.05077

B. Badelek (Warsaw ) Spin-dependent parton distributions Low x 2017 24/ 31



|
EIC pseudo-data (inclusive and semi-inclusive)

004 XAT 4e xad 3004
all uncertainties for Az~ 9
JF Jo02
) 0 » Ag(x) from scaling violation
V EP _
B 0SSV and » Au, Ad, As from SIDIS
004l EIC5 GeV on 100 GeV f 004
&5 GeV on 250 GeV
Lo il il vl vl 0 vnld . . .
TR ST g » Flavor separation at high Q2 via CC DIS:
0.04f XAS JF XAg
302 W5 _ A= -
woal- ] 8 =Au+Ad+Ac+As
- 3 01 w- = —
Of Q , g =Au+Ad+Ac+As
ooet T 1o gy =AE-Ad+AT-As
004 Q7= 10 GeV? 1 W _
I I £ I | 002 g =—Au+Ad —Ac+As
10 107 1 102 107 1 S
X X
From “White paper”, arXiv:1212.1701 E. Aschenauer, SPIN2016
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|
JAM NLO fit to world inclusive data (A, A,)

Inclusive DIS global analysis
= syt i

ion of JLab data to global database

JAM: JLab Angular Momentum Collaboration

Included JLab data W? > 4 GeV? g | . j;;
— reduced errors for valence & sea at > 0.1 m h
TMC and HT included in the fit
helicity distributions at Q2 = 1 (GeV/c)?
100 o
IS{\[I((‘ | = s N T N
* SA 0 - JAM13 h
COMPASS = DSSVO9
HERMES 03 NNPDFI14
& SLAC 02f ~7 BB
i JLab ol 2
O o} === W?=10Gev? i
— W2 =4GeV? = -
ob) —0.02|
! —0.06)
: . 0.10] -
> : 4 o —0.14 xAg
! 0.01 0.1 0.3 0.5 0.7 0.9 N S
1077 1077 0.1 0.3 0.5 0.7 T 10~ 107% 0.1 03 05 0.7 T

JAM, PRD 93 (2016) 074005

e Au, Ad well constraint e As small and negative e Ag poorly constraint
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-
JAM: recent update (JAM17)

o first global QCD analysis of polarised DIS, SIDIS, SIA data to get PDFs and FF
(SIA = Single Inclusive Annihilation, eTe™ — hX)

o rworrww—1 Without imposing the SU(3):

e As~0
' il e ag = 0.46, i.e. 20% smaller
—0.04f e DSSV09 =00 p(Au — Ad)
“E 5T “T T 07 08 u{ T 10T 04 08 ' ) AE(Q% =1 GeVQ) = 036:
' | i.e. 25% larger

| == Jann7+su@)
1“'!"““m T 10 T 04 08 10 ‘rﬂﬂl‘{; - “AIH 04 - 0s

JAM, arXiv: 1705.05889
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g% in the nonperturbative (Q? < 1 (GeV/c)?) region

“q:ﬂ'i’ L @ COMPASS, 160 GeV, preliminary %5 L5 oD o % ¢ O commas ey
F [ COMPASS, 200 GeV, preliminary P = 8 B o % 4 COMPASS20GeV
# SMC, 190 GeV 91 Lo
0.05 ¢ HERMES, 27 5 GeV it s } %
| ol
| a4Ta st P g '
0;# e |8 8 o 71 [ o...: I %
| C ’ l Q% = 049 (Ge
0.5 Q5 fomn\/u
I C
d- r m— £t KRR
o I 10—
Al I £
L 1.5
0.05[— 10 107
¥ : o
oo olo o olalal, .‘. i » more than 10-fold improvement over
i l the statistical precision of the SMC
~0.05- | | e Spin effects at low z and Q*
g of L absent in ¢{ but very clear in ¥
B s
> _ = .
gro'p L o Nonperturbative effects
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Sivers asymmetries from SIDIS and Drell-Yan processes
(slide from T. Horn, DIS2017, Spin Physics Summary talk

COMPASS, arXiv:1704.00488, to appear in PRL
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0.5 FCOMPASS 2013 duta] 4. 32M,,,(GeVie 118 3 | IMD2
&
B + } 4 + { [ I' { 'g‘_.cb 0 -
R L B e B e B e e b b s UL S
< 0 i i f
0.5 — . — L F . I_‘ . _() l | -
1 ([ 020 020406008 1 2 E |
S x X 4 (GeV! [ no sign change
0O STAR: exploratory Sivers sign-change measurement ' - — :
—0.5 0 0.5
JII.B STAR p-p 500 GeV (L=25 pt' ‘-ll.ll STAR p-p 500 GeV (L =25 pb™y x;-'
0.5 <Py <10 GeVi Fo.5 <Py <10 GeVie Lg Lg
ki PP i fir|siprs = —fiT |y
oA o4 .
0z { E LE.3 #—#
aadmm- “k
412:- T st ‘
E - Eow—r =t
o +:¢_:wu,..,....¢.-, o +,¢.M.,‘,;,,w., Semi-inclusive DIS [SIDIS) Drell-Yan
o8 Globalyudat w74 /8 e -- Global ;3Ad0.r. = 108 /5
0B 3.4% beam pol. uncevtainty mot hown 08 3,45 Beam pol. mncertainty aot shown
15 0 s 23 0 %5 O Measurements from PHENIX to come 7
PRL 116, 13 » bl

B. Badelek (Warsaw ) Spin-dependent parton distributions Low x 2017 29/ 31



|
Take-away menu (for now and the future)

Inclusive DIS — many data sets; COMPASS legacy on g{”d(x, Q%);
NLO QCD: gluons poorly constraint

Gluon helicity: nonzero evidence from jets and hadron production in pp
Parton helicity flavour separation: SIDIS, W production in pp
Strange quark “helicity puzzle”: DIS vs SIDIS results; FFs ?

New multiplicity measurements (COMPASS) —> new FFs fits?
Proton “spin puzzle”: AY ~ 30%, AG substantial ?

New data on transversity, TMDs,...

Spin effects clearly seen in the ¢*(z, Q?) at low =, Q* < 1 (GeV/c)?
Nearest future: orbital angular momentum constraint by DVCS ?
Nearest future: new data at large = from JLab at 12 GeV

More distant future: low = data from EIC
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Spin-dependent parton distributions: outlook

Per analogiam:

£ NNPDF3.0 (NNLO)
o8- .
3 x(xp?=10 GeV)

Scit-ghion” (A 200 MeV) paran disrributione of
wens (1984 ar Q<5 GeV™: valence quark distei-
yixi~d,ixl] idoticd-cashed Ine), xGixr dashed
(x) (dotrzd line).
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