Collinear polarised PDFs:
recent results on helicity and transversity extractions

5t International Workshop on Transverse Polarization Phenomena

in Hard Processes

Emanuele R. Nocera

School of Physics and Astronomy - University of Edinburgh

Laboratori Nazionali di Frascati — 13t December 2017

Emanuele R. Nocera (Edinburgh) Collinear polarised PDFs 13t December 2017 1/32



Foreword: (collinear) leading twist PDF map
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Foreword: (collinear) leading twist PDF map
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1. Collinear helicity
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Experimental probes

Process Reaction Subprocess PDFs probed o Qz/p% /M? [GeV?]
3 £
2 (F{p,d,n} 5 XX  ATq—gq AqA"'gAq 0.003<z<08  1<Q2<70
N X
‘ ¢ Au Aa
2 3 (E{p,d} - ¢ErXx g = g Ad Ad  0.005 S @< 0.5 1<Q2<60
Ag
v 3 tE{p,dt > tEDX  ~*g > ce Ag 0.06 <z <0.2 ~ 10
. 99 — a9 < g < 2
v TP — jet(s)X 9o > o9 Ag 005 <z <02 30<pZ <800
L . -
+ urdp — W Au Au 0.05< z <04 ~ M2
Pp o WEX drig — W~  AdAd PSS My
) , 99 — a9 < g < 2
" TP - X 9o > a0 Ag 0.05 <z <04 1 < p2 <200
ni 2
DIS: g1 = 27‘1 (Cns ® Agns + Cs ® AX +2n5Cy ® Ag)
nf
. h _ 2 1,h h 1,h h 1,h h
SIDIS:  gf =) €2 [Aq@qu ® DI+ Aqe Cy @ DI + Ag e Cy) ®Dq]
9,9
_ h c
pp : Ac =gt — ) Z Afa ® (A)fo(®D7) ® A6 ( )

a,b,(c)

Coefficient functions are known up to NNLO for DIS and up to NLO for SIDIS and pp
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Available determinations of polarised PDFs
More than 20 years of NLO studies of polarised PDFs

Gehrmann, Stirling [ 1, Altarelli, Ball, Forte, Ridolfi | 1
de Florian, Sassot | 1, Gliick, Reya, Stratmann, Vogelsang [ 1...

Key players over recent years (all use ZM-VFN scheme and MS)

DSSV NNPDF JAM
DIS val v val
SIDIS val X val
pp m (jets,7r0) m (jets,Wi) X
statistical Lagr. mult.
Monte Carl Monte Carl
treatment Ax?/x? =2% onte Larlo onte Carlo
N polynomial neural network polynomial
parametrization (23 pars) (259 pars) (10 pars)
. minimally large-x
features global fit biased fit effects
latest updates DSSV08 NNPDFpol1.0 JAM15
p DSSV14 NNPDFpoll.1 JAM17

Complementary insights from less global studies

Leader, Stamenov, Sidorov [ 1, Blimlein, Béttcher [ 1
Hirai, Kumano | ], Bourrely, Buccella, Soffer | 1,
Khanpour et al. (DIS only, NNLO) [ L ...
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Kinematic coverage and fit quality (from NNPDF)

10* T T

T

F ll T T 11T H] T T TTTTTH Py
o 1 N,
Foemc « coMpassoc® ® ° ° @ @ EXPERIMENT Nyat 1.0X /l_{jat 1.2
“swe * STARW | EMC 1 44 043 04
°SMClowx  » STARdets ] SMC 24 098 09 082
*E142 * PHENIX-jets . SMClowx 16 097 097 094
10%FeE 143 E = E142 8 067 066 055
FE1ss o E E143 50 0.64 067 063
- . E154 11 040 045 034
~E155 o ] E155 40 089 085 0.98
€ [-courassp - COMPASS-D 15 065 070 0.57
) COMPASS.P . COMPASS-P 15 131 138 093
S ™ HERMESO7 8 034 034 023
o1 10° f*COMPASS-P15 o N HERMES 56 079 0.82 0.69
& “COMPASS-D17 " e ]
g [ *HERMES97 * ': 2t A.? £ new COMPASS-P-15 51 0.98* 0.99* 0.65
S oHERMES  u oot ] new COMPASS-D-17 15 1.32% 1.32* 0.80
o ve new JLAB-E93-009 148 1.26% 1.23* 0.94
+JLAB-E06-014 * “: Y new JLAB-EG1-DVCS 18 0.45*% 0.59* 0.29
10| "LAB-EG1-DVCS ) ‘o X x *D ol | new JLAB-E06-014 2 2.81* 3.20*% 1.33
o JLAB-EQ3- S o4
FoJLAB-E93-009 S ey COMPASS (OC) 45 122% 122 1.22
r LIRS Wt 5 STAR (jets) 41 — 105 106
L R PR ] PHENIX (jets) 6 — 024 024
” s woete L 4 T
- L L Te Y - . STAR-AW™ (2012) 24 — 105 1.05
= * e% w
L JE DU mu:.'. | STAR-AY, 12— 095 094
C 1111 \Hl 1 L1 11 HIJ . 1 1111119 new STAR-ALWj: (2013) 8 _ 276* 134
10° 10?2 10" 1 new STAR (dijets) 14 —  1.34* 1.00
X TOTAL 077 1.05 1.01
* data set not included in the corresponding fit
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Global fits: total up and down (from NNPDF)

[ T
15 xAd(X,Q%=10 GeV?)
[:]NNPDFpon.O

NNPDFpol1.2
positivity bound

T
XAU*(x,Q%=10 GeV?)
[j NNPDFpol1.0

NNPDFpol1.2
— positivity bound

0.035

e e P M| . M=
0.035 E > 2
omE 6, .(x,Q7=10 GeV? E oot 6, .(x,Q°=10 GeV
0.025 xau ) E 0.025 ;HXA"‘( ’ )
002577~ EET P E 0.02 ERREEIY N
0.015] - PN 0.015 - NS
0O — — el ot N 001E T — i il “
0.005 N 0.005 N\

10° 10 10 10° 10 10

Improved accuracy at small z: new COMPASS data
(+ improved unpolarized Fr, and F» from NNPDF3.1)

Improved accuracy at large xz: new JLAB data
(also note that the positivity bound is slightly different)

A lower cut on W2 will allow for exploiting the full potential of JLAB data

(if we replace W2 > 6.25 GeV? with W2 > 4.00 GeV? the x2 deteriorates significantly)

(need to include and fit dynamic higher twists, in progress)
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Global fits: total up and down at large x

Playground for models Beyond leading-twist factorisation

R Eh R e e
2 Ad*/d*(x,Q%=4 GeV?) E Fit of higher twist terms (up to 7 = 4)
15/ -~ Avakian etal. [ZJNNPDFpol1.1 E in JAM15 | ]
[ - - Statistical [[INNPDFpol1.2 ]
1 ---LSs(BBS)  []DSSVO08 AxP=1 - <D
F—NiL g —
0'5; ----- Su(6)-breaking 0.10 — xDy
ok — zH,
™ 0.05) =1 2H,
05 1
F ] 0.00
- 7
15 E —0.05
B T TR T T Y 077 907 01 03 05 07 .
X
T=3 T=4 __ 2
Model Adt/dT Model Adt/dt 91"« Dand g7=% = H/Q
su(6) —1/3  NJL —0.25
RCQM —1/3 DSE (realistic)y  —0.26 nonzero twist-3
QHD 1 DSE (contact) ~ —0.33 e
QHD EZJL/)Z) 13 pQCD(m" =) N quark distributions
NNPDFpoll.1 (z = 0.9) —0.74 + 3.57 twist-4 quark distributions
NNPDFpoll.2 (z = 0.9) —0.23 & 1.06

compatible with zero
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High-

Global fits: gluon polarisation
pr jet production High-pr di-jets [ ]

first evidence of a sizeable, positive

gluon polarization in the proton

08 XAg

@

; =4
@
YT T T

Q%=10 GeV?

0.8 — Positivity bound

0.08
0.06
0.04
0.02

-0.02
0.08
0.06
0.04
0.02

-0.02

102 107

<.731,2> ~

NNPDF and DSSV results well compatible

.01

0.2
/ dx Ag(z,Q? = 10 GeV?) = +0.23+0.15 /
0 0

[ S N I A A
o

X

2 _
%e /2 x[0.05,0.2]

0.2

.01
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confirm a positive

gluon polarization in the proton

AZES [sign(n,)=sign(n,)]
V$=200 GeV [ 5I<0.8

NNPDFpoli.1
NNPDFpol1.1 (rw;

STAR (2009) —=—

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

10 20 30 40 50 60 70 80

MZES [GeV]

(w1,2) ~ %(eiminz) ~[0.01,0.2]

13th December 2017

x sensitivity extended down to z ~ 0.01

dx Ag(z, Q% = 10 GeV?) = 40.32+0.13
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Global fits: gluon polarisation

More data available: PHENIX 70 run 12-13 at 510 GeV | ]

STAR dijets run 12 at 510 GeV [ 1
More data to come: STAR dijets run 12-13 at 510 GeV, STAR jets run 12-13 at 510 GeV
Deep insight: a high-energy polarised Electron-lon Collider | ]

Ju—
W

UBLEALLL Ll R L e AL e R L e R R

DIS + SIDIS data —— DSSV 2014

1o pp data in fit with 90% C.L. band

RHIC spin EIC projections:

projected data up to 2015 B Vs=77.5GeV
Vs = 1227 GeV
B+ s = 1414 GeV

[ldx Ag(x. Q%)

including jet and 7°
RHIC data < 2015

LI B N N B

0.5 510 GeV forward
rapidity data
will have sensitivity

down to few z

best fit prefers
AG of about 0.36
70-75% of 1/2

PRI SN [T S T R SR

but Iarge 0 __ .................. | 1073
uncertainties L |
F Q'=10GeV? 1
0.5 NN, ol )
10° 107 10" 107 107 100
min
Small-z behaviour can be modified by small-z evolution | 1
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Global fits: sea quark polarisation Ay, = A — Ad

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

X(AU-AQ) T e

-0.02F- E
-0.0a- I
F Q?=10 GeV? MG (n-p) - - PB (ansatz) 1
0061 7] NNPDFpol12 —MC(p) --COSM
P SSV0B Ag=1 ~+MC (1-0) -~ ST E
C ol ol Condl
10° 102 10" 1
X

(1,2) =~ MTVSVe*’n/2 ~ [0.04,0.4]
A > 0> Ad, |Ad| > |Ag]

0.4
/ da As(x, Q% = 10 GeV?) = +0.06 + 0.03
0.04

— 40.07 £ 0.01
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Global fits: sea quark polarisation Ag

More data available:

PHENIX W run 11-13 at 510 GeV |

= At — Ad

]
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Collinear polarised PDFs
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Deep insight: a high-energy polarised Electron-lon Collider | ]
accurate determination of Aw and Ad through CC DIS and SIDIS
M T T T 1.0 T T
004 XAu JE xAd 4 004 A _ (ButAo) = (1-y)*( ?(Ad + AF)
1 1002 = ) (wto+(T-p?d+s)
y e W A
’ * o5 #
4F H-002 & 7
ooq [ S DSSV+ &mC 00 50 Joos \3 el
all uncertainties for Ay'=9 = x
- L - - ] oo =
10 00 x 1 10 07 x 1 % 00 s -
0.1 | o - z
F x(Au -Ad) 1 5 wt \¢
1 = AV (1 —y)*(Ad + As) — (Au+ Ag)
r 1 05— ° 51*?/)Q(l[+ﬁ)+ﬁﬂ+4:)
0.05 - u 10° 102 107
X
AW+,p LO . Au—Ad
y—0 Cutd
0 AWt _LO | 4Au-Ad
T A
b XQSM ---- CTEQ6 x(d-u) 4 y=1/2  Autd
b ---ee- DssV 1 wtp LO. A
| EEEEE DSSV+ &EIC 5x100, 5x250 4 Al P, u"
-0.05 all uncertainties for Ay*=9 - y—1
L Lol PR f AW
- g . < for
10 107 I 1 L
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Global fits: SIDIS and Fragmentation Functions |

DHESS JAM NNFF
SIA vl 4| |
sIDIS vl X X
PP vl X X

statistical Iterative Hessian
treatment 68% - 90% Monte Carlo  Monte Carlo
parametrisation standard standard neural network
pert. order (N)NLO NLO up to NNLO
HF scheme ZM(GM)-VFN ZM-VFN ZM-VFN
DEHSS =¥ | 1 K*
JAM  #E KE ]
NNFF 7%, K%, p/p [ ]

Focus on new data:
BELLE and BABAR SIA cross sections
COMPASS SIDIS multiplicities

Overall fair agreement among the three sets
(except flavour separation for K+)

NNFF uncertainties usually larger
(especially for the gluon)
Note various shapes for the 7% gluon

Emanuele R. Nocera (Edinburgh)

.
2D} (2.Q9)
Q=10 GeV

=
20} (2.Q%] °
NNFF1.0
DEHSS
JAM zzzz1
NLO theory:

=N 2

ratio to NNFF1.0
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Global fits: SIDIS and Fragmentation Functions |

DHESS JAM NNFF
SIA m m m
sIDIs vl X X
PP vl X X
statistical Iterative Hessian
treatment 68% - 90% Monte Carlo  Monte Carlo
parametrisation standard standard neural network
pert. order (N)NLO NLO up to NNLO
HF scheme ZM(GM)-VFN ZM-VFN ZM-VFN
DEHSS =¥ | 1 K*
JAM  #E KE ]
NNFF 7%, K%, p/p [ ]

Focus on new data:

BELLE and BABAR SIA cross sections
COMPASS SIDIS multiplicities
Overall fair agreement among the three sets
(except flavour separation for K+)
NNFF uncertainties usually larger
(especially for the gluon)

Note various shapes for the 7% gluon
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zDg'(z,Qz)
Q=10 GeV

-
20K (2,09
NNFF1.0 mommm
DHE:
JAM

NLO theory

SS == 0.8
zzzn
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Simultaneous fits: As from JAM17 | ]

JAMIL7 +SU(3) ¢ ¢ e ) ¢ 4
DSSV09

0.04F

0.02f JAML5 X
X
0 N X e N
—0. 02 R
20 9ga SU)
—0.04}+ <
1073 1072 107 04 0.8
= 11 12 1.3
process target Niag x? :é AY Au~Ad
DIS pdHe 81 818 -
SIA (7%, K¥) 850 997.1 =
SIDIS (%)
HERMES d 18 28.1 g 02 03 04 05 —02 0 0.2
HERMES P 18 14.2
ggﬁgﬁgg d 32 lgg ga=1244+004  as=0.4640.21
SIDIS (K*) ’ confirmation of SU(2) symmetry to ~ 2%
HERMES d 27 183 ~ 20% SU(3) breaking £20%
COMPASS d 20 18.7 4
COMPASS P 24 12.3 As™ = —-0.03£0.09
Total: 1855 1969.7 A =0.361+0.09 Au—Ad = 0.05£0.08
See | ] for a simultaneous fit of FFs and the unpolarised strange via reweighting
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Lattice QCD and (helicity) PDFs

' BENCHMARK :
! |
12 I
Global QCD analyses Lattice QCD
PDF fits moments/quasi-PDFs
| | x
| 1
1
' INPUT !

Define a mutually agreed conventional notation
for relevant PDF-related quantities, such as PDF moments.

Assess the sources of systematic uncertainties in lattice-QCD calculations.

Identify a best-set of quantities
to benchmark lattice-QCD calculations against global-fit determinations.

Set precision targets for lattice-QCD calculations
with respect to global-fit determinations.

Assess the impact of lattice-QCD calculations
on global-fit determinations within their current/projected precision.

The PDFLattice2017 workshop, Balliol College, Oxford, 22-24 March 2017
http:/ /www.physics.ox.ac.uk/confs/PDFlattice2017 /index.asp
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http://www.physics.ox.ac.uk/confs/PDFlattice2017/index.asp

Comparing lattice QCD and global fit PDF moments

Polarlzed moments Neowt ‘,3,
R O
lattice QCD +—— 1

global flt reoeeet

JA FERTPR

Doy g
o (Dagt
(Das* ",'.‘:..:
<X>Au'— Ad” '-;:
‘ ‘ ‘ 15204 GeV?
08 04 0 0.4 0.8 1.2 1.6

Moment Lattice QCD  Global Fit JAM17
1.195(39)*

ga 1.275(12)  1.240(41)
1.279(50)**

(1) put 0.830(26) 0.813(25) 0.812(22)

(1) A gt -0.386(17)F  -0.462(29) -0.428(31)

(1) Ast -0.052--0.014 -0.114(43) -0.038(96)

(z)Au _Ad— 0.146-0.279 0.199(16) 0.241(26)

*Ny =2
Np=2+1+1

t Slngle lattice result available [

+Aq:|:Aq,q:u,d,s;Q:2GeV.

For details, see [ ]

1
ga = (D aut—_ng+ = /0 dz [Aut(z,Q%) — AdT (z, Q)]

(@) aw—aa- = [ wds (b7 (2.Q%) -

Emanuele R. Nocera (Edinburgh) Collinear polarised PDFs
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Which precision shall we require to lattice QCD?
Generate lattice QCD pseudodata assuming NNPDFpoll.1 central values for
94 = (D awt—aat: (Dawts (Daat: (Dast: (T)auw-—aa-

Assume percentage uncertainties according to three scenarios

scenario g4 (Da, 4+ Dagt Dast D au——na—

A 5% 5% 10% 100% 70%
B 3% 3% 5% 50% 30%
C 1% 1% 2% 20% 15%
current 3% 3% 5% 70% 65%

Reweight NNPDFpoll.1 with lattice pseudodata and look at the impact

0.08 Ty 0.03 T
EAbsolute PDF uncertainty 3
0025 £ 1o lattice —— 0.025 |-
Escenario A - E
0.02 £ scenario B 0.02 £
7 E scenario G e TR
0.015 Q=4 GeV? 0.015 F

001 E 001 [-
00055 .- 0.005 F -
ExAut(x,Q?) ‘ ‘ \ ExAs*(x,Q%) ‘ ‘
10° 102 107 10° 10° 102 107

X X
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Comparing lattice QCD and global fit PDFs

Quasi-PDFs defined as momentum-dependent nonlocal static matrix elements for
nucleon states at finite momentum, with an ultraviolet cut-off scale A ~ 1/a

~ d —ixz 1 2 n 7 z z')dz’
TaAps) = [0S sl Beac? 5 A (o) p,5)

47 2 ot

Must be related to the corresponding light-front PDF, usually within LaMET
. Ld A A2 2
a(z, A, pz) :/ Sz (E,i,*) a(y, Q%) + 0 | ~%B T
—1 |yl Y Pz Pz/ ;2=Q2 pz Dz

18 X[Au-Ad](x,Q?) 0.3 X[AU-AG](x,Q2)
16 Q%-4 GeV? 025

ETMC
DSSV08 Ax’=1
12 NNPDFpol1.1 16

-0.05

-0.1

-0.15

0.1 02 03 04 05 06 0.7 08 0.9 0.1 0.2 0.3 04 05 0.6 0.7 08 09 1
X X

[ ]
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2. Collinear transversity
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Experimental probes

The transversity is a chiral-odd function, two helicity flips are needed

Single hadron production Di-hadron fragmentation
[ 1 [ 1
L »
“ R AT P 4
Ra iy k L 2
k et/ / 0 P /T
v 1_'_} 55, . ' >
T ' [ P2
Orr P, = P;+P,
Collins angle 2R = P;-P,
kxPp-St x sin(@ + q)s) P, xRr St x sin(<I>RT + @s)
Pl #0 Rr#0 Pl =0
Transverse momentum of h required The hadron pair is collinear
Framework of TMD factorisation Framework of collinear factorisation

ASIn(2+@s) Zq eﬁh‘{ ® H1J_q

sin(®pp +Ps) R| 2, eah{HY
R A THER K o
q 9

A =4 °* - -
or My 32, €3 /i DY
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Kinematic coverage

On the experimental side, the history of transverse polarisation distributions is readily
summarised: (almost) no measurements have been performed as yet. [Phys Rept. 350 (2002) 1]

World data for F,P

== ZrusNLo Qco st
—— HLPOF 2000 08

; “log,,(x)

T et oeB@ S e o =06

N !
' 10 10 0 10 0
Q¥GeV?)

f; from fits of
thousands data

[H. Montgomery, QCDevolution 2016]
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World data for giP

World data for hy

10 ooy T T T T
— x=00007
—— x=00025
44 x=00063
et x=00141
x=00245
1L x=00346 |
® b x=00490
15 — x=00775
+ ‘f‘?r‘_._t x=012
& om
g e %
X x=0245 0,
== w1 %
ol NSRS
K : x Y L
" E155 \Hh+\r x=04%0
CEM
* sme x=0735
* HERMES
0.01 Ll . L L |

L .
102 10°

Q¥(GeV?)

10° 10

g1 from fits of
hundreds data

Collinear polarised PDFs

1 10 1000 10000

o’(et;‘)
h; from fits of
tens data



Experimental data

[See talks by A. Bressan, C. Van Hulse, Z.-E. Meziani, E. Aschenauer, A. Vossen, G. Schnell, B. Surrow, ]

Collins fragmentation Di-hadron fragmentation
SIDIS SIDIS
lepton lepton
1 pion 2 pions

roton % proton
PN e LB
HERMES [PRL 94 (2005) 012002; PLB693 (2010) 11] HERMES [JHEP 0806 (2008) 017]
COMPASS [PL B673(2009) 127 PLB744 (2015) 250] COMPASS [PLB713(2012) 10: EPJWC 85 (2015) 02018]

JLab [PRL107(2011)072003]

electron electron
:D\/O\1pion 2 pions
positron g positron Hf
BELLE [PRL 96 (2006) 232002; PRD D78 (2008) 032011] BELLE [PRL 107 (2011)072004]
BABAR [PRD 90 (2014) 052003] -
p-p
p-p’ ;
2 pions
1 pion fi x x Hj
fLr @ h @ HE factorisation(?) STAR [PRL 115 (2015) 242501]
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Transversity from Collins effect |

0.4 T T - ; ;
0.3 // M\ Experiment Xx? | n. points | x*/points
0.2 ' \ Belle-z1zz AYY | 14.0 16 0.88
:"’_ 01 Belle-zy 2o AYC | 136 16 0.85
< 0 BaBar-z1zo Ay | 37.3 36 1.04
01 F 1 BaBar-z12 AYC | 13.0 36 0.36
" 4 BaBar-Pir  ASL | 5.6 9 0.63
01k 3 BaBar-Pir AYC | 3.1 9 0.35
0 Total Ao 86.7 122 0.71
°
<»1— -0.1 HERMES p 31.6 42 0.75
-0.2 F 1 COMPASS p | 40.2 52 0.77
-0.3 F 1 COMPASS d 58.5 52 1.12
-0.4 L : Total SIDIS 130.3 | 146 0.89
0.001 0.01 0.1 1 5
Total 2070 268 [ xGos =084]
X

e—Kk3 /(K3 )
(k3 )

J\/—qT(x) = Ngxa(l — )

hlll(‘r7 kl’ QQ) = h‘(ll(zv Q2)

(a4 p)>rh
ac BB

Simple, LO, phenomenological model with DGLAP evolution

(q = u’Uyd’U)

W2, QR) = N (2, @3) [al @B) + Mgl QF]

Mild dependence of hi1 on TMD evolution, almost canceled out in asymmetry ratios
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Transversity from Collins effect |

Kang et al (2015)

Anselmino et al (2013) =sssreses
0 0.2 0.4 0.6 0.8 1
X
Experiment Observable dependence # ndata x> x*/ndata
BELLE [12] A§* z 16 13.02 081
BELLE [12] A§¢ z 16 1154 0.72
BABAR[98] A{* z 36 3461  0.96
BABAR[98] A{¢ z 36 1517 042
BABAR[98] AY* Phi 9 9.09  1.01
BABAR|98] A{° Py 9 433 048
22 876 072
at+pB 1
2\ _ AT (a+8)
hl(nyO)_qu (lix)ﬁ o BB Py
a®f 2

]

Experiment hadron Target dependence # ndata x? x%/ndata
COMPASS [97] =% LiD z 9 1116 124
COMPASS [97] =~ LiD z 9 9.08 101
COMPASS [97] =+ LiD z 8 326 0.41
COMPASS [97] 7~  LiD z 8 729 0.91
COMPASS [97] =+ LiD Phi 6 4.19 0.70
COMPASS [97] =~ LiD P 6 450  0.75
COMPASS [96] 7+ NHs z 9 2146  2.38
COMPASS [96] 7~  NHs z 9 623 0.69
COMPASS [96] 7+ NHs z 8 7.80 0.98
COMPASS [96] 7~  NHs z 8 1029 1.29
COMPASS [96] 7+ NHs Phr 6 3.82 0.64
COMPASS [96] 7~  NHs Pt 6 385 0.64
HERMES [95] =% H z 7 537 0.77
HERMES [95] =~ H z 7 1261 1.8
HERMES [95] =+ H z 7 3.04 043
HERMES [95] =~ H z 7 323 0.46
HERMES [95] =& H Py 6 160 0.27
HERMES [95] =~ H P 6 482 0.80
JLAB [9] 7w  JHe z 1 390  0.98
JLAB [9] T *He x 4 311 0.78
140  130.65 0.93
at NLL with TMD evolution
Ssame parametrlsatlon as
In [ ]
A+ A 2 = uy,d
[a(z,Q3) + Aq(z, QF] (g = uv,dv)

Good consistency with Anselmino et al.

Mild dependence of h; on TMD evolution within the current precision of the data
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Transversity from di-hadron fragmentation | ]

Kang et al (2015) —
Radici et al (2015) [

0 0.2 0.4 0.6 0.8 1
X
X2/dotf. | ag(MZ)=0.125 | as(M2) =0.139
rigid 1.42 1.46
flexible 1.65 1.71
extraflexible 1.97 2.07

Determine the DiFF from eTe™ data
Use such a DiFF to extract h{ in SIDIS

Make use of Monte Carlo techniques to
estimate the PDF uncertainty

Study the stability of the fit upon three
parametrisations and two values of as

Mild dependence on these choices

Agreement of h{V with
Kang et al. (and Anselmino et al.)

Saturation of the Soffer bound in h‘f"
driven by COMPASS deuteron bins 7-8
(more flexibility in the parametrisation)

zhi(zx, Qg) = tanh [ml/Q(Aq + Bgz + C'q:vQ + qu3)] T [SBq(:v, QS) + SBY(, Q%)]

rigid Cy

=D, =0

Emanuele R. Nocera (Edinburgh)

flexible Cq =0 Dy # 0 extraflexible Cyq # Dy # 0
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Transversity from di-hadron fragmentation | ]

x hi" as(Mz) = 0.139 flexible

x hi" as(Mz) = 0.139 flexible

0.4T~~—

0.05 0.10 0.50

0% 01 0.05 0.10 0.50 1
X

blue line: Soffer bound
red line: Kang et al. pink band: Anselmino et al. cyan band: Bacchetta et al. (prel.)

Extend the data set to DiFFs in transversely polarised collisions at RHIC
Include STAR 2006 run data [ ]
Effect of the new data: higher precision and better compatibility
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The isovector charge gr and lattice | ]

1
gr=d0u—6d  Sqg= / dz [hi(z) — hi]
0

T T T
——e——  Pitschmann et al (2015)
- Gockeler et al (2005)
—— Bhattacharya et al (2013)

—e—  Aoki et al (2010)
-~ DSE
- Lattice - Green et al (2012)
- Pheno - Bali et al (2015)
- Pheno —— Gupta et al (2014)
— Bhattacharya et al (2016)
Gamberg, Goldstein (2001)
Anselmino et al (2013)
Radici et al (2015)
——————  Kangetal (2015)
truncat:(-i EII SeLID
L L L
0.5 1.0 1.5

gr
[ |
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Is lattice in tension with phenomenology?
Simultaneous fit to the Collins asymmetry data from HERMES and COMPASS of

Ml k) bk DY(=pl)  H(zpa)
and to three lattice data sets with reliable estimate of systematic ucnertainties
PDNME [ 1 RQCD | 1 LHPC | ]

using Monte Carlo techniques for the representation of uncertainties

4
p/\/"j 4 + 2 o1 hY 0.4
0 2 VH_ﬁ\
0 0.2
{ o 0
4 2 ]| 2 o 0
__ -8 HERMES p % -4 4 } 2 h’li —0.2
X 2 2 ~
< ' P?’)J—H M N 0.4
9: 0 . . 0 0.2 0.4 0.6 0.2
s -4 _
i S E - E 9
< -8] COMPASS p % = | mm SIDIS +lattice
£ 6/ = sis
2 E B
{ g 3
-2 _5
g2t
4 £
§LCOMPASS d 2,
0 01 02 45 02 04 > 06 02 04 06 P, 0 0.5 1 ar

]
Excellent description of the data with and without lattice results (x?/Nga: = 0.65)

Lattice results are compatible with measured asymmetries

Lattice results are able to reduce the uncertainty on hi and Hi significantly
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Transversity in inclusive DIS | ]
In DIS, on-shell quarks cannot be present in the final state, but they decay into hadrons
A nonperturbative spin-flip term associated with M, couples to hy

dr?
21, 1p) = —Elf— — +ht t
(~,17) /2[* ) 2l*€1 + &2 5 + erms
& = /d,uz%Jl (v = % & = /d,u Jo(1?) =1 (quark spectral functions)

from positivity 0 < My < [ du?pJda(p?) = My, = O(10 — 100 GeV) much larger than my

(I ) 5
. A \

‘I’A P)

d X
Y9« {FT +eFL +SjAe V1 — e2Frr + |ST|Aev/26(1 —€) cos@stcj’fq>S}
drpdyd®g
Fr=xp Zesz(xB) Fr, =0 Frp= xBZeﬁgf(xB)

q

q
Ccos M, My
FeS®s — _gp E eq 0 (ngT(xB) + 71}1 (IB))

LT
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3. Conclusions
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Summary

@ Continuous effort in improving the existing determinations of collinear PDFs

> Data: global fits
— inclusion of a variety of obervables, consistency of the QCD framework
— increasing experimental precision, extended kinematic range
> Methodology: simultaneous fits
— non-trivial interplay between PDFs and FFs
— accompanied by an increased sophistication of the fitting techniques
» Theory: improved fits
— refinement of the QCD details in the PDF analyses

@ Possible fruitful interplay between QCD fits and lattice QCD calculations

> An extensive benchmark for helicity PDFs is now available
— competitive lattice QCD moments
— promising methods to determine the PDF = dependence
> Studies of the impact of lattice QCD on trasversity are promising
— lattice QCD results on g pin down theh uncertainty on hj significantly

© Combination of all the above will perfectly fit into the EIC program
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Summary

@ Continuous effort in improving the existing determinations of collinear PDFs

> Data: global fits
— inclusion of a variety of obervables, consistency of the QCD framework
— increasing experimental precision, extended kinematic range
> Methodology: simultaneous fits
— non-trivial interplay between PDFs and FFs
— accompanied by an increased sophistication of the fitting techniques
» Theory: improved fits
— refinement of the QCD details in the PDF analyses

@ Possible fruitful interplay between QCD fits and lattice QCD calculations

> An extensive benchmark for helicity PDFs is now available
— competitive lattice QCD moments
— promising methods to determine the PDF = dependence
> Studies of the impact of lattice QCD on trasversity are promising
— lattice QCD results on g pin down theh uncertainty on hj significantly

© Combination of all the above will perfectly fit into the EIC program

Thank you
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4. Additional material
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From NNPDFpol1.0: SU(2) and SU(3)

fixed B
a3 = 1.2701 £ 0.0025 w5, 0) 1 e T ]
fitted 4 e ‘ ‘ ‘ 1
az = 1.19 £ 0.22 UL I { |
Fll\IS(zminv Qz) 014 —f o.m; ‘ ‘ ‘ ] % ll
Ji delel(@.Q%) = gt (2,.QY)) L 1 1
Tmin=0 [ = Asymptotic band - Fixed a, ] [ - Asymptotic band - Fitted a,
1 2 2 oalond vl vl ol ool ool vl ol ] oot ol vrid v ol ol ol Hw:}
5a3(Q°)ACNS[as (Q7)] . S : R
NNPDFpol1.0 [ ] J AN WA

x[As+A8](x,Q2=1 GeV?) directly from SIDIS Kaon data

[ dz[As + A5) = —0.13 £ 0.09

0.06[— 7] NNPDFpol1.0
DSSV08 Ax?=1
JA1M17 [ | 004 BB10 Ax’=1
Jo dz[As + As] = —0.03 £0.10 [] AACO8 ay?=1 I
002 positivity bound

First moment constrained by _¢ o
az = fol dz[Aut — Adt)
= 1.2701 £ 0.0025

|nd|rect|y from DIS + SU(3)

2
I X

i

7

-0.04—
ag = [ de[AuT +AdT —2As7T)
=0.585 £ 0.176 oo ‘ ‘ d
10° 107 10" 1

JAM17, first moments fitted: as = 1.24 +0.04 ag = 0.46 & 0.21

Emanuele R. Nocera (Edinburgh) Collinear polarised PDFs 13" December 2017 2/3



Appraising lattice QCD calculations

‘2
\ga“ «\3”5 0\0‘0 \\53 ’@

ey

(\0‘ +¢\

°

Mom. Collab. Ref. Nf Value
ga Callat17 [ ] 24141 m % m * *x ° 1.278(21)(26)
PNDME16 [ 2+1+1 O * O * * 1.195(33)(20)
LHPC 14 [ 241 B %X % % % 0.97(8)
Mainz 17 [ 1 2 * 0 * % *x 1.278(68) (19 o)
ETMC17 [ 1 2 ok B kX k% 1.212(33)(22)
RQCD 15 [ 2 oo o % o # 1.280(44)(46)
QCDSF 14 [ ] 2 oo o % m # 1.29(5)(3)
(1) At ETMC17 [ ] 2 kB ok k% * 0.830(26)(4)
(1) A g+ ETMC17 [ ] 2 ok B kX k% * —0.386(16)(6)
(1) Aot XQCD 17 [ 241 B O O % % D9 -0.0403(44)(78)
Engelhardt12 [ 241 " E O % % ¢ -0.031(17)
ETMC17 [ 1 2 Hox B %X % * -0.042(10)(2)
() Au— _nq— RBC/ [ 241 B E % % m 0.256(23)/
UKQCD 10 0.205(59)
LHPC 10 [ 241 m o om 0.1972(55)
ETMC 15 [ 2 Bk B X x * 0.229(33)

* Study employing a single physical pion mass ensemble.

g A is determined via the ratio g 4 / fr employing the physical value for fr.
© Approach inspired by the Feynman-Hellmann method is employed.

T Partially quenched simulation with m = 330 MeV.
< Some parts of the renormalisation are estimated.
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