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a phase transition

guark polarization

U L @ @LX collinear PDFs
o | & 0

nucleon polarization

T G «1(4)-(7) chiral-odd
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data data data




a phase transition

guark polarization

U L @ @&{ collinear PDFs
N0
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thousands hundreds tens
data data data

nucleon polarization
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brst global bt Explorations Global fits

(= lepton-hadron scatt.

and hadron collisions) QCD analysis
of PDF hy + data
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’ Phase 2
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Transversity : Why

B transversity Is very different from helicity

@* @* helicity g: diagonal

( - @ba&s -

boosted Nucleon hi non diagonal

(Ochiral-oddO



Transversity . Why

B transversity Is very different from helicity

@_, @_, helicity g1 diagonal

( - @ba&s -

A boosted Nucleon hy nhon diagOn{il

( Ochiral-oddO

® no hy for gluons % \¥ pure non-single
(in Nucleon ) KX evolution

playground for and nonperturbative QC



Tensor Charge

B 1stMellin moment of transversity = tensor OchargeO

ke

q! ogf = : dx "h?(X,QZ) y h‘f(X,Qz)#

no associated conserved current irLocp

v

tensor Ocharge gscales witlq? C-odd

axial charge o conserved C-even



Tensor Charge

B 1stMellin moment of transversity = tensor OchargeO

ke

q! ogf = : dx "h?(X,QZ) y h‘f(X,Qz)#

no associated conserved current irLocp

v

tensor Ocharge gscales witlq? C-odd

axial charge o conserved C-even

tensor charge not directly accessiblesin

low-energy footprint of new physics at higher sc




potential for BSM discovery ?

search for new physiBeyondStandardM odel

SM particles BSM particles

Mgswm N / direct access:
high energy D e new particles
i
i
i
Sxp” Mesw ; indirect access:
low energy o >< SN virtual effects

high precision



potential for BSM discovery ?

search for new physiBeyondStandardM odel

SM particles BSM particles
Mgswm N / p direct access:
high energy L D new particles
i
i
i
Eexp© Masm — g Indirect access:
low energy o >< SN virtual effects

high precision

new local [ Il A L

operators Interaction ><
9 » Gr ~ CF/Mw?

footprint: | ; | Example: <>3Wﬁ<




Examples of Indirect access

- nuclear ! -decay. effective beld theory including operators not
In SM Lagrangian,; for examplejfensor operator

L : l
hadron level: n! pe "¢ quark level: d! ue' "¢
G
Cr ﬁU'LWTL éO"LW(l ’75) @l p| ﬂa’“’d|n> ET éO’lw(l — "y5)Ve
\ S /
exp. data |
' Mésm Or = !u I 1d

precision of 0.1% = BSM scale > [3-5] TeV Isovector tensor charge



Examples of Indirect access

- nuclear ! -decay. effective beld theory including operators not
In SM Lagrangian,; for examplejfensor operator

L l

hadron level: n! pe "¢ quark level: d! ue' "¢
G
CTr po"'n éO"LW(l ’75) @l p| ﬂa’“’d|n> ET éO’lw(l = "y5)Ve
\ S /
exp. data |
' Mésm Or = !u I 1d

precision of 0.1% = BSM scale > [3-5] TeV Isovector tensor charge

- neutron EDM: estimate CPV induced by quark chromo-EDMlq

Lcpy ! l€ _ ok i ! "ef F W FH = THA" T I AR

f=u,d,s,e

dn = (udd) + (D) + () constraints on

CP violation
+ tensor charge encoded in q ED




extraction of transversity

transversity is chiral-odd! need a chiral-odd partner
- itself : fully polarized Drell-Yan !

- Collins function : the Collins effect LQ/‘ TMD framework
hi as TMD

1-hadron semi-inclusive production *

h:  collinear framework

- IFF: the di-hadron mechanism _9_1 Q<. he as EDE
2-hadrons semi-inclusive production % ho

- hadron-in-jet mechanism: mixed framework h; as PDF

- lattice Oquasi-h10 using Ji0s LaMETs sor (16) 246

- collinear limit of chiral-odd GPDOs GPD session,
tomorrow mornlng
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extraction of transversity

transversity Is chiral-odd! need a chiral-odd partner

- itself : fully polarized Drell-Yan !
- Collins function : the Collins effect LQ/‘ TMD framework
hy as TMD
p—— 1-hadron semi-inclusive production *
tomorrow afternoon
L Sl i iy hi  collinear framework
_ . the di-hadron mechanism Q<. h, as PDF
2-hadrons semi-inclusive production  * hp

- hadron-in-jet mechanism: mixed framework h; as PDF

- lattice Oquasi-h10 using JiOs LaME N_hF?_”BZtlal"(’m) o

- collinear limit of chiral-odd GPDOs GPD session,
tomorrow mornlng
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extraction of transversity

transversity is chiral-odd! need a chiral-odd partner
- itself : fully polarized Drell-Yan !

- Collins function : the Collins effect —T—Q/ TMD framework
hiy as TMD

1-hadron semi-inclusive production *

. | hi  collinear framework
- IFF: the di-hadron mechanism _9_| Q< h, as PDE

2-hadrons semi-inclusive production  * hp “ this & next
talks

- hadron-in-jet mechanism: mixed framework h; as PDF

- lattice Oquasi-h10 using Ji0s LaMETs sor (16) 246
- collinear limit of chiral-odd GPDOs
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why di-hadron mechanism ?

collinear framework

chiral-odd
di-hadron FF

7
&2 hi(x) R H] (2, M?)
¢ € F1(X) D1g(z,M{)

- simple product of PDF and IFF

EAlc DSt AT RSl M) B

Xx-dependence of Asipisall in PDF

- factorization theorems for all hard processes
I universality of h; H19 mechanism

15



advantages of di-hadron mechanism

factorization theorems for all hard processes

lepton - data used in the global bt
SIDIS e e
R, —, ( s
pl’OtOn | K+ K" Airapetian et al., Adolph et al., P.L.B713 (12)
deuteron hl H 1 o JHEPO806 (08) 017 Braun et al., E.P.J. Web ConB5 (15)

electron
\
e+el
~ = 1"
't/ o Vossen et al., P.R.L107 (11) 072004
positron H!l
proton

run 2006 Adamczyk et al. (STAR),
- (s=200 Ge\®) P.R.L.115 (15) 242501
iSTAR

proton

s run 2011 Adamczyk et al. (STAR),
fi 1 hy ! HY (s=500 Ge\?) P.L.B780(18) 332

16



the phase space

'll |
" .
s=500 Ge\?
_' ' e
. T sTAR
= [ » ; AN
| f"/yﬁ “o=2do Geve
| \ |
fiad: -= }lﬂ{z
? s bl
- Y. |
ol ..;..III M M M ..;..I' M M M l..ll# M M M ..;..I!$ I O/C

- mostly medium/high x
- guess low-x behavior (relevant for calculation of tensor charge - see later)

1674



currently, only LO analysis

tree level
R -Rt
— _——
LR nm | no| = LAt
lild C dd ud Hiv = 1 Hd
I Ey ' g
‘ l H Fif o =
X S0 g = of
u d

access only g-g =qg=u,d

R| | & hi(x) H; *(z, M{)

Mp € f1(x) DJ(z, M?)

ISOSpIn symmetry

} charge conjugation

valence Ravors in SIDIS A

18



theoretical uncertainties

unpolarized Di-hadron Fragmentation Function D

- guark D19 is well constrained by ee' ! ($+$') X (Montecarlo)
- gluon D19 is not constrained by ee' ! ($+$!) X (currently, LO analysis)

- no data available yet for pp! ($+$!) X

we donOt know anything about the glug

0
our choice: set D (Qo) = {D1“ (O)FEY €= - 1-hadron D9(Qo)

D14 (Qo)
1.69 1.28
deteriorates our ee' bt as %/dof = 1.81 1.37
2.96 2.01

background & channels



choice of functional form

functional form whose Mellin transform can be computed analytically
and complying with Soffer Bound at any x and scale (#

h% (x;Q3) = F%(x) SBY(x)+ SB*(x)

\ Soffer Bound
2lh](x,Q%)|! 2 SBU(x,Q%) = |f/(x, Q%) + gi(x, Q?)
MSTWOS8 DSSV

qu
maxy [|[F % (x)]]

F % (x) = x2av [1 + By, Cebi(x)+ Cq, Celp(x) + Dg, Cebz(X)]

Cebn(x) Cebyshev polynomial
10 btting parameters

constrain parameters

INg,[! 1" | F¥(x)|! 1 Soffer Bound ok at any G



constrain parameters : low-x trend

lim XSBY(x) ! x i
e hi(x) | il 2! 1

im F% (x) ! x/a |
x! 0 Qi

tensor charge !q(Q?) = dxh¥ %(x, Q?)

low-x behavior important

constrain parameters our choice
| 1

| X'min |
= 1 | | | 0 fl d
lq Pnite => Agq+ aqg> 0 A+ a,> = | dxj ! 1% of | X
q q a'q q aq 3

0 X 'min

for Xmin=10-¢ from MSTWOQ0S8

Other choices

OmassiveO jet in DIS h; at twist 3 il == (09)
o : X g2(X) ! dx
violation of Burkardt-Cottingham s.r. 0 0 X

Accardi and Bacchetta, P.LB773 (17) 632

—_— Aq+aq>1

| 5
I-x dipole pi b Ol 2 Ts@one
small-x dipole picture h¥(x) ! x :

Kovchegov & Sievert, arXiv:1808.10354

—> atQp Agtag! 1



statistical uncertainty

the bootstrap method

- shift each exp. point by Gaussian noise within exp. variance

- create sets of virtual points to be pbtted: 50, 100, 200 setsE until average
and standard deviation reproduce original exp. variancelfere, 200x3=600)

- exclude largest and smallest 5% =>0% band

ASP'S"x# proton
010

0.05"

0.00 —14
[

1 0.05 {

000 005 010 015 020 025
X

automatically accounts for correlations






Our brst global bt

Prst ever extraction of transversity fro
data of SIDIS and proton-proton collisio

Radici and Bacchettal POR18) 192001

010 ‘ f“‘lsJ%'-J'S-'x#‘proton ‘ ‘ 020. | AS‘!II_J\S--X# d‘euteron‘ |
e
_/ 0.15¢ 1
SIDIS donp f W |
+ % r S 0.00 —=F i 0.05} ]
\ / 0.0 W
- 10.05-

l OZH“"’—T} |
18 data points 4 data points R
e I
- | b
- - run 2006 = | \///@l T
002, e oot &
pp collisions + isg\ma (=200 Ge\?) \i}§[
10 independent data points ¥ ¢ = /:: bty
) al AT =L
probability density function of ::
% distribution for 22 d.o.f.
| %/dof = 1.76 £ 0.11
(for 98/dof = 1 perfect overlap) | \ |




the extracted transversity

h'Y Q* 2.4 GeV?

A \
4/ data

2

1:, I

I

0— :

0.01 0.05 0.1 05 1
: uncertainty band from
90% of 600 replicas =
hed QP 2.4 GeV? max uncertainty on D19(Qo)

7,
s\  Soffer

| o " bound
5 I

- |
o |
3p | |

Eo I
2F | |
N |

ro I
0- down

ool 005 01 05 i



the extracted transversity

x h'Y @* 2.4 GeV?

h'Y Q* 2.4 GeV?

5 : - 1
=l \ | -
48 data > bt
3| : 4
o I :
2} | | - |
- o I
10| : L |
O: | A I
el el bt e A R R\ AT = i 1 0.6 P N S O RN R |

0.01 0.05 0.1 05 1 0.01 0.05 0.1 05 1

X . X
uncertainty band from )
90% of 600 replicas = diverges less than 1
hed QP 2.4 GeV? max uncertainty on D19(Qo) x h? 9 @*" 2.4 GeV?

2 he/
N I I
6 5 : Soffer 01|
5 . bound |
. :
3L | | [
N | 10.1-
N | j
Co I L
ol down e i
DT Y 0.01 005 0 05 1



sensitivity to th. uncertainty

x B Q2" 2.4 GeV? x h'd QP 2.4 GeV?

0.6
0.4 01
0.2+ :

! 0.0¢
0.0f )

I O I
102 104]
0.4 D19(Qo) =€ D1u/4

l : 1 0.2}

[ ‘ ‘ L ‘ ‘ T u L i
%01 0.05 0.10 050 1 D1 0.01 "~ 005 010 050 1

X X
global bt

Radici & Bacchetta, down
P.R.L.120 (18) 192001

Insensitive to sensitive to

uncertainty on
gluon D

uncertainty on
gluon D




sensitivity to th. uncertainty

x Y R 2.4 GeV?

x h?'? Q%" 2.4 GeV?

0.6 !
. - O.1i
0.2 |
0.0" ] 0.0

| | 0 |

02 ] 104

0.4 ] D19(Qo) :{Dlu /14

106! - — ] DU 10.2

0.01 005 0.10 050 1 0.01 005 010 050 1
X X

global bt
Radici & Bacchetta, down
P.R.L.120 (18) 192001

sensitive to

Insensitive to
uncertainty on

gluon D

uncertainty on
gluon D

pip: u~d,gluon @LO but SIDIS: u~(8x)d, gluon @NLO

need data from target more sensitive to down (deutéks), and
need data from multiplicities in p#%p ($$ )+X




Comparison with other extractions

Collins effect,

x hi'Y Q% 2.4 GeV?

T

0.2

0.0"

10.2

' O%.01 0.05 0.10 050 1
X

x b4 Q2" 2.4 GeV?

e

0.2

0.4

0.0+

1 0.2

X

'0'40.01 0.05 0.10 0.50 1

Anselmino et al.,
P.R. D87 (13) 094019

Torino

global bt

Radici and Bacchetta,
P.R.L.120 (18) 192001

TMD

Kang et al.,
P.R. D93 (16) 014009

only SIDIS data

x i Q% 2.4 GeV?

0.15-
0.10"
0.05°

0.00;
1 0.05
10.10-
1015

004 005 010 050
X

down

x h?9 @ 2.4 GeV?

0.15
0.10-
0.05
0.00;

1 0.05
10.10"
10.15

004 005 010 050
X



Comparison with lattice

ul d 2— 2
n.th 4 Q 4 Gev our global bt

6 T | !
. : Radici and Bacchetta,
B 1% Gev {, | P.R.L.120 (18) 192001
4l SIDIS (JAM) y | ]
SIDIS (BR) '~ |
SIDIS+glettiee g | JAM Collab.
¢ | ' Lin et al.,
2+ I’g | | P.R.L.120 (18) 152502
f : | Collins effect
/i | — only SIDIS data
O e /l ............. [ — ~ .
o | constrained to
) | gr-d from lattice
. || |
—>
1 0.5 0 data 0.5 1
X

______ ETMC quasi-h

courtesy of F. Steffens Alexandrou et al.,
P.R. D99 (19) 114504



The tensor OchargeO of the proton

1st Mellin moment of transversity PDF = tensor OchargeO

e 4.

Iqg! df = : dx "h‘j(x,Qz) : h“f(x,Qz)#

tensor charge connected to tensor operator
P, Sl @™ qlP,Sy" = (PHS, # P'SH)"q

/ =(Ps, # P'Sl) dxh} %(x Q?)

compute on lattice &

lattice’ g extract transversity from data with

transversely polarized protons
preferably the isovector gr="' u-' d

(cancellation of OdisconnectedO diagrams) pheno' g

31




Comparison on tensor charge

updated August 2019

only pheno extractions

Isovector tensor charge

gT! ou" od _

1.2] and recent lattice calc.
1.0 I } ] I s !

- global bt I
0.8- Q2=4 I 2) Mainz 019 Harris et al., P.RO(19) 034513

i |<— attice —»‘ §
0.6 e ¢ Q2=4 GeV? 3) LHPC O19 Hasan et al., P#(@9) 114505

: I 4) JLQCD 18 Yamanaka et al., BR1B) 054516
4
p : 5) PNDME 018 Gupta et al., P$8(@A8) 034503
0.2 ~ Alexandrou et al., P1D) 114514

| g Ee 0Ly E P9®(D7) 099906
0.0 S A A E L 7) RQCD 014 Bali et al., P.RIM15) 054501

¢ G t al., P8.(D2) 114509
Collins effect g~JAM (Q?=2) 8) LHPCO12 Green etal., Fag(l2)
no p-p data ZfTorino (Q2=1)

TMD (Q2=10)

JAM



1.2

1.0 |
0.8 |
0.6 |
0.4
0.2

0.0

Comparison on tensor charge

gr! ou" od
JAM 5
N { I I ] & %
global
D |<— lattice —»‘
i O Q2=4 GeV2
o
* L Torino
_TMD

But if we look also

at' uand d E

7
shaded area = 90% C.L./

0_07 L R I S S N S O S N S

2)
3)
4)
5)
6)
7)
8)

Mainz ©19  Harris et al., P.ROM19) 034513
LHPC 019 Hasan et al., PF[@9) 114505

JLQCD &18 Yamanaka et al., B81B) 054516

PNDME 618 Gupta et al., P$8(28) 034503

= Alexandrou et al., P31) 114514,
Sl e E PI®(D7) 099906
RQCD 014 Bali et al., P.R1D15) 054501

LHPC 612 Green et al., Pg8(2) 114509




1.2/

0.0

1.0
0.8
0.6
#

0.2

Comparison on tensor charge

od

gr! ou"
JAM {
global
Pl
[ )
o
1 Torino
. TMD |

[IlI“I
|<—Iattice—>‘

Q2=4 GeV?

2345678

no simultaneous compatibill

between
Opheno qO and OlatticgO

0.2-
shaded area = 90% C.L./

2)
3)
4)
5)
6)
7)
8)

d i

Mainz ©19  Harris et al., P.RO0(19) 034513
LHPC 019 Hasan et al., PF[@9) 114505

JLQCD &18 Yamanaka et al., B81B) 054516

PNDME 618 Gupta et al., P$8(28) 034503

= Alexandrou et al., P31) 114514,
Sl e E PI®(D7) 099906
RQCD 014 Bali et al., P.R1D15) 054501

LHPC 612 Green et al., Pg8(2) 114509

12 f
| 0.2
1.0 , .
f | 0.0
0.8 . '..'~.:
| o 3 102 i
w1 .
S 0.6 ——rif 'R
. 104 .
o4 Ll |
/ | 10.6-
!0.87 |
0002 04 06 08 1. 02 04 06 08 1.0




pheno vs. lattice tensor charge

main problem of Opheno qO is extrapolating outside data..

" Xmin " Xmax g
g = dxh{ ¥ + dxh? @ + dxhd @
0 X'min X max
JAM
gr! ou" od
1.2]
grat=1.004 + 0.057 1.0 ppor !
0.8 CA ]
are they compatiblejiie s
04
0.2
00 i R

35



Constraining our with

u-d gr! 6u" &d
JAM {

1.2,

1.0 i

0.8 {

i s

* T [ ] |<— lattice —»‘
0.6 f [ 1|
0:e ’ | |Torino
= g'gza' | T™MD 10
e e I B
0.0
constraining global Pt with lattice g+ | e 5)
10.2 6)
conbrm results: G|
constraining Ophendogwith Olattice@
at the price of 0
incompatibility for u ' d e u
08 u




Tension OphenoO - OlatticeO

If we constrain our global Pt with lattice results fom grat=1.004 + 0.057
components of tensor charge (up, down, isovector) “Ulat= 0.782 + 0.031

0 ' g
the 9% clearly deteriorate “dlatt=-0218 + 0.026

global bt ==J)  globalbt+gr === global bt+ gr

500/ 30 : 500/ ] 50

400; 400 : 4ooi
i ] i 338 ] i 346

300¢ 300 | 300

200 et 200 200% 176

100 \ 100 ] 100; 59 ]
S T R 80 O:() BT YR LGO 88 0:6 oo : 20 60 Lso

%/dof =1.76 + 0.11 %/dof = 1.82 + 0.25 %/dof = 2.29 + 0.25
22 d.o.f. 25 aReh 25 d.o.f.

probability density function of 98 distribution for E d.o.f.

statistically very unlikely E.



truncated tensor charge

truncated
' g[0.0065,0.35] Q2= 10
5u'000850.35" 2| 10 GeV/2 5d!0:00650.35" 2 n 10 GeV/2 down
0.5 |
I 02*
0.0
. * I : O
1 0.2 ¢
1 0.4 } i ;
DR {5 PTG
expect stability 1)
when integrating 2) global bt + constrain gr
on x-range of 3) global bt 17 Radici & Bacchetta,

P.R.L.120 (18) 192001

exp. datakE
5) OTMD btO Kangetal., P.R. ®3 (16) 014009



Comparison on tensor charge (latest update)

gr! ou"od 1) ETMC 019  Alexandrou et al., arXiv:1909.00485
1.2- s :

b JAM 2) Mainz O19 Harris et al., P.ROOQ(19) 034513
1.0 global * i { i e T 3) LHPC 019 Hasan et al., P3®.(09) 114505
0.8 bt 1 [ |<7 lattice 4’| 4) JLQCD 018 Yamanaka et al., P81B) 054516
0.6 J Q2=4 GeV? 5) PNDME 018 Gupta et al., P88(8) 034503

i ? ~ Alexandrou et al., 3{1D) 114514;
0.4 _ S EINe OL7 E PI(D7) 099906

: Torino 7) RQCD 014 Balietal., P.RID15) 054501
0.2

7 8) LHPC 012 Green et al., Pg®.(D2) 114509

TMD

0_0 E | ! ! ! ! ! ! ! ! ! !
123 456 7 8
o

0.2~

0.0

10.2¢

1 0.4

1 0.6

10.8




Comparison on tensor charge (latest update)

gr! ou"od 1) ETMC 019  Alexandrou et al., arXiv:1909.00485

1.2- s :

b JAM 2) Mainz O19 Harris et al., P.ROOQ(19) 034513

i )
1.0 global * i { i I &t ¢ 3) LHPC 019 Hasan et al., P3®.(09) 114505
0.8 bt 1 [ |<7 lattice 4’| 4) JLQCD 018 Yamanaka et al., P81B) 054516
0.6 I Q2=4 GeV2 5) PNDME 618 Gupta et al., P$8[Q8) 034503

i i ~ Alexandrou et al., P31D) 114514;
0.4 _ S EINe OL7 E PI8([D7) 099906

i . Torino 7) RQCD O14 Balietal., P.RIP15) 054501
0.2

; | 8) LHPC 612  Green etal., Pa8(D2) 114509

, TMD
SR (23450678

0

1.2 —
i 0.2~

ETMC O109:

1.0

- physical g, no chiral extrapolation | 0
- 1! 3 gauge conbgurations 02
- new method for disconnected loop S

lower' u! lower g

10.2¢

1 0.4

0.4

(and ~40% larger errorsE)

1 0.6

0.2

10.8

0.0







Compass pseudo-data

add to data of our global bt
a new set of SIDIS pseudo-data faleuteron target

0.20 Asipis
f% s I e
\ // Adolph et al., P.L.B713 (12) ok {
0.10" !
i : :
+ f‘% pseudodata 0.05 -
\+// arXiv:1812.07281 0_00% f ) 1 ¢

T {

statistical error ~ 0.6 x [ error in 2010 proton data|
<A> = average value of replicas in previous global bt

study impact on precision of previous global



Adding Compass pseudodata

range [0.0065, x , 0.28]

uy

uncertainty[ N1imin <h1>  himax ]

<NnNi1> <ni> <ni>
band hy global hy global hs global

pt pt pt

deuteron target
| Dbetter precision on dow

global bt

global bt + pseudodata




CLAS12 pseudo-data

add to data of our global bt
a new set of SIDIS pseudo-data faproton target

10 -

domp
’f\ ) Adolph et al., P.L.B713 (12)

%1 )&‘fg Airapetian et al.,
émies JHEP0806 (08) 017 Vi

0.05

4> *
+ clasy pseudodata C12-12-009 '0-05
O.OHH‘HH‘HH

A 12 GeV Research Proposal to Jeerson Lab (PAC 39)

Measurement of transversity with dihadron production
in SIDIS with transversely polarized target

0.15

0.125 ; projected
55 01
<C L

0.075

0.05 |-

F "/ aAd4 44
0025 [ [ .+* st +++

Asipis

study impact on precisio
of published global bt




Adding CLAS12 pseudodata

range [0.075, x , 0.53]

band

- N -t o -t N W £~
C o o [ o s o e B R A |

uncertainty [ N1min

globa

4»
class
proposal C12-12-009
<h1> hlmax ]
<nN1> <NnNi1> <nNi>
N1 global hy global ha global
pt bt bt

proton target

| better precision on up

bt
bt + pseudodata



New PRELIMINARY results



PRELIMINARY

add to data of our global bt
the set of STAR data at s=500 GeV¥

SIDIS 22 data points

pp collisions run 2006

TAR
\

run 2011

600 sz
500
400"
300"
200"
100 i

| mal 1
0 50 100 150 200

(for 9%8/dof = 1 perfect overlap)

32 indep. Z:ZZ& |
(s=500 GeV?) data points e

10 indep. o = |

fg__ (82200 Ge\ﬂ) data pOIntS Aﬂ;t::oot:vzo.s 0.6 Mt;.‘7 08 09 1_‘07

Adamczyk et al. (STAR),
P.L.B780 (18) 332

probability density function of
% distribution for 54 d.o.f.

%/dof = 2.12 + 0.09




PRELIMINARY

basically not modibed

X hf‘a Q*= 2.4 GeV?
down %

0.1

global bt + STAR s=500 data

0.0-
Radici and Bacchetta,

global Pt  pRr 120 (18) 192001

-0.1-

—0.2}

1 Soffer bound

~ 0.01 005 01 05 1 gr! 6u"&d
X 1.2]
more precise and fully positive 1.0 Cp1
| positive' d 06 o]
| smallergr="u-'d! 0.6 ¢ 1

unexpected opposite trend °'4@__

need h for sea quarks ? e

N 123456 7 8




Conclusions

¥ global bt for h; Is now possible as for f & g1

¥ uncertainty on gluon channel in pp collisions
drives uncertainty on hydown need dataon
deuteron/3He and on $$ ) multiplicities

¥ NO simultaneouscompatibility with lattice for tensor charge
In up, down, and isovector channels; new lattice results seem
to slowly tend towards pheno points (within large errors)

¥ It Is possible toforce compatibility but
It Is statistically very unlikely

¥ adding STARs=500 data gives puzzling results:
need sea quarks?

¥ adding Compassand CLAS12SIDISpseudodata
Increases precision of down and up, respectively

L S

_/ o i
@ ¥ ultimate resource:EIC

142







OX-rayOof pheno extractions of ¢

: error :
mechanism . data set . |quality of bPt|  result
(independ. pts) analysis
our global Pt | di-hadron production B
J collinear framework SIDIS data (22 pts) borgi)sﬁgzg)(mo o e
Radici & Bacchetta, E((); I;ﬁ\;;svi(s)lutlon gIPCEIENCE 1) syst. error from 90% conpd. level §T520:'543(§2§/)2

P.R.1120(18) 192001

TMD

Kang et al.,
P.D. B3(16) 014009

Torino

Anselmino et al.,
P.R.B7(13) 094019

JAM

Lin et al.,
P.R.1120(18) 152502

i

automatic Soffer Bound
10 btting parameters

Collins effect

TMD framework

TMD evolution
LO+NLL analysis
enforced Soffer Bound
13 btting parameters

Collins effect

extended parton model

(only DGLAP evolution
of collinear part)

LO analysis

enforced Soffer Bound

9 ptting parameters

Collins effect

TMD framework
extended parton model
(no evolution)

LO analysis

19 btting parameters

e+e- data (46 pts)

SIDIS data (140 pts)
49
e+e- data (122 pts)
104

SIDIS data (140 pts)
49
e+e- data (32 pts)

SIDIS data (106 pts)
45
+constraint on lattice gr
from only multiple
{a, mo, L}

unknown gluon
channel in p-p

Hessian +
tolerance #! 2
!2$!2min+#! 2

Hessian +
tolerance #! 2
!2$!2min+#! 2

Bayesian statistics
+

Nested Monte
Carlo

e

I 2/dof = 0.88

gr = 0.61 (-51 +26)

=020
probab. P=92% at Q2 = 10 GeV?

#! 2=22.2

I 2/dof = 0.80

gr = 0.64 (-34 +25)

— V)
probab. P=95.4% = Q2 =10.8 GeV?

#! 2=17.21

| 2/dof = 0.79 gr=1.0 (1)

at Q2 = 2 Ge\V?



the FLAG standard

Aoki et al. (the Havor Lattice Average Group),
arXiv:1902.08191

OWhat is the best lattice result for a given observable 20

or, better,

How do we compare two different lattice computations of
the same observable ?

* critique on averaging method:

wl 2 Mexp
Q,,;:Xz'—|—!7;, izl,..,#exp !i:! #eXIp T Xay = Xi!i
j=1 ] =1
syst ‘
o J o2 13 o2 emphasizes measurements
=

5 with smaller errors(
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DepPnition of FLAG standard

Aoki et al. (the Havor Lattice Average Group),
arXiv:1902.08191

error

rate

*

O

chiral
extrapolation

continuum
extrapolation

Pnite-volume
effects

renormalization

excited states

Mo min< 200 MeV and moyii & 3

200< Mos mirk 400 and Mo ii & 3

or or =2 and memi< 200 or  otherwise
125< Moy min< 145 and mo, 2< 200 125< moy,< 145
{ai,...,a,..} 1! 3 A A
a,am < 0.1 fm (amax>2 > 92 a < 0.1 fm Amax ; | 14 Oth@lese
Amin Amin
‘ m!’ min 2 4l T i | max (m!, min) - 1 63_ < 1
200 i
or or otherwise
L ELELz> 2fm L, E L, > 2 fm
- erturbative
nonperturbative P _ :
(RI-MOM) (1-loop or higher) otherwise
+ trunc. error estimate
source-sink)i, 1 & 3 source-sink)i, 1 & 2 i
( ) ( ) otherwise

and two of them >1 fm

and one of them >1 fm




OX-rayOof lattice calculations of g-d

main features ‘

FLAG rates

— extrapolations —__
chiral continuum volume

renorm.

exct.
states

errors

ETMC 19
Alexandrou et a

arxiv:1909.00495

LHPC 19
Hasan et al.,

P.D. P9(19) 1145(

Mainz 19
Harris et al.,

2+1+1 dynam. Ravors
Moy= 139 MeV
"2 a: 0.08,0.094 fm

3 own conbgOs

2+1 dynam. Bavors
My= 133 MeV

i a: 0.093,0.116 fm
) undreds conbg.Os

2+1 dynam. Bavors
353 > my> 203 MeV
4 a: 0.050, E, 0.086 fm

P.R. D0O(19) 0345[L3

JLQCD 18
Yamanaka et al.,

P.R. B8(18) 0545

PNDME 18
Gupta et al.,

13, conbg.Os (CLS)

2+1 dynam. Bavors

540 > my,> 290 MeV
a: 0.11 fm

6

2+1+1 dynam. Ravors
3 my: 315, 225, 135 MeV
4a: 0.06 E,0.15fm

P.R. B8(18) 0345@31 conPgOs (MILC+HISQ)

ETMC 17

Alexandrou et al.,
P.R.B5(17) 114514

2 dynam. Ravors
My= 135 MeV
only 1a : 0.0938

E P.RIB(17) 099906 only 1 conPg.

RQCD 14
Bali et al.,
P.R.B1(15) 0545

LHPC 12

2 dynam. Ravors
490 > my> 150 MeV
3a :0.06, E, 0.081 fm

D %everal conPgOs (RQCD+QCDSF.

2+1 dynam. Bavors
597 > my:> 149 MeV

Green et al.,

4a: 0.084, E,0.124 fm

sL-R. B6 (12) 11450%arious conbgOs (BMW, RBC, E)

*
*
*
*
*
*
L
*

gr = 0.926 (32)
syst. renorm. and excited state
cont. & vol. effects not seen,

but no study of extrapol. error

gr =0.972 (41)
syst. renorm. and excited states
no cont. & vol. extrapol. errors
discretiz. error (underestimated?)

gr = 0.965 (38) (+13 -41)
(38) = stat.
(+13 -41) = syst. from renorm.,
excited states and combined

gr=1.08 (3) (3) (9)
(3) = stat. (3) = syst. chiral extrapol.
(9) = syst. discretiz. effects

gr=0.989 (32) (10)
(10) = extrapolations (simult. bt)
(32) = stat. + all other syst.

gr = 1.004 (21)(02)(19)
(21) = stat. (02) = syst. renorm.
(19) = syst. excited states
no cont. & vol. extrapol. errors

gr = 1.005 (17) (29)
(17) = stat. + syst. (chiral bt, ..)
(29) = syst. continuum
no volume effects visibile

gr =1.038 (11) (12)
(11) = stat.
(12) = syst. excited states
no cont. & vol. extrapol. errors



