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Transversity 2022 in numbers

Transversity 2022

A Pavia, 23-27 May 2022

if . ; Ll g’
#6th international workshop-on
/erse phenomena in hard processes.

65 registered
49 in person, 16 remote

57 talks, 8 from remote
16 short talks
+
Piet Mulders’ fest for
his 70t birthday



Transversity 2022 outline

Mostly focus on

Semi-Inclusive Deep-Inelastic Scattering (SIDIS)

electron  / h.PhT with various final states “h” :
Qz“%/ ) light- / heavy-quark hadrons
[ _}} X jets, hadron-in-jet, etc..

Factorization th.’s available (not everywhere!) for P7./z* < O*

hadron s

but also exclusive processes...

DVCS cecon/qe B DVMP  electron / meson
P [\ Pt Q? o /
proton  t=AP? proton w




From the point of view of a theoretician...

Lorcé et al., JHEP 1105 (11) 041
Wigner Distribution

[ —> W GTMD
[ —> (x, kr, br) (x, A+, kt, Ar)

Fourier transform at A+=0

Impact parameter

TMD < > p Distribution GPD

(x, br) (x, A*, Ar)

Fourier transform at A+=0




From the point of view of a theoretician...

Lorcé et al., JHEP 1105 (11) 041
Wigner Distribution

[ —> W GTMD
[ —> (x, kr, br) (x, A+, kt, Ar)

Fourier transform at A+=0

< > 0’ Derbiion  GPD

(x, br) (x, A*, Ar)

Fourier transform at A+=0

What do we know about them ?
Where do we learn more ¢

e




The TMD “zo0” at leading twist

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

) (L)

U fi= 1 X hi= (1) - (b

L X g1 = (e - (==~ hfL:@_@

Pl =00 - o= - h=O - @

deformations induced by spin-momentum correlations

e Y.

. > B 5 Y
1 d i 1 1

h hl ’flT ng’hlL’th

each TMD is connected to a specific measurable SIDIS spin asymmetry




The TMD “zo0” at leading twist

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

)

exist as
fl= lor= @@:Cb i @ Colli:elfar PDFs

deformations induced by spin-momentum correlations

e Y.

. > B 5 Y
1 d i 1 1

h hl ’flT ng’hlL’th

each TMD is connected to a specific measurable SIDIS spin asymmetry




Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized
(V) (L)
—
U Ji= 12 X hi= (1) - (1
L _
L X g1 = (oom = (om | hip =2 = (0

T fﬁﬂ=® ) @ v =& - é-) h1:® - (1|} transversity

- chiral-odd structure also in collinear kin. 1

- only way to determine the tensor charge  59Q% = J dx hi™(x, 0%)
0

- no chiral-odd structures in SM Lagrangian; potential doorway to BSM
Example: in SMEFT’s, neutron EDM d, is source of strong CP violation

bounds from exp. —> d, :du +@dd ‘|‘s

tensor charges




Mechanisms for transversity

,4,' —  Collins effect h(x, k) @ Hi(z, P))
£ D ° St -kxPht

; el transversity as TMD
Tast Collins, N.P. B396 (93) 161

di-hadron mechanism 3 )
ST -PoxP1=S1 -PhxRy e )

Collins et al., N.P. B420 (94) transversity as PDF

hadron-in-jet Collins effect 7;(x) [C(z,u) ® Hll(zh, o p%et R)]

J7 < 0% = (PI)* hybrid factorisation: transversity as PDF

h,(x) H,(2) and also in Tt pt Drell-Yan

hi- (e, ky 1) @ hy (g, Ky ))
transversity as TMD

A spin transfer

transversity as PDF




Phenomenology of Transversity

most recent extractions

Mechanism Framework SIDIS e+e- p-p collisions | N pts
PV 2018 arXiv:1802.05212 | collinear DiFF LO v v v/ 78
JAM 2020 arXiv:2002.08384 |  Collins effect generalized parton model v v / 517
MEX 2019 arXiv:1912.03289 |  collinear DIiFF LO v v X 68
CA 2020 arXiv:2001.01573 Collins effect generalized parton model o/ / X /6
JAM 2022 arXiv:2205.00999 |  Collins effect generalized parton model v v/ 4 634



http://arxiv.org/abs/arXiv:1802.05212
http://arxiv.org/abs/arXiv:1912.03289
http://arxiv.org/abs/arXiv:2001.01573
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http://arxiv.org/abs/arXiv:1912.03289
http://arxiv.org/abs/arXiv:2001.01573

Tensor charge

1
" 9(0?) = q9—q 2 .
talk by D. Pitonyak | 6%Q )—J dx h/™(x, Q%) o7 = ou - od talk by S. Bacchio
0 arXiv:2202.09871
—d
91
| ML T T T T
6d JAM22 @ Goldstein et al (2014) —se= |:| Pitschmann et al (2015) ( ET™22f e
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JAM22 includes Soffer bound => &4 similar to others, du still larger (effect of AN data?)

JAM22 includes lattice gr results in the fit => statistically compatible by construction

JAM22 and PV 2018 do not => tension with lattice Why??




What about gluons ?

max ASL = |S'L—SL|

in spin-1/2 proton = no gluon transversity /\

in spin-1 deuteron — gluon “transversity”
because for transverse tensor polarization sz, = S% —
it can be As; =

Jaffe & Manohar (1989), Artru & Mekhfi (1990), Bacchetta & Mulders (2000)

talks by D. Boer and S. Kumano

since standard convolution model for deuteron g%
does not reproduce data for the tensor struct. fnct. bi(x) @p

S + D waves

what is the mechanism for the gluon transversity hirré(x) (or Arg(x) ) ¢

an objective of the EIC




New and future data for transversity studies

- new 3-D analysis of Collins effect from Hermes, with final h =1, K, p, pbar

talk by G. Schnell Airapetian et al., JHEP12 (2020) 010
- Collins effect for p9 measured by Compass talks by A. Bressan
- transversity induced by A polarization  r. ss2 22 136834 F. Bradamante

sin(Z(bCS— ¢S)
=2

- mipt DY by Compass: ki, ® hy,

talk by R. Longo o i

L L
1072 107!




New and future data for transversity studies

- new 3-D analysis of Collins effect from Hermes, with final h =1, K, p, pbar

talk by G. Schnell Airapetian et al., JHEP12 (2020) 010

- Collins effect for p© measured by Compass talks by A. Bressan

- transversity induced by A polarization  r. ss2 22 136834 F. Bradamante

- mip! DY by Compass: hi, ® hy,

talk by R. Longo

- Compass run with transversely polarized ¢LiD => will improve h1d

- JLab12 Hall-A TSSA with “neutron target” (SoLID) => improve hyud
- LHCspin => p-p! DY => hll,p ® hy, talk by P. Di Nezza

- Amber =>1, K DY => i}, ®hy,
- FermilLab “LongQuest” spin-1 => pDT => hﬁp ® hy p

talk by N. Wuerfel




The EIC impact

arXiv:2103.05419, od —
. 1 JAM20
@ wmanmen  N.PA in press Collins effect JAM20 + EIC(ep) il |
I JAM20 + EIC(ep—l—eSHe) —0.10 F ol
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0.750.850.951.05

-
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- Alexandrou et al (2019)
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1.2]
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" p P di-hadron mechanism
:T? 0.8 lattice
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00 a s 45 6 7 s
101
SN
hadron-in-jet Collins effect = -
Arratia et al., arXiv:2007.07281 35 |

—151

—20 1

—10 1

—— theory, 7

¢ proj. error T
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¢ proj. error p
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Sivers effect

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

) (L)

U fi= (- X hi= (1) - (1

L X g1 = (= - (=~ hlLL:@"@‘

Sivers Tngzé_é) Tg_i

distortion of quark momentum distribution by nucleon spin

Sp
krq ST * kT X P
0 YV a T Bacchetta et al., PL. B827 (22) 136961, arXiv:2004.14278
St . ;

§p’§ ! |
0.5 1

\ %
ED: 0.0 1

—0.5 1

—1.0 —0.5 0.0



Sivers

the quark Sivers TMD is not universal !

e i
h : - Ta
— in SIDIS, gauge link structure £ g l
k final MY : : 17 . T .:4_‘-"
P ctate is “future pointing” — describes | L
residual color final-state interactions g
SIDIS
P<' L+ . . A
nitial S| in Drell-Yan, gauge link structure v -
. L2 . - 4
R is “past pointing” — describes l..* & ".E
pDrell—Yan color initial-state interactions | —_ L
E_

Prediction of QCD:
Sivers TMD (SIDIS) = - Sivers TMD (Drell-Yan)




Sivers Phenomenology

most recent extractions of quark Sivers

Framework SIDIS DY pro\c/j\l/J/Stion e+e- N of points
JAM 2020 extended
arXiv:2002.08384 | parton model 4 4 4 4 o17
Pavia 2020
arXiv:2004.14278 LO+NLL 4 v v X 150
EKT 2020 2
arXiv:2009.10710 NLO+N=LL v 4 v X 243
BPV 2020
arXiv:2012.05135 C prescription V ‘/ ‘/ x 76
arXiv:2103.03270
0.01
== PV11£QQ=1.0 G§v2]
. . . . B i S A R 7" 0.06 1 g ;&E/Q[c; lifeeve\]u
all parametrizations are in fair N 7 5 S
agreement for valence flavors o] TR
~0.03 7 == 4 u
~0.04 1 0.021 !:,
sea-quarks ~ O(10-3) smaller 0] e
—0.064 T EIKV[Q* =24 Gev?) 000 PN AT ]
1 JAM20 [Q? = 4.0 GeV?]
o7 7- Thisv‘vork[Q‘=4.OGeVZ‘] L | | oot - ' ' — ' ' )
1072 107! 10° 10 10 10
xr X

Bacchetta et al., arXiv:2004.14278




The Sign Change Puzzle

. 1 &S e
- PT DY by Compass. flﬂ ®flT,P < | sign change

compatible with sign change b T B

| — LFCQM
| - SPM .
talk by R. Longo | o, & no sign change
107 i6-1 2107
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The Sign Change Puzzle
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What about gluons ?

- TMDs are related to hadronic matrix elements of bilocal operators; color gauge links
must connect the two points to restore color gauge invariance;
gluons have a more complicated structure than quarks:

Eri &t

different f—type (WW) -« — .
processes [ 4], [o] —— ¥ & b
l ¢ ¢
different d-type (dipole) T -

TMDs ! [+,-] , [+] T Oy......... —

FHsl+t] can be extracted in ep! — ¢’Q0X at the EIC talk by D. Boer

T AT
Sy |
i fllT’gH’_] at small x related to the spin-dep. Odderon
. 2 —+ 1LTQ[+’+] epl e QOQX EIC
only contribution to ppT — h¥X at xp < 0: RHIC/NICA 2 |’ j;:elfﬁﬁetx EIC
AT ptp =y X RHIC
pTA — 4™ jet X RHIC
pT A= hX (zp <0) | RHIC & NICA




New and future data for Sivers studies

- new 3-D analysis of Collins effect from Hermes, with final h =11, K, p, pbar

talk by G. Schnell Airapetian et al., JHEP12 (2020) 010

- Sivers effect for p9 measured by Compass  |talks by A. Bressan
F. Bradamante

° J_ PRC | ® COMPASS preliminary
- mipl DY by Compass: f,, ®fiz, & .

i I At sigh change
R
talk by R. Longo s
o[ no sign change
4x10” | 16 2x10




New and future data for Sivers studies

- new 3-D analysis of Collins effect from Hermes, with final h =11, K, p, pbar

talk by G. Schnell Airapetian et al., JHEP12 (2020) 010

- Sivers effect for p9 measured by Compass  |talks by A. Bressan
F. Bradamante

° J_ PRZ | ® COMPASS preliminary
- Tipt DY by Compass: f,,®fiz, & .

sign change

07 ,,,,,,,,,,,,,,,

talk by R. Longo e

[ == JAM20
_0 1 |_---Torino

no sign change

- FermiLab E1039 “SpinQuest” => pp! & pD1 =>f, , ® £,

~ LHCspin => p-p! DY => £, ® &y 0. @lmww
D, g Y

talk by N. Wuerfel

talk by P. Di Nezza




The EIC Impact

arXiv:2103.05419,
) serowseor NP A in press

_flJi";m—p [QGGV] T
5.1073
2.0f
1) - - Bury et al.,
) B Y T 0 05 015 10 PR.L. 126 (21) 112002
. .20 05 0.75 1.0 kr[GeV]
rlGeV] I+ EIC 5x41 GeV

18 x 275




The EIC Impact

arXiv:2103.05419,
‘“ET)” EIC YELLOW REPORT N.PA in press _ flJi‘ e [QGGV]

N P
e _N 5107
W e —
: » 51072 L5 ' D ——
2.0, i i 1.0 T —
1.t = ' : 0.1 05 \ . = 0.1
N . 0f——— 0.5 Bury et al.,
—r—05 075 10 0B Y PR.L. 126 (21) 112002
it kr[GeV] hr|GeV]
1+ EIC 5x41 GeV
18 X 275
opportunities with jets and Heavy Flavors talk by F. Ringer
—jet
T [ ] . .
electron-jet azimuthal correlations Arratia et al.. arXiv:2007.07281
0.06 .
St 1l = 1P+ P < P oos U Y o
p 0.04} 0.1<y<0.85
l <":5 0.03
0.02 - .
Aut ~ do(S1) - do(-51) O ﬂ;ou'rejgteer(t;la”:;ycision
Sivers effect free from TMD FF **—1— -_L;pg A
! ! 0.0 ‘:21

0.00 0.05 0.10 0.15 020 0.25 0.30 0.35
jet
a./py

also access to gluon Sivers TMD from DYDY, charm di-jets  Zieng et al., arxiv:1805.05290
and )/ production



The TMD “zo0” at leading twist

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

) (L)

U fi= (- X hi= (1) - (b

L X g1 = (e - (==~ hfL:@_@

Pl =00 - o= - h=O - @

deformations induced by spin-momentum correlations

e Y.

. > B 5 Y
1 d i 1 1

h hl ’flT ng’hlL’th

each TMD is connected to a specific measurable SIDIS spin asymmetry




The unpolarized quark TMD f;4

the best known TMD (most recent fits)

Lessons tO be |earnt . Framework | HERMES | COMPASS | DY oro dfction N of points | %2/Npoints
. . o | NLL | @/ v v/ v/ 18059 | 1.5

e non-perturbative kr dependence is not

a simple Gaussian w2 NN | x| x v | v | 309 | 1.23
BSV 2019 )

e average <kr2> strongly depends on x, and axvrsozosers | NNLL |~ X X (V| ¥ 457 | 1.7
might depend on flavor (in particular for coos e v | v v v | 1039 | 1.06
fragmentation; recent attempt on SV19)

arXivl?:/Qag?(%SSO NSLI— x x V V 353 1 07

. Galfjssia(rj] non perturbative evolution seems svio s tavorcen. | (g || i x v v 309 |<1.08>

preferre
namooress | NeLL | ¢/ v |v | v |2031] 1.06
e modern fits can reach N3LL+NNLO o5l 105 (G-1 Gov)

perturbative accuracy with reduced X2 ~ 1 o
on thousands data points |

tomography in
momentum space

PV 2017

Bacchetta, Delcarro, Pisano, Radici, Signori, P
JHEP 06 (17) 081 S0 e Ky



http://arxiv.org/abs/arXiv:1703.10157

The unpolarized quark TMD f;4

the best known TMD (most recent fits)

Sa m e aCC u ra Cy aS P D F Framework | HERMES | COMPASS | DY prodﬁction N of points | X2/Npoints
benchmarking codes @LHC w2l e | v | v v v o |sos9| 15
S ST s | x| x [ v [ s00 | 123
(2 4t - EgSEgll‘_’lg . BSV 2019 ,
'8_ I — NgISaParbat i arxiv902.08474 | NNLL X X v v 457 1.17
- I, —._ Radish :
g 3 " Rremide 4— — .o I N | v | v v v | 1039 | 1.06
3 2] ol N | x| x| v | v | 883 | 107
i - ; o e | x| x| v | v | aog [<t.08>
0L axvzznorees | NOLL | v/ | v | v/ | v/ [ 2031 [ 1.06
X . % 12% Repl. 105 (*=1CeV)
SCETLib o °= TS I = B plGeV)
0 5 10 15 20 25 30 35 40 14
q. (GeV) | . .
Z production at n=0 (ATLAS kin) tomography in | 1" N

G. Bozzi, I. Scimemi (eds.) et al., momentum Space

Yellow Report of CERN EW WG, in preparation

PV 2017
Bacchetta, Delcarro, Pisano, Radici, Signori, . [z
JHEP 06 (17) 081 S0 e Ky



http://arxiv.org/abs/arXiv:1703.10157

The MAPTMD22 fit

the best known TMD (most recent fits)

Framework | HERMES | COMPASS | DY oro dfction N of points | %2/Npoints

arXivﬁY?%g?170157 NLL V ‘/ ‘/ V 8059 1 5

Bacchetta et al., arXiv:2206.07598 i s | NNLL | X X v v 309 1.23

— BSV 2019 NNLL X X v v 457 117

. arXiv:1902.08474
the new MAPTMD22 fit
_ wxvronoesse | NOLL | ¢ | v | vV | v | 1039 | 1.06
PV 2019

tal k by V. Bertone arXiv:1912.07550 NSLI— x x V V 353 1 07
Sviostavrden | NoLL | X x |v]| v | 309 |<1.08>

# Joeemoz2 Nl | v | v | v | v | 2031 1.06

kin. cuts and coverage 105+

DY ¢+/0<0.2 PE— é
SIDIS P, =min[min[0.2Q,0.5z0] + 0.3, zQ] N [_’/ZZLEZ‘;@

0>14GeV,02<27z<0.7
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T
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F — — PHENIX

2031 exp. pts., 21 parameters
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r —— DO
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COMPASS

105 104



http://arxiv.org/abs/arXiv:1703.10157

The MAPTMD22 fit
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The MAPTMD22 fit
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The TMD evolution of {4

TMD(x, by; py, &) = Evoluy, G i, §) TMD(x, by iy, §)
EVO(ﬂfa Cfa His Cl) = eXp [Spert(/’tfa /’tla Cf)] cXp [%K(bT’ lub) ln(é’f/é:l)

Collins-Soper kernel K =y, = -2% drives the evolution in rapidity C
(including the unknown non perturbative part); can be computed on lattice

talk by M. Wagman
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The TMD evolution of {4

TMD(x, by; py, &) = Evoluy, G i, §) TMD(x, by iy, §)
EVO(/flfa Cfa His Cl) = €Xp [Spert(/’tfa /’tla Cf)] cXp [%K(bT’ lub) ln(é’f/é:l)

Collins-Soper kernel K =y, = -2% drives the evolution in rapidity C
(including the unknown non perturbative part); can be computed on lattice

A. Viadimirov talk (CPHI 2022)
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arXiv:2206.01105
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What about gluons ?

(p+p—=nep+X)
- useful channels: heavy-quarkonium production
(p+p—o> H°+X )

. p+p—oay+9+X ansatz
talk by M. Echevarri y \ .
Y cnevarria [ p+p > J/Y+7+X | 9 5oft mechanisms:

p+p—=>J/Y+Z+X
ptp— I+ T+ X soft gluon resum.

p4pom tn X - formation of bound
e+p—ret+c+c+X state

e+p—se+J/p+jet+ X
et+p—-re+J/p+m+X
e+p—oe+J/Yv+X
e +e 2> Jp+r+ X

factorization proven
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- useful channels: heavy-quarkonium production
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. +poy+y+X ansatz
Ik by M. Ech ; =
talk by cnevarria PP I+ +X ) ) soft mechanisms:

p+p—=>J/Y+Z+X
ptp— I+ T+ X soft gluon resum.

p4pom tn X - formation of bound

e+p—ret+c+c+X state

% ~ ZS+1L(8)] e+p—se+J/p+jet+ X
/ et+tp—ore+J/Yp+r+X

| L 00 |
- example: J/Y production :’: )y e+poetJ/h+X

+ J—
Bacchetta et al., arXiv:1809.02056 £ + e- — J/ p+r+X J
D’Alesio et al., arXiv:1908.00446 luon TMD

- cross section has same structure for quarks: do’ — fE @A ly¥g = Jly| + cos2qy, hfg®B lyig = Jly|
Boer et al., arXiv:2004.06740

Boer et al., arXiv:2102.00003
D’Alesio et al., arXiv:2110.07529

factorization proven

talks by C. Pisano
L. Maxia
R. Kishore




What about gluons ?

- useful channels: heavy-quarkonium production

talk by M. Echevarria

- example: J/{ production

Bacchetta et al., arXiv:1809.02056
D’Alesio et al., arXiv:1908.00446

U,

—(% TMD
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00 |
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+p 210, +X At

(ptp—2mcp+X) factorization proven
' p+p—>HO+ X '

p+p—=oy+7+X ansatz

r - 1 .
p+p—>%+’7 +X | 2 soft mechanisms:
p+p—=>JMp+Z+X

- soft gluon resum.

CptpomtmtX | - ormation of boun
e+p—ret+c+c+X state
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e +e 2> Jp+r+ X

- cross section has same structure for quarks: do’ — fE @ A |y*g — Jlw| + cos2d¢y, hfg®B lrig = Jiy]

Boer et al., arXiv:2004.06740

Boer et al., arXiv:2102.00003
D’Alesio et al., arXiv:2110.07529

talks by C. Pisano
L. Maxia
R. Kishore

/ Y/

unknown “Shape Function”
depend on process and (color) structure of QQ
must be extracted from experiment

Opportunity at the EIC Echevarria, arXiv:1907.06494
Fleming et al., arXiv:1910.03586



New SIDIS data for unpol. proton target

Compass:

domp,
>

2016-17 run on unpol. LH> target; only 11% of data analyzed
4-D analysis (x, Q?, z, Pn1) bins; unidentified charged hadrons h¥*
QED radiative corrections included
contamination from exclusive VM decay subtracted bin by bin

b 0%(GeV/c)?
16.0 COMPASS preliminary
020<z<030 | ' L\ \
7 107! . . 3 .o. . 1 'l.
L, )
h 1 * ] * ® [ ] ¢ i °
107 s | s | 'Y
10” E ) L
3.0 . 4 L
! N\ P2 (GeVic)?
107 L '-.
[ ]
107 . .
107 o s . .
0 L N L 1 | L F 1
1o ! 1 2 3 1 2 3 1 2 3
P} (GeVic)? P} (GeVic)? P? (GeVic)?

0.013

0.003

0.020

0.055 0.100

Pir-distributions |
no evidence of flavor dep.
clear z, Q2, x dep. N
deviation from Gaussian
at Phrr>1 GeV &

4 0%GeVic)?
COMPASS preliminary
‘5\ Ls.
060<2<080 | M, ., \,.. ,
- 107'F .e 3 N F s,
' ®
" 107F 3 (]
107k L
107 . s L 1 ! 1
o2 )3
1 P; (GeV/e)
] .' \... \... T
10 [ E s 1 [
] 0
107 . s
107
107 ' s L F 1 ! L F 1 ! 1
1 2 3 T 2 3 1 2 3
P} (GeVic)? P} (GeV/c)? P} (GeV/c)?
0.003 0.013 0.020 0.055 0.100

talks by A. Bressan

J. Matousek




New SIDIS data for unpol. proton target

Compass:

£
&

2016-17 run on unpol. LH> target; only 11% of data analyzed
4-D analysis (x, Q?, z, Pn1) bins; unidentified charged hadrons h¥*
QED radiative corrections included
contamination from exclusive VM decay subtracted bin by bin

v 0%(GeV/c)?
16.0 COMPASS preliminary
020<z<030 | " E\ \ /
~ ()
7 107 ' F ot . [ -..
" 1072 o E LI . L ®e ..
107 H 3 L L 'Y -
10” E ) L
3.0 . 4 L
! N\ P2 (GeVic)? -
107! L '-.
[ ]
107 . ~
¢ [ ]
107 8
o L s L 1 ! L F 1
1o ! 1 2 3 1 2 3 1 2 3
P} (GeVic)? P} (GeVic)? P? (GeVic)?

0.100

Pir-distributions |
no evidence of flavor dep.
clear z, Q2, x dep. N
deviation from Gaussian
at Phrr>1 GeV &

COMPASS preliminary

4 0%GeVic)?
COMPASS preliminary
‘5\ Ls.
0.60 <z < 0.80 e ., \,.. ,
h e . ] L
' ®
" 107F 3 (]
107k L
107 . s L 1 ! 1
o2 )3
1 P; (GeV/e)
] .' \... \... T
10 [ E s 1 [
] 0
107 (Y .
107
107 ' s L F 1 ! L F 1 ! 1
1 2 3 T 2 3 1 2 3
P} (GeVic)? P} (GeV/c)? P} (GeVic)?
0.003 0.013 0.020 0.055 0.100

h*,0.020 < x < 0.055 I~ h*,0.055 < x < 0.100

L]
]

talks by A. Bressan

J. Matousek

-'v'\:

0.003 0.013 0.020 0.055
o 07 wooos<x<o0i3 [ H.0013<x<0.020
2 2 § 0.6 e 10<Q’<30 L
P Z > B 30<0°<160
hT O 05 j

N—

—~ -

o4 .

& osf =

~

s
0.2
1
o 0.7r 1, 0.003 <x <0013 I, 0013 < x < 0.020
L e 10<0°<30
0.6

% m 30<Q’<160

O 05f

N

—~ -
N 04 ]

& ost °

~

1
h,0.020 < x < 0.055 h,0.055 < xm

T~

deviations : (kf)(x) ¢
(PI)(2) ?

parton model: (PZ) = z%(k?) + (P?)




Future data for unpol. gluon TMDs

- LHCspin => ex. pp®" = J/p+]/p+X Q." @ {i/f;l/w
talk by P. Di Nezza )

: - gt — /X LHC

- also complementarity of colliders: S A LHC
FE ] pp = yjet X LHC & RHIC

hy? FH | ep 5 QO X EIC

ep — € jetjet X EIC
pp = ey X LHC & NICA

pp— HX LHC
hT s % et X LHC & RHIC

Boer, talk at IWHSS2020




The EIC impact

MAPTMD?22 coverage
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More stuff ...

- unpolarized azimuthal asymm.: 3-D analysis of Af;;jgb , AE‘;M from Compass

also for di-hadron final state talk by A. Moretti

- twist-3 beam spin asymm. (BSA): Azi;‘l’ from Compass and Hermes  |talks by A. Moretti
contains e(x, k) ® Hi-(z, P)) G. Schnell

L ] sin ¢ ' i '
- twist-3 BSA: A7 " from CLAS(6+12) with di-hadron final state talks by C. Dilks

contains e(x) H(z, M,,,) A. Courtoy
+ decomposition of di-hadron FF in partial waves

talks by T. Hayward

- JLab BSA with 2 back-to-back hadrons: first evidence of Fracture Funct. F Benmokhtar

- exclusive processes for GPD extraction [talks by Dupre’, d’'Hose, Hobart, Kumericki, Sznajder

- strategies for GTMD: quark => exclusive double DY
gluon => exclusive di-jet in (pol.) e-p at the EIC
GTMD => access to OAM of quarks and gluons talks by S. Bhattacharya
F. Yuan
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Remarks on Sivers extractions

- Most fits use all correlated projections of same data set;
moreover, EKT20 artificially enhance weight of STAR data by

factor 13, still getting tension between STAR and SIDIS data
(X2/Npts = 1.44)

- JAM20 and TO-CA use Generalized Parton Model (GPM) with no TMD
evolution and incompatible with Sivers sign change SIDIS-DY;
TO-CA use GPM and version CGI-GPM (compatible with sign change),
but they get better x2 with GPM

- Hard to compare BPV20 with rest of works in
CSS formalism; in any case, there are violations
of positivity bound for sea quarks at Iarge X
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& 05 \ i %
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o o
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Bury etal., arXiv:2103.03270



