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Transversity overview:

* properties
e ways to extract it from exp. data

e current knowledge

e tensor charge: comparison with lattice

e new data available

e future data and related impact

In 30 min., overview far from exhaustive...



Transversity properties



The quark TMD “zo00” at leading twist

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized
(V) (L)
—
U Ji= 12 X hi= (1) - (1
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similar table

B for gluons
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deformations induced by spin-momentum correlations
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each TMD is connected to a specific measurable SIDIS spin asymmetry




The quark TMD “zo00” at leading twist

Quark polarization
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The quark TMD “zo00” at leading twist

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized
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Integrating kr : the collinear quark PDFs

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

(1)) (L) (T)




Integrating kr : the collinear quark PDFs

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

) (L) (T)

hi = (b - (1|} transversity

- the only chiral-odd structure that survives in collinear kinematics
1

- only way to determine the tensor charge  §%0Q% = [ dx h{™(x, 0%)
0




Transversity properties

both defined in
Infinite Mom. Frame 8 7 @* _@’ h = @ _®
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boosted Nucleon



Transversity properties

both defined in
Infinite Mom. Frame 8 = @* _@* h = @ _®

( » helicity transversity

boosted Nucleon

Non-relativistic theory: ' |
boosts & rotations commute Differences

=> info on relativistic motion of quarks

10



Transversity properties

o A
both defined in
Infinite Mom. Frame 8 7 @* _@* hy = @ _®

( > helicity transversity

boosted Nucleon

Non-relativistic theory: ' |
boosts & rotations commute Differences

=> info on relativistic motion of quarks

naspin-1/2 hadron,

no transversity of gluons singlet and only
non-singlet non-singlet
evolution evolution
In a spin-1 hadron, gluon transversity possible _
because transverse tensor polariz. => AA=2

but h8 = h8 is Only a TMD and T-odd Jaffe & Manohar(1989 ), Artru & Mekhfi (1990), Bacchetta&MuIders (2000)
1,TT = 1
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Transversity properties

o A
both defined in
Infinite Mom. Frame 8 7 @’ _@’ hy = @ _®

( > helicity transversity

boosted Nucleon

Non-relativistic theory: ' |
boosts & rotations commute Differences

=> info on relativistic motion of quarks

naspin-1/2 hadron,

no transversity of gluons singlet and only
- non-singlet non-singlet
» evolution evolution
vyt \
In a spin-1 hadron, gluon transversity possible _
because transverse tensor polariz. => AA=2
but h8 hg T Only a TMD and T-odd Jaffe&Manohar(1989 Artru&Mekhfl (1990), Bacchetta&MuIders (2000)

LLTT —

" ‘Soffer bouvnd - |h1|s —(f1+g1) B fr (x2 -
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Transversity properties

e SO

helicity transversity

charges connected to hadronic matrix elements of local operators (calculable on lattice)

(P,S.1a1"vsq| P, S;) = S P g (P,S|go" q|P,S) = Pl s 59(0?)
axial current <=> axial charge | tensor current <=> tensor charge
1 c 1
= S, P¥ J dxgl‘”q(x, 0% | — ple g J dx hlq_q(x, 0?)
0 j 0

connected to C-even structure connected to C-odd structure
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Transversity properties

e SO

helicity transversity

charges connected to hadronic matrix elements of local operators (calculable on lattice)

(P,Sp|qr*rsq|P,Sp) = S P* g| (P,S|Gc" q|P,S) = Pl s"159(Q?)
axial current <=> axial charge ; tensor current <=> tensor charge
=S, P# r dx g*(x, 0%) = plr s Jl dx h?~(x, Q%)
0 ', 0
connected to C-even structure connected to C-odd structure
anomalous dim. AyV =0 " anomalous dim. 57(1= — Cpl2 N
=> gadIs constant => 04 scales with ()2 e ;Nc
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Transversity properties

L RO

helicity transversity

charges connected to hadronic matrix elements of local operators (calculable on lattice)

(P,Sp|qr*rsq|P,Sp) = S P* g| (P,S|Gc" q|P,S) = Pl s"159(Q?)
axial current <=> axial charge ; tensor current <=> tensor charge
=S, P Jl dx g*(x, 0%) | = plr s Jl dx h?~(x, Q%)
0 j 0
connected to C-even structure connected to C-odd structure
anomalous dim. AyV =0 " anomalous dim. 57(1= — Cpl2 N
=> gadIs constant => 04 scales with ()2 e ;Nc

helicity and transversity are very different!
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Potential for BSM discovery ?

Tensor (and chiral-odd) structures do not appear
in the Standard Model Lagrangian at tree level.

s it a possible low-energy footprint
of BSM physics at higher scale ¢
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Potential for BSM discovery ?

Tensor (and chiral-odd) structures do not appear ~.
in the Standard Model Lagrangian at tree level. >< - susY.Z.

charged
Higgs,
—_—— leptoquark,

s it a possible low-energy footprint
of BSM physics at higher scale ¢

 BSMcoupling

neutron 3-decay Lsm ~ GpV,er'(1 = rs)v, pr,(1 = ys)n /M
n—pe- Ve Srér ~ M2,

+Lefr ~ Gp Via &1 €7 €0"°V, po,,n .
precision => BSM scale

gr = ou—aod
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Potential for BSM discovery ?

Tensor (and chiral-odd) structures do not appear ~.
in the Standard Model Lagrangian at tree level. >< - susY.Z.

charged
Higgs,
—_—— leptoquark,

s it a possible low-energy footprint
of BSM physics at higher scale ¢

 BSMcoupling

neutron 3-decay Lsm ~ GpV,er'(1 = rs)v, pr,(1 = ys)n /M
v grEr R
n—pe Ve M3,

+Lefr ~ Gp Via &1 €7 €0"°V, po,,n .
precision => BSM scale

gr = ou—aod

SMEFT with strong CP violation L. - Z de Wy 0,15 F*° 2
f=u,d,s,c

neutron EDM d, = oud +odd+osd, + ..

permanent Electric Dipole Mom.

exp. data + tensor charge => constrain amount
of CP violation
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How to extract
transversity
from exp. data



Available dataset 1s scarce...

unpolarized f;

helicity g;

transversity hy
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Analyzers of transversity at leading twist

p i P,

Ideal situation: fully transversely polarized Drell-Yan : 3 | —
plpl=7¢+¢+X R
not technically doable el ; G

at the moment.. T[ @ JT
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Analyzers of transversity at leading twist

Ideal situation: fully transversely polarized Drell-Yan ; 5 J_P

plpl =+ +X o s A

\ P

not technically doable nlf TP,

at the moment.. ?[ o JTP
Alternative (at RHIC)  plpl /¢ +7+X
do(p'p") —do(p'p*) S (1S ] Sin20 cos2¢, 2 e; hiCe) () + (1o 2)
— = 197, 1 |97,

T — dG(prT) + dO'(pri) - 1+ cos? 0 Zq e% flq(xl)flc_](xz) + (1 > 2)

But qu < h |hl| < %(ff’ +g{) make Arrtoo small..

Martin et al., P.R.D60 (99) 117502
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Analyzers of transversity at leading twist

- Hﬂ‘o C(S)I“T(S Ie;ffed I ky) @ Hy (2 P) SIDIS
TS * r et TMD framework

Collins, N.P. B396 (93) 161



Analyzers of transversity at leading twist

-, Collins effect x hi(x, k) ® Hll(z, P))

ok y_ﬁ o S -kxPpr SIDIS

s, A | TMD framework
Collins, N.P. B396 (93) 161

di-hadron mechanism  « ,(x) Hi(z, R%) SIDIS
St -PoxP1 = S7 -PhxRy
Collins et al., N.P. B420 (94)

collinear framework P PT




Analyzers of transversity at leading twist

-, Collins effect x hi(x, k) ® Hll(z, P))

ok AT S -kxPpr SIDIS

s, RN | TMD framework
Collins, N.P. B396 (93) 161

di-hadron mechanism  « p,(x) H(z, R2) SIDIS

St -PoxP1 =St -PhxRy
Collins et al., N.P. B420 (94)

collinear framework P PT

hadron-in-jet Collins effect o A;(x) [C(z,1) ® Hll(zh, Jrs P}etr)]
~ Q=Y hybrid framework  SIDIS pp!

Yuan, P.R.L. 100 (08)




Analyzers of transversity at leading twist

/AT Collins effect o« hi(x, k) ® Hll(z, P))

'/ ‘:Q ST 'kXPhT SIDIS

s, T A | TMD framework
Collins, N.P. B396 (93) 161

di-hadron mechanism  « p,(x) H(z, R2) SIDIS
St -PyxP1 =St -PhxRy

collinear framework pp!
Collins et al., N.P. B420 (94)

hadron-in-jet Collins effect o A;(x) [C(z,1) ® Hll(zh, Jrs P}etr)]
~ Q=Y hybrid framework  SIDIS pp!

Yuan, P.R.L. 100 (08)

A spin transfer x h(x) H(2) SIDIS
Jaffe, PR. D54 (96) collinear framework pp!




Analyzers of transversity at leading twist

R : 1
: ST C(S)"III1(S Ie;ffect x hy(x, k) ® Hy (z,P)) SIDIS
B c a2 T - KxPht
s, A | TMD framework
2 Collins, N.P. B396 (93) 161

di-hadron mechanism  « p,(x) H(z, R2) SIDIS
St -PyxP1 =St -PhxRy

Collins et al., N.P. B420 (94)

collinear framework P PT

hadron-in-jet Collins effect o A;(x) [C(z,1) ® Hll(zh, Jrs P}etr)]
Y <@ =Y

Yuan, P.R.L. 100 (08)

hybrid framework  SIDIS pp!

A spin transfer x h(x) H(2) SIDIS
Jaffe, PR. D54 (96) collinear framework pp!
e l T
1N< } e, single-polarised Drell-Yan o A (x;, k) ) @ hi(x, k1 5) 7P
Y T Boer, P.R. D60 (99) TMD framework
=
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Analyzers of transversity at leading twist

. 7 C(S)Ili?(s |e>ffeCt o Iy(x.ky) ® HY @ P SIDIS
—— R LA k%
“s, LA | ! ht TMD framework
Collins, N.P. B396 (93) 161

di-hadron mechanism  « p,(x) H(z, R2) SIDIS
St -PyxP1 =St -PhxRy

Collins et al., N.P. B420 (94)

collinear framework P PT

hadron-in-jet Collins effect o A;(x) [C(z,1) ® Hll(zh, Jrs P}etr)]
Y <@ =Y

Yuan, P.R.L. 100 (08)

hybrid framework  SIDIS pp!

A spin transfer x h(x) H(2) SIDIS
Jaffe, PR. D54 (96) collinear framework pp!
R l T
1N< } e, single-polarised Drell-Yan o A (x;, k) ) @ hi(xp, k1 5) 7P
Y T Boer, P.R. D60 (99) TMD framework
=

. see Thursday
e + forward limit of chiral-odd GPD 1111(} Hp(x,&, 1) = hy(x) afternoon session
I—



current knowledge
of transversity
and tensor charge



Collins effect

most recent extractions

Framework e+e- SIDIS AN Lattice | Soffer bound
P RA.rggelzm(i? 5(5))21211%23 RN mode o = X X v
P.R&aggsezfeds') 014000 Il .t 4 X X v
B o0 6(1|1 82)011582502 o moce ] % X v agr X
TP TR E—— e RV B IR
PR. Dﬁ)g/lc(sz[)o_)2 854002 peliem e 4 v v X X
PR. Dﬂ%y?g)z 034014 |  Partonmodel Y % - var | Af: N
B;I??i%n;;t (82d4)2(1)§g7(1rc2)) parton model 5 ¥ rewe‘ighing X a po;eriori

+ point-by-point extraction from data

Martin et al., P.R. D91 (15) 014034

see talk by Bradamante
in the afternoon




Di-hadron mechanism

available extractions
e i SIDIS s Lattice | Soffer bound
unpol. da® asymmetry collisions
Radici & Bacchetta 2018 PYTHIA v v v X v
P.R.L. 120 (18) 192001 (separately) (separately)
Benel et al. 2020 PYTHIA 4 v X X v
E.P.J. C80 (20) 5 (separately) (separately) < Af;, Ag,
JAMDIFF 2024 v
PR.L. 132 (24) 091901 i Y Y o VU

see round table on Tuesday afternoon
for discussion on use of SB, lattice data..

see talk by Schnell (and Vossen?) on
Thursday for di-hadron fragmentation




Transversity
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Transversity
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D. Pitonyak, QCD Evolution 24

JAM20
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Tensor charge

C. Flore, QCD Evolution 24

od | 1+ JAMDIFF, no LQCD (2023) unw. a Anselmino et al. (2013)
| 2+ JAM3D*, no LQCD (2023) @ GPM, rew. b - Coldstein et al. (2014)
3 D’Alesio et al., 4 CGL rew. c Radici et al. (2015)
0.3l SB a posteriori (2020) ] Kang et al. (2015)
| 4 Radici, Bacchetta (2018) - Radici, Bacchetta (2018)
0.27 1 Benel et al. (2019)
0.1F - D’Alesio et al., SB a posteriori (2020)
0.0 I 1 | D’Alesio et al., no SB (2020)
| - JAM3D*, no LQCD (2023)
—0.1t 4. 4 — |? 1 JAMDIFF, no LQCD (2023)
_02 _ + _ unw.
0 3'_ b=c 9 2_' —o— GPM, rew. } Boglione et al. 2024
| Q — 4 Gev | —— (CGI, rew.

03 04 05 06 gy 05 10 15 IgIT



Tensor charge

C. Flore, QCD Evolution 24

od | 1+ JAMDIFF, no LQCD (2023) unw. a Anselmino et al. (2013)
| 2+ JAM3D*, no LQCD (2023) @ GPM, rew. b - Coldstein et al. (2014)
3 D’Alesio et al., 4 CGL rew. c Radici et al. (2015)
0.3l SB a posteriori (2020) Kang et al. (2015)
| 4 Radici, Bacchetta (2018) Radici, Bacchetta (2018)
0.27 _ Benel et al. (2019)
0.1F - D’Alesio et al., SB a posteriori (2020)
0.0 I 1 | D’Alesio et al., no SB (2020)
_ - JAMS3D*, no LQCD (2023)
—0.1+ 4. 4 — |? 1 JAMDIFF, no LQCD (2023)
_09t —l— ] unw.
_0.3'_ b=c 9 9] —o— GPM, rew. } Boglione et al. 2024
_ Q — 4 Gev | —— (CGI, rew.
0.3 0.4 0.5 0.6 ou 0.5 1.0 1.5 gr

e consistency of phenomenological extractions from a
variety of exp. data with different approaches

® lncreasmg preCISIOn see talk by Flore
in the afternoon



Pheno — Lattice : transversity

direct calculation on lattice of x-dependence using LaMET

6 I l T
— — —P;=107/L =1.4GeV | I @
o ) | u-d I:I::>> i
i SIDIS (JAM18) é | '
4
Radici 2018 5\1\ | T Y
h1 STDIS+g™(JAMI18) £\, |
N
2t N
2 \
I N\
s I
O _..\\‘_—_\\\//.I ............. [_ ..................... —_— JAMZO g Cammarota et al, PR D102 (20) 054002
2 I HadStruc22 = Egerer et al., P.R. D105 (22) 034507
Q=2 GeV . P : | e
1 0.5 0o > o5 1 | 42 =2 GeV?
. data 3.5 : .
JAMIS (SIDIS + lattice gr) s
courtesy of F. Steffens 3 JAM20 (global fit) == -
25 HadStruc 22 === |

JAM18 = Lin et al., P.R.L. 120 (18) 152502
Radici & Bacchetta, P.R.L. 120 (18) 192001

— =— Alexandrou et al., P.R. D99 (19) 114504
e P,=2.46 GeV -

hy(x, 1)/ gr (1)




Lattice : chiral-odd GPD

direct calculation of x-dependence using LaME’

ae=101/3
>
D/
5 T T T H i
— — h"l“d(:c) Oaquark A gluon
— — HY%z,0,-0.69 GeV?)
47— — HY %, |¢| =1/3,-1.02 GeV?)
3| r\ P, = 1.25 GeV

- see next talk by
| . Alexandrou

Alexandrou et al. (ETMC), P.R. D105 (22) 034501



Pheno — Lattice : tensor charge

@

ETMC24
ETMC19
PNDME1S8
RQCD23
QCDSF+23
xQCD22
Mainz22
NME21

Mainz19

JAM3D* | —_— ! i
JAMDIiFF ——

Radici
Kang | : @ : .
@ | A
—— .

O.I25 O.I50 0.175 1.IOO 1.I25

adapted from ou od 0s

C. Alexandrou, QCD Evolution 24 ETMo4 T 1 . T —
ETMI19 | —A— 1L Sj

&
PNDME20 r — - - —— . - =
Mainz19

e

.
green Ni=2+1+1 H > i

© quark A gluon

*

open symbols = no continuum extrapolation

yellow Ni=2+1

Goldstein

Pitschmann

070 0.75 080 085 —025 —020 —0.15 —0.010 —0.005 0.000 0.005



Pheno — Lattice : tensor charge

ETMC24 @ - m > e Q /
ETMC19 | LA 1 green Nf=2+1+1 |

PNDME1S8 Y 3| - ©quark  Agluon
RQCD23 F -
QCDSF+23 1 open symbols = no continuum extrapolation
xQCD22 .
Mainz22 [ -
wwe2r |attice -

Mainz19 7 -

JAM3D* | e e—
JAMDIFF e

Radici | | ® : p h enp
Kang | : @ ' .
Goldstein | @

yellow Ni=2+1

tension between pheno and lattice ¢

+

Pitschmann

0.25 0.50 0.75 1.00 1.25

adapted from ou od 0s

C. Alexandrou, QCD Evolution 24 ETMo4 T 1 . T —
ETMI19 | —A— 1L Sj

&
PNDME20 r — - - —— . - =
Mainz19

070 0.75 080 085 —025 —020 —0.15 —0.010 —0.005 0.000 0.005



Pheno — Lattice : tensor charge

Probing Nucleons and Nuclei
in High Energy Collisions

e

INT 18-3 Oct. 1 -Nov. 16 2018, Seattle
Eds. Y. Hatta, Y.V. Kovchegov, C. Marquet, A. Prokudin

PROBING NUCLEONS AND NUCLEI A A
IN HIGH ENERGY COLLISIONS

Dedicated to the Physics of the Electron lon Collider

tension between pheno and lattice
is an old story; my exercise of 2018:

slobal fit global fit + gr === global fit + gr
500 441 ] 500} ‘ | | so0f -, U E R R
400 400 o 400 s e
300% 300+ ] 300;
200 159 200; f 200 176
100; \ 100; \ 100; 59
e N ] : 15 ] : 7 ]
0 20 40 60 80 °% ‘ AT P e B0 80 SR 40 GOMEIET Jta0
x2/dof = 1.76 = 0.11 x2/dof = 1.82 + 0.25 x2/dof =2.29 + 0.25
probability density function of x2 distribution
Radici & Bacchetta, ) PNDME18 Gupta et al., P.R. D98 (18) 034503
P.R.L. 120 (18) 192001 lattice  ETMC17 Alexandrou et al., P.R. D95 (17) 114514

E P.R. D96 (17) 099906



Pheno — Lattice : tensor charge

O d | PAMIDIFF (/' LQCD) JAM3D* (w/ LQCD) |
() 9| JAMDIFF (no LQCD) JAM3D* (no LQCD) ? Anselmino et al (2013)
2 — 4 QeV?2 . Radici et al (2015)
0.1 " ——  Kang et al (2015)
0 Radici, Bacchetta (2018)
—e——  Benel et al (2019)
—0.17 D’Alesio et al (2020)
—0.27 - - » PNDME (2018)
< ETMC (2020)
—0.3] | ] » JAM3D* (w/ LQCD)
—0.4 "+ PNDME (2018) _z: : + . —— JAM3D* (no LQCD)
_ 0.5+ ETMC (2020) !T | . JAMD%FF (w/ LQCD)
Radici, Bacchetta (2018) L - Bl JAMDIFF (no LQCD)
0.4 0.6 0.8 du 0.5 1.0 15 20 gt

adapted from D. Pitonyak, QCD Evolution 24 : :
see talks by Pitonyak & Sato in the afternoon

e approximate compatibility of JAM with other phenomenology when
using both Collins effect and di-hadron mechanism but not including
lattice results in the fit

e including lattice as prior, JAM still compatible with exp. data with
both Collins effect and di-hadron mechanism



Pheno — Lattice : tensor charge

2
T 1 T red
O d | FAMIDIFF (w/ LQCD) JAN3D" (w/ LQCD) .
0.2  JAMDIFF (no LQCD) JAM3D* (no LQCD) | Experiment Binning |Ngat |(w/ LQCD) | (no LQCD) | (SIDIS only)
,LLQ — 4 QeV2 Belle (cross section)[64] z, M, 1094 101 1.01 1.01
0.1t - z, M, | 55 1.27 1.24 1.28
Belle (Artru-Collins) [111]| My, My | 64 0.60 0.60 0.60
O I Z5iZ 64 0.42 0.42 0.41
Tbj 4 1.77 1.70 1.67
HERMES [117] M, 4 0.41 0.42 0.47
—0.1¢t P 4 1.20 1.17 1.13
Tbj 9 1.98 0.65 0.59
_nol ; COMPASS (p) [116] M, 10 0.92 0.94 0.93
0.2 - 2 7 0.77 0.60 0.63
Tb; 9 1.37 1.42 1.22
—0.3} - COMPASS (D) [116] My, 10 0.45 0.37 0.38
ol ] __ 7 0.52 0.46 0.46
— 3 ' . 1 RN <O0| 5 2.5 2.56 —
0.4 + PNDME (2018) ~0.20} + ] STAR [120] Mh,z >0| 5 1.34 1.55 —
—+ ETMC (2020) | Vs =200 GeV Pnr,n <0| 5 0.98 1.00 —
—0.5 021} 1 R<03 Pur,n>0| 5 1.73 1.74 —
Radici, Bacchetta (2018) L - n 4 0.52 1.46 -
: : L : My,n< 0] 32 1.30 1.10 —
0.4 0.6 0.8 du STAR [96] Mun>0| 32| 081 0.78 —
V5 = 500 GeV Pur,n >0/ 35 1.09 1.07 —
R<0.7 n 7 2.97 1.83 —
ETMC 6u [77] — 1 0.71 — —
ETMC &d [77] - 1 1.02 — —
PNDME 6u [71] - 1 8.68 - —
PNDME 4d [71] — 1 0.04 — —
Total x4 (Naat) 1.01 0.98 (1471)| 0.96 (1341)

e |attice = 4 pts vs. total = 1475 pts. => statistical weight irrelevant
=> does not alter quality of fit on exp. data...

see round table on Tuesday afternoon



Pheno — Lattice : tensor charge
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= T T Xred
O d| AMIDIFF (/' LQCD) JAM3D* (w/ LQCD) TANTSER

0.2 JAMDIiFF (no LQCD) JAM3D* (no LQCD) | Experiment Binning |Ngat |(w/ LQCD) | (no LQCD) | (SIDIS only)

,UQ — 4 QeV2 Belle (cross section)[64] z, M, 1094 101 1.01 1.01

0.1} - z,M, | 55 1.27 1.24 1.28

Belle (Artru-Collins) [111]| My, My | 64 0.60 0.60 0.60

0l 2,2 64 0.42 0.42 0.41

T; 4 1.77 1.70 1.67

HERMES [117] My, 4 0.41 0.42 0.47

—0.1¢t P 4 1.20 1.17 1.13

Th; 9 1.98 0.65 0.59

i : COMPASS (p) [116] M, 10 0.92 0.94 0.93

- -_c ——

0.2 z 7 0.77 0.60 0.63

Ty 9 1.37 1.42 1.22

—0.3} - COMPASS (D) [116] My, 10 0.45 0.37 0.38

ol ] z 7 0.50 0.46 0.46

—0.4} | , ] Mu,n<0| 5 2.57 2.56 =

+ PNDME (2018) ~0.20} ] STAR [120] Mp,m>0| 5 1.34 1.55 —

|+ ETMC (2020) | Vs =200 GeV Pnr,n <0| 5 0.98 1.00 —

—0.5 - ~021 - R<0.3 Pyr,n>0| 5 173 1.74 -

Radici, Bacchetta (2018) L - n 4 0.52 1.46 -

: : S : Myp,n<0] 32 1.30 1.10 —

0.4 0.6 0.8 du STAR [96] Mw,n>0| 32 | 081 0.78 =

V3 =500 GeV Pur,n >0/ 35 1.09 1.07 —

R<0.7 n 7 2.97 1.83 —

ETMC 6u [77] — 1 0.71 — —

ETMC §d [77] — 1 1.02 — —

PNDME éu [71] — 1 8.68 = — —

PNDME éd [71] — 1 0.04 — —
Total x2.4 (Ndat) 1.01 0.98 (1471)| 0.96 (1341)

e |attice = 4 pts vs. total = 1475 pts. => statistical weight irrelevant
=> does not alter quality of fit on exp. data...

* ¥2~8.7 on du of PNDME => compatibility 2?

see round table on Tuesday afternoon



Hadron-in-jet Collins effect

pT L jet + ﬂ.i + X M. Grosse-Perdekamp, Transversity 2022
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see talk by Murgia (2) on Tuesday STAR 2012-15 \/E = 200 GeV



A spin transfer

CHpl > 2+ AN +X i z2>02,x.>0
SV R :
B (AD - do(AY) g
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zq eqz hlq Hf\q _0.5___ e —— —4
Zq eg Ji Diy 1072 10~ 0 02 04 06 0 05 1 L5
X z jZ (GeV/e)

COMPASS Alexeev et al., P.L. B824 (22) 136834

A\ polarisation carried N\ polarisation described in
only by s quark \ quark-diquark model

0.81— v xh](x),r=2 0.8 ® xh) (x), quark-diquark model
—~ s _ D xh'(x)
@/ 0.6 | xhls (x),r=3 \R/ 0.6 1
“ A xh, (x),r=4 “
~ u Ny

= 0.4— xh; (x) R 0.4—
o
0.2— h 02—
0 % ............ 0 . __ /j\

-0.6—  r = (strange suppression factor) )-! —0.6—
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New available exp. data



New data : Compass SIDIS with deuteron target

COMPASS Alexeev et al.,
arXiv:2401.00309

B. Parsamyan, DIS 2024

Collins effect

| @ 2022 (hep-ex/2401.00309) | COMPASS °LiD data L h'
0.05 ©2002-04 (NPB 765(2007)31) | -
L o}'{»f%#{é;;-‘f ~~~~~ bbbt —Hﬁ-ﬂu” ~~~~~~~~ % | Also updated HERMES data
] + - B Airapetian et al., JHEP 12 (20) 010
‘0-05_’..%#. .;. | —— ———""'"' used by Boglione etal. 24
| 42022 (hep-ex/2401.00309) | | —_ o
0.05 _—A2002-04 (NPB 765(2007)31) I | i
5 [4pf ] | *A: By }A: PO + see talks by Vijayakumar (afternoon)
N RS EUD S S S L R LT D U S y Vijay
| } et \ HETTH :*iﬁp. e and Parsamyan (Tuesday)
10°2 10°! 02 04 06 08 0.5 1 1.5 dl—hadron mechamsm
X z p, (GeVic)
S. Asatryan, DIS 2024

[ e 2022 °LiD (~70%, preliminary)) COMPASS data [ h"h™ New!
0.05F © 2010 NH, (PLB 736(2014)124)| } i -
T, i ﬁz [ [ %
+ 0 ¢ % ¢ $ - ¢ ¢ ¢ % R ¢ ¢ %
= ? & & 3 é ke e
R %W : BERLE }
< i ! ? : ?
0.0 i {% : i
[ — ] - ] ———
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New data : Compass (- N) Drell-Yan

n+pl s +X

e do(p!) — do(p") - hin ® Iy see talk by Quintans
4 do(ph) +do(pY)  fi.®f, on Wednesday

COMPASS Alexeev et al., arXiv:2312.17379
0.2f COMPASS -DrelTan data b:\fu“e[4;r] GeV/c’|

------------------------------------------------
-
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New data : Compass (- N) Drell-Yan

n+pl s +X

e do(p!) — do(p") - hin ® Iy see talk by Quintans
4 do(ph) +do(pY)  fi.®f, on Wednesday

COMPASS Alexeev et al., arXiv:2312.17379

0.2F COMPASS | DrelllYan data | :\Iwe[4:r] GeV/c’t
| == LFC-JAM20 — LFCQM
| == SPM-JAM20 - -« SPM
R 2 o2 2 0 o o 4 . PRRTRRT SN TR ST U SRR U N W SN SN NN SA NN NN S AR U W S S SN S N IR AATArAr S AT AT AT A
0.1 02 03 04 06 08 0 0.5 1 2 4 5 6 7
> X X q. (GeVie) M, (GeVic?)

Similar spin asymmetry will be explored at:

- AMBER (including also K beams)

- FermilLab “LongQuest” (with proton-deuteron Drell-Yan)
- LHCspin (with proton-proton Drell-Yan)



New data : STAR

STAR Preliminary Vs = 510/500 GeV

Epaf Dap hadron-in-jet Collins effect
T+p—jet+at+X
) # %*‘ } ﬁg p Tp—]

_ oL T
P % .‘-f ; -------------------- + ------------------- T[ - 2017 preliminary \/_ — 500 GeV
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P 0 & 2011 (PRD 97, 032004
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Particle jet P,
- STAR Preliminary see talk by Zaccheddu on Tuesday
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New data : STAR

di-hadron mechanism pl+p—-at7 +X
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B. Surrow, DIS 2024



New data : STAR

di-hadron mechanism pl+p—-at7 +X

do(p") — do(pt) L ® f7 ® 6“7 @ H;
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Future (and its impact)
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Z. Meziani, DIS 2024
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see talks by Avagyan, Gao, Diehl

on Tuesday afternoon




Future:
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World vs. SoLLID

(systematicuncertainty included)

Z. Meziani, DIS 2024
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Future: EIC impact

Collins effect

L£=10fb-", 8223 data pts.

proton [GeV]:

5x41, 5x100, 10x100, 18x275
SHe [GeV]:

5x41, 5x100, 18x100
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Future: EIC impact

Gamberg et al., P.L. B816 (21)
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Future: EIC impact

Gamberg et al., P.L. B816 (21)
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Collins effect
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Future: EIC impact

hadron-in-jet Collins effect

electron - hadron-in-jet azimuthal correlations

|ps+ p%et| < |ps— p}et |/2 = factorization theorem («€ >»)

h "

V/s =105 GeV, 100 fh*

0.15< z <0.20, y >0.1, Q? >50 GeV?

theory uncertainty
bands from

—— theory, "

A%I%(%—%) %)
|

—107 —— theory, 7~

¢ proj. error T
—15 7] +

proj. error K ‘
see overview of EIC by Aschenauer —204 ¢ proj. error p
on Tuesday afternoon 01 02 03 04 05 06 07 08

Zh = ‘ﬁjet : ﬁhadron| /|ﬁjet|2

Arratia et al., P.R. D102 (20) 074015



Future: EIC new channel

ey oreax «({T)»)

qgr = Ko, + Kp)

|g7| < | K| = factorization theorem

“Collins” sin(¢, + ¢5) asymmetry

A?\irn(¢s+¢T) _ 2(1 — y) BgTj_)QQ _ |qT| h{ (x,q?p)
1+ (1— )2 A 9799 — 24797290 My f1 (2, 67)

Boer et al., JHEP 08 (16) 001

since standard convolution model for deuteron @7,1 )
does not reproduce data for the tensor struct. fnct. bi(x) C§ B

S + D waves

Discovering the mechanism for the gluon transversity could help in

solving the puzzle...
see talk by Boer on Wednesday
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Enjoy the workshop
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