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Nucleon spin structure: TMD
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Nucleon spin structure: TMD
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Nucleon spin structure: TMD

* 1976 large transverse single spin asymmetry in forward «t* production

I
« 1978 intrinsic transverse motion of quarks and azimuthal asymmetries m
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Nucleon spin structure (twist-2): collinear approach <~ TMDs

quark quark
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» PDFs — universal (process independent) objects; T-odd PDFs — conditionally universal
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Nucleon spin structure (twist-2): TMDs

nucleon
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SIDIS x-section and TMDs at twist-2
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SIDIS x-section and TMDs at twist-2
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Single-polarized Drell-Yan x-section and twist-2 TMDs
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SIDIS < Drell-Yan sign-change of the
T-odd TMD PDFs
Fundamental quest: COMPASS, STAR, SpinQuest, LHCspin, etc.
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Polarized SIDIS and Drell-Yan: universality

Semi-inclusive DIS

lLt \\'/ ﬂl
Qz
v h
xP
N P X
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Drell-Yan process

‘Lt+
T-odd TMD PDFs
.,
sign change
u
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Polarized SIDIS and DY — factorization and kinematic regions

Semi-inclusive DIS Drell-Yan process

T-odd TMD PDFs
C——)

sign change

High g — Collinear factorization
Low g — TMD factorization

High xg — Current fragmentation
Low X — Target fragmentation

'T
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Polarized SIDIS and DY - factorization and kinematic regions

Semi-inclusive DIS
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Polarized SIDIS and DY - factorization and kinematic regions

Semi-inclusive DIS T What have you done
: ) with our data...
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M. Bury, A. Prokudin and A. Vladimirov
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One persons ‘complication’ is another person's signal...
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Polarized SIDIS and DY - factorization and kinematic regions

Semi-inclusive DIS

¢ TMD region EIC
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Let’s see together
what we can do
with our data...
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Main polarized SIDIS (Drell-Yan) inputs 1995-2022

ot COMPASS
Semi-inclusive DIS Drell-Yan process «,Qv, CASE cev
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Main TMD tools — universality and synergies

Semi-inclusive DIS

H \\'/r/ “ ut
Q2 T-odd TMD PDFs
h .,
sign change
u

Drell-Yan process

Fragmentation Functions

Parton Distribution Functions

y 4

Electron-positron annihilation
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Cleanest access to hadronization/fragmentation
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pp, pA-scattering, jet production, etc.

P,

Hybrid collinear-TMD approach. The wealth of pp data allows studies of:
TMD universality, evolution, expected factorization breaking
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Main TMD tools — list of experiments (non exhaustive)

Semi-inclusive DIS
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PZ

L:.‘ Brookhaven

National Laborataory

N
ng; AR PH-<ENIX

|

SPHERIIX

18



Main TMD tools — experiment overviews

Semi-inclusive DIS
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pp, pA-scattering, jet production, etc.
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 Universality (sign changes)
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Sivers TMD PDF: sign change

The RHIC Cold QCD program: arXiv:2302.00605 [nucl-ex]

STAR, arXiv:2308.15496 [hep-ex]
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See Catarina Quintans’ talk
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SIDIS«~Drell-Yan (W, Z)
sign change of T-odd TMD PDFs

 Difficult measurement
« Low Xx-section, background

» Sivers TMD PDF

» Pioneering measurements
« COMPASS (Drell-Yan): 2015, 2018
« STAR (W, 2): 2011, 2017, 2022

COMPASS data favors the sign change

« Useful input to constrain the fits

B. Parsamyan
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https://arxiv.org/abs/2308.15496
https://arxiv.org/abs/2302.00605
https://arxiv.org/abs/2312.17379

- Drell-Yan data M,,€[4; 9] GeV/c? | hep-ex/2312.17379

Slvers effect Drell- Yan and J/y
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» The Drell-Yan Sivers asymmetry tends to be positive (~1.5 s.d.)

COMPASS, arXiv:2312.17379 [hep-ex]
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-- Torino .

_0_1;”

! [

0.3 *
XN .

See Catarina Quintans’ talk
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Sivers DY TSA
A?m(os oC fq ® f;qp

QN(GeVic)

- 1
\ COMPASS 2015 data 1 . 5
107 Drell-Yan NH; : s
8

rescaled)

COMPASS data favors the sign change
Useful input to constrain the fits
None of the models can be preferred
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https://arxiv.org/abs/2312.17379
https://arxiv.org/abs/2312.17379

Slvers effect: Drell- Yan and J/y
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https://arxiv.org/abs/2312.17379

Sivers TMD PDF: sign change - future
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Sivers TMD PDF: signh change - future
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Boer-Mulders TMD PDF: sign change
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Boer-Mulders TMD PDF: sign change
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« Collins and Sivers effects
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SIDIS TSAs: Collins effect and Transversity ®®
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SIDIS TSAs: Sivers effect
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges
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SIDIS TSAs: Collins effect and Transversity ®@
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SIDIS TSAs: Collins effect and Transversity
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COMPASS Multi-D TSA analyses
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Electron lon Collider(s): EIC

EIC WP, arXiv:1212.1701 [nucl-ex],
EIC YR, arXiv:2103.05419 [physics.ins-det]
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Electron lon Collider(s): EICc
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JLab from 12 GeV, SoLID to 22 GeV
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SIDIS TSAs: Collins effect and Transversity ®@
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SIDIS TSAs: Collins effect and Transversity ®_@
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COMPASS 2022 run — highly successful data-taking!
« 24 COMPASS deuteron measurements conducted in 2022: unique SIDIS data for the next decades
4 June 2024 B. Parsamyan See Athira’s and Franco’s talks 39



Dihadron Collins effect and Transversity @-@
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COMPASS 2022 run — highly successful data-taking!

« 24 COMPASS deuteron measurements conducted in 2022: unique SIDIS data for the next decades
* New results — dihadron Collins-like asymmetries

» Access to collinear transversity PDF; Non-zero trend at large x

» Precision comparable with proton results

4 June 2024 B. Parsamyan See Athira Vijayakumar’s talk 40



COMPASS 2022 run: new unique deuteron data

proton [H] neutron [He]
%\ Jefferfon Lab 6
S datagpénls data points

Airapetian et al., Qian et al.,
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ata projections

(Same kinematic cuts applied to unpc\arized)
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68% confidence level
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SIDIS TSAs: Kotzinian=Mulder~s asymmetry
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SIDIS TSAs: KotziniamMuIders asymmetry ®@
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https://arxiv.org/abs/2403.12795

SIDIS: target longitudinal spin dependent asymmetries
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oC
dxdydzdp?d g, d g,

(oo +5FUU1L){1+...+SL,14 A+ }

Fl_lL =C { O D1hq }

-
- - - 'J |
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A, (A, ) is one of the key physics
topics of HERMES/COMPASS
« Large amount of P/D data
* No P;-dependence observed
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 The role of vector mesons
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Contribution of exclusive diffractive processes to

the measured azimuthal asymmetries in SIDIS
COMPASS: NPB 956 (2020)115039 hep-ex/1912.10322

Cahn effect in SIDIS
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Cahn effect in SIDIS
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A set of complex corrections:

radiative corrections (RC), etc.
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Cahn effect in SIDIS
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HERMES: Sivers effect and diffractive VMs

« The asymmetry drops at large z for pion = ¢ diffactive VM
= 05 pion-fraction
« Not the case for kaons 2 alon
» Can it be caused by exclusive diffractive VMSs? 03t
* The contamination indeed grows with z for pions o2} .
« At the level of 10% for kaons L I
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HERMES: Sivers effect and diffractive VMs

» The asymmetry drops at large z for pion

Not the case for kaons

» Can it be caused by exclusive diffractive VMSs?

« The contamination indeed grows with z for pions o2}
At the level of 10% for kaons

HERMES: JHEP 12(2020)010 hep-ex/2007.07755
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HERMES: Sivers effect and diffractive VMs

 The asymmetry drops at large z for pion 2" difecivevm i
= 05} ° pion-fraction :
« Not the case for kaons 2 alon
« Can it be caused by exclusive diffractive VMs? 03| o
« The contamination indeed grows with z for pions o2} o
« At the level of 10% for kaons I I
« Similar effect in COMPASS? 0% 05 04 05 06 07 05" 0s
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HERMES: Sivers effect and diffractive VMs

» The asymmetry drops at large z for pion
Not the case for kaons

» Can it be caused by exclusive diffractive VMSs?
» The contamination indeed grows with z for pions

o Similar effect in COMPASS?

At the level of 10% for kaons

« Not clear with Collins and sin(¢s)
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COMPASS: Exclusive p® TSAs
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sin(¢g) is small, but possibly non zero
Can VM pion asymmetries still be large?
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COMPASS: Exclusive p® TSAs
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* sin(eg) is small, but possibly non zero

» Can VM pion asymmetries still be large?
COMPASS has checked also the inclusive p°
Collins and Sivers asymmetries

» Both tend to be positive

» The fraction of inclusive p°in the selected

dihedron sample is below 20%
» Further checks needed, StringSpinner?
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COMPASS: Exclusive and Inclusive p® TSAs
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* |nteresting twist-3 asymmetries
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SIDIS TSAs: subleading twist effects
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SIDIS TSAs: subleading twist effects
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SIDIS TSAs: subleading twist effects
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Calculations in collinear factorization
(lowest order of pQCD)
» T-odd effect for photon exchange
» Contributions from QCD loop effects
* Related to proton helicity
To be compared to predictions within TMD formalism
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SIDIS TSAs: subleading twist effects
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http://arxiv.org/abs/arXiv:1801.01488

SIDIS TSAs: subleading twist effects
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SIDIS TSAs: subleading twist effects
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* various “twist-2/3” ingredients
* non-zero signal for h* at large z?
S. Bastami et al. JHEP 1906 (2019) 007
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Moving towards Open Data and Data Preservation

There is an increasing interest in making experimental data Open
Becoming more relevant for CERN
Important for CERN to be play a leading role in Open Science

o Recent Open Science policy released by CERN

The latest European Strategy report encouraged the development of internal policies on Open Data
and Data preservation

The policy has been broken down into the 4 levels of data as defined in the
DHEP study on data preservation:
o Level 1 — Scientific publications, and associated additional data
o Level 2 — Data useful for Education and Outreach
o Level 3 — Reconstruction level data useful for general physics analysis
o Level 4 - RAW data
All large-LHC experiments already release data for L1 and L2 in broadly similar ways
o L4 is not practically useful
o The discussion focused on the policy for L3 data

Any rules relating to publicly releasing L3 data need to be approved by each experiment’s
Collaboration Board

General effort to find a good balance between:
o Making data openly available
o Preserving the data
o Protecting the collaborations
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Conclusions

» Importance of careful understanding and confrontation of experimental data
from different experiments

o Different kinematic domains and phase-space limitations

o Experiments employ complex analysis techniques, Monte-Carlo simulations,
and sophisticated corrections (acceptance, VMs, radiative corrections)

» Close collaboration between different experiments — general benefit for the field

o Knowledge transfer, comparison of the analysis techniques, tools, and
methodology, cross-analyses between different experiments

» Close collaboration between experiment and phenomenology/theory

o Flexibility in adapting on the analysis side to the choice of the observables,
phase-space selections, etc. (before publishing the data)

o Different possibilities for common paper projects, external membership
» Possibility to organize effective and fruitful collaborative work
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Possible topics for next COMAPS

* \ector mesons

» Kinematic cuts and binning for TSAs (TMD/collinear regimes)
 Radiative corrections
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Raphael “Madonna del Prato”
4 June 2024

Salvador Dali “Maximum Speed of Raphael's Madonna”
B. Parsamyan
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“Nature™ “multi-D”” with available statistics

Raphael “Madonna del Prato™ Raphael “Madonna del Prato™ (poor resolution)
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Selected results for di-hadron LSAS
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Nucleon spin structure: helicity gf}d(p) (x)
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS TSAs: Collins effect and Transversity ®@
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Polarized SIDIS and DY — factorization and kinematic regions
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