
Spin, Structure, and Synergy: 

COMPASS and 

the Experiments of Tomorrow

4th Sardinian Workshop on Spin and related issues

(Sar WorS 2025)

June 11ï13, 2025

Pula (CA), Sardinia, Italy

Bakur Parsamyan
AANL (Yerevan), CERN,

INFN (Torino) and Yamagata University

11 June 2025 B. Parsamyan 1



11 June 2025 2B. Parsamyan

May the Force be with us!

proton

The Jedi Mapping the Proton
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Nucleon spin structure: TMD

B. Parsamyan 3

Å 1964 Quark model

Å 1969 Parton model

Å 1973 asymptotic freedom and QCD

Å 1976 large transverse single spin asymmetry in forward ˊÑ production   ~50 years

Å 1978 intrinsic transverse motion of quarks and azimuthal asymmetries 

(SLAC) Phys. Rev. Lett. 31, 786 (1973)

(EMC) Phys. Lett. B 130 (1983) 118,  

(EMC) Z. Phys. C34 (1987) 277 

(EMC) Z. Phys. C52, 361 (1991).

(E665) Phys. Rev. D48 (1993) 5057

(ZEUS) Eur. Phys. J. C11, 251 (1999)

(ZEUS) Phys. Lett. B 481, 199 (2000)

(H1) Phys. Lett. B654, 148 (2007)
Anselmino et al. 

Phys. Rev. D 71 074006 (2005)

(EMC) Z. Phys. C34 (1987) 277 
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Nucleon spin structure (twist-2): collinear approach TMDs

B. Parsamyan 4
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Å PDFs ï universal (process independent) objects; T-odd PDFs ï conditionally universal
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Nucleon spin structure (twist-2): TMDs

B. Parsamyan 5
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- spin of the nucleon;     - spin of the quark          - kT
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SIDIS x-section and TMDs at twist-2

B. Parsamyan 6
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Single-polarized Drell-Yan x-section and twist-2 TMDs

7

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 

B. Parsamyan
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Polarized SIDIS and DY ï factorization and kinematic regions

B. Parsamyan
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Current fragmentation
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Fracture Functions
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Polarized SIDIS and DY ï factorization and kinematic regions

B. Parsamyan
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Polarized SIDIS and DY ï factorization and kinematic regions

B. Parsamyan
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sign change
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Main TMD tools ï universality and synergies

B. Parsamyan
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Main TMD tools ï list of experiments (non exhaustive)

B. Parsamyan
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COMPASS-AMBER-LHCspin FTs at CERN

B. Parsamyan

R&D

h 
Ñ

physics in common

dimuon production in hh
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COMPASS timeline

B. Parsamyan

COMPASS proposal

15

http://wwwcompass.cern.ch

ÅCERN SPS north area ï M2 beamline

ÅFixed target experiment 

ÅApproved in 1997

ÅTaking data since 2002 (20 years)

ÅThe Analysis Phase started in 2023 

33 institutions from 15 countries: ~ 200 members  

4 new groups joined COMPASS in 2023-2024

UConn (US), AANL (Armenia), NCU (Taiwan), Bochum (Germany)

Interested to join our Analysis Phase? ï Get in touch!

Phase I Phase IIPilot run

SIDIS L/T

LS-1 LS-2

Analysis 
Phase

COMPASS Phase-II addendum 
(d-quark h1 and PRMŸAMBER)

http://wwwcompass.cern.ch/
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COMPASS timeline

B. Parsamyan

COMPASS proposal

16

http://wwwcompass.cern.ch

ÅCERN SPS north area ï M2 beamline

ÅFixed target experiment 

ÅApproved in 1997

ÅTaking data since 2002 (20 years)

ÅThe Analysis Phase started in 2023 

33 institutions from 15 countries: ~ 200 members  

Phase I Phase IIPilot run

SIDIS L/T

LS-1 LS-2

Analysis 
Phase

COMPASS Phase-II addendum 
(d-quark h1 and PRMŸAMBER)

Many studies that can be done at future experiments can be studied at COMPASS

Key problems are in common: rad. corrections, MC generator tunings, the role of 

exclusive diffractive VMs, analysis methods, etc.

http://wwwcompass.cern.ch/
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Nucleon structure

Å Hard scattering of ɛÑ and ́ ī off 

(un)polarized P/D targets

Å Inclusive and Semi-Inclusive DIS

Å Drell-Yan and J/ɣ production

Å Study of nucleon spin structure

Å Longitudinal and Transverse

Å Collinear and TMD pictures

Å Parton distribution functions and 

fragmentation functions

Å Last COMPASS measurement:

2022 run ï transverse SIDIS
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COMPASS-AMBER timeline

B. Parsamyan
Phase I Phase IIPilot run

COMPASS proposal

SIDIS L/T

18

http://wwwcompass.cern.ch

LS-1 LS-2 LS-3

Analysis 
Phase

ÅCERN SPS north area ï M2 beamline

ÅFixed target experiment 

ÅApproved in 1997

ÅTaking data since 2002 (20 years)

ÅThe Analysis Phase started in 2023 

33 institutions from 15 countries: ~ 200 members  

COMPASS Phase-II addendum 
( d-quark h1 and PRM )

https://cds.cern.ch/record/2676885
http://wwwcompass.cern.ch/
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AMBER timeline

B. Parsamyan
Phase I Phase IIPilot run

19

https://amber.web.cern.ch

CERN Accelerator Complex schedule to 2041

Phase II proposal draft

Å Kaon-induced Drell-Yan and 
J/ɣ production

Å Kaon-induced Spectroscopy

Å Kaon polarizability (Primakoff)

Å Meson radii measurements

Å Prompt photon production

Å New ideas are welcome!
Drell-Yan

Measurements

LS-4 LS-5

36 institutions from 14 countries: ~ 150 members

ÅCERN SPS north area ï M2 beamline

ÅSuccessor of COMPASS

ÅApproved in 2019

ÅTaking data since 2023

ÅPhase-I is planned to continue after LS3 

COMPASS++/AMBER
proposal 

CERN-SPSC-2019-022

LS-3

New collaborators are Welcome!

https://amber.web.cern.ch/
https://lhc-commissioning.web.cern.ch/schedule/images/2024/Complex-Long-Term-June24.png
https://cds.cern.ch/record/2676885



