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COMPASS collaboration 

25 institutions from 13 countries  

– nearly 200 physicists  

COMPASS web page: http://wwwcompass.cern.ch 

Common Muon and Proton Apparatus for Structure and Spectroscopy 

• CERN SPS north area 

• Fixed target experiment  

• Approved in 1997 

• Taking data since 2002 

 

Wide physics program 

COMPASS-I 

• Data taking 2002-2011 

• Muon  and hadron beams 

• Nucleon spin structure 

• Spectroscopy 

 

COMPASS-II  

• Data taking 2012-2022 

• Primakoff 

• DVCS (GPD+SIDIS) 

• Polarized Drell-Yan 

• Transverse deuteron SIDIS 

 

See also COMPASS talks by J.Giarra (DVCS) and J.Matousek (SIDIS) 
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COMPASS collaboration 

25 institutions from 13 countries  

– nearly 200 physicists  

Common Muon and Proton Apparatus for Structure and Spectroscopy 

• CERN SPS north area 

• Fixed target experiment  

• Approved in 1997 (25 years) 

• Taking data since 2002 (20 years) 

 

IWHSS-2022 workshop (anniversary edition) 

CERN Globe, August 29-31, 2022 

 

https://indico.cern.ch/e/IWHSS-2022 

https://indico.cern.ch/e/IWHSS-2022
https://indico.cern.ch/e/IWHSS-2022
https://indico.cern.ch/e/IWHSS-2022
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COMPASS experimental setup: Phase I (muon program) 
Two-stage spectrometer 

 Large Angle Spectrometer (SM1 magnet) 

 Small Angle Spectrometer (SM2 magnet) 

 High energy beam 

 Large angular acceptance 

 Broad kinematical range 

 Momentum, tracking and 

calorimetric measurements, PID 

Data-taking years: 2002-2011 

Longitudinally polarized (80%) µ+ beam:  

Energy: 160/200 GeV/c, Intensity: 2∙108 μ+/spill (4.8s). 

Target: Solid state ( 6LiD or NH3 ) 

• 6LiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38 

• NH3 3-cell configuration.  Polarization (L & T) ~ 80%, f ~ 0.14 

SciFi, Silicon, MicroMegas, GEM, 

MWPC, DC, Straw, Muon wall 

4 
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COMPASS experimental setup: Phase I (muon program) 

Data-taking years: 2002-2011 

Longitudinally polarized (80%) µ+ beam:  

Energy: 160/200 GeV/c, Intensity: 2∙108 μ+/spill (4.8s). 

Target: Solid state ( 6LiD or NH3 ) 

• 6LiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38 

• NH3 3-cell configuration.  Polarization (L & T) ~ 80%, f ~ 0.14 

 

Two-stage spectrometer 

 Large Angle Spectrometer (SM1 magnet) 

 Small Angle Spectrometer (SM2 magnet) 

SciFi, Silicon, MicroMegas, GEM, 

MWPC, DC, Straw, Muon wall 

COMPASS 

HERMES 

CLAS6 

5 



3 May 2022 6 

Nucleon transverse structure 

Bakur Parsamyan 6 

• 1964 Quark model 

• 1969 Parton model 

• 1973 asymptotic freedom and QCD 

• 1978 intrinsic transverse motion of quarks and azimuthal asymmetries  
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Cahn effect in SIDIS 

DF 

FF 

l 

l' 

γ* 

X 

h 

P 
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Cahn effect 
R. N. Cahn,  PLB 78 (1978) 
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+…) ×( 

The point that there are azimuthal dependences, which arise from the 

transverse momenta of the partons was clearly stated in this papers: 

T.P. Cheng and A. Zee, Phys. Rev. D6 (1972) 885; 

F. Ravndal, Phys. Lett. 43B (1973) 301. 

R.L. Kingsley, Phys. Rev. D10 (1974) 1580; 

A.M. Kotsinyan, Teor. Mat. Fiz. 24 (1975) 206;  

A. Kotzinian On behalf of: 

T.P. Cheng, A. Zee,   

F. Ravndal, R.L. Kingsley 

and himself  

As of 1978 – simplistic kinematic effect:  

non-zero kT induces an azimuthal modulation 
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Cahn effect in SIDIS 

8 
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See talk by J. Matousek 

Cahn effect 
R. N. Cahn,  PLB 78 (1978) 

As of 1978 – simplistic kinematic effect:  

non-zero kT induces an azimuthal modulation 

As of 2022 – complex SF (twist-2/3 functions) 

A number of measurements by different experiments 
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SIDIS x-section and TMDs at twist-2 

DF 

FF 

l 

l' 

γ* 

X 

h 

P 

All measured by COMPASS 

    spin of the nucleon            spin of the quark           kT 
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SIDIS x-section and TMDs at twist-2 

        Quark 
 

Nucleon 
U L T 

U 
𝑓1
𝑞
𝑥, 𝒌𝑇

2  
 

number density 

ℎ1
⊥𝑞

𝑥, 𝒌𝑇
2  

 

Boer-Mulders 

L 

 

 

 

𝑔1
𝑞
𝑥, 𝒌𝑇

2  
 

helicity 

ℎ1𝐿
⊥𝑞

𝑥, 𝒌𝑇
2  

 

worm-gear L 

T 
𝑓1𝑇
⊥𝑞

𝑥, 𝒌𝑇
2  

 

Sivers 

𝑔1𝑇
𝑞

𝑥, 𝒌𝑇
2  

 

Kotzinian-

Mulders 

worm-gear T 

 

ℎ1
𝑞
𝑥, 𝒌𝑇

2  
 

transversity 

 

ℎ1𝑇
⊥𝑞

𝑥, 𝒌𝑇
2  

 

pretzelosity 

DF 

FF 

l 

l' 

γ* 

X 

h 

P 

2 2

1 1
  + two FFs: and h h

q q
D z P H z P

 
( , ) ( , )

All measured by COMPASS 

10 



3 May 2022 Bakur Parsamyan 11 

• Longitudinal spin asymmetries 
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SIDIS: target longitudinal spin dependent asymmetries 
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SIDIS: target longitudinal spin dependent asymmetries 

COMPASS collected large amount of L-SIDIS data  

Unprecedented precision for some amplitudes! 

𝐴𝑈𝐿
sin𝜙ℎ 

• Q-suppression, Various different “twist” ingredients 

• Sizable TSA-mixing 

• Significant h+ asymmetry, clear z-dependence 

• h– compatible with zero 

𝐴𝑈𝐿
sin2𝜙ℎ 

• Only “twist-2” ingredients 

• Additional pT-suppression 

• Compatible with zero, in agreement with models 

• Collins-like behavior?  

𝐴𝐿𝐿
cos𝜙ℎ 

• Q-suppression, Various different “twist” ingredients  

• Compatible with zero, in agreement with models 

B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex] 
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• Transverse spin asymmetries 
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SIDIS x-section: transverse spin dependent part 

Twist-2 

Twist-3 

Eight transverse-spin-dependent azimuthal 

asymmetries (TSA) appear in SIDIS x-section 

• Four “twist-2” TSAs  

(Sivers, Collins, pretzelosity, Kotzinian-Mulders) 

• Four “higher-twist” 

• All measured at COMPASS (P/D) 



HERMES, JHEP 12 (2020) 010 
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SIDIS TSAs: Sivers effect 
      2
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Th k
PLB 744 (2015) 250 

16 

• Measured on proton and deuteron 

• Recently - gluon Sivers paper 

PLB 772 (2017) 854 

JLab Hall A PRL 107, 072003 (2011) 
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SIDIS TSAs: Sivers effect 

  S. M. Aybat, A. Prokudin, T. C. Rogers PRL 108 (2012) 242003  

  M. Anselmino, M. Boglione, S. Melis PRD 86 (2012) 014028  

x z 

COMPASS proton 

PLB 744 (2015) 250 
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17 

• Measured on proton and deuteron 

• Recently - gluon Sivers paper 

PLB 772 (2017) 854 

 

• Sivers effect at COMPASS is slightly 

smaller w.r.t HERMES results  

(Q2  is different by a factor of ~2-3) 

• Q2-evolution? Intriguing result! 
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SIDIS Sivers TSA in COMPASS Drell-Yan Q2-ranges 
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1st COMPASS multi-D fit done for all eight TSAs 
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COMPASS Multi-D TSA analyses 

B.Parsamyan (for COMPASS) arXiv:1504.01599 [hep-ex] (SPIN-2014) 
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• No clear Q2-dependence within statistical accuracy 

• Possible decreasing trend for Sivers TSA? 

• Negative amplitude for h− at large z? 
19 
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Multi-D extraction 

3D x:Q2:z or x:Q2:pT x:z:pT 

http://arxiv.org/abs/arXiv:1504.01599
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COMPASS Multi-D TSA analyses 

B.Parsamyan (for COMPASS) arXiv:1504.01599 [hep-ex] (SPIN-2014) 
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COMPASS Multi-D TSA analyses 

B.Parsamyan (for COMPASS) arXiv:1504.01599 [hep-ex] (SPIN-2014) 
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• No clear Q2-dependence within statistical accuracy 

• Possible decreasing trend for Sivers TSA? 

3D x:Q2:z or x:Q2:pT x:z:pT 

http://arxiv.org/abs/arXiv:1504.01599
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SIDIS TSAs: Collins effect and Transversity 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution? Intriguing result!nt 

• Extensive phenomenological studies and various global 

fits by different groups 

22 

JLab Hall A PRL 107, 072003 (2011) 
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SIDIS TSAs: Collins effect and Transversity 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution? 
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SIDIS TSAs: Collins effect and Transversity 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution? 
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COMPASS, PBL 770 (2017) 138 
HERMES, JHEP 12 (2020) 010 
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SIDIS TSAs: Collins effect and Transversity 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution?  

• Extensive phenomenological studies and global fits 
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M. Radici and A. Bacchetta 

PRL 120 (2018) no.19, 192001 

A. Martin, F. Bradamante, V. Barone  

PRD91 (2015) no.1, 014034 

Anselmino et al.  

PRD92 (2015) 114023 

JAM Collaboration, PRD 102, 054002 (2020)]  
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SIDIS TSAs: Collins effect and Transversity 
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COMPASS-II (2022 run) 

• Deuteron measurement to be repeated  

• Will be crucial to constrain the transversity TMD PDF for the d-quark  

Addendum to the COMPASS-II Proposal 

Projected uncertainties for Collins asymmetry 

Addendum to the COMPASS-II Proposal 

Projected uncertainties for transversity PDF 
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M. Radici 

SPIN-2018 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution? Intriguing result! 

• Extensive phenomenological studies and global fits 



3 May 2022 Bakur Parsamyan 

SIDIS TSAs: Collins effect and Transversity 
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COMPASS-II (2022 run) 

• Deuteron measurement to be repeated  

• Will be crucial to constrain also the Sivers TMD PDF for the d-quark  

Addendum to the COMPASS-II Proposal 

Projected uncertainties for Collins asymmetry 

Addendum to the COMPASS-II Proposal 

Projected uncertainties for transversity PDF 
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M. E. Boglione, J. O. Gonzalez 

SPIN-2018 
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• Measured on P/D/N in SIDIS and in dihadron SIDIS 

• Compatible results COMPASS/HERMES 

(Q2  is different by a factor of ~2-3) 

• No Q2-evolution? Intriguing result! 

• Extensive phenomenological studies and global fits 
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SIDIS: target transverse spin dependent asymmetries 

COMPASS/HERMES/CLAS6 results 

𝐴𝐿𝑇
cos 𝜙ℎ−𝜙𝑆  

• Only “twist-2” ingredients  

• Sizable non-zero effect for h+ ! 

• Similar effect at HERMES 
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COMPASS, PBL 770 (2017) 138; PoS QCDEV2017 (2018) 042 

HERMES, JHEP 12 (2020) 010 

CLAS6, neutron target 
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SIDIS: target transverse spin dependent asymmetries 
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S. Bastami et al. JHEP 1906 (2019) 007 

S. Bhattacharya et al. PRD 105 (2022) 3, 034007 
TMD formalism qT << Q  

qT/Q < 0.5 First global QCD 

analysis of the g1T 

TMD PDF using 

SIDIS data 
See Shohini’s talk 

COMPASS/HERMES/CLAS6 results 

𝐴𝐿𝑇
cos 𝜙ℎ−𝜙𝑆  

• Only “twist-2” ingredients  

• Sizable non-zero effect for h+ ! 

• Similar effect at HERMES 
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SIDIS: target transverse spin dependent asymmetries 
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COMPASS, PBL 770 (2017) 138; PoS QCDEV2017 (2018) 042 

B. Pasquini, S. Boffi, A.V. Efremov, P. Schweitzer 

arXiv:0912.1761 [hep-ph] 

COMPASS/HERMES results 

𝐴𝑈𝑇
sin 3𝜙ℎ−𝜙𝑆  

• Only “twist-2” ingredients,  

• ~𝑝𝑇
2-suppression 

• ℎ 1𝑇
⊥𝑞

 is expected to be small  

(see e.g. PLB769 (2017) 84-89) 

• Small, compatible with zero asymmetry 

• In agreement with models 
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SIDIS: target transverse spin dependent asymmetries 
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COMPASS, PBL 770 (2017) 138; PoS QCDEV2017 (2018) 042 
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COMPASS/HERMES results 

𝐴𝑈𝑇
sin𝜙𝑆  

• Q-suppression 

• various “twist-2/3” ingredients  

• Small asymmetry  

• non-zero signal for h±  at large z? 
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SIDIS: target transverse spin dependent asymmetries 

32 

    2

s

, , T 

in
1 ...  sin +... 2 1 S

UTUU T UU L S

T h S

d
F F S

dxdydzdp d d
A


 





   

 

 

 

sin

1 1

1 1

1 1

2

2

S

h

qq h qh
UT T q

h

qq h qh
T q T

h
h qq h qh

T q T

HMM
F C xf D h

Q M z

GM
xh H g

M z

MM DM
xh H f

M z









  

 
   

 

  
  

     
  

   
     
   

T T
p k

COMPASS/HERMES results 

𝐴𝑈𝑇
sin𝜙𝑆  

• Q-suppression 

• various “twist-2/3” ingredients  

• Small asymmetry 

• non-zero signal for h±  at large z? 

W. Mao, Z. Lu and B.Q. Ma Phys.Rev. D 90 (2014) 014048 

S. Bastami et al. JHEP 1906 (2019) 007 

COMPASS, PBL 770 (2017) 138; PoS QCDEV2017 (2018) 042 
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COMPASS 2022 run: new unique deuteron data to come 

Pavia group fits 

JAM Collaboration, PRD 102, 054002 (2020)  COMPASS 2022 deuteron run 

S. Bhattacharya, Z. B. Kang, A. Metz, G. Penn and D.Pitonyak  

PRD 105 (2022) 3, 034007 
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• During phase I COMPASS has measured all SIDIS TSAs (P/D) 

o Deuteron TSAs are all compatible with zero 

o Non-zero Sivers and Collins asymmetries with proton target 

o Apart from Sivers and Collins effects non-zero signal was observed for 

twist-2 𝑨𝑳𝑻
𝒄𝒐𝒔(𝝓𝒉−𝝓𝑺) and subleading-twist 𝑨𝑼𝑻

𝐬𝐢𝐧𝝓𝑺 TSAs 

o First multi-D results for all TSAs - PLB 770 (2017) 138 

• No hints for significant Q2-dependences of Sivers and Collins TSAs 

• COMPASS has measured all SIDIS LSAs (P/D)  

o Deuteron azimuthal LSAs are compatible with zero 

o Interesting proton results, non-zero asymmetries 

o twist-2 𝑨𝑼𝑳
𝐬𝐢𝐧𝟐𝝓𝒉  asymmetry seem to exhibit a Collins-like behavior 

o Significant effect was observed for subleading-twist 𝑨𝑼𝑳
𝐬𝐢𝐧𝝓𝒉  LSA 

 

• SIDIS measurements with transversely polarized deuteron target in 2022 

o Unique input for d-quark transversity and many other studies 

Conclusions 

34 
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COMPASS data taking campaigns 

Bakur Parsamyan 
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Transversity (s-quark) and Λ polarization  

Spin-transfer 

COMPASS  

PLB 824 (2022) 136834 


