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COMPASS collaboration 

25 institutions from 13 countries  

ï nearly 200 physicists  

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

Common Muon and Proton Apparatus for Structure and Spectroscopy 

ÅCERN SPS north area 

ÅFixed target experiment  

ÅApproved in 1997 

ÅTaking data since 2002 

 

Wide physics program 

COMPASS-I  

ÅData taking 2002-2011 

ÅMuon  and hadron beams 

ÅNucleon spin structure 

ÅSpectroscopy 

 

COMPASS-II  

Å Data taking 2012-2022 

Å Primakoff  

Å DVCS (GPD+SIDIS) 

Å Polarized Drell -Yan 

Å 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  

ï nearly 200 physicists  

Common Muon and Proton Apparatus for Structure and Spectroscopy 

ÅCERN SPS north area 

ÅFixed target experiment  

ÅApproved in 1997 (25 years) 

ÅTaking data since 2002 (20 years) 

 

IWHSS-2022 workshop (anniversary edition) 

CERN Globe, August 29-31, 2022 

 

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

ÁLarge Angle Spectrometer (SM1 magnet) 

ÁSmall Angle Spectrometer (SM2 magnet) 

Á High energy beam 

Á Large angular acceptance 

Á Broad kinematical range 

Á Momentum, tracking and 

calorimetric measurements, PID 

Data-taking years: 2002-2011 

Longitudinally polarized (80%) Õ+ beam:  

Energy: 160/200 GeV/c, Intensity: 2Ā108 ɛ+/spill (4.8s). 

Target: Solid state ( 6LiD or NH3 ) 

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

ÅNH3 3-cell configuration.  Polarization (L & T) ~ 80%, f ~ 0.14 

SciFi, Silicon, MicroMegas, GEM, 

MWPC, DC, Straw, Muon wall 
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COMPASS experimental setup: Phase I (muon program) 

Data-taking years: 2002-2011 

Longitudinally polarized (80%) Õ+ beam:  

Energy: 160/200 GeV/c, Intensity: 2Ā108 ɛ+/spill (4.8s). 

Target: Solid state ( 6LiD or NH3 ) 

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

ÅNH3 3-cell configuration.  Polarization (L & T) ~ 80%, f ~ 0.14 

 

Two-stage spectrometer 

ÁLarge Angle Spectrometer (SM1 magnet) 

ÁSmall Angle Spectrometer (SM2 magnet) 

SciFi, Silicon, MicroMegas, GEM, 

MWPC, DC, Straw, Muon wall 

COMPASS 

HERMES 

CLAS6 
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Nucleon transverse structure 

Bakur Parsamyan 6 

Å 1964 Quark model 

Å 1969 Parton model 

Å 1973 asymptotic freedom and QCD 

Å 1978 intrinsic transverse motion of quarks and azimuthal asymmetries  

 



( )
( )

( )

( )

( )

( )

c cos2

sin

2

2

os

sin

sin

cos

2

2

,2

2

,

 

 1
2 1 2

1 cos cos 2

  sin

2 1

2 1

2 1   sin sin 2

  cos

 

1 2

  

1

h

h

h

h

h

h

U

T h S

UU T UU L

h h

h

L h h

UU

LU

U

U

L

L

L

L

LL

U

L

A

A

d

dxdydzdp d d

y
F F

xyQ x

A

A

AS

S AA

ff

f f

f

f

s

f f

a g
e

e

f f

l f

f f

l

e e e

e e

e e e

e e e

=

è øå õ
+ +é ùæ ö

- ç ÷ê ú

+

-

+ +

+

è ø+ +

+ +

³

+
ú

-

ê

-

( ) ( )
( ) ( )
( ) ( )

( )

( ) ( ) ( )

( ) ( ) ( )

( )

 

sin

s

sin

2

in 2

co

si

T

n

sin 3

co

s

s

T

2 1

2

sin

 sin

  S    sin 3

 sin

 sin 2

cos

  S  cos

1

1

2 1

 2

h S

h

S

h S

S

S

h S

h S

U

h

h S

h S

h S

S

h S

h S

S

T

UT

L

UT

UT

UT

LT

T

A

A

A

A

A

A

A

f

f f

f f

f f

f f

f

f

f

f

f f

f f

f

e

e

e

f

f

f f

e

e e

e

e e

e

f f

l f

-

+

-

-

-

è ø
ê ú

è ø-
é ù
é ù+ +
é ù
é ù+ + -
é ù
é ù+
é ù
é ù+ -ê ú

-

+

+

-

+

+

+

-

( ) ( ) ( )cos 2

  

cos 21 h S

h SLTA
f f

f fe
-

ë û
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
ì ü
î î
î î
î î
î î
î î
î î
î îè ø
î îé ù
î îé ù
î îé ù
î îé ù

-î îé ù
ê úí ý

-

3 May 2022 

Cahn effect in SIDIS 

DF 

FF 

l 

l'  

ɔ*  

X 

h 

P 

7 

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 ï simplistic kinematic effect:  

non-zero kT induces an azimuthal modulation 
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See talk by J. Matousek 

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

As of 1978 ï simplistic kinematic effect:  

non-zero kT induces an azimuthal modulation 

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

A number of measurements by different experiments 

T q h
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SIDIS x-section and TMDs at twist-2 

DF 

FF 
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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 
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ÅLongitudinal 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! 

ὃ  

Å Q-suppression, Various different ñtwistò ingredients 

Å Sizable TSA-mixing 

Å Significant h+ asymmetry, clear z-dependence 

Å hï compatible with zero 

ὃ  

Å Only ñtwist-2ò ingredients 

Å Additional pT-suppression 

Å Compatible with zero, in agreement with models 

Å Collins-like behavior?  

ὃ  

Å Q-suppression, Various different ñtwistò ingredients  

Å Compatible with zero, in agreement with models 

B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex] 

13 

( )

( )

( )

,

s

,2

sinin

cos

 

2

2

1 ...

  sin sin 2

 

 2 c

2 1

1 1 osh

hh

U

L

UL

LLL

UU T UU

T h S

L h hL

LL h

d

d

A

d

A

F F
dxdy z

A

dp d

S

AS

f

f

fe e e

e e e

s
e

f f

f f

l f

ë
´ + +ì

í

ûè ø+ +

-

ê úî
ü

è øî+ +
ê

+

ý
-

ú

http://arxiv.org/abs/arXiv:1801.01488


3 May 2022 Bakur Parsamyan 14 

ÅTransverse 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 

ÅFour ñtwist-2ò TSAs  

(Sivers, Collins, pretzelosity, Kotzinian-Mulders) 

ÅFour ñhigher-twistò 

Å All measured at COMPASS (P/D) 
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SIDIS TSAs: Sivers effect 
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Å Measured on proton and deuteron 

Å 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 

Å Measured on proton and deuteron 

Å Recently - gluon Sivers paper 

PLB 772 (2017) 854 

 

Å Sivers effect at COMPASS is slightly 

smaller w.r.t HERMES results  

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

Å 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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Å No clear Q2-dependence within statistical accuracy 

Å Possible decreasing trend for Sivers TSA? 

Å Negative amplitude for hī at large z? 
19 

( ) ( )sin sin

, ,1 1

Ĕ
, 0h S h Sq

UT T UT L

h

T qF FDC f
M

f f f f- -^
è øÖ

= - =é ù
ê ú

Th k

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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