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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 experimental setup: Phase II (DY 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 

ī́ 

SciFi, Silicon, MicroMegas, GEM, 

MWPC, DC, Straw, Muon wall 

VD, DC5, new DAQ... 

Data-taking years: 2014 (test) 2015 and 2018 

High energy ́ī beam:  

Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

ÅNH3 2-cell configuration. Polarization T ~ 73%, f ~ 0.18 
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COMPASS experimental setup: Phase II (DY program) 
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ÁLarge Angle Spectrometer (SM1 magnet) 
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ī́ 
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beam plug 
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COMPASS experimental setup: Phase II (DY program) 
Two-stage spectrometer 

ÁLarge Angle Spectrometer (SM1 magnet) 

ÁSmall Angle Spectrometer (SM2 magnet) 

ī́ 
beam 

He       NH3          He       NH3       He 

Data-taking years: 2014 (test) 2015 and 2018 

High energy ́ī beam:  

Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

ÅNH3 2-cell configuration. Polarization T ~ 73%, f ~ 0.18 

ÅData is collected simultaneously with both target spin orientations  

Periodic polarization reversal to minimize systematic effects 
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SIDIS  

Drell -Yan 
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SIDIS and single-polarized DY x-sections at twist-2 (LO) 
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SIDIS and single-polarized DY x-sections at twist-2 (LO) 
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SIDIS and single-polarized DY x-sections at twist-2 (LO) 

Boer-Mulders 

Sivers 

Transversity 

Pretzelosity 

Complementary information from two different channels :

 SIDIS-DY bridging of nucleon TMD PDFs; Universality studies; 

 Sign-change T-odd Sivers and Boer-Mulders TMD PDFs;

 Multiple access to Collins F
 1,1 :F  and pion Boer-Mulders PDF qh

q hH p

^ ^

12 

( )

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

( ) ( )

 

cos2

sin 2

si

, ,2

 

2

n

sin

sin 3

c

T

s2 o

T

1 cos 2

  sin 2  

sin
   

  S    sin

 sin 3

  S c

1

1 os

h

h

h S

h S

h S

h S

UU T UU L

T h S

h

L h

UU

U

LO

L LL

UT

UT

L

h S

h S

h SUT

LT h

A

A A

A

A

d
F F

dxdydzdp

A

A

d d

S S

f

f

f f

f f

f f

f f

e
f f

f

f

e

e l

f f

f f

f f

l

e

e

e

s

f

e

-

+

-

-

´ +

+

+ +

è ø-
é ù³
é ù+ + +
é ù
é

ú

-

ù-
ê

+

-

+

( )  Sf

ë û
î î
î î
î î
î î
î î
ì ü
î î
î î
î î
î î

è ø-î î
é ùê úí ý

( )

( ) ( )
( ) ( )

2

2

cos2

sin

sin 2

s

sin

i

sin 22

s

1 2

4

T

n ni 2

1 cos

1 cos 2

 

   sin

sin 2  S

 

 S sin sin 2

D
 

D

sin 2

CS

S

CS S

CS

C

C

CS S

S

S

LO

U CS

CS

S

L CS L C

U

T

T

T CS

S

CS S

S

A

d
F

dq d

A

A

A

A

j

j

j j

j

j

q j

q

s
q

j

j

j j

j j

q j

è ø
ê ú

è ø
ê ú

-

+

´ +
W

ë û+
î î
î î
î î
î î

³ è øì ü
é ùî î

å õ-+ é ùî
æ ö+é ùî æ ö+ +é ùî ç ÷ê

+

úí ý

( )2sin

2 2where sin / 1 coD s
CS

CS CSq
q q

è ø
ê ú

î
î
î

= +

SIDIS-DY 

bridge 



4 May 2022 Bakur Parsamyan 

SIDIS and single-polarized DY x-sections at twist-2 (LO) 

Comparable x:Q2 coverage ï minimization of possible Q2-evolution effects 
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SIDIS counterpart: Sivers TSA ï 2D analysis 
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SIDIS: twist-2 TSAs ï 2D analysis 
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Single-polarized DY measurements at COMPASS 

COMPASS x:Q2 phase space 
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Å 1.0 < M /(GeV/c2) < 2.0      ñLow massò 

o Large background contamination, combinatorial, 
Open-charm (B) ὈὈ, ὄὄ, ˊ, K decays 

Å 2.0 < M /(GeV/c2) < 2.5      ñIntermediate massò 

o High DY-cross section 

o Still low DY-signal/background ratio 

Å 2.5 < M /(GeV/c2) < 4.3      ñCharmonia massò 

o Strong J/ɣ-signal Ÿ study of J/ɣ physics 

o Good signal/background 

Å 4.3 < M /(GeV/c2) < 8.5      ñHigh massò  

o Low DY cross-section 

o Beyond charmonium region, background < 3% 

o Valence region Ÿ largest asymmetries 
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Single-polarized DY measurements at COMPASS 

2.5 < M /(GeV/c2) < 4.3      ñCharmonia massò 
Strong J/ɣ-signal Ÿ study of J/ɣ physics 

Good signal/background 

 

ñCharmoniaò  

range 

M. Anselmino et al.  

PLB 770 (2017) 302 

ὼʌ πȢσρȟὼὔ πȢπωȟὼὊ πȢςςȟήὝ ρȢρ GeV/c 

ongoing analysis 
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Å 1.0 < M /(GeV/c2) < 2.0      ñLow massò 

o Large background contamination, combinatorial, 
Open-charm (B) ὈὈ, ὄὄ, ˊ, K decays 

Å 2.0 < M /(GeV/c2) < 2.5      ñIntermediate massò 

o High DY-cross section 

o Still low DY-signal/background ratio 

Å 2.5 < M /(GeV/c2) < 4.3      ñCharmonia massò 

o Strong J/ɣ-signal Ÿ study of J/ɣ physics 

o Good signal/background 

Å 4.3 < M /(GeV/c2) < 8.5      ñHigh massò  

o Low DY cross-section 

o Beyond charmonium region, background < 3% 

o Valence region Ÿ largest asymmetries 



4 May 2022 Bakur Parsamyan 

Single-polarized DY measurements at COMPASS 

4.3 < M /(GeV/c2) < 8.5   ñHigh massò range 
Beyond charmonium region, background < 3% 

Valence region Ÿ largest asymmetries 

ñHigh massò  

range 

ὓ υȢσ GeV/c2 
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Å 1.0 < M /(GeV/c2) < 2.0      ñLow massò 

o Large background contamination, combinatorial, 
Open-charm (B) ὈὈ, ὄὄ, ˊ, K decays 

Å 2.0 < M /(GeV/c2) < 2.5      ñIntermediate massò 

o High DY-cross section 

o Still low DY-signal/background ratio 

Å 2.5 < M /(GeV/c2) < 4.3      ñCharmonia massò 

o Strong J/ɣ-signal Ÿ study of J/ɣ physics 

o Good signal/background 

Å 4.3 < M /(GeV/c2) < 8.5      ñHigh massò  

o Low DY cross-section 

o Beyond charmonium region, background < 3% 

o Valence region Ÿ largest asymmetries 
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Single-polarized DY measurements at COMPASS 

4.3 < M /(GeV/c2) < 8.5   ñHigh massò range 
Beyond charmonium region, background < 3% 

Valence region Ÿ largest asymmetries 

ὓ υȢσ GeV/c2 
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ὼʌ πȢυπ  
ὼὔ πȢρχ 

HM events are in the valence quark range 
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Single-polarized DY measurements at COMPASS 

4.3 < M /(GeV/c2) < 8.5   ñHigh massò range 
Beyond charmonium region, background < 3% 

Valence region Ÿ largest asymmetries 

ὓ υȢσ GeV/c2 
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Dimuon transverse momentum ήὝ > 0.4 GeV/c 

ὼὊ πȢσσȟήὝ ρȢς GeV/c 
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Single-polarized DY x-section: transverse part  
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Å All  five Drell-Yan TSAs are extracted 

simultaneously using extended unbinned 

Maximum likelihood estimator. 

Å Depolarization factors are evaluated under 

assumption ὃ=1 
Å Possible impact of ὃÍ1 scenarios lead to a 

normalization uncertainty of at most ī5%.  

Å ñnaiveò DrellïYan model 

collinear (kT=0) LO pQCD no rad. processes 

ɚ=1, (Ὂ=0), ɛ=ɜ=0 

Å Intrinsic transverse motion + QCD effects  

ɚÍ1, ɛ Í 0, ɜ Í 0 but 1ïɚ=2ɜ (Lam-Tung) 

Å Experiment, 

ɚÍ1, ɛ Í 0, ɜ Í 0 

M. Lambertsen, W. Vogelsang PRD93, 114013 (2016) 

NA10 data Z.Phys.C 37,545(1988) 
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Unpolarized Drell-Yan results (high-mass range) 
Preliminary results Released for DIS-2021 

Is there a room for BM at low (COMPASS) qT? 

S. Bastami et al. JHEP 02, (2021),166 

M. Lambertsen, W. Vogelsang PRD93, 114013 (2016) 

NA10 data Z.Phys.C 37,545(1988) 

DY-2018: tungsten data DY-2018: tungsten data 

DY-2018 NH3 data: ongoing analysis 



4 May 2022 Bakur Parsamyan 23 

Single-polarized DY x-section: transverse part  
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Å All  five Drell-Yan TSAs are extracted 

simultaneously using extended unbinned 

Maximum likelihood estimator. 

Å Depolarization factors are evaluated under 

assumption ὃ=1 
Å Possible impact of ὃÍ1 scenarios lead to a 

normalization uncertainty of at most ī5%.  
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Kinematic map: high mass range 2015 and 2018 data 
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Drell-Yan TSAs ï Transversity 
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COMPASS  2015 + 2018 data  NEW! 

ÅFull re-processing and re-analysis of both 2015 and 2018 samples 

ÅResults from 2015 and 2018 samples are in agreement 

ÅSomewhat larger systematics for 2018 sample 

ÅCombined TSAs from 2015 and 2018 are presented ï NEW! 



SIDIS in Drell-Yan high-mass range 

COMPASS  PLB 770 (2017) 138 
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Drell-Yan TSAs ï Transversity 
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COMPASS  2015 + 2018 data  NEW! 


