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COMPASS collaboration 

24 institutions from 13 countries ï nearly 250 physicists  

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

Common Muon and Proton Apparatus for Structure and Spectroscopy 

ÅCERN SPS north area 

ÅFixed target experiment  

ÅTaking data since 2002 

 

 

Wide physics program 

COMPASS-I  

ÅData taking 2002-2011 

ÅMuon  and hadron beams 

ÅNucleon spin structure 

ÅSpectroscopy 

 

See talks by B. Badelek, E. Kabuss,  

M. Stolarski, A. Szabelski and B.P. 

 

COMPASS-II  

Å Data taking 2012-2018 

Å Primakoff  

Å DVCS (GPD+SIDIS) 

Å Polarized Drell -Yan 

 

Talk by A. Ferrero and this talk 
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If we were now in Tuscany for  

IWHSS-2017 COMPASS workshopé 
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Introduction: COMPASS setup, SIDIS and Drell-Yan 

A glass of Prosecco for the start 
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COMPASS experimental setup: Phase I (muon program) 

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 

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

 

Å High energy beam 

Å Large angular acceptance 

Å Broad kinematical range 

Å Momentum, tracking and 

calorimetric measurements, PID 

COMPASS 

HERMES 

JLab6 

COmmon Muon Proton Apparatus for Structure and Spectroscopy 

SciFi, Silicon, MicroMegas, 

GEM, MWPC, DC, Straw, 

Muon wall 

Data-taking years: 2002-2011 

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

Å High energy beam 

Å Large angular acceptance 

Å Broad kinematical range 

Å Momentum, tracking 

SciFi, Silicon, MicroMegas,      

GEM, MWPC, DC, Straw,           

Muon wall, VD, DC5, new DAQ... 

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

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

Hadron absorber 

Tungsten beam plug 

Nuclear target (Al) 

SciFi, Silicon, MicroMegas,      

GEM, MWPC, DC, Straw,           

Muon wall, VD, DC5, new DAQ... 

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

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

SciFi, Silicon, MicroMegas,      

GEM, MWPC, DC, Straw,           

Muon wall, VD, DC5, new DAQ... 

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

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 

Tungsten  

beam plug 

Al  NH3 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

SciFi, Silicon, MicroMegas,      

GEM, MWPC, DC, Straw,           

Muon wall, VD, DC5, new DAQ... 

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

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 

beam 

He       NH3      He       NH3      He 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

SciFi, Silicon, MicroMegas,      

GEM, MWPC, DC, Straw,           

Muon wall, VD, DC5, new DAQ... 

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

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 

beam 

He       NH3      He       NH3      He 
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COMPASS experimental setup: Phase II (DY program) 
COmmon Muon Proton Apparatus for Structure and Spectroscopy 

High energy ́ī beam:  
Energy: 190 GeV/c, Intensity: 108 ˊ/s 

Target: Solid state 

Å NH3 2-cell configuration. Polarization T ~ 80%, f ~ 0.22 

Å Data is collected simultaneously for the two target spin orientations. 
Periodic polarization reversal to minimize systematic effects 

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

CERN SPS North Area. 

Two stages spectrometer LAS+SAS 

Á Large Angle Spectrometer (SM1 magnet) 

Á Small Angle Spectrometer (SM2 magnet) 

Å High energy beam 

Å Large angular acceptance 

Å Broad kinematical range 
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COMPASS DY mass ranges 
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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COMPASS DY: high mass range 
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 

ὓ υȢσ GeV/c2 

Final sample: 35 000 dimuons in HM 
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COMPASS DY: high mass range 

HM events are in the valence quark range 

ὼʌ πȢυπ  
ὼὔ πȢρχ 

ὓ υȢσ GeV/c2 

Final sample: 35 000 dimuons in HM 
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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COMPASS DY: high mass range 

Dimuon transverse momentum ήὝ > 0.4 GeV/c 

ὼὊ πȢσσȟήὝ ρȢς GeV/c 

ὓ υȢσ GeV/c2 

Final sample: 35 000 dimuons in HM 
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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Kinematic map: high mass range 



ὼʌ πȢσρȟὼὔ πȢπωȟὼὊ πȢςςȟήὝ ρȢρ GeV/c 
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COMPASS DY: Charmonia mass range 
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 



M. Anselmino et al. 

arXiv:1607.00275 
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COMPASS DY: Charmonia mass range 
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 

ὼʌ πȢσρȟὼὔ πȢπωȟὼὊ πȢςςȟήὝ ρȢρ GeV/c 
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SIDIS  

Drell -Yan 



5 April 2017 Bakur Parsamyan 20 

SIDIS x-section A.Kotzinian, Nucl. Phys. B441, 234 (1995).  

Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007). 
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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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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 and single-polarized DY x-sections  
SIDIS                                                 DY ( )
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SIDIS and single-polarized DY x-sections at twist-2 (LO) 

SIDIS-DY 

bridge 

SIDIS                                                 DY 
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SIDIS and single-polarized DY x-sections at twist-2 (LO) 
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COMPASS accesses all 8 twist-2 nucleon TMD PDFs in SIDIS and 5 nucleon+2 pion TMD PDFs in DY 

Double polarized DY only 
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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) 

Comparable x:Q2 coverage ï minimization of possible Q2-evolution effects 
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Appetizers: selected COMPASS (and not only) results 

Tuscan appetizers 
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SIDIS TSAs (Collins) 

COMPASS 

HERMES 

Å Measured on P/D in SIDIS and in 

dihadron SIDIS 

COMPASS and HERMES obtained 

compatible results on Collins TSA  

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

Å No Q2-evolution? Intriguing result!nt 


