
The COMPASS experiment at CERN
Alexey Guskov

Joint Institute for Nuclear Research (Dubna)
avg@jinr.ru

on behalf of the COMPASS collaboration

Moscow, 24.09.2019

mailto:avg@jinr.ru?subject=


Alexey Guskov, Joint Institute for Nuclear Research

Fixed-target experiments in the LHC era
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High energy

High luminosity

Beams of unstable 
particles
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COMPASS at CERN
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The COMPASS experiment
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COMPASS (COmmon Muon Proton 
Apparatus for Structure and 

Spectroscopy)
is a fixed target experiment on a secondary 
beam of Super Proton Synchrotron at CERN

13 countries,  
24 institutions, 
~220 physicists

1996 - Proposal
2002-now - Physical data taking
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Study of spin structure of 
nucleon with muon and pion 
beam and polarized target:

• (un)polarized and 
Transverse Momentum 

Dependent (TMD) PDFs and 
FFs

• Generalized PDFs
• TMD PDFs via Drell-Yan 

process

Hadron spectroscopy and tests of Chiral 
Perturbation Theory predictions:

• Primakoff, diffractive and central 
production of light hadrons

• Dynamics of Primakoff cross sections, 
pion polarizability

• Muoproduction of charmonium-like 
states

COMPASS ≈ SPIN PHYSICS + SPECTROSCOPY

Main points of physics programme

baryon meson tetraquark pentaquark

 baryonium hybrid glueball 
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The COMPASS setup
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Configuration of the beam and target region 
depends on the particular physics programme

μ, 160-200 GeV/c
h, 190 GeV/c

        >350 planes of                            
     coordinate detectors 
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COMPASS history and future
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Year Beam Target Physics
2002 muon, 160 GeV/c 6LiD SIDIS
2003 muon, 160 GeV/c 6LiD SIDIS
2004 muon, 160 GeV/c 6LiD SIDIS
2006 muon, 160 GeV/c 6LiD SIDIS
2007 muon, 160 GeV/c NH3 SIDIS
2008 hadron, 190 GeV/c LH2 Spectroscopy
2009 hadron, 190 GeV/c LH2, Ni,W, Pb Spectroscopy, Primakoff
2010 muon, 160 GeV/c NH3 SIDIS
2011 muon, 200 GeV/c NH3 SIDIS
2012 hadron, 190 GeV/c Ni,C,W, Pb Primakoff, Spectroscopy

muon, 160 GeV/c LH2 DVCS
2014 hadron, 190 GeV/c NH3 Drell-Yan
2015 hadron, 190 GeV/c NH3 Drell-Yan
2016 muon, 160 GeV/c LH2 DVCS
2017 muon, 160 GeV/c LH2 DVCS
2018 hadron, 190 GeV/c NH3 Drell-Yan

2021 muon, 160 GeV/c 6LiD SIDIS
2022

Phase I

Phase II

COMPASS++/AMBER

We are there
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 Niγ −π → Ni −π
COMPASS 2009

Pion polarizability
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χPT: απ≈2.8×10-4 fm3 

in classical electrodynamics

in QED

Primakoff 
scattering

xγ = Eγ /Ebeam
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Radiative widths of mesons
and chiral dynamics of cross sections
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EPJA 50 (2014) 79

PRL 108, 192001 (2012)πγ→3π

π−γ→a2(1320)−→π−π+π−
π−γ→π2(1670)−→π−π+π−

a2(1320)−→π−γ
π2(1670)−→π−γ
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Spectroscopy: light mesons
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50M events
Partial wave analysis (PWA) with set of 88 waves, spin and orbital 

angular moment up to 6.

π0π0π−,π−π+π−,ηπ−,η’π−,ηηπ−,π0ωπ−,KKπ−,KKπ0π−…, K−π+π− …  
__

Targets: 
LH2, Ni, Pb, W, …

3 different beam particles, many final states: 

190 GeV/c

Production mechanisms: diffractive dissociation, central production, Primakoff 
production…

π−→π−π+π−
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New state a1(1420)

No quark-model states expected at 1.4 GeV
 Ground state a1(1260) is very close and wider 

 Why only in f0(980)π decay mode?
Suspiciously close to KK* threshold
Isospin partner of narrow f1(1420)?

Narrow peak
 JPC=1++

M=1414+15−13 MeV
Г=153+8−23 MeV

New axial-vector signal:

see PRL 115 (2015) 082001 
and PRD 98 (2018) 092003
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Spectroscopy: XYZ states
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New instrument: lepto(photo)production
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3 PDFs are needed to describe nucleon 
structure in collinear approximation

8 PDFs are needed if we want to take into 
account intrinsic transverse momentum kT 
of quarks  - Transverse Momentum 

Dependent PDFs
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TMD PDFs

SIDIS

Drell-Yan
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Drell-Yan at COMPASS
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Target zone:

NH3 polarized 
target (2 cells)

Hadron absorber

Data taking 2015, 2018 



Alexey Guskov, Joint Institute for Nuclear Research

Azimuthal asymmetries
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Azimuthal asymmetries - way to access TMD PDFs
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EMC effect in π-induced Drell-Yan
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The EMC effect – a modification of parton 
distributions in bound nucleons by the 
nuclear environment, first observed in 
DIS by the EMC collaboration in 1983  

— possible 
explanations

�DIS ⇠ 4

9
u(x) +

1

9
d(x)

�⇡�DY ⇠ u(x)
u/d contributions 
can be separated!

Phys. Rev. C 83, 042201 (2011); 
Phys. Rev. Lett. 102, 252301 (2009) 
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3D picture of proton
were already
 discussed 

in DY section

DVMP

DVCS
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DVCS and BH
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Sea quark imaging
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“Nucleon tomography”
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COMPASS++/AMBER
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Apparatus for Meson and Baryon Experimental Research 
- a new QCD facility at the M2 beam line 

of the CERN SPS

LS2 LS3

2022
AMBER

Proton-radius puzzle Hadron spectroscopy
Nucleon structure

Pion and kaon structure Low-energy QCD tests
� �  yield for astrophysical dark matter search p̄

conventional 
beams

RF-separated 
hadron beam

arXiv:1808.00848 

CERN-SPSC-2019-022 ; SPSC-P-360https://nqf-m2.web.cern.ch

http://arxiv.org/abs/arXiv:1808.00848
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COMPASS++/AMBER
Proton radius puzzle

p̄̄p

 �  yield for 
astrophysical dark 

matter search 

p̄
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Nucleon structure
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Ji sum rule

GPD E with DVCS

Active absorber

TMD PDFs with antiproton-
induced DY and transversely 

polarised target
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Pion and kaon PDFs

�23

Drell-Yan

Charmonia

Prompt photos

Sea/valence separation

gluons

quarks



Alexey Guskov, Joint Institute for Nuclear Research

QCD tests with RF-separated hadron 
beam
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ᵪPT  prediction O(p4):
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Quark confinement model:
↵K + �K = 1.0⇥ 10�4fm3

↵K = 2.3⇥ 10�4fm3

π0 lifetime

σαK stat = 0.03 × 10−4 fm3

Vector mesons in nuclear 
matter

γA →V A (coherent) − σT 
π−A →V A’ − σL dominates 

Boosted 
Gaussian 

ADC/QCD 
holographic
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Kaon spectroscopy with 
kaon beam
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The kaon section of PDG could be 
rewritten completely

Hadron spectroscopy

Wide spectrum of 
quantum numbers!

Exotic charmonia 
with low-energy �  

beam
p̄
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SUMMARY
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 COMPASS is a modern fixed-target experiment at 
CERN with long history.
 Extensive COMPASS physics programme covers such 
fields as study nucleon spin structure, hadron 
spectroscopy and photon-meson interactions.
 COMPASS has a versatile setup and unique possibility 
to operate with both hadron and muon beams.
 A lot of important results have been already published.
 COMPASS continues to collect data according to the 
approved programme.
 COMPASS has rich plans to continue after 2021 as the 
COMPASS++/AMBER project with new interesting ideas.


