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Stefano Levorato 
on behalf of the COMPASS collaboration

Recent results and future plans of the 
COMPASS Collaboration

The COMPASS Experiment at CERN SPS

Spectroscopy and π polarizabilities

The hadron structure

2021-22: Tensor charge and proton radius

M2 beam line: LoI for a QCD Facility at CERN
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The COMPASS Collaboration 

Stefano Levorato

Experiments with muon beam:

Spin structure, Gluon polarization
Flavor decomposition 
Transversity
Transverse Momentum-dependent PDF

DVCS and HEMP
Unpolarized SIDIS and TMDs

COMPASS - I   (2002 – 2011)

COMPASS - II   (2012 – 2021) …

Bochum,
Bonn (ISKP 
& PI),Erlangen,Freiburg,
Mainz,München TU

USA (UIUC)

Saclay

Tel Aviv

Calcutta (Matriviani)

Torino (University,INFN),
Trieste (University,INFN)

Warsawa (NCBJ), 
Warsawa (TU)
Warsawa (U)

CERN

YamagataPraha (CU/CTU)
Liberec (TU) 
Brno (ISI-ASCR)

Дубна (LPP and LNP), 
Москва (INR, LPI, State 
University),Протвино

Lisboa/Aveiro

Taipei (AS)

~ 250 physicists 
from 24 Institutions
of 13 Countries 

Experiments with hadron beams:

Pion polarizability 
Diffractive and Central production
Light meson spectroscopy
Baryon spectroscopy

Pion and Kaon polarizabilities
Drell-Yan studies



106° Congresso Nazionale della SIF, 14-18 SETTEMBRE 2020 - Stefano Levorato 3

COMPASS physics programme

Stefano Levorato

Proposed physics programme:
hadron spectroscopy (p, π, K)
• light mesons, glue-balls, exotic mesons
• polarisability of pion and kaon

nucleon structure (μ)
• longitudinal spin structure -SIDIS

• transverse spin structure - SIDIS

• Drell-Yan (π)

• DVCS (SIDIS) (μ)
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Polarized target and Particle Identification

Stefano Levorato
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COMPASS data taking 

Stefano Levorato
2021     nucleon structure with  160 GeV μ T   polarized deuteron target

Wide physics programme
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Hadron structure and hadron excitation spectrum

Stefano Levorato

2008-2009 data taking, 190 GeV/c hadron beam on a hydrogen target.

“Light-meson 
spectroscopy with 
COMPASS”, Progress in 
Particle and Nuclear 
Physics 11 (July 2020) 
103755

COMPASS has performed the most comprehensive analysis of isovector resonances decaying into ηπ, η'π, or π− π− π+ final states.

Isobar Model: X decay is a chain of successive two body decays

• Partial Wave analysis (PWA) in mass bins up to 88 waves
• Fit of spin density matrix for major waves with Breit-Wigner

Collaboration with Joint 
Physics Analysis Center (JPAC)
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Diffractive dissociation PWA of the reaction  π− +  p π− π− π+ +  p 

Stefano Levorato

Resonance-like signal, a1(1420), found in the f0(980) π P 1++ partial wave,  PRL 115, 082001 (2015) not fitting 
into the q𝑞𝑞 scheme of ordinary mesons Interpretations: tetraquark, molecule-like, etc.

Kinematic effect (triangle singularity) in the decay of a1(1260) into K*(892) 𝐾𝐾 + c.c., and rescattering of the 𝐾𝐾
with the 𝐾𝐾 from the K* decay into the observed f0(980)
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Partial Wave analysis

Stefano Levorato

The Triangle Singularity (TS) model is fitted to our partial-wave data.
Less parameters than the resonance hypothesis (BW).  TS fit has slightly better quality  no need for an 
additional resonance.
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Kaon Spectroscopy

Stefano Levorato

The PDG lists 25 kaon states, 12 of which need confirmation.

We have 720 000 exclusive K- π- π+ events
in the range 1:0 < mKππ< 3:0 GeV/c2

and 0:1 < t’ < 1:0 (GeV/c)2.

2.4% K- in the 190 GeV/c
negative hadron beam.
(CEDAR)

K2*(1430)
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Pion polarizabilities π −γ → π −γ

Stefano Levorato



106° Congresso Nazionale della SIF, 14-18 SETTEMBRE 2020 - Stefano Levorato 11

Structure of the nucleon

Stefano Levorato
COMPASS explores the multi dimensional structure of the nucleon both in 
momentum and in configuration space, via SIDIS, D-Y and DVCS/DVMP 
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Structure of the nucleon: collinear description

Stefano Levorato
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Structure of the nucleon including transverse momentum dependence

Stefano Levorato
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Semi-Inclusive Deep Inelastic Scattering cross section

Stefano Levorato
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Semi-Inclusive Deep Inelastic Scattering cross section

Stefano Levorato

14 independent azimuthal modulations
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Unpolarized SIDIS

Stefano Levorato

π and K 
multiplicities 
constitute an input 
to global NLO QCD 
analyses to extract 
quark FFs
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Unpolarized SIDIS, azimuthal modulations

Stefano Levorato
Strong kinematic dependences
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Polarized SIDIS, Transversity

Stefano Levorato

measured for the first time
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Run 2021: SIDIS on transv. pol. deuterons

Stefano Levorato

One year of run with 160 GeV muons to measure SIDIS off transversely polarised d  the missing measurement to 
complete the COMPASS exploratory programme collecting the same statistics as in 2010,

The deuteron asymmetries will have a statistical uncertainty

Ω𝑥𝑥:0.008÷0.210
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Drell Yan at COMPASS

Stefano Levorato
Dimuon kinematics

〈Mμμ〉= 5.3 GeV/c2
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Exclusive π0 production on unpolarised proton (DVMP) 

µ p  µ π0 p 
COMPASS 2012 data

surprisinglyσT ,σTT , σLT involving also HT and ET are found to be large

PLB 805 (2020) 135454, hep-ex/1903.12030 

σL depends on H, E: leading twist contribution  should be dominant.

COMPASS DVCS cross 
sections published: PLB 
793 (2019) 188; 

Goloskokov-Kroll



106° Congresso Nazionale della SIF, 14-18 SETTEMBRE 2020 - Stefano Levorato 22

COMPASS++/AMBER:  a New QCD Facility at CERN SPS

Stefano Levorato

COMPASS++/AMBER:  a New QCD Facility at CERN SPS

http://arxiv.org/abs/1808.00848
Apparatus for Meson and Baryon Experimental Research

> 270 authors 

http://arxiv.org/abs/1808.00848


How does the all visible matter in the universe come about
and what defines  its mass scale?

The Higgs-boson does NOT help to answer this question.
 The Higgs-boson mechanism produces only a 
small fraction of all visible mass
 The Higgs-generated mass scales explain neither 
the “huge”  proton mass nor the ‘nearly-
masslessness’ of the pion
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Emergency of Hadronic Mass, mass budget in the proton

Stefano Levorato

Higgs generated masses of the valence quarks:  
M(u+d) ~ 7 MeV             M(u+s) ~ 100 MeV        M(u+u+d) ~ 10 MeV  

One of the possible proton mass  decomposition (calculation on lattice) 
Yi-Bo Yong et al., Phys.Rev.Lett. 121 (2018) no.21, 212001
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Outline

Stefano Levorato

PHASE-1

Conventional hadron and
muon beams

2022  2025 and beyond

PHASE-2

Conventional and RF-
separated 

Hadron/Hadron 
and muon beam

2026 and beyond
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Outline

Stefano Levorato

Pion structure in pion induce DY
Expected accuracy as compared to NA3

Kaon structure in Kaon induce DY
Needs RF separated beam

To extract pion and kaon pdf, 
in particular gluon pdf



106° Congresso Nazionale della SIF, 14-18 SETTEMBRE 2020 - Stefano Levorato 26

Antiproton production cross section

Stefano Levorato

New low momenta is envisaged for the 
measurement

From the AMS data the antiparticle flux is well known, two type of 
processes contribute

• SM interaction , protons on the interstellar medium with the production of antiproton
• Antiparticle annihilation 

In order to detect a possible excess in the antiparticles flux a good knowledge of the inclusive cross section of p-He interactions 

The goal is to measure the inclusive antiproton cross 
section production in a wide kinematical range with a 
precision < 10%.  C++/AMBER luminosity is a 1000 times 
The NA49 one

Momentum spectrum of anti-p produced in p+ p 
interactions at 190 GeV/c
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The Proton-Radius Puzzle

Stefano Levorato
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The Proton-Radius Puzzle: new hardware requirements

Stefano LevoratoSilicon Pixel-Detector Based on 
ALICE ALPIDE 20 bar H2 TPC

Pilot run recommended
by SPSC

• COMPASS spectrometer → Momentum measurement of scattered 
muon → Radiative background using electromagnetic calorimeter → 
Muon identification with muon filter and hodoscope

200µm fiber redout New TL DAQ
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Outline

Stefano Levorato

Grazie

COMPASS has provided in the last 20 years a broad spectrum of results, still some questions like the
emergency of the hadronic mass as well as the spin puzzle remain opened and of extreme interest.

In the tradition of the COMPASS spirit a wide spectrum of new measurements have been proposed
by the COMPASS++/AMBER collaboration with conventional and RF separated beams

In 2021, 22 , 23 the COMPASS experiment will perform precise measurement on Transversity and the
new collaboration will shed light on the proton radius puzzle.
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