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The COMPASS experiment

COMPASS (COmmon Muon Proton
Apparatus for Structure and

Spectroscopy)

Is a fixed target experiment on a secondary
beam of Super Proton Synchrotron at CERN

NN 3 countries,
SN 24 institutions,
\ SN ~220 physicists

-u'//‘ v T ||
1996 - Proposal
2002-now - Physical data taking
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Main points of physics programme

COMPASS = SPIN PHYSICS + SPECTROSCOPY

Study of spin structure of
nucleon with muon and pion
beam and polarized target:
(un)polarized and
Transverse Momentum

Dependent (TMD) PDFs and
FFs baryonium hybrid glueball

Gener aliz_ed PDFs Hadron spectroscopy and tests of Chiral
TMD PDFs via Drell-Yan Perturbation Theory predictions:
process ‘ Primakoff, diffractive and central

production of light hadrons
- Dynamics of Primakoff cross sections,
pion polarizability
Muoproduction of charmonium-like
states
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The COMPASS setup

>3350 planes of

coordinate detectors

sM2_ »
/ .

E/H CAL

Polarised Target .

calorimetry, ulD

M, 160-200 GeV/c ~ -

h, 190 GeV/c/v

Configuration of the beam and target region
depends on the particular physics programme
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COMPASS history

nd future

Pl

Physics

muon, |60 GeV/c 6LiD SIDIS
muon, |60 GeV/c 6LiD SIDIS
muon, |60 GeV/c 6LiD SIDIS
muon, |60 GeV/c 6LiD SIDIS
muon, |60 GeV/c NH; SIDIS
hadron, 190 GeV/c LH> Spectroscopy
hadron, 190 GeV/c | LHa, Ni,W,Pb | Spectroscopy, Primakoff Phase |
muon, |60 GeV/c NH; SIDIS
muon, 200 GeV/c NH3 SIDIS
hadron, 190 GeV/c| Ni,C,W,Pb Primakoff, Spectroscopy
muon, |60 GeV/c LH> DVCS
hadron, 190 GeV/c NHS3 Drell-Yan
hadron, 190 GeV/c NH; Drell-Yan Ph ase 1
muon, |60 GeV/c LH> DVCS
muon, |60 GeV/c LH> DVCS
hadron, 190 GeV/c NHS3 Drell-Yan
< We are there
muon, |60 GeV/c éLiD SIDIS .
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Pion polarizability

in classical electrodynamics - 0 T
[ Y T | o A A
E o B E
ol Primakoff Y
- _n scattering
(AZ) = (A,2)
in QED 2 3
A(X_> X): R: o N1_§ X’V ,m’ﬂ' O
N Y Y 0'p 1 2 1 — Xfy 87
(_E(SO:I: + axwiws)éy - €9 + X, = E},/Ebeam
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Radiative widths of mesons

and chiral dyvnamics of cross sections
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Spectroscopy: light mesons

h™ beam: 97 % 71 ,2% K, 1% p
h beam: 75 % p, 24 % 7*,1 % K* LH2, Ni, Pb, W, ...

3 different beam particles, many final states:

190 GeV/c Targets.

oo, -1+, NI, N1, NNTT, TTOWTT, KK?T‘ KKTom-. Ko
Production mechanisms: diffractive dissociation, central production, Primakoff

_ x10° _ %10°
T —IT 1T 1T T o4k 1a,(1320) o P(770)
> - > -
z2 [ a(260), OO
g - " N
- - I 0.3F g B
7Tbeam g_i_ ‘2 i .qg 1_
7T 9 i 5
: 0.5 Jo(980)
Ptarget Precoil 0.1 :— I l];-( 1270)
I /)3(1690)

50M events =T mj[GeV/sz]s - 0.5 1 ,},1:7# [Ge\%/cz]
Partial wave analysis (PWA) with set of 88 waves, spin and orbital
angular moment up to 6.
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New state ai(1420)

x10° . .
BE o e 7P | New axial-vector signal:
i 0.1 <t'<1.0(GeV/c)
&;\ 20 C (1) Model curve NarrOW peak
; i (2) a,(1420) resonance JPC=1 ++
2 i (3) Non-resonant term
= |50 M=1414+15_43 MeV
S @ [=153+8_53 MeV
> B
2107 770 £(980) z P
- - 6 0 s
Q . 10°E 1.3 <m,, < 1.6 GeV/c?
E 5 B . — - a,(1420) resonance
! T ™ S: 5:_
0 o S e BT e I i S 0
1 12 14 1.6 18 2 2.2 > f
m,, [GeV/c?] Z 10*E !
No quark-model states expected at 1.4 GeV B (f)
Ground state a1(1260) is very close and wider oo TR RN i,
01020304 0506070809 1

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

t' [(GeV/e)’]

see PRL 115 (2015) 082001
and PRD 98 (2018) 092003
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Spectroscopy: XYZ states

New instrument: lepto(photo)production
50k inclusive J/ sample
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Phys.Lett. B742 Phys.Rev. D92 Phys.Lett. B783
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TMD PDFs

gl 1.2
f//l (x,k7)

Sivers
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Mulders or
Worm-gear T

h,(x,k 7;‘)

Transversity
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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 kr
of quarks - Transverse Momentum
Dependent PDFs

7[7 /I)_E > - .
i / :
Drell-Yan <" [—— x
u -
> DF [
P \\/ > L
1q _ 1gq
hi*\siprs = —hi *|py
1q _ 1q
17 |SIDIS = 17 | DY




Drell-Yan at COMPASS

Data taking 2015 2018

=== Reconstructed events
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Azimuthal asymmetries

Azimuthal asymmetries - way to acss TMD PDFs
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EMC effect in n-induced Drell-Yan

The EMC effect - a modification of parton L A A S —

o o o o 1.2 o 1 nti-shadowing ' Depletion of va enc’e- uark distribution' Fermi motio EIJ
distributions in bound nucleons by the | § ) frihedovine Pepidton @ eience ik dvtibatom, remimetg
nuclear environment, first observed in__ 11-2. o sucEm e | b
DIS by the EMC collaboration in 1983 oD ro it s *H“k*q] _____ -

qq exchange ] H t A ’**q#*‘h : t* 2
— possible ol ; ; * f"**:*.:;* .
L | L | I | L& ® | |
explana‘uons X, 02 x, 04 06 x, 0.8 1
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O-—py ~ U CC) can be separated!
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Multiquark bags
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3D picture of proton

were already Wigner Distributions
discussed

in DY section

2
d k,
v Y
Parton Distribution Functions Form Factors
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DVCS and BH

Bethe-Heitler

P smallt v dowp ' D smellt v SIOW P
t=(pp—ppl)2

do x I Toves |2 + |Tgu|? + interference term

_—
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Sea quark imaging

“Nucleon tomography” ggPVCs
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COMPASS++/AMBER

Apparatus for Meson and Baryon Experimental Research
- a new QCD facility at the M2 beam line n n
of the CERN SPS QV I

conventional
beams

RF-separated
hadron beam

L J W\ MV X W e

— arXiv:1808.00848

https:/nqf-m2.web.cern.ch CERN-SPSC-2019-022 ; SPSC-P-360
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http://arxiv.org/abs/arXiv:1808.00848
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COMPASS++/AMBER

Baryonic Matter

Proton radius puzzle 5 yield for b,
K M.

——

astrophysical dar
CODATA-2014 matter search

up 2013 4

®

10 -3

201 o ¢ PAMELA 2012
up 2010 . H spectroscopy L s

*— e-p scatt.
! ' l 'l 1 '} 1 I 1 I 1 I l L 1 L 1 l 1 L ' I I 1 ' L l Il 1 1 L I l__ 1 'ef.
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9[} =
. . L=
Proton charge radius R [fm] - S
RP, Gilman, Miller, Pachucki, Annu. Rev. Nucl. Part. Sci. 63, 175 (2013). ch 10— " o — Fiducial

[ ° Uncertainty from: Cross-sections
Propagation
proposed set-up mmm Primary slopes
. . Solar modulation
@ hydrogen TPC acting as active target 106 ; . t
. 1 5 10 50 100
e measurement of energy of recoil proton Wsisid i s VXA
o between 0.5 and 100 MeV — — -
—_— s Py e
o required resolution: A = 60 keV) X ~— Lot W=, 2,677tk ... P
@ silicon telescopes up- and downstream of target | annihilation channel  decay final products
e measurement of muon scattering2angles X /\/ s Wt Zb, 7 R, ... — DD,
o 300purad at Q* ~ 107> (GeV/c) uncertainty on /(r2) ~ 0.01fm
e required resolution o < 100 prad )
- TPC .
silicons silicons
p-p @ 0-280GeV/c OK RICH veto
2009 data @190GeV or RICHO
beam-4----4----|-~"~"-"-"-"---- el Inlialialially fubs
p-He @0-280GeV/c new LHe target RICH veto
or RICHO
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Nucleon structure

GPD E with DVCS

Hiz, & t) = qla)«fla)

Ho bt < £ k) @-@

Ji sum rule

TMD PDFs with antiproton-
induced DY and transversely
polarised target

e
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Pion and kaon PDFs

x x C. Chen et al., PRD 93 074021, 2016
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QCD tests with RF-separated hadron

beam

)

Kaon polarizability

VALUE (1017 ¢)

.o

170 lifetime

EVTS

DOCUMENT ID TECN  COMMENT

8.52+0.18 OUR AVERAGE Error includes scale factor of 1.2.
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Quark confinement model
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IIIIIIIIIIII
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* COMPASS data for pion measurement
-+ Expected statistical errors for kaon measurement

Expectation for «,= - =0.6x 10 fm®
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Ouy stat =

o
p-
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Vector mesons in nuclear

matter
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Hadron spectroscopy

Kaon spectroscopy with

kaon bea
-1t 20 2t 37

0~ 0" 1 3t 4
2F i e
Tl T
e . .
T O
) R SIS S S
% o
2 - Kbeam X~
1] a
| R P, R
. target
A N S S S S S

K K K* K K, Ki K K, K,

@ Most PDG entries more than 30 years old
e Since 1990 only 4 kaon states added to PDG

The kaon section of PDG could be

rewritten completely
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Exotic charmonia

with low-energy p PANDA COMPASS

p Momentum [GeV/ ¢] <y
beam 0 2 4 6 8 1012 15
T I T T T T 1
AA . AN,
Two body 5T _ 22
thresholds == 00 D.D, == QQ
Molecules qaqq ccqq
Gluonic Hybrids nng,ssg ccg
Excitations
Hybrids+Recoil | nNg,ssg \ ’ ccg
Glueballs ggg,g9g
Glueballs+Recoil gg9g
qq Mesons light qq cc
npe,w,f, KK J/W, N Xa
I | l | I I
1 2 3 4 5 6
Mace AVl A~21
Y X
C
YyY

Wide spectrum of
quantum numbers!
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SUMMARY

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.
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