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COMPASS
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COMPASSExperiment

Versatile facility with hadron (p°, K°Σ Ǉ Χύ & lepton 
(polarizedm°) beamsof energy100 to 200 GeV

COmmon
Muon and 
Proton
Apparatusfor
Structure and 
Spectroscopy



Multi -dimensionalPartonicStructures
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http://www.int.washington.edu/PROGRAMS/17-3/
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DVCS

HEMP

SIDIS

Drell -Yan

COMPASSinvestigates the multi-dimensional structure of nucleon via various processes 

http://www.int.washington.edu/PROGRAMS/17-3/
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COMPASSExperimentalSetup
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COMPASSExperimentalSetup

Large-acceptance forward spectrometer
Å Precise tracking (350 planes)

SciFi, Silicon, MicroMegas, GEM, MWPC, DC, straw
Å PID ςCEDARs, RICH, calorimeters, Muon Walls

Various targets:
Å Polarized soild-state NH3 or 6LiD
Å Liquid H2

Å Solid-state nuclear targets
×NIM A 577 (2007) & NIM A 779 (2015) 69 

~50m

ü Priamary beam ς400 GeVp from SPS
- Impinging on Be production target

ü 190 GeV secondary hadron beams
- Ὤ beam: ωχϷ“ȟςϷὑ ȟρϷὴ
- Ὤ beam: χυϷ“ȟςτϷὴȟρϷὑ

ü 160 GeV tertiary muon beams
- ‘ longitudinally polarized 
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COMPASSExperimentalSetup

ü Priamary beam ς400 GeVp from SPS
- Impinging on Be production target

ü 190 GeV secondary hadron beams
- Ὤ beam: ωχϷ“ȟςϷὑ ȟρϷὴ
- Ὤ beam: χυϷ“ȟςτϷὴȟρϷὑ

ü 160 GeV tertiary muon beams
- ‘ longitudinally polarized 

ɛ

ü In early GPD studies, transversely 
polarized target was used.

ü Polarization reversal by magnetic 
field rotation

ü 2.5m unpolarized LH2 target used 
in GPD dedicated runs
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COMPASSSetupfor ExclusiveProcesses

ü Priamary beam ς400 GeVp from SPS
- Impinging on Be production target

ü 190 GeV secondary hadron beams
- Ὤ beam: ωχϷ“ȟςϷὑ ȟρϷὴ
- Ὤ beam: χυϷ“ȟςτϷὴȟρϷὑ

ü 160 GeV tertiary muon beams
- ‘ longitudinally polarized 

Exclusive Muoproduction
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COMPASSSetupfor ExclusiveProcesses

Exclusive Muoproduction

♬ȟⱫȟⱬȟⱷȣ

‘
‘Ω

╟



10

COMPASSSetupfor ExclusiveProcesses

Exclusive Muoproduction

♬ȟⱫȟⱬȟⱷȣ

‘
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╟

To ensure exclusivity:
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CAMERA recoil proton detector 
surroundingthe 2.5m long LH2 target

ECAL0

ECAL2

m°
"

ECAL1
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COMPASSExperiment

Study hadron structure with 
complmentary tools:

ü COMPASS holds the record for the 
longest-running CERN experiment

Å 2012 pilot run with 4-week data taking
Å 2016-17 dedicatedrun. 2 x 6 months.
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Deeply Virtual Compton Scattering

@ COMPASS
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LanscapeðGlobalProgramsof DVCS
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DVCS

DVCS: ■ ▬ᴼ■ ▬ ♬

üAs the golden channel to access GPDs, DVCS 
has been the workhorse for GPD Extraction. 

ü Its interference with the well-understood 
Bethe-Heitler process gives access to more 
info.

BH 

Process

ü The GPDsdependon the followingvariables:

- x: average longitudinal momentum frac.
-‚: longitudinal momentum diff.
- t: four momentum transfer

(correlatedto b
Ṷ

via Fourier transform)
- Q2: virtuality of ‎*
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DVCS

ü With LH2 target andsmallxBcoverage
Ą focuseson H at COMPASS

H ‚ȟὸ=᷿ Ὠὼ
H(ὼȟ‚ȟὸ)

ὼ ‚ Ὥ‐
= P᷿ Ὠὼ

H(ὼȟ‚ȟὸ)

ὼ ‚
ὭʌH(ὼ= ‚ȟ‚ȟὸ)

REAL part Imaginarypart
GPDCFF

Χ Χ

ReH (‚ȟὸ) = P ᷿ + ɝ(t)
Im H (ὼȟὸ) 

ὼ ‚
Ὠὼ

ü The variables measuredin the experiment:

Eǎ, Q
2, xBj~2x/(1+x),

t (or qg*g)  and f(ǎǎô plane/gg* plane)

DVCS: ■ ▬ᴼ■ ▬ ♬



TransverseImaging andPressureDistribution

H ‚ȟὸ=᷿ Ὠὼ
H(ὼȟ‚ȟὸ)

ὼ ‚ Ὥ‐
= P᷿ Ὠὼ

H(ὼȟ‚ȟὸ)

ὼ ‚
ὭʌH(ὼ= ‚ȟ‚ȟὸ)

REAL part Imaginarypart
GPDCFF

Χ Χ
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ReH (‚ȟὸ) = P ᷿ + ɝ(t)
Im H (ὼȟὸ) 

ὼ ‚
Ὠὼ

seaquarks 
and gluons

Pion 
cloud

Valence 
quarks

x = 0.01 x = 0.1 x = 0.3

Ṷ
b

Pressure Distribution

M. Polyakov, P. Schweitzer, Int.J.Mod.Phys. A33 (2018)

repulsive

confining

Mapping in the transverse plane
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AzimuthalDependenceof BH & DVCS

DCS, U(‰) ḳὨ„‘ᴺ -Ὠ„‘ᴼ

SCS, U(‰) ḳὨ„‘ᴺ + Ὠ„‘ᴼ

BeamCharge-spin difference& sum

Twist-2 >> ÂTwist-3, ÂTwist-2 - double helicityflip for gluons (NLO)
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AzimuthalDependenceof BH & DVCS

SCS, U(‰)
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AzimuthalDependenceof BH & DVCS

DCS, U(‰) ḳὨ„‘ᴺ -Ὠ„‘ᴼ

SCS, U(‰) ḳὨ„‘ᴺ + Ὠ„‘ᴼ

BeamCharge-spin difference& sum

Twist-2 >> ÂTwist-3, ÂTwist-2 - double helicityflip for gluons (NLO)

ὅ ᶿ ὍάH and  ὛᶿὍάF

ὅᶿὙὩF

F  = F1H + ɝ(F1+F2)H + t/4m2F2 E
Proton Target

Small ὼ at COMPASS
F1H Compton Form factor 

linked to GPD H

Easier to measure

More challenging
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COMPASS2016PreliminaryResults

♬

‘
‘Ω

╟

Proton azimuthal angle

Proton momentum

Proton track position

Energy momentum balance



23

COMPASS2016PreliminaryResults

SCS, U(‰) ḳὨ„‘ᴺ +Ὠ„‘ᴼ =  2[ Ὠ„ + Ὠ„ + Im I ]

=  2[ Ὠ„ + ὧ + ὧ ÃÏÓ‰+ ὧ ÃÏÓς‰+ ίÓÉÎ‰+ίÓÉÎς‰]

" 4 (Im H )2

smallxBj

c0
DVCS

model dependent 

ü Beam charge-spin sum
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Tranverseextensionof partonsð2016data

COMPASSCOVERAGE

Ὠ„ ȾὨὸᶿὩ ὶ ὼ ςὄὼ At smallxB

0.0025 0.15

COMPASS PLB 793 (2019) 188-194

Preliminary

üThe transverse-size evolutionas a functionof ὼ ĄExpect at least 3 ὼ binsfrom 2016-17 data
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Hard Exclusive Meson Production 

@ COMPASS
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GPDsin Hard ExclusiveMesonProduction

Hq(x,x, t) Eq(x,x, t)

4 chiral-evenGPDs: helicityof parton unchanged

Ą VectorMeson

Hq(x,x, t) Eq(x,x, t) Ą Pseudo-ScalarMeson
~ ~

Hq(x,x, t) Eq(x,x, t)

+ 4 chiral-odd (transversity) GPDs: helicity of parton changed

Hq(x,x, t) Eq(x,x, t)
~ ~

(not possible in DVCS)

T

TT

T
Eq  

T Hq
T Eq

T= 2       +
~

ü Ability to probe the chiral-odd GPDs.
ü Universality of GPDs, quark flavor filter
ü In addition to nuclear structure, provide insights into 

reaction mechanism.
ü Additional non-perturbative term from meson wave 

function.
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Exclusive“ Productionon UnpolarizedProton

But measuredas ºonlya few % of 

Leading twist expectedbedominant

The other contributions arise from couplingbetween
chiral-odd (quark helicityflip) GPDsto the twist-3 pion amplitude 

p˃ Ą p˃0 p 

Fig: M.G. Alexeev et al.Phys.Lett.B805 (2020)

degree of longitudinal polarization :צ
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Exclusive“ SelectionandBackgroundEstimation

ü Exclusivity ensured by cuts on exclusivity variables, similar to DVCS.
ü Background fraction determined by fitting the exclusivity variables with Monte Carlo simulations.  

- LEPTOfor non-exclusive background
- HEPGENof exclusive “ for signal  

ü In 2016 data, non-exclusive background 
fraction in data Ąψ υϷ



29

2012 Exclusive“ Prod. on UnpolarizedProton

p˃ Ą p˃0 p 

?

A dip at smallt would indicatethe significanceof ET

COMPASS, PLB 805 (2020) 135454

sTT large θ Ὁ
sLTsmallerbut significantlypositive

Chiral-odd GPDs

Ὠ„

ὨὸὨ‰

ρ

ς“

Ὠ„

Ὠὸ
‭
Ὠ„

Ὠὸ
‭ÃÏÓς‰

Ὠ„

Ὠὸ
ς‭ρ ‭ÃÏÓ‰

Ὠ„

Ὠὸ

Update



30

2016 Exclusive“ Prod. on UnpolarizedProton

üAgree with previous measurements, with better uncertainty 

üNew 2016 data release: statistics about 2.3 times larger than the published 2012 pilot run.
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2016 Exclusive“ Prod. on UnpolarizedProton

üNew 2016 data release: statistics about 2.3 times larger than the published 2012 pilot run.

üLarger ’ȟὗ domainachievable.
’ɴ ψȢυȟςψO φȢτȟτπ'Å6
ὗ ᶰρȟυᴼ ρȟψ'Å6Ⱦὧ
ὸᶰπȢπψȟπȢφτ'Å6Ⱦὧ
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2016 Exclusive“ Prod. on UnpolarizedProton

üNew 2016 data release: statistics about 2.3 times larger than the published 2012 pilot run.

üMain systematic uncertainty comes from 
the evaluation of the “ background from 
SIDIS 

üWe will provide the evolution with 3 bins in 
’and 4 bins in ὗ

Ὁ
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2007& 2010HEMP with TransverselyPolarizedTarget

GK Model EPJC 42, 50, 53, 59, 65, 74

” ᴼ““

Ὁ Ὁ Ὁ ὉȾὼ

ü9ȄŎƭǳǎƛǾƛǘȅ ŜƴǎǳǊŜŘ ōȅ άƳƛǎǎƛƴƎ Ƴŀǎǎ ǘŜŎƘƴƛǉǳŜέ 
COMPASS, NPB 865 (2012) 1-20, PLB 731 (2014) 19

Ὁ
ὓ ὓ

ςὓ

‘” ᴼ‘ὴ”

üSensibility to Ὁand Ὄ

Semi-inclusive BG

ᶿὍάὉᶻὌ

ᶿὍάὉᶻὉ

ᶿὍάὉᶻὉ ὌᶻὌ
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2007& 2010HEMP with TransverselyPolarizedTarget

” ᴼ““

Ὁ Ὁ Ὁ ὉȾὼ

COMPASS, NPB 865 (2012) 1-20, PLB 731 (2014) 19

“““‫ᴼ

Ὁ Ὁ Ὁ ὉȾὼ

COMPASS, NPB 865 (2012) 1-20, PLB 731 (2014) 19

üὉ and Ὁ are of opposite sign Ą‫is more promising for GPD study
üNevertheless, obscured by the inherent pion pole contribution

Negative “‫form factor

Positive “‫form factor

No pion pole

ὍάὉzὌ ὍάὉzὌ
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ExclusivewProductionon UnpolarizedProton

cos2f

Experimentalangulardistributions

15 unpolarizedSDMEsin W U and 8 polarizedin W L

ü ‭O ρ, smallW L
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2012 ExclusivewProd. on UnpolarizedProton

(S-Channel Helicity Conservation)

COMPASS, Eur.Phys.J.C81 (2021) 126

Exclusive r0, wproduction 
with trans. pol. target

COMPASS, PLB731 (2014) 19
COMPASS, NPB865 (2012) 1-20

COMPASS, NPB915 (2017) 454-475

NOT OBSERVED for transitions♬╣
ᶻᴼⱷ╛

ὗ ςȢρ'Å6ȟὡ χȢφ'Å6ȟὖ πȢρφ'Å6
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2012 Exclusiveⱬ Prod. on UnpolarizedProton

(S-Channel Helicity Conservation)

COMPASS, Eur.Phys.J.C 83 (2023) 924

NOT OBSERVED for transitions♬╣
ᶻᴼⱬ╛

First term dominates
Ą Probes ╔╣

πȢππππȢππφ

πȢπρρπȢππσ

πȢππωπȢπσρ

Violation

ὗ ςȢτ'Å6ȟὡ ωȢω'Å6ȟὖ πȢρψ'Å6
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2012NPE-to-UPE Asymmetry

”

ʖ

NPE-to-UPEasymmetryof cross sections for transitions ‎ᶻᴼὠ

ü NPEDominance

ü NPEĄGPDs ╔ȟ╗

üNPE: Natural ParityExchange
üUPE: UnnaturalParityExchange

ü UPEDominance at small ╦ and ▬╣

ü NPE UPEon average

ü UPEĄGPDs╔ȟ╗
+ Pion pole (dominant)

COMPASS, Eur.Phys.J.C 81 (2021) 126

COMPASS, Eur.Phys.J.C 83 (2023) 924



ü COMPASShas entered its analysis phase, 
expect more results soon!
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Summary

DVCS crosssections with polarized m+ and m-
Beam charge-spin sumĄ ImH (˅Σǘ) Ą Transverse extension of partons as a functionof xBj

Beam charge-spin differenceĄReH (˅Σǘ) ĄD-term, pressure distribution

HEMPof p0, r, w, f,  J/y
Cross setionof p0, SDMEof r& wĄ Transversity GPDs & Flavor Decomposition

f,  J/yĄ underway



Backup Slides
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COMPASS2016PreliminaryResults

üMain background of exclusive single photon events: Ⱬ decay

üVisible(both ‎detected) ςsubtracted 

ü Invisible(one ‎lost) ςestimated by MC

A high-energy DVCS photon candidate is combined with 
all detected photons with energies lower than the DVCS 
threshold: (4,5) GeV in Ecal(0,1) respectively 

Å Semi-inclusive LEPTO 6.1
Å Exclusive HEPGEN Ⱬ (GK model)

The sum of LEPTO and HEPGEN contributions is normalized to 
the “ peak in ὓ of the real data
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Tranverseextensionof partonsð2016data

üThe transverse-size evolutionas a functionof ὼ ĄExpect at least 3 ὼ binsfrom 2016-17 data

COMPASSCOVERAGE

ὶ ὼ ςὄὼ At smallxB

0.0025 0.15

COMPASS PLB 793 (2019) 188-194

Preliminary

ü Improvements in the 2016 analysis, relative to 2012
-‘ and ‘ beams at same intensity
- More advanced analysis with 2016 data, ongoing
- Improved “ contamination estimation
- Better MC description in ’
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BeamCharge-spinDifference

DCS, U(‰) ḳὨ„‘ᴺ -Ὠ„‘ᴼ ᴼ ὧ ὧÃÏÓ‰

ὧᴼRe ὊH

KM10 ςfit to data

VGG

üWith Re ὊH and ImὊH  

ĄExtraction of D-term

ReH  > 0 at H1

< 0 at HERMES 
Value of xBj for the node?

2 yearsof data Em= 160 GeV 1 <  Q2 < 8 GeV2

HERMES JLab

COMPASS

BCSA= DCS, U/SCS, U = ὃ ὃ ȟὧέί‰ὃÃÏÓς‰
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2012Ὑ „Ⱦ„ for Exclusive” Production

COMPASS, Eur.Phys.J.C 83 (2023) 924

Ὑ
„ ‎ᶻᴼὠ

„ ‎ᶻᴼὠ
ü Longitudinal-to-transverse 
‎ᶻcross section ratio:

Ὑᴂ
ρ

‭

ὶ

ρ ὶ

Å/ƻƳƳƻƴƭȅ ǳǎŜŘ άŜŦŦŜŎǘƛǾŜέ 
ratio (Ὑ Ὑonly if SCHC):

Å Use of Ὑ, which takes SCHC violation into 
consideration, is preferred.

Results of all experiments with ὗ ρ'Å6Ⱦὧ

üLeading-order pQCD predction: ὗȾὓ Ą deviation due to effect of QCD evolution and ή

COMPASS, Eur.Phys.J.C 83 (2023) 924


