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Hard Exclusive production of π0 at COMPASS 

COmmon Muon Proton Apparatus for Structure and Spectroscopy

|t| ∈ (0.08, 0.64) (GeV/c)2



DVCS vs. HEMP
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Deeply Virtual Compton Scattering (DVCS): ℓp ℓ’ p’  (golden channel)

Hard Exclusive Meson Production (HEMP): ℓp ℓ’ p’ …  / /J///

theoretically cleanest of the experimentaly

accessible processes to measure GPDs

“Distribution Amplitude” should be taken in 

addition into account …. But gives possibility 

separate the flavors , access to GPDs gluons etc.
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Hard exclusive π0 production on unpolarised protons and chiral-odd GPDs
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γ∗p → π0p′

µp → µ′π0p′

Exclusive π0 production is the main source of background for DVCS process, while it 

provides important information on chiral-odd GPDs. The dedicated GPD program has 

started with a one month pilot run in 2012, followed by two full years of data taking in

2016-2017, using 160 GeV/c positive and negative muon beams, a liquid hydrogen 

target and new detectors such as a recoil proton detector and a large-angle 

electromagnetic calorimeter ECAL0.

p cross-section can be 

reduced to *p due to the 

unpolarized proton target
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DVCS signal Bethe Heitler signal
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p slow p p slow p

Exclusive one single photon production 

d  |TBH|2 + |TDVCS|2 + Interference Term

COMPASS experiment has excellent opportunity for studying Generalized 

Parton Distributions (GPD), through Deeply Virtual Compton  Scattering 

(DVCS). DVCS is considered to be the theoretically cleanest of the 

experimentally accessible processes.

DVCS/BH~1/10
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Exclusive single photon production ℓp ℓ’ p’ 

06.06.2025 "SYMMETRIES AND SPIN" , 

Prague
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φ

θμ’
μ

*


p

d  |TDVCS|2 +   Im(TDVCS) TBH + Re(TDVCS) TBH +  |TBH|2

Known to 1 % 

0.005 < xB < 0.01                 0.01 < xB < 0.03                 0.03 < xB

Monte-Carlo

using set-up with

ECAL1+ECAL2

ECAL0 

necessity

BH 

dominates

DVCS 

dominates



ℓp  ℓ’X

Deep Inelastic Scattering
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From PDFs to TMDs and GPDs
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Partons Distrib. q (x ) 

TMD accessible in SIDIS and DY

GPD in  Exclusive reactions

DVCS and HEMPx P

x

b
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PDF (x)

From Wigner distribution we can build ‘’mother distributions’’
W (x, b , k) 3-dimensional nucleon structure 

in momentum and configuration space:

GPD (x, b) : Generalised Parton Distribution 

(position in the transverse plane) 

TMD (x, k) :Transverse Momentum Dependent

(momentum in the transv. plane)
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The GPDs and TMDs provide 

complementary

3-dimensional pictures of the nucleon.



GPDs H, E, ...

x+ξ x-ξ

GPDs

t

γ, π, ρ, ω…

The observables are some integrals of GPDs over x

Dynamics of partons

in the Nucleon Models:

Parametrization

Fit of Parameters to the data

Elastic Form Factors  

 H(x,ξ,t)dx = F(t)

“ordinary” parton density

H(x,0,0) = q(x)                                    

(x,0,0) = Δq(x)

Ji’s sum rule

gq LΔGLΣ   Δ1/21/2 

2Jq =  x(H+E)(x,ξ,0)dx

xx

factorization

GPDs and relations to the physical observables 

H
~
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COMPASS /AMBER тема 1085 Коллаж из 

слайдов

Б.Парсамяна
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COMPASS LEGACY

33 institutions from 15 countries: ~ 200 members 
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3 days                                                                             10 days 

Trento 2010
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COMPASS spectrometer
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2x2 m2 electromagnetic 

calorimeter, ECAL0

4.0 m longTime-Of-Flight 

detector: 24 inner and  24 

outer slabs 

ECAL1 ECAL2

2.5 m long LH2 target 

ECAL0

ECAL2  0…40 mrad
ECAL1 40-150 mrad
ECAL0 150-300 mrad

RICH

SM2
SM1
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Exclusive π0 events selection
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Exclusivity variables

General selection in the phase-space

Final selection

• 6.4 GeV < ν < 40 GeV

• 1 (GeV/c)2 < Q2 < 8 GeV/c)2

• 0.08 (GeV/c)2 < |t| < 0.64 (GeV/c)2

Incoming and outcoming  from  

the same/unique  primary vertex

Two clusters in the ECAL0 , 

ECAL1   calorimeters

Identified proton in Time-of-

flight detector CAMERA
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0 background to DVCS: complementarities of HEPGEN and LEPTO 

generators
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HEPGEN  predicts the possible  background to exclusive single- events from  

exclusive 0. However, in Real Data the semi-inclusive reactions enter in the 

game as the exclusive ones due to the imperfect overall energy resolution of the 

spectrometer.

LEPTO   doesn’t generate exclusive events but semi-inclusive ones. It is a 

general and flexible Monte Carlo generator to simulate complete lepton-nucleon 

scattering events and integrate cross sections. In contrast with HEPGEN Monte 

Carlo, LEPTO allows us to perform a more realistic comparison with Real Data. 

Moreover, it also permits to make predictions for the background for both the 

exclusive single- and the 0 reactions

• “visible” 0 (both 𝛾 detected,  useful for MC normalization)

• “invisible” 0 (one 𝛾 ``lost'', only estimated with MC)



Measured and simulated  and pT
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Measured and simulated 2 photon mass distributions
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Thresholds of 2 GeV (2.5 GeV) for the higher-energy cluster and of 0.5 GeV (0.63 

GeV) for the

lower-energy cluster in ECAL0 (ECAL1) are used. 



Measured and simulated 2 photon mass 

distributions



COMPASS  data



SIDIS background  estimation
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8.5 +/- 5 %



Kinematically constrained fit for exclusive π0
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Hard exclusive π0 production on unpolarised protons
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Cross-section of the hard exclusive meson production, reduced to *p, for the unpolarized

target and polarized lepton beam 

Spin independent cross-section of the hard exclusive meson production after averaging 

the two spin-dependent cross-sections looks following

where Γ = Γ(Eµ, Q2, ν) is a transverse virtual-photon flux.
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GPDs in exclusive π0 production on unpolarised protons

at JLAB only few% of

leading twist

and in a dip at small t’ of 

An impact of     should be visible in  TE

TTT EHE 
~

2def.

23

phemenological Goloskokov&Kroll model  in 2016 

version considerably better fits COMPASS results after 

changing energy dependence of        which made the 

contribution from the transversely polarized * more 

important

TE
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GPDs H and E for hard exclusive 0 production
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GPDs in exclusive π0 production on unpolarised protons

at JLAB only few% of

leading twist

other contributions arise from coupling 

of chiral-odd (quark helicity-flip) GPDs to twist-3 pion amplitude

and in a dip at small t’ of 

An impact of     should be visible in  TE

TTT EHE 
~

2def.
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phemenological Goloskokov&Kroll model  in 2016 

version considerably better fits COMPASS results after 

changing energy dependence of       
TE

JLAB π0 cross-sections are described fine as well.

the effect of  HT should be visible
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Exclusive 0 cross-section 2012 and 2016  
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Exclusive 0 cross-section 2016 as a function of ϕ and t
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Exclusive 0 cross-section as a function of ϕ and t in  / Q2 bins
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Exclusive π0 : COMPASS acceptance  after ECAL0 installation in 2016

• 5 bins in |t| with binning [0.08, 0.15], [0.15 0.22], [0.22 0.36], [0.36 0.5] [0.5 

0.64] (GeV/c)2,

• 8 bins in ϕ equally spaced from −π to +π

• 4 bins in Q2 with binning [1, 1.5], [1.5 2.24], [2.24 3.34], [3.34 5] (GeV/c)2,

• 4 bins in ν with binning [8.5, 11.45], [11.45 15.43], [15.43 20.78], [20.78 28] 

(GeV).
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4D acceptance in bins of φπ0, ν, |t |, Q2

The cross section is determined presently in the same phase space as for the 2012 data analysis:

• 8.5 GeV < ν < 28 GeV

• 1 (GeV/c)2 < Q2 < 5 (GeV/c)2

• 0.08 (GeV/c)2 < |t| < 0.64 (GeV/c)2

For the acceptance determination, the HEPGen-π0 MC simulation  is used.
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Exclusive π0 production: COMPASS acceptance |t| averaged
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Exclusive π0 production: COMPASS acceptance |t| averaged
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2016

Clear effect 

of ECAL0 

installation
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Summary
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The differential virtual-photon proton cross sections are extracted  from the 2016 data  (~1500 

events) as a function  of the squared four-momentum transfer t, and of the azimuthal angle  between 

the  scattering plane and the 0 production plane.

The average differential cross sections from the 2016 data are  compared to the published results 

of  the 2012 data  and  there are no significant   difference  is observed.

A slightly different t-shape is seen in 2016 data (as in 2012 one) with respect to GK2016 model 

prediction, which however can be reduced in the GK2016 + an updated model with another energy 

dependence of  

From the results we observe a large contribu-

tion of σTT and a n egl ig ib le  contribution

of σLT .

This supports the expectation of the exclusive 

π0cross section to be dominated by transverse

polarized virtual photon, which indicates a

significant effect of the chiral-odd GPD

Total statistics 2017+2016 data is  estimated 

to be 10 times higher than  the 2012 one

Input for constraining phenomenological models.  

TE
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First collaboration meeting



CLAS paper: PHYSICAL REVIEW C 95, 035202 (2017)



Large-angle electromagnetic calorimeter ECAL0
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DVCS+BH

EC
A

L1
&

2ϕ-dependence of acceptance

without ECAL0 with ECAL0

Q2 = 1.5 ± 0.5 (GeV/c)2 and  xBj = 0.06 ± 0.005 
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3D picture of proton via GPD
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GPDs and Deep Virtual Exclusive Meson Production
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In general, hard exclusive π0 is sensitive to the GPDs conserving the parton helicity               and 

also to  the parton helicity flip or to chiral-odd GPDs                           , where                        .
TTT EHE 

~
2
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Exclusive π0 production: COMPASS acceptance  averaged

2016
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