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Nucleon structure
Deeply Virtual Compton Scattering (DVCS)
Deeply Virtual Meson Scattering (DVMP)
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DVCS at leading twist

< Soft part: Generalized Parton Distributions GPDs H9 E9: H9: E9
(non local-non forward matrix elements)

<> Cross section measurement o Compton Form Factors H..

see M. Guidal and J. Qiu talks



GPDs interpretations

Nucleon tomography “transverse size” vs x,; (parton)
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GPDs moments in x

n=1 GPD — Form factors

n=2 orbital momentum — Ji sum rule
Ja=7 f_ll dx x (H(x,&,t =0)+ E9(x,¢,t =0))

see F. Sabatié talk



Exclusive production of a photon
LP = WPy
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How can we extract Compton Form Factors at COMPASS?
LP> WPy
160 GeV p*€ and p~ (polarisation = 80%) unpolarized target: liquid H,

mostly sensitive to H
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Sum & Difference @D harmonics decomposition of Interference term

Cross sections with opposite = provides a good access to both Real & Im part
charge & helicity (BCSA) of Compton amplitude




Why to study DVCS at COMPASS?

COMPASS 160 GeV
Y/ HERMES 27 GeV
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<> explore the uncovered Xp;
region between H1+ZEUS
and HERMES+JLAB

<> sensitive to sea quark and
gluon distributions
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Expected results for a®V¢ - t dependance

« transverse size of the proton »
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Expectations for vector meson production: p°

Sensitive to nucleon size and transverse size of the meson
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Systematic errors : 3% charge-dependent effect between p+ and p-

Expectations for do(pu*<) — do(pu™—)
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GPD program at COMPASS

<> Vector meson production (2002-2011)
// & L polarized target (H, D) = target spin asymetries, SDME
Without recoil detector

<> DVCS test runs 2008, 2009 (1 week)
40 cm unpolarized target + short recoil detector (reduced setup)
check faisability of DVCS program, first measurement of oV at COMPASS

<> 2012 DVCS run 2012 (1 month)
optimized setup: long recoil detector (CAMERA) + large angle ECAL
+ 2.5 m liquid H, target, p* & p~ beam
possibility of (Sum & Diff) of 0 = access do®V¢3/dt

<> DVCS run 2016-2017 (2x6 month)
— access to GPD H

<> Future addendum
1 polarized target = access to GPD E

2000 .
| |
vector meson DVCS test runs long DVCS run

2005 C2p10 2015
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COMPASS Spectrometer




COMPASS 2009 setup (DVCS test run) & upgrades
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2.5m liquid H2 target Large angle ECAL:
CAMERA long recoil low E photons

detector ¥ working in 2012

Large angle trigger:
extend kinematic coverage



Recoil Proton Detector CAMERA

ToF between 2 rings of plastic scintillators o(ToF) < 350ps

» 0.06 < -t<0.8 GeV/c2 o
. light guide
l, —— i6m ’t
—, '/' .\beggmm
& e—s ©
| : g oo‘}\% E g
\ Ring A . LY =
: I R Specifications
Ring A :
- 4mm thick, 280 cm long
- 310 ps
g - Light holding structure
(‘2 Ring B :
- 5cm thick, 360 cm long
- 180ps

E. Burtin’s talk DIS-2013




Mountmg in clean room at CERN

E. Burtin’s talk DIS-2013



COMPASS-II proposal

Analysis of 2009 DVCS test run  CERrN-sPsc-2010-014

Simulation of expected yields for 2009 setup
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Method for DVCS analysis

Exclusivity selections: all final state particles are detected

Momentum balance Scattering angles Missing mass? & energy
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Recoil proton detection: final state overconstrained = low level of background in DVCS
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Normalization: luminosity
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"Trigger Control
amplificateur > System”

<> random trigger provided by radioactive source

<> tracking and momentum for each beam track

<> W tracks counted during At of trigger, same conditions as “physical analysis”
— effective flux, reduce a lot of systematics

instant flux: F(u*) / F(n) = 2.4

Goal: 3% error for DVCS cross section



Luminosity check: F, measurement

<> Check luminosity for absolute normalization of cross sections by comparing
measured F,(x,Q2) with parameterizations of world results on F,

<> Check of p+ and p- consistancy

<> Systematics studies



¢

<>

Monte Carlo simulations

Spectrometer simulation: GEANT3 + GEANT4 under development

Generator:

Exclusive meson production according to Goloskokov and Kroll model

DVCS: Frankfurt, Freund and Strikman model (Phys.Lett. B460 (1999) 417-424)
with modifications for COMPASS (Sandacz, Sznajder, arXiv:1207.0333)

acceptance is corrected by 4-dim. weighting of events



Background treatment

Rates are estimated using Monte Carlo simulations

Corrections by events weighting (bin/bin)

- semi-inclusive: UHP—= W P t°/n.. > P yX
- exclusive mt°: MP= WP R —=uPyy

- diffractive dissoc. of P’: uP =’ P*y = P’y X

<> Rates are expected to be under control at COMPASS kinematic

<> m° background is deduced from the exclusive nt° cross section measurement



Exclusive vector meson production

Transverse target spin asymmetries in exclusive o’ muoproduction

The COMPASS collaboration

Abstract

Exclusive production of p mesons was studied at the COMPASS experiment by scattering 160 GeV/e
muons off transversely polarised protons. Five single-spin and three double-spin azimuthal asym-
metries were measured as a function of Q°, xp;, or p3. The singg asymmetry is found to be
~0.019 £0.008(stat.) £ 0.003(syst.). “All other asymmetries are also found to be of small mag-
nitude and consistent with zero within experimental uncertainties. Very recent calculations using a
GPD-based model agree well with the present results. The data is interpreted as evidence for the
existence of chiral-odd, transverse generalized parton distributions.

arXiv: 1310.1454v2 (Oct. 2013) subm. to Phys. Lett. B



Exclusive p° meson production

Exclusive meson production:
flavor separation for GPDs and constraints on other GPDs

< Dominant transition: y* —-p° chiral even GPD H and E

<> Asymetries measurement: p*< off transversely polarised proton
= constraints on other GPDs

sin(¢ - ¢;) .
A, GPD E related to supressed y*;->p°; transition

AS‘”(¢s)°f5‘“(2¢'¢s) chiral-odd GPDs H, | |
ot correspond to y*;>p°, B |




Exclusive p° off 1 pol. protons
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Exclusive p° off 1 pol. protons
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CONCLUSION

<> COMPASS-II GPD program started
- unique kinematical range to study GPDs
- upgrades of the spectrometer: 2012-DVCS run (1 month)

- preliminary studies on DVCS cross section with 2009 run

<> Vector meson production
A(r"® =-0.019 £ 0.008 (stat.) + 0.003 (syst.)

- 1st experimental evidence for the existence of chiral-odd GPD H;



