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Long way towards GPD

In 2010 the COMPASS-II
program has been
approved by the CERN
Research Board.

It consists of studies: i

DVCS, HEMP, SIDIS, G
Polarized Drell-Yan and

Primakoff reactions.
(Finally in 2012, 2015-2017)

M. Diehl Introduction to Generalized Parton Distributions
N.dHose etal.  Possible Measurements of GPDs at COMPASS
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COMPASS kinematical coverage (Q?, Xg;) for DVCS
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FromPDF40 TMDsand GPDsg

From Wigner distribution we can build onotherd i st r i b ut
W(X, b., ki) A 3-dimensional nucleon structure

iIn momentum and configuration space:

\~ 4

GPD 6( b,\): Generalised Parton Distribution
(position in the transverse plane)

TMD (x, k) :Transverse Momentum Distribution
(momentum in the transv. plane)

X boost
GPD in Exclusive reactions
DVCS and HEMP

5820 May 4

Partons Distrib. g (X))
O () ()




Frominclusivereactionsto the exclusiveones

Deeply Virtual Compton Scattering (DVCS): - &1LJ@(golden channel)

Hard Exclusive Meson Production (HEMP): go- &1.J0Q/f Jly/weé .

theoretically cleanest of the hDi stribution Ampl

experimentaly accessible taken i n addition

processes to measure GPDs gives possibility separate the flavors ,
access to GPDs gluons etc.
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GPDs and relations to the physical observables
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The observables are some integrals of GPDs over x
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Dynamics of partons

Fit of Parameters to the data

in the Nucleon Models: /
Parametrization \\
/ orbs H’ E’ \

Elastic Form Factors J i sus rule fior di martorydensity
—_ 2J =fix ( H+E) @xx . &, 03— _—
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/ \ / Sz
AH s 2 F() _H(x,0,0) = q(x)
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The steps of the GPD Physics Program at COMPASS

2008:Very short test run & short (40 cm) Lithrget
Zz First observatiomwf exclusive photon productiom@inly BH)

2009 10 days, same L}arget (10 x statistics 2008)
2 First a) hint of DVCS at largeg; b)o b s e r vexdlusiveap® ¢
c)bbackground est i nmeactusiveep® f or DV C{

Detection efficiency : Global efficiency : Uygp = 0.13 +/ - 0.05

0, w1+ p T 0.32+/-0.13 - detection efficiency
- SPS & COMPASS availability
- Dead time & Trigger efficiency

2012: 4 weeks, fullscale LH target, recoil detector and part of ECALO
20162017 projections for 2 years of dedicated data taki@gD H)
2007 and 2010Exclusivevectormesonproduction (o recoil detector)

>2018 DVCS with transversely polarized target and
recoild e t e ¢ GP® A Fuiture addendum to COMPASBproposal
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Exclusive single photon production ap-
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Large-angle electromagnetic calorimeter ECALO

«-dependence of acceptance
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The DVCSexperiment at COMPASS

ECALO ECAL1 ECALZ2

o

\7{ - ‘- : ‘,' s e
ECAL2A O é 4 farad
_ ECALIA 40-150 mrad

~  ECALOA 150-300 mrad

=~ SR :

) Flight detector: 24 inner 2X2 m?
2°5t°long LH and "2# 6uter'stabs electromagnetic *
target calorimeter, ECALO
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Exclusive Photon Events Selection

Reconstructed interaction vertex in target volume

One single photon above DVCS production threshold

Q2 > 1(GeV/c)?, 0.05 <y <0.9, 0.06(GeV/c)? <t < 0.64(GeV/c)?

Exclusivity conditions: outer scintillator R
—r proton proton | J
e AP = @Pmeas — Preco
proton
e \Vertex p0|nt| ng (AZ) [inner scintillator ’ *reconstructed hit .
target /‘_.AZ __————/__———“7::
e Transv. momentum balance: ) v —
_ proton proton - s
Ap_l_ - p_l_,meas = p_l_,reco M out
e Four-momentum balance:
» S . o - 2
MX - (pl‘in + ppin pﬂout ppout py)
®

. . . 2 2
Missingenergy: ((Pu. + Ps. — Pui — Py)*— M3)/2M,
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Exclusivity Variables: Ay
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The proton Asi gnat ur efterall exclusivityecutR ¢
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p® background to DVCS: kinematic ranges for photons in
ECAL1 and ECAL2
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MC by Andrzej Sandacz
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Number of events [arb. units]

p® and genergies from MC by Andrzej Sandacz

di st = di stance bet wee

A 2gseparation  dist>2 cm

'{\ Epo DS A 100% efficiency dist~4-5cm

- A Ep° =100 GeV dist ~8 cm

A Ep° <100 GeV from MC
A no bkg from 2gnon separated

i = NUSURUUUTUU. N SRR O ep- c@P- eP@Gg
E [GeV] /
/ A only bkg if 1gis non detected
10‘;—"1,,_'.' N N N
08 (e (2 ep- cP@- P @
- »/ / A The photons from p° should
S be mainly registered in
, ECALO & ECAL1
IOC_—u ! ! a ! l I |
E [GeV]
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p°® background to DVCS: complementarities of HEPGEN
and LEPTO generators

HEPGEN predicts the possible background to exclusive single-g events
from exclusive p°. 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 doesndét gener at e sem-inclysive enes. it e

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-gand the p°® reactions

A fiv ips(both| @etected, useful for MC normalization)
A fii nyi(ondr b los"donly estimated with MC)
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n® background estimation
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Azimuthal distributions for exclusive gevents in 3 Xg; bins
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DVCS measurements with polarizednt and m beams

du(gp- £pg o du BH + du DVCSUI’]pOl + Pg du DVCSpOl
BH DVCS BH DVCS
+ e, a°" ReA +e, P,a"m ImA

Unpolarized target: Constrain GPD H(2016-2017)
i Sum of cross sections: imaginary part of Compton Form Factor
i Difference of cross sections: real part of Compton Form Factor

SCS,U = do(u +¢) + JO'Cu‘f) oc dsBH +dSuDr¥)%iS+ K.s " sinf and SII"’ ~ F, ImH

Integration over ¢ and BH subtraction = da®V®>/dt ~ exp(—B]|t|)

t-slope extraction — nucleon tomography < r,2(x;)> © 2 B(xg)

First result will come from DVCS 2012 data soon

Dy y=do(u™) = dou”) = [ cg" +¢" cosg| and <~ F, Re H
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Transverse size of the nucleon vs. Bjorken-x

DVCS 2012
projection

we can determine one mean
value of B in the COMPASS
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