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Generalised Parton Distributions (GPDs)

* Provide comprehensive description of 3-D partonic structure of the nucleon
one of the central problems of non-perturbative QCD

* GPDs can be viewed as correlation functions between different partonic states

» ‘Generalised’ because they encompass 1-D descriptions by PDFs or by form factors

(the simplest) example: Deeply Virtual Compton Scattering (DVCS)

Factorisation for large Q% and | t | <« Q?

4 GPDs for each quark flavour
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GPDs and Hard Exclusive Meson Production

Chiral-even GPDs
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.g helicity of parton unchanged
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Two most attractive goals of the GPD program

& 3D tomography via GPD H
H(X, ¢=0,t) — H(x, by) ~p(X, by)

probability interpretation (Burkardt)

singlet pion valence
quarks. gluons » cloud » Qquarks
L\ ey J
- A
v << 0.01 v~ 0.1 x~03

@® Contribution to the nucleon spin puzzle
Yo=YAY+AG+<LA>+<LI>

by constraining GPD H and E
3 =1/2(im jx[H I(x, & 1)+ E(x, & 1)] dx
T

GPD E related to the orbital angular momentum



COMPASS experiment at CERN

Basic ingredients of versatile COMPASS experimental setup

“ unique secondary beam line M2 from the SPS
delivers: * high energy polarised pu* or ubeams
e negative or positive hadron beams

* two-stage forward spectrometer SM1 + SM2

= 300 tracking detectors planes — high redundancy

variety of tracking detectors to cope with different
particle flux from 6 = 0 to06 =~ 200 mrad

+ calorimetry, plD, RICH

SM2
+ flexible target area //

E/HCAL J /

MuonWall

E/HCAL
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Physics programs

Flexibility of the setup to carry out a diverse physics programs
by using different beams and modifying mainly the target reqgion

spin structure of the nucleons; polarised muon-nucleon scattering
hadron spectroscopy in diffractive and central hadron production
Primakoff reactions and test of chiral perturbative theory
polarised and unpolarised Drell-Yan scattering

GPD studies; DVCS and hard exclusive meson production



The COMPASS set-up for the GPD program (starting from 2012)
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Transverse Extension of Partons in the Proton
probed by Deeply Virtual Compton Scattering




Exclusive single photon production cross section

DVCS : Bethe-Heitler : \N‘N\P

cross-sections on proton for u*‘l', u‘T beam with opposite charge & spin (e, & P )

dO(up—supy = do®" +dac®™VC,, o, + P, dc®VC,,
BH DVCS BH DVCS
+e,a" ReA +e,P,a"" ImA



Selection of exclusive single photon events

sample for t-slope extraction
reconstructed vertex in the target volume

1GeV2<Q2<5GeV? 10GeV<v<32GeV
0.08 GeV? < |t|<0.64 GeV?
1 single photon with energy above DVCS threshold <« Eg .., > (4,5,10) GeV

Overconstrained kinematics => a number of ,exclusivity cuts” allows to select the exclusive sample

— prot | prot
Ap[] - p[],meas p[l,recon

COMPASS 2012
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) n° background
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Azimuthal distributions for single y events
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access to DVCS amplitude
through the interference
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Extraction of doPVves/dt

d AT o either i or - b
@& measure do := _ or either u™ or w~ beam
dQ2dvdtdo K K

® sum of u* and p cross sections  2do=do’ +do " =2(do®™ +do”°~|P, |do")

1 P, beam polarisation
Dpvcs DV CS DVCs
do o ( : -+ 7

A Dvos : 2
——= cos @ + ¢ cos 2¢)
HEQE € 2
do! , 1 , (a‘lr sin ¢ + Hg sin 2¢)
I'Bj yE’?L_Pl ((,’J') _Pg ((__-j)j

@ subtract calculable BH cross sections and integrate over ¢

—dgﬁ%p — ' do (do —deP) oc V"
dQ2dvdt — ), v

@ convert into cross section for virtual-photon scattering

do P 1 d3 rr%p

di ['(Q?% v, E,) dQ*dvdt

I' transverse virtual photon flux



DVCS cross section and t-slope

from 4 weeks of 2012 commissioning data
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Transverse imaging of the proton using doPVvcs/dt

dOpycs/dt ~ exp(-Blt]) ‘tomography”:  B(Xg;) ~ <r1?>(Xg;)
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Hard Exclusive ©t° Production on Unpolarised Protons
and Chiral-Odd GPDs




GPDs in exclusive 1t° production on unpolarised protons
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Exclusive 7° production cross sections as a function of ¢
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Exclusive ©t° production cross sections as a function of |t|

do = doy +& do, . An impact of E; contribution in I
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Impact of COMPASS measurements on the fenomenology

dip indicates do _ dUT dU,_
contribution of E1 dt ~ dt te dt
B COMPASS 2012
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Spin Density Matrix Elements
for exclusive ® meson production on unpolarised protons




Vector meson spin-density matrix p(V)

helicity of vector helicities of virtual photon spin density matrix (i — p+y*);
meson V photon y and nucleon N calculable on QED
_ b § E oV tL p* (von Neuman)
PAvAy = 5 N Ay Ay Ay AN EX N FINL NN Ay
Ay /\i AN /\‘:-U

F helicity amplitudes; describe
transitions A, Ay — Ay, Ay
depend on W, Q% and py

Helicity amplitudes allows:

» test of s-channel helicity conservation (A, =4 )
» decomposition into Natural (N) Parity and Unnatural (U) Parity exchange amplitudes
Faxvxiaow = Doy an T Ui, aw

* in Regge framework NPE: ¥ = (0%, 1-, ...) (pomeron, p, ®, &, ... reggeons)
UPE: ¥ = (0, 1%, ...) (w, a;, b;... reggeons)

» tests of GPD models
= e.g. for SCHC-violating transitions y; — V__ test sensitivity to GPDs
with exchanged-quark helicity flip (transversity GPDs)



Experimental access to SDMEs

WYL (b, ¢, cos ©) = WY(d, ¢, cos ©) + PsWL(d, ¢, cos ©) O do
( ) ( ) -+ PsW*™( ) 0% dod cos0

SDMEs: ,amplitudes” of decomposition of WY*- in the sum
of terms of different angular dependences

[K. Schilling and G. Wolf,
Nucl. Phys. B61, 381 (1973)] lepton

scattering—plane

Helicity frame
( M at rest)

15 unpolarised SDMEs (in WY) and 8 polarised (in W4)

(1) —decay—plane

(0 —production—plane

Extraction of SDMEs

> ..
6 : preliminary
200
Unbinned ML fit to experimental WY+t % : (M~ 1)
taking into account §150, Emiss = i)
* total acceptance =

» fraction of background in the signal window

» anglar distribution of background WY, \50

(determined either from LEPTO MC T
or real data side band) 0 Emn




Results on SDMEs for exclusive @ production at COMPASS
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Tests of s-channel helicity conservation
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Transitions y 1 — o,

possible GPD interpretation  Goloskokov and Kroll, EPJC 74 (2014) 2725

contribution of amplitudes depending on transversity GPDs  H., E, = 2I—~IT +E;
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graph for amplitude Fq_,,
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2 COMPASS preliminary
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interplay of interference of transversity GPDs H., E; = 2I—~IT + E; with GPDs H and E, respectively



Unnatural parity exchange contribution
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GPD interpretation ~ Goloskokov and Kroll, EPJA 50 (2014) 146

contribution of amplitudes depending on helicity GPDs E,H the former parameterised predominantly
by pion-pole exchange
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» decrease of UPE contributionwith increasing W
still non-negligible contribution from pion-pole exchange even at W = 10 GeV/c?



Summary and outlook

K shown results from comissioning ,DVCS test run” in 2012 \

@ t-slope of DVCS cross section, first at X5 ; above HERA range
decrease of the proton transverse radius with increasing xg;

® measurement of exclusive 10 lepto-production, first above JLAB energies
significant role of twist-3 contributions with chiral-odd GPDs

@® SDMEs of exclusive m lepto-production

structure in terms of helicity amplitudes => constraints on GPD models/

Kresults expected from the large data sample collected in 2016+2017

with LH,, target, RPD and wide-angle electromagneric calorimetry
collected statistic ~ 10 times larger than from 2012 test run

Deeply Virtual Compton Scattering:

= t-dependence of DVCS cross section vs. Xg; (,proton tomography”)
= mapping GPD H by measurments of real and imaginary parts of DVCS
via ¢-dependence the u*and p cross sections difference and sum

Hard Exclusive Meson Production:

= differential cross section for 7° vs. Q?, v (W), t( p{?), ¢
\ = differential cross sections and SDMEs for VMs vs. Q?, v (W), t ( p;?) /
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Supplementary material




Estimate of n° background

Major source of background for exclusive photon events

Two cases:
@ Visible; detected second vy (below DVCS threshold) => events rejected from final sample
@& Invisible; one vy lost => estimated from MC normalised to n° peak for ‘visible’ sample

70 contribution normalised to MW peak

10

g - COMPASS 2012
g 40} * Data (background subtracted) ‘Visible’ sample
E B — Normalized MC (exclusive n°%)
LL - — i . . .
30 Normalized M (RgFT°-1) Semi-inclusive (LEPTO MC) or exclusive
20~ (HEPGEN MC based on Goloskokov-Kroll model)

NI

0—. Y. O N\ = ATTARIPREN ‘Invisible’ sample

00 01 02 03 04 05
2
M,, (GeV/c?)

Relative contributions from both processes to n° background estimated from combined fits

to the distributions of ‘exclusivity variables’ (M,?, A9, Ap;)and E,... =V - E, +t/(2m?)

miss



Mounting of Recoil Proton Detector (CAMERA’) in clean area at CERN




Extraction of DVCS cross section and amplitude

Beam Charge & Spin Sum

Scsu = dou*’) + doju’) = Z(dGBH+ dobVes unpol T €, P ash Im\AADVCS)

‘ DVCSCO%‘CEVCS % @Irw_l_slzntsww

Co ' — dcsDVCS/dt sl — Im(F,H) | ImH (&) = Hix=E,E,t)

Beam Charge & Spin Difference

Desu  =dou*) - dou-') = 2(e”‘ﬂRe APVES + P dci/fspol )
os¢+ c™ cos2g+ ™ cos3p s ' “>sing
e

cor — Re(F, H) | Re H E )= P|dx HxEt) = Pldx Hxxt) + D(t)
X-& X-&




