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Generalized Parton Distributions (GPDs)

Deeply Virtual Compton Scattering

No nucleon spin flip
HY (x,¢,t)
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perturbative Y With nucleon spin flip
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______________________________________________ Ef(z,€,1)
non-perturbative GPDs are not experimentally
. accessible, but related to
P — smallt —— P’ Compton Form Factors (CFFs)

CFFs are observables in

> q = (pu — p,s): 4-momentum of virtual photon

> Q% = g7 virual photon virualty cross section measurements
> t=(pp — pP/)Q: 4-momentum transfer to nucleon squared

» z: average longitudinal momentum fraction 1 H(.%’, é', t)

» ¢ half of longitudinal momentum fraction transfer 7—[({, t) == 7d$
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GPDs and Hard Exclusive Meson Production
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Measurement at COMPASS

do*

Diff. ion ——————
iff. cross section d0%dvd[i]dd

Kinematic dependence:

Q2: 7112: virtual photon virtuality

v=E, — E,: energy of virt. photon

t=(pp —pPps )2: 4-mom. transfer to nucleon squared
@: angle between scattering and production planes

pp — p1'p'y

Measured quantities:
» 2012 pilot run for 4 weeks

— analysis finished and published

) _ » 2016/17 long runs (2 x 6 months)
Pt recoil proton dedicated to DVCS

v : real photon — analysis ongoing, preliminary results
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1 : beam muon

i : scattered muon



COMPASS experiment setup
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LAS

Large Angle Specrometer

wm 526

COmmon Muon and Proton Apparatus for Structure and Spectroscopy

2.5m long Liquid Hydrogen target
Beam energy is 160 GeV =t 4, P~ —80%

Q

Beam polarisations: p ™ and T - - 4 7, P, ~+480%
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COMPASS experiment setup
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LAS

MW24p5 26

Two stage forward spectrometer SM1 + SM2

» Beam flux determined with ~ 1% precision

> ECALO, ECAL1 and ECALZ2 for photon detection
» 300 tracking detector planes, muon trigger system
>
>

Muon identification system
CAMERA for recoil proton detection
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CAMERA
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Deeply Virtual Compton Scattering

up — p'p'y process
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up — p'p'~y processes

DVCS

BH

BH

P

I

The observable products of these reactions are identical, therefore

they can not be separated on per-event basis.

0y X |ADVCS’2 + |ABH|2 4+ Interference Term

Interference Term = ApycsAgy - allows to study DVCS on the

amplitude level.
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Selection of events with a single v topology

Vertex candidates: Exclusivity selections:
1 Beam muon - |Apr| < 0.3 GeVic
1/ Scattered muon - |A¢| < 0.4 rad
candidate : - [Aza[ <16 cm
Single photon with the energy = |M e < 0.3 (GeV/c?)?
above DVCS threshold - 0.08 (GeV/c)? < |teie| < 0.64 (GeVic)?

E., > 4,510 GeVin ECALO, 1, 2 . .
7 Perform kinematic fit:

Recoil proton candidate P’ - constrain on kinematic variables
[t|S*2 = 0.64( GeV/c)? v2 <10

max

Only events with single valid combination
Vertex candidate x candidate x Recoil proton candidate
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Exclusive selections (cOMPASS 2016 preliminary results)
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The binned DVCS cross section

DVCS cross section in bins of ¢, ¢, Q2, v:

<d<’DVCS>i _
d|t|d¢dQ2dl/ tip; Qv
. - 0
LEALAG;AQ} Avy [(u’j/"/> (data — BHyc — my)

a;;,, Acceptance
BHy Exclusive single photon MC sample

. m° MC sample (background estimation)
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The Bethe-Heitler contribution

Bethe-Heitler process is well known, pure QED
— evaluated using Monte-Carlo sample for BH

» Kinematic range where BH is
dominant
— The BH contribution is
evaluated for the
experimental integrated
luminosity

» BH substracted from the data
in the DVCS region (small v)

> data/BH = (98.6 £ 1+4)%
(for this bin)

Entries / 22.5 deg / 10'?

80 <v[GeV]< 144

"0tcompAss

eoo}<xB> =0.0085

5004Q% = 1.8 (GeV/c)®

* data
— MC BH
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The 7" background contamination

» Photons from =" decay

> One photon identified as exclusive photon event
— above DVCS energy threshold in ECALs
Visible n° candidates

25—
COMPASS preliminary

> Visible (both ~ are detected)
- substracted
Combine and ;. (below
DVCS energy threshold)

20l e data

Gaussian fit of the signal

mean = 136 MeV/c?
sigma = 15 MeV/c?

> Invisible (second ~ lost)

Entries / 0.015 (GeV/c?) / 10'?
&

- estimated by MC o
> Inclusive: LEPTO E s e b et b e
> Exclusive: HEPGEN 7 oyt B T R 1
M,, [GeV/c?]
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¢ distribution of exclusive photon events

1 < Q?* < 10 (GeV/c)?

80 <v[GeV]< 144 32<v[GeV] <80 10 <v [GeV] < 32
= 700F 3. 200 - Y
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=4 * data o 18op * data 2 b * data
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» BH dominates » BH and DVCS are comparable » DVCS dominates BH
DVCS negligible
> 64% of events in data > 24% of events in data > 12% of events in data, where:

> 37% BH contribution
> 10% inv. 7° contribution



The binned DVCS cross section

DVCS cross section in bins of ¢, ¢, Q?, v

+
dopyes

d|t|d¢dQ2d1/ ti6;Q2m
ﬁiAtiAquAQiAyl ((1,-.1%,,) (data — BHye — 7TMC)

0
TI—MC =(1-R)x + R X Tigpro
- exclusive 7° MC sample
» By BH MC sample 0
> 0. inclusive 7° MC sample

Binning and kinematic range: >  R: relative contrib. of LEPTO (= 40%)

» 4 bins in |t| between 0.08 and 0464(Ge\//c)2 (equistatistics) > u/:/l‘,/: acceptance

> 4bins v between 10 and 32 GeV (equidistant) Analysis limited to region with mostly flat

> 4 bins Q2 between 1 and 5(Gev/c)? (equidistant) acceptance N

> 8bins ¢ between —x and + (equidistant) avz. acc. &2 40%, good agreement between .

and 1

Anatolii Koval DIS2023 17/30



Accessing the t-dependence of the cross section

doV'P
* dlt[edQ2dv

doHP

_ 2
dilodQ2dy (@*»)

From up to v*p:

by weighting each event in data and MC by the inverse flux of the transverse polarized photons

— Integrate over Q2 and v and average over /. ‘ /i, then t-dependence of the cross section:
+ —
<dUDVCS> o 1 <dUDvcs> + <dUDVCS>
dt] /4, 2 dlt| /4, dlt] /4,

Scsu = dott +do T =
2 [daBH + (:BVCS + ]
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Analyse the cross section ¢-slope

COMPASS preliminary

-Bj
=l

B=66+06,,+03,, [(GeVic)?]

1(GeVic)® <Q° <5 (GeV/c)
10 GeV < v <32 GeV

Il [(GeV/cr;j]
dJDVCS/dt ~ eiB‘tl X Cgvcs = ([m’H)2

Perform binned maximum Likelyhood-fit.

B = (6.6 4065 +0.3.,) (Gev/c)™?

Dominant source of systematics:
MC normalisation to visible 7° in data.
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Analyse the cross section ¢-slope
t-slope = proton trans. ext.

(b1 (zB5)) = 2(B(zp;)) I?

COMPASS preliminary
&8l
B=66+06,,+03,, [(GeVic)?]
% COMPASS preliminary 106 &
> 7 o
8 F %
s
s L
. R 51—
1(GeV/c)” <Q° <5 (GeVic) |
10 GeV < v <32 GeV -
107 0.1 02 03 0.4 05 3
. COMPASS: <Q% = 1.8 (GeV/c)’  This Analysis 02
It I:(GEV/C)2 ] r ®  COMPASS:<Q%=18(GeVicY  Phys. Lett. B793 (2019) 188 1%
2 . ZEUS: <Q% =32 (GeVic  JHEP 0905 (2009) 108 4
L A H <Q% =4.0 (GeVic)
do_DVCS/dt ~ e~ Bltl 5 cPves _ (Ime)2 Loy o Sl } e pnye cas oo o1
0 L " H <@% =10.(GeV/c)?  Phys. Lett. B681 (2009) 391 4
) ) . ) o M | Ll g
Perform binned maximum Likelyhood-fit. 10¢ 10° 102 107
Xg /2

B = (6.6 £0.65tat = 0.35y5) (Ge\/’/c)_2 2012 results PLB 793 (2019) 188

Dominant source of systematics:
MC normalisation to visible 7° in data.

B = (4.3£0.65:a: 70 3]sys) (GeV/c) ™
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Hard Exclusive 7 Meson Production

up — /'p'n° process
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Selection of events with 7° topology

Vertex candidates: Exclusivity selections:

1 Beam muon - |Apr| < 0.3GeV/c

1/ Scattered muon - |A¢| < 0.4rad
candidate: - |Aza] < 16cm

from 7° decay, with invariant - |M2,..| < 0.3(GeV/c?)?

mass M., cut 0.08(GeV/c)® < |tsic| < 0.64(GeV/c)?

Recoil proton candidate p':  Perform kinematic fit:
|t]550 = 0.64(GeV/c)? - constrain on kinematic variables x? < 10

Only events with single valid combination
Vertex candidate x candidate x Recoil proton candidate
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Exclusive selections (cOMPASS 2016 preliminary results)
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Exclusive 7 production: SIDIS background estimation

» Main background of 7° production = non-exclusive DIS process
» 2 MC simulations with the same 7 selection criteria:
» LEPTO for the non-exclusive background

» HEPGEN-++ shape of distributions of exclusive 7° production
(signal contribution)

» Search for best description of data fitting by mixture of both MC

60—
C —e— COMPASS 2016 p* data
—— HEPGEN

LEPTO

T e » Non-exclusive background
fraction is (35 & 10)%

» Background fit method is the
main source of systematic
uncertainty

50—

40—

Entries / 3 MeV/c?

30—
20—

10

So ot b ol 5 Pt o o

| 8% el % b 044
200 250 300 350

M,y (MeVi/c?)
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Exclusive 7 cross section

4oL 2 (1
“au T a g T V2l +e)cosg—ry

Factorization proven for o1, not for o which is expected to be suppressed by a factor
1/Q* BUT large contributions are observed at JLab.

Ao 1 doj dor dopr dorr
2r o4 2T 9
dtde ~ or [( + >+ecos 0]

G ) L )~ o B
BT e L () )

t' =t — timin, Where |ty | is minimum value of |¢|

dU TT dU T

Impact of Er should be visible in , and also a dip at small ¢ of o
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Exclusive 7 cross section

as a function of ¢ as a function of ¢
< 01 so16dia T 40 L 2016dm
S o 2012 data PLB 805 (2020) 135454 = o 2012 data PLB 805 (2020) 135454
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<) r © 3-
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P> GK 16: Goloskokov Kroll (2016)

P> other models: Golstein Gonzalez Liuti PRD91 (2015)
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Outlook and summary

> Analyse full statistics of 2016 and 2017 (3 times more data than
2016)
» DVCS

> Cross section study in few x; regions — tomography

> More detailed studies of systematic uncertainties

» Study the azimuthal dependence of the cross section
— Determine ¢g"°®, }V°%, ¢5V¢, s7 and s;

> Cross section difference Dcsy = do™ — do™ "

— Access to Re’H and quark preassure distribution in the nucleon
» Exclusive 7

> New, preliminary results of 2016 COMPASS measurement at
(zBj) = 0.096 = constraining phenomenological models (e.g.
Goloskokov and Kroll; Goldstein, Gonzales and Liuti, etc.)
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Thank you for your attention!
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Backup
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Cross section

do o ]ABH|2 + |Apwes|? + Interference Term

\

d4o'(lp — lpy) BH VoS B
m = do +< dounpol + -Pldo—pol )+( elReI+ el.PlImI )

Dt = dott = dr~ =2 [e, P ReAPVCS + o5 + el

=2 [(S?VCS sin ¢ + cé + c{ cos ¢ + cé cos2¢ + ([{ cos 3¢]

Sesy =do™ +do~ T =2 [doPH + dolV S — | Py TmI]

unpol

=2 [doP" + VOIS 4 PVOT cosdp + V7 cos 2¢ + st sin ¢ + 5] sin 26
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Cross section

Scsp =do™ +do" Desy =dott —doT
Scs,u doBH céBH + P cos ¢ + B cos 29

Scsu do 5%;55 x COD‘iCV*gv + PVES cos 4 V0 cos 26

Dos,u dUp%l C5 x sPV%ing

Des,u Rel « c{) + c{ cos ¢ + cé cos2¢ + (?ﬁ cos 3¢

Scsu ImI o slsing+ shsin2¢

LO, Twist-2 LO, Twist-3 NLO, Twist-2

Scsp =dott +do”! Desy =dot™ —do™ T
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