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Generalized Parton Distribution functions (GPDs)

» Parameterize nucleon structure in
r hard exclusive reactions e.g.

i > Deeply Virtual Compton
Scattering (DVCS)

(q) nq') ¥4+ N—v+ N

hard x+¢& 4 (chiral-even) GPDs for each quark flavour

—————————————————— in LO and leading twist

Hxe 1) Efxé )
H'(x.&t)  E'(x&1)
/N » No nucleon spin flip

Kinematic dependence: > With nucleon spin flip

» g : 4-mom. of virtual photon

q=3) (Q = —¢?) GPDs not experimentally accessible
> xg = Q%/2myv — Related to Compton Form Factors (CFFs)
> x: avg. longitudinal 1 P

momentum fractions H(E, t) = f %dx
> ¢: longitudinal momentum -1

difference (related to xg;) = CFFs are observables

»> + momentum transfer to in cross section measurements

nucleon squared
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Exclusive photon production @ COMPASS

p* y Deeply Virtual Compton Scattering
(DVCS)

- ptp = +p

Bethe-Heitler (BH, A +/

v "' " v
H H"
Bremsstrahlung) - I -
— same final state
@ y (

Cross section of exclusive photon production:

a(pp = p'p'y) = opves + oBH + Tine.
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Measurement @ COMPASS

d*o

Diff. cross section: dQ2dvdtdp

Kinematic dependence:

> Q?: 4-momentum squared of y*
> v : Energy of v*

» t : Momentum transfer to proton
> ¢ : Angle between scattering

plane (v*) and production
plane (7)

= Measure angular distribution of
real photon

Identify exclusive photon events:

Incoming muon

Scattered muon .
overconstrained

Real photon
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Data taking @COMPASS:

» 2012 pilot run for 4 weeks
— Analysis finished and published
» Long runs dedicated to DVCS in
2016/17

> 2 X 6 months
> Analysis ongoing
— preliminary results

DIS2022



The COMPASS experiment at CERN

ﬂ"" = COMPASS' ¥

dres aflxed,.t.a:getnxp at SPS; a versatile facﬂity .thh
~hadron (nt,K:p....) & lepton {polarized uijb ams
‘ ~0f hlgh/energy ~160-GeV
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COMPASS spectrometer (2016/17)

Two stage forward spectrometer SM1 4+ SM2
» Beam flux determined using true Random Trigger
~ 1% precision
» ECALO, ECAL1 and ECAL2 (Photon detection)

» Muon trigger system (D)
~ 300 tracking detector planes

=

| —
\ i

A

filled
with Cfy

\}i-m m I e

ECAL2

ECALO ECAL1
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COMPASS spectrometer (2016/17)

ECALO (increase angular acceptance of photons):
Sampling calorimeter (scintillator-lead-sandwich)
~ 2 x2m?2, hole 60cm x 84cm
194 modules each consists of 9 cells (4 x 4cm?)

-SRI °B

Liquid hydrogen target (2.5m, @4 cm)

Inner & outer ring (R4=25cm, Rg=110cm)
each consisting of 24 scintillator slabs

TOF measurement:
6t=330ps
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Selection of exclusive photon events

Vertex candidates:

» Incoming muon Additional conditions:
» Use same selection as for muon ;
flux — use overconstrain of measurement

» Improve event selection by adding
“exclusivity conditions”

» Scattered muon

Real photon candidate:

> . —
» Single photon with energy above Perform a kinematic fit

DVCS threshold in one ECAL - IC('?“S"ait'.‘ S
> 4/5/10GeV in ECAL0/1/2 inematic variables
. > %2 <10
candidates: > fit efficiency 98% for exclusive

» Recoil detector single photon events

> tmin =0.08 (GeV/c)?

Only events which have exactly one combination of :

Vertex candidate x - candidate x
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Exclusivity conditions for proton kinematics

Exclusivity variables

> Ap: Ap = precoil _ pyspec. spec.: Lorentz Vector of proton

> Apr: | ~recoil spec. calculated from 4-Momentum
pr: Apr = [pFe| = 7| conservation

> AZj: AZy = Zpeoll — z5pec recoil: Lorentz Vector of proton by

measurement of recoil detector
> Missing mass: M2 = (k+p— k' —q' — p’)?

_ |pprecoilj_ SPec.
A

o [ compass +
O 500~ cu
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= 4ol . [
© |
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r o

00080 I T T YT T
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ApT [GeV/c]
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¢

distribution

High beam energy (160 GeV)

» Choose 3 v ranges

— different main contributions

Bethe-Heitler
dominant
80 <v[GeV] < 144

Interference

32 <v[GeV] < 80

DVCS

dominant
10 < v [GeV] < 32
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The binned DVCS cross section

DVCS cross section in bins of t, ¢, Q? and v:

+
dopvcs _
<dt|d¢>dQ2du>

t6;Q2y,

1 —
T AnRgAG Ay () (data = BHuc — mic)]

» BHyuc: Exclusive single photon MC sample
> 7%c: 7° MC sample (background estimation)

> . Acceptance
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The Bethe-Heitler contribution

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

80 < v [GeV] < 144

=5
~  "%Fcompass
» HEPGEN generator for = * data
. K . ~ 600(x_) = 0.0085 — MCBH
simulating exclusive events 2 g
g 500/4Q? = 1.8 (GeV/c)
Handling BH contribution: % 00
[
» Kinematic range where BH is 2
. € 300
dominant u
— use data luminosity 200
as absolute normalization 100
» BH subtracted from the data in
the DVCS region (small v) s 2 4 o 1 2 s
¢ [rad]
98.6+1% agreement between data

and MC
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The 7° background contamination

» Photons from 7° decay

» One photon identified as exclusive photon event
— above DVCS energy threshold in ECALs

Visible n° candidates
> Visible (both ~ are detected) - substracted

25
o F COMPASS
Combine the high energy photon candidate ° [
with all detected photons having energies = 2o ©  data
below the DVCS energy thresholds s T Gaussianfitofthe signal
() L . mean = 136 MeV/c?
[©] 15— sigma = 15 MeV/c?
. . . wn =
> Invisible (second ~y lost) - estimated by z |
MC S 1
8
» Inclusive: LEPTO £ 5i
> Exclusive: HEPGEN 7° weoch '
Eost, ¥ YT ‘e
. [ e o e e o 900t ¢,
- MC samples normalized okt ‘0‘1‘ —tetn LI B 074‘ et
to vis. 70 in data My, [GeV/c?]
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¢ distribution of exclusive photon events

» 2/3 of the 2016 data

> 1< Q%< 10 (GeV/c)?

80 < v [GeV] < 144

32 <v[GeV] <80

10 <v [GeV] < 32

= 700f - = 200F ) = )
o COMPASS preliminary o COMPASS preliminary o COMPASS preliminary
=4 * data o 180r * data (S © data
< w0 {x) = 0.0085 _ mcen S X9 =0.020 _ mcsH S "Hxy=0.063 _ mesH
k53 . 5] @ .
o 500[4@" = 1.8 (GeVicf W ueinel. ©  1401@% = 2.0 GeVicy B MG inel. 20 O 50K@) =24 (GevVie} W ucine.
0 B mcexcl. 2 10 W vC excl. = ] W MmC excl. =
N N 120 N +
00 g w0 4
8 8 1oor 8 ;
£ a0 = t = 30 .
& G * &
200, 6or- 20 ]
P
4o + ty
100 10|
20f, | . e "
N R W FE A rurirs TR IFRF I I Y
8 2 1 0 1 2 3 8 2 1 0 1 2 3 3 2 4 0 1 2 3
¢ [rad] ¢ [rad] ¢ [rad]
> 64% of events in data » 24% of events in data > 12% of events in data

14 /21

Johannes Giarra

DIS2022

37% BH contribution

10% inv.7% contribution



The binned DVCS cross section
DVCS cross section in bins of t, ¢, Q* and v:

+
dopvcs _
<dt|d¢dQ2du> =

t6;Q2v,

1 p—
LEALAGAQ Ay, [( )~ (data — BHpc — ﬂ'gﬂcﬂ

0 0 0
™C — (1 - R,) - Thepcen + R - TLepTO

» BHpc: BH MC sample

> R . _— a0
> 10 ey exclusive 70 MC sample Relative contribution of LEPTO (~40%)

0 . ) 0 > : Acceptance
> 7/ eprot inclusive m° MC sample
Binning and kinematic range: studies
» 4 bins in t between 0.08 and 0.64 (GeV/c)? (equistatistics) — limit to region with
P 4 bins in v between 10 and 32 GeV (equidistant) mostly flat acceptance

avg. acc. ~40%,
good agreement
P 8 bins in ¢ between — and 7 (equidistant) between 1t and u—

» 4 bins in @* between 1 and 5 (GeV/c)? (equidistant)
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Calculate the t-dependence of the cross section
From pp to +*p:
dohP do7 P

dtdpdQ?dv dtdpdQ?dv
by weighting each event in data and MC by the inverse virtual photon flux

2
> _ czEM(l—xBj) 5 B 2m“ ( o 072)
res» = 2w Q2yE . @ )" 1+(Q 1=y=im

t-dependence for 1 and p—

_>

-7)

+
dopycs 2
n <d\t|dQ2du> ) AQ Ay,
<d0'DVC5> k! Qv
ditl /. AQ2Av
— Integration over ¢ dependence
removes

SCS,U =dotT + do—+ =
z[dO'BH + CODVCS + ]

t-dependence of the cross section:
<d<TDvcs> _1 <d0'DVCS>++<dUDVCS>7
die| /, 2 dt| /, diel /,
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Analyse the cross section t-slope

doPVe Jdt ~ e Bl oc PV ~ TmH

Perform binned maximum Likelihood-fit

B = (6.6 &= 0.65tar + 0.355) (GeV/c) 72

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

.| COMPASS
10 T

B=6.6+06,, +03,, [(Gevic)*]

> ') [nb (Gevie) 2]

1(GeV/c)? < Q% < 5 (GeV/c) ?
10 GeV < v <32 GeV

L . L I
107, 0.1 0.2 03 0.4 05

Il [(GeV/c)? ]
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Analyse the cross section t-slope

—~ 8
o
g7
> ‘
_ T simr— i imimia,
doPVS Jdt ~ e BIth o PV ~ TmH o o +T ;
@ 5
Perform binned maximum Likelihood-fit i
3 ! ® cowmpass: <@’ =18 (Gevic This analysis, preliminary
+ *  COMPASS:<Q*>=18(GeV/cf Phys. Lett. B793 (2019) 188
B = (6 6+0.6 +0.3 ) (GeV/c)*z ol 4 zeuss  <GP-32(Gevi? JHEP 0905 (2009) 108
. -Ystat *sys LA HE <G> = 4.0 (GeV/e)
Ly 80 o } Eur. Phys. c44 (2005) 1
Dominant source of systematics: L W M <GB-10.Gevie? Phys. Lett. B681 (2009) 391
P .- 0 0 | . Ll MR
MC normalisation to visible 7" in data 0% 107 102 10
I ij/ 2

COMPASS preliminary
107 o

B=6.6+06,, +03,, [(Gevic)*]

2012 results PLB 793 (2019) 188
B = (4.3 4 0.6star 13 5s) (GeV/c)™?

1(GeV/c)? < Q% < 5 (GeV/c) ?
10 GeV < v <32 GeV

L) ST P T | L

0 0.1 02 03 0.4 05

Tt [(Gevic)? ]
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Outlook

> Analyse full statistics of 2016 and 2017 (about 3 times more
than 2016)

More detailed studies of systematic uncertainties

vy

Cross section study in several xg; regions

» Study the azimuthal dependence of the cross section

—Determine ¢PVCS, PVES, PVES slnt and shrt:

> Cross section difference Dcs y = dot! — do—+
— Access to ReH
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Thank you for your attention.

19/21 Johannes Giarra DIS2022



Backup
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Acceptance

» Exclusive single photon MC data sample
> In 4 dimensions: acc(t, d, Q®,v) = Niec/Ngen

“ttﬁ‘5‘ t‘H*‘$t '{*}Mt: *M}:iw
}
KIRSRLER N SRR MERRTS NN BUAR Y
SRR A NN AN TS LA N T e
by
PR Ty mt'ut
B I mzp beam Oz[t;evz]
i [-Jurbeam
Johannes Giarra DIS2022

Kinematic variables

for reconstructed MC
from kinematic fit

— Includes bin migration

Average about 40%

Similar acceptance
between pt and p~



