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Deeplyvirtual Comptonscattering(DVCS)
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DVCSPp- &1LIQ

the goldenchannel
becausat interfereswith
the BetheHeiltlerprocess

alsomesonproduction
Pp- LI r ,worf ordly...

TheGPDslependon thefollowing variables:

X: average long. momentum ! . .
5 & The variablesneasuredn the experiment

E, Q% Xg~ 2x/(1+X),

&: long. mom. difference

t: four-momentum transfer
related to b, via Fourier transform

t(orgy,) andf (aas pypenc



Deeplyvirtual Comptonscattering(DVCS)

The amplitude DVCS at LT & L@JiiGPDH) : Real part Imaginarypart
IXh IXh
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In anexperimentwe measure RH % 06 O 0

ComptonFormFactorH W X



Deeplyvirtual Comptonscattering(DVCS)

M. Burkardt, PRD66(2002)

Mappingin the transverseplane
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The amplitude DVCS at LT & L@JiiGPDH) :
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Deeplyvirtual Comptonscattering(DVCS)
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With both nf and ﬁ/i‘ beamswe canbuild the = and
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doublehelicityflip



Deeplyvirtual Comptonscattering(DVCS)

do® o e+ P cosd + 5 cos 2¢
doPVes o DVCS | DVCS

unpol o + ¢ Cos ¢ + COs 2¢
VCs DVCS
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The DVCE8xperimentat COMPASS

DVGS = pA €0pg
S —>
— > — >Q

Bothrjﬁ“ and rsf/i1 beams
Polarisation~ ° 80%
Momentum 160GeVc

COMPASSWD stage magnetic spectromets

for large angular & momentum acceptanc

Particle identificatiorwith
RICH, HCALs, ECALs and muon filters

NIMA 577 (2007) 455; NIM A 779 (2015) 69

surroundingthe 2.5mllong .-
LH2target “,,,;/f




The DVCE8xperimentat COMPASS

DVGS = pA €0pg

S =
— >0
?lp - ¢

Newequipements
U 2.5m L Aarget

U4 m ToFrecoil proton detector CANMIERA
24 inner & outer scintillatorsseparatedoy ~1m
1 GHz SAD€adout, 330psToFresolution

W EOADO 2 X2 m2
one module Is made of

9cells (44 cny) i 7
=194 modules or 1746 cells “#
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COMPASZ01617 First insight Exclusivityvariables

Comparisorbetweenthe observablegjivenby the spectroor bv CAMERA
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1000
[ *u
2) proton  +

800
- momentum

-

DVCS e pA €0p g

Entries/0.25 rad
2
=
N
©
= ;
(@)
~—
@]
-
Entries/200 Me\V/ o

GO0

1) ‘&(P f— {p{'fllll _ Q}HPL‘(' oo
2) ﬂpT o pT{-m]i stpv(- 200
3) ﬂZ‘.-a, — Zﬂ{-nm _ Z‘:\Z“HJIII vertex

-0¥-04-03-02-01 0 01 02 03 D4 05 -04 -03 -02 01 0 o1 02 0 .4

4) vz, = 2 A (rad) Ap_ (GeVic)
M+ _, = ) P T
) X=0 ( J”ﬂl—l_l Pin I-'”Ullt I Pout IT)
E COMPASE p DATA 2016 - ”, :{5"
y L 500 ) %}
luuter scintillator / reconstructed hit t 3) proton 1% H 0
I # =
4o track t 2
/'proton o
300 i 44
inner scintillator reconstructed hit i 1 app“ed =
: # cut =
f’ - + ]
target ﬁ____#__-—-—ﬂ—ﬁ—’—'_'—* 200
Lin I \rartex _
|.L out

bS04 03-02-01 0 01 02 03 04 05
((GeV/c?f)




COMPASZ01617 First insight Exclusivityvariables

Comparisorbetweenthe observablegjivenby the spectroor by CAMERA
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COMPASS DVCSross sectiorat H=160GeV

ds a |TBH 2+ InterferenceTerm+ |TIPVC{ 2
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whichcanbe subtracted



COMPASS01617 DVC<Sross sectiorat H+160GeV
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COMPASSZ012 DVCSross sectiorat H=160GeV

ds a |TBH 2 + InterferenceTerm+ [TPVCE}2
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COMPASSZ012 DVCSross sectiorat H=160GeV

when DVCS BH

At COMPASSsIngpolarizedpositive andhegativemuonbeams
_|_ —_

1 do +doT = 2[do® + dcrﬁggf + Im /]

= 2[dc™ + P cos o + cos2¢ + s sing + s,sin2¢ ]
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can be subtracted
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COMPASS012 Transverseextention of partons in theseaquark range
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COMPASS012 Transverseextention of partons in theseaquark range

o 2 0
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COMPASS012 Transverseextention of partons in theseaquark range

ds OVCFdt= g8l = '
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What will come next?
4 weeksin 2012
2 yearsof data in 20617 © 10 timesmotessiat

At COMPASSIth polarizedpositive andhegativemuonbeams

== = The sum of DVCSsectionsat smallxg
1 do" +do™ mostly sensitive to ImH (v ¥

d

C transverse extension qfartons

The difference of DVCSsectionat smallxg

1 do" —do . p
mostly sensitive to ReH (v } U

ImH (v F+HIReH (v E@ D-term and pressure distribution



BeamCharge and SpiDiff. @ COMPASS

Al — VCs LT ReH >0 atH1

1 do —do = 2[dc + Re I] I, I
—_ — — . - \
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Now HENMP,
pseudloscalarmesonp®
vecior mesemnsw, b2... X



GPDsand Hard ExclusivMesonProduction

Quark contribution 4 chiralevenGPDshelicity of partonunchanged
el Hix, X, t) BE(X,X, t) ForVectorMeson
Hi(x,x, 1) BEI(X,X,t) ForRseudescalaiMeson
+ 4 chiralodd or transversityGPDshelicity of partonchanged
(not possible IMVCS)
HI(X, x, t) B, X, t) . _
e, x, ) Bk, x, ) B =2P s

Factorisatiorprovenonlyfor s,

Gluon contribution at thesameorderin ag

Vectormesonqg

O*Lnf.,ﬁi stisasymptoticallysuppressedy 1/Q but large contributiorobserved
modelof s with transversityGPDs divergenciesegularizedby k; of q
X+S g 8" and g and Sudakowsuppression factor
p p’ »
M 0. 4+ 4 SENSitive to H
Themesonwavefunction andto atwist-3 mesonwavefunction

|s anadditionalnon-perturbativeterm



COMPASSZ012 Exclusivep® production onunpolarizedproton

- o do
—I—EEDEE{ZJW-£+ /26(1 + €) cos @ 2
ae | di
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do,  4ma 1 o
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dor
but® onlya few % ol—-

Theother contributions arisédrom couplingbetween
chiralodd (quarkhelicity flip) GPDgo the twist-3 pion amplitude
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o dra pir ﬁ . —

N ‘ A large impact of £

mor drant [ shouildbe clearlyvisibleiin s+
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COMPASZ012

Exclusivep® production onunpolarizedproton

nb
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COMPASZ012

Exclusivan production on unpolarizedproton

*
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Preliminary
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SDME walue

23SDMEsn 5 classes A,B,C,D, E
dependingon helicity transitions
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Shownwithin shadedareas



COMPAS3012 Exclusivew production on unpolarizedproton

o | Ay o, = If SCHG<,=<) measurements
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Condlusions
From 201617 data

sum and difference oDVCX-sections with polarizedn+ andm

C transverseextension ofartons as dunction of xg,
C ImH (v Paind ReH (v Efar Dterm and pressure distribution

HEMPPR®, r,w, f, Jy C universalityof GPDs transverseGPDs- flavor decomposition

28



Thepastand future DVC&xperiments

Qz[Gevz] LAY T 1T T 1T 1rIr] T T T T TIT] T T T ‘-« —— T

current DVCS data at colliders:
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Program

Physics
Goals

A new QCD facility
at the M2 beam line of the CERN SPS

Beam
Intensity

[s ']

Trigger
Rate
[kHz]

Target

Letter of Intent - Draft 1.0: https://arXiv.org/abs/1808.0084¢

COMPASS+aIAMBESERarting in 2022
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recoil silicon,

modified
PT magnet

Input for
Dark Matter
Search

7 production
Cross section

2022
1 month

LHe
target

P-induced
Spectroscopy

Heavy quark
exotics

2022
2 years

target spectr.:

tracking,
calorimetry

Drell-Yan

Pion PDFs

2022
1-2 years

Drell-Yan
(RF)

Kaon PDFs &
Nucleon TMDs

2026
2-3 years

“active
absorber”,
vertex det.

Primakoff
(RF)

Kaon polarisa-
bility & pion
life time

non-gxclusive
2026
1 year

Prompt
Photons
(RF)

Meson gluon
PDFs

non-gxclusive
2026
1-2 years

hodoscope

K-induced
Spectroscopy
(RF)

High-precision
strange-meson
spectrum

2026
1 year

recoil TOF,
forward
PID

Vector mesons

(RF)

Spin Density
Matrix
Elements

2026
| year

Beamline uniquewith polarisedm+ andm
and highintensity pion beam

Possible RBeparatedbeam
for highintensity antiproton and Kbeams

Versatileapparatus(Upgrade ++)

Proton Radius

MesonPDR gluon PDF
Proton spin structure
3Dimaging(TMDsand GPD$%
Hadronspectroscopy
Anti-matter cross section


https://arxiv.org/abs/1808.00848

Eight GPDs for quarks or gluons

U L !

g | " @ h; @ - @

‘ _— Boer-Mulders

" G O O

8 helicity " :'H T pes ’

g

1« 00w 00" Q9
—— | P &)

O’ Nucleon spin

*>  Quark spin

32



GRDRand TMDs

Chiraleven H +2 q
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the HolyGrait to reveal OAM

Siversquarkk;
andnucleontransv Spin

Ji: 29=0x (H9¢6 E vtz )vdx n 0
Chiralodd

Transversityquark spin
and nucleontransv spin
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The DVCE8xperimentat COMPASS

DVGS = pA €0pg

Newequipements

U 2.5m LHHZarget

U 4m ToFBarrel CANIERA
U BECADO

— 9

1 GHz SAD@€adout, 330psToFresolution

Riliba il 5 < 7modules
o o) i
BRI cocm 8

-w\-“-i\-' \
)

.
ECOADD2 2 m2
Shashlylmodules + MAPBeadout

one module is made of 9 cells@cn¥)
= 194 modules or 1746 cells
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COMPASS 2012 Selectionof exclusiveevts with recoll detection

Xg;>0.03 18u <32GeV

Comparisorbetweenthe observablegjivenby the spectroor by CAMERA with p® contamination
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COMPASS 2012

pO are one of the main background sourcesédacl photonevents

Twopossible case:

A Visible(both gdetectedC subtracted
the DVCS photoafter all exclusivitycutsis combinedwith all detectedphotons
belowthe DVC$hreshold 4,5,10GeVin ECALO, 1, 2

Entries

A Invisible(oneglostC estimatedby MQ

U Semtinclusive LEPTO 6.1

U Exclusive HEPGHEN
(GoloskokoxKrolimodel)

Releasing theutsandcomparingthe two componentso the data
allowsthe determinationof their relative normalisation

The sumof the 2componentds
normalizedto the visiblep® contamination in the N peak

p° backgiaumnbestimation

Visibleleakingp®in the data

COMPASS 2012

* Data (background subtracted)
— Normalized MC (exclusive °)
— Normalized MC (LEPTO 6.1)
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Canwe compare all the Proton «adii »?

ds PVCY dt ~ exp(B| t|) ADVCSinkedto ImH exp(BQtj)
B(xg) = Hoia?(Xg) > 5'®) = 1/4 <th? (xg) >
distancebetweenthe active quark disteteeenthe active quark
and the center omomentumof spectators and the center omomentumof the nucleon
Transverse: sizefahtheucleon Impact ParameterRepresentation
mainlydominatedby H(X=X, X, t) a(x, b ) <> H(x,x=0, i)
<r?> l<r,>~<b,>/ (1) |
singlet pion valence
1. 4 quarks, gluons / cloud y, quarks
0.65 °0.02 fm [ L [
- ~ A N
0.5 |H1 PLB659(20(N \
COWIRPAS S ] ] F_ F—
[:' | | | 1
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Note 0.65fm =C®/3% 0.8fm x<001 x~01 x~03



