DVCS & DVMP measurements at

DVCS and DVMP with LH2 target and Recoil detection
= pilot runs (2008-9 and 2012)
= 2vyears(2016-17) - PLANNED MEASUREMENTS

Transverse target asymetries for exclusive p production (
with polarized NH3 target without recoil detection - NEW RESQULTS,
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‘Deeply thuai{;Compt%’n Scattering from observab
Ruhr-Unlver5|tat Bdchum, 10-12 February, 201#
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The DVCS experiment at COMPASS

DVCS: u p2> pn' py
s I

p - Y

e ’/’-‘-

~ NIMAS577(2007) 455

Two stage magnetic spectrometer for large angular & momentum acceptance

Particle identification with:
- Ring Imaging Cerenkov Counter
- Electromagnetic calorimeters (ECALL and ECAL2)
- Hadronic calorimeters
- Hadron absorbers



The DVCS experiment at COMPASS

DVCS: u p2> pn' py
s I

p = N

New equipements:
»2.5m LH2 target
»4m ToF Barrel CAMERA
»ECALO
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The experimental method to select DVCS

DVCS: u p2> pn' py
T —>
u
Comparison energy-momentum balance between Spectro and Recoil Detector

Pspectro = PH - P“" - P’Y and PRPD= Pp

: —|pL 1
In the transverse plane: Ap, =[P~ ..o |- P gppl
AD = D spectro o RPD

Enmiss = EL-EQ -Ey - Ep
M_..%2= (Pu-PW -Py-Pp)? = a kinematical fit
It is necessary to evaluate the maximum energy of a non identified

radiative photon

®  Real Radiative Corrections in In(1/m&pton2 ) =» corr(muon) ~ % corr(electron)
" Difference between p* and p~ due to 2 photon exchange



Contributions of DVCS and BH at Eu=160 GeV

Deep VCS Bethe-Heitler
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2009 DVCS test run (10 days, short RPD + target)

251 events
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Deeply Virtual Compton Scattering

cross-sections on proton for u*‘L, u‘T beam with opposite charge & spin (e, & P,)

— BH DVCS DVCS
BH DVCS BH DVCS
+e,a™" ReA +e,P,a"" ImA

Charge & Spin Sum:

Sesu=dou*) + dofuT) oc (o +dobycS + KsMsing |

\

do VS fdt ~ exp(-B|t|)

Using S, and BH subtraction

and integration over ¢




B(GeV"T)

Transverse imaging at COMPASS
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B(GeV"T)

Transverse imaging at COMPASS
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T T g7 026 Regge Phenomenology:
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for valence quark @’ ~ 1 GeV-2 to reproduce FF = meson Regge traj.

for gluon @’ ~0.164 GeV-2 (J/¥ at Q2=0) << a’ ~0.26 GeV?
o’ ~0.02 GeV2 (J/¥ at Q2=2-80 GeV?) for soft Pomeron



Transverse imaging at COMPASS
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B(GeV"T)

Transverse imaging at COMPASS
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« ZEUS <Q> =32GeV’
* HI-HERAT <Q’> =4 GeV’
« HI-HERAT <Q > =8 GeV’

as soft Pomeron

« COMPASS <Q’> =2GeV?
in 2 weeks in 2012

with 40 weeks in 2016-17 ‘ _ ®
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DVCS test in 2012

With 2 weeks
Using the 4m long RPD
+ the 2.5m long LH2 target

1/20 of the complete
statistics

2012: we can determine one mean value of B
in the COMPASS kinematic range



Transverse imaging at COMPASS
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Exclusive p production
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Transverse imaging at COMPASS
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Deeply Virtual Compton Scattering

cross-sections on proton for u*‘L, u‘T beam with opposite charge & spin (e, & P,)

- BH DVCS DVCS

Charge & Spin Difference and Sum:

D5 = do(u ) = douT) « &:é“tjcl'”t COS ¢ l and <1 ~ F, Re H
SCS,UEL{O'CU-'-J) + d‘o.cu_f) OC[ dGBH+C(§)VCS+K.SlmtSin¢ ]and Sllnt~ F;Im}[




Deeply Virtual Compton Scattering

cross-sections on proton for u*‘L, u‘T beam with opposite charge & spin (e, & P,)

- BH DVCS DVCS

Charge & Spin Difference and Sum:

Dy = dou™) = do ) o (cM+cM™cosg) and 4T ~ F,Re H
SCS,UEJO'CU +J) + d'o-cu-f) OC[ doBH +c(§)VCS+K51'”tsm¢ ]and smt F;Im}[

c," <« ®Re (F, H +E(F+F,) H — t/4am’ F,E)

NOTE: v dominance of H with a proton target

at COMPASS kinematics
v'only leading twist and LO



Deeply Virtual Compton Scattering

cross-sections on proton for u*‘L, u‘T beam with opposite charge & spin (e, & P,)

- BH DVCS DVCS

Charge & Spin Difference and Sum:

D5 = do(u ) = douT) « B:é“tjcl'”t COS ¢ l and <1 ~ F, Re H
SCS,UEL{O'CU-'-J) + d'O.Cu_f) OC[ dGBH+C(§)VCS+K.SllntSin¢ ]and Sllnt~ F;Im}[

ImH ()= Hix=&&Y)

Re H (&,1)= P |dx H(x,&,t) = P |dx H(x,x,t) + D(t)
TxE *E

Re part of the Compton Form Factors linked to the D term
Energy-Momentum Tensor : Polyakov, PLB 555 (2003) 57-62




Beam Charge and Spin Difference (using D, )

Comparison to different models
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Beam Charge and Spin Difference (using D, )

Statistics and Systematics Epu= 160 GeV  0.06 < |t]| <0.64 GeV?
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In In n
Dy, =dow™) = do(u™7) and ~ FReH

Predictions with Rg}[ >0 at H1
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Impact of DVCS @ COMPASS in global analysis ?

Beam Spin and Charge Diff. and Sum (Cross section measurement)
dominance of H on a proton target at COMPASS

Sensitivity to the Re #H linked to the @ term
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beyond the dominant GPD H

DVCS but also exclusive meson productions:

v' Pseudo scalar mesons: 1t° (channel associated to DVCS), Tt*...
v" Vector mesons: p? p*, ®, P ...

with transversely polarized protons (NH3 target)

1) without recoil detection (2007 & 10)

B upstream central downstream
UL beam

2) with recoil detection Phase 2 :>

(in a future addendum)
3 target cells



Other GPDs (ex. in excl. p° production)

Chiral-even H «=» g '
y*. p'—>p% p" L=0

Sivers: quark k;
“Elusive” E <~ —> flT g 9 & nucleon transv. Spin

¥ P _>p L p¢ L=1
Ji: 209 = [ x (H (x,6,0) +E9 (x,£,0) ) dX

Chiral-odd - |
H — —p h Transversity: quark spin
& nucleon transv. spin

VTp_>pr L=0

E-=2H. +E<——»h@ %

VTp_)pr L=1

Boer-Mulders: quark k;
& quark transverse spin




Exclusive p? production

[aem Vo 1—xp I]] dO'
83 1—e xp (2 dngdethddeCbs

I
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beam Dominant interference terms:

ij for nucleon helicity LL ’Y*L —> pOL
mn for photon helicit * 0
P Y then @ Y r =P,



exclusive p° production with Transv. Polar. Target

S ' e A0 4 COMPASS 2007-2010,without recoil detector
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exclusive p° production with Transv. Polar. Target

S ' e A0 4 COMPASS 2007-2010,without recoil detector
K p K1 P pnon détecté
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exclusive p° production with Transv. Polar. Target
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Plan for DVCS after 2018 with Transv. Polarized target

with u”‘l’, u‘T beam and transversely polarized NH3 (proton) target

Desr E‘[O'TC“+¢) - JO'TCU_O
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Plan for DVCS after 2018 with Transv. Polarized target

with u"‘l’, u‘T beam and transversely polarized NH3 (proton) target
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Selection of Exclusive p° Production: p p 2> p' p°p

without RPD

L 4 0000] 1<Q?<10GeV? 0.1<y<0.9 W>4GeV E >15GeV
§_ I 1- Assuming both hadrons are ©t
% 5000:— 0.5<M_<1.1GeV
2 - To maximize the purity of the sample of p°/
ol eTE | s ! non resonant wtx
0.2 0.4 0.6 0.8 1 1.2 2.4
M- ISeVIel 2 Suppression of incoherent production on quasi-free
T 10%) protons in NH; polarized target
E - + Suppression of SIDIS background
S 10% L 0.05 < p,’< 0.5 GeV?
=3 B Contamination of about a 5% coherent production
= 10°E
2 g s .
@ I : 3- Exclusivity of the reaction
105'6'.2"6.'4'6'.6'613"Jl"izl'.z M2 — M2
pZ [(GeVic)] E = X P =FE —FEo+t/(2-Mp)
-~ 2-M = o
= 15000 [~ P
S I -2.5<E; <2.5GeV
% 10000 |- Diffractive dissociation contamination ~14%
g - No attempt to remove it(motivated by HERA)
@ 5000
B =>» correction for SIDIS background (5 to 40%)

= in each bin (xg;, Q° p;* cell and polar. State)
[GeV]
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NEW ANALYSIS
Bins in @ and @

asymmetry extraction
using a 2D binned maximum likelihood fit
After subtracting the SIDIS background



Transverse imaging at COMPASS

B(xg) = %<r,%(xp) >

distance between the active quark

and the center of momentum of spectators

Transverse size of the nucleon

mainly dominated by H(X, §=X, t)

2 <r > «
<r, > 1
1.
0.65 +0.02 fm
1
0.5 _|H1 PL3659(2008)X
. COMPASS
':' | | | |
4 -3 2 1 1
10 10 10 10 XB

Note 0.65 fm = N2/3 x 0.8 fm

L 9

related to % <b ?(xp) >

distance between the active quark
and the center of momentum of the nucleon

Impact Parameter Representation
CI(X, bJL) <-> H(X, §=Ol t)
<b, >/ (1-x)

singlet pion valence

quarks. gluons /Qd quarks

'
P P

x<0.01 x~0.1 x~0.3
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Current DVCS data at oollnders
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