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The Spin Puzzle

3 =3AY+AG+L
(Jaffe&Manohar Nucl.Phys.B337 (1990))
e 1AY [C015 well known from DIS/SIDIS
e AG [QO.® known from DIS/pp
@ L unknown
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The Spin Puzzle

3 =3AY+AG+L
(Jaffe&Manohar Nucl.Phys.B337 (1990))
e 1AY [C015 well known from DIS/SIDIS

e AG [QO.® known from DIS/pp

@ L unknown

The Ji sum rule connects the Generalized Parton Distributions (GPDs)
H and E, measured in exclusive reactions, with the total angular momentum

J99, e.g.

1 Hh
J9=Zlim x[HY + EY%)dx
2t-0 —1

(Phys.Rev.Lett.78 (1997))
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The Spin Puzzle

3 =3AY+AG+L
(Jaffe&Manohar Nucl.Phys.B337 (1990))
e 1AY [C015 well known from DIS/SIDIS
e AG [QO.® known from DIS/pp
@ L unknown

Pol. Drell-Yan

T

Philipp Joerg
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The Spin Puzzle

This talk:
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The COMPASS Il Spectrometer

@ U™ & U~ beams with
opposite polarisation
@ *80 % polarisation

@ Momentum:
100-200 GeV/c

/ Particle identification:
@ Hadron absorbers

@ Ring Imaging Cerenkov Counter

@ 2 Hadronic calorimeters

LAS

@ 3 Electromagnetic calorimeters

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N e 4116




Upgrades for the DVCS Program

TGeant

@ Full Geant4 based MC description

@ Complementary to existing
GEANT3 based MC description 60m
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Upgrades for the DVCS Program TGeant

@ Full Geant4 based MC
description

o Complementary to existing
GEANT3 based MC description

2.5m-long
Liquid H,
Target

- =4 = DA
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Upgrades for the DVCS Program

TGeant
ECALO Calorimeter

Shashlyk modules + MAPD readout
2% 2 m?, [22D0 ch.

@ Full Geant4 based MC
description

o Complementary to existing
GEANT3 based MC description

2600
2160

2.5m-long
Liquid Hy
Target

k

. - _ . o
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Upgrades for the DVCS Program TGeant

@ Full Geant4 based MC
description

Target TOF SyStem o Complementary to existing

24 inner & outer scintillators

1 GHz SADC readout
resoltin

GEANT3 based MC description

2.5m-long
Liquid Hy
Target

ECALO Calorimeter

Shashlyk modules + MAPD readout
[2%2m?, [2200 ch.

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N e 4116




Y
~mit_~ gdwp"
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st~
t=(pp _PDE)Z

skapD
do [ Eﬁiﬁj

bilinear combination of GPDs

=] F = == ©HacC
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DVCS BH
vV=Eu.—E0 Q2 v :ﬁ//\:,, v
yv* b
I . /ké
p ~smllt_~v - dowp p st~y sowp

t=(pp _PpE)z

do [ Eﬁﬂ?ﬁl + Eﬂ:ﬁj+ ['L[qerfere[ulcleltermEI

bilinear combination of GPDs knownto 1 % linear combination of GPDs
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V:EIJ_EpD v v
ro
P
p ~gmelt_~ slowpD p st~y sowp

t=(pp _PpE)z

do [ &ﬁﬂ?ﬁl + Eﬂﬁj+ ['L[qerferelnlcleltermEI

bilinear combination of GPDs knownto 1 % linear combination of GPDs

Low Xg: BH dominates 12 F Ll Large xg: DVCS dominates

+ 2 -
b [BHIDVGS| %=0.01 | 1| [BH+DVCSP =004 | ¥ *g=0.1

2
g os | IDVCSP
- IBHP

»n
2

=
s

w
g

=
-
=
-
&
-
9
Qo
=.
’ 2
\5 0.6 IBHI
S |BH+DVCS]2
e 0.1
-] |DVCSP?
@ 10 0.05
Z _/\ ; |BH?
?) 0 0 0
% E,~160GeV Q?=2GeV2 t=-0.1GeV? |, |E,=160GeV Q?=2GeV? t=0.1GeV2 |, | E =160GeV Q?=2GeV2 t=-0.1GeV2
= ! -150  -100 -50 0 50 100 lSl)d) -150  -100 -50 0 50 100 150¢ -150 -100 -50 0 50 100 150¢
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V:EIJ_EpD v
— 0
p ~emlt x - dowp
t=(pp —py0

do/dQ’ dx,, dt do(nb/GeV *rad)

50

30

40 F

do [ @ﬁﬂ?ﬁl

bilinear combination of GPDs

12

Low Xg: BH dominates

|BH+DVCSP2

Xg=0.01
|DVCSP
f IBHP

BH
y

*

)kak
p . smit v Jowp

+ Eﬂ:ﬁj+ Merferepﬁq termEI

known to 1 %

L |BH+DVCSP
|DVCSP2
|BHP?

X5=0.04

0.3

linear combination of GPDs

Large xg: DVCS dominates

3 E Xg=0.1

|BH+DVCS]?
|DVCSP
IBHI?

E,=160GeV Q?=2GeV2 t=-0.1GeV? |,

,E"=1 60GeV Q?=2GeV? t=-0.1GeV?

0.05

b El‘=1 60GeV Q?=2GeV? t=-0.1GeV?

-150 -100 -50 0 50 100 lSl)d)

reference yield of
almost pure
Bethe-Heitler

<150 -100 50 0 50 100 lsod)
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50

40

30

do/dQ’ dx,, dt do(nb/GeV *rad)

Low Xg: BH dominates

— 0
p Ssmlt v dowp
t=(pp _PpE)z

do [ @ﬁﬂ?ﬁl

bilinear combination of GPDs

BH
y

*

A&
p .~ st~ Sowp

+ Eﬂ:ﬁj+ Merferepﬁq termEI

known to 1 %

13

|BH+DVCSP2

Xg=0.01 1|
|DVCSP ®

[BHP?

08

L IBHP

|BH+DVCSP
|DVCSP2

X5=0.04

0.3

linear combination of GPDs

Large xg: DVCS dominates

F Xg=0.1

|BH+DVCS]?
|DVCSP
IBHI?

E,=160GeV Q?=2GeV2 t=-0.1GeV? |,

,E"=1 60GeV Q?=2GeV? t=-0.1GeV?

0.05

b El‘=1 60GeV Q?=2GeV? t=-0.1GeV?

-150 -100 -50 0 50 100 lSl)d)

reference yield of
almost pure
Bethe-Heitler

<150 -100 50 0 50 100 150¢

Study DVCS with:
Re(TDVCS) & Im(TDVCS)
via (dot- +do™ ")
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DVCS BH
vV=Eu.—E0 Q2 v v
Z —'év*;
p/(&m"?' 6w p” @»tkéown
t=(Pp — Py
do [ &ﬁﬂ?ﬁl + Eﬂ:ﬁj+ Merferepﬁq termEI

bilinear combination of GPDs knownto 1 % linear combination of GPDs

5, Low xg: BH dominates [IeQs Bl Large xg: DVCS dominates

| |BH+DVCSP

3
-
> %=001 |1 [ [BH+DVCSPE x| P F %5=0.1
9 2
Q. L os [ IDVCSP
N [ 2
g’ IBHI 0.6 IBHIZ
Sl |BH+DVCS]?
35 “ |DVCSP?
--p U
; ........... 02 |BHP2
B ,
% E“L=1 GOIGeVIQ2=2'Ge\F‘ t=-O;1Ge\|ﬂ 02 ,E"=1 60GeV Q2=2§eW t=-0.1GeV2 008 *El‘=1 60GeV Q2=2GeV? t=-0.1GeV?
= o -150  -100 -50 0 50 100 lSl)d) -150  -100 -50 0 50 100 150¢ -150 -100 -50 0 50 100 150¢
reference yield of Study DVCS with: Transverse Imaging:
DVCS DVCS DVCS
almost pure Re(T )& Im(T ) doPVeS/dt
Bethe-Heitler via (dot- +do™ ") via (dot~ +do™~)
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Transverse Nucleon Imaging at xgj > 0.03
@ Measure Scsy = (d0"~ +do™ ") | Scsy CddBH +dolVCs +e PyImi

unpol

note:

dafSP [edVes +cPVeS cos gy c5VCS cos 29y p

Im | Csfisin @y tp+ sh sin 20y oy

o = = =

Philipp Joerg DVCS x-section @ COMPASS
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Transverse Nucleon Imaging at xgj > 0.03
@ Measure Scsy = (d0~ +do™ ) | Scgy CAo® +doDrcP +e Pylmi

unpol

@ Subtract Bethe-Heitler (BH) Scs,u E]fl%%f +eyPulmi

note:

DvCS VCS DVCS DVCS
y d(funpDI +c7 COS @y L+ Cy COS2¢y Lyl

Im | Csfisin @y tp+ sh sin 20y oy
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Transverse Nucleon Imaging at xgj > 0.03
SCS,U CddBH +d031\£)%|s —i—euPuIm |

@ Measure Scsy = (do™ = +do™ )

@ Subtract Bethe-Heitler (BH) Scs,u E]Fl%%f +eyPulmi
S @VCS

@ Integrate over @y cs,u

[ PURE DVCS CONTRIBUTION

note:

DVCS VCS DV
4 d cyunpol +9

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N e 6/16



Transverse Nucleon Imaging at xgj > 0.03
@ Measure Scsy = (do™ = +do™ )
@ Subtract Bethe-Heitler (BH) ‘
@ Integrate over @y
dO-DVCS

CeT®tl < ris [2B(xg)
d |t| at small xg;

10.64+0.02 ¢, ?
%,

“|H1 PLB681
(2009)

104 103 102 10t

1
Xpj

4
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Transverse Nucleon Imaging at xgj > 0.03
@ Measure Scsy = (do™ = +do™ )
@ Subtract Bethe-Heitler (BH) ‘

@ Integrate over @y

do DVCS
——— [er®ll; < ris [28(xg)
d |t| at small xg;
v
N E o
~ T
L ¢ % .
6 a3
2 g T azous
9/ 5 ? a'=0.26
m ‘F
8 ;- ZEUS: JHEP 0905 (2009) 108 (% (3.2 (GeV/c) | H1 PLB681
2 ?v H1:  Eur. Phys. C44 (2005) 1 [@? [+ 4.0 (GeVicy 0 ( 2 009)
1 ?A HL: Phys.‘ Lett. B681 (2009) 39‘1 =80 (GeVIt‘:)z 1 0_4 1(')_3 1 (')_2 1'0_1 i
0 .
10 107 1072 107y X )
v
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Transverse Nucleon Imaging at xgj > 0.03

@ Measure Scsy = (do™ = +do™ )
@ Subtract Bethe-Heitler (BH) ‘

@ Integrate over @y

do DVCS

dlt]

CeT®tl < ris [2B(xg)

at small xg;

Measure a™> 0.125

with more than 2.5 @ confidence level J

~

B (GeV/c)?

N W A O o

vV HL

-

A HIL:

W ZEUS: JHEP 0905 (2009) 108

R

Eur. Phys. C44 (2005) 1

a'=0.26

[@° (¥ 3.2 (GeV/c)
[Q° [+ 4.0 (GeVic)

Phys. Lett. B681 (2009) 391 [@? (& 8.0 (GeV/c)

o

107

=
o
A

1072

107t
Xg

v
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i

0.5_]
|H1 PLB681 )
o_|(2009)
10% 103 102 101 1
Xgj |
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Exclusive y Azimuthal Distributions

8 o Data COMPASS 2012 400 o Data COMPASS 2012
2 [ —Mc@H) F—wMcEH t 4 L |
— 1 bgd. MC 1 (Gevic)? < Q? < 20 (GeVic) 00- 1 bgd. MC 1(GeVicy’ < Q7 < 20 (GeVicy
ClOOO . MC(LEPTO ° bgd.) 80 GeV < v < 144 GeV 3 ----= MC(LEPTO 1° bgd.) 32GeV <V <80 GeV
L . MC(excl. n° bgd.) e MC(excl. T bgd.)

[ mmm MC (BH + 1 bgd.)

[ MC (BH + 1° bgdl)
T 0,005-% xg < 0.01| 500 0/01.< xg < 0.03

7pure B.H

500/ ontribution

100

-3 -2 -1 0 1 2. 3 -3

COMPASS 2012

MC(LEPTO 1t° bgd.) 10 GeV < v <32 GeV

r MC(excl. n° bgd.)
f { %5 >0.03

0
0
= 1 bd. MC 1 (GeViey’ < Q? <5 (GeVic)
[
(1]

MC (BH + 1 bgd.)

’r++++

""" (R IR T e v e

2 '
Q. (rad)
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Exclusive vy Azimuthal Distributions

e Data
1001 = MC (BH)

n° bgd. MC

..... MC(LEPTO n° bgd.)
[ o MC(excl. T° bgd.)
I MC (BH + ° bgd.)

50+ +

Entries

COMPASS 2012

* 1 (GeVicy < Q° <5 (GeVic)
10 GeV < v < 32 GeV

f | Xep > 0.03

’r++++

2 '
Q. (rad)

t-dependence of DVCS x-section

@ Exclusive y event selection
o m° bgd. estimation

@ Kinematic fit

@ Acceptance corrections

@ Cross-section (Y0 - yp)

[ ]

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N He

8/16



Exclusive Photon Events Selection

outer scintillator reconstructed hit
Reconstructed interaction vertex in target volume
One single photon above DVCS production threshold proton

inner scintillator x reconstructed hit

[
1 (GeVic)?> < Q%2 < 5 (GeV/c)?, 10 GeV< Vv < 32 GeV,

target M
0.08 (GeV/c)? < t < 0.64 (GeV/c)? Hin vertex

Hout
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Exclusive Photon Events Selection

COMPASS 2012
Data

% Monte Carlo

n° background

Exclusivity conditions:
__ gproton __ 4 proton
‘ A¢ - ¢meas reco

100

Entries

50 Applied cut
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Exclusive Photon Events Selection

outer scintillator reconstructed hit
\
proton
inner scintillator * reconstructed hit
[ 1
-
target M
: =" ]
Hin vertex
g F COMPASS 2012
. - . - Data
Exclusivity conditions: ‘= 80+ %’ Monte Carlo
e} - =3 n° background
< i
- W eof
@ Vertex pointing (Az) r
40
20
L =R e .|
-40 -30 -2 30 40

Az, (cm)
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Exclusive Photon Events Selection

COMPASS 2012
Data

% Monte Carlo

n° background

Exclusivity conditions:

100
(] 'gansv. mo'r)rrl(g:]tum_balpe:&c)s: 501 i\
P Prmtas Leto 0
1
i ' s\ '
b NN

= e S T

06 -04 -02 00 02 04 06
ApT (GeVl/c)

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N e 9/16



Exclusive Photon Events Selection

g 1 COMPASS 2012
Exclusivity conditions: — L § ) Data
— = Monte Carlo
- ] n° background
c i
L 200F §
\
f s
§
100 §
B ¥
L 1 1
@ Four-momentum balance: 1 §}X 1
2 _ — — _ 2 1 N NN 1
Mg = (pllin + Ppin ~ Phtour ™ Ppout p‘l) - =Rty

10 =05 00 05 1.0
M2 ((GeVIcH)?)

Philipp Joerg DVCS x-section @ COMPASS July 2016 / QCD-N e 9/16



Exclusive Photon Events Selection

outer scintillator

{reconstructed hit

Signal amplitude in outer scintillators
vs. B of recoiling particle

-
-="

-

-

-

-

inner scintillator

"—'?

reconstructed hit

Proton signature clearly visible

Hout

COMPASS 2012

after all exclusivity conditions target
% . Win vertex
~
~
~
~
Exclusivity conditions: T
0 Ad = Phe’ — dleco” i
< I
@ Vertex pointing (Az) ;; [
8 L
@ Transv. momentum balance: ; L
proton ___proton
Apr— pl_,_mbas pL,TeI:o 90.5*
[¢}] L
@ Four-momentum balance: UCJ r
2 _ 2 L
My = (Pun +Ppin = Phioux ~Ppous — Py) I
0
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n° Background Estimation

Major background source for exclusive photon events

Two cases:
e Visible (both y detected, easy to reject)
e Invisible (one y “lost”, estimated with MC)

o COMPASS 2012 Myy distribution
= 40 * Data (background subtracted)

E — Normalized MC (exclusive 1t°) (“V|S| ble” T[ O)
w30 — Normalized MC (LEPTO 6.1)

JExclusive*y (Ev >4,5,10 GeV /Ecal0,1,2)
+oney below energy threshold J

Semi inclusive LEPTOMC

or HEPGen++ MC

1N L T ‘ N ‘ eXC'USiVe (Golosgokov & Kroll model) '

0.0 01 0.2 03 0.4 20-5 1% contribution normalized to
M,, (GeV/c)  wmy, peak from real data

LI L L L B N BB

b

s

v
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Kinematically constrained fit

@ constrained X2 minimisation with NDF=9

@ full 4-momentum conservation of the reaction lp — Hpy
@ vertex constraints for i, and pincluded in the fit
[—makt accurate determination of t )
100- SEE I S Bifgn, | | SlEc

50

s
(e o

a
fit
@y / o

& 6 4 2 0 T 6 T

recoil proton recoil proton

50

.=
(zreas-ziy | o

8 6 4 -2 0 2 6 8

Az, / reconstructed hit

[

proton momentum
given by COMPASS/spectrometer

momentum direction , /. reconsinucted it
/A
frget e .
Hin venm(\
v Hou .
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Kine

Entries

Entries

10

80|
60|
40
20

matic distributions

COMPASS 2012

) Data
=3 Monte Carlo
(0 n° background

COMPASS 2012

) Data
=3 Monte Carlo
0 n° background

==

v (GeV)

10 15 20 25

Philipp Joerg

DVCS x-section @ COMPASS

8 - COMPASS 2012
= r %a?&ecarlo
E L 0 n° background
w40

201~

1072
Xgj
Q2 and v (resp. Xgj) after kinematic fit! J

Monte Carlo prediction (ne sum is shown)

-(DVCS/BH): based on phenomenological
model of DVCS x-section

-1°: parametrisation Hinked to
GOlOSgOkOV & Kroll + LEPTO (shown seperately)

L_FIIEPGen++: Andrzej Sandacz, Christopher Regali
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COMPASS acceptance for DVCS

o
(e}
X

0.5
0.4

"
etteetaart  [Erettbreg Qo#’“o’*” ,u”m “‘ COMPASS 2012

o
u
o

0.5
0.4

¢ 4
O yengttesss ASALRELNTY: '.Qt‘ AR

It| (GeVic)

i tt
.‘. HH

1

Acceptance

0.36 [,

0.4 .'.'." )
etetto . sedg,0 :'ntv:n: 'l‘ beam
o.z"' (AN} g88e g * 0 v R Du

: Du*beam
0.22 |- .

0.4 .
0 seeesosonn wet®c0gteny ’.ott|0n'| ...'v.ioao [10'12’“.’30’32]
0.2f : . .

0.08

1 2 3 4 5
Q? (GeV/c)?
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COMPASS acceptance for DVCS

Acceptance binning:
2 3gH
-Q“andV recal dcé??int =T(1+¢R)
with the virtual photon flux I = [(Q?,V)

- It]

dgVL_IT‘

dt
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DVCS x-section and t-slope extraction

2
o 1075 Gooss COMPASS 2012
() © [Q? [* 1.8 (GeVicy
S - CW (5.8 GeVic
> <
9, n
Q0
£ 10

—B=4.31+0:62 0% (GeVic)?

1 (GeV/c)Y < Q*< 5 (GeV/c)
10 GeV <v < 32 GeV

19102 03 04 05 06
lt| (GeV/c)

do(y*p - y p)
dj|
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Comparison with HERA results

Model independent result

AN F =
—~ T
@) o
S~~~ - -
> 6 © A
(b} -
(D 5
4 —
[ [
3 C @ COMPASS 2012: [Q? [* 1.8 (GeVic)
2 -m ZEUS: JHEP 0905 (2009) 108 [ [+ 3.2 (GeV/c)
C vV HL: Eur Phys.C44 (20051  [Q? 3 4.0 (GeVicy
1E A H1:  Phys. Lett B681 (2009) 391 [ (% 8.0 (GeV/c)
O: L MR | L IR | L IR | L
-4 -3 -2 -1
10 10 10 10 XB
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. . —~08[
Comparison with HERA results g * i
& ool % B
06
g %
05 ;7
(\Il - by 04 ;. COMPASS 2012; [Q? [+ 1.8 (GeVic)
7~~~ 7 — [ m  ZEUS: JHEP 0905 (2009) 108 Q7 [ 3.2 (GeV/c)
U - * 03iv H1: © Eur. Phys. C44 (2005) 1 [ [+ 4.0 (GeV/c)
\ : - E A HL Phys. Lett. B681 (2009) 301 (@ [+ 8.0 (GeV/c)
> 6 :_ : ; 107 10"3 10“2 10"‘
X
) - B B
51
9) : %
4=
m E
3IF 2 >
- ® COMPASS 2012: @ = 1.8 (GeV/c)
2 E-® ZEUS: JHEP 0905 (2009) 108 [Q? == 3.2 (GeV/c)
C ¥ HL: Eur. Phys. C44 (2005) 1 2 [ 4.0 (GeV/c)?
1E A H1:  Phys. Lett B681 (2009) 391 [ (% 8.0 (GeV/c)
O‘ ol Lol ool L
107 107 1072 107 ¢
B
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Comparison with HERA results

AN F -
S P f 7% data of COMPASS Il proposal
- o - ; )
> 6 - b é data taking 2016-2017
q) 5 :_ T~
O >t O\ 0
~— 4 = P "e-._«a
M C
Outlook
@ Dedicated beam time for DVCS 2016-2017
o xgj-dependence of slope parameter B (0(@
@ Beam charge sum and difference extraction [ L1
interference term [_GHD H extraction —
o Deeply virtual exclusive meson production X

Mm% p% w,p*...) B

v
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Kine

Entries

Entries

10

80|
60|
40
20

matic distributions

COMPASS 2012

) Data
=3 Monte Carlo
(0 n° background

COMPASS 2012

) Data
=3 Monte Carlo
0 n° background

==

v (GeV)

10 15 20 25

Philipp Joerg

DVCS x-section @ COMPASS

8 - COMPASS 2012
= r %a?&ecarlo
E L 0 n° background
w40

201~

1072
Xgj
Q2 and v (resp. Xgj) after kinematic fit! J

Monte Carlo prediction (ne sum is shown)

-(DVCS/BH): based on phenomenological
model of DVCS x-section

-1°: parametrisation Hinked to
GOlOSgOkOV & Kroll + LEPTO (shown seperately)

L_FIIEPGen++: Andrzej Sandacz, Christopher Regali
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Recoil particle Measurement in CAMERA

v oo MV~
Bup Ampl
t ~

TR s down
N ing /50 mm
Ampl 7 — 2\
\‘ P Recoil Proton PMT
g Adown
‘\/‘IPMT Q
Aup TA .
Ring A 4mm
_ : ]
Beam 1 -
T

Liquid H2 Target (2.5 m)

T[+

COMPASS 2012

L1
Eioss [ JAMplyp CAMPlgown
TOF - (tup+tdown)A7B

Z — typ — lgown

Energy loss (A.U.)

Count rates: >5 MHz in ring A
[1MHz inring B

Loy e e e

0 0.2 0.4 0.6 0.8 Bl
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What Makes COMPASS Uniaue?
COMPASS covers the unexplored region between collider (H1+Zeus)
and low-energy fixed target (Hermes+JLab) experiments

Z COMPASS 160 GeV e Ut and U~ beams
O | % HERMES 27 GeV
% |0 Jab11Gev

[] ZEUS +H1

@ momentum: 100 — 190 GeV/c

@ beam polarization: 80 %
opposite for 4+ and pu—

@ coverage of intermediate xg

— low xg: pure BH
useful for normalization

:’. — high xg: DVCS predominatr
X & /1 11111l Cunkxplored region between
S -2 : -1
8 1 rw s,  ZEUS+H1and HERMES+JLab
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DVCS: What Can We | earn?
Phase 1: Polarized beam, unpol. target J

—_ GPDf o~

P T P
— t
DVCS dominance . ) )
at large xg BH/DVCS interf. at intermediate Xg
xg-dependent transv. size of Interference between BH and DVCS
nucleon "Boost” of DVCS

Preyy + —through int.
{/ B Bethe-Heitler Deep VCS term

Measurement of ReH (&,t) and ImH (&, t)
via @ -modulation of cross section

L L L~ |
@ ® <00l x~01 x~03 @ ReH (§,) =P dxH(x,&,t)/(x—&)
r —pprameter from slope of @ ImH (&§,t) =H(x=¢&,&,1)
dO—DVCS/dt

L J e EXp. constrain to GPD H 0




CAMERA Readout

GANDALF
Virtex-5 VSX95
8 channels

1 GS/s

12 bit resolution

TIGER

Virtex-6 VLX365
onBoard GPU
2Xx SFP+

COM Express

Event Data to DAQ
(Amplitude, Time)
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Time Resolutions Measured with Cosmics

g A Ring A - performances

. . 2=
Time Resolution:{ {350 ps s Ring A geometry : 280°6°0.4 cm?
F = Measurement with cosmics
- 5
F k]
[ c
o+ 2
2 3
F 3
L g W
L z .
[ w
2 \ L
E After deconvolute from ref. respltition o
I P i and apply Software corrections) |
Al 10 9 5 K best worse
ToF [ns] e wh e & B
Goal was 300ps Raw Time resolution (ps)
C B Att length better than 200 cmwas expected
a00f—
=-Time Resolution:| | 160 ps

200

15

10

T T [T [T T

28 £ 36 <35

“ToF [ns]
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Summary of Present CAMERA Performances

momentum resolution polar angle resolution
= F ¥ E
50.145 I 3500;
501 v 3000-
~ 0'15 . 2500F
o 0.08f L 2000F
< o.06; . E
© 0.04 g
0.02F
003 04 05 06 87‘\)/‘ . 02 04
eV/c -
pSpectr. [ ] (eSpectr. eCAMERA) /rad
z, position resolution zg position resolution

2000¢ 2500:
1800¢ E
1600F ZOOGE
igggf 1500}
1000E F
800¢ 1000F
600E F
400¢ 500F
200E F

-040 -30 -20 -10 O 10 20 30 40 -CZS -20 -15 <10 -5 0 5 10 15 20 25

(ZA’spectr_-ZA,CAMERA) /cm (ZByspectr.-zB,CAMERA) /cm
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Past, Present and Future GPD Experiments

Current DVCS data at colliders:

10310 ZEUS-totalxsec O Hi- total xsec 0
F ® ZEUS-dofdt W Hi- dofdt

H Hi-Agy 0\‘7

Current DVCS data at fixed targets:

A HERMES-A . A HERMES-Acu
| 4 HERMES- Apy, Au, AL

A HERMES-Ayr * HallA- CFFs
* CLAS-Ay ¥ CLAS- Ay

T T T

o

10

L Qs0GeV:

—T T
PRI |

Q? (GeV?)

10

T
L aaaal

I
E
l

-y
o
-k
o
=3
o
_
o
-k
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Measurements of DVCS and BH Cross-sections
cross-sections on proton for *, - beam with opposite charge & spin (e & P,)

te, aBH ®e ADVCS +e,P, aBH Im ADVCS
Charge & Spin Difference and Sum:

Desy ¢()=d (") Lcé"’_cl"”cos and & FReH
SCS,U d(*)+d () [ d BH cPVES Kis!Msin ]and s/t F,ImH

a" Re(RH+ (F+F) H t/4m’ FE)
NOTE: dominance of  with a proton target

at COMPASS kinematics
only leading twist and LO
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COMPASS acceptance for DVCS

LI

o_ 064, .
) 0 i 0““;

% TR 330’:30303 X “‘tﬁu by “:
O ° ‘
—0.50 ., ..«
= 03 ’."‘QQt"

offegseg tecy lhodstarog,

4
MERBAN BN

0.36 [,
Z_z_;-l...-... e0gse00 g0 33":“‘.‘ "3“”“!
0.22 .
Z:z:.-.....o- cge0 e, ""'..‘83 "".‘."‘
0.08 — 5 —— - - : -
1 2 4 5
Q? (GeV/c)?
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Acceptance

|I| M beam
|:| p* beam

[

-m, ién, %n n}

¢, (ad)
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COMPASS acceptance for DVCS

Symmetric acceptance in @ty
not necessary to bin the acceptance in @, tp
for the cancelation of the interference term
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