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COMPASS Generalized Parton Distribution (GPD) program
Contribution to the nucleon spin puzzle

% = % + G+ L
Jaffe&Manohar Nucl.Phys.B337 (1990)

by constraining GPD H and E

I\
= J—\ &=

Ry
Ja= %Ilm0 T X [H9+ E9]dx

|
t! (Phys.Rev.Lett.78 (1997)) small t

3D nucleon tomography via GPD H

H(x;X = 0;t) = r (x;b?)

probability interpretation (Burkardt)
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COMPASS Generalized Parton Distribution (GPD) program
Contribution to the nucleon spin puzzle

% = % + G+ L
Jaffe&Manohar Nucl.Phys.B337 (1990)

I\
= J—\ &=

by constraining GPD H and E

39= Ljim R"lx[Hq + EY)dx
=3 1
th o (Phys.Rev.Lett.78 (1997)) small t

[! Exclusive vector meson production on transversely polarised protons and deuterons J

[! Exclusive p° production x-section on unpolarised protons ]

3D nucleon tomography via GPD H

H(x;x = 0;t) = r (x;b?)

probability interpretation (Burkardt)

[! t-dependence of pure DVCS x-section on unpolarised protons ]
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GPDs and Hard Exclusive Meson Production

2

o

q
I _  Pgqlab: 0
n= 4 =E E
X . average longitudinal
momentum of quark
X : longitudinal momentum
transfer to quark

t: 4-momentum transfer
/@\ to target nucleon
(related to b7)
small t P

P — smallt

factorisation proven for S
not proven for ST (but suppresed by 1=Q2)

J

additional non perturbative term:
wave function of meson (DA)
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GPDs and Hard Exclusive Meson Production

5 Chiral-even GPDs
k= helicity of parton conserved
o 1
—_ 1 . .
£ ! HT9(x; ;1) EF9(x;x;1)
1
o . .
< : RY9(x:X:t) BI9(x;x;t)
S :
o 1
1
! Chiral-odd GPDs
1 helicity of parton ipped
1
3
1
_§ ! H7 (x;X;t) EF(x;X;t)
=} |
Afy -y Afy -y -
£ ! A7 (x;x;t) E7 (x;x;1)
c 1
o 1
o
c .
S Flavour separation
o constraints for parton speci c GPDs
P — smalt — P due to different partonic content of mesons

* Gluon contribution at same order of as as from quarks
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HEMP cross section

83 1 e x5 QF oigdQ2atdl

1 xg 1 ds

1

++ ++
- S + s + €es,
7 S+t ++ 00

ecos(2f )Re(s}* ) P e(1+ e)cos(f)Re(sfg +5,4)

P.p e(1 e)sin(f)im(s}h +s,4)

N

h p
s, esin(2f )Im(s;* )+
hp

+ S.Py

—1
2 ++
1 e 2 Sir TSy

e(1+ e)sin(f)im(syy +S.q)

P e(1+ e)cos(f)Re(s]h +s,,)

i
++

h

Srosin(f fg)im(sf, +es )+ gsin(f +fg)m(s? )+ gsin(3f fo)im(s, *)

1
+P e(1+ e)sin(fg)im(sf, )+ P e(1+e)sin(2f  fg)im(s,q)

Helicity dependent photoabsorption

x-sections and interference terms:

+SrP)

Iae(l e)cos(fs)Re(s)y) pe(l e)cos(2f fs)Re(s,q)
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p
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i amplitude for subprocess g p! Vp:

M
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with photon helicity m
and target proton helicity i
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# 1

HEMP cross section (transverse target polarisation)

8em y° 1 xg 1 ds _ |
8p® 1 e xg Q2  dxg dQ2dtdf transverse Yy
1 4 ++

> Si+ tS4p T esy

plolarised target

ecos(2f )Re(sy™ )  e(1+ e)cos(f)Re(s(h +5,,)

P e(l e)sin(f)im(sfh +s,4)

h

i
in(2f )im(s}* )+ P e(1+ e)sin(f)Im(sfg +s
hp i

= sif +s,, e(1+ e) cos(f)Re(S1g +5%

2 0

St sin(f  fg)im(sy, +esjy )+ gsin(f +fg)im(sy )+ gsin(af fg)im(s, )

o | ) 5 single spin
+ e(1+ e)sin(fg)im(sy, )+ e(l+e)sin(2f fg)im(s, )

asymmetries
hy

+StP

1 e2cos(f fg)Re(s), )

P i | ) 3 double spin asymmetries
e(l e)cos(fs)Re(s;,)  e(l e)cos(2f fs)Re(s, )

[Exclusive r 9 and w production on transversely polarised protons and deuterons
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Asymmetries for m"+ [0 !

m + p+r°

1_
sin - fg) o =Im(sf, +esg )=son Im e, Hil+ ErrHiy SErarHrar
T .
i
Azi?(r +fg) o =m(sy )=souIm EpyrHrw
. h i
S|_rF (2f - fg) . =1m(s, T)=son Im Eqpyr By s
si_rF(Bf - fg) =1Im(s}, )=S0 = 0; i .
I
sinfg . =1m(s,q)=Sok Im Hryr Bl Eryr B s
T 5 single spin asymmetries
cos f - fg) . h_ i
T — = Re(s{, )=SoH Re EryrHrur 2B Hor
o - f h i
c(‘)I'S( o1 —— = Re(s[y)=SoH Re Exyr Hrur 2By s
h i
cosf g = Re(s,)=SoMRe Hy r Al EqyrBu
T | , | , , | , 3 double spin asymmetries
0.2 -0.1 'Qq 01 02 E; H; Hr; Etr = 2ﬁT Er; ﬂ,
. So: unpolarised cross section
sin(fs)

Asymmetries compatible with zero, except A

Indication of Hy “transversity GPD” contribution
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Azimuthal asymmetriesfor m™+ 0 ! m"+ p +W

0.5

sinff )

sin(f +f s)

Aur
o

— o

—4

sin(2f -f S)

sin(3f -f 5)

. i >= 0:049 . .
0% < unbinned maximum

< Q%>= 22(Gev=)® likelihood method
<p7>=017(6ev=0)" | NPB 915 (2017) 454

172 3 40 006 010 010203 <W>=T7:10evic? extraction of 8 asymmetries
2 2 2
Q*[(GeVic)] X P; [(Geviey] (5 single spin asymmetries shown)

sinf
uT
=)
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Azimuthal asymmetries form+ 0 ! m" + p+W

05 ' Comparison to modi ed GPD model of GK |
ih o e with p° pole exchange added
°L
v
m<3 p (]
-05
% Goloskokov and Kroll (GK)
S o] ymee e predictions for COMPASS
< (private communications)
o8 — no pion pole
; , * | b | - == positive pw transition
i I ! [ negative pw transition
-0.5 h
0% < g > = 0:049 unbinned maximum
<Q*>=22(6ev=)” | ikelihood method
s <PP>= 0TV | NPB 915 (2017) 454
"1 2 3 40 005 010 010208 <W>=71Gevi? extraction of 8 asymmetries
2 2 2 2
Q" [(Geviey] X Py [(Gevicy] (5 single spin asymmetries shown)
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Comparison to HERMES formi"+ 0 | ni* + p+W

within large errors

HERMES data compati-
ble with all 3 scenarios

- - | smaller by a factor 2

 COMPASS uncertainties |

JLab12 expected to

3 solve the issue

[EPJ A48 (2012) 187]

r \
Future measurements at

re-

COMPASS HERMES [EPJCT75 (2015) 600]
<W>=8Gev=? < W >= 4:8GeV=?
— no pion pole
—_— mmee positive pw form factor
— negative pw form factor
0.5
® COMPASS
O HERMES
~ note W dependence! h
T O
w<3 ___________________
____________________________ e -
- 1 Il
0'50 0.1 0.2 0
t' [(GeVic)]
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HEMP cross section (transverse target polarisation)

# 1
2
aem y° 1 xg 1 ds _
83 1 6 xgy Q oo dQZdidt transversely
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+0 +0

P e(l e)sin(f)im(sfh +s,4)

h

i
in(2f )im(s}* )+ P e(1+ e)sin(f)Im(sfg +s
hp i

= sif +s,, e(1+ e) cos(f)Re(S1g +5%

2 0

St sin(f  fg)im(sy, +esjy )+ gsin(f +fg)im(sy )+ gsin(sf fg)im(s, )
|
+ e(1+ e)sin(fs)im(s}, )+ P e(1+e)sin(2f  fg)im(s,g)

hy
+StP 1 e2cos(f
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e(1 e)cos(fs)Re(s), ) pe(l e)cos(2f fs)Re(s, )
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HEMP cross section (unpolarised target) 2.5m long liquid

" #q H, target
Bem y2 1xg 1 ds 21arg
8p3 1 e xg Q2 dxgj dQ? dt df ‘,

1 p
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P ++
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hp i
T & ST +s,, e(1+ e)cos(f)Re(S) o +S7g
v

¢ sin(3f

Im(sd, +esh )+ gsin(f +fg)m(s} )+

s)im(sio)+  e(1+e)sin(2f  fg)m(s,y)
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p
1 e2cos(f fg)Re(s), )
_ i
P e)cos(fs)Re(sfy)  e(l e)cos(2f Ts s
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HEMP cross section (unpolarised target)

" #
aem y2 1 xg i

P e(1+ e)cos(f)Re(s[h +5,,)

1
5 siT +s,, +esy ecos(2f)Re(s)T)

P|p e(1 e)sin(f)im(s}g +5s,0)

COMPASS Il setup

ECALO Calorimeter
Shashlik modules
+ MAPD readout

3.90m

Target ToF system
24 inner & outer scintillators
1 GHz GANDALF readout
goal 310 ps ToF resolution

2 2m?, 2200 channels
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H, target
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HEMP cross section (unpolarised target)
Charge-Spin-Sum

Scs;uz(ds+ +dS! ):2=

1 P
> sii +s,, +esy ecos(2f)Re(sit) e(1+ e)cos(f )Re(s) 5 + S,0)

h ((
R BB I

[m] =l = =
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HEMP cross section (unpolarised target)
Charge-Spin-Sum

Scs;uz(ds+ +dS' ):2=
dth ds MCOS (f) ds—"T

(

h (
( %‘“[L—ﬁggm ’('"‘Eﬁfﬁ o

[m] =l = =
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HEMP cross section (unpolarised target)
Charge-Spin-Sum

Sc:s;u=(dS+ +ds' )=2=

dST dSL
dt

e(1+ e) cos(f )

JH(ESQ (T)Gmf‘sh % ) study f dependence!
h

after integration in f :

dst | Osu study t dependence!
dt dt
virtual photon . 0 ) ) )
polarisation: Exclusive p*~ production x-section extraction
@ Transverse: ,+ on unpolarised protons

@ Longitudinal: 0
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Exclusive p° production event selection

outer scintillator reconstructed hit
Reconstructed interaction vertex in target volume
Two photons, one photon above threshold proton

inner scintillator > reconstructed hit

[ 7 ]
1(GeV=c)? < Q% <5(GeV=c)?, 8:5GeV <n < 28GeV,

target ‘///BCTT‘Q g

out *
0:08 (GeV=c)? < jtj < 0:64 (GeV=c)? Ma vertex 4\
Moyt
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Exclusive p° production event selection

outer scintillator

1o S

proton
inner scintillator
ma vertex
Exclusivi I ] F - COMPASS 2012
xclusivity conditions: QD s | ) paa
[+ : = o § Excl p° MC + Lept
Mass of ggsystem: = o X Excl p epto
c \
Mgg= ( Pg;i + Pg;ii)2 L 40; §§ Lepto Background
s0f- s§|
: N\
20— H I \ H
- H \ 1N
- ' Ny
10F i\ NG
: f N
ot ‘@% el o ‘
0.05 0.1 0.15 0.2 0.25
2
My [GeVic?]



Exclusive p° production event selection

outer scintillator

r/reconstructed hit

inner scintillator

reconstructed hit

-
target M

: Pow! 99

e
my vertex

- . 0

Exclusivity conditions: Q 35
S
e

c 0

L 25

@ Vertex pointing ( z)

Matthias Gorzellik Exclusive measurements at COMPASS

COMPASS 2012
[Jpata

Excl p°® MC + Lepto
Lepto Background
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Exclusive p° production event selection

40
35
30
25

20
@ | = jfas ke 15
10

Exclusivity conditions:

Entries

=1

outer scintillator

1o S

4

inner scintillator

proton

mn vertex

g: § PDA;: jOlZ

S I ot Bactroues
3 N

: '\ ;

51 -':E.zzim': 5 ]

Matthias Gorzellik Exclusive measurements at COMPASS

April 2017 / IWHSS 12/25



Exclusive p° production event selection

outer scintillator /

\ *

proton

inner scintillator

ma vertex
o o 0 g COMPASS 2012
Exclusivity conditions: Q 45F
‘T 10F [Jpata
'E E [ Excl p° MC + Lepto
[T} 35k Lepto Background
30E
25(
20
15E
@ Transv. momentum balance: 10?
proton proton 5F
P? = P7.meas 2 ireco E

a0z 0 02 0.4

Dp l[GeV/c]
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Exclusive p° production event selection

outer scintillator reconstructed hit
\
proton
inner scintillator x reconstructed hit
]
target /0/’*
i =" ] Pout
my vertex
Y s
Exclusivity conditions: Q C § CI%"'P[’::: 2012
S50 N = ;
c C g R\ Excl p® MC + Lepto
w 40; §‘ Lepto Background
E W
: \
30F- \
g N
“F \Y
10F - \
: : [ “\\\\\\\ “ oy
o0& Y s NN S o e = RO
-0.4 -0.2 0 0.2 0.4
@ Four-momentum balance: 2
2\2
M)% = (pn}\ + Ppiy Pyt Ppout pp°)2 MX [(GeV/C ) ]
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Kinematically constrained t for exclusive p°
@ constrained ¢2 minimisation
@ full 4-momentum conservation of the reaction mp ! npp°
@ p° mass constrained to PDG mass

@ vertex constraints for mmPand pincluded in the t

) most accurate determination of t
) good separation between signal and background

y
$ 70 COMPASS 2012 8 40 E COMPASS 2012
L = oaa L ok Doaa
E 60F Excl p° MC + Lepto "E E Excl p? MC + Lepto
w 50; [E=3 Lepto Background w 30? [E=3 Lepto Background
E 25
40— 205
30F sk
20 105
10 5;
C e 6 8 10 95 1o
; meas. _ ; fit /S meas. _ fit
(j e - j ) (xgees - xB)is
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SIDIS background estimation

@ use LEPTO MC to describe non exclusive background
@ use exclusive p° MC to describe signal contribution
@ nd best description of data

in signal region
in background region

30

g Zz § %F’;\SS 2012 8 CO:IMPASS 2012

2 \ N E::pn MC +Lepto £ ® NN E::p" MC +Lepto

LICJ ;2 %é EXC' p°MC LICJ 2 Excl p° MC
- §| ; 00 e L
20 g\\l-i N EH» ww-‘“ w'%\ \\
13 S\ 92 3 1
signal region M%Z[(GeV/ic??]  background region M [(GeV/c?y]
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CowmpAss acceptance for exclusive p° production

28.00

n [GeV]

20.78

15.43

11.45

8.50

Matthias Gorzellik Exclusive measurements at COMPASS

i [}
02 ¢ v
eh, et fees owew ettty [t T4y COMPASS 201
0. LN}
L)
L ‘ 8
02 ‘ 02t 8
¢ et s 0 ) thiy $ H g
ut 3'. H ] IXAAX] ':. U :o N 0_1§
olg
N i 4 )
u.“.“.' 33”“‘- -‘3t¢¢“ :o i‘} « m beam
] L]
* nf beam
* te o4 10 [p.- 3p. . 3.l
*“..‘ : ¢ $ [ ‘ e A
¢ [ [} ., . [} ¢
H s s ) ‘e fpo[ra.d]

3.34

5.00
Q*[(GeVic)]
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CowmpAss acceptance for exclusive p° production

4D-Acceptance binning (3D projection shown):

_ 02 . d3s™ _  g4s9p
Q< and n: dorandg = O

with the virtual photon ux = ( Q?;n)
-jtjand f 5o

[m] =l = =
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Exclusive p° production cross section as a function of jtj

— 30
~ UL COMPASS 2012
2 - 8.5 GeV < n<28 GeV
Q> L 1(G 2 2 2
c|l o (GeVic)* < Q<5 (GeVic)
2 20 o
/-\;] i
Q B *
o L a
Q = o
®@|= nL }
2T L :
Q)
~— -
0
© i ¢
. A R P B ¢

L I R T R
0 0.1 0.2 0.3 0.4 0.5 0.6
It| (GeV/c)?
[ rst and only measurement at low X ]




Exclusive p° production cross section as a function of jtj

dip indicates _ a factor of 2 discrepancy to
contribution of E1 Goloskokov&Kroll model
— 30 ' 30—
~ L. COMPASS 2012
2 L ® Data 1
2 :
> | ey e B
S 20~ ¢ 20 o
~—~ i
o) L
o L o
Q- - =
@ = i
= 10— 10} -
=T T : .
=2 - -
% | 8.5GeV<n<28GeV }
- 1 (GeV/c)’ < Q2 <5 (GeV/c) $
PR ST S S S S SR SRS N S S S N N

0 01 02 03

[ rst and only measurement at low X ]

04 05 06
It| (GeV/c)?

[0.08, 0.64]
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Exclusive p° production cross section as a function of f po

2s9P _ 1 (ds ds ds P—— ds

G, = 2 (G + EGH)F ecos@r o) G+ el eheos(f o)

ol | e ®io(gazoori e COMPASS 2012
2 6 o nb 8.5 GeV < n <28 GeV
o) S —.= (6.0+13%07 > 5 ) j
> - (Gevicy 1 (GeVl/c): < Q%< 5 (GeVic)
O L s (14x0570 (Ge”\,b,c)z ‘. 0.08 (GeVic) < |t| < 0.64 (GeV/c)?

o -

Op)ﬁi{
-

ol L I T ‘r

o o B l l l T

= roo T !
w° [ Lo

o T T T B B R
*C 32 1 0 1 2 3

f o0 [rad]
( rst and only measurement at low X ]
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Exclusive p° production cross section as a function off

Cerr = A (5 + eB)+ ecos(ar o) B + e e)cos(fpg)dSLT
p
dST L_ +11 b
I~ Faw (©120973) =P COMPASS 201
2 6_. (60+13 b 8.5 GeV < n <28 GeV
g % (Gewc) . 1 (GeV/c)? < Q%< 5 (GeV/c)?
) .: (1 440503 (GeV/c) .. 0.08(GeVic)*<[t| < 0.64 (GeVic)?
N— s
I \\
~—~ B
o i
o -
o> ol - T
o o l l l T
X | B 7 T
O = B l
w|° Lo Lo
‘\-'Qc L L L L L L
0 3 2 1 0 1 2 3

( rst and only measurement at low X ]
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eeply irtual ompton cattering
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n=Em Ep
Q2=

XBj
q2

2mpn

t=(pp p0°

Matthias Gorzellik

Exclusive measuren

DA



n=Em Ep Xj ol
Q%= ¢? ’
ds u

t=(pp p0°

[Toyssiy

bilinear combination of GPDs

Matthias Gorzellik

Exclusive measu

DA



n=Em E.p g = ﬁin
Q2= ¢? P
0
t=(pp p0° , ,
ds iT i + [Tgujs + interference term
S gl e,

bilinear combination of GPDs knownto 1% linear combination of GPDs
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n=Em E.p g = ﬁin
Q2= ¢? P
0
t=(pp p0° , ,
ds iT i + [Tgujs + interference term
S gl e,

bilinear combination of GPDs knownto 1% linear combination of GPDs
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n=Em E.p g = ﬁin
Q2= ¢? P
0
t=(pp p0° , ,
ds iT i + [Tgujs + interference term
S gl e,

bilinear combination of GPDs knownto 1% linear combination of GPDs

reference yield of
almost pure
Bethe-Heitler
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n=Em Ep

sz q2 XBi_Zmpn
0
t=(pp p0°
ds i Toyes)2 + [Tguj? + .interference term
S gl e,

bilinear combination of GPDs knownto 1% linear combination of GPDs

reference yield of Study DVCS with:
almost pure Re(TPVCS) & Im(TPVCS)
Bethe-Heitler via(ds* ds' )
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n=Em Ep

sz q2 XBi_Zmpn
0
t=(pp p0°
ds i Toyes)2 + [Tguj? + .interference term
S gl e,

bilinear combination of GPDs knownto 1% linear combination of GPDs

reference yield of Study DVCS with:
almost pure Re(TPVCS) & Im(TPVCS)
Bethe-Heitler via(ds* ds' )
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Exclusive g Azimuthal Distributions for DVCS

8 Data COMPASS 2012 400 Data COMPASS 2012
= [ — MC (BH) . F —MC (BH) Foa
= o bad. MC : 1 (GeVio) < Q < 20 (GeVicy. o° bgd. MC Vol 1 Gevie? < QF < 20 (GeVicy:
c 1000 - MC(LEPTO p° bgd.) 80 GeV < n < 144 GeV 300 P MC(LEPTO p° bgd.) 32 GeV < n <80 GeV
L s MC(eXc. p° bgd.) s MC(eXcl. p° bgd.)
= MC (BH + p° bgd.) {* ' mmm MC (BH + p° bgd.) (A
L 3\ | (9.0
o 200
500+ N [ '
100+
- L
ﬂﬂ—‘g‘”m Ll R el 0 L e
-3 2 -1 0o 1 2 3 -3 2 -1 0 1 2 3
f (rad f rad
8 1001 Data co'Mg&gs‘z'ofz‘“ g*g ( )
= — MC (BH) | T N
I=] o bgd. MC | 1(Geviof <Q* <5 (Geviey? normalisation of BH Monte Carlo to
[ y 0GeV <n<32G .
TR = i o0 T the data using beam ux
MC (BH + p° bgd.) « .
I {a\}, dominant BH process at small xg;
50 | clearly visible
: p° background contributing
at large Xg;
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clear excess of DVCS at large Xsg;
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p° Background Estimation

Major background source for exclusive photon events

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

COMPASS 2012 Invisible p° background:

Data (background subtracted)

Normalized MC (exclusive p°) Semi inclusive LEPTOMC |

Entries

— Normalized M TO 6.1)
ey >

K background HEPGen++ MC

. @\‘\ exclusive (Golosgokov & Kroll model)

00 91 02 03 04 05
Mg (GeV/c?)

L L L B L L

p° contribution normalized to

peak from real data
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Transverse Nucleon Imaging at xgj > 0.03

Measure Scs.,y =(ds* +ds' ) ScgypdsB+ dsDVCS + ePrim |

note:

ds VSl W cfVeS + cPVS cosfg g+ cPV S cos2fg g

Im1psisinfg g+ shsin2fg g
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Transverse Nucleon Imaging at xgj > 0.03

Measure Scsy =(ds* +ds'
Subtract Bethe-Heitler (BH)

Matthias Gorzellik Exclusive measurements at COMPASS

)

Scs:u M ds BH 4+ gg DVCS + emPmim |

unpol
DVCS
SCS;U u. dsunpol + eum|m I
note:
ds VSl W cfVeS + cPVS cosfg g+ cPV S cos2fg g

Im1psisinfg g+ shsin2fg g
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Transverse Nucleon Imaging at xgj > 0.03

Measure Scsy =(ds* +ds'

Subtract Bethe-Heitler (BH)
Integrate over f 4 ¢

Matthias Gorzellik Exclusive measurements at COMPASS

)

Scs:u M ds BH 4+ gg DVCS + emPmim |

unpol
Scs;u U
note:

DVCS

dsunpol H + %%\XS%SXQ(Q + Eg\bsébhf ‘"g
h h (
tmﬂ P?Sllanhg é*‘*'zl('i“%'ﬁg
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Transverse Nucleon Imaging at xgj > 0.03

Measure Scsy =(ds* +ds'
Subtract Bethe-Heitler (BH)
Integrate over f 4 ¢

ds DVCS

Bjtj. 2 .
— e YU <5 > 2B(xg)
thJ u ? at small xg; !

Matthias Gorzellik Exclusive measurements at COMPASS

)

r

April 2017 / IWHSS

22/25




Transverse Nucleon Imaging at xgj > 0.03
Measure Scs.y =(ds* +ds' )
Subtract Bethe-Heitler (BH)
Integrate over f 4 ¢

ds DVCS .
Bjt] . 2
—H e “, <ry;> 2B(XBj)
thJ at small xg;
(inspired by Regge Phenomenology)
N E =
~ T
R: . e
6 a3
% £ 4 a'=0.125 o
O 5¢ a'=0.26
N—r c
4=
m “F COMPASS coverage
3 ¢ >
[ W ZEUS: JHEP 0905 (2009) 108 4Q%i=3.2 (GeVIc)
2 E'Y HL  EurPhys.C44(2005)1  4Q%fi=4.0 (GeVic)’
1 ?A H1:  Phys. Lett. B681 (2009) 391 &Q°fi= 8.0 (GeV/c)
0 E I I I
104 10°° 102 1070y
B
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Transverse Nucleon Imaging at xgj > 0.03
Measure Scs.y =(ds* +ds' )
Subtract Bethe-Heitler (BH)
Integrate over f 4 ¢

ds DVCS .
Bjtj. 2
—FH e “, <r;> ZB(XBJ')
thJ at small xg;
- with more than 2.5 S con dence level ‘
(inspired by Regge Pheno..._.._._,,
N E o
~ T
2 £ % B Ne-
> 6 © 2
(o)) E - a'=0.125 o
) 5 ? a'=0.26
~ E
=
m “F COMPASS coverage
3 < >
£ W ZEUS: JHEP 0905 (2009) 108 Q%= 3.2 (GeVic)
2 ?v Hi:  Eur. Phys. C44 (2005) 1 Q%= 4.0 (GeVic)
1 ?A Hi:  Phys. Lett. B681 (2009) 391 &Q?fi= 8.0 (GeV/c)’
0 E L L L
104 10°° 102 1070y
B
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DVCS x-section and t-slope extraction

=
o
N

ds(gPp ® gp)

(nb (Gevic)?

F ax_ fi= 0.056
C “g

'\

=
o

I
cu

d[t]

1OGe <n<326eV
I 1

COMPASS 2012
C 4Q? fi= 1.8 (GeV/c)
- aw fi= 5.8 GeV/c

@-\z 102 (Gevic)?

2 < 5 (GeV/c)

[\

01 02 03 04
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0.5 06
lt| (GeV/c)
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Comparison with HERA

AN F -
—~ TF
(&) o
~~ L -
> 6F Y
(D) c
(D 5
4 =
m = \
3 5_ COMPASS 2012 =1.8 (GeV/c)
2 m ZEUS: JH 9) 108 aQ =3.2 (GeV/c)
F v HL . Nays. C44 (2005) 1 4Q%fi= 4.0 (GeVic)
1Fa HL hys. Lett. B681 (2009) 391 4Q%fi= 8.0 (GeV/c)?
O: L M| L Lol L Lol L
-4 -3 -2 -1
10 10 10 10 X
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H1: “B increases as Q2 decreases”

Comparison with HERA

NN

H1/ZEUS " as Q2 # 6\ j
4 measureme \(ht
indicate decreas w
2
but: large gluon contribution ~ ASS 2012

N - w1
— 7 .
S 1

< .

> 6 '

D 2

O

N

(af]

ol
|IIII|IIII|IIII|IIII|II

at H1/ZEUS "f JH 9) 108
) %ys C44 (2005) 1
hys. Lett. B681 (2009) 391 -
| Ll Ll
10°° 10°2 10"y

B
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Comparison with HERA + JLab/HERMES
Model independent extraction €777 seff consistent extraction
(from x- sectlon measurements) : Him(X;t) = He (X;x;t) peBt

Bt 2 2Bt
spePuH2+HZ H2pe®™ [Phys. Rev. D 95, 011501(R)]

(\II -
O 4r
S b Y
Nl i L4
o gluon sector valence
.2 — quarks
16 COMPASS 20 > 1.8 (GeV/c)
- . ZEUS %fi= 3.2 (GeV/cy
C v aQ2 fi= 4.0 (GeV/c)
o4 4Q%fi= 8.0 (GeV/c)?
- om JLab/H MIIES an Al [1.1, 2. 3] (GeV/c)
104

-l-
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Nucleon tomography

~—~~ 0.7
)=
E o6
N
' o5
(9\]

%
o 04
\(©
0.3

0.2

nucleon radius: < b3 > (X)
(up to small but model dependent corrections)

4h?B¢(X)

ansatz for the valence GPD H_at X = 0:
H_(xix = 0;t) = &qeqay(x)eBot)t
with Regge type By:

Bo(x) = agIn(1=x)

ag constraint to FJ’ via rst moment:

Rol dx H_= F}

C
X 2B

gluon sector

COMPASS 20
ZEUS:

.8 (GeV/cy

!

407 1= 3.2 (GeV/c)
H1: 2 4Q%fi= 4.0 (GeV/c)
H1: 4Q%1i= 8.0 (GeV/c)
om JLab/HBRMES:

Ll L

v

Q% il [1.{1,2.3] (GeV/cy

[Phys. Rev.]D 95, 011501(R)]

valence
quarks

-
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A1)

e N
AU Summary:

AP . ) ) )

nts 5 single and 3 double spin asymmetries from exclusive r °

and W production on polarised protons and deuterons
exclusive p° production cross section for a proton target
t-dependance of pure DVCS cross section on proton target
extraction of SDMEs upcoming

2 i i :
e . it \ TI ———

COMPASS20j2 %

370405 05
It (Gevicy
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~ 0.7
NE E ’—N’_\‘ | Data 9OMPASS 2021
E os6f O gle soloskakovaral, 008 Geviy < <004 Geviey |
e PP : a3 °f
= E “lo
0.5 R =
o~ £ B o
E = |
— —
= (\ - AT
\© £ Py r
03 OQ. L
E COMPASS 20 8(GeV/c) sl f
02Fm ZEUS 3 2 (GeVicy % S [
Ev éQ o 2.0 (Gevicy: H= [
0.1Fa ? fi= 8.0 (GeVicy o ° [
Eon JLab/H WES aQ Al [11.2:3) (Gevief’ o I
0.0
104 10’3 102 10t

1
X=X

Summary:
5 single and 3 double spin asymmetries from exclusive r °
and W production on polarised protons and deuterons
exclusive p° production cross section for a proton target
t-dependance of pure DVCS cross section on proton target
extraction of SDMEs upcoming

Near future:
for DVCS and HEMP

a increase in statistics compared to pilot run
Beam charge sum and difference extraction
) extraction ( and part in case of DVCS)
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Kinematic distributions for DVCS

%] E COMPASS 2012 0 L COMPASS 2012
Q .
= r _LI = I\Dn‘?)‘r?te Carlo G:_) - Monle Carlo
-oE L |_LI—|_|_ — p° background E L 1 p° background
[T il § % 40~ *
10 . _ r
i . \<\ 1 20 3 =
I O‘ [ e\ L'_L:-I-.
N 1 |
1 2 3,4 5 102 10"
Q° (GeVl/c) Xg;
g o CopPASs 2012 Q? and n (resp. xgj) after kinematic t!
5 80f G
c L
Y eo- LI_‘\'T&—‘
40" \(\ -(DVCS/BH): based on phenomenological
. \((\ model of DVCS x-section
201 \ 0 L .
i -p”: parametrisation linked to
10 ° 1‘5 20 2‘5 30 GO'OSgOkOV & Kroll + LEPTO (shown seperately)
n (GeV) HEPGen++: Andrzej Sandacz, Christopher Regali
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Exclusivity variables for DVCS

0 F COMPASS 2012 0 F n COMPASS 2012
2 Ofcwr | 2 80 J T O
E 100~ J-‘ 1 p° background E [ 1 p° background
* < ¥ ﬂ
50 \0 40:*
- \ 20F e\
Qe mm@m‘
-1.0 '-05 0.0 0.5 1.0 -40 -30°-20 -10 0 10 20 30 40
Df (rad) Dz, (cm)
0 COMPASS 2012 o COMPASS 2012
g [ gaooglek arlo ” g g%}ogtek arlo ;
=} p° backgroun = M p° backgroun
5 100- 5 200-

, S
50j e\\(Jq\ _ 100j e\\((\

) A N O AN N
-06 -04 -02 00 02 04 06 -10  ‘-05 00 05 1.0
D P, (GeVic) M2 ((GeV/c??)
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Kinematic distributions for exclusive p°

Entries

Entries

80

COMPASS 2012
[ pata

Excl p° MC + Lepto
[ Lepto Background
})I'(—?MITHIWH\‘\,’

e L L L

35 40 45

n[GeV]

10

COMPASS 2012

[ pata

Excl p° MC +Lepto
L [ Lepto Background
preliminary

10t 1

Entries

Entries

10

-

COMPASS 2012

Jpata

Excl p° MC + Lepto
[ Lepto Background
pr eliminar Yy

| .
1 2 3 4 5 10
2 2
Q° [(GeV/cy]
50 COMPASS 2012
r [Jpoaa
a0 Excl p? MC + Lepto
[ [ Lepto Background
30:7 preliminary
r r
20 r
10F- !
£ no
r — ! :
T 0.985 0.99 0,995 1
e
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Exclusivity variables for exclusive p°

Entries

Entries

Matthias Gorzellik Exclusive measurements at COMPASS

COMPASS 2012 8 35F COMPASS 2012
Joata = £ [ pata
r Excl p° MC + Lepto 'E 30 Excl p° MC +Lepto
'L [ Lepto Background w 255 L [ Lepto Background
preliminary E preliminary
205 [L
15F- ~
106 rd .
5 - -
C:ru_Anlln_ArL‘umuu =1
. 1 -30 -20 -10 0 10 20 30
D/ [rad] Dz [cm]
»n  60r
COMPASS 2012 o £ COMPASS 2012
” Joata = SUi - Joata
i Excl p° MC +Lepto z £ Excl p° MC + Lepto
[ Lepto Background w 2 E [ Lepto Background
preliminary n 8 preliminary
r £
30
£ r
L E 1
20—
4 £ '|
L'I 10F - 5
= Tn H E = ce
| i i, C’ == — | m
-0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
2 2\2-
Dp [GeVic] M2 [(GeV/c?)]
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Background treatment for exclusive p°

Ny

L

8 g COMPASS 2012 mp ® mpw ® npp°g 8 OF COMPASS 2012
= F [Jpata = 80f - Jpata
E’ 5 Exclusive w MC E‘ 706 1 Excl p° MC + Lepto
C E 0
L 4i (scaled to data) w soF- [ Exclp°MC
£ |] 50F-
3 " “0:
Py L| Ut 30E
£ 20
= E _M
= { 10F; Moo el
0’ o= e e = I L ! ! J
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S 2sf
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Kinematically constrained t for DVCS

constrained ¢?2 minimisation with NDF=7

full 4-momentum conservation of the reaction mp! nmpg
vertex constraints for mrrPand poincluded inthe t
%] COMPASS 2012 compass 2012 |¥) COMPASS 2012
[¢}] L Data [ Data
g 100 ,-LL\_ M ﬂ_ S, E 100 F1 Shigs,
eX oo | A
0 & W& o &
R e VI, A N B
-8 6‘-4 2 0 -8 -4 -2 0 2 4 6 8 -6 -4 -2 0 2 4 6 8

2 4 f‘6
meas_nfi
(Pypy) /s

recoil proton
momentum

(zgess2l) [ 5

recoil proton
direction
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Recoil particle Measurement in CAMERA

PMT v
EMT Bdown \
up Ampl
/ down

N RingB  somm
Ampl i — &\
Recoil Proton PMT
Adown
IPMT
A RingA gom m
i
Beam = =

P
p*

Liquid H2 Target (2.5 m)

COMPASS 2012

p
Eloss Amplyp - Amplgown
TOF ! (tup + tdown)A;B

z! tup  tdown

Energy loss (A.U.)

Count rates: >5 MHz in ring A
1 MHzinring B
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What Makes COMPASS Uniaue?
COMPASS covers the unexplored region between collider (H1+Zeus)
and low-energy xed target (Hermes+JLab) experiments

—~
20 +

% BB COMPASS 160 Ge s ;:::;:;:;:;:~3:~: m" and m beams

) ¥4 HERMES 27 Ge G o

Y | dapiicev ‘::«1:}5»1:152:?1" momentum: 100 190 GeV/c

R R
e !nnnnnnn o
g N.;a.'. ~.~.w.:x i
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.‘.w.'..:.‘." o ;'
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o g o

A%

g Q § o &.‘
,:i S G i

& m..-..w.‘, g% v..w.:&«u..,.v
iy ‘.

.cf.' »‘;n_,‘,,,, .'

beam polarization: 80 %

e A
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u.m.‘.u_..,...‘...m..‘m R i i
'.vm.‘..'.'.'.." K (G I
'..w.‘a. .' K KX KK 0%
Al "i’l'.v??‘.‘:i'.‘t't':i'.a.:l'1‘.'.’*,'.’: R ) )
@,.,:,:..,:,:,.,.‘.‘:,,,:,:. R "w.'.‘ i 0
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R
'-‘yr ROXIR 00,'0'
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A I low xg: pure BH
i i

2 i useful for normalization

R o
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i
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I high xg: DVCS predominan
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DVCS: What Can We | parn?

nP Phase 1: Polarized beam, unpol. target

xg-dependent transv. size of
nucleon

ro parameter from slope of
ds PVeS=t

. (- .. {

Interference between BH and DVCS
"Boost” of DVCS
+ E I through int.
Bethe-Heitler Deap VTS term

Measurement of ReH (X;t) and ImH (X;t)
via f -modulation of cross section

ReH (x;t)= PRdx H(x;x;t)=(x  x)
ImH (X;t) = H(x = X;X;t)

Exp. constrain to GPD H




CAMERA Readout

=] F = E = DAl
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Time Resolutions Measured with Cosmics

0> «Fr«=» «E = Dac
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Summary of Present CAMERA Performances

momentum resolution polar angle resolution
. F ¥ E
50147 I 3500f
501 v 3000-
= oI Ve 2500%
o 0.08f L 2000F
8 006+ g
0 0.04f g
0.02F
003 04 05 06 87‘\)/‘ . 02 04
eV/c .
pSpectr. [ ] (quectr. qCAMERA) /rad
z,, position resolution Zg position resolution
2000¢ 2500:
1800¢ F
1600F 2000E
igggf 1500}
1000E F
800E 1000F
600E F
400¢ 500F
200E F /
9‘.O -30 -20 -10 O 10 20 30 40 -CZS -20 -15 <10 -5 0 5 10 15 20 25
(ZA,Spectr.-ZAvCAMERA) /cm (ZB,spectr.-zB,CAMERA) /cm
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Past, Present and Future GPD Experiments

0> «Fr«=» «E = Dac
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Measurements of DVCS and BH Cross-sections

0> «Fr«=» «E = Dac
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COMPASS acceptance for DVCS

c>1\0.64
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> COMPASS 2012

3

~—0.50 °

= 2

3

&

Q

Q

<<

0.36 [,
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COMPASS acceptance for DVCS
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Selections for exclusive r © sample (similar selections for w)

+N1 + N0+ 0
COMPASS 2007&2010 protor] +
24<FEL

30000 1(GeVic)? < Q2 < 10 (GeVic?

W > 5(GeVic?)
0:1<y< 09
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JEmissj < 2:5GeV

10000

0:1(GeVic)? < p? < 0:5(GeVic)?

(not detected)

COMPASS 2007&2010 proton
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E iss [GEV]

KN
o
.
[6)]
o
(6)]
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N
o
o
o
o
L e e L

O et
02040608 1 1214
M., - [GeVic?]
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Selections for exclusive r © sample (similar selections for w)

+N1 + N0+ O
8 300001  COMPASS 20075‘_%03%2%?8'1 + 1(GeVic)? < Q2 < 10 (GeVic?
Te} r W > 5(GeVic?)
% L 0:1<y< 09
= 20000 0:003 < xgj < 0:35
(O] L
q>) 8 {Emissj < 2:5GeV
10000 - 0:1(GeVic)? < p? < 0:5(GeV/c)?
I (not detected)
10 5 0 5 10 15 20
[ COMPASS 2007&2010 proton
Emiss [GeV] % r
- - ] L
Shape of semi-inclusive background =, 30000¢
full Monte Carlo (MC) chain using Lepto 8 L
MC weighted using real data (RD) from wrong sign sample ?g 20000
= L
S L
h*h* gg h h gg > L
N + N 10000
W (Emiss) = ﬁ’?h*gg—’:Dhgg o [
N + N r
MC MC [ // ‘

Normalisation of MC using two component t
+shape from weighted MC (bgd.)
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