Exclusive low-t measurements
with muon beams at COMPASS
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COMPASS Generalized Parton Distribution (GPD) program

e Contribution to the nucleon spin puzzle
1=1IAY+AG+¥2

Jaffe&Manohar Nucl.Phys.B337 (1990)

by constraining GPD H and E

D
o

— 1 [
J9= §t|l_l:‘(l)f_1 x[H9+ E9dx

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

e 3D nucleon tomography via GPD H

H(x,E =0,t) = p(x,b.)

probability interpretation (Burkardt)
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COMPASS Generalized Parton Distribution (GPD) program

e Contribution to the nucleon spin puzzle
1=1IAY+AG+¥2
Jaffe&Manohar Nucl.Phys.B337 (1990)

by constraining GPD H and E

I\
— —_

. 1 ’
J9 = Llim [H x[H9 + E9]dx P P
\/v
t—0 (Phys.Rev.Lett.78 (1997)) small t

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

[—> Exclusive ° production x-section on unpolarised protons J

e 3D nucleon tomography via GPD H

H(Xvé =0,t)=p(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

Q2: _q2
I v= P p_p
= fai

X : average longitudinal
momentum of quark

& . longitudinal momentum
transfer to quark

t: 4-momentum transfer
/a\ to target nucleon
(related to b))
small t P'

P /\

factorisation proven for o,
not proven for OT (butsuppresed by 1/Q%)

J

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

S Chiral-even GPDs

= helicity of parton conserved

2

ag- Hq’g(X,é,t) Eq’g(X,é,t)
> F99(x,& 1) E%9(x,&,1)
g

]

P m P .
Chiral-odd GPDs
helicity of parton flipped

H?—(X,é,t) E?(Xvéat)
HY(x, 1) EF(x.&,1)

Flavour separation
constraints for parton specific GPDs

= g
P — smalt - P due to different partonic content of mesons

Gluon contribution *

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

2 -1
|:0‘em y 1—xg 1:| do

813 1-¢ xg | dxgdQ2didp

2

1 .
5 ( II +0'++) +£o‘65+ —scos(2¢)Re(cj:r

)—Ve( +.c:)cos(¢)Re(cr_:fo+ +o‘;0’)

—P/e(1—g)sin(¢)m(ct e +075)

N

-5 [ssin(2¢)|m(o’j:f)+ £(1Jrs)sin(qﬁ)lm(of:o+ +o‘;0’)}

+SLP,[\/1 —ﬂ%(a_ﬁf +c_;;) —V/e(1+¢€)cos(¢)Re(a g +G;0’)}

- Sr [sin(¢ —¢s)im(ay +eogh )+ g sin (¢ + ¢s)Im(c ") + g sin (3¢ — ¢s)im(o; 1)

+\/e(T+€)sin(9g)im(oTy ) +/e(T+)sin(29 — os)m(o )]

+87P[ V1= e2cos(9 -~ ds)Re(07 )

~ Ve(i—€)cos (9s)Re(0 ) — /e(1 — €)cos (20 — 9s)Re(7 7 )|
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Exclusive measurements at COMPASS

Helicity dependent photoabsorption
x-sections and interference terms:

O (x5, @ 1) o< £ (M) (Mh)
amplitude for subprocess y*p — Vp:
Mp,

with photon helicity m
and target proton helicity i




HEMP cross section (transverse target polarisation)

—1
tem y? 1—xg 1 do _
8m3 1-¢ x5 @2 dxgj d@2 dtdg

transversely
plolarised target

1

> (o’j:: +0;;) +e05y" —£cos(29)Re(of 1) — /(14 ) cos (§)Re(cf " + 0.4 )

—P/e(1—g)sin(¢)m(c s +074)

in(29)Im(c} 1) ++/e(1+€)sin(¢)Im(a.

+0

—sr[sin(6 — 9s)m(o7; +e0557) + gsin(¢+¢s)lm(o¢7)+§sin(3¢—¢s)lm(o’+f) _. 5 single spin
+ e+ e)sin(9s)m(oty )+ Ve(T €)sin(29 - ¢s)lm(6;;r)} asymmetries

+57P) [mcos(lb —9s)Re(a})

= 3 double spin asymmetries
—Ve(1—¢)cos(9s)Re(afy ) — V(1 —s)cos(2¢—¢s)Re(6;0+)}

[Exclusive p° and w production on transversely polarised protons and deuterons J
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Asymmetries for ut+ pT —ut+p +PO

_ _ 1
A ©0-00) 4 =Im(c} +eogy)/00 < —Im [séﬁ%Hé’ﬁ%— E?},LTWT,LT ,
UT
A0+ o =Im(0}=)/0y o< Im &7 47 Hr
sin (20— ¢5) ==Im(077)/0p o< —Im | & 176,
AUT S 'y B +— 0 T.LTOLL| >
Ai}‘} (Bo-05) o =1Im(cy)/00 =0,
sin 0 =1Im(a’q)/ 0o o< Im | 7 17 I — &7 17 61a |,
AUT 14 + [ ] 5 single spin asymmetries
cos (¢ = ¢s) - - —
App ; e :=Re(6]})/0p = Re [é”;’,LT%T,LT*Zé”?T%”W}-
08 (20— ¢5) :=Re(o]y Re | &7 17 7,17 — 285 7
ARy e :=Re(0y)/00 = Re | &7 17 A7 1T — 2677 Hpr | »
AC08 95 :=Re(0’{)/0p = Re [%?,LT@ 73?,LT£LL} .
LT ) ) ‘l ] ) | ) 3 double spin asymmetries

02 -0.1 01 02 ~E R ~Hr, ~E; = 2H; — Er, ~ H,

Op: unpolarised cross section

0
A)
sin(¢s)

e Asymmetries compatible with zero, except A7

e Indication of Hr “transversity GPD” contribution

Matthias Gorzellik Exclusive measurements at COMPASS April 2017 / IWHSS 6/25



Azimuthal asymmetries for u*+ ,0T —ut+ p+@

0.5

X : >=0.049 . .
05 <xg > e unbinned maximum

<@>=z2(@V/ef | ikelihood method
N <Pr>=0a7(GV/F | o NPB 915 (2017) 454

123 40 005 010 010203 <W>=7.10eVi? e extraction of 8 asymmetries
2 2 2
Q”[(GeVicy] Xg P [(Gevier] (5 single spin asymmetries shown)
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Azimuthal asymmetries for u++ ,l')T —ut+p+@

0.5

Comparlson to modified GPD model of GK
with 7° pole exchange added
Y, Ve
W
TR T T T =
p p
Goloskokov and Kroll (GK)
P e e predictions for COMPASS
(private communications)
— no pion pole
* | + | | === positive T® transition
I ! I negative 7 transition
< X6 >=0049 e unbinned maximum
<@>=22(Gev/ef | Jikelihood method
<Pr>=0I7(GV/F | o NPB 915 (2017) 454
T2 8 40 005 010 010208 <W>=71Gevic? e extraction of 8 asymmetries

Q?[(GeV/icY]

21
X5 Py L(GeVier] (5 single spin asymmetries shown)
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Comparison to HERMES for u++ ,OT —Sut+p+@

within large errors
HERMES data compati-
ble with all 3 scenarios

[ COMPASS uncertainties |
smaller by a factor 2

[ Future measurements at |
JLab12 expected to re-
solve the issue

COMPASS HERMES [EPJC75 (2015) 600]
<W>=8GeV/c® < W>=48GeV/c?
— no pion pole
_— e positive T form factor
— negative T® form factor
0.5
® COMPASS
0O HERMES
> note W dependence! b
<
Er O
m<:> D g S
___________________________ e =|- =
— Il " L
-5 0 0.2 0.3
t' [(GeV/c)

[EPJ A48 (2012) 187]

April 2017 / IWHSS 8/25



HEMP cross section (transverse target polarisation)

813 1-¢ xg 2| dxgdQ2didg

2 — xpi -
[aem y* 1-xg 1 ] __do transversely
plolarised target

1 —
3 (o’j:: + 0;;) +e05y" —£cos(29)Re(of 1) — /(14 ) cos (§)Re(cf " + 0.4 )

—P/e(1—g)sin(¢)m(c s +074)

in(20)Im(c ") + \/e(1+€)sin (¢)Im(ay

= Sr[sin(0 — gs)im(o | +eog )+ 5 sin(9+0s)m(0 ") + £ sin(39 - g)im(o; )

+V/e(TFe)sin(gg)im(0ly) +/e(1+)sin(29 — s)m(o7 )]

+SrP, [\/1 —€2c0s (9 — ps)Re(c] | )
—Ve(1—¢)cos(9s)Re(afy ) — V(1 —s)cos(2¢—¢s)Re(6;O+)}

Matthias Gorzellik Exclusive measurements at COMPASS April 2017 / IWHSS 9/25



HEMP cross section (unpolarised target) 2.5m long liquid
H» target

—1
Qem y? 1-xg i do _
8m3 1-¢ x5 @2 dxgj d@2 dtdg

4
2(6++ +0'++)+EO'00 —ecos(2¢)Re( 0 —Ve(1+¢)cos(9)Re(c 0++0';0’)

—P/e(1—g)sin(¢)m(ctd +074)

in (2 Im(o‘Ij')Jr &(1+¢)sin(¢)Im(c )y

1—€2cos (¢ — a)s)Re(c_L’_)

Ve(1—¢€)cos(2¢ — g

=€ cos(qDS)F{e(o;ro )—
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2.5m long liquid

HEMP cross section (unpolarised target)
H» target

-1
Gem y2 1-xg 1] do
88 1—¢ xg Q7| dxgdQ®did

1 __ —
3 (O'II + 0'++) +e0g;" —£cos(2¢)Re(o ) — \/e(1+¢) cos (¢)Re(0] s +05)

—P/e(1=g)sin(9)Im(cg" +0ry)

COMPASS Il setup

ALO Calorimeter  Target ToF system

24 inner & outer scintillators
1 GHz GANDALF readout

3.90m

EC
Shashlik modules

+ MAPD readout
2 x 2m2, 2200 channels goal 310 ps ToF resolution
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HEMP cross section (unpolarised target)
Charge-Spin-Sum

SCS,U = (dG—'_% —l—dG__))/z =

]
> (of:j: + c;;) +eoyy " —ecos(29)Re(of 1) — \/e(1+€)cos (9)Re(o " +0.5)

—P\/e(1 —£Jst ol +0)

[m] = - =
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HEMP cross section (unpolarised target)
Charge-Spin-Sum
SCS,U = (dG—'_% + dG__>)/2 =
d(%-i—sdd% +£cos(2¢)(ﬁ—tn+\/s(1+s)cos(¢)dg#

o =2 = E = DAl
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HEMP cross section (unpolarised target)
Charge-Spin-Sum

SCS,U = (dG—H_ —f—dG__))/z =

do do; do do,
d—tr +sd—tL +ecos(2¢9) d:T +e(1 +s)cos(¢)—dt“

W study ¢ dependence!

after integration in ¢:

d% +e dd—‘? study t dependence!
virtual photon . 0 ) ) )
polarisation: Exclusive 7" production x-section extraction
@ Transverse: —, + on unpolarised protons

@ Longitudinal: 0
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2 FuII scale CAMERA
= recoil detector
and I|qU|d H- target




Exclusive 7° production event selection

outer scintillator [/ reconstructed hit

Reconstructed interaction vertex in target volume

proton

Two photons, one photon above threshold
inner scintillator > reconstructed hit
7

1(GeV/c)? < Q% <5(GeV/c)?, 8.5GeV <V <28GeV,

out
0.08 (GeV/c)? < |t| < 0.64 (GeV/c)? Hin vertex K
Hout

Matthias Gorzellik Exclusive measurements at COMPASS April 2017 / IWHSS 12/25



Exclusive 7° production event selection

outer scintillator

Exclusivity conditions:

@ Mass of yy system:
Myy = (pyi + py,ir)?

Entries

50

40

30

20

1o S

proton
inner scintillator
Hin vertex
E N COMPASS 2012
E ‘\! [Jpata
C § Excl n° MC + Lepto
a g% Lepto Background
2 \§§
N NN
- : k§ :
N ; |\\| i

0.05

Matthias Gorzellik Exclusive measurements at COMPASS

0.15
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0.2 0.25

M., [GeV/c?]
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Exclusive 7° production event selection

outer scintillator [/ reconstructed hit

proton

inner scintillator x reconstructed hit

]
-
target M"
: =" ] Tout — VY
Hin vertex

COMPASS 2012
[JData

Excl n° MC + Lepto
Lepto Background

Exclusivity conditions:

Entries

@ Vertex pointing (Az)
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Exclusive 7° production event selection

outer scintillator

1o S

4

proton

inner scintillator

ks

vertex

q COMPASS 2012
§ [JData

Y Excl n° MC + Lepto
N

Exclusivity conditions:

Entries
@

30 3 Lepto Background
N
0 Ag = oh%Y — ohi” 15

] = ':3.::5‘3: [l o

e

oo
L
|
=g
3]
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Exclusive 7° production event selection

Exclusivity conditions:

@ Transv. momentum balance:

roton
L,reco

roton
1 ,meas

Ap, =

Matthias Gorzellik Exclusive measurements at COMPASS

Entries

45
40
35
30
25
20
15
10

5

ks

outer scintillator /

<+*«K

proton

inner scintillator

vertex

COMPASS 2012
[JData

Excl n° MC + Lepto
Lepto Background

02 o 02 0.4

Ap l[GueV/ c]
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Exclusive 7° production event selection

outer scintillator reconstructed hit
\
proton
inner scintillator x reconstructed hit
]
target /
= = — ] 71«'2”,
Hin vertex
o0 60 COMPASS 2012
. N r N
Exclusivity conditions: O:J sof- g ) Data
"E r s Excl n° MC + Lepto
w 40; s Lepto Background
C is
g N\
30F \
: N
20— \=
10F 5 \
E : - :b\\\\\\\
ok Y NN S o o = DY
-0.4 -0.2 0 0.2 0.4
@ Four-momentum balance: 2
2\2
2 _ 2
MX - (pﬂinerPin7pﬂout7ppout7p7[0) MX [(GeV/C ) ]
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Kinematically constrained fit for exclusive 7°

@ constrained x2 minimisation

@ full 4-momentum conservation of the reaction pp — upn®
@ 7° mass constrained to PDG mass

@ vertex constraints for w1’ and p’ included in the fit

=> most accurate determination of ¢

= good separation between signal and background

g 70 COMPASS 2012

= [Jpata

£ Excl 7 MC + Lepto
w50 [E=3 Lepto Background

Matthias Gorzellik Exclusive measurements at COMPASS

Entries

40
3!

= = NN W
o o o g o o
SETTTTT T T T T T

o o

COMPASS 2012
[Jpata

Excl ©0 MC + Lepto
[E=3 Lepto Background

8 10
(X?1eas< _ X{jt)/G

April 2017 / IWHSS 13/25



SIDIS background estimation

@ use LEPTO MC to describe non exclusive background

@ use exclusive 7% MC to describe signal contribution
o find best description of data

in signal region
in background region

@ 90 «» 30
.q:.) 80 § %F;::':UIZ .G:) N
T 7 Ns = Excl 2 MC + Lepto ]
w4 §‘§ CJExd®MC W g
" § 15
40
30 N%l 10
R |
;“: 01 0.8 -0.6 -0.4 02 0
signal region M [(GeV/c?]  background region

Matthias Gorzellik Exclusive measurements at COMPASS

COMPASS 2012

Data
XY Excl #° MC + Lepto

Excl n° MC

Mz [(GeV/c?

April 2017 / IWHSS
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COMPASS acceptance for exclusive 7° production

28.00

v [GeV]

20.78

15.43

11.45

8.50

i [}
2| ¢ (]
Z‘O:. X ,n:..to. .""2‘3 .‘0 ‘y
L)
02| ()
8 ' thy +
uw‘ ‘t.‘*z “ ‘:.“ ':. ‘2 :‘ ‘0‘
i
o2 ' betd $h ¢
v, 'Y RALEATN ! o,‘ . ié
[ S
02 [] " i.
M.;‘Hu‘ .3 :". 4 ', .
. H .‘ N .o Qg
1.00 1.50 2.24 3.34
2 2
Q" [(GeV/c)]
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COoMPASS acceptance for exclusive 7° production

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

_ N2 . BotP _ de?’P
Q@ and v: LZ= —rd%

with the virtual photon flux I = I'(Q?, V)
- |t] and @0

[m] =l = =

Matthias Gorzellik Exclusive measurements at COMPASS
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Exclusive ¥ production cross section as a function of ||

o 30 COMPASS 2012
- o ¢t 8.5 GeV < v <28 GeV
c % i 1 (GeV/cY < Q2 < 5 (GeV/c)?

Q oo+ S
— |
a B *

o | -
ko

Cy
2o 10_ |
= i
[

° i ¢
i PR R S T S N T S SR S NS SN ST S N §

I B R
0 0.1 0.2 0.3 0.4 0.5 0.6
It| (GeV/c)?
[first and only measurement at low & ]




Exclusive ¥ production cross section as a function of ||

dip indicates
contribution of E7

[a factor of ~ 2 discrepancy to

Goloskokov&Kroll model

]

— 30 : 30—
N - 3 COMPASS 2012 !
8 N ® Data !
Of > = @ Goloskokov&Kroll \
C () | based on EPJ A47 (2011) 112 v
S 20 - - 20} o
—J |
a L
o) i -
e
Cy
45:2' o 1 () i L 1 () ;
> i I
_8 | 8.5GeV <v<28GeV }
(GeV/c) < 02 < 5 (GeV/c) §
1

[first and only measurement at low & ]

0 01 02 03 04 05 08

[0.08, 0.64]

It| (GeV/c)?

Matthias Gorzellik Exclusive measurements at COMPASS

April 2017 / IWHSS

16/25



Exclusive ¥ production cross section as a function of @0

257"p
Giags = 2n (G HEGH) +ecos(20,0) G + /e(ie)oos (9,0) ‘G

ol L G- @rx09y) T COMPASS 2012
o O glden ST 8.5GeV < v < 28 GeV
c % L dd’ (@evicf 1 (GeV/cy < Q%< 5 (GeV/c)
(o] + N
0] L = (14£05°02) (Ge”\zc)z . 0.08 (GeV/cy < |t| < 0.64 (GeV/c)®
N— I AN
 __J ‘\
— 4 —
N L Large impact of E 7 visible
o) n in 99T . E7
o
Bl o L
[
T S ok
0 |O L
X C—y
S5 f
© L
Al
ho] l A v v vy by ey by by
N -3 -2 -1 0 1 2 3

¢ [rad]
[first and only measurement at low & ]
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Exclusive ¥ production cross section as a function of @0

257"p
BSTE L [(997 +£990) + cano(20) 95 + s 0,0 5]
b4

ol L % (grz0etly) M COMPASS 2012
) (Gevio 8.5GeV < v < 28 GeV
ol 6_dG—TT=(-6.01-1.3f8';) nb ' <vs
c % L ddt 7 (GeVic) - 1 (GeV/cY < Q% < 5 (GeV/c)®
(o + N
5 L - (1.4£05°32) (Genvb/c)z s 0.08 (GeV/cy’ < |t| < 0.64 (GeV/c)?
~ - »~ AN
— 4 | positive result AN
S L for d“” Large impact of E visible
a B indf'j%~E7-
o
$ 2 L
- L
ol 2
L
55|
Cyc LA o
N~ -3 -2 -1 0 1 2 3

¢ [rad]
[first and only measurement at low & ]
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Deeply Virtual Compton Scattering

P — smallt — P

(t—dependence of pure DVCS x-section on unpolarised protons ]
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Matthias Gorzellik

gt~
t= (Pp*F’p/)2

Exclusive measurel

sidwp’




-
st
t=(pp—py)?

do o<

slow p'
| Toves|?

bilinear combination of GPDs

o =2 = El= DAl
Matthias Gorzellik Exclusive measurements at COMPASS




DVCS BH
v=EFE @?
Y Y
Y*
/ ! )Kg
~gmelt v slowp P~ st~ Slowp

’:(I~7p*l~"p/)2
do o | Toves|? + |Tgy? + interference term

TV
bilinear combination of GPDs knownto 1 % linear combination of GPDs
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do/dQ’ dx,, dt do(nb/GeV ‘rad)

50

30

40 F

DVCS
Y
st ddwp
t=(pp—py 2
2
do o< | Toves|

bilinear combination of GPDs

Low xg: BH dominates

|BH+DVCSP2
|DVCSP
|BHP?

X=0.01

12

BH
i
£

)&g
p . smit_~ Sowp

+ |Tgy? + interference term

known to 1 %

[ |BH+DVCSP
|DVCSP
IBHP?

|

Xg=0.04

0.3

0.25

~
linear combination of GPDs

Large xz: DVCS dominates

F Xg=0.1

|BH+DVCSP?
|Dvesp
IBHI?

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

0.2

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

s Eow

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

-150 -100 -50 0 50 100 lsﬂd)

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

Matthias Gorzellik Exclusive measurements at COMPASS
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50

40

30

do/dQ’ dx,, dt do(nb/GeV ‘rad)

st ddwp
t=(pp—py 2
2
do o< | Toves|

bilinear combination of GPDs

Low xg: BH dominates

| |BH+DVCSP?
|DVCSP
f IBHP

X=0.01

12

BH
i
£

)&g
p . smit_~ Sowp

+ |Tgy? + interference term

known to 1 %

[ |BH+DVCSP
|DVCSP
IBHP?

X=0.04

0.3

025

linear combination of GPDs

Large xz: DVCS dominates

Xg=0.1

|BH+DVCSP?
|Dvesp
IBHI?

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

0.2

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

0.05

El‘=1 60GeV Q?=2GeV? t=-0.1GeV?

-150 -100 -50 0 50 100 l.‘ﬂd)

reference yield of
almost pure
Bethe-Heitler

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

Matthias Gorzellik Exclusive measurements at COMPASS

-150 -100 -50 0 50 100 150¢

April 2017 / IWHSS

19/25



50

40

30

do/dQ’ dx,, dt do(nb/GeV ‘rad)

Matthias Gorzellik Exclusive measurements at COMPASS

st ddwp
t=(pp—py 2
2
do o< | Toves|

bilinear combination of GPDs

Low xg: BH dominates

| |BH+DVCSP?
|DVCSP
f IBHP

X=0.01

12

BH
i i
Y*

@ﬁow p

+ |Tgy? + interference term

known to 1 %

[ |BH+DVCSP
[ |DVCSP
[ IBHP

X=0.04

0.3

0.25

linear combination of GPDs

Large xz: DVCS dominates

Xg=0.1

|BH+DVCSP?
|Dvesp
IBHI?

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

0.2

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

0.05

El‘=1 60GeV Q?=2GeV? t=-0.1GeV?

-150 -100 -50 0 50 100 lSOd)

reference yield of
almost pure
Bethe-Heitler

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

Study DVCS with:
Re(TDVCS) & |m(TDVCS)
via (dot +do™7)

-150 -100 -50 0 50 100 150¢
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50

40

30

do/dQ’ dx,, dt do(nb/GeV ‘rad)

st ddwp
t=(pp—py 2
2
do o< | Toves|

bilinear combination of GPDs

Low xg: BH dominates

| |BH+DVCSP?
|DVCSP
f IBHP

X=0.01

BH
i i
Y*

@ltkﬁow

p

+ |Tgy? + interference term

known to 1 %

13

1y £

[ |DVCSP
[ IBHP

0.3

0.25

[BH+DVCSP? %,=0.04

linear combination of GPDs

Large xz: DVCS dominates

F Xg=0.1

|BH+DVCSP?
|Dvesp
IBHI?

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

0.2

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

0.05

E El‘=1 60GeV Q?=2GeV? t=-0.1GeV?

-150 -100 -50 0 50 100 lSOd)

reference yield of
almost pure
Bethe-Heitler

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

Study DVCS with:
Re(TDVCS) & |m(TDVCS)
via (dot +do™7)
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-150 -100 -50 0 50 100 150¢

Transverse Imaging:
via (do™ +do™7)
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Exclusive ¥ Azimuthal Distributions for DVCS

7Y
Matthias Gorzellik Exclusive measurements at COMPASS April 2017 / IWHSS

8 o Data COMPASS 2012 400 e Data COMPASS 2012
- — [ —MC (BH r —MC (BH
..E. ° bgd (Mc) 1 (GeV/c)* < Q° < 20 (GeVic) ° bgd (MC) + + 1 (GeV/c)? < Q° < 20 (GeV/c)
c Lo MC(LEPTO 7° bgd. 80 GeV < v < 144 GeV 300 " MC(LEPTO n° bgd.) 32 GeV < v < 80 GeV
1000 ) m° bod.) p 3
N = R G B )
T . [ ] + T .
| f—e B 0,005< xg < 0.01| 501 e 001 xg < 0.03
ure BH
500(PUre B
contribution 100
L]
hii L L " Lodo 1 1 T . 1 L A L L j]
-3 -2 - 0 1 2 3 -3 -2 —1 0 1 2 3
r
8 1007 e Data COMPASS 2012 q) *, ( ad)
— — MC (BH ( . .
s 9 bgd (MC) * 1(@eViof’ <Q° <5 (Geviey e normalisation of BH Monte Carlo to
[ y GeV <v<32G .
W Mo B ey + Ry the data using beam flux
MC (BH + n° bgd. .
FENC Bt bad) } Xej >0.03 e dominant BH process at small xg;
50 { clearly visible
o 7% background contributing
at large xg;
e clear excess of DVCS at large xg;
20/25



n¥ Background Estimation

Major background source for exclusive photon events

Two cases:
e Visible (both y detected, easy to reject)
e Invisible (one 7 “lost”, estimated with MC)

»n F . .
o : COMPASS 2012 Invisible 7° background:
= 40 = « Data (background subtracted)
=
c [ — Normalized MC (exclusive n°) Semiinclusive LEPTOMC
L 30F — Normalized MC (LEPTO 6.1) —
. or
201 Visible 7% background . HEPGens- MG
r exclusive (Golosgokov & Kroll model) l
10F _— :
F + 7° contribution normalized to
0 M visible M, peak from real data

AR S LR AN
0.0 0 0.1 0.2 0.3 0.4 0.5
2
»Exclusive” y + one y below J MY'Y (GeV/C )

DVCS production threshold
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Transverse Nucleon Imaging at xg; > 0.03

® Measure Scs.y = (do*™* +do~7) | Scsy o< do® 4+ do S5 + ey PyIm |

note:

doVCS o cfV0S + cPVCS cos @y y + 05V05 cos 20y

Im / o< s} Sin @y + ShsiN2¢,,

[m] = - =

Matthias Gorzellik Exclusive measurements at COMPASS
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Transverse Nucleon Imaging at xg; > 0.03

® Measure Scs.y = (do*™* +do~7) | Scsy o< do® 4+ doCF + ey Pylm |

@ Subtract Bethe-Heitler (BH) Scs,u o doYoP + ey Pylm |

note:

DVCS . ~DVCS DVCS DVCS
4 dGunpoI S + Cy cos ¢7’* Y + G cos 2¢7’* Y

Im / o< s} Sin @y + ShsiN2¢,,
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Transverse Nucleon Imaging at xg; > 0.03

@ Measure Sgsy = (do™* +do™ )
@ Subtract Bethe-Heitler (BH)
@ Integrate over ¢y

Matthias Gorzellik Exclusive measurements at COMPASS

SCS,U o doB 4 dO'E%CO;S + e#P#Im /

DVCS
do2VC5 + ey PyIm |
DVCS

Scs,u <
Scs,u =< ¢,
= PURE DVCS CONTRIBUTION

note:

DVCS .
d Ounpol

c0105 1 TPVSSastyy + 22" Soon20z;

Im /o< 7§ Sin2¢y«y
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Transverse Nucleon Imaging at xg; > 0.03
@ Measure Sgsy = (do™* +do™ )
@ Subtract Bethe-Heitler (BH) ‘
@ Integrate over ¢y:y

dO-DVCS
di e 2 < 1 >~ 2B(xg)

at small xg;

|H1 PLB681 98

0_|(2009)

10% 103 102 101 1
Xgj |

Matthias Gorzellik
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Transverse Nucleon Imaging at xg; > 0.03

@ Measure Sgsy = (do™* +do™ )
@ Subtract Bethe-Heitler (BH) ‘
@ Integrate over ¢y:y

dO-DVCS
—Blt|. 2
e Bl < 2 >~ 2B(xg)
d| t| at small xg;
v
B(XB/') = by + 20/ |n(X0/XB/')
(inspired by Regge Phenomenology)
o E =
~ TF %
(&) £
-~ 6 E L i
% E 4 w
(O £ o =026
= F
4=
m r COMPASS coverage
3 < >
[ ™ ZEUS: JHEP 0905 (2009) 108 (Q?) =3.2 (GeV/c}
25w M EurPhys C44 (20051 (QF)=40 (Gevicf
1 ?A Hi:  Phys. Lett. B681(2009) 391 (Q?) = 8.0 (GeV/c)
0 E 1 1 1
107

10°° 1072 107!
Xg

v

2 S S
e "
5% " 1o

af‘d

|H1 PLB681
(2009)

104 103 102 10t
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Transverse Nucleon Imaging at xg; > 0.03

@ Measure Sgsy = (do™* +do™ )
@ Subtract Bethe-Heitler (BH) ‘
@ Integrate over ¢y:y

Measure o' > 0.125

2 5 a5
e n
s uaf‘L\uO

af‘d

dO-DVCS 5
—Bit|. 2
e Bl < 2 >~ 2B(xg)
d| t| at small xg;
) = / . .
B(xg)) = bo +-2¢" " yith more than 2.5 & confidence level J
(inspired by Regge Pheno..
o E -
~ 7
(&) £ %
-~ 6 E L i
% g 4 w
O 5F @'=026
= b
m r COMPASS coverage
3 T
E ™ ZEUS: JHEP 0905 (2009) 108 (Q%) = 3.2 (GeV/c)’
25w M EurPhys C44 (20051 (QF)=40 (Gevicf
1 ?A Hi:  Phys. Lett. B681(2009) 391 (Q?) = 8.0 (GeV/c)
0 E L L L
107

10°° 1072 107!
Xg

v

Matthias Gorzellik
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~

-]
~ 1_]
10.64+0.02 ;
%,

|H1 PLB681 )
o_|(2009)

10% 103 102 101 1

Xgj |
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DVCS x-section and t-slope extraction

1I..

01 02 03 04 05 06

It| (GeV/c)?

2
o 1O o =00 COMPASS 2012
o) C(Q?)=1.8 (GeV/c}
S [ (W)=58CeVic
q.) -
0] -
o]
£ 10¢
o f
2= | —B=4.31£0.62 03 (GeV/c)?
T= | (GeV/cf < Q@ < 5 (GeV/cy
Q2o 10 GeV < v <32 GeV
5 P I
@)
O
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Comparison with HERA

Al F -
I/‘\ 7 —
O o
~~ - o=
> 6 i
()] -
S SF
SN %
4
o F
3 5_0 COMPASS 2012; (Q%) = 1.8 (GeV/cyf
2 [-m  ZEUS: JHEP 0905 (2009) 108 (Q%) = 3.2 (GeV/c)
C v Hi:'  Eur. Phys. C44 (2005) 1 (Q%) = 4.0 (GeV/c)
TE A Hi:  Phys. Lett. B681 (2009) 391 (Q?) = 8.0 (GeV/c)?
0: L MR | L IR | L IR | L
—4 -3 -2 —1
10 10 10 10 XB
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H1: “B increases as @Q? decreases”

Comparison with HERA “
< H1
g
@, —T’M\ ..... Koo
Al F I af 1 : : """""""""""""""
ol ! i
- 1 ==+ A (1-B log(Q%(2 GeV?)))
~ 6 R L R I 25
% - é Q?[GeV?|
(O S5F H1/ZEUS tas QP |
~ 4 E (COMPASS measurement might %
m E indicate decrease of B with xz)
o
but: large gluon contribution ~ ~SS 2012: [(Qz) =18 (GeV/c)ZJ
at H1/ZEUS vs COMPASS JHEP 0905 (2009) 108 (@) = 3.2 (GeV/c)
Zur. Phys. C44 (2005) 1 (Q%) = 4.0 (GeV/cyf
dhys. Lett. B681 (2009) 391 ((Q°) = 8.0 (GeV/c)®
| L IR | L IR | L
10°° 1072 107y
B
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Comparison with HERA + JLab/HERMES

-

B.(GeV/c)®

=B/2

Model independent extraction

(from x-section measurements )

0 o o8t e P+ HE, &

SR o< 2Bt

Self consistent extraction
Jﬁm(‘s i t) = H+(§7‘§>t) o< eBtt

[P

hys. Rev. D 95, 011501 (R)]

o i
3 % i

- : I,Lo

o gluon sector sea quarks + ' valence
2 i quarks
’ :_o COMPASS 20121 (@%) = 1.8 (GeV/c)? :

L m ZEUS: <oz>=3.2( |

C v Hi: (Q%)=4.0( |
oA H1: (Q%) =8.0 (GeV/c)? !

- om JLab/HERMIIES: (@Y e[1.1 23] (GeV/c)
107 107 1072 L 107

Matthias Gorzellik

Exclusive measurements at COMPASS

-l-

_XB
2 XB
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ansatz for the valence GPD H_at & = 0:

Nucleon tomography H_(x.§ =0.0) = Zq eqay ()20 )

with Regge type By:

nucleon radius: < b3 > (X) & 4R By(X) | %) =an(i/0

. 1 o 5 .
(up to small but model dependent corrections) Ep CREIRN A VIR TS

) JodxH_=FP
QT—\ 0.7 = Pl [Phys. Rev,D 95, 011501(R)]
qg 0.6 :_ i 41/,
N~~—" - [ ]
> 05 :_ f 7 valence
O-JQ% 04 o 4 | \ quarks
~ E gluon sector sea quarks % I‘ (
0.3 4
C %,
T ® COMPASS 2012: (Q?) =1.8 (GeV/c)? ® /)Oo
0.2 ZEUS: 2y _ 2 AN
_ : (Q°) =3.2 (GeV/c) &R
- v oOHT: <02> =4.0 (GeV/c)2 CINGS
014 Hi: (Q%) =8.0 (GeVic)? %
- em JLab/HERMES: (Q%)e [1 1,2.3] (GeV/c)?
00 Coo vl Coov il MR | L
107 107° 1072 107"

{< b? > “to be compared to” 42 FP|,_o = (0.440.01)fm? # 6 2 GZ|1—o J X=§
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o counss

i34

Summary:

e 5 single and 3 double spin asymmetries from exclusive p°
and o production on polarised protons and deuterons

e exclusive 0 production cross section for a proton target

e t-dependance of pure DVCS cross section on proton target

e extraction of SDMEs upcoming

-01 0
Al

Q1R

3

COMPASS 2017

nb (GeVic)?)

3
B (GeVic)?

v, i
07T 02 03 04 05 05 (005084

0405 08
1t (GeVicy

Matthias Gorzellik Exclusive measurements at COMPASS

3 =
90 lrad]

[t] (GeV/c)®
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— 0.7p —_— 7
I F o [eDaa COMPASS 2012
E osf O gleCobsiohvarial 008 (@ever<ii<oss Gevir | o
£ 0F o5 o
S 05 f 8 [
[ £ i \ = |
— F [t
O 041 ~ T 4
~ E N [ °
03[ i o:: r
E® COMPASS 20125 (Q%) = 1.8 (GeVic} < oL
02y zeus: (O7) = 3.2 (GeVIoP g_ S L 2,
Fv Hi: (Q%) = 4.0 (GeVic) = H
01Fa H1 (Q%) = 8.0 (GeVic): Bl [
E em JLa/HERMES: (Q°) ¢[1.1.23] (GoViof ~ %5 L
o 107 102 107! ~ [m =

x=<";1 ¢ [rad]

Summary:
e 5 single and 3 double spin asymmetries from exclusive p°
and o production on polarised protons and deuterons
e exclusive 0 production cross section for a proton target
e t-dependance of pure DVCS cross section on proton target
e extraction of SDMEs upcoming
Near future:
e Dedicated beam time for DVCS and HEMP 2016-2017
e ~ a factor of 15 increase in statistics compared to pilot run
e Beam charge sum and difference extraction
= GPD H extraction (real and imaginary part in case of DVCS)
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Transverse imaging at COMPASS

B(xg) = Y% <r,?(xg) > related to % <b,?(x,) >
distance between the active quark distance between the active quark
and the center of momentum of spectators and the center of momentum of the nucleon
Transverse size of the nucleon Impact Parameter Representation
mainly dominated by H(X, §=X, t) 1 qlx, b, ) <-> H(x, &=0, t)
<r, > e <b; >/ (1-x)
singlet pion valence
? quarks. gluons cloud quarks
COMPASS | ‘
T 3 1
10° 1
Xp
Note 0.65 fm = N2/3 x 0.8 fm ¥=00l  x-01  x-~03

Matthias Gorzellik Exclusive measurements at COMPASS
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Kinematic distributions for DVCS

(%] = COMPASS 2012 [0} L COMPASS 2012
Q:) [ % E@%‘r?te Carlo O:J r - % Blgtr?te Carlo
E L @ n° background -oE L =] @ n° background
"l T
20, II"\
1 2 3,4 5 1072 107
Q° (GeV/c) Xg;
0 conPass 2012 @2 and Vv (resp. xg;) after kinematic fit!
o} v P- Xpj
= 80 % Mglr?te Carlo
E 3 n° background
w o Monte Carlo prediction (e sum s shown)

==

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

40
20

-70: parametrisation® linked to
GO'OSgOkOV & Kroll + LEPTO (shown seperately)

v (GeV)

*HEPGen++: Andrzej Sandacz, Christopher Regali
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Exclusivity variables for DVCS

«n r COMPASS 2012 0 r COMPASS 2012
(‘1_) 3 Data 9 r 3 Data
— N‘I]oglekcarlo " _‘:: 80 N N‘I]ogtekcarlc "
-— rount T backgroun:
c 100 BT backgrou e i m grou
w W s0-
50 40
I 20
maac Laun e S =y N0
-1.0 . 1.0 —-40 -30 —20 10 20 30 40
A ¢ (rad) Az, (cm)
0 1] COMPASS 2012
o | b o | = Data
= = Monte Carlo = =3 Monte Carlo
E (@ n° background E (@ n° background
w w 200

-10 05 0. 0.5 1.0
M2 ((GeV/c??)
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Kinematic distributions for exclusive 7°

n 80 COMPASS 2012 n COMPASS 2012

.0 ) bata 0

=70 3 o = L paa

= Excl n° MC + Lepto "E Excl n® MC + Lepto
L 60 Lepto Background w [E=] Lepto Background

8 F COMPASS 2012 % 50  compAss 2012
= [ pata = r [Jpaa
"E Excl n° MC +Lepto "E 40 Excl n° MC + Lepto
L 10 Lepto Background Ll C Lepto Background
F 30
L 200
10
! P osee 0% 0.995 1
1072 107‘ 1 B . . B
X Bj €
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Exclusivity variables for exclusive 7°

Entries

Entries

- S NN W oW A
S o o g o & o
R R N LT L LA R

4
4
3
3
2
2
15
10

QS oS &
UL S T T

=)

&l

oo

COMPASS 2012
[Jpata

Excl 7% MC + Lepto
Lepto Background

7 05 0.5 1
Ag [rad]
COMPASS 2012
[Jpata

Matthias Gorzellik

] Excl n° MC + Lepto
Lepto Background

0.4

Ap l[GeV/c]

Exclusive measurements at COMPASS

Entries

Entries

355 COMPASS 2012
£ [ pata
30 X Excl n° MC + Lepto
E [E=] Lepto Background
25—
200
15F-
10F
5E-
0:
Az [cm]
60
£ COMPASS 2012
50 E [ pata
C Excl n° MC + Lepto
£ [E=3 Lepto Background
40—
30
20
10
0k

S

M t(GeV/oZ)z]
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Backaround treatment for exclusive 7°

a E COMPASS 2012 — upo — ppr® 0 90 3 COMPASS 2012
_q:J 6E ] bata Uup — Hp pprty _g I \ e
T s EJExclusive o MC € 70 g. [ Excl 70 MG + Lepto
w E (scaled to data) w 60 ‘ss JExcin®mMC
C N
4: 50 gg
: \
3t 40 \
oF 30 ‘§w
E 20 \Q\ S
1= 10 M |.,<—‘s\\\§ \ ;»‘!\-‘?s i S
E :;;;\\m\‘:;!m\\\\,\_\ks\ NN \\\\\\\.\\\\\\\
-1 -08 -06 -04 -02 0 02 04 06 08 1
M2 [(GeV/c?]
g 30: COMPASS 2012
= o0 [ pata
E C Excl n° MC + Lepto
L 20 JExcin®mMC
15F-
1of L
5: N\ 1
N
-1 -0.8 -0

M2 [(GeV/c??
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Kinematically constrained fit for DVCS

@ constrained x? minimisation with NDF=7

@ full 4-momentum conservation of the reaction up — upy

@ vertex constraints for t,u’ and p’ included i

=> most accurate determination of ¢

n the fit

COMPASS 2012

COMPASS 2012

COMPASS 2012

Data
Monte Carlo
E237° background

150

50

6 4 2 0

recoil proton
momentum

direction

<!
@zl /o

) Data
&5 Monte Carlo
537 background

4 6

Data
S caro
37 background

100

50

.=
(zreaszft) / o

8 6 -4 - 2 3

éz;/ hit

recoil proton

proton momentum
given by COMPASS /spectrometer
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Recoil particle Measurement in CAMERA

PMT
-\T/ o oo V\ Ampl

T_B / down

— RingB  gomm
Ampl —#V
\‘ P Recoil Proton PMT
g Adown
‘\/‘IPMT Q
Aup TA .
Ring A 4mm

_ i U

Beam -
T

Liquid H2 Target (2.5 m)

COMPASS 2012

Eloss ~ \/ Amplyp * Amplaown
TOF — (tup + tdown)A7B

Z — typ — tdown

Energy loss (A.U.)

Count rates: > 5 MHz in ring A
~1 MHz inring B
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What Makes COMPASS Uniaue?

COMPASS covers the unexplored region between collider (H1+Zeus) J

and low-energy fixed target (Hermes+JLab) experiments

&

COMPASS 160 GeV
4 HERMES 27 GeV
[1 JLab 11 GeV

1 ZEUS +H1

10 A,?
XR

Matthias Gorzellik Exclusive measurements at COMPASS

1

@ u' and u~ beams
@ momentum: 100 — 190 GeV/c

@ beam polarization: 80 %
opposite for u* and p—

@ coverage of intermediate xg
— low xg: pure BH
useful for normalization
— high xg: DVCS predominat

~~ unexplored region between
ZEUS+H1 and HERMES+JLab

April 2017 / IWHSS 9/17



DVCS: What Can We | earn?
Phase 1: Polarized beam, unpol. target J

/\ GPDs /\

DVCS domlnance
at large xg ’ ‘ BH/DVCS interf. at intermediate xz

Interference between BH and DVCS
nucleon "Boost” of DVCS

. % + E ; —}hrough int.
] Bethe Heitler Deep VS term

Xxp-dependent transv. size of

i Measurement of Res#’(€,t) and Ims# (&, t)
) via ¢-modulation of cross section
@ - ® ?-fom /.\-—0.1 /\ 03 @ Re’(E,t) =P [dxH(x,&,1)/(x—&)
r, parameter from slope of @ Im(E,t) =H(x=E,&t)
dO'DVCS/dt B
L J==m Exp. constrain to GPD H 7




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
-t E ] E
.gO.14E I 3500;
S01E v 3000-
< Ot L 2500F
o 0.08f O 2000F
2 o006+ 1500-
© 0.04 1000F
0.02: 500¢
0"63 04 05 06 8.7‘\)/‘ . . 02 04
ev/c N
pSpectr. [ ] (eSpectr. eCAMERA) / rad
z, position resolution Z;; position resolution

2000; 2500
1800¢ F
1600: 2000E
1500 1500
1000E E
800E 10001
600; E
400E 500F
200 E

% 30 20 10 0 10 20 30 40 %520 15 10 5 0 5 10 15 20 25

(ZA,Spectr._ZAaCAMERA) /em (ZB’SpeCtr__ZB,CAMERA) /em
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Past, Present and Future GPD Experiments

Current DVCS data at colliders:
100 ZEUS-totalxsec O Hi- total xsec O
@ ZEUS-dofdt B Hi- doidt

B Hi-Agy

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

Planned DVCS at fixed targ.:
(5] COMPASS- doldt, Acsy Acst
S JLAB12- doidt, Ay, Ay, Ay

T T

o

10

Q? (GeV?)

T

PR |

sl

L
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Measurements of DVCS and BH Cross-sections
cross-sections on proton for ;,L*J', p‘T beam with opposite charge & spin (e, & P,)

dO(upppy = doB" +dc®™V S, + P, do®VSs,,
BH DVCS BH DVCS
+e,a*™ ReA +e,P,a"" ImA
Charge & Spin Difference and Sum:

D5,y = do(i ™) = dof7) o Lcém +c" cos ¢ l and i ~ F,Re H
Sesu= dof™) + do(u ) oc_ao™ +e8"S+Ksfsing Jand s/ ~ F, Im I

" «Re (F H +E(F+F) H — t/4m’ FE)

NOTE: v dominance of A with a proton target
at COMPASS kinematics
v'only leading twist and LO
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COMPASS acceptance for DVCS

o 0.64 ..
o 0.3 * + 4 4
% 2i4:.,.‘..g, “u:uz.: b4 ‘Ht.,, tu’ “ u% COMPASS 2012
0.
=0.50 [, 3
= H c
Z:—'.s..,:.'; lhodstarog, .‘33*:0'0o0 ve! ‘3033: .g
0.1 8
0 <
0.36 [.
Z_Z;.n...-.o- e0g%se00qg0 - ’33‘33’0,‘ ‘,3“".o; Du’beam
0.1
. [-]u* beam
0.22 .
Z:Zluco.-u.O'g 30000, ‘~°"'.‘3= "".‘.". [—n,%ﬂ,...,%ﬂ?,ﬂ}
0.1 d r
005 5 = = 0 7 = 0 2 = 0 ? ¢Y'Y (rad)
0.08
1 2 3 4 5

Q? (GeV/c)?
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COMPASS acceptance for DVCS

Symmetric acceptance in ¢y«
not necessary to bin the acceptance in ¢y,
for the cancelation of the interference term
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Selections for exclusive p° sample (similar selections for o)

pANT— @+ N+ p°

E 30000~ COMEASS 2007&2010 o K LY 4T | (Gevio® < G2 < 10 (GeVic?
m r W > 5(GeV/c?)
S H e 01<y<09
«E 20000 - 0.003 < xg; < 0.35
E [ |Emiss| < 2.5GeV
10000 — 0.1(GeV/c)? < p% < 0.5(GeV/c)?
[ = ~
ol N — smalt — N (not detected)
-10 -5 O 5 10 15 20 ~
Emiss [GCV] R r COMPASS 2007&2010 proton
z r
©® 30000
— r
< [
% 20000+
& r
[=] L
g L
2 10000

8.2 040608 1 1214
M. .. [GeVic?]
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Selections for exclusive p° sample (similar selections for )

w+N = '+ N+ p°

E 30000 COMBSS 20074300 poen, W LT+ Gevie? < @ < 10 (Gevic?
L 2
wn L ) W > 5(GeV/c®)
= L fis 01<y<09
> [
€ 20000 I . 0.003 < xgj < 0.35
o r E
5 r -Z/ |Emiss| < 2.5GeV
10000 — / Bt 0.1(GeV/c)? < p& < 0.5(GeV/c)?
[ | Emiss = P
L q ¥ 2Mp = S N
L Fi
C A S N — smalt — N (not detected)
10 -5 0 5 10 15 20 ~
Emiss [GeV] R r COMPASS 2007&2010 proton
z i
Shape of semi-inclusive background <O 30000~
full Monte Carlo (MC) chain using Lepto = L
S L
MC weighted using real data (RD) from wrong sign sample ﬁ 20000:
= L
+ht = o r
W(Enss) = Nap" 7+ Npg" T £ 10000
miss) = " hthtyy | hhoyy r
Nuc + Nuc L : ;
Normalisation of MC using two component fit 8_2 040608 1 1214
Gaussian function (signal)+shape from weighted MC (bgd.) M [GeV/c?]
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