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Versatile facility for:

® hadron structure

® hadron spectroscopy
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Generalized Parton Distributions @ COMPASS
e Contribution to the nucleon spin puzzle
3 =3AY+AG+.Y

Jaffe&Manohar Nucl.Phys.B337 (1990)

by constraining GPD H and E

)
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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Generalized Parton Distributions @ COMPASS
e Contribution to the nucleon spin puzzle
3 =3AY+AG+.Y

Jaffe&Manohar Nucl.Phys.B337 (1990)

I\
— —_

by constraining GPD H and E

. 1
J9 = Llim [H x[H9 + E9]dx
t—0 (Phys.Rev.Lett.78 (1997)) small t
recent work

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

this talk

[—) Exclusive ° production cross-section on unpolarised protons ]

e 3D nucleon tomography via GPD H

H(Xvé =0,t)=p(x,b.)

probability interpretation (Burkardt)

Andrea Ferrero

[—> t-dependence of pure DVCS x-section on unpolarised protons J
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GPDs and Hard Exclusive Meson Production

Q2: _q2
I v= Pap_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

5 Chiral-even GPDs

5 helicity of parton unchanged

Qo

: G EM(xED
= H*9(x,&,1) E%9(x,&,1)
g

P m P
Chiral-odd GPDs

helicity of parton changed

Hi(x,&. 1) EF(x,E,1)
H(x,€.1) E7(x.&.1)

Flavour separation

= s
constraints for parton specific GPDs
P — smallt T~ P - -

due to different partonic content of mesons

Gluon contribution *

* Gluon contribution at same order of a5 as from quarks

v
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HEMP cross section (unpolarised target)

—1

dem y* 1-xg 1 do _

813 1—¢ xg @ dxgj Q2 dtd¢

1 _ .

3 (ajﬂ' +o‘++) +806‘(')+ —ecos(2¢)Re(o¢f)— Vet +e)cos(¢)Re(o‘i’J’ +055) I RS I
= 2

1—y+¥z+§
- ++ g j
—Pr/e(1—g)sin(9)im(cy +0.4) y= 2xgjMp

Helicity dependent photoabsorption
x-sections and interference terms:

Oinn(xgj, QP ) o< L(Mby) (M)
amplitude for subprocess y*p — Mp:
My,

with photon helicity m
and target proton helicity i
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HEMP cross section (unpolarised target)

SCS,U = (dG—H_ —f—dG__))/z =

dO'T

d
—-i—edﬂ—&-eco (29) ——f—Mcos(q) GLT

-

e(1—¢ o +0y,)

after integration in ¢:

dO'T
dt

7_1’_7

dGL
dt

virtual photon
polarisation:

study t dependence!

study ¢ dependence!

[Exclusive 79 unpolarised x-section extraction on protons}

@ Transverse: —, +
@ Longitudinal: 0

Matthias Gorzellik Exclusive 70 muoproduction @ COMPASS September 2016 / 22nd Spin 6



COMPASS spectrometer

o ut & u~ beams with
opposite polarisations

e +80 % polarisation

e beam momentum: 160 GeV/c

Particle ldentification:

Ring Imaging Cerenkov Counter

2 Hadronic calorimeters

3 Electromagnetic calorimeters



2 FuII scale CAMERA
= recoil detector
and I|qU|d H- target




Exclusive 70 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
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Exclusive 70 event selection

outer scintillator /

\ *

proton

inner scintillator

vertex

ks

(%2}
Exclusivity conditions: D 50
=
@ Mass of yy system: -E
Myy = (Pyi+pyi)? w 40
30
20
10

7044
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COMPASS 2012

[ Dpata

Y Excl n° MC + Lepto
Lepto Background

preliminary

-
.;JI

!
0.2

0.25

M., [GeV/c?
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Exclusive 70 event selection

outer scintillator

{reconstructed hit

inner scintillator

proton

reconstructed hit

0M

target 0
; —_ 1 Tout = VY
Win vertex
Exclusivity conditions: 8 355— COMPASS 2012
= = [ Dpata
E 30F Excl n° MC + Lepto
wl 25i Lepto Background
F preliminary
@ Vertex pointing (Az) 20F
15F AW
10F |E\\ |
£ NN
5 -\\\\ "‘ﬁi‘;‘ s
o& ~ .\w’&“% AN B
-30 -20 -10 0 10 20 30
Az [cm]
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Exclusive 70 event selection

outer scintillator

1o S

.

proton
inner scintillator
Hin vertex
Exclusivity conditions: 8 40 E— N COMPASS 2012
/ ' = g § [Joata
— F
E 35E I§ Excl n° MC + Lepto
W 30F \\EQ Lepto Background
o5E \\\\\‘ preliminary
20 I§
1 1t E
© g — g2 - ol 18-
c N

AN\
] -ﬁm%%&ﬁ Lo

0 0.5 1

.Aqo [rad]

|
N
|
o
3

Matthias Gorzellik Exclusive 70 muoproduction @ COMPASS September 2016 / 22nd Spin 9



Exclusive 70 event selection

Exclusivity conditions:

@ Transv. momentum balance:

roton

Ap, = L,meas
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roton
L,reco

Entries

45
40
35
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25
20
15
10

5

outer scintillator /

proton

inner scintillator

ks

vertex

COMPASS 2012

[ Dpata

Excl n° MC + Lepto
Lepto Background
preliminary

02 0 02 0.4
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Exclusive 70 event selection

outer scintillator

{reconstructed hit

proton

inner scintillator reconstructed hit

0

target
f L= 1 Tout
Win vertex
T EYs
Exclusivity conditions: ()] F N COMPASS 2012
‘T 50k N [ Dpata
E C s Excl n° MC + Lepto
L 40i s Lepto Background
r ss preliminary
F N
30 §
C N
C §
201~ N
10 S
E |-\:§.\\\\\\« n
= T e AN RN N S R v =

@ Four-momentum balance:
2 _ 2
MX - (pl»lin + Ppin — Prour — Ppout — p,,o)
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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 beween signal and background

% 70 COMPASS 2012 g 40F COMPASS 2012
= [ veta = a5k [ oaa
= 601 Excl 70 MC + Lepto < E Excl 1 MC + Lepto
L 50; [E=3 Lepto Background [T 30; B LeFto Background
= preliminary 25F preliminary.
40 205
30F 1sh
20F 10
10 5;
%% - 6 8 10 o 70
meas. _ it /o meas. _ fit
(7 og) (X7 xy)/c

Matthias Gorzellik Exclusive 70 muoproduction @ COMPASS September 2016 / 22nd Spin 10



SIDIS background estimation

@ use LEPTO MC to describe non exclusive background

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

in signal region

in background region

8 90 N COMPASS 2012 | 8 25
= 80 N [Joaa L=
E 70 §. Excl 1° MC + Lep(oi E 20
1T} 60 ss JExcin®MC 3 L
§s preliminary |
50 §\§ 1% R
0 N 0
30 \s ;
20 Q\ S | 5

Lr—‘-‘ [ | EH,, N

-1 8 02 04 06 08 1

signal region Mz [(GeV/c?]

7
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AR \\sll!r

04 -0.8 -0.6 -04 -02 0

background region M2 [(GeV/c?]

COMPASS 2012
[Joata

Excl 10 MC + L
[J Excln®MC
preliminary

I'- A

1N
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\
)
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COMPASS acceptance for exclusive 7°

28.00

v [GeV]

20.78

15.43

11.45

8.50
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COMPASS acceptance for exclusive 7°

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
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Exclusive ¥ cross section as a function of |¢|

oL L COMPASS 2012
S 1 8.5 GeV < v <28 GeV
Ol > 2 2 2
Sl - 1 (GeV/c) < Q" < 5 (GeV/c)
0 20— - 7 preliminary
SN—" -
o) I
o

10

I
| T
C
C
t—@—1

do(y*'p—m

0 0.1 02 03 04 05 06
[first and only measurement at low & ] | t | (GeV/ C)2
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Exclusive ¥ cross section as a function of |¢|

dip indicates
contribution of E7

[a factor of ~ 2 discrepancy to ]

Goloskokov&Kroll model

S
oS L
o)
2=
o 20—
o -
o) - ]
o
ed
= 10
-kQ--o B )
k> _
_8 L 8.5GeV < v <28GeV
- 1 (GeV/c) <Qz<5(GeV/c)

4

COMPASS 2012
® Data

® Goloskokov&Kroll
EPJ A47 (2011) 112

preliminary

52

20

10

1

1

1

1

1

1
v

@1
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[first and only measurement at low & ]

[0.08, 0.64]

It| (GeV/c)?
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Exclusive ¥ cross section as a function of ¢

257"p
Gogs = 2n (G HEGH) + ecos(20,0) G + /e(ieJoos (9,0) ‘G

o pPre ";L @1£0971)) b COMPASS 2012
O L & 8.5 GeV < v < 28 GeV
ol L _ (60+1.3+97) _Nb
= % d:t 7 (@evief_ 1 (GeV/c)2 < Q2 < 5 (GeV/c)?
+ b > 2 2
(5 | a-arost) R ., 008 (GeViof <t < 064 (GeVio)
~ 4 s preliminary
a B Large impact of E7 visible
) o - in dz# NET
Bl %
T > - T -
©
2= 9
slo r
o} B
U -
I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

-3 -2 -1 0 1 2 3

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

257"p
gfg‘l’ . = 1 [( dor + EdGL ) —+ ecos( 2¢”o)dGTT + mcos 0.0) dGLT]

ol B d;L (B1+0911}) L COMPASS 2012
O Ly R 8.5 GeV < v < 28 GeV
O > ot - (-6.011.3,0:7 (GeV/cy? 1 V/cr 2 5
Sl — r (GeVic)” < Q° < 5 (GeVic)
(O [ e - (1420553 (G;@C)Z s 0.08 (GeV/c) < [t| < 0.64 (GeV/c)?
~— 4} n N preliminary
positive result AN
o) | for 9% Large i t of E 7 visibl
o ge impact of E visible
) - in lormr NET
l‘l Og dt
TS i .
2=
o |
©O L
U —
I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

-3 -2 -1 0 1 2 3

[first and only measurement at low & ] ¢ TCO [rad]
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o L COMPASS 2012 ™ Lo, % (g109:1)) —m0 COMPASS 2012
) o Data < oo ! (Gevier 8.5GeV <v<28GeV
z I = r dﬂi’ y w07y _nb . <v<
) % [ * Goloskakovaiol Q % | = (eostaiy) <ee"wc> 1 (GeVicf < Q7 < 5 (GeVicy’
o 20 - - preliminary 20 0] U (1.4+05703) B ‘Gewc) 0.08 (GeV/c)’ < |t| < 0.64 (GeV/c)?
= M =4 preliminary
2 - & [
I e
= 10— 10} - © [
2o 2= o
Sl S
3 —85GeV<V<EBGeV 2% 3 =
1 (GeV/c) <O <5 (Gevic) 3, F
L L L L L L Il
0 O 1 O 2 O 3 O 4 O 5 O 6 [0.08, 0.64] -3 -2 -1 0 1 2 3
2
|t] (GeV/c) ¢ [rad]
Summary:

e exclusive 0 production cross section for a proton target
e t- and ¢ 0-dependance yield valuable input to model parametrisation
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oL COMPASS 2012 o B L (iz0oryy) o COMPASS 2012
S [ o Data <l ::" . e 8.5GeV <v<28GeV
) % [ © GoloskokovaKroll 9 % | Tat=(e01315) i > 1 (GeV/cY < Q% <5 (GeV/cf
47 2011 11
& 20— - E””p:‘:mhfmy 20 . 15} L "“L —(14+05°03) Db Gewc) 0.08 (GeV/c)’ < |t| < 0.64 (GeV/c)?
=T = 4 preliminary
o L . Y r
(3 L il Y
Tl= 10 % 10 Ts
2T Tt . i o ot
= 8 ¢ =T
L | 8.5GeV <v<28GeV {. 8 r
F1 (GeV/c) < o? <5 <Gewc)2 {. r
L L L L L L Il
0 O 1 O 2 O 3 O 4 O 5 O 6 [0.08, 0.64] -3 -2 -1 0 1 2 3
2
|t| (GeV/c) ¢ [rad]
Summary:

Near future:

e exclusive 0 production cross section for a proton target
e t- and ¢ 0-dependance yield valuable input to model parametrisation

e Dedicated beam time for DVCS and HEMP in 2016 and 2017
e =~ a factor of 15 increase in statistics compared to pilot run 2012
e Beam charge sum and difference extraction
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Thank you
for your attention!
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Kinematic distributions

a COMPASS 2012 o COMPASS 2012

[} O 80

= [Joata = [Jpata

€ Excl 70 MC + Lepto| e Excl 70 MC + Lepto|

L Lepto Background L 60 [E=] Lepto Background
preliminary ‘ preliminary

Q? [(GeV/c;)oz]

Som Mean values:
Y Excl n° MC + Lepto|
i;ei;:f;:;ackgmund < O2 > = 20(Gev/c)2
<v>=12.8GeV
< xgj > =10.093
< €>=0.996

1 pr 1 <|t| > =0.256 (GeV/c)?

Entries
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Invisible/visible @ background estimation

8 g COMPASS 2012 up — upm — pprdy
= [ Data
T 5 Exclusive ® MC
L (scaled to data)
4 preliminary
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Look for other GPDs: the chiral-odd H; and IE_T

Horr
dt

= — 2L 5N 1 ecos2¢
dtdo,  2n |\ @ T @ | e em

ep>enlp|ds 1 (dJT doy,

daiLihiTral

0= 5{(1—52)\<H>]‘—2£2Re[<H>*<E>]——fl|< )

4m?

dogy Ao =

d
-4/ 2€(1 + €) cos ¢, oL

}z only a few % of ag—:

o= e [0 @ - o e

oLT dme s

o =m,Q7§\/—752— Re [(H7)" (B)|

opp  dra /_L,r t

dat K Q816m2| alh

dofdi [nb/GeV?]

Large impact of E_T
clearly visible in o

and in the dip at small t of o,

solid lines : GK EPJA47 (2011)

92 04 08 o8 1 12 14

-t [GeVE]
Dotted lines: GHL JPG:NPP39 (2012) CLAS Coll, Bedlinskiy et al.
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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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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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The recoil roton detecor CAMERA

@ two barrells, each 24 scintillators / 48 PMTs
@ inner: 275¢cm ® 4 mm, radius 25¢cm

@ outer: 360cm ® 5cm, radius 110cm

@ readout with 12bit/ 1 GSps

@ ToF resolution ~ 310ps
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Time Resolutions Measured with Cosmics

A Ring A - performances
[Time Resolution: { § 350 ps £
F = Measurement with cosmics
e 2
F k]
[ =
- 2
5 3
L g W
e £ .
r % o °
B~ . Y e
r After deconvolute from ref. respltition n oo
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
00~
= Time Resolution:| § 160 ps
anf-
150/~
100
o I : seintlator
E : Lightguie
= = 36 a5 [ Protomitiplier

“ToF [ns]
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Summary of Present CAMERA Performances

momentum resolution polar angle resolution
-t E ] E
.gO.14E ! 3500;
S01E v 3000-
< Ot L 2500F
o 0.08f O 2000F
2 o006+ 1500-
© 0.04 1000F
0.02: 500¢
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
16002 2000E
1388? 1500¢
1000E E
800F 10001
600E i
400E 500F
200 E

%O -30 -20 10 0O 10 20 30 40 &5 20 -15-10 -5 0 5 10 15 20 25

(ZA,Spectr._ZAaCAMERA) /em (ZB’SpeCtr__ZB,CAMERA) /em
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