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Generalised parton distributions

Factorisation for
Q2 large, t < 1 GeV?

e generalised parton distributions for quarks Hf Ef HI Ef(z,¢,1)
e limits: q(x) = H(z,0,0) normal PDF
F(t) = [da H(z,&,t) elastic form factor
e Ji's sumrule
| 1
J = - 7}in% dr x [Hf(a:,f,t) +Ef(x,§,t)}
—YJ—1

JI: total angular momentum contribution of quark f
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Nucleon tomography

e GPDs allow simultaneous measurement of longitudinal momentum and
transverse spatial structure

sea quarks pion valence
gluons cloud quark
xP | < |
o] \
. e e || B
longitud. .— F
ners® /
fansy —_~ / P
(a) ® x~0.003 x~003 x~03
o for £ - 0: t= —Ai purely transverse and
d?A .
qf(xa bJ_) — / J_e_ZAJ_'bJ_Hf(:E’ O7 _Ai)
(22

e b, distance to center of momentum (b in figure is b, )
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Why GPDs at COMPASS? f/ﬂ\
OMP.

e CERN high energy muon beam: \ )

—~ 100-160 GeV, 80% polarisation -
— p and pu~ with opposite polarisation

e unique kinematic range
between HERA and
HERMES/JLab

[]] COMPASS 160 GeV
" HERMES 27 GeV
[ ] JLab11GeV
]

Q% (GeV?)

ZEUS+H1 . .
— Intermediate x ;:

—> sea and valence quarks
— high zp; limit from acceptance

— Q2 up to 8GeV?
— |limit from cross section
with L = 10%?2 cm—2s~!

e planned measurements:

— deeply virtual Compton scattering
L LI

2 & o1 . — deeply virtual meson production

X
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DVCS at COMPASS .

%
e at COMPASS energies contribution from DVCS and Bethe-Heitler \\_‘_//’I
Hp — YD

known BH
. . " , 7{\4//\:\/ v
RCY o
0 ~smalt v glow p P~ smalt ~ Slowp

do = doBH 1+ doPVYS L interference term

BH control of experiment
DVCS d(TDVCS/d‘t‘
Interference  ReAPVYS and ImAPVES
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Comparison of BH and DVCS at 160 GeV 4=
Z

2 2
e Q7 =2GeV”, [t| =0.1GeV
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BH dominates, BH and DVCS DVCS dominates,
excellent compatible, study of do/d|t|,
reference yield access to not possible at JLab

DVCS amplitue
using interference

E. KabuB, DIS2010, Firenze, 21.4.2010 7



o=

Observables -
Ve

Phase 1: DVCS experiment to constrain GPD H .

pt (P =—-0.8), u=T(P =0.8), unpol. proton target (IH5)

e Beam charge & Spin Sum: Scs.v = dott 4 dot
e Beam charge & Spin Difference: Dos.iy = dott —do 1

e additionally deeply virtual meson production

Phase 2: DVCS experiment to constrain GPD FE

ptH(P = —-0.8), u=T(P = 0.8), transversely pol. proton target (NH3)

e Dogr = (doH (¢, ¢s) — dotH (¢, ds + 7)) — (do (¢, ¢ps) — doTT(¢, ps + 7))
o Sosr = (doth(g,05) —dot (6,65 +7)) + (Ao 1(@, 65) — do*1 (6, 65+ 7))

. : D _ Degsr S _ Scsr
e yielding two asymmetries ACS,T = and ACS,T = 5

Eunpol unpol
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Azimuthal angular dependence

® Cross section4
d o (pup — ppy) _
dzp,;dQ?d|t|d¢

for polarised beam and unpolarised target

_ BH DVCS DVCS BH DVCS BH DVCS
do = do 4+ daunpol + P, dapol +e¢,a°"Re A +e,P,a”"  Im A

e contributions

doBH cBH + Pt cos ¢ + B cos 2¢
doprS° cPVEs + cos ¢ + V5 cos 2¢
daﬁ)‘l/sc sin ¢

aBHRe APVCS cd + clcosg + ¢ cos2¢ + ¢k cos 3¢

sl sin ¢ + 5/ sin 2¢)

xR R R R

CLBH Im ADVCS

Twist-2 >> ( , Twist-2 gluon)
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BCSS and BCSD f«é’h’,}’;‘

S

~
Scs,u = dett+do~ T = 2(daBH + dePVOS 4 euPMaBH Im ADVCS)

unpol

LO .
X doBH? 4 cPVES 1 sl sing

DVCS

e integration over ¢ and subtraction of BH: do ;.0

e ¢ dependence: s o< Im (FyH), Fy Dirac form factor

Desu = dott —do T = qudgﬁ)‘l/CS + GMCLBHRG ADVCS

LO
X cj + ¢} cos ¢

e ¢ dependence: c¢l,cl oc Re (Fi'H)

e alternatively beam charge & spin asymmetry: Acs v = Dosuv/Scs,u
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Parametrisations of GPDs gomPA
e predictions with different models \w///

with factorisation: H(x,&,t) o q(xz)F(t)

with Regge motivated ¢ dependence: x-t correlation

— idea: core of fast partons, meson cloud at larger distance
H(z,0,t) o< q(z) exp(—Blt|)

— Ansatz: B =1/2(b3) = By +2a/In™®
(o’ slope of Regge trajectory)

— valence quarks: o/ ~ 1 GeV~2 from form factors, gluons: o/ small

e coefficients in cross section related to Compton form
factor H (&, 1)

MH@wgﬂﬁgw
ReH(¢,t) = P [1, do H(z, & t)—
H:Eefo
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Transverse imaging

N

EZ()MP

\N_‘_,/

e integration of Scg 7 over ¢ and BH subtraction yields

N

doPVE5 /d|t| < exp(—BJt|) with B(x) ~ 1/2 (r? (z))

e 1 transverse size of nucleon: r; =b, /(1 — x)

~ 8
N -
E i + ................................... projections with
E 6 j .................... A ................................... 2 years Of data
| — -oms 0
P . s Eglobal = 10/0
e =0 _ ~1
i ‘ ZEUS <Q*> =32GeV? L = 1222 pb
i v HILHERA I < Q?> =4GeV?
2 |- + HI-HERA Il < Q> =8GeV? * ¢ o o +
I with ECAL1+2 A t7 at I _
. . . %%'\QPASSES(?? _ 5 Gev2 Nsatz at Sma ZEBJ.
B aysat e ~ .
i (v~ xBJ)
- ¢ o ® ©o
Py with ECALO+1+2
L / x
ll‘ Il Il Il Il llll‘ ll‘ B(xBj) — BO_|_2a ]‘nw—-B()]
10" 107° 107 1070 Xg

e determination of B with 0.1 GeV~2 accuracy, o/

e no model dependence

with 30 acc. if o/ > 0.16
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e analysis in bins of Q% zp; or t, Tp;

e comparison to different models /

0.3 E~160GeV 1< Q°s 4GeV? 0.03< X< 0.07

— VGG Reggeized (x,t)-correlation projections with

0.2} — i )
VGG Factorized (x,t)-dependence 2 years of data
Mueller fit on world data Eglobal = 10%
(with JLab Hall A) L =1222 pb~!

(without JLab Hall A)

Beam Charge and Spin Asymmetry
o
I

_0_1: — c{ x Re(FiH)
_O_2++++++HH
0 20 60 80 100 120 140 160 180
()
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Projections for cos ¢ modulation

s> 0.4 S D 0.4 =) 0.4
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Projection with VGG model (Regge Ansatz) compared to HERMES data
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Deeply virtual meson production

o2
e
Hy = L (G 4 S04 29) | Hy = 3 (GHY  SHO 4 LHY), Hy = A L

e cross section measurement: = p:w: ¢~ 9:1:2 at large Q?

Vector meson production (p, w, ®) = Ij@
Pseudo-scalar production (7, 1.....) = H,E

e transversely pol. target asymmetries: constraint of £/H

Aur(p”) oc /| = [Im(E7H) /| H|7

-t [GeVT]

Hermes Compass 2007
. . 1 020 " J " ' w=s'Gev ]
l 0.15[ Q'=2 GeV* |
oo | larger effects
< 00of —L__T__ — expected for w, ,07L
] 005
W=5 GeV B -0.10[ [
. . . . Q2.=3 GIeVZ 0.15[
0.2 0.4 0.6 0245 0 '. 0.6

E. KabuB, DIS2010, Firenze, 21.4.2010

15



measurements with transversely polarised target

D,sin(p- ) cosé
CST .
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)

Towards GPD FE

Desr = dop(pt™) —dop(p™")
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Exclusive measurements
Phase 1: ’

2.5 m |H5 target #ﬁ%

4 m long recoil detector =t

Experimental challenges @

. -~

uon Wall

Phase 2:

transversely pol. target
with recoildetector

EMHCAL?2

high precision | s = .~ Muon Wall 1
beam flux it EHCALL

= ]

RICH

and acceptance l"l g
determination / Target upgrade ECAL1/2
new ECALO before SM1

trigger in large
kinematic range
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Target and recoil detector

OMP

e high occupancy due to ¢ rays

e Gandalf Project:
1GHz digitisation of signals to

cope with high rate

8 Analog Inputs

8 Analog Inputs TCS USB

L

L

—
—

8 Channel
AD Conversion
@ 500Msps 12bit
or

@ 400Msps 14bit,
16bit offset DAC

HF
CLK
Clock

8 Channel
AD Conversion
@ 500Msps 12bit
or
@ 400Msps 14bit,
16bit offset DAC

)

e 25 mIH5, 40 mm diameter

e minimum thickness of cryostat
and target cell

e density fluctuations < 3%

e TOF dectetor 2 layers
of scintillators

e 300 ps time resolution

Compact
Flash
Memory

VME64x
Interface to

VME CPU

VME
Interface,
Board

Config.

16 Trigger
Channels

) Via VXS to

" Trigger Switch

Processing
Analog Trigger
Genera tion

Memory
Controler

QDRII'f§ DDR2
144Mb J| 4Gb

" S-Link Interface
Via P2
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Electromagnetic calorimeter ECALOQO p

ECALO module with
4 bundles
. . T @
i 8l L= PMT MAPD-3A
. (= a=89+02 a=93:0.3
e Shashlik modules (length about 35 cm) £ +} RERS b i
(@]
. . . @ 6 |
e scintillator lead sandwich &
- [ [ 5 B
with 15 radiation length W
o llght read—out Wlth 14000 ' - I\.;IAPD-3:4\ 790lphefGe\l/ | | |
wave length shifting fibres SN e Wk T i .
e avalanche micropixel photo diodes e
ag Q [
need temp. stability < 0.2K g
& 6000 |-
o test at CERN T9 beam and B o
at muon beam 2000 |-
0 1 2 3 4 . é ‘ Eli ‘ 'I/ I 8
—> ok for GPD measurements e i e
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Test measurements

2006

e prototype of recoil detector:
30-degree sector (4 m long)

e tested in the muon beam

—> spatial and time resolution

2008

e short tex run with p™
using 40 cm IH5 target
and 1 m long recoil detector

e only 1.5 d before shutdown for LHC to look for BH events

2009
e data taking with u* (8 times more stat.) and 1~ at about nominal intensity
— measure BH events plus relative DVCS and DVMP contributions

— comparison of u™ and p~ data: u~ flux is factor of 3 lower at 160 GeV
— limitation of overall luminosity
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Liquid Hydrogen
target system Sandwich Veto

Al R

Upstream Veto f:'/
\* 4 P S oy

| : : F‘HEL - ‘“\———sl/’fﬂ | Acceptance
I 1 e - =5 Vi I — EpTTY— >
T Tt : == | o +-180mra

Silicon Microstrip AN Target cell/ i~ ET
Detectors i - .
@ Silicon Microstrip~—

/i~ Detectors lmt!
P | A R —|

l m

e used for triggering S <
v C . . S [ . N 45 L) C
and proton PID 2 TR o o m: :,  Protons rom
o A I“: Elastic scattering E £ T «¢ DVCStests
. - F S s < I with muon beam
e selection of events: §upffe vnponbeam@oos) {11 pa 3 M 00e]
o I et el o .s'
_ . / RN HR < m B TR " £ 15
vertex with 1 and u i A 'i\
— no other charged track e Uﬁ’m ,
— 1 high energy photon o %}3

TN TR TR AR TR NI
% 01 02 03 04 05 06 07 08 09 [g

— proton in RPD
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Kinematic constraints

W+y

transverse plane
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BH signal in 2008

e data plus MC simulation with BH and DCVS — BH dominant

-lg 18 ;_ COMPASS 2008 DVCS TEST RUN - PRELIMINARY -
O 16—
(o)) ~ « Data L
145 —— Monte-Carlo
12— —=
10 A
8- i
6
4
2"
0; ......................................... J(. +
1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-150 -100 -50 0 50 100 150

e clear BH signal for Q% > 1 GeV? after all cuts
e detection efficiency determined: € = 0.32 £ 0.13

¢ (deg)

o=

EZ()MP

\N_‘_,/
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Prediction 2009

e data taking with u* and some p—, results from part of the u

N
5
T data \\_M/’l
e prediction from MC simulation (using VGG for DVCS)

including current detector acceptance

e low = data dominated by BH, high x data dominated by DVCS

0.005 < x5, < 0.01 0.01 < x; < 0.03 Xg; > 0.03

-150 -100 -50 0 50 100 150
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-150 -100 50 0 50 100 150
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4—70-_ S N e |
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o] - 020k a L
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Beof o | —_—_
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Signal in 2009

0.005< Xgj < 0.01 0.01< Xgj < 0.03 Xgj > 0.03
n [%2] (2]
+— 2 +— - 2 +— - 2
Se0 278 events = [BH+DVCS| e 134 events = |BH+DVCS| S 8 54 events = |BH+DVCS]
! 3 I > [
v r == |BH]? o == |BHJ]? o [ == |BHJ?
Y— - Y— Y— |
o I o oL
Q70 o) o[
(= c c I

D
o
T T T

150 -100 -50 0 50 100 150
¢ (deg) ¢ (deg) ¢ (deg)

-150 -100 -50 O 50 100 150 -150 -100 -50 0 50 100 150

e result confirms expectations
e shape in ¢ determined by current photon acceptance in ECAL1/2

e ECALO needed for more uniform acceptance in ¢

— clear DVCS signal observed at Q? > 1 GeV?, zg,; > 0.03
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Conclusions gomp

//
\\
i\

~—e—
CoMPASS has a great potential in GPD physics

for exclusive measurements recoil proton detection mandatory

Phase 1: study of GPD H with proton target planned
liquid hydrogen target surrounded by recoil detector under design

upgrade of electromagnetic calorimetry

Phase 2: study of GPD E with transversely polarised NHj3 target

transversely polarised target with recoil detector: 2 different options discussed

Full proposal for DVCS, DY and Primakoff measurements to be submitted
to SPSC in a few weeks
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