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Factorisation:
Q? large, -t<1 GeV?

Generalized Parton Distributions H(x,0,0) = q(x)
for quarks : measured in DIS
4 functions H(x,£,1) <

[ dxH(x,£,t) = F(1)
measured in elastic scattering



U U ™
Deep VCS Bethe-Heitler
High energy beam Lower energy => use interference - holography

Cross section Single Spin Asymmetry| Beam Charge Asymmetry
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Polarised beam +/- charged beam

Quote from J.Ellis : COMPASS can do everything !



What makes Compass a special place ?

High energy muon beam (L. Gatignon)
« 100 / 190 GeV

« 80% Polarisation

- +q and -q available (change once/day)
v'Same intensity

v'Same scrapper settings

Spatial distribution of partons

Targets

e liquid Hydrogen & Deuterium
* Polarised target (no recoil)

Contribution of J, & J, to nucleon spin

- | Calendar
0 , | , , | | Now : COMPASS with polarised target
01 02 03 04 05 06 2010-2015 : Extensive program with

Xs Recoil detection & Calo
Valence + sea + gluons 2014+ : Jlab 12 and 6SI/FAIR startup




Hints on the 3-D nucleon picture (P,,r, ,)?

0.5

Lattice calculation (unquenched QCD): | o
Negele et a/, NP B128 (2004) 170 \ m_=0.87 GeV
Gockeler et al, NP B140 (2005) 399 £ 03f i

e fast parton close to the N center B ool |

= small valence quark core :
o slow parton far from the N center 0.1F .
= widely spread sea q and gluons ‘

| | L | | 5
0 0.25 0.5 0.75 1

Chiral dynamics: Strikman et a/, PRD69 (2004) 054012
at large distance :

increase of the N transverse size
for' XBj < m“/mp=0.14

COMPASS domain




Spatial distribution of partons

Observable : Beam charge Difference BCD=o(u+)-o(u-)

H(x. £.1) Double Distibutions based Models :
BCD ~ 'P(J-dx ny ) Model 1: H(x,£,1) ~ q(x) F(1)

Goeke, Polyakov and Vanderhaeghen
H(x,0,1) = q(x) e * <6,

=qx) / x* T
sensitivity to the different spatial
0  distribution of partons & when xg; N

TR Good sensitivity to models
102 ' 0-1§ _ Xg 1 in COMPASS x;; range
2

E = 100 GeV Need to be able to measure absolute
Cross section difference to a good precision



Projected errors of a possible DVCS experiment

Beam Charge Asymmetry
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L£=1.310% cm-2 s-!

E,... = 100 GeV
6 month data taking
25 % global efficiency

6/18 (x,Q?) data samples

3 bins in xg;= 0.05, 0.1, 0.2
6 bins in Q from 2 to 7 GeV?

Model 1 : H(x,§,1) ~ q(x) F(t)

Good constrains for models.
Work with up-to-date
models in progress.




Hard exclusive meson production

It comes for free !

meson

* N>
Y 3
> 103
hard c
2 A ’-\g
soft 102
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P P o
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Collins et al. (PRD56 1997):

1. factorization applies only for y*,
2. Probably at a larger Q2

1

Scaling predictions:

Xp = 0.3

v
SR
WOV
N
3
)
3
4 :
v
v

vector mesons

L (TC+ )pa!e Xp = 0.3

H,E ;

H,E

“ pseudo-scalar mesons

1

Different flavor contents:

10

1

Q’ (GeV?)

Hp° = 1/42 (2/3 HY + 1/3 H + 3/8 HI)

Hw
Ho

-1/3 H® - 1/8 HY

12 (2/3 HY - 1/3 HY + 1/8 H9)

) 10 5
Q™ (GeV")

under study with
present COMPASS data




Contribution of J, and J to the nucleon spin

Through the modeling of GPD E in Double Distribution formalism

1-Transversaly polarised target and unpolarized beam

In Meson production : do(4,¢)—do (¢, ds+ 7)< Im(F,H - FE)-sin(¢— d)cosg

Under study with COMPA JTegou)
COMPASS 2007 Data on '
In DVCS : do (9, ¢6.)-do(g,ps+ IS @
y ng
But... no recoil detection q ‘{“'S
2-Neutron target - liquid deuts
d0(€+,¢)—d0'(€‘,¢)oc9te(i=\ s l0S @

- need to have a deuterium target
* be able to detect recoiling neutrons



Experimental realisation

all COMPASS trackers: ..
SciFi, Si, pQ, Gem, DC, Straw, MWPC

2.5 m Liquid H2 & D target
to be designed and built

ECAL 1 or 2

By < 10°
\

COMPASS equipment

with additional rnlnmmo‘l'r'v

at large angle (n° bkg)

Recoil detector to insure exclusivity
to be designed and built




Recoil detector design SEn:

Neutral detection
V3
2 7/ V4
N y
)71 V2 B + the
| \‘| A { 4 } complete
——————————————————————————————— R RORR B S (0 SHR— s
| N ' COMPASS
TargEt/ / Setup
. \ SciFi
TOF counters H Mt?gas
1m Drifts SMl

Goals: Detect protons of 250-750 MeV/c
t resolution => oo < 300 ps
exclusivity => Hermetic detector

Design :
2 concentric barrels of 24 scintillators counters read at both sides

European funding through a JRA for studies and
construction of a prototype ( Bonn, Mainz, Saclay, Warsaw )



Recoil proton detection

| hi1ZrecoilProtont | = [mzeorses | hi1ZrecoilProton2 | 000 [mzecwoes
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Impact point on recoil detector
(weighted by cross section)
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Calorimeter coverage foreseen
Goals : Detect DVCS photons & n°
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ECA

0
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I
To be built

Studied with the
Dubna Group

DVCS 7 impact point at ECAL O location



QZ

Calorimeter acceptance

Existing Calorimeters

+3m x 3m ECALO

+4m x 4m ECALO

ORI Y S O W T SR -




Number of events

10°

10°

10°

Physical Background to DVCS

Source : Pythia 6.1 generated DIS events

Apply DVCS-like cuts

one u',v,p in DVCS range

no other charged & neutral in active volumes

DVCS

I B

Hard processes

detector requirements:
24° coverage for neutral
50 MeV calorimeter threshold

40° for charged particles

in this case
DVCS is dominant




Geant Simulation of recoil detector

With simulation of o-rays



PMT signals : only 1p in the set-up

Blue is background
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PMT signals : 2 108 u/spill (5s)

AL




Criteria for proton candidates

* Crude Waveform analysis

A’AH.
*Have points in corresponding A and B counters X, B,
» For each pair of “points”
* Energy loss correlation
* Energy loss vs B, correlation
| hDEBvsBeta |
4000 4000
3500 ] 3500
3000 Munf—
( no additional beam aso0f 2500f
muons in this plot — 20000 . 2000
just for pedagogy ) m;_ ook |
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Coincidence with the scattered muon

- Entries = 1331
. C Mean 03124
Use reconstructed muon vertex time 7ol we
to constraint proton candidates s0- o sareom
r p 0.8358 + 0.0437
r p2 0.824 + 0.046
\:_ p3 5733+ 0371
— Er'llrln:rm:-z 1850 Mf
Mean 2208 L
1nu_— RMS 38.18 :'m:
: :;Dr ™ 35:: :.:: 20 -
i Pl 0.772 + 0.560 C
80~ pz 13.53 + 0.54 C
: p3 #.08 + 0.50 1“-
=B oF
o -8
sl
i Use vertex position to evaluate S
20+ I . . off =
: F the effective signal 1+ B/ S
LA T

Reconstruction studies (M.Stolarski) show
that 6(z,. 10 )~2cm from muon tracking
Should be taken as a constrain in analysis



Proton detection efficiency

number of events with proton identified

Efficiency = number of “triggers”

trigger = one event with at least one good combination of A and B with hits
identified proton = ¢ of proton candidate matches ¢ of generated proton

@ 900 1
S 800 *—— ——= 09
700 S
§ 600 T g’z
~ 500 ' |——S effective
< 400 T 0.5 —=— Efficiency
= 10,4
2 300 103

200 4 0,2

100 = 0,1

0 I} I} | o

0 1.8 2.e8 4.8 W5s spill



Recoil Detector Prototype Tests (2006)

ﬂ( T ' 4 All scintillators are BC 408
_ = = A: 284cm x 6.5cm x 0.4cm
Equiped with XP20HO (screening grid)
B: 400cm x 29cm x S5cm
Equiped with XP4512

Use 16Hz sampler (300ns window)
Design by CEA-Saclay/LAL-Orsay

Installed downstream

Trigger:
A&B coincidences
finger pairs

XG0

110cm--.
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Reach 315 ps at the middle and 380 ps at the edges

Performed with 160 GeV muon (0.6*MIP in A)
Expect better resolution for slow protons



Proton signal

AE in B (MeV)

deuterons: " .

- protons
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Measured [

Target : 10 cm CH
Nominal beam intensity
8 hours of data

Analysis in progress




Conclusion & prospects

Possible physics ouput
- Sensitivity to spatial distribution of partons
- Sensitivity to total spin of partons : J, & Jg4

- Working on a variety of models (V66, Miiller, Guzey and FFS-Sch)
to quantify the Physics potential of DVCS at COMPASS

Experimental realisation

- DVCS proton is accompanied by a high background
- Recoil Detection is feasible (waveforms DAQ)

- Extension of the calorimetry is desirable

Roadmap

- "exclusive” meson production on transverse target results soon...

- Recoil proton detector for the hadron run 2007 (2 shifts in u+/p-)
- Submission of a proposal as soon as possible

- Get ready to take data with recoil detection and extended
calorimetry from 2010 to 2015 before JLab12 & GSI/Fair






Harmonic structure Y
from Belitsky, Kirchner, Miiller /llf Y /

Polarized and charged beam Py ep on an Unpolarized target

d0 gppy = doBH + dodVes, ., + P dodVes,,

T(x,, Q% 1) :
do® = P(fp 20) (c(f/”' + CB cos o + CZBH cos 2¢) < Known expression
6
do L‘;ij - eQz (27 + &Y cos 9 + & cos 2¢)
Y r
ovcs _ c
P, X do?' = i (27 sin )
6
BH DVCS € Int Int Int nt
a” " ReA = (¢, + ¢ cos ¢ + ¢ c052¢+c cos 3p)
&u % ()P (p) O T4
6
BH DVCS € Int Int .:
a®’3mA = (s sin @ + s sin 2¢)
e, Py X Xy (@A) ! 2

Twist-2 M >> Twist-3 M®"  Twist-2 gluon M-



What can Compass bring to the GPDs field?
#2 DVCS-BH interference

Beam charge difference

do* - do” 6
= (" + " cos ¢ + ¢ cos 29 + ¢ cos 3
dQdx dtdy ~ o) 0 G 2 08 29+ G cos 3)
6
+ s (5% sin )
use symmetrization ¢ — || to get rid of the sin @
Int . Int

Main Goal -
Cl CO



| h1ZrecoilProton1 |

Recoil proton detection

hiZrecoilProtond
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What can Compass bring to the GPDs field?
#1 DVCS cross section

At Ebeam = 190 GeV
DVCS is dominant

At 100 GeV
bVCS ~ BH

do/dQ’ dx,, dt do(nb/GeV rad)

ot —_
= =]

[
=]

10

10

TE x=0.1

Q*=4 GeV
F E,.=190 GeV s BHAVCS
MR .
— BH

10

0 2
- £,,=100 GeV
3 XB=O.1




Towards a complete experiment on GPDs
DVCS:

do(upe}lp}/) - do-BH + do-DVCSu”Pa/ + P” do-DVCSpa/

Many independent observ. at leading twist in interference term:

Beam charge diff. ~

do (¢,0)~do (°,9) = Re(FH + £, +F )F + 4—*mz-FzE) o5’

Beam spin diff

do (7,¢)—do (7,6) < Sm(FH + ¢ +F)H + 1 EE) sing | and
4m

Long target-spin diff a

do (P,¢)~do (P,9) < Sm(FA + ¢ +F2)H-1:’_§F2§§ sing

Transv target-spin diff

do (¢,05)-do (¢,95+7)<3IM(FH - FE)sin(¢—¢, )cosp
Use of a Polarized Target ? + Sm(qu - Flg'Ev) : C05'(¢ _ ¢5)sin @

with Proton target  neutron target (F, <<)



Prototype tests



Prototype of Recoil Detector

Prototype for a 6PD experiment
- Low rates => Large detector
- High background => Sampling of Waveforms

Measure properties of the scintillator
- Speed of light, Attenuation length, light yield

Measure timing and position resolutions in A and B

Detect protons and study background
- CH2 Targets of various width and length

Evaluate electronics chains
- 16Hz sampling of the signal
- 250MHz sampling + standard multihit TDC

« franverse »

A

A
L

B

« longitudinal »

/P

/

L —2 A

B



Prototype Design




