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Physics topics:

« Hard exclusive photon and meson production

* Unpolarized PDFs and TMD effects in SIDIS

* Pion induced Drell-Yan muon pair production (TMD)
 Experimental studies of chiral perturbation theory

COMPASS Il proposal available at : CERN-SPSC-2010-014 preprint
http://cdsweb.cern.ch/record/1265628/files/SPSC-P-340.pdf






What makes Compass unique ?

2 20 comPass 160 Gev / _
QO %/ HERMES 27 GeV /;;  CERN High energy muon beam
o JLab 11 GeV « 100 - 190 GeV
ZEUS +H1 « 80% Polarisation
10 e 4* and p- available
g v'Opposite polarization
7
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5 Foreseen program :
7% DVCS and meson production of f
4 7 a liquid H2 target (unpolarized)
3 /
2 / = Will explore the intermediate
/ Xp; region
7 = Uncovered region between
g ZEUS+H1 and HERMES+Jlab
1 s 10 ot 1
S z

Gluon, sea and valence quarks



Comparison of BH and DVCS at 160 GeV

DVCS : Bethe-Heitler :
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BH dominates BH and DVCS at the same level DVCS dominates
excellent access DVCS amplitude study of doPVes/dt

reference yield through the interference



Azimuthal angular dependence analysis

from Belitsky, Kirchner, Miiller :
polarized beam off unpolarized target
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Angular dependence analysis

Case of COMPASS : u+(P=-0.8) and u-(P=+0.8)
unpolarized H, target

Sucs:d0O,+dOy, = ‘ZﬂoBH'l'do-Dvcsunpol) +2e, P, aB" /7 ADVCS
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c, +C, COSQ+cC, COS2¢p+c; cos3p

W‘=> Re (Frﬂ)
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From S, s transverse imaging

seV?)

B (C

lllllllllllllllllllllllllllllllllllllllllllllllllllll

« ZEUS <Q’> =32GeV’
v HI-HERAT <Q > =4GeV’
. HI-HERATL <Q’> =8 GeV’

« COMPASS <Q*> =2 GeV’
280 days at 160 GeV
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Using S, cs:
dODVCS / dT ~ eXp(-B‘l')

B~ 3<rd

Ansatz at small x :
B(X) = bo +20 |n(XO/X)
o' =0.125 GeV-2 (FFS)

160 GeV muon beam
2.5m LH, target

2 years

L=1222 pb

Eglobal =10%

Assuming 3% syst. error
on BH subtraction

2.5 o slope meas. for :
o >0.26 (ECAL 1+2)
o >0.125 (ECAL 0+1+2)



Exclusive production of rho mesons

& [ da / dt ~ exp(-Bt)
: . VMP
Z 10~ Exclusive pVMP "
@ L
m -
8- L e B ) pVMP model developed
L A A el e e by Sandacz
- r A A I R _________l B . .
6 - L PRt & ok “*ﬁi Normalised according
i " Goloskokov and Kroll
4 __ , R COMPASSj 280 days at 1’60 GeV
i A ZEUS <Q)> =35GeV ®<Q > =14GeV] 160 GeV muon beam
n ? ZEUS <Q > =11 GeV~ m< Q; > =26 Ge;\/"
2 A<Q >=5GeV" 2.5m LH, target
- V<Q >=10GeV" 2 years
ol 1 | I L=1222 pb?
10° 107 10~ 10 Eglobal = 10 %
Xg

Sensitive to the nucleon size
+ the transverse size of the meson

Q%=1 GeV? B ~ 8 GeV-2
Q?%=10 GeV? B ~ 5.5 GeV-?



Angular dependence analysis

%
Case of COMPASS : i +(P=—-0.8) and p-(P=+0.8) / A Y* |
unpolarized H, target
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Beam Charge and Spin Diff. (nb/(GeV“rad))
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D, s : Beam Charge & Spin Difference
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Systematic errors : 3% charge-dependent effect between p+ and p-



D, s (¢) over the kinematical domain
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Sensitivity of COMPASS: cosd modulation

Mueller’s fit on world data’
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Continuation of the GPD program :

constrain the GPD E
with M+J,' M'T beam and transversely polarized NH3 (proton) target

Dres=dor (U %) - dop (ul)
X mmF,H —F,E) sin(@-¢g/cos ¢ =

160 GeV muon beam
1.2 m polarized NH3 target (f=0.26)

2 years - €,oq = 10 %
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Experimental realisation
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* New « superRPD » and H, target

* Hermetic calorimetry : Move ECALs upstream and/or complete ECAL2
* New ECALO upstream of SM1




Recoil Proton Detector

* 4 m long scintillator slabs

« ~ 300ps timing resolution

* Full scale prototype

tested successfully

C t
Flgrs"r?ac VME64x

—> 8 Channel Memory Interface to

—»  AD Conversion VME CPU

@ 500Msps 12bit
or

VME
Interface,
Board

Config.

> @ 400Msps 14bit,
—> 16bit offset DAC

Gandalf Project: —

8 Analog Inputs

16 Trigger

. . ° M o
1 GHz digitalisation 3 e N
3 Processing Sihe Via VXS to
9 Analog Trigger "’ Trigger Switch
o

—> Trigger &

Generation
Clock

Memory
Controler

QDRI jf DDR2
144Mbl{ 4Gb

of the PMT signal to
cope for high rate —

8 Channel
AD Conversion
@ 500Msps 12bit
or

/ S-Link Interface

@ 400Msps 14bit, Via P2

16bit offset DAC

8 Analog Inputs




ECALO

Requirements
- Photon energy range 0.2- 30 GeV

Energy (GeV)
S

..... - DVCS+BH

- Size: 320cm x 320cm ; 1200
- Granularity 4x4 - 6x6 cm? 1000
800

- Energy resolution < 10.0%//E (GeV)
- Thickness < 50 cm, L RN F— — {00
- Insensitive to the magnetic field.

400
200
0............‘....i....i
Prototype under studies ’ Y
Shaschlyk module with AMPD readout
Tested

O D




2008-2009 DVCS tests

Liquid Hydrogen
Compass hadron run - taroet syslem Sandwich Veto
Target region ‘\-‘
1 1 FJ__JJ
Upstream Veto /
P L\OF scintillators
\ o ' 1
j L ““”\_/“‘" o Acceptance
! l | i ! . | ~ >

Lm +/= 180 mrad

Silicon Microstrip [\ Target Cen.f”"f

Detectors

Silicon Microstrip,—
Detectors Il

l m

Selection of events :

- one vertex with pand W’

- no other charged tracks

- only 1 high energy photon (At<5ns)
DVCS Bethe-Heitler - 1 proton in RPD with p < 1. GeV/c




2008 beam test : exclusivity cuts

..2 140 - COMPASS 2008 DVCS TESsE RUN - PRELIMINARY -
0 —
>120 . _ L L
o :Apl—“D p,’+y|_|P ReD |
100-Ap,, < 0.2 GeV
80—
60
40—
20
0-1 -0.8 -0.6 -04 -0.2 0 0.2 04 0.6 0.8 1
A p(perp) (GeV/c)
-2 140 COMPASS 2008 DVCS TEST RUN - PRELIMINARY -

2
120
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0 -300 -200 -100 0 100 200 300
P (deg) A¢ (deg)



events

2008 beam test : Bethe-Heitler signal

Deep VCS Bethe-Heitler /

18
16
14
12
10

o N A O O
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|

Monte-Carlo simulation
of BH (dominant) and DVCS

=> Bethe-Heitler observed

COMPASS 2008 DVCS TEST RUN - PRELIMINARY -

. Data 1T
—— Monte-Carlo

L Q>1GeV?

After all cuts,

Detection efficiency :

€ pupopepey = 0:32 /- 0.13

Global efficiency :

- Q+p->u+p+y efficiency
- SPS & COMPASS availability
- Dead time
| l - trigger efficiency
S A S S s s
[T Jf‘
| | | | 1 | 1 | 1 | 1 | | | 1 | | | | | | | | 1 | 1 | | | | | 1 | 1 | : 8g|0ba| = 0.13 +/- 0.05
-150 -100 -50 0 50 100 150
¢ (deg)

~ 10 times more data taken in 2009

Projections of errors
are realistic



2009 beam test : DVCS signal

0.005 < Xg; < 0.01 0.01 < x5, < 0.03 Xg; > 0.03
2 2T 2
580 [ 278 events m— |[BH+DVCSJ]? 835_ 134 events wm |BH+DVCSP 5 gl 54 events = |BH+DVCSP
> B > I S L
o r == |BHJ]2 o r == |BH|2 ] == |BH]2
“— 4= T .~
o _t o t o)
aT70F 230 o
S I [ c
60| I
[ 25

20
15[

10

150 100 50 0 50 100 150 -150 100 50 0 50 100 150 150 100 50 0 50 100 150
¢ (deg) ¢ (deg) ¢ (deg)
~ 10 times more data taken than in 2008 =Excess of events for ij>0.03

is a sign for DVCS




Conclusions & perspectives

the COMPASS-II proposal has been submitted

« Wide physics case proposed :
G6PDs, TMDs, Chiral perturbation theory, unpolarized PDFs

« SPS Committee meets at the end June

COMPASS has a great potential in GPDs physics

 Study of the 6PD H with a LH2 target: 2013-
measurement ot t-slopes - transverse partonic structure of the nucleon
measurement of Beam Charge and Spin differences & asymmetries
* Equipments needed :
4m long RPD, 2.5m LH2 target, Extended & improved calorimetry

« at a later stage :
study of the GPD E with a transversely polarized target






D, s : Beam Charge & Spin Difference

0 20 40 60 80
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Systematic errors : 3% charge-dependent effect between p+ and p-



ECALO and ECAL1

geoFrame geoFrame
Entries 0
200 — Mean x 0
— Horizontal Mean y 0
150 proton RMS x 0
- Py 0
100 —
50 —
-/ _—— iy
|
50 —
100 —
_150:_ “superRPD” : -
= : Vertical f
203— | | | | | 1 1 f | 1 | 1 1 1 ‘ 1 1 1 1 | |
00 -200 0 0 400 600 800 1000 1200 1400
ECALO ECAL1 ECAL2



Meson production : filter of GPDs

N i ~ 0
x\ i/)L
L

o Cross section measurement :
Ex g Vector meson : p,w,p.. = H &
&

H,B(x,,) ( R ) Pseudo-scalar : m,n.. = H
---------------- > / SN \
N ¢ NN ’ N

Would allow for flavor separation :

Hp® = 1/v2 (2/3 H* + 1/3 HY + 3/8 H9)

Hw = 1/v2 (2/3 Hu - 1/3 Hd + 1/8 Ho)

Hp = -1/3 H - 1/8 Hs
= p:w:¢ ~ 9:1:2 at large Q?

Transversely polarized target asymmetry on vector meson :
= E/H ( studied at COMPASS without RPD )



GPD program : new equipments

DVCS pp — p'p'y

2.5 m liquid H, target

4m long Recoil Proton Detector

. Y ECall + ECal2
0, =<10°

Hermetic calorimetry
new ECALO

Later stage...

Transversely polarized target
Associated RPD




Hadron program RPD

Proton identification in RPD
Elastic scattering (hadron beam)




Kinematical consistency : 3.,

/ With p, W’ andy: @7
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vl

With uy, 1’ and proton :

1 2M*x t+0O?
cosf"? = (1+ ! g
N Y Y e 1 o W A S
proton

[7)]
% 30 COMPASS 2008 DVCS TEST RUN - PRELIVINARY - -E180 COM’PASS 2008 DVCS TEST RUN - PRELIMINARY -
2 S160F M+P->[+y+p | |
= 25 { o gHuY _ gruP
w o’ 140 s s
<

20 ::!c 120

—

(=]

(=)
|III|III|III|III|III|III|III|III|I

. Events rejected
10 0 % 60
’ ‘.‘ °0° °
- ° . 4% e 0
s rﬁ.‘o N 20

—r
(34
|||||||||||||||||||||||||||||
‘-
i
(o]
o

oI
N

OOIIII|IIII|IIII|IIIllﬂlq.llplllqlllllllllllIII|IIII

01 02 03 04 05 06 07 08 09 B1 -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02

A© (rad)



Measurements and Estimations for resolution
AP 1 sin® 9

Jeos? 9(v2ol +viol) + AP0l

P 1-B"R,-R,

RPD(2008) MuRex (2006)
B L=1m; th=1cm L=4m; th=5cm
At AP Atten length = 0.7m Atten length = 4m
— = — oz = 300 ps os = 200 ps
! P A L=50cm; th=5mm L=2.83m; th=4mm
o, = 180 ps o, = 270 ps
TOF OToF = 350 pS OToF = 310 pS
Rsz-R,= 85-12 = 63 cm | Rg-R,= 110-25 = 85cm
- 2 o= e
*m in~ 0.06 GeV 0.185 AP/P at70deg ® | 18 AP/P at 70deg
0.16 - ® 0.16 -
Good resolution in t 0.141 of 0.14 © °
0.12 5 0.12 F o
0.1F O 0.15 o
0.08 - L 0.08 - °
Importance for the 006 0 0.06 - o
the transverse imaging 094t RPD 2008 | 0.045 & "~ future RPD
0.02 - — estimation 0.02 - — estimation
0:111llllll-lplr?lllrrl"rl).lr?slu{t 0:lllllllllllllllllll

0 0.2 04 06 08 1 0 0.2 04 0.6 08 1
P (GeV/c) P (GeV/c)



Generalized Parton Distributions

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

contains pdf
H(x,0,0) = q(x)

Generalized Parton Distributions measured in DIS
for quarks :
4 functions H,E,H,E(x,E,t) contains form factors

7 F(H=[dxH(xE.D)

\ measured in elastic scattering

contains information on the nucleon spin :

Ji’s sum rule : fX(Hq(X,S,t —0)+EI(x.E¢ =0))dx = J*




3-D partonic structure of the nucleon (P,,r, ,)

Hard Exclusive Scattering zz:::r ks 511::(1 Y;:::fe
Deeply Virtual Compton Scattering / { /L
] \ [ —
ep— epy |
Y, Q2 Y .__ F_
X+E \x-’g
=¥ GPDs <3=p

®» x~0.003 x~003 x~0.3

St —7 Az — L

XxPa " ®
'lO‘ §§§§§ . 04 - o’ pion
& ® O y i \\\\ cloud
x boost = HERA ~
GPDs : H( x,Et) n 02 - fixed
Fourier (E=0) ’ | target
access to corpélations : COMPASS
ﬁ
( I:,x, ry,z ) 0 1 | . I I
Burkardt,Belitsky,Miiller,Ralston,Pire 10'4 10° 10~ 10'1 1



