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The COMPASS-II program

DVCS & HEMP measurements

Transverse Imaging of the proton
Beam charge & spin

sum, difference and asymmetry
GPD H, later GPD E
Tests in 2008-9, 1-month run in 2012
Data taking 2016 & 17

PDFs and Frag.F
s(x), Kaon FF
Data taking

in parallel

Upgrade existing

COMPASS Spectro
@ CERN/SPS

SIDIS expts

Drell-Yan measurements
Sivers PDF

Boer Mulders PDF

Test of factorization approach
Data taking 2015

Primakoff expts
rt and K Polarizability

Chiral Dynamics
Data taking 2012

Proposal submitted to CERN: 05/2010

Approval 12/2010



Towards a 3-D nucleon picture (P,,r, ,)

Hard Exclusive Scattering
Deeply Virtual Compton Scattering
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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,,t) contains form factors
\ _
+ gluons F(r) = QjXH(X:X, ) .
all also accessible with mesons \ measured in elastic scattering

contains information on the nucleon spin :

Ji’'s sumrule : (\)((H(X,X,t =0)+E(x,x;t =0))dx =J.




What makes Compass unique ?

i 7
Z 20 COMPASS 160 GeV /£ .
O ") HERMES 27 GeV CERN High energy muon beam
N\_’ JLab 11 GeV « 100 - 190 GeV
= 7ZEUS +H1 « 80% Polarisation
10 - u* and ¢~ available
g v'Opposite polarization
- vI(p) = 2.4 I(w")
s Foreseen program :
7 DVCS and meson production off
4 / a liquid H2 target (unpolarized)
. /
/ = Will explore the intermediate
/ Xg; region
? /
o/ = Uncovered region between
5 ZEUS+H1 and HERMES+Jlab
1 :a,‘c?
s 10 1
Xg;

Gluon, sea and valence quarks



Comparison of BH and DVCS at 160 GeV (MC)

DVCS : Bethe-Heitler : \N“N
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BH dominates BH and DVCS at the same level DVCS dominates

excellent access DVCS amplitude study of dobV¢es/dt
reference yield through the interference



Azimuthal angular dependence analysis

from Belitsky, Kirchner, Mdller : /u/lif Y v
polarized beam off unpolarized target
@\ LE
- BH DVCS DVCS
do(yp_)ypﬂ _B?Io. :\250' unpe! +BI:|“ do DVCI;OI
+e,a Re A +e,P,a ImA
[(x, Q° 1)
do? = PB b (cfH + C;BH cos ¢ + CZBH cos 2¢)
2(2)F(9)
daf,;jf = cos p + €27 cos 2¢)
P, X dafo‘j“ g (‘ sin @)
0s 29 + ¢ cos 3¢p)

BH DVCS Int Int
abHRreA - (™ + ¢ cos ¢ +‘c
eu X Xygﬂi((p)Pz(go) 0 1 3

6
e. P x a®”’3m4P’e = € (s sin ¢ +‘sin 20)
H K xy th(p)P ()

Twist-2 >> -

Twist-2 gluon



Angular dependence analysis

7 *
Case of COMPASS : u+(P=-0.8) and u-(P=+0.8) /H/Ef Y
unpolarized H, target
o\
Sucs : dO+ doy,.= 2(doPH+do®VSS,, ;) + 2 €, P @B Im APVCS

/

Cé)VCS+BH _. C0S/ +¢ DVCS+BH c0s2j
Int
\ 5

=> do/dt

D, (s : A0~ dO,= 2 P, dGPVCS, , + e, aBH Rp ADVCS

ey /

sin/

Int Int Int Int

c, tc, C0S/ +c, C0S2/ +c,

W‘=> Re (F1H)

cos 3/




From S, cs - Transverse imaging

i ' Using Sy cs -
T * ................................... dopyes / dt ~ exp(-Bt)
= 6 4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B~ % <r2
=] ——
[ p— 0 Ansatz at small x :
“ ZEUS Q 3.2G 1" ““““ e ‘:--'.__ B(x) = |DO +2a ln(xo/x)
<Q > =32GeV" - -2
i v HI-HFRA I *iQ > :4(}&\,?& a =0.125 GeV (FFS)
2 + HI-HERAT <Q’> =8 GeV’ + ¢ o o
I with ECAL1+2 160 GeV muon beam
o COMPASS  <Q’> =2GeV’ 2.5m LH, target
or 280 days at 160 GeV 2 years
| RN < L=s pie
| wi
-2 i | | | global =10%
10~ 10" 10" 10" Xp
Assuming 3% syst. error
|< rf > 1.4 | on BH subtraction
¥
0.5 2.5 o slope meas. for :
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Exclusive production of rho mesons

Exclusive pVMP

A ZEUS <Ql> =35GeV
ZEUS <Q’> =11 GeV’

(¥ )

CDMPAS‘:. 280 days at 160 GeV

-«::Q >—14GeV;
I{Q :=-—’?6(3e-V‘
l{Q > =5GeV

T:::Q > =10 GeV”

=

[

=
b
]

Sensitive to the nucleon size

+ the transverse size of the meson

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

10 10

Xpi

J

do,ymp / dt ~ exp(-Bt)

pVMP model developed
by A. Sandacz
Normalised according
Goloskokov and Kroll

160 GeV muon beam
2.5m LH, target

2 years

L=1222 pb

=10%

global

Already studied at Compass (without RPD)
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Angular dependence analysis

7 *
Case of COMPASS : u+(P=-0.8) and u-(P=+0.8) /H/Ef Y
unpolarized H, target
o\
Sucs : A0+ doy= 2(doBH+dOPVS,, ) + 2 €, P, @B [m APVCS
—
Cé)VCS+BH _I_ClDVCS+BH oS /- + Cé)VCS+BH COS? /-
\ s sinj +s,"sin2/
=> do/dt N
=> Im (F,H)

Dy s : dOy.- doy=2 P,dGPVes,, +e, aBH R APVCS
— /

@
Int o Int cos/ "‘OSZ_/ +CémCOS3/'

Cy T




D, s : Beam Charge & Spin Difference

Beam Charge and Spin Diff. (nb/(GeV4rad))

cl + " cosy -os 2/ +cicos3/
015=_ E,=160GeV  1=Q*<4GeV>? 0.03=x,;=007
0.1 . VGG Reggeized (x,t)-correlation
I N N VGG Factorized (x,t)-dependence
0.05 R - Mueller fit on world data
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Systematic errors : 3% charge-dependent effect between u+ and p-




D, s (1) over the kinematical domain

160 GeV muon beam
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Sensitivity of COMPASS: cos¢ modulation

Mueller’s fit on world data’

BCSA =D, /S, =My + A, cos b +A, cos2d (with JLab Hall A)
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CERN.gif

2009 Experimental setup
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2008-9 beam test

exclusivity cuts
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2009 beam test : DVCS signal

0.01<x,<0.03

| | | | |II _1:II|IIII|IIII|IIII|IIII|IIII|IIII|II

-II|IIII|IIII LU L UL UL L]
450 400 50 0 &0 100 150 450 400 -850 0 50 100 450
# (deg)

¢ (deg)

480 400 80 0 50 100 150
p (deg)

=> Excess of events for x,>0.03
is a sign for DVCS

1 week data - 40 cm long fargef —> Efficiency as estimated

in COMPASS-II proposal




The COMPASS experiment at CERN

NIM A 577 (2007) 455

New equipements built :
S
DVCS: pn p wop 'Y v' 2.5m LH2 target
H >'T Y M' v' 4m ToF Recoil particle detector
v' CAMERA

v' ECALO (1/4 avail. for 2012 run)
v' Rearrangement of ECAL1,2



Upgrades of COMPASS spectrometer

Target _
(not shown)




Recoil Proton Detector CAMERA

ToF between 2 rings of plastic scintillators o(ToF) < 350ps

» 0.06 < -t < 0.8 GeV/c?

PMT

4.2m
36 m

Ring B

11m
%,
ECALO

Specifications

Ring A :

- 4mm thick, 280 cm long
- 310 ps

- Light holding structure
Ring B :

- 5cm thick, 360 cm long
- 180ps




Moun‘rmg in clean room at CERN




2.5 m long Liquid Hydrogen Target

Cryo cooler
Heat exchanger
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CAMERA read out : Gandalf Boards

1 GHz digitization of the 96 PMT signals

Waveform treatment performed and the board

Data sent to 2 logic units (VXS backplane) : TIGER boards
= One board for data concentration and DAQ,

—> One board for level 1 trigger

» o VME64x

e 8 Channel Memory Interface to

—»  AD Conversion VME CPU

» @ 500Msps 12bit
or

@ 400Msps 14bit,
—P 16bit offset DAC

VME
Interface,
Board

Config.

8 Analog Inputs

Data
Processing
Analog Trigger
Generation

Memory
Controler

QDRI §} DDR2
144Mb | 4Gb

16 Trigger
Channels

Via VXS to
Trigger Switch

TCS USB

Clock

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

S-Link Interface
Via P2

8 Analog Inputs




CAMERA performances

Calibration with the pion beam with elastic events (rtp 2 1t p)
=» Similar pictures for 2 x 24 pairs of scintillator counters

<3000 = rprotons '
2 F <100 stopped S
B as00f- . gum‘ protons escaping
2000 m 1000
g =
E, 500[~. T 600
E:- 600
1000}
- 400
500 2005
N




Requirements

- Photon energy range 0.2- 30 GeV

- Size: 240cm x 240cm ;

- Granularity 4x4 cm?

- Shaschlyk module with MAPD readout
- Energy resolution < 10.0%//E (GeV)
- Thickness < 50 cm,

- Insensitive to the magnetic field.

Reduced setup in 2012 (1/4 of total)
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Conclusions & perspectives

the COMPASS-II experiment has started

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

COMPASS has a great potential in GPDs physics

« Study of the GPD H with a LH2 target: 2016-2017
measurement ot t-slopes - transverse partonic structure of the nucleon
measurement of Beam Charge and Spin differences & asymmetries
* Equipments built for this program:
4m long RPD, 2.5m LH2 target, Extended & improved calorimetry
2012 test run - full experiment evaluation

Future possible developments:
study of the GPD E with a transversely polarized target



Spare slides



Proton momentum resolution with SC

Principle :

Sigma_t(A)=350ps

Sigma_t(SC)=300ps

1

Simulations

/Sigma_z(vtx)=2cm
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Continuation of the GPD program :

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

q)T cs=dor (K +¢) doy(u 7) 'k'
oC Im(F,H - F,E) sin(¢- ¢;)cos ¢ \(

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

2 years - €;,p, = 10 %

_ | SYPTPRIY YT SO - PR " SRR i - *ﬁ"ﬂ’ﬂ‘ ................... ) SYPRPIY ™ SO - SRR H, ...........
i - il
I ozt + 0.2k + 0.z +}
5= -
D{U
-04 D4 (0) COMPASS 160 GeV, 140 days K
[t |=0.10(014) G\ s
_ | ®=  HERMES _
B aiz"'nla"'hla; a5 Gs 05— o - g
X Q7 [GeV?

t [GeVT



Meson production : filter of GPDs

*\ @iﬂ%
| Cross section measurement :
x & Vector meson : p,w,p... =

2
H E(z, 1) C H? E%(z,€,1) J PSeUdO-SCOIGI‘ . T[,I‘]... :
———————————————— > / N \
N 2 N N i N

Would allow for flavor separation :

Hp® = 1/42 (2/3 Hv + 1/3 HY + 3/8 Ho)

H & E
H & E

Hw = 1/V2 (2/3 Hv - 1/3 Hd + 1/8 Ho)

Ho = -1/3 Hs - 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 )



Hadron program RPD

Proton identification in RPD
Elastic scattering (hadron beam)




Kinematical consistency : 39,.,

mng

H With i, W andy: g
i / 79

With y, 1’ and proton :
. 1 & 2Mix t+Q° €

COS ig = — 281+ > N 2/ =
JL+4M2x1Q Q" t+0/xg
proton
] -
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S o %160:— WHp->[+y+p . ,
w t K 140F \ g qu
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Measurements and Estimations for resolution

AP 1 sin®9 2 af2 2 2. 2 2.2 2
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t P A L=50cm; th=5mm L=2.83m; th=4mm
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