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COMPASS: A Facility to study QCD

COMMON
MUON and
PROTON
APPARATUS for
STRUCTURE and

SPECTROSCOPY

Studiess untill 2001 :

U Nueleam Spim with high energy polarized p beams + polarized targets :
longitudinal spin: gluon and quark helicity distribution
->YannB e d f dalko s
transverse spin and transverse momentum dependent distribution
->Christian Sc h 1 té4lkd 0 s

U Spectroscopyy with hadron beams + LH2 (or solid) targets :
Search of hybrids and glueballs to better understand quark and gluon
confinement ->Alexander Aust r e gk



COMPASS : A Facllity to study QCD
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Primakoff with U, K beam C Test of Chiral Perturb . Theory

DVCS & DVMP with: |1 beams + LH2 © Transw. Spatiall Distribb. with. GPDs
SIDIS C Strange PDF and Transv. Mom. Dep. PDFs

Drell -Yan with 7t beams C Transverse Momentum Dependent PDFs



from Inclusive reactions

to exclusive reactions
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Generalized Partons Distributions ( H, E,

AAllow for a unified description of form factors and

parton distributions
AAllow for transverse- imaging (nucleon tomography,)

and give access to the quark angular momentum (through E)

singlet pion valence
quarks, gluons / cloud quarks
] ff P : ] fﬁfﬂf
f-"f-_ .H-FF"JF#-F_ "'Ffji -
xP \ |

AR s "F_

Xx~0.003 x0.03 % 0.3

longitud.

Impact parameter b,
Longitudinal momentum fraction X Tomographic parton images of the nucleon



Experimental requirement for exclusive measurement

DVCS: @ pA 80 p v

Tests in2008-09
40cm LH2 target + 1m RPD

Phase 1 (COMPASSII)
2.5 m LH2 target + 4m RPD

Phase 2 (in future): )
Polarised Transverse Target
integrating RPD

8 |+ :
4610 8 p | p o + ECALO before- SM1

for 2.7 10 13 protons per SPS spill
(9.6s each 485s)

C Lumi=1032 c¢cmr2 s -1 with 2.5m LH2 target



What makes COMPASS unigque for GPD<?

energy pp collision (LHC)

N% 21 coMPASS 160 Gev 7% / CERN High energy muon beam
O /) HERMES 27 GeV | V 100 - 190 GeV
o JLab 11 GeV V I+ and |- available
ZEUS +H1 / o V 80% Polarisation
10 Lumi= 103 ook | ith . \arizat
9 = amesi | with opposite polarization
8 / LRI
7 / I Will explore
: 4 the intermediate Xg; region
4 // Uncovered region between
/’ ZEUS+H1 & HERMES + Jlab
3
/ before new colliders may be
/ bo0 available
2 / f\:ﬂ X
o / f@% I Transverse structure  at
i <\}>(3<ﬂ x~10-2 essential input for
. 5/ | &};“ phenemenology of high-
S
&

J’:;QOS ?
S



ContributionssobbDVVGE’S and BH at E,=160 GeV

Deep VCS Bethe-Heitler ¢ \
do a [T PVES| 2 + |TBH| 2 + Interference -~ Term
0.005 < Ky < 0.01 0.01 < Kg; < 0.03 Kgj = 0.03 Monte_carlo
e CI 2 . .
STt nme.| RATEa snwenl| FhTmower oomer..|  Simulation
hal s 3 for COMPASS
g | Baof B set-up with
-l 2 | gt only ECAL1+2
«! § > [Missing
: I; vC3icceptance
ot \ i thout ECALO
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BH dominatres studiy of Mieelefeneace DVCS dominates
excellentt A Re TOVES studly of do®VeS/dt

referencee yieldf or IDmrToVvesS A Trarsveise|Tmagiog



ProjectionssfardPéisese 1 in COMPASS- 122438l 3-15))
with recoil proton detection and hydrogen target

C Transverse Imaging : dofdt

C Constrains on the GPD H



Deeply Virttiah COmptann Scatteengg

d\/\A/(/.p_)/.p},) — d WH + d V\APVCSUHIOO/ + PMO/

+ e aWVCS + e, B aB" ImADVCS

Phase 1. DVCS experiment to study the transverse imaging

with H+‘L, M'T beam +unpolarized 2.5m long LH2 (proton) target
Scu=do(u™) +do(u7) oc (oM +do VTS Ko™ sing

Using st,uand integration over ¢ | V.
and BH subtraction do®Veidt ~ exp(-B|t)




DVCS: Transverse Iimaging at COMPASS

dopycs/tit ~ exp(-B|t])
o~ 8
: 1
ﬂ: ...................................................
< s 4 ...................................
= @013 2 yearsof data
................................................................. 160GeVmuonbeam
oo T SN 2.5m LHtarget
- ZEUS <Ql>=32GeV ' Htarg
I v HI-HERAT <Q)> =4GeV. Egloba= 1LOV0
2 « HI-HERAT <Q’> =8 GeV’ + ¢ o o +
i with ECAL1+2
- « COMPASS <Q’> =2GeV’
or 280 days at 160 GeV
¢ ¢ o o o
2+ with ECALO+1+2
(I | 1 | | | L1 1 | | 1 1 | | L1 11| |
107 107 107 107" Xg

> without any model we can extract B(xg)
B(xg) = Y2<r?(xp) >

r  Is the transverse size of the  nucleon



DVCS: Transverse

Imaging at COMPASS

dopycsltit ~ exp(-B|t])
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B(xg) = Y2<r?(xp) >

r  Is the transverse size of the  nucleon
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> without any model we can extract B(xg)



DVCS: Transverse Iimaging at COMPASS

dopycs/tit ~ exp(-B|t])
o 8
S [ Tm—— .ans'atz at small xg
m i uuuuuuuuuu* ||||||||||||||||||||||||||||||||||| O 125 InSplrEd by
i o =0.12:
T Regge Phenomenology
a0 T e o =0.26
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with the projected uncertainties A Bwith anaccuracy of 0.1 GeV:2
we can determine : AN with an accuracy > 2.5 ¢

if ho= 0.265 with ECAL1+2
if 6> 0.1255 with ECALO+1+2



DVMP: Transverse imaging at COMPASS

dopywplttt ~ exp(-B|t)
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We are sensitive to the nucleon nucleon size
+ the transverse size of the meson

Q%=1 GeV? B~8 GeV?
Q?=10GeV? B~55 GeVv?

2 yearsof data

160GeVmuonbeam

2.5m LHtarget
gIobaI 10%

pVMP model developed
by Sandacz
renormalised according
Goloskokov and Kroll
prediction



Transverse Imaging at COMPASS

~ exp(- B[t])
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Deeply Virtual Compton Scattering

AWfrpsty) = W ¥ d%/ + P WY,y
+ e, a®" ReAbVes + e R WDVCS

Phase 1: DVCS experiment to constrain GPD H

with },l""L, u‘T beam + unpolarized 2.5m long LH2 (proton) target

Dig mdo(u) - dotu) o« (" +c"cosp) and < ~ RéF; H)
aS,UE dO‘(,U“L‘L) +da(,u7) oC doBH +c(')3VCS+ K.slInt sing |and Sllnt ~|m(F1H)

—

U /m HED = Hix= g 1)
U ReH ¢y =P Idx H(x, Et) /(x - &)

dominance of H at COMPASS kinematics




Beam Charge and Spin Difference (using

Comparison todifferent: models

[ ES160GeV 1< Q'S 4GeV? 0.03 € x4 0.07
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— VGG Reggeized (x,t)-correlation aQ Tl 1 by
~— —— VGG Factorized (x.t)-dependence oQTl nd

&
[
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)
np 2 yearsof data
160GeVmuonbeam

0.05 Mueller fit on world data 2.5m LH target
s R —— (with JLab Hall A) e = 10%
TS AN (without JLab Hall A)

0 20 40 60 80 100 120 140 160 180

¢
Higih precisiom beam fluxandd acceptance: determinationn
Systematicc ermofr bands assuming a 3% chiatgee- dependent efféet
betweem p+ andi p~ (contredl withh inclusive evts;, BFB.H é )

Beam Charge and Spin Diff. (nb/GeV4rad)



Beam Charge andiSppirDiff€rienesovestbe kinerpatiordomamomain

Statisticsand Systematics

Diff = NgitNoycd™ /a™ - ( NBH"'I\'DVC%'/a'E ) :g - EMM:.J
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With ECAL2 + ECAL1 + ECALO



Constrains on the GPD E

on transversely polarized protons (NH3 target )
1) without recoil detection (2007 & 2010)

2) with recoil detection Phase 2 ({infdtureye)

the GPD E allows nucleon helicity flip &\ q&}]
so it is related tothe angular momentum

E

P
:IX(Hq(x,drECb()x,},dm) '\/t'

P

JiI sum rule: 2J .

The GPD E is the dHoly- Graild6 of t hgeestGP D



Deeply Virttahl Meson Productiam

Aur(p®) < V|-t sim(E*H) /|H]?
X sin(o - dg)




Deeply Virttah! Meson Productiam

Aur(p®) o Vi-t sim(E*H) /[H]?

06 {p+ Ei%«2/3 E'+1/3 EY+3/8 EY
0.4 ’
ook EO o 2/3 EY8 1/3 EY +1/8 E9
% ' 0)
4'30.0 f El *oc Fu g Ed - 3/8 H¢
0.2 {1 K
0.4 { O kd = [edx dx
06— -
0.0 0.2 0.4 0.6 C Eu ~ - [Ed

' [GeV7

Goloskokov-Krelli théie most complete: model (@Q?>3GeV? x<Q2))
with H and E for quarks and gluons
guark transverse degrees of freedom taken into account

the asymptotically dominant (longitudinal) amplitude for ¢, *m — p, p
but also the one for transversely polarized photons and vector mesons  y:*m — p;p



20007 resuitss farrthend ransyersedargerget Asymmetnyy

Aur(p®) < V|-t sim(E*H) /|H] 2

Hermes Compas2007
. : . 0.20 ; - ; ' '
o1k ] - W=5 GeV ]
- l ] 0.15] o'=2 Ge\" |
- T ] 0.10[ ]
N M -
-~ —~ pO5[
“a : ) a |
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A (o) and A 1(p*) should be more promising
To be completed with the analysis of 2010 data



Deeply VirttiahCOmpiaon Scatteeingg

Phase 2 (in future) : DVCS experiment to constrain GPD E

with },l""l’, u‘T beam and transversely polarized NH3 (proton) target

DCS,TEdO'T(,UJ"L) 8 doy ()
oC Im(~,H @ A E) sin(¢- ¢ cos¢




Dy and Transverse Target Asymmetry

Prediction for phase 2 (in future)

With atransversely polarized NH3 (proton) target : 2 yearsof data
160GeVmuonbeam
1.2 mpolarisedNH, target
sin(d—o¢s )cosg Eqlobal= 1O
CST relatedd toH-anddEE
ﬂ*{iﬁ%ﬁ ﬂhﬁﬁ*}}ﬁ% Of v+ @ §-+ﬁ
-ru-—+ + 41_2-— +} + -an-— F +}
-0.4 4::.4.-1 (o) COMPASS 180 GeV, 140 days {14.-
- [t |=010(0.147)G¢ - .
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O e e e T es e O R I R R S
t [GeV X Q* [GeV



DVCS test$dni2Q0308--9

During the hadron program with 1m longrecoil proton detector (RPD)
and 40cm long LH2 target
and the 2 existing ECAL1 and ECALZ2

Liquid Hydrogen
target system Sandwich Veto

=l # Ring B A

o ———— ,
Veto = [L. {\ 4 / xr
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. l“ 1 — Ri‘n' A—==5""° | Acceptance
N |- At — :,g;_;'_._.ﬁ_ijpr".»_w,j.7_4.‘_._.; ______________________

A [ =¥ o +/-180mrad
ostrip L1/ Targetcell/ [ =
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Kinematic: constiainistt thertransvueiseeplanealane
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Entries 990
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RMS 0.2647
»2/ ndf 21.34 /30
po 113.9+ 6.7
p1 0.03037 = 0.00554
p2 0.102 = 0.006
p3 17.96 + 2.69
p4 0.04156 = 0.02485
ps 0.4242 + 0.0336
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p6 1.976 + 0.205
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2008 - 9 tests: observation of BH and DVCS events

2008: observation of exclusive single photon production,
Wobar = 0.13 +/- 0.05 C confirmed W, = 0.1 as assumed for simulations

2009: observation of BH and DVCS events

0.005 < Xg; < 0.01 0.01 < Xg; < 0.03 Xg; > 0.03
3 F 3T ar
580'_ 278 events = |BH+DVCSF 535_ 134 events — |BH+DVCSE E s 54 events m— |BH+DVC S
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2 == [BHF* 2 == [BH? °or == |BHP
o F o | S [
70 830 o 'L
e f ! s 10 evemtseipeate@l
oof : st Ay 44 plare Bvents
C 25— r
50} i Sr
C 201 C
-4-']-— I 4:_ _
i 15[ a
C i\ I C
30l i L
[ i N [ /
r 101 C
20 [ 2r
i ; -
[ 5__ [ et [
10 I 11— T
L |_ ’O ‘~
- L = . B _ﬂ' “
U-I 1 IIIIIIIIIIIIIIIII LLI u 'I-Il_Tllll |IIII|IIII|IIII|IIII Linfrng u_hIJFHrl‘TIII|IIII|IIII|IITHT |l-ll|
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RPD design and its electronics

3.6 mlong scintillator slabs
C ~ 300ps timing  resolution

Tests made with
A 2006 MuRex (a4m sector prototype)
A 2008 - 9:the present RPD (1m long)

C ct
szrs“npa VME64x

—> 8 Channel Memory Interface to

—»  AD Conversion VME CPU

@ 500Msps 12bit
r

VME
Interface,
Board

Config.

Gandalf PrOJeCt | | b | s S 16 Trigger
1 GHz digitalisation

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

8 Analog Inputs

Channels
ane » Via VXS to
Trigger Switch

Processing
Analog Trigger
Generation

TCS USB

> Trigger &

- Clock
of the PMT signal to o
. o anne

- AD Ci i

cope for high rate i— @5000“%;:;3:,“ e
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ECALOrmadefof

248 modules (1% 12 cnt)
of 9 cells read by 9MAPDs

A Unsensitive to magnetic field
A High number of pixels
(15 A 40 kPix/mm?2 MAPD)

ATemperature dependence 3,4%/deg.

A High radiation hardness
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Janya
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Summary for GPD @ COMPASS

GPDs investigatedd withh Hard!ExelusivePhotonandid Meson Productiom

Athet -slopeof t he DVCS cr oss IHetardeti ©RPDEEEEPENEad:
A transverse distribution of partons

V4 V4 V4 yd

A Re TPVCS and Im T PVESfor the GPD H determination

A the Transverse Target Spin Asymmeé € @olarised NH, target + RPDé é p h a
A GPD E and angular momentum of partons

NEW HARDWARE: :
phase 1
A Recoil Proton Detector and  Liquid Hydrogen Target
A Complete angular hermiticity for ECAL1 -2 + anew ECALO
phase 2
A Polarized target with integrated RPD






ATertiary muonbeam (80% pol): 4.61"° 100-200 GeVic

high energy beams, broad kinematic range, large angular acceptance



