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Medium and Long Term Plans:
LoI submitted fo CERN/SPSC in January 2009
Proposal in preparation

2010-11: Transv. and Long. Nucleon Spin Structure (R. Joosten, E. Kabuss)
with polarised p and NH; (proton) target

>2012: Hadron Spectroscopy and Primakoff with m, K beam (S. Paul)

Transv. Spatial Distrib. 6PDs with DVCS and DVMP with p beams
Transv. Mom. Distrib. with Drell-Yan with m and in far future p, K

Nicole d'Hose, October 2, 2009, EINNOS9 Milos
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Primakoff experiments with =, K
or inverse Compton Scattering on n, K

n (or K)

meri 1yor 2
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Q% << m,?
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ny—>ny or Ky— Ky: pion (or kaon) polarizabilities
(crucial comparison with (point-like) muon beam)

ny—>na’ chiral anomaly (Fg,)

Test of QCD at low energy in  rest frame



Longitudinal Spin Structure Function of the Deuteron
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Inclusive measurements on a longitudinally polarised deuteron target in 2002-3-4-6
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- Only place for high energy polarized lepton beams - low x and high Q2
- Precise measurement + impact at small x > systematics from the extrapolation
1
for the unmeasured low x contribution to / g,(x) dx considerably reduced
0

Quark helicity Q?=3 GeV? PLB 647 (2007) 8
AT = % /O Aq(x) d = 0.30 + 0.01 (stat) + 0.02 (extrapolation)



Longitudinal Spin Structure Function of the Proton

Necessity of a balanced statistics between proton and deuteron data

Inclusive measurements on a longitudinally polarised deuteron target in 2002-3-4-6
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Transversity distribution (& - ¢ =2aw=h=q"-q"
chiral-odd distribution accessed in SIDIS

a quark moving horizontally and polarized upward prefers to emit the leading meson

to the left side of the jet
- left-right asymmetry in the hadronisation of transversely polarised quarks

Collins asymmetry « Arq(x) x Collins Fragmentation Function in SIDIS
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Transverse Momentum Distributions
with transv. momentum K+ of partons -> 8 TMD PDFs (x, k+?) @ - @
;

The most famous: Sivers function Ay"q(x, k.?) or f;+1 correlates
the transv. spin of the nucleon to the transv. momentum of the q. (distorsion)

Sivers asymmetry « A Tq(x, k:2) x Fragmentation Function in SIDIS
(requires final state interaction, parton orbital angular momentum)
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GPDs program @ COMPASS
Generalised Parton Distribution functions (H,H.E,E):

= Allow for a unified description of form factors and
parton distributions
= Allow for transverse imaging (nucleon tomography)
and give access to the quark angular momentum (through E)

singlet pion valence
quarks, gluons / cloud y, quarks
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Longitudinal momentum fraction X Tomographic parton images of the nucleon



What makes COMPASS a unique case?

1- CERN SPS high energy muon beam 100/190 GeV
Kinematic domain

19'2 < X < 19'1 2- u+ and p- with

< ol 7EUs 77 7 Bl opposite polarisation +80%
S 8 élm/f—d”e 7 q;/UthIOSf}'ijw >
o 7 SEE LI I .
6 F N 3- with a 2.5m long LH2 target
5 N Lumi= 1032 cm=2 s!
s i (present technology limit for a collider*)
AN 2 2
S <> Q° up to 8 GeV
3 & “ o .
L &7 > Any lumi upgrade extents the reach
2 S S/ 3 of the proposed measurements
@) L$ A Y
© ST/ g 2 if Lumi x 4 > more comfortable
A statistics for Q? up to 12 GeV?
1 LS A 1"-4 ol . .":J b .
10 0! . *: ENC@FAIR E,=156eV E =36eV

Gluon, sea and valence quarks % equivalent to Eu @ CERN-1006eV



2 channels studied:

- exclusive meson production (p,0,®,J/y,...

- exclusive single-photon production
WP My P

DVCS known BH
u , , y 4 ,
RC o

5 wosmallt ¥ glow p P .. smallt v Slow P

do o | TPVCS|2 + | TBH|2 + Interference Term

at COMPASS with 160 GeV we can deal with
v either BH (excellent relative yield)
v either DVCS
v or the interference



Deeply Virtual Compton Scattering
Phase 1: DVCS experiment to constrain GPD H

with Mw, LL’T beam + unpolarized 2.5m long LH2 (proton) target
and Cy) ~ Re(F,7H)

®u,cs5 do(u +¢) - ({0'@1'7) oC

Sucs = dou™) + dou") «

¢t +¢," cosg
do®™ +¢.)V° +5™" sing
L,

Using S, csand integration over ¢

and BH subtraction

and s,"™ ~Im(F,H)

do®Ves /dt > transverse imaging

Phase 2: DVCS experiment to constrain GPD E

with [L" and transversely polarized NH3 (proton) target

db—(¢: ¢s) - db—(¢: ¢5 +7£)

oC Im(F,H - F,E) sin(¢- §;)cos ¢




Transverse imaging at COMPASS

Using S, cand integration over ¢ ~ _
e and BH subtraction —  dopycs/df exp( BIt])
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for valence quark @' ~ 1 GeV-2 to reproduce FF = meson Regge traj.
for gluon @'~ 0.164 GeV-2 (J/¥ at Q2=0) « @' ~0.25 GeV-2
@'~ 0.02 GeV-2 (J/¥ at Q2=2-80 GeV?) for soft Pomeron



Using D, /S, : Beam Charge and Spin Asymmetry

Comparison to different models

Beam Charge and Spin Asymmetry
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— VGG Reggeized (x,t)-correlation (o’=0.8)

fit on world data

— VGG Factorized (x,t)-dependence (o'~ 0.1)

D.Mueller-hep-ph/0904.0458
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Experimental requirements for DVCS
T A T

Phase 1

~ 2.5 m Liquid Hydrogen Target
~ 4 m Recoil Proton Detector

Phase 2

Polarised Transverse Target
Associated RPD

- ECALs upgraded

+ ECALO before SM1



2008-2009: a small 1m Recoil Proton Detector
and a 40cm LH2 target
during the hadron program
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Selection of single photon production (bvcs test 2008)

in only 1 day 5
with 1/3 nominal p intensity, 1/6 target length np W p vy

angular distribution in ()
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<x>~0.014 (I)&

D 18

)

: 16
14
12
10

8

After exclusivity jcuts

Q2>16eV? —— Monte-Carlo simulation
- of BH (dominant) and DVCS
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‘ - clear signature of BH events (about 100 events)

- DVCS events are expected with a flat distribution

||‘ Looks encouraging, 2 weeks measurements now in 2009
to get about 1000 BH and 100 (DVCS+ Int)



Drell-Yan to study TMD

Phase 1: Drell -Yan wp! 2 p*u-X
with intense pion beam
with the transversely polarised NH;target

T X

Cross sections:
In SIDIS: convolution of a DPF with a fragmentation function
In DY: convolution of the PDFs from the 2 hadrons
- complementary information



The Drell-Yan process in « p

Unpolarised DY

do®" o hi (a1, k3,) @ hi (9. k3,) cos 2¢
| Boer-Mulders |
Target transversely polarised
doPY o fi(z1. k%) @ fi5 (o, k) sin(¢ — dga) +
| Sivers
+ frf‘ (11, *;1 ) @ hy (1o, ki) sin(¢d + dg2) +
| Boer-Mulders | Transversity

| Boer-Mulders | Pretzelosity

i g Hadon plane
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The Drell-Yan process in " p

Unpolarised DY

x hi (z1,k3,) @ hi (29, kF,) cos 2¢
| Boer-Mulders |
Target transversely polarised

der

daP? JFT] [.'i!‘| : :Eulgﬂ ) ® fir(xa, " g ) :-1"111[{_.",3 — (g2) +
| Sivers
+ hi (x4, k7)) @ hy (22, kT,) sin(o + dg2) +
| Boer-Mulders | Transversity
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The Boer-Mulders function The Sivers function
., oHo
correlates the quark ftransverse spin correlates the nucleon spin

and the quark k+ (unpol N) and the quark k-+ (transv. Pol. N)



Important tests of non-perturbative QCD

The Boer-Mulders function The Sivers function
o @, @

Confronting Drell-Yan and SIDIS results

The T-odd character of the Boer-Mulders and Sivers function
implies that these functions are process dependent

Boer-Mulders hlL (DY ) = —hlL (S I D IS )
Sivers fl-JI-_(DY) - — fl-JI-_ (SIDIS)




Why Drell-Yan at COMPASS ?

oY dominated by the Annihilation of a valence anti-quark from the pion
and a valence quark from the polarised proton

o Pt « fﬁlﬁ‘ ® fup

where  f = hi, fi. fi. . hiy
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1" moment of Sivers function  large acceptance of COMPASS

for u quark (at Q=25 GeV2) in the valence quark region for nand p
where SSA are expected to be larger



Results from test measurements in 2007

- Dimmuon trigger

Events/50 MeV/c?
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COMPASS
2007 DY beam test
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- 12h of data taking in 2007
-160 GeV m beam on NH3 target

- expected J/y =20+ 8

domain for J/y and v’ production
Large background from D> p* X

>
save domain for Drell-Yan

4<M,,, <9 6GeV



Prediction for Drell-Yan at COMPASS

To access Sivers function, we propose to measure
in the safe dimuon mass region4<M, <9 GeV:
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Theoretical predictions from Anselmino, Bachetta, Bianconi, Collins, Efremov



Experimental Requirements

Phase 1: - Hadron absorber downstream of polarised target
- New tfrigger system for p+ p- pairs

Phase 2: For the Longer Term:
RF separated p/ K- beam of 5.107 p/spill for 10!3 ppp
with 50% purity
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Conclusions

COMPASS is preparing to tackle new central issues:
= Transverse Momentum Distributions with DY
= Transverse Spatial Distributions GPD with DVCS and DVMP

For the next 10 years, CERN is a major actor in QCD physics
with the unique high energy polarized muon and hadron beams

In future, luminosity and energy upgrades will open a large
window on uncovered territories

= intense H- source and linac4 (2008-2014),
= PS replaced by PS2 50 GeV (2012-2018),
= SPS upgrade
- higher energy, higher intensity, higher duty cycle



