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In R. Hofstadter’s footsteps...
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Deep I nelastic Scattering
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Nucleon Spin

quarks gluons orbital momenta

I 1
< S, >= 5 :§AZ + AG + Lq—l—G

Naive quark parton model
(rel. corr.): AX =~ 0.75

QCD Ellis-Jaffe: AX =~ 0.60

Experimental access:
Polarised lepton-nucleon DIS, spin aymmetries
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Outline

COMPASS at CERN

Physics program: new results
- Quark and gluon polarisations: g%, AG /G
> Transversity
> p production
> A\ polarisation

Spectrometer upgrades and future running

Jan Friedrich, TU Mlunchen
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CERN aerial view

SPS Beam Protons up to 400 GeV, 42éf16 85 spllls_
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COMPASS Collaboration

Czech Republic, France, Germany, India, Israel,
Italy, Japan, Poland, Portugal, Russia, CERN

240 physicists from 28 institutes

Bielefeld, Bochum, Bonn, Burdwan/Calcutta, CERN, Dubna,
Erlangen, Freiburg, Lisboa, Mainz, Moscow, Munich, Nagoya,
Parg, Protvino, Saclay, Tel Aviv, Torino, Trieste, Warsaw

Data acquisition 2002, 03, 04 with muon beam
on polarised LID target
Oct. 2004: pilot hadron run (7 7)
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The COmmon Muon and Proton
Apparatusfor Structure and Spectroscopy

2 stage spectrometer
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CO M P
A S S

2 stage spectrometer
small area tracking

Silicon microstrips

GEM foil

‘ Micromegas
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2 stage spectrometer
small/large area tracking
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2 stage spectrometer

~ 200.000 channels
small/large area tracking
particle identification
~ 50 MB/s DAQ rate

,,,,,,

L 4 Jan Friedrich, TU Mlinchen

*

QNP06

Spin physics at COMPASS —p. 11/43



Thepolarised target

. . 6 -
3 He He-Dilution fridge (50 mK) Material: °LID
superconducing 50% polarisation
25T Solenoid 0.5 T Dipole Dilutation factor 0.4
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Physics Program

muon beam

hadron beam

gluon polarisation AG /G

longitudinal/transverse
qguark spin distributions

hadron structure

structure N . .
A polarisation via Primakoff effect
diffractive
vector meson production
muoproduction charm_ed baryons
SPeC- of hadrons gluonic systems
troscopy exotic hadrons

dominated by quasi-real
photoproduction
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Polarised DI S
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New COM PASS result for A¢

(summary Alex Korzenev's talk)
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New COM PASS data for ¢
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AG/G
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Direct measurement of AG/G

q = u.,d, (s): high pp hadron pair
! - scale Q% or >_ p?
e > high statistics
> (theor.) difficult background

=

g ] g = c. open charm

/& - scale > 4m(2:
P

> theor. cleaner channel

Photon Gluon Fusion - hard to access
experimentally
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Experimental asymmetry and AG/G

= =
A%]LV _ 1 | N — N

PTbeD —>

NT 4N
target polarisation Pr ~ 05
dilution factor f = 04
beam polarisation P, =~ 0.8
depolarisation factor D ~ 0.6

AdG S
N PGF ackground
AlzL:aLL ' 'S+B+AiLg

a’¢t from leading order M.E. (y-g-kinematics from AROMA MC)
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Open charm via Dy, and D* decays
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Dy signals

><103
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AG /G from open charm

COMPASS Data 2002-2004 AG/G

AG/G

E ¢ eD
S T e oD
E Y D* + D°
. | | | | | | | | | | |
2002 2003 2004 02-04 D*+D°
AG/G — —057 :|: 0-418'[&'[
. at < z, >=0.15 and < p* >= 13 GeV?
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AG /G from high-py pairs

: : 1051 u+d - p + 2h(high p.)+X
enrich PGF events with COMPASS preliminary

high-pr cuts 10%
> pr > 0.7 GeV/c 10°
> Dy + Die > 2.5 GeVic? 102}
> xp > 0.1, 2> 0.1 10
> m(hl,h2) > 1.5 GeV/c? )
0
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AG /G from high-py pairs

enrich PGF events with 10000l 4+ - 1 + 20(high p.) + X
high-pr cuts COMPASS preliminary
8000+
> pr > 0.7 GeV/c
> p, +pi, >25Gevic?
s x> 01,2 >0.1 4000
> m(hl,h2) > 1.5 GeV/c?  2000-
distinguish Q? regions s e 10t 1

Q% [GeV?
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contributing high-p, processes

Jan Friedrich, TU Mlunchen
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contributing high-p, processes

resolved

EJ

photon

10000
8000
6000
4000

2000

Jan Friedrich, TU Mlunchen

p+d > i+ 2h(high p,) + X
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high pr, low Q% < 1 (GeV/c)?

Results from PYTHIA g ,

PGF

e Background as 2 g‘\._
0 >1 (GeV/c)?

» Additional backgr
from resolved
photon events

dlrect
. resolv 'y

e Additional processes
sensitive to gluons
in the nucleon

neglect LO DIS and low p,

Jan Friedrich, TU Mlunchen

QNP06

Spin physics at COMPASS —p. 27/43



Resultsfor AG/G from high-pr

Q* > 1(GeV/c)? preliminary from 2002-2003 data:

AG/G = 0.06 + 0.31gtar & 0.06syst | < 75 >~ 0.13

Q* < 1(GeV/c)? new result including 2004 data:

2002-03: 0.024 + 0.089tat =+ 0.057syst, published in PLB 633 (2006) 25
Scale in both cases 1% = 3 GeV?
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Resultson AG/G

[ AG(x)dx = 2.5

0.8 :
(D C O HERMES, all Q
~ - ] SMC Q21 (GeVic)®
O 06 n COMPASS, @>1 (GeV/c)’ (02-03,prelim) f AG(a;)dx — 0.6
< B () COMPASS, Q°<1 (GeV/c)® (02-04,prelim) w ’
0.4 - A COMPASS, open charm (02-04,prelim)
0.2 J
Qb 1<:iififiT?fff-/:-f-ié* ''''' W f AG(x)ng = 0.2
-0.2— (]
-0.4 - — GRSV-max ,
-0.6 :— ----GRSV-std ‘ A
~ ---GRSV-min
-0.8 - L .
10 10
e
Also consistent with the RHIC A} ;, (%) measurement
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Transversity



Transversity

Accessible at COMPASS via
Azimuthal single hadron Collins asymmetry
Azimuthal distribution of 2-hadron plane
Transverse A polarisation as analyser

COMPASS measured ~ 25% with transversely polarised
Deuteron target.

7 Jan Friedrich, TU Mlnchen QNPOS
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Single hadron asymmetries

Collins Sivers
Correlation of outgoing Correlation of nucleon spin
hadron direction and and transverse quark
transverse quark spin momentum

qeg'ATq'ADc}JL quczl'flLTq'Dc}JL
g €qq- Dy g €qq- Dy

published results from 2002: PRL 94 (2005) 202002

ACO| — ASiv —
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Collinsasymmetry

theoretical calc. Efremov etal. PRD73 (2006) 094025
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Siversasymmetry

theoretical calc. Anselmino et al. hep-ph/0511249
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2-hadron asymmetries

Independent access to Arq

N x10°
EE
o 15+
Z
©
10
5,
| | |
0 0.5 1 1.5 , 2
M, [GeV/c™]
Zai . . .
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Transversity from 2 hadrons

< all +/- pairs 2002-2004 data
COMPASS
0.1 u
i i g
Oﬁpi-—i ' Hﬂiii*Hh —
/'@// i
Py, | |
0.1 né?/‘y
-0.2 1(')2 ' 1(')1 ' XB] 05 iva[GeV/cz] 05 1
A A Hi (2 M
ors X Arq(x)H " (2, M)
transversity signal compatible with zero
Arq(z) or H(fh(z, M) small
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Transversity in A polarisation

Self-analysing weak decay with asymmetry o = 64.2%

Zq 62 Arq
Zq eg qDA/CI(Z)

Pp = f- Py Dr(y)

== 50* R p— 50,

X 40; All 2002+2003 transversity data X 40; All 2002+2003 transversity data
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Exclusive vector meson production



Exclusive p production

Diffractive production of p, ¢, J/¥
measures spin density matrix elements
(double spin asymmetry)

Q<-EH 0.2] S N W O<-l:‘_| 0'3: e COMPASS 2002 + 2003 data
T | | % 5 5 0 25- A HERMES quasi-photoprod. data(d) | |
0 } i i e - § . i % % : : v HERMES electroprod. data (d) _ N

: 05 A N1 A
: i i i I S S SR O AR S S
_0.6LL["® COMPASS 2002 + 2003 data R B S = AV A B B A o
_ | A HERMES quasi-photoprod. data (d) ; 1 B : ; L1 %
_0.8 :_ v HERMES electroprod. data (d) 444444444 ............................... ?. _0.2; Y y h ‘ - ‘ VVVVVVVV
- el el TN TR | :H‘Hi ‘ ‘HHHs o HHHs ‘ H?Hui ‘
1073 1072 10 1 10 0304 3 — )
9 > 10 10 10 10 X
Q" [GeV'] Bj

wide Q? region covered
high Q?* — measurement of GPD’s (future!)
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Spontanous A polarisation

Large polarisations known from (unpolarised) hadron
production p + Be — A" X (Fermilab at 300 GeV/c: 28%)
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COM PASS upgrades 2006

COMPASS FPolarized Target

1 ?He Precootst Bl cupercontuctive cois
B riucion Berrigeratar [] vg®ue
B nierowewe Cawity Bl acuucn Vessel

[ Targst Matsrial

= New solenoid magnet
= Larger acceptance N | p— Jir | 7. R —
= 70 mrad - 180 mrad = =

2 Expect +30% FOM

= RICH upgrade
= Central region: maPMT system
* More photons
* Improved S/N
= Quter region: New faster electronics
= [mproved S/N
2 Expect +60% FOM

LY
Mixing

Solenodid Codl

= Other upgrades:
= large Drift Chamber
= Full ECAL coverage
B
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Summary

New COMPASS results
> Improved measurement of g¢  phys. Lett. B612 (2005)154

> Precise g{ data as input for QCD fits

» High-pr: Most precise AG /G measurement up to now
(isitsmall? - or a node at x, ~ 0.1)
PLB 633 (2006) 25
direct measurement via open charm

> Transversity: Very precise (small) deuteron
asymmetries
PRL 94 (2005) 202002

More precise results on the way!
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Outlook

Improved setup in 2006
> FoM expected to be increased by ~2.3
> Transverse spin: First COMPASS measurements with
proton (NH;) target

Hadron beam in 2007 (central production with 300 GeV
protons on IH, target)

2008-2010 complete the approved COMPASS
programme

beyond: potential for GPD, transversity, spectroscopy
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