Measurements of the Gluon Polarization in the
Nucleon at COMPASS

Roland Kuhn for the COMPASS Collaboration

TU Miinchen
Physik-Department E18

MENU2007, September 10-14, 2007

bmb-+f - Forderschwerpunkt

COMPASS and Ma|e.r—Le|br?|tz—"Labor
rangors g pysiatscn Garchmg bei Miinchen

rundlagenforsch

=0
Supported by i s

0\
4

)
(S

COMéaé§ E
7

Roland Kuhn Delta G at COMPASS



Introduction Physics
The COMPASS Experiment

The Spin of the Nucleon

Decomposition of the Nucleon Spin

1 1

e only quark polarization well known,
AY. = 0.30 £ 0.01 £ 0.02 [PLB 647 (2007) 8-17]

e gluon polarization extracted indirectly from QCD fits

o direct measurements of AG desirable
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Introduction Physics
The COMPASS Experiment

Deep Inelastic Lepton Scattering

q=pu—pru=(v49)

2
B 2(]%/11/ s
N \ v
y= E, €[0,1]

pr is the transverse momentum of the produced hadron with
respect to the virtual photon direction
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Introduction Physics
The COMPASS Experiment

The COMPASS experiment at CERN

Ti t
e Spectrometer

“He-precooler

Superconducting
Solenoid

Trigger Hodoscopes .

Diuton efrigerator Targets ECal & HCal MWPC

*Two 60 cm long target cells with
opposite polarization
*Target materié#l LiD

- Polarization: ~50%
— Dilution factor: ~50%

GEM& MwWPC

*Spectrometer with 2 stages
(SM1: 1Tm, SM2: 4.4 Tm)
Electromagnetic & hadron calorimete

-Particle identification: RICH & F

“-beam SciFi MicroMegas
— Energy: 160 GeV

— Intensity: 2 164 /spill
- Polarization: =76%
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Open Charm
Results High pr

Accessing the Gluon Polarization

photon—gluon fusion (PGF)

L~15fb"
from the three years
2002-2004
four pursued methods
process | scale | statistics | systematics | status
open charm gy — cc e low excellent released
high pr pairs Y — 99 Q? medium | very good | released
Q*>1 (2002-2003)
high pr pairs 8y — 499 pr high good published
Q<1 (2002-2003)
high pr singles gy — hX pr very high good in preparation
‘ Q*<05
coMPASs I;E{\'
P 4 l'g‘

Roland Kuhn Delta G at COMPASS >




Open Charm
Results High pr

Accessing the Gluon Polarization: Open Charm

e negligible background from LO
process
@ reconstruct D mesons in the final
state
e requires PID
o challenging with polarized
solid state target
o D* tagging

e analyzing power ay; calculable,
MC needed for gluon kinematics

Extraction Formula (simplified wrt. event weighting)

N~ -N*
Aexp =

_ S AG
NSNS ﬂjbeamptarget <ﬂLL> S1B G + Apk
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Open Charm
Results High pr

Open Charm: Analyzing Power

i

o F e hard scattering matrix
.8 COMPASS limi .
: Z: Open Charm analysis. element calculated in LO
x “CF . .
< 04 needs gluon kinematics
3 o AROMA Monte Carlo
o
02b used for simulation
e @ a;; estimated
-0.6—
sk - event-by-event from neural
B N network parameterization
a,, (Neural Network parametrisation) and used 1n Welghtlng
COMEAS 1’$\
S + ."lul
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Open Charm
Results High pr

Open Charm: Signal /Background

[ D* candidates in 2002-2004 |

L F < rossaron NCE) 3869 % 104
2 ef e =200 T Mass 4.9+ 0.8 MeV/c?
& 1sf Sigma 28,6 + 0.9 MeV/c? @ two channels:
z 1400 =
(3 CoMPRSS prefiminery DY — 7K: identified wK
o pair (RICH)
400 B~
200E- D* — D07T: tageged b
b =0 : : gged by

200 400
m(o)-m(of(Mevic] additional 7t
[ D" candidates in 2002-2004 |

N%o; F Sy=1051 +- 18 ND) 14877 = 604 ° S/ (S —!— B) parame.terl.zed
: =F : Mess 29211 Mevi? by fitting spectra in bins of
S wf Sigma 26.6+12 Mevic? .
= "F —— arr, then also used in
sl COMPASS preliminary . .
L event weighting (two-pass
3 analysis)
- o ’ rzno(UD”)-m(Df")[rvlevmg]0 ?
.y = 2N
COMBA§
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Open Charm
Results High pr

Open Charm: Signal /Background

Systematlcs Studies: fit to spectra of D* candidates (COMPASS Prellmlnary)
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Results

Open Charm: Result

Open Charm
High pr

[ COMPASS Data 2002-2004AG/G |

AGIG

1 1 1
2002 2003

Systematic Error

background asymmetry 0.07
binning procedure 0.04
false asymmetries 0.10
fitting procedure 0.09
AROMA parameters 0.05
target polarization 0.03
beam polarization 0.03
dilution factor 0.03
COMEA$

Roland Kuhn

Result (preliminary)

AG
< = —0.57 + 0.41stat £ 0.175yst
Xg ~ 0.15
u? ~ 13GeV? /2

est. for 2002-2006: dstat = 0.28
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Open Charm
Results High pr

Accessing the Gluon Polarization: High pr

@ selection
o pr; > 07GeV/c
o Y p2 >25(GeV/c)?
o either Q% <1GeV?/c?
or Q? > 1GeV?/c?
e Monte Carlo simulation
necessary for
o fraction of photon-gluon
fusion RPGF
e background asymmetries
e analyzing power

Extraction Formula (simplified wrt. event weighting)

= fPoeamPrarget (111 ) Rpcr5S + Ak

N= N+

Aep = \=one
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Open Charm
Results High pr

High pr, Q> < 1GeV?*/c* Rpgr

PGF B
R
S 5 2
Yg-qal ]
Yq-ag|
QcDpe | [ = 7a-a
qq-qq’ J
qg-qg .
99-99
low Py
Leading L]

e PYTHIA simulation including resolved photon processes

e polarized photon PDF unknown, using positive and
negative saturation to estimate uncertainty

L RPGF =0.32

N

TR
o)
528

%

.y E
COMPASS
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Open Charm
Results High pr

High pr, Q% < 1GeV?/c*: Result

Result (preliminary)

Systematic Error AG
el 0.016 4= 0.0584tat £ 0.055syst

asymmetry extraction 0.014
Monte Carlo tuning 0.052 Xg R 0.085
resolved photon PDF  0.013 12~ 3G eV2 /2

est. for 2002-2006: dstar = 0.045
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Open Charm
Results High pr

High pr, Q%> > 1GeV?/c?

25000+ p+d - + 2h(high p ) + X
i COMPASS 2003 e resolved photon effects
2000] i ':Tz negligible
1500 e e MC using LEPTO+RADGEN
ool o Rpgr = 0.34 +0.07
5005— e new analysis with considerable
' improvement under way, using
ol better cuts and full statistics (est.

O [(Gevie) 7 for 2002-2006: bstar = 0.14)

Result (preliminary, 2002-2003 only)

AG
& = 006+ 03150t £ 00655t (¥ ~ 013, u? ~ 3GeV?/c?)
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Conclusion and Outlook

Summary

fit with AG>0, MS scheme, Q?=3(GeV/c)*
rrrrrrrrr fitwith AG<0, WS scheme, Q*=3(GeV/o)*
o 0.8 * COMPASS, open charm, i —13(Gevlc) prel.
= @  COMPASS, highp_, Q<1(GeVic)*
V  COMPASS, highp', QZ>1(GEV/C) pre\
(D 0.6 '] SMC, highp_, QZ>1(GEV/C)
g . A HERMES, highp ,all Q% UL ETS)
@ HERMES, high p!, all Q*, prel
04— 4
0.2 l
C ES
C —
I ¢ b AG seems to be
02— small
0.4
C L
Oej I | ‘ Il -
10? 10* X

e measurement with proton target on-going this year
@ 2006 data hold significant improvement in statistics

e single-inclusive high pr hadron analysis under way
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Backup Slides

Backup Slides

COMBA$
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. High pr,
Backup Slides High pr, O

High pr, Q%> < 1GeV?/c2: Kinematic Distributions
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Inner trigger, 1st hadron

Ladder trigger, 1st hadron

2000
onte-Carlo
1500 al Data 2000
1000
1000
500
% i 2 3 % i p 3
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2 + 2 H
{ '
Eorag ] et
% i 2 3 % i p 3
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COMBA$

Inner trigger, 2nd hadron

Backup Slides

1500 — Monte-Carlo
eal Data
1000
500
0 ! L
0 1 2 3
p; (GeV/c)

Inner trigger, 2nd hadron
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Ladder trigger, 2nd hadron

2000 R
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. High pr, Q? 5eV2 /2
Backup Slides High pr., Q2 > 1GeV2/2

High pr, Q> > 1GeV?/c% Data/MC for p
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