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COMPASS in muon run

The COMPASS spectrometer NIM A 577(2007) 455

—

%L | COMPASS 2002-03 datal, ™ , : &
310; e ) = Trigger Hodoscopes
NO 1i 10° : .
10—1? ECALS & HCALS
1ot
1025
0
10°F
10-140'6 10° 10* 10° 102 10" 1 1o*
X
RICH (L
| sMi N Za
Drift Chambers TN :
6LiD t N - Sd Llters/
1w targe | " Walls

<

7~ - ~ 350 planes
- 180 mrad acceptance
- 11, K, p separation

boy <BciE
\
veto to ~ 50 GeV)

(from 2, 9, 17 GeV up

Dubna, SPIN 2011 Krzysztof Kurek 4/29



N

The COMPASS

| 3He-*He Dilution : ﬁ
refrigerator (T~50mK)

E‘l-um'

Superconducting

HEE  EE

T[ 3

(180

]

Two 60 cm long target cells
with opposite polarisation

polarized target and PID

Target material: LiD
Polarisation: >50%
Dilution factor: ~0.4

solenoid (2.5 T) compass Accepiance Dynamic Nuclear Polarization

ceptance 2006 - new solenoid
with acceptance 180 mrad

3 target cells
(reduce false asymmetries)

I
40

p (GeV/c)

2002 —200
Im : e . :>
|1 M . -
=2006
< -— —_— -—
e — -— — >

RICH 2006 upgrade : better PID
MAPMTs in central region

APV electronics in periphery

Dubna, SPIN 2011 Krzysztof Kurek 5/29



Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q?
Data selection

Artificial Neural Network approach

Data and Monte-Carlo comparison

Systematic studies

Results
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Introduction

High transverse momentum hadron pairs for large and low Q?2
Data selection

Artificial Neural Network approach

Data and Monte-Carlo comparison

Systematic studies

Results

|

FIN(Qz) - o)

= 0.35+0.03(stat) = 0.05(sys?)

a0|Q§=3(GeV/c)2

(1 O‘(Q)+0(a ))(aO(Q)+ )

First moment of g1 structure functions

Compass only

from Y. Goto et al., PRD62 (2000)
034017:
(SU(B)s assumed for weak decays)
as = 0.585 + 0.025

QCD NLO

1 1
~CX(Q%)a, +

r'(0)= C*(Q@)a,

VoS

a =0.33+0.03(stat) £ 0.05(syst)

010?% —w
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beyond NLO

C, calculated behind 3 loops app.
S.A.Larin et al.,Phys.Lett.B404(1997)153
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Introduction

High transverse momentum hadron pairs for large and low Q2 First moment of g1 structure functions

Data selection

Artificial Neural Network approach
Data and Monte-Carlo comparison
Systematic studies

Gl i Compass only
from Y. Goto et al., PRD62 (2000)
1, o) 034017:
rlN(Qz) = 5(1 — — + 0(05 ) ao(Q ) + (SU(3)t assumed for weak decays)
as = 0.585 £ 0.025

= 0.35+0.03(stat) = 0.05(sys?)
QCD NLO

a0|Q§=3(GeV/c)2

1 ~ 1
()= 5G(@)a+2-C*(@Ma;  beyond NLO

C, calculated behind 3 loops app.

210le L = 0.33 + 0.03(Stat) + 0.0S(SySt) S.A.Larin et al.,Phys.Lett.B404(1997)153

quark contribution to the proton spin: ~ 1/3
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Introduction

Gluon polarization measurement @ COMPASS . . .
WHW Direct gluon polarisation measurement

Data selection

Avrtificial Neural Network approach via tagglng PGF process

Data and Monte-Carlo comparison

g

¢’ =GRS @H

A" =AGRAG"" ®H
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Systematic studies
Results

To select PGF process two methods are used @COMPASS:

e Open-charm D meson production:
charm quark pairs produced in PGF, “clean” channel
however with huge combinatorial background, low
statistics but analysis weakly MC dependent

e High transverse momentum hadron pairs production:
light quark pairs produced, high statistics but physical
background; strongly model and MC dependent analysis,
requires a very good agreement between data and MC

A z%()_CG) < &fLGF =G
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Avrtificial Neural Network approach via tagglng PGF process

Data and Monte-Carlo comparison
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Systematic studies
Results

To select PGF process two methods are used @COMPASS:

e Open-charm D meson production:
charm quark pairs produced in PGF, “clean” channel
however with huge combinatorial background, low
statistics but analysis weakly MC dependent

e High transverse momentum hadron pairs production:
light quark pairs produced, high statistics but physical
background; strongly model and MC dependent analysis,
requires a very good agreement between data and MC

from MC

AG - A /
/ Az<afLGF >G

signal asymmetry from data
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q> | Low Q2 : Q%< 1 (GeV/C)2

Artificial Neural Network approach
Data and Monte-Carlo comparison
Systematic studies

Results

COMPASS@Low Q?- Phys. Lett. B 633 (2006) 25-32
R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)

Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998)

Applied by SMC, HERMES and COMPASS

Two kinematical regions:low and large Q?
e low Q?- Q%<1 (GeV/c)? - here pr is a perturbative scale, also resolved
photon contribution important (~50%) - COMPASS 2002-2003 data published

1 w
7 q QCDC
PGF LO DIS
g q
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Introduction

Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low @* | Large Q2 : Q%> 1 (GGV/C)Z
Artificial Neural Network approach
Data and Monte-Carlo comparison
Systematic studies

Results

R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)
Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998)

Applied by SMC, HERMES and COMPASS

Two kinematical regions: low and large Q?
e large Q%- Q?>1 (GeV/c)? - scale Q?- 2002-2006 COMPASS data, method

based on Neural Network approach used

1 u
v 9 QCD-
t
PGF 9 q LO DIS Compton
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Introduction

Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2 '

Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies

Results

Large Q? : Q%> 1 (GeV/c)?

PGF

(xG )&SLGF PGF

QCD-Compton

ALO (x¢ )aLL

LO-DIS

41°(x,)DR, | 41 =]

Same decomposition for inclusive sample to determine A1°

Q: “clean” (more PGF “pure”) sample with limited statistics or
less PGF populated but larger sample ?

Dubna, SPIN 2011
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Introduction
Gluon polarization measurement @ COMPASS

- E 2 . .
High transverse momentum hadron pairs for large and low Q ' Formula for 3 determlnatlon Of the

Artificial Neural Network approach gluon polarisation

Data and Monte-Carlo comparison
Systematic studies
Results

AG Azf(xBj)+Acorr
—(xG) =
G §
. . R R. af
B = afLG FRPGF _afLG F’deJT(C;jV( l-nLc + incc )
R R D
corr RL '
A =_A1(x3j)DW_A1(xC)Bl+A1(xc)ﬁ2
L
1 c Ciincl pinct R C'IRRindaC
— : a R —a ,inc Rmc 'L =g ,inc C. C LL
Bl Rznd( LL*YC LL C RZZCI) [32 LL (Rzncl)Z D

R’s are fractions of the sub-processes (LO,PGF, QCDC) in high-p,

and inclusive samples, respectively
a ‘s are so-called analyzing powers for LO,PGF and QCDC

(the ratio of partonic polarized and unpolarized cross sections for sub-processes)
D is a depolarization factor.

Dubna, SPIN 2011 Krzysztof Kurek 12/ 29
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Artificial Neural Network approach gluon polarisation

Data and Monte-Carlo comparison
Systematic studies
Results

AG Azzz (xBj) + Acorr
(xG) =
G §
: : R R. af
PGF PGF ,incl pincl L C LL
= a,, R —a,, "R = 4+ —
B LL PGF JLIL PGF(RZZCI Ranl D )
corr R '
A = —4, ('xBj)D RinLcZ — A (x)B, + A (X' )P,
L
1 c Ciincl pinct R C'IRRindaC
_ : a R —a ,inc Rmc 'L =g ,inc C. C LL

R’s are fractions of the sub-processes (LO,PGF, QCDC) in high-p,

and inclusive samples, respectively
a  's are so-called analyzing powers for LO,PGF and QCDC

(the ratio of partonic polarized and unpolarized cross sections for sub-processes)
D is a depolarization factor.
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Introduction
Gluon polarization measurement @ COMPASS

- E 2 . .
High transverse momentum hadron pairs for large and low Q . Formula for 3 determlnatlon Of the

Artificial Neural Network approach i i
Data and Monte-Carlo comparison gluon pOIarlsatlon
Systematic studies
Results

AG Azzz (xBj) + Acorr
(xG) =
G §
: : R R. af
PGF PGF ,incl pincl L C LL
= a,, R —a,, "R = —
[‘)) LL PGF JLIL PGF(RZZCI Ranl D )
corr R '
A = —4, ('xBj)D RinLd — A (x)B, + A (X' )P,
L
1 c Ciincl pinct R C'IRRindaC
_ : a R —a ,inc Rmc 'L =g ,inc C. C LL

* The polarized quark contribution (LO+QCDC) are taken directly from
inclusive A, asymmetry (pure data)

- To determine AG/G (<x5>) from < AG/G>, AG/G has been assumed to
be a linear function of x in measured bin

( very well justified assumption )
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Introduction
Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q?2

Data selection '

Data and Monte-Carlo comparison
Systematic studies
Results

Event selection:

* Interaction vertex with an incoming and an outgoing muons

* Q2> 1 (GeV/c)?and 0.1<y<0.9 (inclusive sample)

e Events with at least 2 hadrons in the final state (2h sample)

*The hadrons which form the high-pr pair:
pt1> 0.7 GeV/c p12> 0.4 GeV/c
z1+22<0.95
these cuts define high-pt sample

Years 2002 2003 2004 2006

all

Statistics 450 K 1.3 M 2.8 M 2.7 M

7.3 M

Dubna, SPIN 2011 Krzysztof Kurek

Large Q? : Q%> 1 (GeV/c)?

events
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Introduction

Gluon polarization measurement @ COMPASS i i
High transverse momentum hadron pairs for large and Iow.Q2 Welghte(.j methOd tO |.ncrease
Data selection statistical precision

Artificial Neural Network approach
—mmmmm—’ w = fDPy3

Systematic studies

Results B contains fractions & analysing powers

The following factors must be known on the event by event basis:

incl incl incl
RPGFﬂRCﬂRLﬂRPGFﬂRC 9RL 9

PGF PGF ,incl C C.incl
aLL > aLL > aLL ” aLL >

xC9xG9 f’D"Db

- 1,D,P, can be directly obtained from data

* Remaining factors have to be obtained from MC
* ANN trained on MC samples, then used on real data
* Input variables for ANN trainning:

- inclusive case: xg and Q2

- high-p1: Xg;, Q2,p 4 2,P7+.2
- Weight used: fDP, 3
» Good data description with MC is a ,key point” of the analysis

Dubna, SPIN 2011 Krzysztof Kurek 14/ 29
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q?2

Data selection ANN results for fractions

Artificial Neural Network approach '

0.8

0.6

0.4

0.2

Systematic studies
Results

2 variables o, and o, are used (R's sumup to 1)

MC sample, @*>1 (GeV/c)? MC sample, Q%1 (GeV/c)?

p,>0.7 GeV/c . p >0.4 GeV/c p,>0.7 GeV/ic p,,>0.7 GeV/c

NN O,

0.8

0.6

0.4

0.2

NN O,

0.8

0.6

0.4

0.2

MC sample, Q*>>1 (GeV/c)’

pT1>1 .2 GeV/c pT2>0.7 GeV/c

Dubna, SPIN 2011 Krzysztof Kurek
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Artificial Neural Network approach
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90|
80|

pL2 (GeV/c)

70|

10g10(Q?)

102030405060708090100

pT2 (GeV/c)

25 3
pT1 (GeV/c)

pL2 (GeV/c)

pL1 (GeV/c)

-0.5 0
log10(x)

Dubna, SPIN 2011

log10(Q?
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pT2 (GeV/c)
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ANN results (cont.)

2.5 3
pT1 (GeV/c)

10 20 30 40 50 60 70 80 90 100

pL1 (GeV/c)

-0.5 [}
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Introduction
Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q2

vork approach ANN results - stability

Artificial Neural Network approach '

Systematic studies
Results

PGF

]

O T O T O T
= [ = i = [
S o S osl 2 o8l
. L . L 1 L
o [ o [ o L
0.6 0.6/ 0.6
0.4 0.4 0.4
o.zi 0.2l 0.2l
h COMPASS PRELIMINARY [ COMPASS PRELIMINARY [ COMPASS PRELIMINARY
PRI BT ST ST RS SE SR PRI RS RS U RS R PR SRR RTINS E RS SR
b 02 04 06 08 1 %02 04 06 08 1 O 02 ""0a 06 08 1
prob. NN prob. NN prob. NN
LP | QCDC | PGF
=2 0.1 =2 0.1 =2 0.1
< < [ <
(&) (&) L (&)
= F = - = F
0.05- 0.05)- 2005
£ £ !
T © + P °
>0 > L )\
5 o0, | 5 fe 5
s | 0Q§* s ¢ o +
-0.05} -0.05F -0.05|-
COMPASS PRELIMINARY [ COMPASS PRELIIVTNARY [ COMPASS PRELIMINARY
P P P P B B N RPN R Y P N P RPN B
050202 06 00204 06 050202 06

0.8 1 08 1 08 1
prob. NN prob. NN prob. NN

Dubna, SPIN 2011 Krzysztof Kurek 17/ 29



Introduction

Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2
Data selection

Artificial Neural Network approach ) ANN results - Stablllty cont.

Systematic studies
Results

LP e os QCDC nC os PGF C
[ NN f f [ONN
0.8 0.4f 0.4F
% 5 ERTYL 5
0.6:— QOQ 0.3f ¢® 5 0.3

prob.

prob

F
=2

prob

w”é5§9+

i (3 ’ [
L ) [ @Q [ )
0.4 Q&Q. °g 02 ¢ 0.2 ﬁ
[ L) - & [ o
0.2 0.1 0.1F §’
COMPASS PRELIMINARY [ COMPASS PRELIMINARY [ COMPASS PRELIMINARY
G...;....é....l.|||||||||||| G..||1||||2||||||||||||||||||| G|||‘||||||2|||||||||||||||||||

3 4 5 3 4 5 3 4 5
2 p? (GeV/c)? 2 p? (GeV/c)? 2 p? (GeV/c)?
T T T

LP | QCDC | PGF

b4 = 0.1 = 0.1
Z | Z Z

t-o.os_— + + 4=0.05 4=0.051
5[ 5 | + s |
8 'Y g8 g8 f
o o | o + %l o |
S o e 2% ++ 50_—05'1#?—# | +1 l & o

-0.05

o [ ]
NI N A ;

COMPASS PRELIMINARY [ COMPASS PRELIMINARY I COMPASS PRELIMINARY

Dubna, SPIN 2011 Krzysztof Kurek 18/ 29



MC Simulation

Two MC samples have been used:
* inclusive one

e high-pr

Full chain of MC simulation:
LEPTO+JETSET + GEANT (apparatus) + Reconstrucion (as for real data)

e PDF - MSTW2008LO
* high-pt sample:
- LEPTO Parton Shower on
- MC tuning to improve hadron production description:
shapes (momenta) and multiplicity (fragmentation)

[FEEERT] | PARIGAD |[PARYGE) |

Dubna, SPIN 2011 Krzysztof Kurek 19/ 29
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Data/MC

Introduction

Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q?2

Data selection
Artificial Neural Network approach MC VS data 2004
Data and Monte-Carlo comparison '
Results
x10° il x10° = x10° —Data
COMPASS 2004 Data g COMPASS 2004 Data | ¢ _COMPASS 2004
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Data/MC

Introduction

Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q?2

Data selection
Artificial Neural Network approach

Data and Monte-Carlo comparison '

Results
0, s - 5 - —Data o F - , - — Data
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Introduction
Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q2

Data selection MC vs data 2006

Artificial Neural Network approach

Data and Monte-Carlo comparison ’

Results No effect of tuning - inclusive variables
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Introduction
Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q2
Data selection
Artificial Neural Network approach

Data and Monte-Carlo comparison ’

Results

— data 2006
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MC vs data 2006

107 |-

COMPASS Highp,

0’ > 1 (GeVic)

*

0.5

1 1.5 2 25 3

P, GeV/c

O
=1.8f

Data /M

14F

1.2f

-
TTTTT

0.8F
0.6f

0.4f

0.2:_..

NIZLYySZ1W0I NUITEK

102

10

0.4

0.2

effect of tuning clearly visible

— data 2006

-l New tune

-@- LEPTO def. tune

COMPASS Highp,
0’ > 1 (GeV/e)

04 06 08 1 12 14 16 18 2

P, GeV/c

—_

0.8f

06

1 12 14 16 18 2

P, GeV/c

23/ 29



Systematic studies

Neural Network stability
MC

False Asymmetries

5P, 5P, ,f

A, parametrisation

« Simplification of the Formula

for AG/G

Dubna, SPIN 2011

Krzysztof Kurek

Systematic summary

S(AG/G) 0.010
8(AG/G),,, 0.045
3(AG/G)yyee 0.019
S(AG/G)f’,,b,pt 0.004
3(AG/G),, 0.015
S(AG/G) 1y 0.035
Total 0.063

24129



Large Q2 high-pt 2h results

%G ~0.125=0.060 + 0.063

+0.08
xg =0.09,

(u*)=34(GeV Ic)’

0.4
O™
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0.2 ;_ ...............................................................................................................................................
0.1 f_ ................. . ........................................... l .................................................................. + ............
of |
S
- COMPASS Highp_
-0.2 :_ ..................................................................................................................................................
= Preliminary
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-0.4- o ) < © =®
S g8 & s gk
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Large Q2 high-pt 2h results:
3 XG points

All events have been divided, for the first time, for 3 independent
subsamples, having each one its own xg

T T o

AG/G 015+009+009 008+010+008 019+017+014

<x > 0.07 % 0.10 > 0.17 >

9 -0.03 -0.04 -0.06

These 3 points show no xc dependence (within errors)
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Introduction
Gluon polarization measurement @ COMPASS
High transverse momentum hadron pairs for large and low Q2 Resuts for low Q2 : Q%< 1 (GeV/C)2
Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison
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A Cuts used — cut on Zp;2 > 2.5 (GeV/c)?

90% of statistics!

“';‘;’_‘"99‘*’"5' hadron | PYTHIA generator for low Q2 +
2000/ o Data & MC spectrometer simulation.
16(!);— o p _Q
1400? o - ';0 w
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Lmmer wigyer, 1o nauon Pr(Ge¥) aqq’—qq’ f
3 - — — 0
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osf- Here LO processes as well as low p; part have been
neglected in the analysis
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Results —_002-03 results published: Phys. Lett. B 633 (2006) 25-32

0.2

wd - + 2h(high p ) + X
COMPASS preliminary
< o1 Cuts and asymmetry used for

I AG/G extraction

| | |
1 1.5 2 2.5 3 3.5

=p.2[(GeV/c)? ]
Data (AG/G)(x,) stat exp.syst MC.syst | resolved photon
02-03 0.024 0.089 0.014 0.052 0.018
02-04 0.016 0.058 0.014 0.052 0.013
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Gluon polarisation@LO:
summary

[ COMPASS, high [N Q%>1 (GeV/c)?, prel., 02-06
COMPASS, high p_, Q°<1 (GeV/c), prel., 02-04
Y OMPASS . Q° /c)?
0.6 * COMPASS, open charm, prel., 02-07
o O SMC, high p_, G*>1 (GeV/c)* ; i
~N A HERMES, high p , all Q? ;
O 04| T COMPASS Global fit with AG>0, u?>=3(GeV/c)?
< B [T COMPASS Global fit with AG<0, u>=3(GeV/c)®
COMPASS, high p , Q%1 (GeV/c)?, prel., 02-06
COMPASS, high p , Q<1 (GeV/c)?, prel., 02-04
COMPASS, open charm, prel., 02-07
SMC, high p_, Q?>1 (GeV/c)? ‘,i' '-
HERMES, high p , all G* ;
B COMPASS Global fit with AG>0, u?=3(GeV/c) 7
-0.2|— i COMPASS Global fit with AG<0, u>=3(GeV/c)’ || /
= ’
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102 10™ xg - B S S———
-0.2— [}
-0.4—
0.6 | | NS | [
107 10 Xq
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| (a,,) for several MC samples |
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Figure 8: lyzing power per p , ap ., for several high pr MC samples.

| Fractions of Processes for several MC samples |
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Figure 7: Fractions of processes, R, for several high pp MC samples.
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Other MC samples were produced for systematic studies (sec. 5.7). Namely:

1.
2.
3.
4.
5.
6.
7.
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LEPTO DEF. tuning, parton shower ON, PDF=CTEQS5L
LEPTO DEF. tuning, parton shower OFF, PDF=MSTWO08
LEPTO DEF. tuning, parton shower ON, PDF=MSTWO0S
COMPASS tuning, parton shower ON, PDF=CTEQ5L
COMPASS tuning, parton shower OFF, PDF=MSTW08
COMPASS tuning, parton shower ON, PDF=MSTWO08, NO F},
COMPASS tuning, parton shower ON, PDF=MSTW08
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For first time gluon polarisation @ 3 different points in xc have been determined;
here the systematic summary point-by-point is given:

total || 2o <0.10 | 0.l €< 2 < 0.14 | 2z > 0.14

(5(AG/GNN) 0.010 0.010 0.010 0.010
3(AG/Gpc) | 0.045 | 0.077 0.067 0.129
(S(AG/Gf_[)bJJt) 0.004 0.007 0.007 0.010
()‘(AG/Gfazse) 0.025 0.030 0.021 0.016
3(AG/G L) | 0015 || 0.021 0.014 0.017
3(AG/C formula) | 0.035 || 0.026 0.039 0.057
TOTAL 0.065 0.090 0.082 0.144

Table 14: Summary of the major systematic contributions.
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version AG/G
vl 0.131 £ 0.056
v2 0.134 + 0.056
v3 0.162 + 0.056
v4 0.155 £ 0.056

Dubna, SPIN 2011

Table 8: Results for AG/G using various A¢ parametrization.

PDF AG/C
standard method | 0.083 & 0.101
COMPASS AG+ | 0.074 £0.083
COMPASS AG- | 0.073 £ 0.083
DNS 0.083 £ 0.083

LSS 0.058 £ 0.083

ACC 0.081 £ 0.083
GRSV 0.086 £ 0.083
DSSV 0.093 £ 0.083

Krzysztof Kurek

Table 9: Results for AG /G using various LO PDF parametrization. Note that improvement in the error bar is
a results of the formula over-simplification! The exercise was performed on old sample and old MC tuning!
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ratio

Figure 25: The ratio of the observed number of events for different nuclei in bins the hadron pT'.
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15 12/ ndf 2.804/6 | y2/ndf 9.606 / 6

. p0 0.9856 + 0.01085 | p0 0.8533 + 0.02244
p1 0.01797 + 0.009808 | p1 0.1791+ 0.02048
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