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COMPASS Experiment
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COMPASS Detector

» high energy muon beam (160 GeV)
» high intensity beam (2 - 108u™ /spill)

> two stages spectrometer: o

~ large angular acceptance (0 < 0, < 180 mrad)

H H ECAL2
~» broad kinematical range HCALZE\A

Muonfilter2

Muonfilterl
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COMPASS Polarized Target

COMPASS target (> 2006):

> 3 target cells

» acceptance: 180 mrad

> target material: NH3

dilution factor: f ~ 15%

v

v

polarization: Pr ~ 90 %

reversal of polarization every 4-5
days
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Transverse Spin Physics

In leading order three parton distributions are
needed to describe the structure of the nucleon:

a(x) quark distribution
o in unpolarized DIS
P — VX

Aq(x) helicity distribution

== PP = -4 =P in polarized DIS

P 0X

Arq(x)=q'(x)—q'!(x) transversity distribution

in polarized SIDIS
: ¢PT — ¢'hhX Interference FF
~ - ~ ¢PT — ¢hX Collins FF _)A.Bressan

(P — U'/AX FFofqgl —A on Wed.
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Single Spin Asymmetries in Two hadron production: 1

Measuring transversity with
Two-Hadron-Interference-FF H;:

~> azimuthal asymmetry:
Npyip- o 1+ A-singgs -sinf
Ors = Pr+ ¢s — T
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Single Spin Asymmetries in Two hadron production: 1

Measuring transversity with
Two-Hadron-Interference-FF H;:

~> azimuthal asymmetry:
Npyip- o 1+ A-singgs -sinf
Ors = Pr+ ¢s — T

hth™ cm. Ph+

frame
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Single Spin Asymmetries in Two hadron production: 1

Measuring transversity with
Two-Hadron-Interference-FF H;:

~> azimuthal asymmetry:

Npyip- o 1+ A-singgs -sinf

%10° COMPASS 2007 TRANSVERSE PROTON DATA

h'h Ors = Qr + Qs —
1000;
(sind) = 0.94
500~
0 05 1
sin(6)
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Single Spin Asymmetries in Two hadron production: 1

Measuring transversity with
Two-Hadron-Interference-FF H;:

~> azimuthal asymmetry:

Npyip- o 1+ A-singgs -sinf

%10° COMPASS 2007 TRANSVERSE PROTON DATA

h'h Prs = r + s — T
1000}
(sin @) = 0.94 For this analysis:
o sin# can be neglected
0 05 1
sin()
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Physikalisches Institut

Single Spin Asymmetries in Two hadron production: 2

Measured asymmetry A is a convolution of
transversity Arq(x) and
Two-Hadron-Interference-FF H;:

A YgerBra(x)HE (zM2,, )
Ags = fPrDam — qz: q(x)-Dy1(z,M? A

hth— )

HE = H"*P 4 cos OH PP

f target dilution factor
Pt target polarization

— 1=y izati
Dy, = ey depolarization
factor
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Physikalisches Institut

Single Spin Asymmetries in Two hadron production: 2

Measured asymmetry A is a convolution of
transversity Arq(x) and
Two-Hadron-Interference-FF H;:

A YgerBra(x)HE (zM2,, )
Ags = fPrDam — qz: q(x)-Dy1(z,M? A

hth— )
COMPASS 2007 TRANSVERSE PROTON DATA
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2007 Proton Run: Statistics

Data taking in 2007: May to November

81.5 - 10'2 muons on tape

equally shared between transverse and longitudinal target polarization

Total statistics for transverse target polarization
(after all cuts):

Proton target (NHs) Deuteron target (°LiD)
h*h~ pairs h*th~ pairs
11.28 - 10° 6.1-10°

Considering: (f - Pr)np, =~ \%(f - Pr)eLip

~» similar statistical precision
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Asymmetry Extraction: Method

COMPASS 2007 TRANSVERSE PROTON DATA
20000 h'h

Splitting middle cell into two parts
~> two couples of cells with 15000

opposite polarization
10000

~» two independent values for the 7 ﬁ U U ﬁ

. . 5000
asymmetries per period

L | L L | L |
050 0 50
Z,, [cm]

Extraction: Extended Unbinned Maximum Log-Likelihood Fit:

L = sign of target polarization
= a = acceptance
PTl = a- Tl A —
(¢n, ¢5) g (A) g™ (A) = 8 spin dependent modulations

plus cos ¢r and cos2¢r

LH = ([[; P}) -e7*, ‘extended’ factor: p = [dég [ dés P (¢n, ¢s)

 Heiner Wollny (University of Freiburg) DIS 2009, Madrid, Apr. 26-30.09 9




Asymmetry Extraction: Method

Separation of acceptance and spin dependent modulations:

Coupling of:

two cells (u,d) period 1:
with opposite polarization | | and period 2:

two periods (p1,p2)

with opposite target polarization:

Fix acceptances with Assumption:

al . al
CLI — _lljv Cd — _?
an ay

' Heiner Wollny (University of Freiburg) DIS 2009, Madrid, Apr. 26-30.09 10




ikalisches Institut

2007 Proton Run: Data Quality Checks

4

200 -150-100 -50 0 50 100 150 200
Xinmm

Data quality checks:

» detector profiles
> event reconstruction

» KO-reconstruction (invariant mass)

» distributions of kinematical variables

2
Xbj s Q Y Wv Pu’s ¢“/Lab’ e,uiaba Phads PTy.q5 25 ¢hadLab7 ghadLabv ¢h7 ¢57 Zvertex

5 ##tracks per primary vertex per spill

dN/dM
»
o

2000 4000 6000 8000 10000

72000
unique spill

-01 00 -50 0 50 100
M e Mo (MeVIE)
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SIDIS Event Selection

DIS cuts:
> Q%> 1(GeV/c)?
» 0.1<y<09
» W >5GeV/c?

COMPASS 2007 TRANSVERSE PROTON DATA
h'h
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COMPASS 2007 TRANSVERSE PROTON DATA
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SIDIS Event Selection

DIS cuts:
> Q%> 1(GeV/c)?
» 0.1<y<09

> W >5GeV/ 2 — 10? COMPASS 2007 TRANSVERSE PROTON DATA
S | hh

> L
0 .
o |
5 |
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1 | | L

102 10" 1
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SIDIS Event Selection

hadron cuts: F o A—KO h*h
40000~ 0
> xg > 0.1 r
30000
» z; > 0.1 b
200001~ <M,',,V> =0.72
> Zom =21 +20<0.9 r
100001~
» Rt >0.07GeV/c i
% o5 1 15 2 25
Minv[GeV/czl
COMPASS 2007 TRANSVERSE PROTON DATA COMPASS 2007 TRANSVERSE PROTON DATA
N ab hh i hh
8 30000~
061 L
L 20000~
04f i
[ 10000~
0.2 i
:  NzZeum) = 0.47
%%z 04 06 08 02 0d 06 08 1
z, 242,
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Mean Kinematics - Proton Data 2007
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Systematic Tests

Tests for systematic errors:

» Splitting spectrometer into sectors:

> Left / Right
» Top / Bottom

» Splitting middle cell: Couass 0 rransvERSE PrOTON DATA
20000~

two asymmetries per double period -

10000~

» Check for false asymmetries:

vy

h'h

Combination of cells with same polarization

» Comparison of 4 estimators for asymmetry extraction
1D and 2D double ratios, binned LH, unbinned LH
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Results Proton 2007

a 2 01 - h*h pairs COMPASS|2007 transverse proton data
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Results Proton 2007 and predictions

» 01 -
ol h* h pairs

COMPASS|2007 transverse proton data
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Results Proton 2007 and HERMES

» 01 -
ol h* h pairs

COMPASS|2007 transverse proton data
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Results Proton 2007 and HERMES
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h*I pairs, x < 0.032
° ®
3 3 X $
8 pre el X
01 it 1 :
e ] e —_—]
I I ! 1 | | 1 1 I 1 1
10?2 10 102 04 06 08 05 1 15 2
X z M, [GeV/c?]
HERMES: JHEP 0806:017,2008
§ o052 e I dt . . ey
¢ "8 | » different definition
el + | fo
= 002 —g + ol + + ] ° s
it T } Tyt i
e — —  — » No D,, correction
g0.03 F 4 055 E! * x4 0.7—75 . E oosg
007 | R 004: L 4 ooestR *M, {007
o8k, 0.4 s 06tz # 4Z 1006
0.2 0.4 0.6 0.8 1 0.05 0.1 0.15 0‘2 0.‘4 0.‘6 0‘.8
M,..[GeV] X z

einer Wollny (University of Freiburg)

DIS 2009, Madrid, Apr. 26-30.09 19



Results Deuteron 2002-2004
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Summary

First result for asymmetry in two hadron pair production measured
in COMPASS 2007 proton transverse run:

» Measured Asymmetry:
— significantly different from zero
~» Two Hadron-Interference-FF and Transversity are non zero
— in agreement with prediction

— signal stronger than measured by HERMES

» Outlook:
» ldentified hadron pairs
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End

Thank You

email: heiner.wollny@cern.ch
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Back up

Back Up
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Definition of Rt

RT _ 2Pir—2z1Pyr

zZ1+2
_ I §xRr __(?xRr)-q
COS _ = = Sin — X A=
Or Gxd]  |axRr|’ Z |axdl|axRr]

einer Wollny (University of Freiburg) DIS 2009, Madrid, Apr. 26-30.09 24



sikalisches Instituf

Table of Contents

COMPASS Experiment
Detector
Polarized Target

Transverse Spin Physics
Single Spin Asymmetries in Two Hadron Pair Production

2007 Proton Run

Asymmetry Extraction
Data Quality Checks
SIDIS Event Selection
Mean Kinematics
Systematic Tests

Results Proton 2007
Comparison with predictions
Results Proton 2007 and HERMES

Results Deuteron 2002-2004
Summary
Back Up

Table of Contents

Heiner Wollny (University of Freiburg) DIS 2009, Madrid, Apr. 26-30.09 25



	COMPASS Experiment
	Detector
	Polarized Target

	Transverse Spin Physics
	Single Spin Asymmetries in Two Hadron Pair Production

	2007 Proton Run
	Asymmetry Extraction
	Data Quality Checks
	SIDIS Event Selection
	Mean Kinematics
	Systematic Tests

	Results Proton 2007
	Comparison with predictions
	Results Proton 2007 and HERMES

	Results Deuteron 2002-2004
	Summary
	Back Up
	Table of Contents

