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COMPASS Spectrometer
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Polarized

Target

I high energy muon beam (160GeV)

I high intensity beam (2 · 108µ+/spill)

I two stages spectrometer:

; large angular acceptance (0 ≤ θlab ≤ 180mrad)

; broad kinematical range



COMPASS Polarized Target

Heiner Wollny (University of Freiburg) SPIN 2008, Charlottesville, Okt 6-11.08 3

 (cm)vtxz
-50 0 50

vt
x

dN
/d

z

0

5000

10000

15000

20000

COMPASS 2007 transverse proton data (part)

180mrad

COMPASS target (≥ 2006):

I 3 target cells

I acceptance: 180 mrad

I target material: NH3

I dilution factor: f ' 15 %

I polarization: PT ∼ 90 %

I reversal of polarization every 4-5
days
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transversity distribution
in polarized SIDIS
`P↑ → `′hX

helicity distribution
in polarized DIS
~̀ ~P → `′X

mometum distribution
in unpolarized DIS
`P → `′X

∆Tq(x)=q↑↑(x)−q↑↓(x)

∆q(x)

q(x)

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



Collins Asymmetry
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φh azimuthal angle of hadron

φS azimuthal angle of spin of the initial quark

; azimuthal asymmetry:

N↑↓
h (ΦColl) ∝ 1± Ah

C · sin ΦColl

ΦColl = φh + φS − π

Measuring transversity with Collins-FF ∆0
TDh

q :

fragmentation of a transversely polarized quark into an unpolarized
hadron
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Measured asymmetry Ah
C is a convolution

of transversity ∆Tq(x) and Collins-FF ∆0
TDh

q :

AColl =
Ah

C

f PT Dnn
=

∑
q e2

q ·∆Tq(x)·∆0
TDh

q∑
q e2

q ·q(x)·Dh
q

f target dilution factor

PT target polarization

Dnn = 1−y
1−y+y2/2

depolarization factor
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φh azimuthal angle of hadron

φS azimuthal angle of spin of the initial quark

; azimuthal asymmetry:

N↑↓
h (ΦSiv ) ∝ 1± Ah

S · sin ΦSiv

ΦSiv = φh − φS

Intrinsic transverse momentum of quarks ; several further distributions

Sivers-Function ∆T
0 q(x):

distribution of unpolarized quarks with transverse
momentum kT in a transversely polarized nucleon



Sivers Asymmetry
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Measured asymmetry Ah
S is a convolution

of Sivers-function ∆T
0 q(x) and unpolarized-FF Dh

q :

ASiv =
Ah

S

f PT
=

∑
q e2

q ·∆T
0 q(x)·Dh

q∑
q e2

q ·q(x)·Dh
q

f target dilution factor

PT target polarization
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where α is the fine structure constant and the structure functions on the r.h.s. depend

on x, Q2, z and P 2
h⊥. The angle ψ is the azimuthal angle of `′ around the lepton beam

axis with respect to an arbitrary fixed direction, which in case of a transversely polarized

target we choose to be the direction of S. The corresponding relation between ψ and φS

is given in ref. [27]; in deep inelastic kinematics one has dψ ≈ dφS . The first and second

subscript of the above structure functions indicate the respective polarization of beam and

target, whereas the third subscript in FUU,T , FUU,L and F
sin(φh−φS)
UT,T , F

sin(φh−φS)
UT,L specifies

the polarization of the virtual photon. Note that longitudinal or transverse target polar-

ization refer to the photon direction here. The conversion to the experimentally relevant

longitudinal or transverse polarization w.r.t. the lepton beam direction is straightforward

and given in [27]. The ratio ε of longitudinal and transverse photon flux in (2.7) is given

by

ε =
1 − y − 1

4 γ2y2

1 − y + 1
2 y2 + 1

4 γ2y2
, (2.8)

so that the depolarization factors can be written as
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, (2.9)
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≈ (1 − y), (2.10)
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(
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Figure 1: Definition of azimuthal angles for semi-inclusive deep inelastic scattering in the target

rest frame [28]. Ph⊥ and S⊥ are the transverse parts of Ph and S with respect to the photon

momentum.

have nonzero components g11
⊥ = g22

⊥ = −1 and ε12
⊥ = −ε21

⊥ = 1 in the coordinate system of

Fig. 1, our convention for the totally antisymmetric tensor being ε0123 = 1. We decompose

the covariant spin vector S of the target as

Sµ = S‖
Pµ − qµM2/(P · q)

M
√

1 + γ2
+ Sµ

⊥ , S‖ =
S · q
P · q

M
√

1 + γ2
, Sµ

⊥ = gµν
⊥ Sν (2.6)

and define its azimuthal angle φS in analogy to φh in eq. (2.3), with Ph replaced by S.

Notice that the sign convention for the longitudinal spin component is such that the target

spin is parallel to the virtual photon momentum for S‖ = −1. The helicity of the lepton

beam is denoted by λe. We consider the case where the detected hadron h has spin zero

or where its polarization is not measured.

Assuming single photon exchange, the lepton-hadron cross section can be expressed in

a model-independent way by a set of structure functions, see e.g. refs. [29, 30, 27]. We use

here a modified version of the notation in ref. [27], see appendix A, and write1

dσ

dx dy dψ dz dφh dP 2
h⊥

=

α2

xyQ2

y2

2 (1 − ε)

(

1 +
γ2

2x

)

{

FUU,T + εFUU,L +
√

2 ε(1 + ε) cos φh F cos φh

UU

+ ε cos(2φh)F cos 2φh

UU + λe

√

2 ε(1 − ε) sin φh F sinφh

LU

+ S‖

[

√

2 ε(1 + ε) sin φh F sin φh

UL + ε sin(2φh)F sin 2φh

UL

]

1The polarizations SL and ST in [27] have been renamed to S‖ and |S⊥| here. This is to avoid a clash

of notation with section 3, where subscripts L and T refer to a different z-axis than in Fig. 1.
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...

6 further
modulations

A.Bacchetta et al

JHEP 0702:093,2007

E-print number: hep-ph/0611265

CollinsSivers



2007 Proton Run: Statistics
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Data taking in 2007: May to November

81.5 · 1012 muons on tape

equally shared between transverse and longitudinal target polarization

Total statistics for this analysis (after all cuts):

pos hadrons neg hadrons

5.7 · 106 4.5 · 106

Not the whole statistics 2007! ;

For this analysis ∼ 20% of the collected data has been prepared



2007 Proton Run: Data Quality Checks
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Data quality checks:

I detector profiles

I event reconstruction

I K 0-reconstruction (invariant mass)

I distributions of kinematical variables

(xbj ,Q
2, y ,W , pµ′ , φµ′

Lab
, θµ′

Lab
, phad , pThad

, z , φhadLab
, θhadLab

, φh, φS ,Zvertex )



SIDIS Event Selection
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〈W 2〉 = 81.87 〈xbj〉 = 0.045

〈Q2〉 = 3.29DIS cuts:
I Q2 > 1 (GeV/c)2

I 0.1 < y < 0.9

I W 2 > 25 GeV2/c4



SIDIS Event Selection

Heiner Wollny (University of Freiburg) SPIN 2008, Charlottesville, Okt 6-11.08 13

DIS cuts:
I Q2 > 1 (GeV/c)2

I 0.1 < y < 0.9

I W 2 > 25 GeV2/c4
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〈z〉 = 0.37

〈pT 〉 = 0.51hadron cuts:
I pT > 0.1 GeV/c

I z > 0.2

I µ rejection with HCALs:
E deposit > Thr. ( ∼ 5 GeV)



Mean Kinematics - Proton Data 2007
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Asymmetry Extraction: Method
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Splitting middle cell into two parts

; two couples of cells with

opposite polarization

; two independent values for the

asymmetries per period

Extraction: 2D Binned Maximum Log-Likelihood Fit:

eight by eight grid in φh and φS ;

in each bin j = {1, 2, ..64} one expects number of counts Nj :

N↑↓
j = ajg

↑↓
j (~A),

↑↓ = sign of target polarization

aj = acceptance in bin j

g↑↓j (~A) = all 8 spin dependent modulations

of cross-section in bin j
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Separation of acceptance and spin dependent modulations:

Coupling of two cells (u,d) with opposite

polarization ↑↓ and two periods (p1,p2)

with opposite target polarization:

; Reasonable assumption:
a↑ju

a↓ju
= C

a↓jd

a↑jd

; 4 · 64 = 256 nonlinear equations, (~f (~a) )

; 1 + 8 + 3 · 64 = 201 fit parameter, (~a )

Poisson distribution to account for low statistics: Pj(~a) =
e
−fj (~a)fj (~a)

Nj

Nj !

; Solution = max
(∏256

j=1 Pj(~a)
)

period 1: a↑ju ajd
↓

period 2: a↓ju a↑jd
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Tests for systematic errors:
I Splitting target volume into sectors:

I Left / Right
I Top / Bottom

I Splitting middle cell:

two asymmetries per double period

I Check for false asymmetries:

Combination of cells with same polarization

I Comparison of 5 estimators for asymmetry extraction

1D double ratio (dr), new 1D dr, 2D dr, binned LH, unbinned LH

For this analysis: Overall systematic error is 30% and 50% of the
statistical error for Collins and Sivers respectively.

 (cm)vtxz
-50 0 50

vt
x

dN
/d

z

0

5000

10000

15000

20000

COMPASS 2007 transverse proton data (part)



Collins Asymmetry - Proton Data 2007
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Collins Asymmetrie: xbj > 0.05
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First preliminary results of COMPASS 2007 proton transverse run:

I Collins Asymmetry:

− different from zero, comparable to HERMES

− agreement with predictions of Anselmino et al

I Sivers Asymmetry:

− small and compatible with zero within present statistical errors

I Outlook:
I Analysis of whole data sample

I Identified hadrons

I Hadron pairs
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email: heiner.wollny@cern.ch

Thank You
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Back Up
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