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Outline of the Talk

• Double spin asymmetries and quark helicities

• The COMPASS–experiment

• The measurement of the inclusive asymmetry A1

• The status of analysis of the semi-inclusive asymmetry

• Summary
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The Spin of the Nucleon
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∆Σ + ∆G + Lq + Lg

∆Σ = ∆u + ∆ū + ∆d + ∆d̄ + ∆s + ∆s̄

∆q := q↑↑ − q↑↓ q := q↑↑ + q↑↓
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Polarised deep inelastic scattering
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• Photoabsorbtion:

σ↑↑ =
∑

q e2
q(q

↑↓ + q̄↑↓) σ↑↓ =
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q e2
q(q

↑↑ + q̄↑↑)

• γ–nucleon asymmetry:

A1 = σ↑↓−σ↑↑

σ↑↓+σ↑↑
=

∑

q e2q(q↑↑−q↑↓+q̄↑↑−q̄↑↓)
∑

q e2q(q↑↑+q↑↓+q̄↑↑+q̄↑↓)
=

∑

q e2q(∆q+∆q̄)
∑

q e2q(q+q̄)
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The Inclusive Asymmetry A1

• Inclusive DIS:

– Detection of µ and µ′

– Hadronic final state unobserved

• Measure µ–nucleon asymmetry:

AµN =
1

PtfPb

(

N↑↓ − N↑↑

N↑↓ + N↑↑

)

• γ–nucleon asymmetry:

A1 =
AµN

D
=

Σe2
q (∆q + ∆q̄)

Σe2
q (q + q̄)

s, k s’, k’

γ  ν, q2*

S, P

X

• ∆q and ∆q̄ can not be separated

• with hyperon decay data:
∆u + ∆ū, ∆d + ∆d̄ and ∆s + ∆s̄

can be determined
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Semi–inclusive Asymmetries

• Semi–inclusive Measurement:

– Detection of µ and µ′

– Plus at least one hadron h

– Fragmentation independent of scattering
– Fragmentation function: Dh

q (z) with z = Eh
ν
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γ  ν, q2*

S, P

X

h
D

h
q

• Asymmetries:

Ah
1 =

1

PtfPbD

(

Nh
↑↓ − Nh

↑↑

Nh
↑↓ + Nh

↑↑

)

=

∑

q e2
q

(

∆q(x)
∫

Dh
q (z)dz + ∆q̄(x)

∫

Dh
q̄ (z)dz

)

∑

q e2
q

(

q(x)
∫

Dh
q (z)dz + q̄(x)

∫

Dh
q̄ (z)dz

)

since Dh
q 6= Dh

q̄ separation of quarks and anti-quarks

• in principle full flavour separation possible (∆u, ∆ū, ∆d, ∆d̄, ∆s, ∆s̄)
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The Experimental Setup
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COMPASS M. Leberig

The Polarised Muon Beam
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The Polarised Target

(70mrad)
Acceptance
SMC

He-Precooler3

COMPASS
Acceptance
(180mrad)

Dilution refrigerator Targets

Solenoid
Superconducting
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polarization
reversal
every 8h

beamµ−
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N’u
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• Target material: 6LiD

• Polarisation: above 50 %

• Flux Variation: 2 target cells

• Acceptance Difference: Rever-
sal

• Take average Asymmetry:

⇒ A =
A1 + A2

2
=

1

2

(

Nu − Nd

Nu + Nd

−
N ′

u − N ′
d

N ′
u + N ′

d

)

⇒ Minimization of false asymmetries
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The COMPASS Spectrometer

GEM MWPC&

Silicon
Scifi MicroMegas

Drift chamber

Straws

Scifi

beam

Target

Trigger Hodoscopes

MWPC

SM1

SM2

RICH

ECal1/2 & HCal1/2

-Filterµ

• Two Stage Spectrometer
(SM1: 1 Tm, SM2: 5.2 Tm)

• Particle Identification
RICH, HCALs, µF
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The Inclusive Measurement
A1 =
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Event Selection

• Target Cuts:

– Primary Vertex in Target
– µ would have passed both target cells
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• Target Description:

– R < 1.4 cm
– y < 1.0 cm
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Event Selection

• Kinematic Cuts:

– 140 GeV < Eµ < 180 GeV
– Q2 > 1 GeV2

– 0.1 < y < 0.9
⇒ xmin = 0.003
∗ Hermes: xmin = 0.02
∗ SLAC: xmin = 0.03

Bj
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〉2
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0
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40

SMC
E143
HERMES
COMPASS

Period P1C P2A P2D P2E P2F P2G total
# of runs 167 181 166 211 114 168 1007

Events after cuts ×106 0.88 1.22 1.1 1.56 0.71 1 6.47
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The Beam Factor PbD

• Beam polarisation Pb(Eµ)

• Depolarisation factor:
D ≈

2y − y2

2 − 2y + y2
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The Target Factor Ptf

The run number
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Dilution factor:

• Naive: 6LiD ≈ 2D + 1α ⇒ f ≈ 0.5

• 6LiD in He bath (packing 50 %)

⇒ f = ndσd
ndσd+

∑

A nAσA
≈ 0.4

• Impurities (7Li, H)
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Inclusive Result A1

• Combine Configurations: − − − −−−−−
+ + + +++++

time
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COMPASS(2002) 

preliminary

• 1st year data taking

≈ 3 years of SMC for x < 0.04

– 5 times higher beam rate
– 2 times higher f

• large uncertainty for x > 0.04

⇒ trigger upgrade for 2003
⇒ large Q2

• 2003 + 2004 data ⇒ four times
the statistics
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False Asymmetries

• False asymmetries can be determined from

– Data: all sources but limited statistics
– MC: infinite statistics but only known sources

• False asymmetry determination with MC is in
progress

combine data w/o physical
asymmetry
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+ + + +++++
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Fake Config

preliminary • Observed asymmetry compa-
tible with 0–hypothesis

• Probability ≈ 70 %

• Systematic error (without fal-
se asymmetries) ≈ 10 %
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The Semi–Inclusive Measurement
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Asymmetries to be measured
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Chi2 / ndf = 69.17 / 50

 15.74 ±Const    = 547.1 

 0.0001667 ±Mean     = 0.4951 

 0.0001765 ±Sigma    = 0.006841 

 226.4 ±p3       = 181.7 

 901.1 ±p4       = 416.9 
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 invariant mass. Z>450mm.-π+π Chi2 / ndf = 69.17 / 50

 15.74 ±Const    = 547.1 

 0.0001667 ±Mean     = 0.4951 

 0.0001765 ±Sigma    = 0.006841 
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90% of hadrons
are pions
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produced by track

coming from interac−
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Flavour Separation

• Measure Asymmetries and Correlations:

~Ad
1 =

(

A1, A
h+

1 , Ah−

1 , AK+

1 , AK−

1 , A
K0

s
1

)

• Fragmentation Functions:

– EMC: Dπ+

u , Dπ+

ū , DK+

u , DK+

ū ,Dp
u,Dp

ū

– MC (Pythia): D
K0

s
q

• Unpolarized quark distributions q(x):

– MRST, GRSV, ACC, BB, CTEQ

~A1 = B(q(x),Dh
q (z)) ~∆q

• Deuteron = isoscalar ⇒ ~∆q =
(

∆u + ∆d, ∆ū + ∆d̄, ∆s = ∆s̄
)

• With proton data ⇒ ~∆q =
(

∆u,∆ū, ∆d,∆d̄,∆s, ∆s̄
)

TEXed 13. April 2004
DIS 2004, April 2004, Štrbské Pleso 20
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Semi-inclusive Asymmetries

• Hermes: PRL 92 (2004) 012005
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• COMPASS:

– Contribution to ∆s

– Extension to-wards small x
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Summary

• First results (A1, high pt, transversity, ...)

• All results based on 2002 data

• A1 has been measured:

– good accuracy for x < 0.04
– Determination of systematic error and false asymmetries in progress
– much more (at least factor 4) statistics to come

• The analysis of the semi-inclusive asymmetries is in progress:

– Error projection for 2002 shown
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