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Outline

• The nucleon spin 

• Generalities on Deep Inelastic Scattering

• The COMPASS experiment

• Inclusive asymmetries

• The g1 structure function
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The Nucleon Spin

naïve parton model:

∆Σ = ∆u + ∆d = 1

gluons are 
important

complete description:

orbital angular momenta
EMC (1988):  ∆Σ = 0.12 ± 0.09 ± 0.14
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Deep Inelastic Scattering

Q2 = -q2

ν = E - E’

x = Q2/2Mν

y = ν/E

z = Eh/ ν

µ
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Polarised Deep Inelastic Scattering

q(x) = q(x)+ + q(x)-

∆q(x) = q(x)+ - q(x)-

+: quark ↑↑ nucleon

-: quark ↑↓ nucleon

photon-nucleon asymmetry
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The Compass Experimental Program

muon beam

nucleon spin structure

hadron beam

nucleon spectroscopy

• Transversity

• ∆G (L. Silva talk)

• Semi-inclusive channels

• Inclusive µ channel (this talk)

• vector-meson production

• Spin transfer in Λ production      
(C. Franco talk)

• Primakoff reactions:

- Polarizability of π and K

• Exotics: 

- glue balls and hybrids

• Charmed mesons and baryons
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The COMPASS Spectrometer

SM1SM1

SM2

6LiD Target

160
 Ge

V µ

RICH

ECal & HCal

µ Filter

Trigger-hodoscopes

Silicon

Micromegas

SciFi

Gems

Drift chambers

Straws

MWPC

Two stage spectrometer
polarised beam and target

~75% ≥50%

50 m
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The Target System

Two 60 cm long target cells 
with opposite polarisation

Target material: 6LiD

Polarisation ~ 50%

Solenoid field: 2.5 T
3He/4He: Tmin ~ 50mK

New solenoid with 180 mrad 
acceptance in 2006
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The COMPASS Trigger System
• 3 types of triggers

– Inclusive triggers: direction of scattered µ behind 
SM2

– Semi-inclusive triggers: µ energy Loss + hadron 
signal in HCAL

– Calorimetric triggers: hadron signal in calorimeter

for all cases: beam µ + scattered µ + interaction 
in target

for semi-inclusive and calorimetric triggers: in 
addition, at least 1 hadron at interaction point
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Fraction of the Various Triggers

60—75% of inclusive triggers over the full range of x

Semi-inclusive triggers dominant at low x and low Q2

Calorimetric triggers dominant for Q2 > 30 GeV2
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Kinematic Domain
• Eµ ∈ [140, 180] GeV

• (Invariant mass)2 of the virtual photon: Q2
min > 1 GeV2

• Fraction of the energy carried by the virtual photon, 

y = (Eµ - Eµ’) / Eµ :  0.1 < y < 0.9 

⇒ Elab of the virtual photon: ν ∈ [14 – 162] GeV

⇒ Bjorken scaling variable: xBj = Q2/2Mν : 0.003 – 0.7

Statistics of DIS data (2002+2003):

34x106 events
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Experimental Asymmetry
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η is small in the 
COMPASS kinematic 
range, as well as A2

PB ≡ Beam polarisation

PT ≡ Target polarisation

f  ≡ Dilution factor

D  ≡ Depolarisation factor

(d ≡ deuteron)

↑↓ ≡ 1st cell (polarised anti-paralell to beam), ↑↑ ≡ 2nd cell (polarised parallel to beam)
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The Beam Polarisation
As computed by MC simulations

The average beam polarisation is 80%
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The Dilution Factor of the COMPASS 
6LiD Target

6LiD ∼ 4He+D → naïve expectation f(6LiD) ∼ 0.5
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A = 1H, 2H, 3He, 4He, 6Li, 7Li, C, F, Ni    
and Cu
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The Depolarisation Factor

It accounts for polarisation  
transfer from µ to virtual γ
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A1 Calculation
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Starting point: numbers of detected events, in upstream and downstream
cells (N↑↓, N↑↑)

u = φaunuσ0(1+ωPuA) d = φadndσ0(1+ωPdA)

φ ≡ incident µ-flux

au   ≡ acceptance of the upstream cell,

nu   ≡ number of nucleons in upstream cell 

Pu ≡ polarisation of the upstream cell

σ0 ≡ unpolarised cross section

ω ≡ PBfD
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Inclusive DIS Asymmetry - Results
data taken in 2002 and 2003

• Good agreement with previous experiments 
• Improved statistics at low x 
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Main Sources of the Systematic Error

• Beam polarisation ~4-5%

• Target polarisation ~5%

• Dilution factor ~6%

• Depolarisation factor (R) ~4-5%

• A2, RC     small effect

• False asymmetries < 0.5 σ(stat)
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Inclusive DIS Asymmetry - QCD Analysis

A1(x,Q2) almost 
independent of Q2

Dashed lines are 
predictions from 
QCD perturbative
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The g1(x) Structure Function 
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• For x < 0.03 the statistical error is reduced by a factor of 2.5

• COMPASS results show no tendency toward negative values
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COMPASS QCD Fit to the World Data on g1(x) of the 
Nucleon

• 200 world data points, 12 from COMPASS

• NLO analysis (MS scheme)
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Results from the QCD Fit 

QCD fit to the world DIS data on g1(x) at Q2=3 GeV2

and NLO:

∆Σ(MS) = 0.22 ± 0.03 without COMPASS data

∆Σ(MS) = 0.25 ± 0.02 with COMPASS data

The QCD fit provides an indirect measurement of ∆G 
through the Q2 evolution of the g1 structure function

• Needs input parameters from polarised PDFs

• Needs control of systematics

At Q2=3 GeV2 and from a NLO fit in MS scheme:

∆G = 0.4 ± 0.2 (stat)
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Summary

• Longitudinal A1 inclusive asymmetries measured 
using 2002 & 2003 COMPASS data

Improved measurement of the g1 deuteron 
structure function giving 

∆Σ(MS) = 0.25 + 0.02(stat)

2004 data analysis is finishing

Data taking continues on 2006
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