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The COMPASS Experiment

Takahiro Iwata Circum-Pan-Pacific Symposium, Cairns, Australia, June 20-24 , 2011

18/10/2011 BEACH08 26 june 2008        3
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COMPASS Spectrometer
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two stage spectrometer 
• Large Angle Spectrometer (SM1)
• Small Angle Spectrometer (SM2)
tracking, calorimetry, PID

• high energy beam
• broad kinematical range
• large angular acceptance 

0.003 < x < 0.5
10-3 < Q2 < 10 GeV2

Configuration 
in Muon program
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COMPASS Target system

Solid polarized target operated 
in  Dynamic Nuclear Polarization technique  
with a dilution refrigerator

PT magnet:
+180~-180 mrad geometrical acceptance

To match larger acceptance:
3 target cells: reduction of false asymmetries

Target: 
NH3 for proton , 6LiD for deuteron
 longitudinal & transverse mode available
very long relaxation time (∼ 4000 h)
magnetic field rotation without polarization loss
 Polarization of NH3 -92%, +88%, -83%Upstream

DownstreamMiddle
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RICH@COMPASS

5 m

C4F10

photon 
detectors

threshold momenta
● pp =  2 GeV/c
● pK =  9 GeV/c
● pP =17 GeV/c

• radiator gas: C4F10
• mirror wall:  20 m2 surface
• photon-detectors:

•outer part (75%) MWPC(pad RO) with CsI cathode
• inner part(25%)  576 MAPMTs with indiv. telescope

Installed in 2005,
Used  in data taking from 2006
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Status of COMPASS

Inclusive and Semi-inclusive DIS with

- Longitudinally polarized nucleon target

- Transversely polarized nucleon target
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COMPASS Brief History

 2002  Data taking started
muon program   with 160 GeV polarized muon

• 2002-2006 6LiD  polarized target ( pol. deuterons)
L-mode: 80 / T-mode: 20 ,  DG/G measurement
2005  no data taking

• 2007 NH3 polarized target (pol. protons)
L-mode: 50 /T-mode: 50

• 2008, 2009 hadron program with hadron beam at 190 GeV
• 2010  NH3 polarized target (pol. protons)   only T-mode 
• 2011  ditto                                       only L-mode
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Selected COMPASS results

Azimuthal asymmetries of charged hadrons produced by high energy muons off longitudinally polarized deuterons, EPJC 70 (2010) 39–49

Measurement of the Collins and Sivers asymmetries on transversely polarised protons, PLB 692 (2010) 240–246

Collins and Sivers asymmetries for pions and kaons in muon-deuteron DIS, PLB 673 (2009) 127–135

A new measurement of the Collins and Sivers asymmetries on a transversely polarised deuteron target, NP B765 (2007) 31–70

First measurement of the transverse spin asymmetries of the deuteron in semi-inclusive deep inelastic scattering, PRL 94 (2005) 202002

Gluon Polarisation in the Nucleon and Longitudinal Double Spin Asymmetries from Open Charm Muoproduction, PLB 676 (2009) 31–38

Gluon polarization in the nucleon from quasi-real photoproduction of high-pT hadron pairs, PLB 633 (2006) 25–32

g1

The spin-dependent structure function of the proton g1
p and a Test of the Bjorken Sum Rule, PLB 690 (2010) 466–472

Spin asymmetry A1
d and the spin-dependent structure function g1

d of the deuteron at low values of x and Q2, PLB 647 (2007) 330–340

The Deuteron Spin-dependent Structure Function g1
d and its First Moment, PLB 647 (2007) 8–17

Measurement of the spin structure of the deuteron in the DIS region, PLB 612 (2005) 154

Δq
Quark Helicity Distributions from Longitudinal Spin Asymmetries in Muon-Proton and Muon-Deuteron Scattering, PLB 693 (2010) 227–235

Flavour Separation of Helicity Distributions from Deep Inelastic Muon-Deuteron Scattering, PLB 680 (2009) 217–224

The Polarised Valence Quark Distribution from semi-inclusive DIS, PLB 660 (2008) 458–465

ΔG

SSA

Sivers

Collins

….
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Inclusive measurements

Γ1
d (Q2=3 GeV2)=0.0502±0.028±0.020±0.051

ΔΣ=0.35±0.03±0.05
Δ S=−0.08±0.01±0.02

fa

e
e'

p σ̂γ∗ a→b

a
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Semi-inclusive measurements: Flavor tagging

fa

Dh/b

e
e'

p σ̂ γ∗ a→b

h

a b
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Δq: Flavor decomposition

Δu=0.71 Δ ū=0.02
Δ d=−0.34 Δ d̄=−0.05
Δ s=0.01 (Δ s̄=Δ s )

ΔΣ=0.32
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Gluon Polarization

From Global Fit

Direct measurements

Open charm

High-pt hadron
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Proton spin budget

ΔΣ=0.32
Δu=0.71 Δ ū=0.02
Δ d=−0.34 Δ d̄=−0.05
Δ s=0.01 (Δ s̄=Δ s )

∣ΔG∣∼0.2− 0.3
from Global analysis

small (Open charm, high-pt h)

1
2=

Becomes larger ?

g1
d →ΔΣ=0.35
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Transverse Momentum Dependent PDF: TMD

Sivers

Helicity

Number density

Nucleon
Parton

f 1=q

h1
⊥

h1L
⊥ h1T

⊥

g1L= q g1T

Boer-Mulders

Unpolarized Long. polarized Trans. polarized

U
npol.

Long. pol.
Trans. polarized

f 1T
⊥

Transversityh1T(=δq)

Nucleon:

Parton

Nucleon spin Parton spin

PretzelosityWorm-Gear-2

Worm-Gear-1
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Azimuthal angles in SIDIS

Transverse target spin

Hadron production angle

Lepton scattering plane

l+N → l '+h+X
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Azimuthal dependence of SIDIS cross section

F UU∼( f 1)⊗(D1) F UU
cos2π∼(BM )⊗(Collins)

F UT
sin(ϕ+ϕS)∼(Trans.)⊗(Collins)

F UT
sin(ϕ−ϕS)∼(Sivers)⊗(D1)

F UT
sin(3ϕ−ϕS)∼(Pretzel.)⊗(Collins)

F L T
cos(ϕ−ϕS )∼(WG1)⊗(D1)

With T-pol. target

With L-pol. beam

+ others....
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Sivers Asymmetry
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Collins Asymmetry
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Outlook of COMPASS Ⅱ

- GPD Program

- Drell-Yan Program
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COMPASS II

SIDIS

Fragmentation

Δs

Boer-Mulders

Primakoff

π/K polarisabilities

ChPT test

Drell-Yan

TMD

polarized muon

Liq. H Nuclei Pol. p

DVCS / HEMP

GPD

pion kaon 

RPD
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GPD and Proton 3D structure

q

P P’

p p’

FF

Elastic scattering
t

q
P

p p’DIS

PDF

q

q'

P P’

p p’

t

GPD

Hard Exclusive Production
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GPD and Nucleon tomography
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COMPASS II: GPD

RPD

pol. μ+, μ-

μ+p→μ+p+γ
μ+p→μ+p+meson
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DVCS @ COMPASS II

I
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Access to GPD

The beam charge & spin sum of cross sections

The beam charge & spin difference of cross sections

The beam charge & spin asymmetry of cross sections
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Transverse imaging

〈 r⊥2 (x B) 〉∼2⋅B( xB)
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Projection of the azimuthal distributions

NPB841(2010)1
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SIDIS data from the COMPASS GPD run

SIDIS measurements is possible with the GPD setup.

Hadron multiplicities

→ fragmentation functions

→ strange quark distribution

Boer-Mulders functions

F UU∼( f 1)⊗(D1)

F UU
cos2π∼(BM )⊗(Collins)
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 Kaon cos 2ϕ @ HERMES

To be checked in COMPASS II



2011/10/20-22 Future Directions in High Energy QCD 31/38

YAMAGATA UNIVERSITY

Boer-Mulders in Drell-Yan

E866 PRL 99 (2007) 082301
E615 PRD 39 (1989) 92
NA10 Z Phys. C31 (1986) 513

d ∝1 cos2 sin 2 cos
2

sin2cos 2 Collins-Soper Frame

PRD16(1977)2219

E866/NuSea, PRL 102 (2009) 182001

QCD contribution

(same for p-{p,d})
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COMPASS II:  Drell-Yan

pπ=190 GeV/c

190 GeV/c pion beam

Pol. NH3 
Single polarized

π-p Drell-Yan
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The results from 2009 beam test
Reconstructed vertex z distribution
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Single Polarized Drell-Yan cross section

Collins-Soper Frame

PRD16(1977)2219

AU
cos 2ϕ→ (BM )π⊗(BM )

AT
sin ϕS → ( f 1)π⊗(Sivers ) p

AT
sin(2ϕ+ϕS)→ (BM )π⊗(Pretz.)p

AT
sin(2ϕ−ϕS)→ (BM )π⊗(Trans. )p

+
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Projections for azimuthal asymmetries

pπ=190 GeV/c
4<M μμ<9 GeV /c2
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Universality of TMD

AUU
cos 2π→(BM )p

DIS⊗(Collins)

AT
sin ϕS → ( f 1)π⊗(Sivers ) p

DY

AU
cos 2ϕ→ (BM )π

DY⊗(BM )DY

AUT
sin(ϕ−ϕS )→(Sivers)p

DIS⊗(D1)

DIS

DY

Unique to measure TMD in

SIDIS and DY

with the same spectrometer

(Sivers)DIS = - (Sivers)DY

(BM)DIS = - (BM)DY?
AT

sin(2ϕ−ϕS)→ (BM )π
DY⊗(Trans. )p

AUT
sin(ϕ+ϕS )→(Trans.)p⊗(Collins)
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Schedule

2012 Promakoff (18 weeks), GPD (6 weeks)

2013 SPS shutdown

2014 Drell-Yan
2015 GPD
2016 GPD
201? GPD with Pol. target...
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Summary
● COMPASS has studied the proton spin structure

● with long. and trans. polarized nucleon target
● ΔΣ~0.3, small ΔG
● Sivers & Collins asymmetries agree with HERMES

● COMPASS II: 2012 - 2015
● GPD to reveal the 3D structure with DVCS, HEMP

– SIDIS measurements will be done at the same time
● the hadron multiplicity, Boer-Mulders

● Pion induced polarized Drell-Yan
– TMD: Boer-Mulders, Sivers, Pretzel., and Transversity without 

Fragmentation process
– Test of the TMD universality

● Phase 2:   Pol. target and RPD: access to GPD E 


