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COMPASS Spectrometer

SM1

SM2

Pol.
 beam

160GeV,
pol. 80% 

MuonWall

MuonWall

E/HCAL

E/HCAL

RICH

Polarised Target

SciFi
Silicon
Micromegas
GEMs

Straws
SDC
MWPC
W45

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 polarized target

Material: 6LiD NH
3

Polarization: ~50% ~90%
Dilution factor: ~0.15

Material: 6LiD NH
3

Polarization: ~50% ~90%
Dilution factor: ~0.15

Spin flip: Field rotation & DNP
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COMPASS I: 2002~2011, μ-program
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Polarized DIS & SIDIS
Spin structure function: g

1

SIDIS asymmetry: A
1

h

SSA with T-pol. Target
...

Hard exclusive ρ0 production
A

UT
, A

LT

Unpol. SIDIS
Hadron multiplicity
Azimuthal amplitudes
...
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Year Material Polarization
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g
1

p

Global analysis
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TMDs in COMPASS
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Twist-2 TMD

Transversely Polarized Nucleon

Longitudinally Polarized Nucleon

Unpolarized NucleonParton Density

Helicity

Transversity

Pretzelosity

Mulders-Kotzinian

Boer-Mulders

Sivers
Worm-gear
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SIDIS with T-pol. target

Year Material Polarization
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hadron program
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U L T

U Density Boer-Mulders

L Helicity
Mulders-
Kotzinian

T Sivers Worm-Gear
Transversity

Pretzelosity

U L T

U Density Boer-Mulders

L Helicity Mulders-
Kotzinian

T Sivers Worm-Gear
Transversity

Pretzelosity

Target

Parton

with pol. beam
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Azimuthal angles in SIDIS

l+N→ l '+h+X
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Azimuthal amplitudes in SIDIS

l+N→ l '+h+X

d σ∝
1+(1− y )2

2
FUU+(2− y)√1− ycosφ h FUU

cosφ h+(1− y)cos 2φ h FUU
cos 2φ h

+S L[(1− y)sin 2φ h FUL
sin 2φ h+(2− y)√1− y sinφ h FUL

sinφ h ]

+S LP z
l [ 1−(1− y )2

2
F L L+ y √1− ycosφ h F L L

cosφ h]
+ST [1+(1− y)2

2
sin(φ h−φ S )F UT

sin(φ h−φ S )

+(1− y)(sin(φ h+φ S)F UT
sin(φ h+φ S )+sin (3φ h−φ S)FUT

sin(3φ h−φ S ))
+(2− y)√1− y (sinφ S FUT

sinφ S+sin (2φ−φ S)FUT
sin (2φ−φ S))]

+ST P z
l [ 1−(1− y)2

2
cos(φ h−φ S)F LT

cos(φ h−φ S)+ y √1− y (cosφ S F LT
cosφ S+cos(2φ−φ S )F LT

cos(2φ−φ S ))]



August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 14

YAMAGATA UNIVERSITY

TMD in SIDIS

Transversely Polarized Nucleon

Longitudinally Polarized Nucleon

Unpolarized NucleonParton Density

Helicity

Transversity

Pretzelosity

Mulders-Kotzinian

Boer-Mulders
h1

⊥

Sivers
Worm-gear

with pol. beam

h1TH 1
⊥
∼sin(φ +φ S)

h1T
⊥ H 1

⊥
∼sin(3φ−φ S)

h1L
⊥ H 1

⊥∼sin 2φ

g1TD1∼cos(φ−φ S )

h1
⊥ H1

⊥∼cos 2φ

f 1T
⊥ D1∼sin (φ−φ S)
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TMD related publication from 

Year Material Polarization

2002

6LiD
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Year Material Polarization
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hadron program
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A

Siv
: h+,- PLB 717 (2012) 383 

A
coll:

: h+,- PLB 717 (2012) 376

h-pair: PLB 713 (2012) 10h-pair: PLB 713 (2012) 10

A
siv

, A
coll

:  π+,-, K+,- 
PLB 673 (2009) 127–135

A
siv

, A
col

 :h+,- PLB 692 (2010) 240–246 

Other azimuthal asymmetries:
 PLB 713 (2012) 10
Other azimuthal asymmetries:
 PLB 713 (2012) 10
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Sivers asymmetry
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Sivers asymmetry



August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 18

YAMAGATA UNIVERSITY

Collins asymmetry
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Collins asymmetry
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Extraction of transversity

AUT
sin (φ +φ S )∼h1T H 1

⊥
HERMES,
COMPASS

Belle
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COMPASS II
2012 ~ 2016
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SIDIS and Drell-Yan

l

l̄q

q̄

l l

q
q
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Chiral-odd TMD in SIDIS and Drell-Yan

Azimuthal amplitudesAzimuthal amplitudes (Single T-pol. DY)

π induced DY with T-pol. targetπ induced DY with T-pol. target

In LO QCD parton modelIn LO QCD parton model

COMPASS II (DY)COMPASS II (DY)

π
−
+ p↑

→μ
+
+μ

−
+X
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TMDs in COMPASS II (DY)

π
−
+ p↑

→μ
+
+μ

−
+X

l

l̄π
−

p↑

PDF set
(MRSS,GRVPI)
PDF set
(MRSS,GRVPI)

From DY, SIDIS
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Sign of naïve T-odd TMDSign of naïve T-odd TMD

TMDs in COMPASS-DYTMDs in COMPASS-DY
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COMPASS II: Drell-Yan set-up

・ 160 GeV π-, ~ 108 particles/s
・ T-pol. NH

3
 in the frozen spin mode

has to be moved upstream, by 2.2 m.
・ hadron absorber in the gap
・ New SciFi trackers: beam telescope & vertex
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Hadron absorber
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COMPASS II: Pol. Target for DY

2 × 50 cm cells, with 20 cm space.

New target cell, μ-wave guide & cabity
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COMPASS II: DY acceptance

M. Anselmino et al., 
EPJ A39 (2009) 89

in acceptance

Pπ=190 GeV/c
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COMPASS II: DY test run in 2009
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COMPASS II: Drell-Yan program

 ※ 1 year beam time
(2014 – 2015)
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List of pol. Drell-Yan programs
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2016 – 2017
(2y beam time)

2014 – 2015
(1y beam time)
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Hard exclusive production & GPD

q

P P’

p p’

Form Factor: F(t), G(t)

Elastic scattering
t

eN e 'N '{ ,  ,  , ...}
Hard Exclusive Production:

q

q'

P P’

p p’
t Generalized Parton Distribution:

Fo
rw

ar
d 

lim
it

∫
−1

1

dx

q

P

p p’
Deep Inelastic Scattering

Parton distribution: q(x), Δq(x) 

Q2
=−q2

>1 GeV2
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Hard Exclusive Production and GPD

q q'

P P’

t

Deeply Virtual Compton Scattering:

eN e 'N '

Involved GPDs: 
clean reaction

H , E , H , E

Hard exclusive meson production:

q q'

P P’

t
eN e 'N '{ ,  ,...}

vector meson:
pseudo-scalar meson:
Meson amplitude involved

H , E
H , E
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Exclusive ρ0 production: COMPASS I

NPB 865 (2012) 1NPB 865 (2012) 1
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SM1

SM2

Pol.
 beam

160GeV,
pol. 80% 

MuonWall

MuonWall

E/HCAL

E/HCAL

RICH

Polarised Target

SciFi
Silicon
Micromegas
GEMs

Straws
SDC
MWPC
W45

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

Exclusive ρ0 production: NPB 865 (2012) 1

NH
3

μ+N→μ '+π
+
+π

−
+X
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SSA in exclusive ρ0 production

NPB 865 (2012) 1NPB 865 (2012) 1

S.V. Goloskokov and P. Kroll,
EPJ C59(2009)809
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5 ~ 40% background 
from SIDIS 
5 ~ 40% background 
from SIDIS 



August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 40

YAMAGATA UNIVERSITY

COMPASS II: GPD setup

Replace the pol. target

Detect recoiled p
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DVCS vs Bethe-Heitler

Bethe-Heitler (BH)

@HERMES, JLab

DVCS
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Azimuthal angles in DVCS

e
e'

γ

Lepton sc
atte

rin
g plane

Photon production plane
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DVCS cross section Unpol. target

Azimuthal angle dependence

Beam helicityBeam helicityBeam ChargeBeam Charge
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COMPASS II : DVCS kinematics
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COMPASS II: GPD 2012 “short” RUN



August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 46

YAMAGATA UNIVERSITY

CAMERA study: with exclusive ρ0

without
CAMERA

with
CAMERA
with
CAMERA

NPB865(2012)1NPB865(2012)1
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COMPASS II: DVCS analysis
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COMPASS II: GPD, expected asymmetry

SPIN2010, A. Ferrero

2016 - 20172016 - 2017



August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 49

YAMAGATA UNIVERSITY

Summary

● COMPASS I: 2002 ~ 2011
– Longitudinal & Transverse spin structure of the proton

– GPD with exclusive ρ0 production

● COMPASS II
– Drell-Yan Program: 2014 – 2015

● Target modification, Hadron absorber, new SciFi detector
● Pol DY for the first time
● Sign change of T-odd TMDs in SIDIS & DY 

– GPD Program: 2012, 2016 – 2017
● CAMERA was installed and tested in 2001
●
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