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data taking: 2002-2012,
currently running for  

COMPASS-II proposal

DIS & SI-DIS experiment 
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Nucleon PDFs 
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at twist-2,  taking account of 
transverse momentum(kT) of the quarks



SIDIS
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Collins & Sivers Asymmetries

s: nucleon spin 
(initial quark spin)s’: struck quark spin

hadron （Breit frame）
quark direction

Collins angle: azim. angle of  the  hadron 
wrt struck quark spin

ΦC = φh - φS’ (= φh +φS- π)

Sivers angle: azim. angle of hadron 
wrt initial quark spin (nucleon spin)

ΦS= φh - φS Scattering plane

SIDIS(single hadron production) for transv. 
pol. target shows modulation: 
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φS = azim. angle of nucleon spin (initial quark spin)
φS’ = azim. angle of struck quark spin
φS= π  - φS’ （due to helicity conservation)
φh = azim. angle of  the hadron

Transversity

Sivers PDF

Collins F.F.

Collins 
mechanism

ST: target polarization



π+

π-

Κ+

Κ-

Κ0

CERN-PH-EP-2014-213
(submitted to PLB)

z=Eh/ν

Collins Asymmetry on Proton 

Clearly non-zero
in valence region,
negative for  π+ ,
positive for  π- -
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Similar trend  for Κ,
negative for  K+ ,
positive for  K--

Κ0−>π+π−

Deuteron data already published
Phys. Lett. B673 (2009) 127
compatible with zero.

Event Selection
Q2>1 (GeV/c)2
W>5 GeV/c2

0.05  < y < 0.9
z > 0.1
|Ph

T| > 0.07 GeV/c

PID is by RICH



Collins Asymmetry compared with a Fit 

Joint Meeting of the APS and the JPS, 2014, Oct.  7-11, HawaiiTakahiro IWATA
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u

d

Transversity

Collins F.F. uπ+

uπ-

favoured 

dis-favoured The fit  reproduces the 
COMPASS data well

fit with HERMES, 
COMPASS, Belle data
[PRD87(2013) 094019]
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Di-hadron Asymmetry & Transversity
Transversity PDF

“Di-hadron FF”
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Di-hadron Asymmetry  on Proton

COMPASS 2007/2010 proton 

Clearly negative
in the valence 
region

Deuteron data  also published
Phys. Lett. B713 (2012) 10
The asymmetry  is compatible with zero !

Phys. Lett. B736 (2014)  124

ρ0

pion mass is assumed

Event Selection
Q2>1 (GeV/c)2
W>5 GeV/c2

0.1 < y < 0.9
z > 0.1
|RT| > 0.07 GeV/cNpair=3.5x107

after the cuts 
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Interplay; Di-hadron & Collins Asymmetries

Hint of common
physical origin
between Di-hadron FF
and  Collins mechanism

x

y

h+
h- R

S’

Phys. Lett. B736 (2014)  124

[1] Mirror symmetry 
between Collins h+ and h-

[2] Di-hadron asymmetry
similar to the Collins h+

Collins asymmetries
for   di-hadron events 
to be studied



Sivers Asymmetry on  Proton
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π+

π-

Κ+

Κ-

Κ0

Significantly large 
signal for  π+ and  Κ+

Compatible with zero 
for   π− , Κ - and K0

CERN-PH-EP-2014-213
(submitted to PLB)

Κ0−>π+π−

Deuteron data already published
Phys. Lett. B673 (2009) 127

Event Selection
Q2>1 (GeV/c)2
W>5 GeV/c2

0.05  < y < 0.9
z > 0.1
|Ph

T| > 0.07 GeV/c



Sivers Asymmetry on Proton; π+ & K+
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π+

Κ+

Κ+ signal is even larger 
than  that   of  π+

 possible  contribution 
from sea quarks 



Sivers Asymmetry compared with  Global Fits 

The fits  
reproduce the 
COMPASS data
reasonabley well.
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π+

π-
COMPASS 
results for 
unidentified 
hadrons on 
proton is 
included 
in the global fits



•COMPASS is a DIS and SI-DIS experiment at CERN to study the nucleon 
spin structure using a polarized muon beam and a polarized target.

•Collins and Sivers asymmetries have been measured on proton target for 
identified hadrons.

• The Collins asymmetries  for charged pions show non-zero signals in the 
valence region.  The signals for the different charged pions give opposite 
signs to each other.

•The Sivers asymmetries have been measured  on proton target for 
identified hadrons. Those  for positive charged pions and kaons  show 
positive values.

•The di-hadron asymmetries  have been measured on proton.  They are 
clearly negative in the valence region. A dip structure has been observed 
around  the rho meson mass as expected.

•The di-hadron asymmetry  and the Collins asymmetry for positive hadron
show a similar behavior. 

Conclusions
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