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Transversity

Three distribution functions are necessary to describe the spin
structure of the nucleon at leading order:

•
q(x) momentum distribution q(x) or f1(x): probability

of finding a quark with a fraction x of nucleon momentum.
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Three distribution functions are necessary to describe the spin
structure of the nucleon at leading order:

•
q(x) momentum distribution q(x) or f1(x): probability

of finding a quark with a fraction x of nucleon momentum.

•
∆q(x)

helicity distribution ∆q(x) or g1(x): probability of

finding a quark with spin parallel to nucleon spin in a longitudinally

polarized nucleon.
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Transversity

Three distribution functions are necessary to describe the spin
structure of the nucleon at leading order:

•
q(x) momentum distribution q(x) or f1(x): probability

of finding a quark with a fraction x of nucleon momentum.

•
∆q(x)

helicity distribution ∆q(x) or g1(x): probability of

finding a quark with spin parallel to nucleon spin in a longitudinally

polarized nucleon.

•
∆

T
q(x)

transversity distribution ∆T q(x) or h1(x): prob-

ability of finding a quark with spin parallel to nucleon spin in a

transversely polarized nucleon.
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Transversity

Transversity DF is chirally odd:

not observable in DIS

observable in SIDIS (via “quark polarimetry”)

In COMPASS following SIDIS channels are measured:

• ℓN↑
→ ℓ′ h X (Collins asymmetry): transversity DF is

coupled with Collins Fragmentation Function

• ℓN↑
→ ℓ′ h h X ( pair production ): transversity DF is

coupled with interference fragmentation function

• ℓN↑
→ ℓ′ Λ X ( Λ polarization): transversity DF is coupled

with fragmentation function q↑
→ Λ

Results on deuteron data are available for all channels. New preliminary results on proton data are available
for Collins effect and Λ polarization.
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Collins Asymmetry

Azimuthal distribution of the produced hadrons:

N±
h (ΦC ) = N0

h

(

1 ± PT DNN AColl sin(ΦC )

)

± refers to the opposite orientation of the spin of the nucleon, PT is the target polarization and DNN is the

spin transfer coefficient from the initial to the stuck quark

ΦC =φh - φs′= φh + φs - π

AColl =
P

q e2
q ∆T q ∆0

T
Dh

q
P

q e2
qqDh

q
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Sivers Asymmetry
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JHEP 0702:093,2007

Complete SIDIS

cross section:

• 8 target

transverse

spin

dependent

modulations.

• all

independent

• Sivers

asymmetry is

the most

famous

among the

TMDs DF

Final results on deuteron
data are available for all tar-
get dependent asymmetries
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Sivers Asymmetry

Azimuthal distribution of the produced hadrons:

N±
h (ΦS) = N0

h

(

1 ± PT ASivers sin(ΦS)

)

± refers to the opposite orientation of the spin of the nucleon, PT is the target polarization

ΦS = φh - φs

ASivers =
P

q e2
q ∆0

T
q Dh

q
P

q e2
qqDh

q

∆0
Tq=Sivers Distribution Function: correlation between the

intrinsic transverse momentum of unpolarized quarks and the
spin in a transversely polarized nucleon.
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The COMPASS spectrometer

See Barbara Badelek Talk



Giulia Pesaro
Trieste University

and INFN of
Trieste

DIFFRACTION
2008

Transversity

Sivers
asymmetry

The
COMPASS
spectrometer

Results

Unpolarized
azimuthal
asymmetries

Conclusions

The COMPASS spectrometer

SM1SM1

SM2SM2

Polarized Polarized TargetTarget

160 G
eV

160 G
eV  µµ

RICH

ECal & HCal

µ  Filter Trigger-hodoscopes

Silicon

Micromegas

SciFi

Gems

Drift chambers

Straws

MWPC

50 m

Broad scientific program 

longitudinally polarised muon beam

 polarised target 

 momentum and calorimetry measurement

 particle identification

 Lum inosity               5 . 1032 cm -2 s-1

 Beam  intensity        2  . 108 µ+ /spill 

        (4.8s/16.8s) 

 Beam  m om entum    160 GeV/c

COMPASS spect rometer 2002-2007
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The COMPASS spectrometer

SM1SM1

SM2SM2
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eV
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eV  µµ
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µ  Filter Trigger-hodoscopes

Silicon

Micromegas
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Gems

Drift chambers

Straws

MWPC

50 m

Broad scientific program 

longitudinally polarised muon beam

 polarised target 

 momentum and calorimetry measurement

 particle identification

 Lum inosity               5 . 1032 cm -2 s-1

 Beam  intensity        2  . 108 µ+ /spill 

        (4.8s/16.8s) 

 Beam  m om entum    160 GeV/c

COMPASS spect rometer 2002-2007

Polarized Target :
•  Operated in frozen spin m ode
•  During t ransverse data taking polarizat ion is reversed every  ~ 4-5 days
•  Data are taken at  the same t ime with 2 opposite polarizat ions 

2002-2004: 6LiD 
(polarized deuteron) 

Two cells with opposite polarizat ion

Dilut ion factor f= 0.38

Polarizat ion PT = 50%

Full statistics analyzed

2007: NH3  

(polarized protons) 

Three cells with opposite polarizat ion

Dilut ion factor f= 0.14

Polarizat ion PT = 90%

25% statistics analyzed
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Data selection- DIS cut
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im

inary

2 (GeV/c)2Q

20 40 60 80 100

2
dN

/d
Q

1

10

210

310

410

510

610

COMPASS 2007 transverse proton data (part)
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COMPASS 2007 transverse proton data (part)

prel
im

inary

• Q2 > 1 (GeV /c)2

• 0.1 < y < 0.9

• W > 5 GeV /c2
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Data selection- Hadron sample

• pT > 0.1 GeV /c

• z > 0.2

 (GeV/c)
T
hp

0 1 2 3 4 5

 
Th

dN
/d

p

1

10

210

310

410

510

COMPASS 2007 transverse proton data (part)

prel
im

inary

positive negative
2002-2004 8.5 M 7.0 M
deuteron
2007 part 5.7 M 4.5 M
proton
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Collins asymmetry - deuteron data

Final results, all deuteron data: NP B765 (2007) 31-70

x
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C
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l
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positive hadrons
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z
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0
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0.1

 [GeV/c]
T

p

0.5 1 1.5

-0.05

0

0.05

0.1
LiD: 2002-46COMPASS 

Only statistical errors are
shown. Systematic errors
are considerably smaller.

Asymmetries are small, compatible with 0.

Final results on π±,K± and K0 are available: CERN-PH-EP/2008-002
All Collins asymmetries are small, compatible with 0. Results well comparable with 2 hadrons analysis and Λ
polarization analysis on deuteron data.
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Collins asymmetry - deuteron data
Final results, all deuteron data: NP B765 (2007) 31-70
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Only statistical errors are
shown. Systematic errors
are considerably smaller.

Asymmetries are small, compatible with 0.

Näıve interpretation (parton model, valence region):
assuming all are pions

A
d,π+

Coll ≃
∆T uv + ∆T dv

uv +dv

4∆0
T D1+∆0

T D2

4D1+D2

A
d,π−

Coll ≃
∆T uv + ∆T dv

uv +dv

∆0
T D1+4∆0

T D2

D1+4D2

HERMES proton data

and BELLE data:

∆0
TD2 ≈ − ∆0

TD1

⇒ ∆Tu(x) + ∆Td(x) ∼ 0

Global fits ongoing.
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Collins asymmetry - proton data

New results! First shown at Transversity 2008.(Ferrara- May 28-31,2008)

x

-210 -110

C
o

ll
p

A

-0.2

-0.1

0

0.1

0.2
positive hadrons
negative hadrons

z
0.2 0.4 0.6 0.8

 (GeV/c)
T

p
0.5 1 1.5

COMPASS 2007 proton data (part)

preliminary

Only statistical errors are shown. Systematic errors ∼ 0.3 σstat .

• at small x the asymmetries are compatible with zero

• in the valence region the asymmetries are different from zero

of opposite sign for positive and negative hadrons
of the same strength and sign of Hermes
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Collins effect - predictions

COMPASS proton data are compared with last prediction of
Anselmino et al.

p Co
ll

A
p Co

ll
A

x z  (GeV/c)
T

p

COMPASS 2007 transverse proton data  (part)
Anselmino et al

Talk by A.Prokudin at DIS08

COMPASS preliminary

-0.1

0

0.1

0.2

+h

-210 -110 1
-0.2

-0.1

0

0.1

0.2

-
h

0.2 0.4 0.6 0.8 0.5 1 1.5

Prediction from : COMPASS deuteron data, most recent
HERMES proton and BELLE e+e− → hadrons data.
Good agreement between data and prediction.
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Sivers asymmetry - deuteron data

Final results, all deuteron data: NP B765 (2007) 31-70
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Only statistical errors are
shown. Systematic errors
are considerably smaller.

Asymmetries are small, compatible with 0.

Final results on π±,K± and K0 are available: CERN-PH-EP/2008-002
All Sivers asymmetries are small compatible with 0.



Giulia Pesaro
Trieste University

and INFN of
Trieste

DIFFRACTION
2008

Transversity

Sivers
asymmetry

The
COMPASS
spectrometer

Results

Collins
asymmetries

Sivers
asymmetries

Unpolarized
azimuthal
asymmetries

Conclusions

Sivers asymmetry - deuteron data

Final results, all deuteron data: NP B765 (2007) 31-70

x
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Only statistical errors are
shown. Systematic errors
are considerably smaller.

Asymmetries are small, compatible with 0.

Näıve interpretation (parton model, valence region):
assuming all are pions

A
d,π

+

Siv ≃ A
d,π

−

Siv ≃
∆T

0 uv + ∆T
0 dv

uv+dv
⇒ ∆T

0 uv ≃ −∆T
0 dv
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Sivers asymmetry-proton data

New results! First shown at Transversity 2008.(Ferrara- May 28-31,2008)

x

-210 -110

S
iv

p
A
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-0.1

0

0.1

0.2
positive hadrons
negative hadrons

z
0.2 0.4 0.6 0.8

 (GeV/c)
T

p
0.5 1 1.5

COMPASS 2007 proton data (part)

preliminary

Only statistical errors are shown. Systematic errors ∼ 0.5 σstat .

The measured asymmetries are small, compatible with zero
within the statistical error.
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Sivers asymmetry - predictions

COMPASS proton data are compared with prediction of
Anselmino et al. (M. Anselmino et al. “Sivers Effect for Pion and Kaon Production in
Semi-Inclusive Deep Inelastic Scattering,” arXiv:0805.2677 [hep-ph].).

p Si
v

A
p Si

v
A

x z  (GeV/c)
T

p

COMPASS 2007 transverse proton data  (part)

Anselmino et al

arXiv:0805.2677

COMPASS preliminary-0.1

-0.05

0

0.05

0.1

+h

-310 -210 -110

-0.1

-0.05

0

0.05

0.1 -
h

0.2 0.4 0.6 0.8 0.5 1 1.5

Prediction from: COMPASS deuteron data and most recent
HERMES proton data.
Marginal agreement between data and prediction.
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Sivers asymmetry - predictions

COMPASS proton data are compared with last prediction of S.Arnold
et Al.(arXiv:0805.2137)
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A flash on unpolarized azimuthal

asymmetries

dσ

dx dy dz dφh dP2
h⊥

=

α2

xyQ2

y2

2(1 − ǫ)

„

1 +
γ2

2x

« 

FUU,T + ǫFUU,L

+
q

2ǫ(1 + ǫ) cos φhF
cosφh
UU

+ǫ cos(2φh)F
cos 2φh
UU

+Pbeam

q

2ǫ(1 − ǫ) sin φhF
sin φh
LU

+ . . .

In the complete SIDIS cross
section there are also:

• 3 polarization
independent
modulations

All measured on deuteron
data.

Polarization independent modulations are due to kinematical
effects (Cahn effect), Boer Mulders PDF, and QCD effects or
to Beam polarization.
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A flash on unpolarized azimuthal

asymmetries

• cos φ strongest effect

• cos 2φ up to 10%

• sin φ is compatible with
zero

• good general agreement
with predictions

• Differences between
asymmetries from
positive and negative
hadrons (cos φ and
cos 2φ)are a hint of BM
pdf

• Of great interest for
theoreticians
(M.Anselmino,M.Boglione,
A.Prokudin, C.Turk,
Eur.Phys.J.A31,373-
381(2007);
V.Barone,A.Prokudin,B.Q.Ma
arXiv:0804.3024[hepph])
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Conclusions

• on deuteron data (2002-2004)

→ analysis is finalized
→ new results for unpolarized asymmetries

• new preliminary results on proton target data

→Collins asymmetry is different from zero:
the effect is there at COMPASS energies
→Sivers asymmetry is small, compatible with
zero: has to be understood

• in the near future:

→analysis of the full proton sample
→identified hadrons asymmetries

• long term projects (2010):

→ high precision SIDIS measurements for flavor
separation
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Conclusions

• on deuteron data (2002-2004)

→ analysis is finalized
→ new results for unpolarized asymmetries

• new preliminary results on proton target data

→Collins asymmetry is different from zero:
the effect is there at COMPASS energies
→Sivers asymmetry is small, compatible with
zero: has to be understood

• in the near future:

→analysis of the full proton sample
→identified hadrons asymmetries

• long term projects (2010):

→ high precision SIDIS measurements for flavor
separation

Thanks
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Sivers asymmetry - predictions

COMPASS proton data are compared with last prediction of S.Arnold
et Al.(S.Arnold, A.V.Efremov, K.Goeke, M.Schlegel and P.Schweitzer, arXiv:0805.2137)
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COMPASS-HERMES kinematics

F. Bradamante Erice, 19 September 2007
S. Levorato, Transversity 2008 May 28-31 - Ferrara, Italy 

F. Bradamante

International Erice 

School/Workshop 

on

Nuclear Physics -

Sept. 16-24, 2007, 

Erice, Italy 



Giulia Pesaro
Trieste University

and INFN of
Trieste

DIFFRACTION
2008

Transversity

Sivers
asymmetry

The
COMPASS
spectrometer

Results

Unpolarized
azimuthal
asymmetries

Conclusions

x

-210 -110

C
o

ll
p

A

-0.2

-0.1

0

0.1

0.2
positive hadrons
negative hadrons

z
0.2 0.4 0.6 0.8

 (GeV/c)
T

p
0.5 1 1.5

COMPASS 2007 proton data (part) x>0.05

preliminary



Giulia Pesaro
Trieste University

and INFN of
Trieste

DIFFRACTION
2008

Transversity

Sivers
asymmetry

The
COMPASS
spectrometer

Results

Unpolarized
azimuthal
asymmetries

Conclusions

x

-210 -110

S
iv

p
A

-0.2

-0.1

0

0.1

0.2
positive hadrons
negative hadrons

z
0.2 0.4 0.6 0.8

 (GeV/c)
T

p
0.5 1 1.5

COMPASS 2007 proton data (part) x>0.05

preliminary



Giulia Pesaro
Trieste University

and INFN of
Trieste

DIFFRACTION
2008

Transversity

Sivers
asymmetry

The
COMPASS
spectrometer

Results

Unpolarized
azimuthal
asymmetries

Conclusions

mean values, negative hadrons
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Unpolarized asymmetries, negative

hadrons
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Unpolarized asymmetries, positive

hadrons
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Conclusions Giulio Sbrizzai Spin 2008 Prague, July 22, 2008

The origin of the azimuthal asymmetries 

� First measurements were proposed as test for perturbative QCD

  azimuthal asymmetry due to gluon radiation (Georgi-Politzer, 1978)

                 

� pQCD contributions expected to be important at     > 1 GeV/c p
T
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Conclusions Giulio Sbrizzai Spin 2008 Prague, July 22, 2008

The origin of the azimuthal asymmetries 

� First measurements were proposed as test for perturbative QCD

  azimuthal asymmetry due to gluon radiation (Georgi-Politzer, 1978)

� Alternative hypothesis

  azimuthal asymmetry due to quark intrinsic transverse momentum 

  inside nucleon, kinematical effect          (Cahn 1978)
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Conclusions Giulio Sbrizzai Spin 2008 Prague, July 22, 2008

The origin of the azimuthal asymmetries 

� First measurements were proposed as test for perturbative QCD

  azimuthal asymmetry due to gluon radiation (Georgi-Politzer, 1978)

� Alternative hypothesis

  azimuthal asymmetry due to quark intrinsic transverse momentum 

  inside nucleon, kinematical effect          (Cahn 1978)

� Recently, interest is renewed because they can give further informations

  on Boer-Mulders TMD PDF                (Boer-Mulders 1998)                                   

� leading order PDF 

� correlation between quark intrinsic transverse momentum and transverse

   polarization in an  unpolarized nucleon 
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