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q(x)

Δq(x)

ΔTq(x)

momentum distribution

helicity distribution

transversity distribution

TRANSVERSE SPIN PHYSICS
3 distribution functions are necessary to describe 
the structure of the nucleon at LO:

all  of equal importance!

ΔTq (x) decouples from leading twist DIS
because helicity of quark must flip

NO MIXTURE WITH GLUON 
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• Tensor charge (’91 – ’92):

in analogy with:

• Soffer inequality (95):

• Leader sum rule (04):

in analogy with:

In the last ten years:
• great development in the 

theory of transversity
• remarkable role of ΔTq(x), 

notably complementary to 
Δq(x)

In the last few years:
• role of the kt structure 

functions clarified 
(Cahn and Sivers effects, …)

TRANSVERSITY

[ ]∫ Δ−Δ= )()( xqxqdxg TTT

[ ]∫ Δ+Δ= )()( xqxqdxgA

∑∑∫ +Δ⋅=
gqq

z
qq

T Lxqdx
,,,

)(
2
1

2
1

zz LGS +Δ+ΔΣ=
2
1

Key features of transversity:
• probes relativistic nature of quarks
• no gluon analog for spin-1/2 nucleon
• different  Q2 evolution and sum rule 

than Δq(x)
• sensitive to valence quark 

polarization
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Collins and Sivers asymmetries

calculated as function of x, z and pt
for Leading Hadrons and All Hadrons
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Collins and Sivers angles
φS ’ azimuthal angle of spin vector of fragmenting quark (φS’’ = π- φS)

φh azimuthal angle of hadron momentum

 ΦC = φh - φS’

Φ S = φh - φS

WATCH OUT: some authors define   ΦC as φS’ - φh
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Two Hadron Asymmetries
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Λ polarimetry
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L. Pappalardo, DIS2006
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The polarized target



F. Bradamante GPD2006

SPS
LHC

longitudinally polarised muon beam
beam intensity:       2·108 µ+/spill (4.8s/16.2s)
beam momentum:   160 GeV/c
luminosity:              ~ 5 · 1032 cm-2 s-1

SM1

SM2

μ beam

MuonWall

MuonWall

E/HCAL
E/HCAL

RICH

Polarised Target
SciFi
Silicon
Micromegas
GEMs

Straws
SDC
MWPC
W45
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superconductive
Solenoid (2.5 T)

3He – 4He Dilution
refrigerator (T~50mK)

Dipole (0.5 T)

THE TARGET SYSTEM

two 60 cm long cellstwo 60 cm long cells
with opposite polarizationwith opposite polarization

66LiD: LiD: Polarization 50%Polarization 50%
Dilution factor 0.38Dilution factor 0.38

During data taking for During data taking for transversitytransversity
dipole field always dipole field always 

Relaxing time > 2000 hrsRelaxing time > 2000 hrs
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COMPASS RICH 
Fully operated for transverse data 

since 2003 

Threshold momenta:
● Pπ =  2 GeV/c
● pK =  9 GeV/c
● pP =17 GeV/c

5 m
5 m

6 m6 m3 m3 m

CC44FF1010

photon 
detectors
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DATA SAMPLES

6LiD
20% of the time with transverse 

target polarization

RICH PID

E-Cal

11 days
(19)

9 days
(14)

14 days
(24)

proton

DIS
events
(106)
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EVENT SELECTION 

Q2 > 1 GeV2

W2 > 25 GeV2

0.1  < y < 0.9

0.004 < x < 0.4

ph
t > 0.1 GeV/c

z > 0.2      (all h)

z > 0.25    (leading h)
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KINEMATICS - 1

<Q2> = 2.4 (GeV/c)2

<xBj> = 0.035

2002 data
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KINEMATICS - 2

2002 data

<W> = 9.4 GeV/c2

<pt>=0.51 GeV/c
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Collins Asymmetries     2002-2004

L. Pappalardo, DIS2006
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Collins Asymmetries     2002-2004

L. Pappalardo, DIS2006
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Sivers Asymmetries     2002-2004

L. Pappalardo, DIS2006
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Sivers Asymmetries     2002-2004

L. Pappalardo, DIS2006
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Collins Asymmetries     2002, 2003-2004

results from 2003-2004 data released (DIS2006)
comparison with the published 2002 data

PRL 94 (2005) 202002
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Collins Asymmetries     2002, 2003-2004

results from 2003-2004 data released (DIS2006)
comparison with the published 2002 data

PRL 94 (2005) 202002PRL 94 (2005) 202002
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Collins Asymmetries     2002-2004

DIS2006
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Sivers Asymmetries     2002-2004

DIS2006
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Collins Asymmetries     2003-2004

NEW!
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Sivers Asymmetries     2003-2004

NEW!
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Kaon Asymmetries

COMPASS
preliminary 
2003-2004
NEW!

deuteron

HERMES
2002-2004
DIS2006

proton
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Two Hadron Asymmetries

Selection of events
• Q2 >1 (GeV/c)2

• 0.9 > y > 0.1
• at least one +/- hadron pair

Selection of hadrons
• z1,2 > 0.1  and  xf1,2 > 0.1 
• z1+ z2 < 0.9 

h1 = +ve hadron
h2 = - ve hadron
all combinations / event
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Two Hadron Asymmetries

final sample 2002-2004  
all hadron pairs 
after cuts ~ 6.1 M ev
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Two Hadron Asymmetries

all hadron pairs

CIPANP06

DIS2005

NEW
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Two Hadron Asymmetries

all hadron pairs
2002-2004
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+/- 0,34

-/+ 0,32

+/+ 0,19

-/- 0,14

Fractions

different hadron pairs selections have been tried 
(still based on the string fragmentation model)

1. h1 = +ve hadron largest pT
h2 = -ve hadron with second largest  pT

and 
h1 = -ve hadron largest pT
h2 = +ve hadron with second largest  pT

2. h1 = +ve hadron largest z
h2 = -ve hadron with second largest  z      

and
h1 = -ve hadron largest z
h2 = +ve hadron with second largest  z

plus equal charge combinations

6.4 M events

Two Hadron Asymmetries 2

SPIN 2005

CIPANP06

1 entry/event
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Two Hadron Asymmetries 2

leading hadron pairs

CIPANP06
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Λ polarimetry – events selection 
2002-2003 data 
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Λ polarimetry

2002-2003 data 
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Λ polarimetry

2002-2003 data 
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Perspectives

Fairly precise DIS proton and deuteron data now available

The measured proton asymmetries are rather small (a few %) and 
have an unusual interpretation

The comparison of proton and deuteron data shows interesting 
features

HERMES: statistical errors will be reduced by ~ 1.5 with 2005 data

COMPASS: - two hadron and Λ results will be improved
- plans to measure with protons in 2006

Exclusive ρ production studies to get hold of the E GPD ongoing 
(preliminary results from HERMES already available)
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Perspectives

A global analysis, including BELLE data, is necessary to
• have first information on ΔTq
• to evaluate the size of the effort necessary to complete 

the programme

COMPASS is considering a new proposal based on

TRANSVERSITY
and 

GPDs

and spectroscopy for the next decade

• Input to CERN Council Strategy Group (Jan. 15, 2006) 
• SPSC-EOI-005 (Jan. 18, 2005) 
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