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• The Collins and Sivers Effects

• AUT Data Analysis and First Results

• Some Interpretation ...

Thanks to superb analysis crew!
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∗ Thank you for use of slides from CIPANP!
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E704: Sivers or Collins?

The E704 single-spin asymmetry could be due to ...

Sivers Effect
T-odd distn function f⊥1T

π+

π0

π−

Collins Effect
T-odd fragn function H⊥
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Collins Effect

AN ∼ h1(x) H⊥
1 (z)

⇒ access to transversity!

h1 =

H⊥
1 =

Sivers Effect

AN ∼ f⊥1T (x) D⊥
1 (z)

⇒ access to T-odd distn func

f⊥1T =

D1 =

QCD T-invariant : T-odd DF or FF interference



E704: T-odd Fragn or Distn Function?

Transversity * Collins
Fragmentation Func

Helicity distributions
∆u > 0, ∆d < 0

...

Transverse distns
δu > 0, δd < 0 ?

probably ...

+π
u

u

−π
d

d

Model of Meng, Chou, & Yang

Valence quarks = relativistic Dirac p’cles in central potential

• relativistic quarks in eigenstates of J

... shared between L and S

• symmetrized wavefunction
→ ∆u = +4/3, ∆d = −1/3

• forward π+ produced from orbiting uv

quark at front surface of beam

π+

uv

d

Sivers Idea

Consider dependence
of parton densities on

f⊥1T (xa,kTa) =

intrinsic kT == quark orbital motion



The Leading-Twist Sivers Function

Can it exist in DIS?

A T-odd function like f⊥1T must arise from interference ...
but a distribution function is just a forward scattering amplitude,

how can it contain an interference?

q

P

2

~
q q

P P

Im

Brodsky, Hwang, & Schmidt 2002

can interferere
with

and produce a T-odd effect!
( also requires Lz 6= 0 ... so does F2(q) form factor )

It looks higher-twist, but it’s not ...
these are soft gluons

Such soft-gluon reinteractions
with the soft wavefunction are

final (or initial) state interactions ...
and may be process dependent !

new universality issues ...
e.g. Drell-Yan



T-odd Distribution vs Fragmentation Function

SIDIS xsec dσUT with transverse target polarization
has two similar terms:

©1 sin(φl
h + φl

S) ⊗ h1 = ⊗ H⊥
1 =

©2 sin(φl
h − φl

S) ⊗ f⊥1T = ⊗ D1 =

seperate Sivers and Collins mechanisms

α

φ
S

α

φ c

φ
h

ph
qT

S
S'

x ( e-e' plane )

y

γ *

©2 (φl
h − φl

S) = angle of hadron
relative to initial quark spin

©1 (φl
h + φl

S) = π + (φl
h − φl′

S) =
hadron relative to final quark spin

Cannot distinguish in:

• longitudinal-target case ...
→ transverse component has φl

S = 0.

• inclusive π production , e.g. p↑p → πX
→ jet axis not known
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Unweighted Sivers Moments A
sin(φ−φS)
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Unweighted Collins Moments A
sin(φ+φS)
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ResultsI:UnweightedMoments
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ResultsII:pT/Mπ-weightedMoments
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Interpretation of Collins Results

Minimalist Assumptions

• ACollins
UT is leading twist

• Collins FF obeys favoured / disfavoured symmetry:
Hfav ≡ Hu→π+

1⊥ = Hd→π−

1⊥ = Hu→π−

1⊥ = Hd→π+

1⊥

Hdis ≡ Hu→π−

1⊥ = Hd→π+

1⊥ = Hu→π+

1⊥ = Hd→π−

1⊥

⇒ A
π+

= k
(4δu + δd)Hfav + (δd + 4δu)Hdis

(4u + d)Dfav + (d + 4u)Ddis

, A
π−

= k
...

...
, etc

Consider Asym Ratios α− ≡ Aπ−/Aπ+
, α0 ≡ Aπ0/Aπ+

r ≡
d + 4u

u + d/4
η ≡

Ddis

Dfav

δr ≡
δd + 4δu

δu + δd/4
ηH ≡

Hdis

Hfav

⇒

α− =

„

4ηH + δr

4η + r

« „

4 + rη

4 + δrηH

«

α
0
=

(4 + δr)(1 + ηH)

(4 + r)(1 + η)

„

4 + rη

4 + δrηH

«

⇒ Constraint Equn involving only unpolarized q’ties

α−C = α0(1 + C)− 1 where C ≡
4η + r

4 + ηr

⇒ Solution Space in ηH vs δr can be determined:

ηH =
δr − 4(α−C)

(α−C)δr − 4
and ηH =

δr − 4(α0(1 + C)− 1)

(α0(1 + C)− 1)δr − 4
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Interpretation of Collins Results

Artru model L=1

qq pair

produced in
string frag.

L = 1

S = 1

⇒ JP = 0+

leading π

...
heads DOWN

(into page)
because of L = 1

6

�

unpolarized Lund Monte Carlo result on
φ correlation between favoured and disfavoured pions ...

Perhaps Hdis ≈ −Hfav is not only reasonable, but likely ?
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Other Ways to Measure h1(x)

©1 Interference Fragmentation Function to two pions

Analysis is in progress ...

©2 Higher Twist Fragmentation Function Ẽ

dσLT ∼ cos(φ
l
S)

»

Mx

Q
· gT (x) D1(z) +

Mh

zQ
· h1(x) Ẽ(z)

–

... calculation of Ji & Zhu suggests Ẽ(z) =
mq
M zD1(z) ≈ 1

3zD1(z)

©3 Final State Polarizn dσUTT ∼ cos(φl
S + φl

Sh
) · h1(x) H1(z)

(spin transfer to Λ)

Method requires significant
spin transfer from quark to Λ

in fragmentation process ...

longitudinal spin
transfer: G1(z)

transverse spin
transfer: H1(z)

xF
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HERMES  PRELIMINARY  Ee=27.5 GeV
NOMAD   <Eν>  =43.8 GeV
WA59    <Eν

_> =44.2 GeV
E665    Eµ =470 GeV

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

...

But longitudinal spin-transfer
results from

HERMES 2000 data
indicate small G1(z) ...

not too promising /
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