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Introduction

Flavor separation in SIDIS (polarized strangeness)

Polarized hadronization

Generalized expression for polarized SIDIS

Example (warning): application to HERMES (data from PhD thesis)

Spin-dependent azimuthal asymmetries of SIDIS

Discussion & Conclusions



Strangeness PDF

(DIS+SIDIS)
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Christova & Leader (2000)
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LEPTO (160 GeV µ, Q2>1GeV2 , 0.2<y<09) 

K+ Φ
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∆s from Φ production asymmetry
AK, October 2000, COMPASS meeting in Dubna
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HERMES isoscalar method 1

DIS and K+ & K- production in Deuterium target
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Inputs from

HERMES: 

Ahmed El Alaoui

PhD thesis



HERMES isoscalar method 2
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Two unknown fragmentation integrals -- from unpolarized data



HERMES isoscalar method 3

Two unknowns, 19 x-bins
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No checks for x-z factorization

(Extract unknowns in different 

subsets of x-bins)



HERMES isoscalar method 4
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HERMES isoscalar: Results
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COMPASS DIS



Factorization theorem
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Ji, Ma & Yuan, PRD 71, 034005 (2005)

Open questions: At which z independent fragmentation 

works? At which Q2 one can neglect higher twist terms



Gauge link2015 years ago

Λαοκόων
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From Ted Rogers INT 10-3 talk



Ed. Berger criterion for independent hadronization

The typical hadronic correlation length in rapidity is

Illustrations from P. Mulders:
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HERMES: ~4 GeV; COMPASS: ~11 GeV; EIC(5+50, y>0.4): ~24GeV



Ed. Berger criterion

According to Ed. Berger

criterion for independent 

quark fragmentation

there is almost

LEPTO
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there is almost

no room for kaons

@

HERMES

z > 0.2 ???



Higher twist: all contributions out of canonical factorized expression
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"I have no data yet. It is a capital mistake to theorize before one has data. Insensibly 

one begins to twist facts to suit theories, instead of theories to suit facts.“

Sherlock Holmes  in “A Scandal in Bohemia ”, by Sir Arthur Conan Doyle, 1891



LO SIDIS in LEPTO

- Before

- After

-Example: valence 

struck quark

quarkTarget remnant
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Does Lund hadronization exactly correspond to 

independent quark fragmentation in the CFR with z > 0.2?

The important property of FFs is universality: 

1. Independence of Bjorken variable x

2. Target type independence

3. Process type independence
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The primary hadrons produced in string fragmentation

come from the string as a whole, rather than from 

an individual parton.

LUND string  fragmentation
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Bjorken variable dependence of “FFs” in LEPTO
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The dependence of “FFs” on x

cannot be attributed to Q2 evolution

How this dependence can change HERMES purities?



Target type dependence of “FFs” in LEPTO

Example of

target remnant: 

removed valence 

u-quark: 

( )p u ud− ⇒
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( )p u ud− ⇒

( )n u dd− ⇒

There is  dependence of “FFs” on the

target type at 10% level



Target remnant in Polarized SIDIS

JETSET is based on SU(6) quark-diquark model

90% scalar
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Probabilities of  different string spin configurations depend on 

quark and target polarizations, target type and process type

90% scalar

100% vector
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Fragmentation functions in LEPTO 

Dependence on target remnant spin state
Example: valence  u-quark is removed from proton. Default LEPTO: 

the remnant (ud) diquark is in 75% (25%) of cases scalar (vector)

Even in unpolarized LEPTO 

0{( ) },       1.ud u w⋅ ⋅ ⋅ ⋅ ⋅ ⋅ =

1{( ) },       1.ud u w⋅ ⋅ ⋅⋅ ⋅ ⋅ =
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Even in unpolarized LEPTO 

there is a dependence on target

remnant spin state

(ud)0: first rank Λ is possible

(ud)1: first rank Λ is impossible



Polarized SIDIS & HF

-- spin dependent cross section and HFs
h

N Nlλλσ  
h

Nq Nq
H λλ /and
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In contrast with FFs, HFs in addition to z depend  on x and  target type 

0h

q N
H∆ ≠ double spin effect, as in DFs.



Possible source for strange ∆S

x-z factorization was not checked

Extract unknown integrals of fragmentation functions in 

different subsets of x-bins and compare them

Missing term in the (polarized) SIDIS equation 

related to polarization dependent hadronization
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related to polarization dependent hadronization
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The standard expression for SIDIS asymmetry is obtained when

Only standard part of expression for asymmetry contains quark polarizations 

, 2 , 2
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Modeling ε in LEPTO
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LEPTO: HERMES tuning 

parl(4)=probability of scalar diquark
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ε(x)

LEPTO with

HERMES

tuning and cuts

CTEQ6 LO
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CTEQ6 LO

K+, K- production

off deuterium target



Kaon production asymmetry

Corrected asymmetry

has to be used for 

quark polarization
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quark polarization

determination



Quark polarizations
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Strange polarization is 

very sensitive to ε



Light quark polarization 1

Inputs from

HERMES: 
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HERMES: 

Ahmed El Alaoui

PhD thesis



Light quarks polarization 2
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Strange quarks polarization 1

31Frascati, October 21,  2010 Aram Kotzinian



Strange quarks polarization 2
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Compare:

HERMES SIDIS: 

COMPASS DIS:

New value is more than one standard deviation away



Contributions to ε(x)

To obtain ε-correction LEPTO was used

Only initial state of string was changed 

Hadronization was not modified to include spin-

dependent effects

JETSET takes care only for momentum and quantum numbers 

conservation. 

33Frascati, October 21,  2010 Aram Kotzinian

conservation. 

Angular momentum conservation (spin and orbital momentum 

dynamics) is not modeled.



Other contributions to ε. Spin dynamics

Extreme case – quasi elastic forward production of pseudo-scalar meson.

K+ can be accompanied with many pions with orbital momentum zero

Initial state

p

Final state

Λ K+

Λ K+p Allowed

Forbidden
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K

Final state

Σ0(1385) K+

Initial state

p

A1(“elastic”)=1; again positive contribution to ε

Dilutions: unobserved particles (orbital momentum), heavier hyperons…

Ideas: Misha Rekalo, Egle Gustafson for ∆G from open charm



Azimuthal correlations
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General expression for 1h production cross-section

Valid for SIDIS CFR, TFR

and exclusive reactions

36
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Target remnant polarization state

JETSET is based on SU(6) quark-diquark model

1,1( )p u ud
+ −− →ST
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(ud)1,1
u- u- d+

1 rank 
proton

2 rank 
pion

k┴ k'┴

k┴

s'

k'┴

d-

s

( )( )ˆ ˆ2 T Tε′ = − ⋅s s l s l



Transverse pseudo vectors
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contribution
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contribution
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Quark transverse spin effects in TFR of SIDIS
Spin quantization  axis for final quark and diquark

In contrast to CFR no sideway spin flip

1) no factor, which appears due to
2(1 )

( )
y

D y ε
−

= =

s s
φ π φ′ = −
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1) no factor, which appears due to

magnitude of s' in  Collins fragmentation of scattered quark

2)  the only modulation induced by combined effect of

target remnant transverse polarization and Collins 

fragmentation  at leading order is 

Same type of contribution as Sivers effect

2

2(1 )
( )

1 (1 )
nn

y
D y

y
ε

−
= =

+ −

sin( )
h s

φ φ−



Hypothetic scenario: Sivers effect is equal to zero

sin(Φh-ΦS) modulation in CFR can  be reflection of 

“long”-range correlation from Collins effect in the 

target remnant at low W

If other than sin(Φh-ΦS) modulation will be observed in the 

Discussion

45

If other than sin(Φh-ΦS) modulation will be observed in the 

TFR it will be indication on correlation between transverse 

momentum of hadrons in TFR with transverse polarization 

of struck quark
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Conclusions

To study the nucleon structure we need deeper understanding of 

hadronization process

is it spin independent?

There is no mystery of strangeness polarization extracted from SIDIS 

and DIS analyses.

The simple example considered here prove that observed in 
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The simple example considered here prove that observed in 

canonized description of SIDIS discrepancy can be  considered as 

a demonstration of the existence and importance of polarization 

effects in hadronization at intermediate energies.

Further experimental checks of independent fragmentation are needed

The future JLab 12 and EIC facilities with 4π acceptance detectors 

will help better understand the correlation effects in hadronization



Thanks for hospitality 

@ Frascati
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