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Extraction of valence transversities from collinear framework

e State-of-the-art

e Dihadron Fragmentation Functions in a nutshell
e Collinear extraction of transversities

e Statistical analysis: fit and error propagation.

e Qutlook

in collaboration with Alessandro Bacchetta and Marco Radici in Pavia
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Dihadron Fragmentation Functions in a nutshell

—h 2
+ TMD FF DI™" (2, k7)
jet axis
quark X TMD factorization
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Frameworks for DiIFFs

SIDIS on p+

lepton

proton

Talks by

M. Diefenthaler
C. Braun

H. Avakian

e Collinear factorization
e Universality

e No convolution

e Evolution understood

e+e- to pion pairs

\ . — 2 pions
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SIDIS production of pion pairs
@ COMPASS & HERMES

Chiral-odd DiFF:

Distribution of hadrons inside the jet
is related to the

Direction of the transverse polarization of the fragmenting quarks
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SIDIS production of pion pairs
@ COMPASS & HERMES

Chiral-odd DiFF:

Distribution of hadrons inside the jet
is related to the

Direction of the transverse polarization of the fragmenting quarks

ADIS(Qj,Z,M}%,Qz) — _Cy - 5
zq eq

Knowledge on DiFFs leads to hi(x, Q?) /
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SIDIS production of pion pairs

@ COMPASS & HERMES

2002-4 Deuteron Data

2007 Proton Data

0.5 2
Z M,, [GeV/c?]

(z, Mn)-dpdence determined
by DiFF from Belle

[A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]

COMPASS range: 0.2<z<1 & 0.29<Mn<1.29 GeV
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SIDIS production of pion pairs
@ COMPASS & HERMES

=
2002-4 Deuteron Data &g

" sin @)

UTp
1

(z, Mn)-dpdence determined

< by DiFF from Belle
~ [A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]
2007 Proton Data
0.5 ,
Z M,, [GeV/c?]
COMPASS range: 0.2<z<1 & 0.29<Mn<1.29 GeV
x-dependence only from ny(Q?) = / dzdMy, D (2, My: Q)
Transversity

R

nt(Q%) = / dzdM,, A HT 3 (2, My; Q)



Transversity from Ayt SiN(®g+Py)sin®
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Transversity from Ayt SiN(®g+Py)sin®
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Semi-Inclusive production of pion pair in e+e-annihilation

@Belle
[Belle, Phys.Rev.Lett.107.072004]
hy
% R
+ 2 hemispheres ‘f:Ft’T
+ azimuthal modulation between the 2 hemispheres h, lepton frame
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Semi-Inclusive production of pion pair in e+e-annihilation

@Belle
[Belle, Phys.Rev.Lett.107.072004]
hy
% R
+ 2 hemispheres ‘f:Ft’T
+ azimuthal modulation between the 2 hemispheres h, lepton frame

o S €2 H Yz, M?) H Yz, M?)
Aeve (2, M2, 2, M2) oc —f (62) g (0) g (0) ZL1 At S

Two ways of analyzing the DiFFs

\ 4+ 1st analysis: direct analysis from experimental data [Bacchetta, A.C., Radici, PRL 107 (2011)]

4+ 2nd analysis: analysis from fit of the data [A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]
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Transversity frome p'—e’ (') X @ HERMES

with 1-to-100 GeV# evolution correction:  HERMES range: -0.259 (= 25% theo. err.) from fit
small corrections

integrated in mean values

Transversity frome p'—e’ (') X @ COMPASS 2007

with 1-to-100 GeV? evolution correction:
negligible corrections COMPASS range: -0.2081 (= 19% theo. err.) from fit



Transversity from Proton data

Transversity from pion pair production SIDIS off transversely polarized target

¢ from HERMES data
¢ DiFF analysis

point by point from fit
e PRL107

¢ from COMPASS data
e DiFF analysis

point by point from fit
e new analysis
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extraction from COMPASS data
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Band:
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f1(x) from MSTWO08



Transversity from Deuteron data

x hy"V(x)+x h,V(x)

0.6 ————— —
Torino L]
04+ extraction from COMPASS data _
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o DiFF analysis e , L |
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point by point from fit 0.0 X
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f1(x) from MSTWO08

COMPASS 2002-2004

Band:
Torino 2009 transversity
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Fitting the Valence Transversities

Constraints from first principles

+ Soffer bound 21hd (2, Q)| < |f(z, Q%) + g% (z,Q%)| = 2SBY(z, Q?)

4+ hi(x=1)=0 ; the parton model predicts hi(x=0)=0 but too restrictive in QCD

QCD evolution with HOPPET code

+ of the Soffer bound: LO evolution of fi(x) from MSTWO08 & g1(x) from DSS

4+ of the DiFF & hs: LO as in previous papers

Choice of Functional Form < the CRUCIAL point for further uses

z h (z, Q) (zSBY(z, Q%) + zSB(z, Q7))

with FF defined [-1,1]
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The Functional Form

x hiV (x) = tanh ‘(Aq + B,z + C, ,:132)) (zSBY(z) + 2 SBY(z)) /2

2nd order polynomial judicious choice for integrability of

A, + B, x+C, x2 A;+ Byx + Cy 2> the transversities

1st order polynomial

F

Ay + By x Ag+ Bgx x?/d.o.f.~ 1.1

Hybrid up 2nd -down 1st order polynomial no significant change in the X?/
dof in the 3 versions

Au—l—Bux—l—Cu:E2 Ags+ Byx
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x hi"(x)
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Soffer Bound @ 2.4 GeV?

—0.1+"

X

Band: Torino 2009 transversity

Best fit central curve @2.4 GeV?
and standard 1-o error band

001 002 005 010 020 050 1.00



Comparison with extraction
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The Error Analysis: the Monte Carlo approach

Too small errors w.r.t. ABSENCE of data

4+ the error is smaller where there are NO data — low and large-x !!!

+ standard error propagation dictated by error on parameters

4+ generate n sets of data with gaussian noise (@10) — n replicas
+ redo the fit n times
4+ keep the 10 distributed resulting “transversities”, at each data point

4+ the error band is now made by 68% of the n replica point by point

X
350 32, T
30; 29- 1

25

20

. . . 15 14. 14,

Distribution of the x? for I ]
= n=100 replica 5 4 5.,
. . ot ¢
= our flexible functional form 10 12 14 16 18 20 22 24

[ — T——



The Error Analysis:

the Monte Carlo approach
2nd order polynomial
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The Error Analysis: the Monte Carlo approach
1st order polynomial

X hy* (%)
0.6

10 error band from replicas @2.4 GeV?

~_

. . X hy¥ (x)
-0 0.01 0.1 1. ;
X 0.2
0.1F
0.0}
~0.1}
Best fit central curve @2.4 GeV? :
and standard 1o error band -0-2;
-0.3

0.01 0.1 1.
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Monte Carlo Approach:
some illustrations

. . Oy
Can we find “unforeseen” replica? X b (x)
0.4}
\
0.2}
Yes, here at 1GeV? 0o————— =
T ——
-0.2}
_—
X h" () -0.4¢
0.5, :
: 1072 1072 107" 1
X
X2/dof
1.56557
1.42199
1.79911
2.07397

X 1.75523



Tensor Charge where we have data

Truncated tensor charge u at 1GeV?
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Tensor Charge where we have data

Truncated tensor charge u at 1GeV?

i 0.28
3 0q = / dx hi(x)
6.4x10—3
9 0
1 0
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000 010 020 030 040 050 060 0.70 _ Truncated tensor charge d a”Ge.Vz
3 0
2 -
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Tensor Charge full range 10°7°- 1

Tensor charge u at 1GeV?
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Tensor Charge

full range 10°79- 1

Tensor charge u at 1GeV?
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Tensor Charge

full range 10°79- 1

Tensor charge u at 1GeV?

' 3 »
) _ Torino result @ different scale (0.8 GeV?)
1 0
03 04 05 06 07 08 09 1.0 Tensor charge d at 1GeV?
3 |
2
L
1-flexible R 1
2-hybrid exibie .
3-rigid -
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Conclusion

Extraction of valence transversities from collinear framework

e Transversity via DiFF

e Flavor decomposition thanks to the available proton and deuteron data
e Fits for hi" & hy¢ drafting... [Bacchetta, Courtoy, Radici]
e Functional Form crucial to standard fitting procedure

= Highly unconstrained outside data range

= |mportant! e.g., for tensor charge

= \We NEED more data at higher x-values — JLab@12GeV

e Monte Carlo-like error analysis
= Compatible with standard analysis

= Bigger errorbands



Outlook

e Dihadron Fragmentation Functions

¢ Fits in (z, Mn, Q?) with more accurate Q2 evolution [Bacchetta, Bianconi, Courtoy, Radici]

e Data for Unpolarized DiFF Talk by N. Makke

e Transversity via DiFF

e Flavor decomposition we need Kaon data from Belle as well

¢ Fits for h{" & h¢¢ we need data for x>0.3 !
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AUT sin(CDR+(DS)sin9 @ HERMES [JHEP 06, 017 (2008)]
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AUT sin(CDR+(DS)sinG @ HERMES [JHEP 06, 017 (2008)]
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Evolution effects : From Belle’s scale to HERMES and COMPASS’scale

— needs analytical expression and gluon DiFF — fits = [arXiv:1202.0323]
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Can Transversity Be Measured?

R. L. Jaffe

R.L. Jaffe, Xue-min Jin, Jian Tang (MIT, LNS).
Phys.Rev.Lett. 80 (1998) 1166-1169
Interference fragmentation functions and the nucleon's transversity.

Invited paper, presented at the 2nd Topical Workshop,
DESY Zeuthen, September 1-5, 1997:
“Deep Inelastic Scattering off Polarized Targets: Theory Meets Experiment”

Abstract

I review the ways that have been proposed to measure the quark transversity
distribution in the nucleon. I then explain a proposal, developed by Xuemin Jin,
Jian Tang and myself, to measure transversity through the final state interaction
between two mesons (mm, KK, or mK) produced in the current fragmentation
region in deep inelastic scattering on a transversely polarized nucleon.
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Transversity : flavor decomposition
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Transversity : flavor decomposition
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Off the record: COMPASS data on Proton 2010

2nd order polynomial
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Comparison with extraction
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