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Outline (very simple..)

first extraction of transversity PDF
from a global fit of semi-inclusive data

SIDIS p-p collisions

lepton lepton e + e = proton

....... /. 2 pions

electron

et & 2 pions e oroton

e

positron % 2 pions




leading-twist PDF map
quark polarization @4>><

U L T

nucleon polarization

transversity distribution hi(x) flips helicity (chiral-odd)
— suppressed in inclusive DIS

all three PDFs needed for a complete description
of proton (spin) structure at leading order



Transversity poorly known

World data for F»P
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slide from H.Montgomery,
QCD Evolution 2016



But transversity is interesting !

1st Mellin moment of transversity = tensor “charge”
1
P gh(Qh) = P$" [ da [i(2, @) - hi(z,Q?)
0
= (48 5| gie @ |i2 )

tensor charge not directly accessible In Lsm

low-energy footprint of new physics at higher scales ¢

Example: neutron f—decay n — p e Ve

U (- N
: e M e
gV g ~ SUSY, Z',
charged
SM >w< X T |k BSM
4 - 92 v /
oy ><

€1 8T = Mw? / Mesm?
precision of 0.1% = [3-5] TeV bound for BSM scale



extraction from 1-hadron-inclusive data
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extraction from 1-hadron-inclusive data

electron
\

g \0\1 pion

pOSitI’Qn

Collins,

framework
TMD

1 pion factorization
Prr < Q




extraction from 1-hadron-inclusive data

electron
\

g \0\1 pion

pOSitI’Qn

Oﬂly one
hard scale IDhT
factorization

not yet proved

framework
TMD

factorization
Prr < Q




extraction from 1-hadron-inclusive data

\

g \0\1 pion

pOSitI’Qn

1 pion

fi1 ® h1 ® HlL



extraction from 1-hadron-inclusive data

W electron

\
T
positron L

Hj

Kang, Prokudin,
Sun,Yuan includes effects from

TMD evolution

Anselmino et al., Kang et al.,

P.R. D87 (13) 094019 e P.R. D93 (16) 014009
Anselmino et al.,
PR. D92 (15) 114023

1 pion

i o H1L
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Transversity from Collins effect

- Kamg @icl S Anselmino et al., recent TO update
P.R. D93 (16) 014009 P.R. D87 (13) 094019

Anselmino et al.,
PR. D92 (15) 114023
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very compatible

no sensitivity to evolution




extraction from -inclusive data

lepton electron
/ \
2 pions 2 pion
\Ck P t/ \Ck PIONS
ositron <
Hf): ; p H]. L%
A= domp D
e’ v D
N BELLE
Airapetian et a/./ AdO/ph et a/., a0 55740 I8 S 0V ) Vossen et a/./

JHEP 0806 (08) 017 Braun et al., E.PJ. Web Conf. 85 (15) 02018 PR.L.107 (11) 072004

A run 2006

7,S\TAR Adamczyk et al. (STAR),
PR.L. 115 (2015) 242501
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extraction from -inclusive data

lepton electron
/ \

e 2 pions
proton h H positron H

Collins, Heppelman, Ladinsky, |
N.P. B420 (94)
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extraction from -inclusive data

lepton electron
/ \

e 2 pions
proton h H positron H

P ~%osurvives to
' polar
symmetry

( | dPyr)

framework
collinear

factorization
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extraction from -inclusive data

electron

\
T \Qt 2 pions
proton h positron HY

Radici, Jakob, Bianconi, P.R.D65 (02) 074031 < Boer, Jakob, Radici, P.R.D67 (03) 094003
connects h; & H

Bacchetta & Radici, PR. D67 (03) 094002

- at different scales

Ceccopieri, Radici, Bacchetta, P.L.B650 (07) 81

2 pions

15 Bacchetta & Radici, PR. D70 (04) 094032



extraction from -inclusive data

electron
\
e 2 pions
. pOsitron HE

70110 A1

Bacchetta, Courtoy, Radici,
PR.L. 107 (11) 012001

Bacchetta, Courtoy, Radici,
JHEP 1303 (13) 119

Radici et al.,
isiazal o005 (15) 123
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comparison with Collins effect

- Kang et al. 2016 <-> Pavia 2015
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comparison with Collins effect

- Kang et al. 2016 <-> Pavia 2015

x hy"
0.67
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u - ;
P 0.0
~0.2} /
Soffer ' - [ Kang et al (2015) — g
bound -0. . Radici etal (2015) ~ —— llnear
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X
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{ @
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02 = ‘*’r' t \H\
50.01 0.03 xo.1 q3 1 Radiciet al Ei M ft %
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unusual saturation of driven by two specific bins

Soffer bound for down of Compass data for deuteron



origin of saturation of Soffer bound

“reduced” SIDIS fit :

no bins #7,8 with deuteron
Soffer
bound \ X hf" x h§ as(Mz) =0.139
o.zf—

full SIDIS fit

02
0.1} 01
down o,of 0.0
—0.15‘ -0.1;
—0.25‘ -0.2 ,
0.01 0. : f 1 T 00f 005 010 050
X
Radlici et al., Kang et al., more flexibll |‘t>/
JHEP 1505 (15) 123 P.R. D93 (16) 014009
for down

Anselmino et al.,

P.R. D87 (13) 094019 Nno appreciable difference
for up
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neutron B-decay <—> isovector tensor charge

status of gru-d

Q? = 4 GeV? g4 % = 6u-6d (Q° = 4 GeV?)
1.2}
1ol Lo | ¢ 10) SoLID 2016
1) Radici et al. 2015 —> LT * pseudo-data based
0-8; 1 | b on 2) Kang et al. 2016
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on BSM tensor coupling from | 6) RQCD ‘14  Baliet al., PR. D91 (15)
" = e*Vey and neutron B-decay is 7) RBC-UKQCD Aoki et al., PR. D82 (10)

‘ET gT‘ = |O'Ar 8) ETMC ’15  Abdel-Rehim et al., PR.D92 (15);

E PR.D93 (I
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20 Pattie et al., PR. C88 (13) 048501



extraction from -inclusive data

fit with

_|_ —
SIDIS + e'e electron

lepton
/ \
T \Qt 2 pions
proton h1 G positron H

Radici et al.,

Bacchetta, Courtoy, Radici, PR. D94 (16) 034012

PR.L. 107 (11) 012001
exploratory

Bacchetta, Courtoy, Radici, e
JHEP 1303 (13) 119 predictions

Radici et al.,
isiazal o005 (15) 123

for p-pT

21



extraction from -inclusive data

lepton electron
/ \

e 2 pions
proton h H positron H

first

olobal fit
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comparison with previous fit

X hy" as(Mz) = 0.139 flexible

global fit higher
precision

old fit
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comparison with previous fit

Soffer ;

Lot x h%" af(Mz) ='o.139 flexible global fit

; old fit
own
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7005 010 050 1 i 68% band
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effect of STAR data : :
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comparison with Collins effect

X hy" as(Mz) = 0.139 flexible Kang et al ; Kang et al.,
Soffer 0.6 1 .( - , L LS e PR. D93 (16) 014009
bound \:_ ] - Anselmino et al.,
4 Torino PR. D87 (13) 094019
0.2}
up 0.0 = this work

higher

~0.2}

precision

0.06 010 050 1
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compatibility
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Conclusions

* first global fit of di-hadron inclusive data leading to

extraction of transversity in collinear framework
(PRELIMINARY!)

* inclusion of STAR p-p' data increases precision of extracted
transversity up and makes transversity down more
compatible with one from Collins effect (with respect to our
previous extraction from SIDIS + e*e™ data only)

» tensor charge useful for low-energy explorations of BSM
new physics = precision is an issue

N.B. to this goal, need do? for ete™ and p-p to constrain
di-hadron fragm. funct. D1, particularly for gluons
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* inclusion of STAR p-p' data increases precision of extracted
transversity up and makes transversity down more
compatible with one from Collins effect (with respect to our
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N.B. to this goal, need do? for ete™ and p-p to constrain
di-hadron fragm. funct. D1, particularly for gluons

THANK YOU
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minimization of p-p matrix element

Bacchetta & Radici, PR. D70 (04) 094032

. do T
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5-dimensional integral
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Aut (n) — + evolution in each Pr

for each set of parameters
chosen by MINUIT

for each replica

need a super-computer !



minimization of p-p matrix element

1
usual trick: use Mellin transform hy' (@) =/O dz z wR SO
& anti-transform hl(ijQ):/

Cn

Stratmann & Vogelsang, PR. D64 (01) 114007
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for each n bin, pre-compute integrals on contour
Im N 1 3
this speeds up convergence §
and facilitates | dN, provided MO = .

that h1" is known analyticall oles|of hyN i Re N
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minimization of p-p matrix element

800 () — / AN b (P2) / drPTrdexad:cm,N; Py, M, 5, )
Cn /

numerical Mellin transform

1 opposite convergence criteria
h]lv(éf):/() dl(w,QQ) PP 5
A A A

approximation:
pre-compute integrals on Cy
compute Mellin transform on Cy

Cn = Gy for Re NV

Im N
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