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a phase transition in 3D studies

1D 3D
(standard parton distribution [Etransverse momentum
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QCD
s _ Phase VS
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y : Bacchetta et al.,
first global fit of f1(x,k ) 0 1706 (17 081

but there is another missing global fit for leading-order PDFs:
the transversity!



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
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extraction from -inclusive data

lepton electron
/ \
~O= 1, K-, KHK- e

positron
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Airapetian et al., Adolph et al., PL. B713 (12)

JHEP 0806 (08) 01/ Braun et al., E.PJ. Web Conf. 85 (15) 02018
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»STAR Adamczyk et al. (STAR),
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Vossen et al.,
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more data
(hopefully) soon
to be released



extraction from -inclusive data
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extraction from -inclusive data

lepton electron
/ \

\(Dt f Rl e PSS i [ e \<>< T+

ositron
proton yoogh P AN

survives to
polar
symmetry

( | dPyr)

framework
collinear

factorization
Rr« Q




extraction from -inclusive data

SIDIS ¢pt, DT

lepton electron
Q= e, K-, KK- .

proton h positron HE

connects h; & H,*

Radlici, Jakob, Bianconi, P.R.D65 (02) 074031 Boer, Jakob, Radici, P.R.D67 (03) 094003

Bacchetta & Radici, PR. D67 (03) 094002

i at different scales

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

TR

o) Bacchetta & Radici, P.R. D70 (04) 094032



not possible for 1-hadron-inclusive data

\

pOSitI’Qn

factorization
not yet proved




take—away message

lepton electron
g W Bt

RS ositron
proton yoogh o AN

first extraction
of transversity
from a global fit
of these data
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the data set in more detail
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data set in more detail
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data set in more detail
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the kinematics
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the kinematics
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choice of functional form

W (23 Q3) = F(z) |SB(2) + SB(2)|
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choice of functional form

W (23 Q3) = F(z) |SB(2) + SB(2)|

\ Soffer Bound
2hi (2, Q%)| < 2 SBY(z, Q%) — |fiw, @ R i EGHER]

i N A
() — max, || F (@] r |1 4+ B Ceby(x) + C Cebs(x) + D Cebs(x)]
W <1= |F(z)| <1 Cebn(x) Cebyshev polynomial

10 fitting parameters
Soffer Bound satisfied at any Q2 &P

1
if lim zSB(x) o« 2% then A+a >0 grants / dr hi(z; Q%) = dq(Q?) s finite
0

x—0

this bound drastically constrains the tensor charge

with new functional form, Mellin transform can be computed analytically



choice of functional form

typical cross section for a+bT™cT+d process

da dzq,dx A opt s X
L o [apriins, 3 [ LG fie) ) 2 ez, am,
a,b,c,d

to be computed thousands times... usual trick: use Mellin anti-transform

. —N 1. N (N2 Stratmann & Vogelsang,
[l ® )_/c dN 7" hy (Q7) NeC PR. D64 (01) 114007
N



choice of functional form

typical cross section for a+bT™cT+d process

doyr dxqdwy, a A0 bt et d dc(=
d?] OC/d|PT|th Z/ 3727 fl(CI?a th Hl (ZaMh)

Stratmann & Vogelsang,

hl(%QQ) :/ dN z—" hjlv(QQ) NeC PR. D64 (01) 114007
doyr / / /dCCadCCb LN do bT—cTd -
d|P dMEj e el e
dr) % m ’ T ha,c,d 8z ¢ (x )mb dt . (Z h)

pre-compute Fp only one time
on contour Cy

this speeds up convergence
and facilitates | dN , provided
that h1VN is known analytically




fit SIDIS asymmetry
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fit SIDIS asymmetry
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fit SIDIS asymmetry
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fit SIDIS asymmetry
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fit STAR asymmetry
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comparison with previous fit
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comparison with previous fit
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origin of saturation of Soffer bound
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Comparison with Collins effect
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tensor charge &q(Q?) = Jdx hiad (x,Q2)
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precision : potential for BSM searches

1

Pt 57 g9.(Q?) = Pl §¥ / dr [h(z, Q%) — hi(z, Q%)]
0

= ERRS Raioh ok RS

tensor operator not directly accessible In Lsm

low-energy footprint of new physics (BSM) at higher scales ?
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precision : potential for BSM searches

1
Pl 571 ¢2,(Q?) = Pl+ V] / dz [h(z,Q?) — hi(z, Q%)
0
= ERRS Raioh ok RS

tensor operator not directly accessible In Lsm

low-energy footprint of new physics (BSM) at higher scales ?

Example: neutron B—decay n — p e~ Ve

U; e, M 4 \\ N
9 VIJ 9 /I/ SUSY, Z’,
W + X— — - | Ve
92 y el leptoquark,
6" oo 8
M2 )
" o<
Lsm universal V-A LBsm new couplings: € 1, €psYs, € OHY
S Mw? / Mgsi?

precision of 0.1% = [3-5] TeV bound for BSM scale

S



precision of gru-d

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay T+ = et Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

| €T gr|= 5> X [0



precision of gyu-d

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay T+ = et Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

Radlici et al.,
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precision of gyu-d

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay T+ = et Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

Radlici et al.,
Aet from  j1ep 1505 (15) 123

o002t PNDME15 (to be improved
need more data . .. " // by global fit)

to adapt | : ]
phenomenology i 0-000;—} | t 1 i : -;>A£T assuming Agr=0
to precision of 0001f v .. |

measurements o002t \\

and lattice 00 0.1 02 03 02 N 05 os A&t from Torino

Goldstein et al., arXiv:1401.0438
Courtoy et al., PR.L. 115 (2015) 162001



To do list

n<0, Vs =200 GeV = T i
! . X 0.08F Irun 2006 | | | | { ] % <5:::: g :9::11 :r\fj )-’(:00 - o ) (GeVic)
= use also other (multi-dimensional) = = { 0
{ 0.042— n >0 6
data from STAR run 2012 (s=200) o * ’ Lo b
and run 2011 (s=500) oo 1y i B IR
0.00| 3 B — %ZQLQQQ] """" o
CaTTOE 0B 10 12 el
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Radici et al., PR. D94 (16) 034012 M. Skoby, SPIN 2014
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To do list

n<0, Vs =200 GeV ~ T T T
; T ' T §<so.o7_

£ Run 2011 {s = 500 Gev

0.06F peponm+X () (GeVic)

4 . . 0.08¢ run 2006 { .
= use also other (multi-dimensional) = = { N SN

data from STAR run 2012 (s=200) oo H b

T ’ _
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0.00
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Radici et al., PR. D94 (16) 034012 M. Skoby, SPIN 2014

= wait for data on unpolarized cross section dg? :
ete- = (TITT) X constrains D14 A = Ao

| dag?
e g
p+p = (TTTT) X constrains Dy large K factor in do©? ( but not in dour)

uncertainty band probably underestimated
but no K factor can modify Ayt(Mn)
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To do list

n<0, Vs =200 GeV ~ T T T

= use also other (multi-dimensional) = = { N e
{ 0.042— n >0 6
data from STAR run 2012 (s=200) 5 oo * ’ I T :
and run 2011 (s=500) ooy i | IR
0004 F R e Lo
04 06 08 10 12 MEH |

| 111 | 111 | 111 111 | 111 I 111 | 111 | 111 1 111 | 111 |
04 06 08 1 12 14 16 18 2 22 22.4
Mhn M (GeVic)

Radici et al., PR. D94 (16) 034012 M. Skoby, SPIN 2014

= wait for data on unpolarized cross section dg? :
ete- = (TITT) X constrains D14 A = Ao

| dag?
e g
p+p = (TTTT) X constrains Dy large K factor in do©? ( but not in dour)

uncertainty band probably underestimated
but no K factor can modify Ayt(Mn)

= use Compass data on K and KK channels :
constrain strange contribution ¢

= explore other channels, like inclusive DIS via Jet fragm. funct.’s
Accardi and Bacchetta, arXiv:1706.02000
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the kinematics

104
3L
L .
STAR
N

i
Adamczyk et al. (STAR),
PR.L 115 (2015)° 242500

10~ / 1072 10~ \
domp . ,{‘ A

1 ) %1 Airapetian et al.,

\ &rmes  JHEP 0806 (08) 017

e
Adolph et al., PL. B713 (12)
Braun et al., E.PJ. Web Conf. 85 (15) 02018
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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-pT data increases precision of extracted
transversity and eliminates suspicious behavior of down
channel; some tension with extraction from Collins effect

» tensor charge useful for low-energy explorations of BSM
new physics = precision is an issue. In this respect, the

global fit is a significant step forward

THANK YOU



