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Introduction

e Transverse Lambda polarisation in high-energy inclusive
processes: a long standing open issue

* Proton-proton data: large polarisation that cannot be explained
within collinear factorisation in QCD at leading twist

e First phenomenological studies within a TMD scheme:
Anselmino, Boer, D'Alesio, Murgia (2001)
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New Datas in eTe™ from Belle: 150 data points
Observation of Transverse A/A Hyperon Polarization in e*e~ Annihilation at Belle

We report the first observation of the spontaneous polarization of A and A hyperons transverse to the
production plane in e e~ annihilation, which is attributed to the effect arising from a polarizing
fragmentation function. For inclusive A/A production, we also report results with subtracted feed-down
contributions from Z° and charm. This measurement uses a dataset of 800.4 fb~! collected by the Belle
experiment at or near a center-of-mass energy of 10.58 GeV. We observe a significant polarization that rises
with the fractional energy carried by the A/A hyperon.

DOI: 10.1103/PhysRevLett.122.042001

Benefits:

* No PDFs

e C(Cleaner process

* TMD Factorization proven




Helicity Formalism: TMD Fragmentation Functions for quarks

Quark Polarisation States
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Polarisation: ete™ — h;(jet)X

do etTe T —hq(jet)X 1 i ~ A)\hl’Ahl

%k
pxhl,Aél Toos0dm @y = 2ugc 2203} Bams aMdadare M3y 5 Dy (21, p11)
| Polarisation given along the hadron helicity axes:
Xhl — th X Zh1
Voo q1 X Pp1
h1 ~
- 41 X Ppy|
- Pp
Ly, =
| Phal
Polarisation measured along: 7, = ¢ X Ppy It coincides with: n = Y
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Polarisation: eTe~™ — h(jet)X

Only two possibile cross sections
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POla risatiOnZ e + e- - th th Polarisation given along the hadron helicity axes:
Xhl = th X Zhl

+ .
h1,5h;  h2,5h, do® ¢ —hihe X
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Kinematics

P =2z, q1 +pi11

Py = zp,q2 + P12
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The polarisation is measured along: The polarisation projection along 7 :

ey ~

n=—"P,, X P, Phl-ﬁnglcoscg—kP;lsing

Exp. Datas depend only on energy fraction z4,

- ¥ e Z -
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Polarisation: eTe™ = h' h, X

l Dhl/Qth/(f
do PO
ANDhl/q¢ ANDhQ/qTCOS(Q(pQ + qf)?l )
h1
ADSY/QDh?/(7
doTY — dotv

A™DE AN Dy, jqrcos(202 + 1)

do'* —dotx  ADI , AND, osin(2p, + ¢)

e
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In order to obtain the polarisation we
firstly calculate the polarisation along
the Y and X helicity axes:

<dgTy — dotv )

(P = T

(doT* — dotx)
(do)

(Py') =




do_€+€_—>h1 th

2
d cos deldsz—hldzdePJ_hz d Pl — dPlegbl

We use for the FF the following parametrisations:
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Phenomenology

From datas we can extract different information, particularly:

. A(jet)X : Lambda polarising width (p%),
e AtX : Polarising FF (u,d)
e NkX : Polarising FF (u,s)

Fitted parameters:

A Ve Qg  Bg @),

q
U NE
d Ngl’
(ﬁ.)p
S Nf as
sea NP Bsea
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Polarising parametrization:
ADE_ (2) = NE(2)Dp/q(2)

8, (g + i i

C‘fgqﬁqq

NEP(z) = NPz%1(1 - 2)

Since we did not have a set of FF that separates the Aand A :

A _ pA° A° A A0 AO
D, =D, +D, D, =D, + Dy

0 o 0
DY = (1-2)*D}

A°
Dq =

{\0 (1_2)01 DA
1 1+ (1—2z)a 1




pol T

pol T

Global Fit

Polarisation: A(jet)

x2/dof=2.5683
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Preliminary
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pol T

pol T

Global Fit

Polarisation: Am x?/dof=2.5683
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pol T

pol T

Global Fit

Polarisation: Ak x?/dof=2.5683
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Fit: associated production only
Polarisation: Am Y2/dof = 1.499
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pol T

pol T

Fit: associated production only

Polarisation: Ak

x2/dof = 1.499
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T

S
Q

pol T

Fit: associated production only (fixed gaussian width)

Polarization: Am

x2/dof=1.5178
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pol T

pol T

Fit: associated production only (fixed gaussian width)

Polarisation: Ak

x2/dof=1.5178
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Conclusions

v

* Global fit : x*/dof=2.5683
* Associated fit with no Lambda jet: x?/dof=1.499
* Associated fit with no Lambda jet, fixing width: x*/dof=1.5178

Lead to different width (p* ),

v

What’s next?

» Different choices of the Gaussian width for the unpolarised and/or the polarising FF: z dependence, flavour

dependence.
e Functional form of the polarising FF.
* Predictions for proton-proton and comparison with existing data and previous extractions
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TMD Formalism and Azimuthal Asymmetries

Generalization of PDF and FF including a

N .
Transverse Momentum Dependence. POF A fq/pT Sivers 1991

FE AN Dy gt collins 1993

Correlation Azimuthal distribution - Spin

3 PDF

Collinear pQCD

3 FF

Spin % Hadron:

8 TMD- PDF
TMD Formalism

Correlation Spin - k. 8 TMD- FF
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Spin and TMD Effects

Single spin Asymmetry (SSA) pr — X
Th d
a'b—c
) ) do! — dot
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Cross Sections and Polarization States forete™ — h',h,X

h1,Sh; h2,Shy d0-8+e_—>h1h2X ‘
Pxnn, P Ahg M, dcos 0dz1dPK 1 p, dzad?K L1,
% "Ah a)\, A)\h ,)\!
B Z Z 3271'8 ZM)\ AdsAaAb M)\,c)‘,da)\a)\sz\cj)\; . (Z1 ’ kihl )O)\c:)\:jhz (22: kJ_hz)
dc {A}
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Polarizing FF
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Observation of Transverse A Hyperon Polarizationin eTe~

Annihilation at Belle (2018)

Measurement for A polarization in:
¢« ete” - A (jeH)X
e ete” > AnX

Benefits:

 TMD factorization is valid;
NO PDF

Extraction Polarizing FF

Transverse Polarization predicted in the
Helicity Frame of the Hadron

Py
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Polarization
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FF properties
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Helicity Scattering Amplitudes

MO q1 = E(1,0,0,1) pe+ = E(1,sin 8.0, cosf)
AeAdsAaAb p=E(100,—1)  po = E(1,—sin8,0, — cosb).
De+ 1
Aa Ae 0 _ 0 _ 0

0 _ 0 _ 0
My _=M_,, =M

. My = —ie*e (1 — cos f);
Pe- 12 Mg = —ie*e (1 + cos b);

Bo prova




Cross Sections

do_unpol.
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