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d A polarization: a challenge and a tool

O TMD fragmentation functions for Spin-'2
hadrons within the helicity formalism

dete” - Ah+ X within a TMD scheme

- ete” - A(et)+X

O Fit of Belle data and extraction of the
polarizing fragmentation function

O Predictions for EIC

d Concluding remarks
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Pr(A)

Pr(A)

A LOOK BACK...
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PP To2 o4 e s - pA collisions (late 70’s)
- fixed target exp.s - £ -~ 400 GeV
’ = A self-analyzing: a powerful tool
. L 1 . . .
PRI f{ P = Transverse A polarization w.r.t.the production plane
- . ' » lJarge and negative
! : " = increasing up to pr ~ 1 GeV then a plateau
03] = increasing with x in the plateau regime
= A no polarization
04 |
% =[0.2:0.3] —m—s = Almost zero in collinear pQCD at leading twist
X = Eo.4-o.5=
05 Xe = 0.670.7 !---I-I----:
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O TMD polarizing fragmentation function Boer, Jakob, Mulders 1997
unpolarized quark fragmenting into a transversely polarized spin-1/2 hadron

[ First attempt to describe P;(A) data within a phenomenological TMD model
Anselmino, Boer, UD, Murgia 2001

U Twist-three approach: Kanazawa, Koike 2001

i

3 2019: Belle data for Pr(A) in ete™ - A'h+ X andete™ — A'(jet) + X
Guan et al. (Belle Coll.) 2019
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QUARK TMD FES FOR SPIN-1/2 HADRONS

= Close analogy with the distribution sector

= Within the helicity formalism (like a quark-hadron correlator)

P (2:02) =

h.Sh _1( 1+ P} P} —iPh:
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T-odd & chiral-odd
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polarizing FF
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ee” > hy(P)hy(Py) + X

= Complete results for the azimuthal and polarization observables
Boer, Jakob, Mulders 1997

« TMD factorization for small relative transverse momenta w.r.t. Q2
Collins 2011 - Echevarria, Idilbi Scimemi 2012

= Formulation within the helicity formalism (partonic interpretation)
UD, Murgia, Zaccheddu 2021 (in preparation)*

* with full set of leading-twist quark and gluon TMD-FFs for spin-1/2 hadrons
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ee” > hy(P)hy(Py) + X

Master formula

+ —
eTe” —hihy X
h1,51 h2,S2 do oG
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TRANSVERSE A POLARIZATION

B dot — dot B doT — dot
- dot +dot  douop

Pr

)

* Measured along i = —P, X Pf?l (hadron frame)

= Proper projection from the hadron helicity frame
Polarizing FF
N doete —hih2X I3ral

Y dcosOdPSis 2s Zeg{(l + cos” 0 ADg;/q(zlvle Dy, 1q(22,p12)

q
1 .2 —_ h1 N
+ 5 sin OA DSY/ST(Zl,pu A" Dy, jqt (22,012 COS(2W2+¢h1)}

dPS1o = d=1d*p 1 1dzad®p 1o Collins FF

= By integrating over @, d’*p |, — d*Pm;
v the transverse component along X is washed out
v'the contribution from the Collins FF is washed out
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FACTORIZED GAUSSIAN MODEL

D D e—pi/ (p1) = Mgol R
h/q(zapl) _ h/q(z) ﬂ-(pi> (P71 )pol = Mgd T <p3_) 1)
VIep) ePL/P)pel
AD i <y Pl = AD e VA
h/q( ) h/q( ) Mpol ﬂ-(pi)
1 p2 20
Pr (21, 22) 6; Vi <<;2>p>1 > g jz . 9/ o 1/2
pol 11 {[Zl(l — mhl/(zl $)I2(pa) + 23 <pJ_>P01}
y g € ADhI/Q(Zl)th/q(Z'Z) Phl. n

>_q €6 Dhy/q(21) Dy q(22)

v' Integrated over transverse momenta
v' hy = 4, h, light unpolarized hadron — inclusion of mass effects
v' No TMD evolution (fixed-scale analysis)
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ete” - h{(P,) jetX

= Phenomelogically useful:

v direct access to the intrinsic transverse momentum dependence

= Tricky from the theory side:

v TMD factorization, universality w.r.t. 2-hadron case, role of soft factors

Kang, Shao, Zhao 2020 - Boglione,Simonelli 2021

Gamberg, Kang, Shao, Terry, Zhao 2021

today talks

= Use of a simplified TMD approach
v'check for consistency with 2-hadron case

v'see also Anselmino, Kishore, Mukherjee 2019

PT(Zlpr_l) =

Z e ADhT/ (z1,p11)

2 g €4 Dny/q(21,p11)

v Orthogonal to the thrust plane
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FIT OF BELLE DATA

» A+7n/K:z,x =[0.5 —0.9] excluded — 96/128 data points
= A(et): z, =[0.5 —0.9] excluded — 24/32 data points

= Unpol. FFs: DSS07 for /K , AKKOS8 for A

Daya(zp) = (L — 2p)Dayq(2p)
flavour separation

(p3) = 0.2 GeV?

= Polarizing FF
a (a + b )(aq+bQ)
ADyesq(z) =N (1 = 2)n LDy (2)
aq’ by’

[Nyl <1 Positivity bound
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FIT OF BELLE DATA

Nua Nda Nsv Nseaa s, b'w bsea <p3_>pol

Full data fit : x5, = 1.94
N, = 0477037 <) N, — (32700

0.20 0.13
N, = —0.5710% Nyea = —0.27705¢
as = 2. 30+(1) 8?
b, = 3.50153 bsea = 2.601250

(P )por = 01075 gy GeV?

A+ m/K datafit: x5, = 1.26

Similar analysis (associated production) Callos, Kang, Terry 2020
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Polarization

Polarization

Associated production [full-data analysis]
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Xzoint = 1.55/0.8 Xoine = 1.61/1.5

» simpler fits with only two pFFs (u=d and s and no sea) ) higher X2
* pion well described (also including the highest z bin)

* kaon, some tension (data, FFs?)

« Shaded areas correspond to a 20 uncertainty (250K sets) Ax® = 15.79
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0.15

0.10

0.05

—0.05

Polarization

-0.10

Inclusive production [full-data analysis]

0.007

+O.S<z,\<0.9

0.2<z,<0.3 0.3<z5,<0.4 0.4<z,<0.5
4+ A+X

+ A+X

_0'150.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.5

p. (GeV/c)

X%oint = 2.75

Less good description

Theory

v' Polarization =0 atp, =0
v P(A) = P(d)

not clearly visible in the data
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First moment of the polarizing FF

L{1}) 2
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Consistency between full-data and A — h extractions both
for the central lines and the overlapping uncertainty bands!!!
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TRANSVERSE A POLARIZATION IN SIDIS

v2er (P1)por 1 . 2q Cafa/p(¥B)ADi1/q(2n)

Pr(zp, zn) =
2M,  (p1) \/<Pi>pol + 53(7‘33) Zq ez fq/p(@B)Dnsq(2n)
Transverse w.r.t. o
e my B
the target-A plane &p = 2h (1 e ;r:B)
EIC kinematics
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CONCLUDING REMARKS

Q Fit of Belle e*e™ data and extraction of the polarizing FF within a
TMD factorization scheme

0 Associated A-hadron and inclusive A production [consistency]

0 Clear separation in flavour
v three different valence polFFs (up, down and strange)
v relative sign between up and down polFFs
v'role of the polFF from sea quarks

0 extraction of the p, dependence within a Gaussian parametrization

0 SIDIS measurements @EIC important to complement these results

THANKS for the ATTENTION
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BACK-UP SLIDES
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| Uncertainty band I

=Y (yl _ iixi; a))z

i=1

- N measurements y; at known points x;, with variance oZ.

- F'(z;; a) depends non-linearly on M unknown parameters a;.

- Best fit: y2;. — ao

Error band: all sets of parameters such that x%(a;) < X2 + Ax?

- Ax? = 1 ¢ 1-0: small errors, uncorrelated parameters, linearity, y* parabolic
- A\?: fixed according to the coverage probability

Ax? 1 o\ (M/2)—1 5
X X 2
P = , — dv©.
fo 2r(w2)(2) eXp( 2) *

P= probability that true set of parameters falls inside the hypervolume

[P =0.68 4 1-0, P =0.95 <+ 2-0]
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Ratios of the first moments w.r.t. the bounds

_______________________________________ — up

0.2 ---- down
4 —-—- strange
sea
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