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TMD Fragmentation Functions for quarks : Spin - Y2 hadrons

Helicity density matrix
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ete”™ - h h,X: Helicity Formalism

do.e+e_ —hi1ha X
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Results consistent with [D. Boer, R. Jakob, and P.J. Mulders. Nucl. Phys. B 504 (1997) ]

Hadron Frame

A .
¥

:DI”OdUCtiOn Plane

¥ Pir

e

AN b
| — = S
o i [}

Scaling variables

* Light cone %

* Momentum fraction z, =2|Py|/V/s
 Energy fraction zn = 2EL /s

2hp =~ z[lxmi/(2%s)]
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Scaling variables

* Light cone %

* Momentum fraction z, =2|Py|/V/s
 Energy fraction zn = 2EL /s

z [1 + mi/(zQS)}

Zh’p ~

Polarization vector

Pht = P X, + PV, + P 2,

The polarization is measured along:

i) — —Ph2 X Phl

l

The polarization projection along 1 :

P f =Pl cosd+ P sing




ete” - h' h,X: Hadron Frame

Fixed energy scale /s = 10.58 GeV
NO Evolution
Data depend only on energy fraction z, - z; g

P1)n = 0.2 GeV? width of unp. FF

Introduce p - parameterization for FFs:

(pi >pol

pL e pJ_/
ADgy/q(ZapJ—) = A'l)g:Y/q( )\/_ pol <pJ_>

W(ﬁi)h

Dh/q(zapJ_) : Dh/q(z)
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NO Evolution
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P1)n = 0.2 GeV? width of unp. FF
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Fixed energy scale /s = 10.58 GeV
NO Evolution
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z dependence Gaussian dependence on p |
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Consistent with [D. Callos, Z.B. Kang, and J. Terry, Phys. Rev. D 102, 096007 (2020)]
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ete”™ - h; + (jet) X: Thrust Frame

The polarization is measured along:

X . 5  Data dependonlyonzy-p;
= I X Phl » Direct access to p, dependence

Within a phenomenological approach

Prespur) /e P
T\”1,P11) = > 2

q €q Dhl/q(zlapJ_l)

i = Sl S e e e e e e e - I — I~ — -
e
pf \'\.

", thrust axis
“~

‘r

N
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Fit and Results (1)

Belle data: /s = 10.58 GeV
« 128 points A+ h, in bins of the energy fractions z, -z, ¢

e 32points A(jet),inbinsof z,-p,

Unpolarized FF set adopted:
e DSSO7 for m, K
« AKKOS for A + A

qq FF separation for AKKOS:

Dayq(zp) = (1 = 2p)Dpyq(2p)

* Normalization factor: N7, |NP| <1
 Shape for high and low z: @ Bq
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Fit and Results (2)

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zy = [0.5 — 0.9] bin excluded - 24 data points
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Flav.
P
NP o By 02

uoNP B
d P
Nq e
s NP Qg
Sea Nfea /Bsea
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0.15

Bin excluded
zy =[0.5 —0.9]

0.10/

0.2<z,<0.3 0.3<z),<0.4 0.4<z,<0.5 F0.5<z,\<0.9
0.05] |

0.001 S OO OO OO WU vrye, rovereereeseseeseeseesseer=-S IR é ............................... XéOf = 1'94

—0.05

Polarization

—0.10

015065 05 10 1500 05 10 1500 05 10 1500 05 10 15

p. (GeV/c)

Expected features:
* Pr =0whenp, =0;
* Pr(A) = Pr ().
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SiDIS — Polarized Lambda Production

2 2 . . . . . .
Pr(zp, ) Ver <pj >} 1 Kinematical configuration compatible with EIC
T\ABs<h) —
2M, < p? > 2 2 - o
p SPL <pl >p+E5 <kl > Prediction for the A polarization:
* Xp = 0.1
y >q Joyp(@B)ADp1 /4(21) 2
>qJayp(@B)Dhyg(2n) §p:zh(1— z,?LQ21—:EB>
02 p— 1 T T T T T T 0.2 T :
0.15 0.15 F Q=10GeV xg=0.1 Noar E
0.1 F 0.1 F E
0.05 [ 0.05 F 3
-0.05 005 ___ e =SS
01 F 0.1 F i
E . Global ]
0.15 £ 015 T o ]
-0.2 11 | _0-2 | | 111 | 111 || 11 II 11 I 11 | I 11 II | - I L1 1 | L1 1
0.2 025 0.3 035 04 045 0.5 055 0.6 0.65 0.7 0.2 025 0.3 035 04 045 0.5 0.55 0.6 0.65 0.7
VAN Zp
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Conclusions

First extraction of the A polarizing fragmentation function from Belle e*e™ data;
* Clear separation in flavours: three different valence pFF needed;

* Sea-quark pFF also necessary;

First indication of the p, dependence within a Gaussian Ansatz;

Prediction for transverse A polarization in SiDIS at EIC.
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SiDIS — Polarized Lambda Production
P ->e” A

’ ’ V2er < pl > 1

WMy <PL> |\ [<pt >p+2 <k >
>q fayp(@B)ADp1 14 (21)

/ o JayP(xB)Dryq(2n) \

PT(LBB)Zh,) e

Proton PDF Lambda Polarizing FF
CTEQ6LL
xg Bjorken-x | e e m% B
zy energy fraction p h Z%QQ 1— a5

z
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SiDIS — Polarized Lambda Production

0.2
0.15
0.1

-0.05
-0.1
-0.15
-0.2

0.2
0.15
0.1
0.05

-0.05
-0.1
-0.15
-0.2

02 025 03 035 04 045 05 055 0.6 0.65 0.7

Q=10GeV xg=0.1 A

IJJlIIIJlLIIIlLIIIlLIIIIL

-
-
S —
- =
_____

— Global

TIT[ T T [TI T [T T[T I T [TI T [TIIT[rrT

----- Assoc.

0.2 025 03 035 04 045 0.5 0.55 0.6 0.65 0.

Zh

Q=10GeV x5=0.3 A

IRl FERRE AR R ERNE RN

—— Global
----- Assoc.

TIT[ T T[T I [T [T T[T [TIIr[roT

[NERE FRREE

Zp
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0.15

0.1

0.05

a 0
-0.05

-0.1

-0.15

-0.2

-0.05
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-0.15
-0.2

= Q=10GeV x5=0.1 Nbar E
;— e I A e =
3 Global E
E o= Assoc. ]

11 1 ‘ 11 1 | 111 | 11 1 I 11 1 I 11 1 I L1 1 I 11 1 I 11 1 | [ .

0.2 025 03 035 04 045 0.5 055 0.6 0.65 0.7
Zh

’_I T | L | T ‘ L | LI | LI LI I L I LI L I:
E Q=10GeV x5=03 Nbar E
3 Global E
Fo---- Assoc. E

| I | | | L1 1 ‘ 11 1 I 11 1 I 11 1 I L1 1 I L1l I L1 | L1

0.2 025 03 035 04 045 0.5 0.55 0.6 0.65 0.7

Zp

Prediction for the A polarization:

Xg = 0.1

Xg = 0.3
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Statistical Uncertainty Band

Multivariate Normal Distribution

MINUIT: _
 Bestfit parameters  p: j\/’f Qg Bq (p*), uo,x p(z: 1, £) = 1 _exp (1(;1, )Ty — H))
« Covariance matrix % (gﬂ)n/zm 1/2 9\ ,
*  Minimum Chi-square X
Generate a random set of parameter Calculate their own Chi-square Keep set if
> - 2
x'(Ng aq ﬂq <p2l>p ) " X’2 > X2 g X’ § X2 + AX2

*  Minimum Chi-square: X2 = 232,8
- Confidence interval 26 - 95,5%: Ax? =15,79 for 8 parameters ( x2 -distribution)
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e + e B — th th h, polarized: X, h, unpolarized

hy, h, unpolarized doee” —hiha X

hy
dae"'e‘%hlh,gX X d cos deldsz_ledepJ_Q
4 2
d cos Odz1d2p 1 dzod? 3ete L
CoSTOAATP 1G22 L2 Unpolarized FFs 647rs AD fél /sy (Zlale)ANDhg/qT (22,p12) sin® 6 sin(2¢p2 + befl)
Gete .
- 64711: { hl/q(zlapJ_l)th/q(229pJ_2) (1 + COSQ 9) FF h, transv. Pol. collins FF

Collins FFs

1 )
+7 sin® 0AN Dy, 14t (21,011) AN Dy, jgt (22, p12) c08(202 + ¢} 1)}

hy polarized:Y', h, unpolarized h, polarized: Z , h, unpolarized

do.6+67—>h1h2X do.€+€_—>h1h2X

h1 hl

Y 2 2 Z 2 2
6 d cos HdZId plégazrizzﬁg]géj Unpolarized FF dCOS deld leszd D12

e 1 ~ ( 12 ) 36 h/ N . 2 . h
= 6478 {ADSy/q(Z:l?pJ_l)th/q(ZQJpJ_Z) 1+ cos™ 0 64#5 /_\Dslz/s (21,p11)A" Dy, gt (22, p12) sin” Osin(2p2 + ¢7")

FF hy long. Pol. Collins FF

1 )
+3 sin 20AT DG, (21,p11)A th/qT(Z’zaPu)COS(Qst+(J5h)}

Collins FF
FF hy transv. Pol.
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Lambda-pion

0.15 : .
0.2<z,<0.3 0.3<2z,<0.4 0.4<27<0.5 0.5<2;,<0.9 Data fitted: Xoop = 1.94
- 0.10 4+ A+ * Zx < 0.50
O
= 0.05
(NU 0.00 Lambda pion B
= « Charge-conjugation symmetry B,(Ant) = B,(An™)
© -0.05 * Data give information on the pFFs for u and d
D? « PB,(Am™) negative, dominated by down pFF
-0.10 * PB,(Arm™) positive, dominated by up pFF
* B,(Arm™) strong reduction due to the large suppression of
—0157055 050 0.75 025 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 the up pFF
Zn
aaE « Small z_a sea pFFs become important and negative,
| 0.2<zz<0.3 0.3<z5<0.4 0.4<z5<0.5 0.5<z5<0.9 - P,(Am*) up and down cancel each other, sea pFF leads to
0.10 BE g large, and negative, values of the transverse polarization
CC) v Rant * PB,(Arn™) sea pFF partial reduction of the up pFF
== 0.05 n
el
© - el ,
-
B 05
O
o
-0.10

-0.15

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

MARCO ZACCHEDDU - UNIVERSITA DEGLI STUDI DI CAGLIARI & INFN 24




Lambda-kaon

0.15

0.2<z,<0.3 0.3<zy<0.4 | 0.4<z)<0.5 0.5<2,<0.9 Data fitted: 2 _ 194
0.10 - e 7z, <0.50 Xdof '

O +  A+K?
e’ 0.05
©
— Lambda-kaon
O . . , - ~i—
— -0.05 Charge-conjugation symmetry P,(AK") = B,(AK™)
g * Similar pattern pion

-0.10 * Data give information on the pFFs for u and s

« PB,(AK™") negative, dominated by strange pFF
0157555 050 075 025 050 0.75 025 050 0.75 025 0.50 0.75 *  PB,(AK™) positive, dominated by up pFF
Zk * P,(AK™) strong reduction due to the large suppression
0.15 of the up pFF
0.2<zx<0.3 0.3<z3<0.4 0.4<z3<0.5 0.5<z3<0.9 _ _
- 0.10 4+ /—\_+ K- * Small z_a sea pFFs become important and negative,
+

_8 005 % 4+ A+K
© ==
N 0,00}
-
QO -0.05
O
al

-0.10

-0.15

0.25 0.50 0.75 0.25 050 0.75 025 0.50 0.75 0.25 050 0.75
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ee” - h;(jet)X

For Spin-¥2 hadron production, two possibile cross sections :

Unpolarised
hadron

ratio

Hadron polarisation

e :
Transversely p, do€ ¢ e X 3t

polarised hadron | ¥ dcos@dz1d?p,, - ; 32ms

e2(1 + cos” G)ADE;/Q(Zlgle_hl)
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v

Pr(z1,p11)

Zq 62 ADhI/q(zlapJ_l)

Zq 6521 Dhl/q(zlale)
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Y,h:c}lem h S Y RN
Y ]G X Pl Pt :Pm1X1+Py1Y1+lezl

A Py

Z _

" Pl

n = _phz X Phl
hi  » _ phi oy hi i A
P -n = P/ cosp+ P/ sing

o~ Z ]

cos § ~ P12 sin(¢1 — p2)
Zhe P11

~ P zn pio

X sin qﬁ ~
Pl1 Zhsy P11

|

cos(@1 — p2)
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