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Motivation-TMD FFs

» Transverse-Momentum-Dependent Fragmentation functions (TMD FFs) D(Sz (Z, pT) ,
q
The quark correlation matrix X
. td&—d? . _ _
) = Y, [k et /(0] 10, o) (X)X B £, )]0}
Decomposition at leading twist
an (e] X Pr) - Say > pr
455 = V+ Z My R+ sy T AAGqu —
lpT + S/l\J_ +1 p
ZMA [Vi;)’ 2 [Vi;]/ ] ' ZM )/l) y5 SC[J_

Where D{}I = DA (z,p%)
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» lIsospin-symmetric polarized TMD FF DfT
» lIsospin asymmetry violation from EW decay

> Fit to Belle Data with isospin-symmetry: D, = D%,

> Chiral-odd TMD FFs H{,, Hij, and Hir,

» Longitudinal and transverse polarizations ?A = (P, Py, Py) inunpolarized SIDISand e*e™

> Nuclear effects in eA collision at EIC
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Hyperon polarization at Belle

» Polarization w.r.t. production plane

p o — o'
N —
o' + o'
» In parton model
1A
Py « DlT’q
N Cq DA
q 1q
05 » Assuming favored FFs dominance
| _ (@) wA+ T N _ _
S o | _ Y mAYT e A(uds) + T (ud) ~ dd favored
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R N U o el SRS SR PO e A(uds) + n~(du) ~ uu favored
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ZE+{H-:] ZTE+{T[-:| Z]T+|:: ]T-} Z]T+{]T-:| 1u 1 d

Yu-kun Song Longitudinal and Transverse polarizations of A Hyperons 3/16



Unpolarized FFs

» Most of the global fits of unpolarized FFs respect isospin symmetry
Metz, Vossen, Prog.Nucl.Part.Phys. 2016

Table 5
Selection of global fits to Dy. The order of the fits from top to bottom is approximately chronologically.
Fit Datasets Uncertainties Final States
EMC [396,453] SIDIS No nE
CGMG [454] ete, pp(p) No m?
BKK [455-457] ete” No hE, = KE K
DSV [226] efe” No A A _ nA
Kretzer [223] ete ", SIDIS [458] No h=. m=. K= Du (Z) - Dd (Z)
BEGW [459] ete” Yes h*
KKP [460] ete” No 7=, K=, p(p)
Bourrely, Soffer [461] eve”, pp(p) No m? .
AKKOS [462] ete”, pp(p) No m* K=, p/B. K2, A/A A A
HKNS [208] eTe Yes 7=, K=, p/p Dy (z) + Dy (z)
AESSS [463] eTe”, pp(p) Yes 1
DSS[131,464,132] ete, pp(p), SIDIS Yes h*, m= K=, p/p. n
LSS [465] SIDIS No m*
ASR-NNLO [466] ete” No T+
COMPASS-LO [397] SIDIS No mt

Some sets (such as AKKO08) introduce large isospin symmetry violation.
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Parametrizations of polarized FF D77

[ ] [ ] [ ]
> Fit to Belle data w/o isospin symmetry
. 0.000 —
@ — full data 0.015
0,010 l"': u___: 'l;\n-u:: . ~ ® J = :;
E:‘; 3 Q=1058Gev gz; 0m 1058 Cov - 0.010 u L
No. \ N il deta D 0.005
S H " —— A-had 2
,,,,, bound o
000057 03 o 5.7 03 o4 [0S ::n 0.7 D —L)A i D —L’A — i: 0.000 — —
z F4 O
oo T 1T,u 1T,d S —0.005
W ;e P
s © 5@’” Y 0010
L 0=1058 Gev s / 0=10.58 GeV d
N o] — Tl data . —— full data —0.015
——- A-had strange {,‘ { sea  __. A-had
I pound { o A pound 020 025 030 035 040 045 050 055 0.60
: 0.2 0.3 0.4 7 0.5 0.6 0.7 . .2 0.3 0.4 B 0.5 0.6 0.7 :‘.-\
D’Alesio, Murgia, Zaccheddu, PRD 2020 Callos, Kang, Terry, PRD 2020

DMZ

» Spectator di-quark model results

Li, Wang, Yang, Lu, EPJC 2021
» QCD respect isospin symmetry, and QCD dominate hadronization process
How could there be any significant isospin symmetry violation?
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Isospin symmetry violation from EW resonance decay

> e—e* annihilation Directly produced hadrons

(Z) hdll‘(z) _l_Dh,dec(Z)

Hadrons from EW decays

D" (z) = Br(h, hy) [ dz'Kyp,(2,2")D, 2 (2")

> We assumed that Dh dlr(z) respect isospin symmetry, while thec(z) violate the symmetry.
DE, — DE; DY, — D%,
unpolarized FF: 1“ 4 < 59,

DE) + DE; DY, + Dy . .
Chen, Liang, Pan, Song, Wei,

Gh,—G

polarized FF: Ly Ud tiny violation PLB 2021
GlLu + GlLd

» Based on these observations, we choose to use isospin symmetric D; and D to fit Belle data
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Fit to Belle data with isospin symmetric D1

» Factorized formulae for A transverse polarization
VGE ZhA
2
ZAMA\/Zh + zEA% /A% q

1T q(ZA)

z))

Pp(zp, zp) = (ZA: Zh)

> R’l‘g(zA, z;,): production weights of different quark flavors
e2D{ly (2) D} (1)
Y.qeDiy (zA)Di=(zp) + (@ = @)

» For A fragmentation functions D’llq (z,) we take DSV parametrizations

ng(ZArZh)

de Florian, Stratmann, Vogelsang, PRD 1998

> For T and KT fragmentation functions DY (zh) we take DEHSS parametriations

de Florian, Epele, Hernandez-Pinto, Sassot, Stratmann, PRD 2017
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Fit to Belle data with isospin symmetric D77

zpn = 0.25 zpn = 0.35 zpn = 0.45 zn = 0.6

Ah
qu (ZAJ Zh)
> Quark weights are different for Am*™ and A~

> Unfavored & + d FFs give large contributions

» S, S, ¢, € contributions are non-negligible,

and different with each other

02 04 06 02 04 06 02 04 06 02 04 06
Zn Zn Zr Zn

> We take into account 6 different Df}‘q’

DlTu D1Td' DlTu — Dle, DlTs' D1Ts' D1Tc» D1Tc
+ 1
(arq + Brq — 1)aTq e
arqg—1 B
(“Tq - 1) T4 'BT;q
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Fit to Belle data

2a = 0.25 2a = 0.35 2y = 0.45 22 = 0.6
Y I N A O L B B
¥ A+7" ¢ A+m —DHESS - --Pythia
0.05 f {4 A+m ¢ A+m —DHESS - - -Pythiay 138 data points, 19 free parameters in all
2do.f 2215 (stlz_
0051 0.978, (Pythia)
3
I\? _0‘15 I : : T : : T : T
= I A+tK® 3 A+ K —DHESS - --Pythia
S o0sh i i A+K 5 A+K' —DHESS - - -Pythial]
;ﬂ ) Chen, Liang, Pan, Song, Wei,
e
PLB 2021
0.05} :
_0'15...|...|.1...|...|.....|...|.....|...|..
02 04 0602 04 0602 04 0602 04 06

Zh Zh Zh Zh
Isospin symmetric DfT,q’s can fit Belle data well by considering all possible quarks flavors.
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Extension to SIDIS and 3-dimensional polarizations

SIDIS 2
do _ Mem Y

dxdydz,d?P,,  20Q% z,

SIDIS 72— I Vo §
do | Mg

dxdydz,d?P,,  20%

L, WHY

e (l2)  feowmicoinme

X {A(y)Fgu + B(y)Ffy + C(y) cosp ;) ¢4 B(y) cos2¢ F;)° 2¢

+2 [C(y) sin ¢ F;in ? + B(y)sin2¢ F;in 20 Non-zero polarizations
along éL, éT, éN

=  Pr,Pr, Py,

+SaT [C(y) sin ¢ F;iTn ¢4 B(y) sin2¢ F;iTn 2¢]

+ SAn [A(Y)FEU + B(y)Ffy + C(y) cosp F;p) ¢ 4 B(y) cos 2¢ FSO° 2¢]}
» In the rest frame of A, the polarization vector §A = A28, + Sprér + Sinén

é; . A 3-momentum P, direction,
ér, éy - transverse direction inside and normal to the production plane
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SIDIS and e e~ annihilation

> In parton model at leading twist

B(y)J|w,hiHif| sin 2¢

" AOI[fiDR] + BO)I[wyht HE cos 24 m
e (ko)  feowiptme
_ B){=I|wihi Hir| + I|w3,hi Hi7 |} sin 24
r AI|fiD2] + B(y)I|w,hi HEA] cos 2¢
_ AW)I|wif1D17]/ 25 + B(y){I[wihi Hiy] + I[wsphi Hi7 ]} cos 2¢)
v =

A 1D + B(y)I|wohi HEA] cos 2¢
> Measurements of these polarizations will help to study chiral-odd TMD FFs Hy, Hy;, Hy7, Hip

> Quite similar kinematics and polarization observables at e* e~ annihilations
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Py for SIDIS e +p-oe +A+X

» Integrating over I_’)Al, only Py survive.

Taking Gaussian ansatz for pr distribution, we have

0.4 LI | T 11 | L | T 11 | LI I I O O O B |

i —r = 0.1 []

S , --=z=0.3]]

(Pr(x.2,)) = Vrk3(z)) eéxflq(x)D#‘q(zA) 03 Py, tp—et A+ X 777 i sl

N\& £A — O [V = ||
2z, ec%xflq(x)D{\q(ZA) X

> flq: NLO CT14

Dulat, Hou, Gao, et al. PRD 2016
» D;4:DSV

de Florian, Stratmann, Vogelsang, PRD 1998
> Di7: CLPSW

Chen, Liang, Pan, Song, Wei, PLB 2021
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Chen, Liang, Song, Wei, PRD 2022 <A
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Test of Isospin symmetry at the EIC with P for SIDIS

ep/eD/ePb — eAX
L nl » Chen, Liang, Pan, Song, Wei, PLB 2021
same Fy, (Dlu a Dld)’ CLPSW > Callos, Kang, Terry, PRD 2020

Different u/d ratio— N N . _
different Py, (Dlu + Dy d)' CKT, DMZ » D’Alesio, Murgia, Zaccheddu, PRD 2020

EPPS16: Eskola, Paakkinen, Paukkunen, Salgado, EPIC 2017
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E == ED B I~ —_ [ =4 mm- ED 1 : — .r === ED :
0.3 r=0E ePb, EPPS16 |] 0.3 r=05 ePh, EPPS16) [} 0.3} e P ePh, EPPS16 [
= i = 2k 1 = i :
t:z: ‘;; - B vy 0.2 o
o 02 CLPSW, p2 = 100 GeV? | - - CKT, p2 =100 GeV? | & - DMZ, 12 = 100 GeV? |
= CT14 + DSV 1 = 0.1y o CT14 + AKK0S | % e CT14 + AKK08
[y . [} i - i e 0.1F s, -
T D]. [ — T 0 [:I . | e - - :
i i i S PRk 0.0F R T §
0.0 —01f s eaaeenie ] i T Nsal L onnreeand
AN T T T T T T T T N 0 T A A B _||||I||||I||||I||||I.‘|“|“|“|.Il.||||I||||_ _IIII|IIII|IIII|IIII|.I.‘I“I-T.|”I.III|IIII_
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Isospin symmetric Isospin symmetry violating
parametrization parametrizations

Chen, Liang, Song, Wei, PRD 2022
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Weighted polarization P, Py, Py in SIDIS

<Psin nqb> _ fd(l) O-PL/T/N sin ng sin 2¢> _ B(y)j[wzh%H%LA

= <?L

L/T/N [dopo 2A(0)7|f1D]
<?sin 2¢> _ B()’){_j[wlh%H{\T] + j[WSah%Hﬁ{\]} <:Pcos 2¢> _ B(y){j [Wlhi_H{\T] + j[WSbh%Hﬁ{\]}
T 240)7[f,DN] ’ N 2A(y)3[f1D3]

To estimate their magnitudes, we take Hif* ~ H{* ~ D /z,, HA ~ G
DiP:CLPSW. f;:NLOCT14. D%, G2,:DSV  hy: Lu, Schmidt, PRD 2010.
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Chen, Liang, Song, Wei, PRD 2022
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Weighted polarization P, Py, PyineTe™ - Anr*X

<:Psin 2¢> _ B(y)g[WZH%nHl ]

L 2A(y)I[DFDA]
<Psm qu> B(y){ 7[W1H%nH1T] + g[WBaHiLnHl A]} <:Pcos 2¢> B(y){j [WlH%nHlT] + 7[W3bHiLnHiL7{\]}
T 2A(y)I[DFDA] N 2A(y)I[DFDA]

To estimate their magnitudes, we take Hi{® ~ H{* ~ D /z,, HA ~ G

DiP:cLpsw. D?,G%,:DSV. DT:DEHSS.  Hi™: Anselmino et al., PRD 2015.
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Chen, Liang, Song, Wei, PRD 2022
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Conclusions and outlook

> lIsospin-symmetric polarized TMD FF D1y
> lIsospin asymmetry violation from EW decay is tiny

> We can fit Belle data well with isospin symmetric D1

> Chiral-odd TMD FFs H{,, Hij, and Hir,

» Longitudinal and transverse polarizations ?’)A = (P, Pr,Py) in unpolarized SIDIS and e* e~ are
estimated, and the polarizations are measurable.

> eA collision at EIC can be employed to test isospin symmetries in Dy
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Backup : Fitted parameters for D77

zp = 0.35 zp = 0.45 zp = 0.6

T T T T T T I T T —
f A+ § + m —=DHESS - - -Pythia parameter  u,d s c u,d s c
0.05 $ A+m ¢ A+m" —DHESS - --Pythiaj 0.391  —0.391  0.0278 —0456 —0430 0401 <DSV
’ My Ta 0.245 —0.148 0.108 —0.231 0.523 —0.324 «Pythia
o 1.38 6.91 1.43 1.00 2.64 11.6
0.05F 9 2.41 1.54 5.14 1.86 1.74 1.02
. 8 3.98 0.646 14.3 0.0319 2.77 14.9
3 4 7.69 0.551 15.0 2.35 14.9 2.41
5 015 e
= f At K® § A+ K —DHESS - - Pythia . _
0.05 | i» i A+K § A+K' —DHESS - - -Pythial] 138 data points, 19 free parameters in all
g 2/dof =325 (DSV)
e 0.978, (Pythia)

-0.05¢

_0.15 1 1 i 1 1 1 1 1 1
02 04 0602 04 0602 04 0602 04 06

Zh Zh Zh Zh

K.B.Chen, Z.T.Liang, Y.L.Pan, YKS, S.Y.Wei, Phys. Lett. B 816 (2021) 136217
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Extension to SIDIS and 3-dimensional polarizations

}

» In parton model at leading twist

B B(y)J|w,hi Hi*| sin 2¢
— AOI|fiDA] + B(y)I[wohi HiA] cos 2¢

L

e (l2)  feowmicoinme v
_ BO){-7|w1hi HiY| + T|wzghi Hif*|} sin 2¢
" AIADP] + BT [wahi HA cos 2¢
_ AWI| W1 fiDif|/za + BT |wihi Hiy | + T|wsphi Hif |} cos 2¢)
N AWI[fiDM + B()I[w,hiHiA] cos 2¢ f
» Polarization 2; in given Quadrants I ! ‘
7y = 2BOIwahiHi] o 2BON I wihiHiy] + I|wsahi Hif']} HIT | IV
L71+I111 T A(y)j[le{\] ’ T/I1+111 B A(y)j[le{\]
Py I|w1f1Dif|/ 24 Py AWI| W f1Dif | /2 + BT |wihi Hiy | + I|wsphi Hif |}(2/m)
Y alpp] o TR AWI[f:DP] + B0)I[wyhi HiA | (2/m)
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Extension to SIDIS and 3-dimensional polarizations

» sinng- and cos ng-weighted polarizations

SDSiD np\ _ fd¢ o (:PL/T/NSin Tld)) .........................................
e P
_ T
e (l2)  feowmicoinme
pcos np\ fdd) o (:PL/T/N COS Tld))
T e
For example,
<5Dsin 2¢> _ lB(Y)g[WZh_lLHlll{\ <:Psin 2¢>> _ EB(Y){_:] [Wlhi_H{\T] + g[WSahi_HiLT{\]}
' 2 Ag[pDd] VT : AOI|f2D7]
<:Pcos 2¢> _ lB(y){g[Wlh_lLH{\T] + 7[W3bh_1LH1J_’IA]}
N 2 A(y)?[le{\]

> Measurements of these polarizations will help to study chiral-odd TMD FFs Hi, Hi;, Hy7, Hi

> Quite similar kinematics and polarization observables at e*e™ annihilations
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