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Bl The structure of A hyperon

A valence component: |uds)
s=1/2, M = 1.116 GeV

€ Self-analyzing weak decay

Decay channel:
A - pr~ (BR = (64.1 £ 0.5)%)

parity violation:

an A(1 + a,P 0"
X
d cos@* ( @pPp c0s 07)

- decay parameter: &y = 0.764 + 0.009
T [BESIII]
See talks by Hai-Bo Li, Hongfei Shen
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2 A : nucleon polarization
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Il Differential Cross Section I
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Il Differential Cross Section [N

FMRAW)FE + M B(y)FEL + A C(y) cos 6F ) 5% + A\ B(y) cos 20F) %% 4 AS,1 cos psn A(y) Fip

+AS 1 cos b5 B(y) Fir + ASn1 C(y) cos(¢ — dsn) Fyop %) + XSy 1 B(y) cos(2¢ — dsp) PO~ 75")

+ASy 1 C(y) cos(¢ + G?Sh)FLm(qﬁﬂbSh + AS; 1 B(y) cos(2¢ + ﬁbg;;)FLm(MH}Sh}

+S1 A\ Cl(y) congSFTL + S M A(y) cos (6 — bs) Fy TCUS(CIS bs) 4 S A B(y) cos (¢ — ¢s) Fj{fos(cb—cﬁ.ﬂ

+S 1 A C(y) cos (2¢ — ¢5=,) cm(er $s) + S, \B(y) cos (¢ + <,i'5=,) cm (o+¢s) +S, M\ B(y) cos (36 — ':5?5) rm (3o—ds)

FAS LA E(y) sin s G295 4 A S| AL E(y) sin (20 — ¢g) Gon29~ ‘Fb? + AS 1 AD(y)sin (¢ — dg) Gmnw @59)

+AAAL E(y) sin @Gbmé + AcASL L E(y) [51n(¢ + ﬁf‘i‘S‘h,)G“m(m-Mbh) + sin(¢ — qﬁqh)qu (¢=sn } + A AS, 1 sin ¢gp D(y)GE

+AeS18h1 D(y) [’5111 (¢ — b5 + ds1) Grp @™ F50) ysin (p — ds — dsn) Gy ¥ 777 ‘p“‘)]
+AeS1Sh E(y) [sm (65 + dgn) GomPs+Ps1) L gin (¢pg — pgn) Gomi?s—0sn)

+51n (2¢’ f,‘f’? _(bg‘h) HIH{Q‘P Pg— ﬂbbh)_"Sln (2(’?5 ¢5‘+¢55}L) “lr'll:Q(p @S“‘@Sh)]

+S 1 Sh1 cos (¢ — s — dsin) A(y)Fpr 079579 L8181 B(y)sin (¢ — ds — psn) Fyp 075 70sm) 41
+8.Sh1 B(y) cos (3¢ — dg — dsp) Fyor 2?7571 1§18, | B(y) cos (¢ + bs — dsn) Fy C““(‘HGS Psh)
+81811C(y) cos (2¢ — ¢s — Psn) F‘”“”’ ps=9sn) L 8 8,1 C(y) cos(dg — (:;S;I)FL”"WS o)

+818p1 cos (¢ — ds + dsn) Aly) Fpp ™0~ 4 818, B(y) sin (¢ — ds + dsn) Fyg 0050
+8, 811 B(y) cos (3¢ — ¢g + dsn) Fyon®e=0s10s1) 1§ S, B(y) cos (¢ + ps + dsn) Fy ros(mmb +osn)

+81S,1C(y) cos (20 — ds + Psn) wa(% petosn) S1S,1C(y) cos(ps + OS;;)FLO‘“(‘?&”%“)




/

i = G
: FTsin(rﬁ;z—@"rl — € Wlﬁ_rDl] Gy =% _f' 'L]
Fl, =% [fD] .U - G = G [— i, f,G2
— - hiHL] psin(dtér) _ o [,k H} | u.r :
Fio = € |—wyhi Hj T.U Lo G}iU =€ _8’1LDI]
Fin2 = @ |wyhi-HYy F;jg(3¢f=‘¢7’ = B |wshiH G = € [w g, Dy
Fohnl = & [, fDy] Fpeo0m ) = @ [—wig1,Gy G H) = @ [y, gD |
' ’ .U
i [ whi . < dr) _ [~ L ' _

FE;EFZ@EJF%T} =% __“lhl HU] F;-f((hr"' 2 =6 _WlthHlL] G;iz(%—ﬁt’?') =€ _M’]JFIJ—TGIL] 3 2
(20— dur) — 2 [_ i hlHL cos(3d = 1) _ @ [ht HE ’ - L
F;"}( $n—bur) _ € |— W3l 1T] FT,O%( h— Pr € | W3l 7 IL] GSin(iﬁn_¢JrT_¢T) _z _% (f]J}GlJ} _glJ}.D”-)

Foin2d _ @ '_wzhl'ILHlJ‘] cos(¢ + ¢y + br) _ @ -—h]THl T] T.T i
" | frr - i -~ 1) hey Giy + gi; DIJ-T)}
FE:L =€ _glLGlL] Fcos(¢,,—th+¢r} —€ i_ﬁ’zlthHlJ-T] G;j;(ﬁi‘ﬁ +Pur = Pr) _ € ? (flT 1T 1T
FE‘: 2(]5[; —_ % — thIJ_LH]JL TJ:" ‘ ' L.



L —
Bl Spin Transfer [,
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Inasymmetry . A = —
PREIITEY - 2= 4o + do (D) A==
& lllustration of the longitudinal Spin Transfer D4,
| | A
emission of a polarized photon | quark gets polarized | transfer to A polarization
o Gur (x.0%2) Gy~ [ ® Gi(z)
o Fuy (0% 2) Fyp ~£() ® Dy(2)



Bl Longitudinal Spin Transfer D,

z’ -
DA GUL (xa st Z) GU,L ~ fl(x) 03¢ Gl(z) A
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Theory curves based on JR14 PDF parametrization and DSV FFs parametrization. N X
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The tension between data and theory with the current fragmentation mechanism.
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The A production in SIDIS process :

* Current Fragmentation (CF)
Current Fragmentation

* Target Fragmentation (TF) '
/‘_‘E
2Py;
X =
fTw

In y*N center-of-mass frame, _
P,; is the projection of the 4 momentum Target Fragmentation

onto the direction of the y *momentum, %’l—:" |
///

W is invariant mass. —




Bl AEvents Distribution

of A

#1500

1000

'u Particle

detectors

"y

HERMES (Q?) ~ 2.4GeV?
CLAS12 (Q?%)~2.1GeV?

500

-‘EI.E 0.1 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
X
F

In photon-nucleon frame, with photon moving forward.

No clear separation between current region and target region!
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Bl Target vs. Current [N

€ Quark densities in the nucleon

u,d>1ud>s,5§

€ Current fragmentation:
favored channels: u, d, s

€ In the target nucleon remnant:

* ud,us, ds pairs have a better chance to produce A than u,d, s
 considering quark densities in the nucleon, ud pair is expected
the dominant channel

11



What is the expected effect of TF on spin transfer measurements ?

€ Spin-flavor wave function

1 t

(ud)os'|+ (us)ood' — —=(ds)oou
/12 \/1— Q
1

€ In the target nucleon remnant

AT =

5

+

DO | =

* ud pair in an isoscalar state is more likely to produce A and will be unpolarized
» the target remnant is not directly polarized by the virtual photon

Expect: the target fragmentation will suppress the overall measured D;;

12



Bl Target Fragmentation

4 q
=24 [ am O 2w a{(k 4 )] T Mok + D] /i”% k ML

Pt P}; A
€ The correlation function M ) / v \
P

&Py e _
M (k; P,S; Px,Sp) Z/ o SQEX‘/ 2':rr) (P, S|U;(0)|Pa, Sa; X) (Pa, Sa; X |T;()| P, S)

Y

decompose it on a basis of Dirac structures: M = % (ST + VM + Ay ys +iPys +iTu0""s)

Dirac Struture: 1, ~* ~*~s, 5.

7 #"-I’ﬁr.-_u
R Y the most general
M (k; P, S; Py, Sy) > > decomposition of

Five Vectors: i+, P*, Py, S*, Sk.
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Il Fracture Functions |
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MY X: nucleon polarization, Y: A polarization
AM: longitudinally polarized quark
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Bl Quark-Diquark Model I - .;‘1;

R. P. Fevnman, "Photon Hadron Interactions,” New York 1972-01-01. N u““‘e
p| + | “p PPy ]
=3 [ Gryapg (PSOIX) KIOIP.S
v 5 + (R8P p— Py b
(P, S[p(0)| X)
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—p —— U(P, S)T €y, axial-vector diquark _, g f+
i P mq P —_—
Parton distribution function Target fragmentation
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Model parameters tuned to
match proton unpolarized PDF

m = 0.3GeV,
1.2GeV, M,

1.3GeV
1.8GeV

M, =

As

Model result of fracture function

Aq

2.9GeV,
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¢ Compare with HERMES data at (Q?) = 2.4 GeV?

-

~
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Q 0.25
0.00
—0.25F | | |
0.0 02 04
TF

0.6

0.8

0.751

0.50

0.25

0.00

—0.25

HERMES Collaboration, Phys. Rev. D 74 (2006) 072004; J. Phys. Conf. Ser. 295 (2011) 012114.
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& HERMES 2006
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0.8

 Longitudinal spin transfer D;; to A is significantly suppressed by target fragmentation (TF)

contributions, even at large x or z.

 Including only the leading TF channel can describe the data well.
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€ Compare with JLab-CLAS data (Q?%) = 2.13 GeV?
CLAS Collaboration, JPS Conf. Proc. 37 (2022) 020304.
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At lower energies, the suppression effect becomes more significant.
Including only the leading TF channel can describe the data well.

1.0

See the talk by Anselm
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¢ Compare with COMPASS data (Q?) = 3.7 GeV?

COMPASS Collaboration, Eur. Phys. J. C 64 (2009) 171.

» The suppression effect reduces at higher

0.75] ---- cF ¢ COMPASS A energies, as expected.
—— CF+TF £ COMPASS A
0.50 « Including the leading TF channel alleviates
the tension, but still deviates from the data.
3 0.25 Need a detailed analysis including more
Q channels.
0.00 B
 For A production, target fragmentation
—0.25 cannot compete with current fragmentation.
, , Only current fragmentation can describe the
0.0 0.2 0.4 A data.
LF
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Bl : hyperon NN
€ Spin-flavor wave function of X hyperon O

1 1 1 2 1
EOT — §(US)O,OdT —|— §(d8)0’0uT ‘|—% (\/;(ud)ljlﬁ — \/;(’U,d)lj()ST)

_J%( %(us)1,1d¢ - %(Us)l,odT) - \/%( %(018)1,1“1¢ - \/g(ds)l,ow) O

€ In the target nucleon remnant, the ud pair in a
vector state can produce a polarized X hyperon. ---- TF | S

-
-
-
-
-
-
-
-
-
-
-
—
-
——— -

€ Spin transfer to X along virtual photon y* momentum 0.5

In X rest frame <
scery  J1(x) Gy (2) = \
D"« 0.0F—====-

f1(x)D1(2) e
L
p=(TF) o AMy (x, 2) at CLAS energy (Q?) ~ 2.1GeV?
LL MY (x, z) —0-5703 0.6 0.3 1.0

~ 20



« A polarization can be measured through its self-analyzing weak decay, making it an
Ideal candidate for studying hadronization and spin effects in high-energy scattering.

« At existing fixed-target SIDIS experiments, one cannot clearly separate the current and
target fragmentation regions of A production events.

« Target fragmentation is important to understanding spin-related observables.

« Longitudinal Spin Transfer serves as a sensitive observable to identify the origin of
the produced A 1n the SIDIS process.

« Global analysis of fragmentation functions, including SIDIS data, should carefully
consider the target fragmentation effects.

* Future experiments at EIC, HIAF, and other facilities may help to clarify this issue.

Thank you!
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Unpolarized cross sections including CF and TF contributions at different energies

== CF | —— CF+TF
(@) ; ;3 (b) z = 0.088 (©) r— 095
I = Uk 9 r 2 _ 2
= 2 _ 2 = 2.4GeV* i Q- = 2.13GeV
,_%3- (gi = 3.?(—;(3\4';2 0.9+ N Q 0.3
=
,_%3 .......
=2 0.6r 0.2¢
=
S
=
"‘"-.._‘_‘_‘_ :.
S 1 0.3" 0.1f"
0 ---------- 0 ™ D l“""----.____J_

Dashed curves represent the CF contributions, dotted curves represent the TF contributions, and solid curves are
the sum of CF and TF.

As one can observe, the TF contribution is significant in low x regions, and its overall fraction increases at lower
energies. This observation aligns with the findings from early neutrino experiments. The calculation results further
confirm the situation that no rapidity gap exists between CF and TF at these fixed target experiments.
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Longitudinal Spin Transfer Dy as a function of Py,

09 @ OF  — CRTF |gg (0 N —
06 \ 0.6"
qu r = 0.03 r = 0.25
I = 0.7 rp = 0.45
0 0.4 0.8 1.2 0 0.4 0.8 1.2 0 0.4 0.8
PM_ (GPV) Rru_ (GG‘V) PM_ (GPV)

In the CF, large xf corresponds large z, and the struck quark needs at least two pairs of quarks to form a A, which
leads to the fall-off behavior of FF at large z in powers of (1-z). As the z increases, the Py, broadening is suppressed,
consistent with observations in TMD studies. So the CF contribution at large x5 rapidly drops with increasing Py, .

In the TF, large x corresponds to small ¢, meaning the generated A carries only a small momentum fraction of the
target remnant, leaving relatively more phase space for transverse momentum. Hence, the TF contribution decreases

slowly with increasing Py, in this region.
Therefore, the spin transfer suppression effect by TF at the large x5 region becomes more pronounced with

increasing Py, ;. 24



Fracture functions of 9 as a function of ¢

—_— MUV ((2=02) ==-
3l —_— MLEU(C,J,' =0.2)

0.9
With the same setup of model parameters, the unpolarized fracture function MY%, is found smaller than that of
A, and the longitudinally polarized fracture function ML% is negative.

If further considering the spin transfer from X to A with the decay parameter ay A =—0.333, its contribution to
the A polarization is negligible.



Bl Structure Function as PDFs@FFs [
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Il Differential Cross Section [
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Il Model Calculation |

We choose the scalar and vector vertices to be

g%_‘- o pointlike,
- 2) =4 g P s dipolar,
y.\' = igs(])z)l, yff = Igu\(/[-z)- )yﬂy59 gX(P ) &x Ip*—AxI° P

gt):(xpe(p— —IN“)/I\} exponential,

3 1
o] — xfyymodel| J1u = 5/1 + 5/
—— Xfg-model Fra = f1a

o R14 _
= Qg2 = 0.5 GeV? m = 0.3 GeV,
< 04p 7 MS = 1.2 GeV,AS = 2.3 GeV,

] M, = 1.3 GeV,A, = 1.6 GeV,

. gs = 14.98, g, = 15.33.
08 ——%3 04 06 08 10

Unpolarized PDF f;(x) vs)q(: for u quark (red line) and
d quark (blue line). The gray band from the parametriza-
tions of JR14, and the curves represent the best fit ob-
tained with our spectator model. Eur. Phys. J. C75 (2015) 3, 132 28



€ Longitudinal Spin Transfer Dy (x) o
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C is the momentum fraction of the nucleon carried by the final-state A
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