A
e e”annihilation to baryon-antibaryon pair Q\’))
(spin effects) NCBJ
Andrzej Kupsc

UNIVERSITET

ete” > J/¢¥ > BB

0 Transverse polarization
a0 Study of hyperon decays
o QM tests, edm

Matter to the Deepest, US 17 Sept. 2025



(Transition) Form Factors
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(Transition) Form Factors
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(Transition) Form Factors

S0 Aot BESIII
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Baryon-antibaryon pair production at BESIII

1.8 GeV < /s < 5.0 GeV
Thresholds: _
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Direct scan BESIII ISR Bellell

hadrons © ISR hadrons

J5~10 GeV
)

Ecm = +/s

Q (very) high luminosity at selected c.m. energies d many Ecm simultaneously
Q better resolution: at J/ 0.9 MeV: 100 J/y W reduced point-to-point systematics
O mass resolution limited by detector
O boost of hadronic system may help efficiency
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Baryon FFs (continuum):

e B,

Baryons B, and B,
(spin1/2,..)

e+

Time like spin %2 baryon FFs: C
Dubnickova, Dubnicka, Rekalo
Nuovo Cim. A109 (1996) 241

Gakh, Tomasi-Gustafsson Nucl.Phys. A771 (2006) 169 Ch i d . E )
Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 armonia decays:

Fildt EP] A51 (2015) 74; EP] A52 (2016)141 Faldt, Kupsc PLB772 (2017) 16



J/¥, ¥ (2S) > BB

B(J /Y —» pp) = (21.21 + 0.29)x10~*

decay mode B(units 107%) Ly eff events

proposal
J/p — AA 19.43 +0.03 £ 0.33| 0.469 4 0.026 40% 3200 x 10°
(25) — AA 3.97+0.024+0.12| 0.824 +0.074 40% 650 x 10°
J/p — =0=° 11.65 £ 0.04 0.66 =0.03 14% 670 x 10°
Y(29) — =0=° 2.73 +0.03 0.65+0.09 14% 160 x 10°
J/p - E-=T 10.40 £ 0.06 0.58+£0.04 19% 810 x 10°
Y(28) 5 == 2.78 + 0.05 0.91+0.13 19% 210 x 10°

. 10
PRD 93, 072003 (2016) (Feb 2019): 10 J/W

PLB770,217 (2017)
PRD 95, 052003 (2017)

BESIT

3.2x109 ys(2S)



Baryon polarization in e+e-

<

Unpolarized e+e- beams = transverse polarization:

/1 — aup? cos ) sin Oy
500) = sin( AP
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Max P,= 36.4% if A = g



Baryon-antibaryon spin density matrix
e+ e - B 1 Ez

General two spin 72 particle state:

(0o= 1,01 = 04,0, = 0y, 03 = )

/ 1 + vy, cos?0
0

CMV — | —pBysinfcost
0

By

P1/21/2 =

0

sin“¢
0
—Yy, Sin 6 cos

By = /1 — ag sin(A®)  yy = /1 — aj, cos(AdP)

0
(v, Sin“6
0

— Y

2
uvu

0
Vo SIn 0 cos 6
0
— cos?6 )

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



Spin 72 baryon octet

n(udd)

~(dss)

p(uud)

2t (uus)

2% (uss)

n

hyperon | Mass ct | decay (BF)
[GeV/c?] [cm]
A(uds) 1.116 7.9 | pn (63.9%)
nn’ (35.8%)
27 (dds) 1.197 44 | nn (99.8%)
X (uus) 1.189 2.4 | pn® (51.6%)
nrn* (48.3%)
Z0(uss) 1.315 8.7 | An’ (99.5%)
= (dss) 1.321 5.1 | An™ (99.8%)
Py
ar 1 _
A rest frame a0~ 2, 1+ a-fLPy)

T
p=100 MeV/c




Inclusive decay angular distribution

ete” > (A->pn)A e

\

dr
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Exclusive j

%{(/1 — pn‘j% Tntﬂ}
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Fildt, Kupsc PLB772 (2017) 16



Exclusive joint angular distribution (modular form)
ete” - (A - pr)(A - prr?)

General two spin 2 particle state: p, 775 = 2 Cuv a/}@aA

(0o= 1,01 = 04,0, = 0y, 03 = )

( 1 + auy cos?0 0 By sin @ cos 6 0 \
C 0 sin“¢ 0 Yo SIN 6 cos 0
uv — | —pBysinfcosb 0 (v sin26 0
0 —y Sin 6 cos 0 0 —a, — 0820 )
By = /1 — ag sin(A®)  yy = /1 — aj, cos(AdP)
Apply decay matrices: The angular distribution:
3
A A p _ _ A A
Oy — 2 Ap,ur Opr W =Trppp z CLv Q03,0
= uw,v=0

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



Fit results
ADP=42.3°+(0.6°+0.5°
ete” - (A - pn)(A —115n+)

0.004]- efe” - (A - pn)(A - anP)

S 0.002]-

2 i

=

o~ 0
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3

= -0.002
-0.004

| L | |
i 05 0 05 1 1
cos6), N(6n)

moment:  p(cosby) = % 2 (ni‘; - nglg,) BGS]]I

=1
(uncorrected for acceptance)

Parameters This work Previous results
Qo 0.461 £+ 0.006 4= 0.007 0.469 + 0.027 BESIII
A® (rad)  0.740 4 0.010 £ 0.008 -

o _ 0.750 & 0.009 +0.004 0.642 +0.013 PDG
o —0.758 £+ 0.010 4 0.007 —0.71+0.08 PDG
Qo —0.692 + 0.016 £+ 0.006 —

BESIII Nature Phys. (2019)



Decay parameters
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news & views

PARTICLE PHYSICS

Anomalous asymmetry

A measurement based on quantum entanglement of the parameter describing the asymmetry of the A hyperon
decay is inconsistent with the current world average. This shows that relying on previous measurements can
be hazardous.

Ulrik Egede
16



nature LETTERS
phySlCS https://doi.org/10.1038/541567-019-0494-8

Polarization and entanglement in baryon-
antibaryon pair production in electron-positron

annihilation
The BESIII Collaboration* Nature Phys 15 (2019) 631

BGS]]I Phys.Rev.Lett. 129 (2022) 131801

ete > J/Pp o= EF
Probing CP symmetry and weak phases with entangled
double-strange baryons |
J.'M

The BESIII Collaboration A

Nature 606, 64-69 (2022)

Methods:

Faldt, AK PLB 772, 16

Perotti, Faldt, AK, Leupold, Song PRD99,056008

Adlarson, AK PRD 100, 114005

Salone,Adlarson,Batozskaya, AK,Leupold,Tandean PRD 105, 116022 17
Batozskaya, AK, Salone,Wiechnik PRD 108, 016011



ete” > J/Y->EEt 5 An Ant - pn prntwt

dl x W(& w ) ¢ 9 kinematical variables 9D PhSp

Parameters: 2 production + 6 for decay chains

l_‘f\

w = (ay, A®, az, ¢z, @y, @z, Pz, Ty)

_ E 2 A A
W = Z Cuv Z A, W51 Apr,oAvr,o
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E.Perotti, G.Faldt, AK, S.Leupold,]J].Song PRD99 (2019)056008



nature communications

Article https://doi.org/10.1038/s41467-024-51802-y

Extracting the femtometer structure of
strange baryons using the vacuum
polarization effect
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Precise Measurement of the A Electric Dipole Moment through the Entangled Strange
Baryon-Antibaryon System

BESIII Collaboration « Medina Ablikim (Beijing, Inst. High Energy Phys.) et al. (Jun 23, 2025)
e-Print: 2506.19180 [hep-ex]

The amplitude for the J /¢ — AA decay is written as (/4)

i
Maaz = €u(Aa = AR (A, pA) (Fry" + o~ qyHo + Y'Y Fa+ "y q,Hr)v(A5, py),
A

Parameter Fitting results

Py (-1.8+1.2+0.8)x 1073
Re(F 24+1.6+3.1)x10° 2e

e(Fa)  ( ) Hr = —2%—gydy,.
Im(Fy)  (~1.9+3.7+25)x10°° 3my,,

Re(Hy) (-14+1.4+0.2)x107° GeV~!
Im(Hr) (1.3£1.2+0.4) x 107® GeV~!

Re(dy) (=3.1£32+05)x 10 P e cm
Im(dy)  (29+2.6+0.6)x1079 e cm




Determination of CKM matrix element and axial vector form factors from
weak decays of quantum-entangled strange baryons

BESIII Collaboration « M. Ablikim Show All(698) e+e_ —d ]/II) — AA
Sep 11, 2025 S T A B S —
|——| CKM unatarity il [\'_;I'-I'»'_I
24 pages o
e-Print: 2509.09266 - 22 smannoss
G ra.'p‘.nn.u
0.22070.0014
Cabtubbo, hyperon av.

0.2250=00027
Catitbo, A —pe 7,
0.222420.0034

This work, laput LQCD FF
0.2332=00042

o (Vys) 34%

M M M o " '} M
0.22 0.23
IV, J

Study of the A — pfi; semileptonic decay in lattice QCD

Simone Bacchio (Cyprus Inst.), Andreas Konstantinou (Cyprus U.)

Jul 14, 2025
Semileptonic decays of spin-entangled baryon-

5 pages antibaryon pairs
e-Print: 2507.09970 [hep-lat] Varvara Batozskaya @12, Andrzej Kupsc 232, Nora Salone ©2, and Jakub Wiechnik ©2#

Show more v

Phys. Rev. D 108, 016011 - Published 18 July, 2023



pot 2 = N DI ,(0,00,0)DE _y (0,00,0)Ax A5

3/2 3/2
k==11
hy, hy 0 0
A hz h? hy 0 (Complex) Form Factors
~| 0 hy h; h; .
0 0 hy hy h;, — hy exp(igy)

Using base 3/2 spin matrices Q:
M.G.Doncel, L.Michel, P.Minnaert Nucl. Phys. B38, 477(1972)

r1_1—>Py ré—)Px r%—)P

\ Y J
P3/2 =T (Qo + 7 Z ru Qi+ Z ruQir + Z 7’MQM)

M——2

3
7 Q> Qu o= 1,...,15

15 15
15
Qo = 1I P3/2 = Z ruQu P3/2372 = Z Z C“’D Q“ ® Qv

4 - pu=0vr=0



Single tagete™ - 0~ Q71

Single 3/2-spin baryon density 15\ 3
matrix is ; ; W = > )
P3/2 = Z ruQu = Z CruoQp =0
u=0 (=0 decay 1/2->1/20
Angular distribution (using decay decay 3/2-51/20 (A->pm)
matrices in helicity frames): (Q->AK)

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008

Model-Independent Determination of the Spin of the {2~ and Its Polarization
Alignment in 1/(3686) — Q~QF

BESIII Collaboration - Medina Ablikim (Beijing, Inst. High Energy Phys.) Show All(511)
Jul 6, 2020

8 pages
Published in: Phys.Rev.Lett. 126 (2021) 9, 092002



Conclusions

Hyperon decays, CP violation, QM tests
using BESIII data sample of 101° J /¢

Baryon form factors at BESIII, Bellell, STCF using scan and ISR

Higher order em effects and event generators needed for precision
experiments

Two photon baryon-antibaryon production?



