2 Narodowe Centrum Badafn Jadrowych
0’ National Centre for Nuclear Research

SWIERK

Strange baryon highlights from BESIII

Nora Salone
BP3

Annual seminar of the Department of Fundamental Research

5% December 2024

BESII

1/10



The BESIII collaboration

Europe (18)
Germany(6): Bochum University,
GSI Darmstadt, Ielmholtz Institute Mainz, Johannes Gutenberg University of Mainz,
TUniversitaet Giessen, University of Miinster
Ialy(3): Ferrara University, INFN, University of Turin;
Netherlands(1-): KVI/University of Groningen
Russia2): Budkei:Tnstitute of Nuglear Physics, Dubna JINR i £

Mongolia(1)
Institute of Physics and Technolagy
Korea(1)

Chung Ang Unive

ute of Tnforoy
Thiversity nme Pu

Thailand(l)

Chma (54)

PARiL3 K'u\lna‘ Snulh lvaLr
Tﬁéasﬂences, = .
y, Hangriou

i
y, Henan Normal Uni;

Nurmnl Universit
] i Universily, Henan

TTenan University af Science and-Technalogy, Tlenan Lan
Huangshan Collége;Hunan University, Hunan Normal University, Inner Mongolia
University, Insfitute’ |er|gI| Energy Physics, Institute of Modern Physi
Liaoning Normal University, Liaoning Unive

University, Lanzho
Nanjing Normal University, Nanjing University, Nankai University, North China "
Electric Power University Peking University, Qufu Normal University, Renmin

esity of China, Shanxi Univer

“of Technology, Shang]nu Jiao Tong Universi

Normal University, Southcast Univer:

Uiii¥crsity, University of Chinese Academy of Sciences, Univers

University of Science and Technology of C|

r of South China |
rsity

Yunnan

Sun Yat-sen University, Tsinghua
v of Jinan,

University ,thmug University, zn{cugzhou University

From BESIII website

BESI

USA(3)

oRTH

University of Hawaii

Chile(t)ovm st
University of (Larapac’ *# 14

BESTI

>600 members

From 82 institutions in 16 countries

0]

)2

<

)

NCBJ

SWIERK

2/10


http://english.ihep.cas.cn/bes/co/in/202109/t20210923_283964.html
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BESIII @ BEPCII BESIT 3 teey

> Beijing Spectrometer (BESIII)
> Covering 93% of 4r solid angle
» 1.0 T super-conducting solenoid
> Momentum resolution: o-(p)/p = 0.5% at 1 GeV/c
> Time resolution: 68(65) ps in the barrel (end cap)

¥+ BE€SIT

> Beijing Electron-Positron Collider (BEPCII)
> ete collider: 1.85 GeV < Ecpys < 4.95 GeV
> Lpeak = 1033 cm=2 57!
> Data taking since 2009

[Nuecl. Instrum. Meth. A598 (2009) 7]
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https://doi.org/10.1016/j.nima.2008.08.072
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BESIII @ BEPCII BESIT 3 teey

> Beijing Spectrometer (BESIII)
> Covering 93% of 4r solid angle
» 1.0 T super-conducting solenoid
> Momentum resolution: o-(p)/p = 0.5% at 1 GeV/c
> Time resolution: 68(65) ps in the barrel (end cap)

\+¥+ BE€SIT

> Beijing Electron-Positron Collider (BEPCII)
> ete collider: 1.85 GeV < Ecpys < 4.95 GeV
> Lpeak = 1033 cm=2 57!
> Data taking since 2009

Upgrade

High-precision studies of hadron and 7-charm
physics
100+ papers only in 2024 (inspireHEP)

June24 — Jan ‘25: new colliding energy
Ecms ~ 4 — 5 GeV: charm baryon production
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https://doi.org/10.1016/j.nima.2008.08.072

Our group BESIT QG)) N

v

Joined BESIII collaboration in July 2021
Members:
> prof. dr. hab. Andrzej Kupsé (UU, NCBJ)
> dr. Varvara Batozskaya (IHEP, NCBJ)

» dr. Nora Salone (NCBJ)
» dr. Marcin Berlowski (NCBJ)

v

> 2020-2024: NCN Preludium BIS PhD program No. 2019/35/0/ST2/02907
> Objectives of study: YY produced at e*e™ colliders
> CPV in nonleptonic s-baryon decays: Phys. Rev. D 105 (2022) 11, 116022
> Baryon structure (s-baryon semileptonic decays): Phys. Rev. D 108 (2023) 1, 016011

2024 BESIII highlights
1. AI = 1/2 rule and CP symmetry in A decays

2. Extraction of hyperon structure function via HVP effects
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https://doi.org/10.1103/PhysRevD.105.116022
https://doi.org/10.1103/PhysRevD.108.016011

Lowest-lying hyperons at BESIII

> World’s largest charmonia sample — 10'°J/y, 3 x 10° ¢ (25)
» Baryon-antibaryon pairs produced in spin-entangled, possibly polarized state.
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BESIT g3 e

Decay Br(x107%) €(%) Nops X 103 Reference
AA 19.43(33)  42.37(14) 441 PRD 95 (2017) 5, 052003
¥050  11.64(23)  17.83(06) 111 I
JIw 2T 10.61(36) 24.1(7) 87 JHEP 11 (2021) 226
20E 11.65(43)  14.05(04) 135 PLB 770 (2017) 217-22.
ZTEY 10.40(74)  18.40(04) 43 PRD 93 (2016) 7, 072003
AA 3.97(12)  42.83(34) 31 PRD 95 (2017) 5, 052003
080 2.44(11)  14.79(12) 6.6 1
E- 2.52(10) 18.6(5) 54 JHEP 11 (2021) 226
w(28) x°E* 2.82(09) 5.26(5) 6.6 JHEP 12 ( 6
2020 273(13)  14.10(04) 11 PLB 770 (2017
= B 2.78(15) 18.04(04) 53 PRD 95 (2017) 5, (
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https://doi.org/10.1103/PhysRevD.95.052003
https://doi.org/10.1007/JHEP11(2021)226
https://doi.org/10.1016/j.physletb.2017.04.048
https://doi.org/10.1103/PhysRevD.93.072003
https://doi.org/10.1103/PhysRevD.95.052003
https://doi.org/10.1007/JHEP11(2021)226
https://doi.org/10.1007/JHEP12(2022)016
https://doi.org/10.1016/j.physletb.2017.04.048
https://doi.org/10.1103/PhysRevD.95.052003
https://doi.org/10.1103/PhysRevLett.126.092002

Nonleptonic decay parameters

From partial waves to observables:

> B(1/2) = b(1/2) (0)

S =|S|exp(ids + i&s)
P =|P|exp(idp +iép)
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https://doi.org/10.1103/PhysRevD.100.114005

Nonleptonic decay parameters

From partial waves to observables:

> B(1/2) = b(1/2) (0)

S =|S|exp(ids + i&s)
P =|P|exp(idp +iép)

> Angular distribution

dr A
g x1l+aPy-h

e 2R (S*P)
|SI2+|P?

> Spin sy — s, rotation

= —ZS(S*P) =Vl -alsing

ISP IR

measurable with Py, P,.
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https://doi.org/10.1103/PhysRevD.100.114005

Nonleptonic decay parameters BESIT Q:')) Ay

i/

From partial waves to observables:

> Angular distribution
dr

o x1l+aPy- n - &
P
b 4
2R (S*P) Adl 4,}
> B(1/2) = b(1/2) 7(0) o= ST TPE
§ = [Slexp(ids +i&s) > Spinsa — s, rotation F
P = |P|exp(idp +iép) 29(5°F) ﬂ__’:'
= 2" 7 1 - aZsi
ISP+ PP @“ sin ¢

. A -d
measurable with Py, P,. = prdecdy

CP tests [p. Adlarson, A. Kupsé, PRD 100 (2019) 114005]
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https://doi.org/10.1103/PhysRevD.100.114005

CPV in hyperon decays BESIT @3 N

[NS, A. Kupsé, V. Batozskaya et al., PRD 105, 116022 (2022)]

. . S, P amplitudes expanded up to O(AI = 3/2):
CPV signal in Y plitudes exp up to O( /2)

» From interference of S- and P-waves Acp = —tan(dp — ds) tan(ép — £s)

> (AI=3/2)/(AI =1/2) ~ 5% Dcp = 1“ ~ cos ¢ tan(£p — £5)
V] —«a

7110


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://doi.org/10.1103/PhysRevLett.132.101801

CPV in hyperon decays BESIT K@} N

[NS, A. Kupsé, V. Batozskaya et al., PRD 105, 116022 (2022)]
S, P amplitudes expanded up to O(AIl = 3/2):

CPV signal in Y
» From interference of S- and P-waves Acp = —tan(dp — ds) tan(ép — £s)
> (AI=3/2)/(AI =1/2) ~ 5% Dcp = ——— cos ¢ tan(£p — £s)
V1 - a?

BESIII ‘22 [Nature 606, 64-69 (2022)]:
> first measurement of CP-odd phase difference

Ep—Es=(12+34+08)x10%rad VS SM: &p—ég=(-21+1.7)x 10 rad
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://doi.org/10.1103/PhysRevLett.132.101801

CPV in hyperon decays BESIT Qa) N

[NS, A. Kupsé, V. Batozskaya et al., PRD 105, 116022 (2022)]

CPV signal in Y S, P amplitudes expanded up to O(AIl = 3/2):

» From interference of S- and P-waves Acp = —tan(dp — ds) tan(ép — £s)
> (AI=3/2)/(AI =1/2) ~ 5% Dcp = ——— cos ¢ tan(£p — £s)
V1 - a?
BESIII‘24 [PRL 132, 101801 (2024)]:
CP observables
Ep—£&s (0.7£2.0%%) x 1072 rad
®cp —0.003 +0.008*0-003 rad
= 0.007
AGp —0.009 + 0.008f0_002
A 0.003
Acp -0.004 + 0.0()7j0.004
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://doi.org/10.1103/PhysRevLett.132.101801

CPV in hyperon decays BESIT Qa) N

[NS, A. Kupsé, V. Batozskaya et al., PRD 105, 116022 (2022)]

CPV signal in Y S, P amplitudes expanded up to O(AIl = 3/2):

» From interference of S- and P-waves Acp = —tan(dp — ds) tan(ép — £s)
> (AI=3/2)/(AI =1/2) ~ 5% Dcp = ——— cos ¢ tan(£p — £s)
V1 - a?
BESIII‘24 [PRL 132, 101801 (2024)]:
Lo + R(cos8,, cosB) —R, 7
Our calculations ‘22 BESIII results ‘24 Wb costy costy E
” 1
S1/53 345+7.1 28.4+1.3%11 439 R — 4,15-
P,/P; -20+4 -13.0+ 1411 £0.7 = , = 1
] . R(cos,, cos6,) —R, ]

—— R(cosei, coseﬁ)

CP conservation, Al = 3/2 0 S DO s S0 SRS
AN = QA0 = R(}’l,fl)=R(p,[5)=1,R(}’l,p)=R(ﬁ,ﬁ)=1 J

s L
-10 035 0.0 05 1.0
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://doi.org/10.1103/PhysRevLett.132.101801

Baryon polarization BESIT K3 e

> Annihilation process: time-like > > M2, i.e. complex form-factors.

» Sachs form-factors Gg )y Parametrize charge/magnetization distributions.

0 4m? (my —mg)? (my +my)?

[E. Perotti, PhD thesis, Uppsala Universitet]
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https://nbn-resolving.org//urn:nbn:se:uu:diva-406648

Baryon polarization BESII &@3 Ay

> Annihilation process: time-like > > M2, i.e. complex form-factors.

» Sachs form-factors Gg  barametrize charge/magnetization distributions.

(ay,AD) & (G‘//,

0 4m? (my —mg)? (my +my)?

R =

v
— E . . o
AD = arg | —— [E. Perotti, PhD thesis, Uppsala Universitet]
v

v
_E
v
M M
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https://nbn-resolving.org//urn:nbn:se:uu:diva-406648

Baryon polarization BESIT QG)) N

> Annihilation process: time-like ¢> > M2, i.e. complex form-factors.
» Sachs form-factors G g 1, barametrize charge/magnetization distributions.

> Produced BB in e*e~ — y* reaction can be polarized.

>WJ/¢.< .

(@y, A®) & (GY,GY,

if Gﬁ e*e™ — J/y — AA process [BESIIL PRL 129 (2022) 131801]
R:_'// AD =arg | —- ’ T
M Gum 2sin(Ad)) cos O sin Gy
PA = I- al/l 2 y
I + ay cos® O
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801

Hyperon structure BESTI QS)) N

HYVP-enchanced process . .. . v
> Direct access to EM transition FF instead of G, ,,.

e cc Y . . . . .
> Gather data in the high-energy time-like region.
> CP symmetry test:
et A _ _ -
Aq)cp = |7T - (Aq)AZO + A®A20)|
(@) (b)
0.4f = 0.4f i
R 0.2
o~ Of L)Q 0
R 0.860 + 0.029 + 0.015 -0.2¢ -0.2
ADzso  (1.011 £0.094 + 0.010) rad =04 "0 04
AD,s0  (2.128 £0.094 + 0.010) rad -1 05 0 05 1 -1 05 0 0.5 1
€0SO_, , o €0S0_, , o
by )37 B
[Nature Commun. 15 (2024) 1, 8812]
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https://doi.org/10.1038/s41467-024-51802-y

Thank you for the attention!
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