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Outline . cP tests in hyperon decays
 Recent results from BESIII

 Hyperon CP test in future plans

« Summary and outlooks
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Matter-antimatter asymmetry in the universe

The Big Bang model predicts:

» Matter and antimatter are produced in equal amounts
» Matter and antimatter annihilated into energy

However the very fact that we exist in a matter-dominated universe.

Sakharov three conditions require C and CP violation processes exist.

CD Sakharov three conditions:
Andre1 Sakharov ; ?arygrzgumber Bt VIOI.atll Otl.l
(1921-1989) : an Symmetry violation

3. Interactions out of thermal equilibrium
J

2024/07/01 ~ 5B IR IE 10084 BIE BN

” Antimatter

Pisma Zh. Eksp. Teor. Fiz., 1967, 5: 32-35.



A brief history of Parity and CP violation

Nobel Prize 1957

First proposed Parity
violation in weak interaction

| 4

‘ ‘ Confirmed by

No CPYV founded in
baryon sector!

/ i
A

C.N.Yang T.D.Lee Chien-Shiung Wu
0 — T puzzle [1] 1957
K meson CP violation|2] B meson CP violation [3,4] D meson CP violation [5]
»
1964 2001 2019

_—

I H

James Watson > A

Cronin ¢
2

Nobel Prize 1980

Val Logsdon
Fitch

y
§ (
13

@

[1] Phys. Rev. 104 (1956) 254-258
[2] Phys. Rev. Lett., 1964, 13: 138-140
[3] Phys. Rev. Lett., 2001, 87: 091801
[4] Phys. Rev. Lett., 2001, 87: 091802

2024/07/01 SBFHIIRI I 100EA4ERISE RN _ [5] Phys. Rev. Lett., 2819, 122(21): 211803




CPV in Standard Model: CKM matrix

CPV from phase §

/ C12€13 512€13 siz€ "
Vekm = | —S12€23 — 125235136 12023 — S12523513€° 23013 [] = Dirac Medal Nobel Price
16 6 2010 2008
\ S12523 — C12023513€ —C12523 — S12€23513€ C23C13 -
d, strong phase ¢, weak phase CP
o1 5 a1 NAEPY. — o1 a1 02 i
For decay A = A;e'% e!Pw + A, o0 eiPw y A= Ajel9se™Pw 4 A,e!05 olPw

Maker = Ay/A1, 8§ =685 -85, ¢ = df — dyy
AZ—|A12 A1 2| 147ei G+ D) |* _ 14, 2| 147 i6-9)|
Thus ACP = > 1712 — ; 2 . 2
|A]>+|A] |A112|147ei(6+D)|" +]A;|2|141ei(6-9)|

_ 2rcos(6+¢)—2rcos(6—¢) _ 2rsindsing
"~ 2(14r2+rcos(8+¢)+rcos(—¢p))  1+r2+2rcosScos¢p = 0,if§ #0and ¢ + 0

« Strong and weak phase difference # 0
e At least two amplitudes, CPV arised from
interference between amplitudes.

L —
F T

S iR 00 A



CPV in hyperon decay

General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3

T. D. Lee* anp C. N. Yanc

Institute for Advanced Study, Princeton, New Jersey
(Received October 22, 1957)

 Phys. Rev. 108, 1645 (1957)
The amplitude of spin 2 baryon B; decay to a spin 'z baryon By

and r:
A~Soy,+ Po-n

The decay parameters are defined as:
2Re (S*P) 2Im (S*P) 1S|2 - | P|?
iSE+PP YT spep T sE+ PP
Two complex amplitudes: ¢ weak phase, & strong phase

S = 3is,el@i+8))  p = yip el +5))
Under CP transformation:

S = —Xi§ei-0i+8) P =3ipei(-9i+6))

Ay =

CP cp
If CP conserved: S=— —3S§ A= aq = —a
cp )

j Py
yPasing 4 4
A o 1 X\A
P[\ | “‘\ n '\{l:yyz
¢ BPsing ‘;‘\/.:@71 -
., @
- -
®9® .
= @
7t
& -
CP PK * 7T+
.-
0
) Pp .l. /
¥, »:
Y P~sin0 ‘: % @
\ /‘"“’:\/ =
+[’*\ros()’£@.. ; BP<sinG A
3 <« Gy q“\ o
p
r-r
AT nT
o ATt
observables l[a—Ta a-—a«
B = I'g+ F,B ,8 A ﬁ
~CTg-TF B-B

2024/07/01 5B IR IE 10084 BIE BN
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CP observable in hyperon decay

John F. Xiao-Gang He

Donoghue

Not sensitive to CPV

Easiest to measure

Polarization of decayed
baryon needs to be measured

2024/07/01

Sandip Pakvasa

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1 AUGUST 1986
Hyperon decays and CP nonconservation
John F. Donoghue
Department of Physics and Astronomy, University of M h Amherst, M ts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822
(Received 7 March 1986)

3
>

We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re-
sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
right-symmetric models of CP nonconservation.

— T3
. . I 5 . .
Decay width difference A==~ V2 T—i sin Ag sin ¢cp
_ 2
r I'a
Decay parameter difference = % ~ tan A tan ¢.p
a—Ta

B_Fﬁ+FE

Decay parameter difference = — =~ tan ¢.p
: [a —Ta

[1]

~, 2% Q7 cascade decay

5B IR IE 10084 BIE BN

i oy

SM Prediction of
A decay

—5.4x1077

—0.5x107%

3.0x103



BESIIlI and STCF : a hyperon factory

10 billion J /4 events collected at BESIII:

* Large Br. in J /Y decay

*  Quantum entangled pair productions
* High efficiency, background free

Electromagnetic
Calorimeter
CsI(Tl): L=28 cm
Barrel 0;=2.5%
Endcap 0;=5.0%

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers
Ospatial=1-48 cm

Main Drift Chamber
Small cell, 43 layer
Oxy=130 pm

dE/dx~6%

0p/p=0.5% at 1 GeV

Time Of Flight
Plastic scintillator
op(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)

BESIII Detector

2024/07/01

Decay | B(107°%) | Events at BESIII
J/¥ — AA 189+ 9 18.9 x 10°
J/p » =ts~ 150 + 24 15.0 x 105
J/¢p — EE 97 + 8 9.7 x 106
P(25) —» T 23.2 + 1.2 116 x 10°
¥(28) = Q0 5.66 & 0.30 28 x 103

With 10 billion J /3 collected at
BESIII and ~107 entangled
hyperon pairs can be studied.

At future, the STCF will collect
1 trillion J /4y per year, and will
provide ~10° hyperon pairs.

~6m

Front. Phys. 12(5), 121301 (2017)

Proposed: Super Tau-Charm Facility (STCF)

Inner Tracker

5B IR IE 10084 BIE BN

Outer Tracker

~7Tm

ITK: ~0.15% X, / layer
Oxy~50 pm

MDC: gy,~130 um
0, /P~0.5%@1GeV/c
dE/dx~6%

PID system

PID: nK (Kp) 3~4 o separation
up to 2 GeV/c

MUD: 0.4~1.8GeV, m suppression > 30




Polarized hyperon pairs produced in e ¢~ collisions

Y
B; CMS

Two form factors are used to describe the
production of hyperon pair: G, Gy,

_ s?lGyl>-am?[Gel* Gy _ |G_M o —IAD

a =
VT 2|62 +4m2(GEl? Gg  |Gg
Polarization:

1—a12pcosl9$in9
Py(cost) = sin(Ad)

1+ay cosZ 0

* Angular distribution of j—; <1+ ay, cos? 0, ay € [—1.0,1.0]

 Unpolarized e*e~ beams = transverse polarized hyperon (if A® # 0):

e —
> — =y

D 1 00 55



Recent results from BESIII



ete” = J/P — AN, A(A) - pm

e Joint amplitude: )
iec F
M= ?Juu(Pﬂ (Flm o pva"”ys) v(p2)

* Differential cross section°

* The spin vector of A is denoted by s,
* Only < s? > could be non-zero, if sinA® # 0

2024/07/01 5B IR IS IR 1 00HA4E R SE SN 12



ey e — 0.2 —
eTe” - J/Y - AN A(A) - prr 0,15/ PhysRevlen 129, 131801
0.1
o< 0.05-
BESIII has publish 2 works based on 1.3 billion and 10 g 02
billion J /1 data sample: i o
[1] 1.3 billion: Nature Phys.15(2019)631 ~0.15F- . — PHSP MC
[2] 10 billion: Phys.Rev.Lett. 129 (2022) 13, 131801 5:
* Most precise values for A decay parameter = _g" e e e
> 1 —05 0 0.5 1
* One of the most precise CP test in the hyperon sector: cosb,
Acpza-l_cf:—0.0025i0.0046i0.0011 .
a—a .
Standard mode prediction : Acp~ 10 (PRD 34, 833 (1986)) PRSI L3 billion JW(ET=)
BES3 10 billion J/y(A/R)
Par. BESIII 10 billion [2] BESIII 1.3 billion [1] @
oy 0.4748 = 0.0022 £ 0.0031  0.461 £ 0.006 = 0.007 CLAS  —
A® 0.7521 + 0.0042 £+ 0.0066  0.740 £ 0.010 £ 0.009 5SS 13 billon J1v(E) @
a—  0.7519 £ 0.0036 + 0.0024  0.750 & 0.009 + 0.004 ' !
a+ —0.7559 £+ 0.0036 £ 0.0030 —0.758 £ 0.010 & 0.007 — ——
Acp —0.0025 + 0.0046 £+ 0.0012 0.006 + 0.012 £ 0.007 oo omeas o N
Oavg  0.7942 =+ 0.0010 & 0.0024 - 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76

o.(A — pm)

2024/07/01 5B IR IE 10084 BIE BN 13




* For the sequential weak decays, the formula of sequential decays 1s:

w,v=0
* Angular distribution dI' <« W (¢, w)
» ¢: 9 kinematic variables, denoted by 9 helicity angles
* w=(ay, AD, az, az, ¢z, Pz ap, agy): 8 free parameters 000
first measurement 02

—0.50
1.5

More parameters 1n
sequential decay!

1.0
0.5

0.0

B B
- > E0 > elaret)
w' . 7'=0

a) P,

1.5

¢

0.5

0.0

c) Cyy

0.0

—05
m
~10

=10

—0.5

-1.5

0.0 0.5 1.0 =1.0 —0.5 0.0 0.5 1.0
cosf cosf

« Data sample: 1.3 billion J /1y events.

. T o +pp =1 « Final dataset: 73.2 - 103 events with 199 backgrounds.

BY = \“/ 1 —(X%Sin(l)y, Yr =1/ 1 —(X%;COS(I)Y
2024/07/

01 5B IR IE 10084 BIE BN
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Nature 606 (2022) 7912, 64-69

Parameter Thiswork

Previous result

First measurement of weak
phase difference in Z decay

Three independent CP tests

a, 0.586+0.012+0.010 0.58+0.04+0.08
AD 1.213+0.046+0.016rad -
a- -0.376x0.007+0. -0.407+0.
¢p= 0.011+£0.019+0.009rad -0.037+0.014rad
0= 0.371£0.007+0.002 -
-0.021+0.019+0.007rad -
0.757+£0.011+£0.008 0.750+0.009+0.004
a, -0.763+0.011£0.007 -0.758+0.010+£0.007
£-&  (12¢34:08)x10%rad -
Sp—0s (-4.0+3.3+1.7)x107%rad (10.2+3.9)x10?rad
AL, (613£6)x10™° - )
AP, (-5+14+3)x107%rad -

(@2

(-4+12+9)x1073
0.016+0.014+0.007rad

(-6+12+7)x1073

Ade )

2024/07/01

5B IR IE 10084 BIE BN

" First measurement of the £~
- polarization in J /1 decay

HyperCP. ¢EnyperCP =-0.042 + 0.011 + 0.011
BESIII: <gbz> =0.016+0.014+0.007

We obtain the same precision for
¢ as HyperCP with three orders

of magnitude smaller data sample!

HyperCP: PRL 93(2004) 011802

15



Polarization behavior in different hyperon pair productions

J/b > AL
PRL129, 131801(2022)

0.2F
0.15F

0.15

< 0.05F

cos6

U

-0.05F

—— Data
— Signal MC
— PHSP MC

-0.155

=1 -0.5 0 0.5 1
cos,

Ad = (0.7521 + 0.0042 + 0.0066) rad
Acp = —0.0025 £ 0.0046 + 0.0012

S

Nature 606, 64 (2022)

0
0_1\\/
-0.2F
-

170820604 202 0 02 04 06 08
coso

A® = (1.213 + 0.046 + 0.016) rad
Acp = —0.006 £ 0.013 £ 0.006

2024/07/01

M(cos6,.)

M(cos6,.)

Y - ITE - prpr
PRL125, 052004(2020)

y2/nbin = 0.9 3

-0.05 E— _E:a'ic Space +
: — Fit _] / 1/)
0.1

-1 -08 06 04 02 0 02 04 06 08 1
cosb,.

A®(J/Yp) = (-15.5+ 0.7 £ 0.5)°
APP(2S)) = (21.7+ 4.0 £0.8)°
Acp = —0.004 + 0.037 £+ 0.010

J/$ ~ E°F°

arXiv:2305.09218v1 |

cos 0,

AP = (1.168 £ 0.019 + 0.018) rad
Acp = —0.0054 £+ 0.0065 +0.0031

5B IR IE 10084 BIE BN

A

M(cosb,.)

0.04f
0.03F
0.02f
0.01E

—0.01 ; + LD
~0.02F -
—oosf

-0.04E

J/Y - 2tE" > notprd

— arXiv:2304.14655

Phase space

—Fit :
.leference g

1—08—06—04—02 0

02 04 06 08 1
cosb;.

A® = (—0.277 £ 0.004 + 0.004) rad
Acp = —0.080 £ 0.052 +0.028

Y(2S8) -

Sd

[ PRD106, L091101(2022)

CcosO-

A® = (0.667 + 0.111 + 0.058) rad
Acp = —0.015 4+ 0.051 £ 0.010

16



Summary of BESIIlI achievement on hyperon decay

_y A—=ny

0.2

A—>nn°A—>th- 7

<C OO . E—>;\'7T | | ‘
i Y*—>pnd =05 A 10 Z*—)ﬂﬂ:" |
02 -
AR A R
-1.0 -0.5 0.0 0.5 1.0

Decay Parameter

2024/07/01 5B IR IS IR 1 00HA4E R SE SN 17



Summary of BESIII achievement on hyperon decay

PRL 129, 131801(2022)  PRL 125,052004(2020)  Nature 606,64(2022) Phys.Rev.D 108 (2023) 3, L031106
Parameters AA >tu- E-Et z080°
Az~ /50 - - —0.376 +£ 0.007 + 0.003 —0.3750 + 0.0034 + 0.0016
az+ /50 - - 0.371 4+ 0.007 + 0.002 0.3790 + 0.0034 + 0.0021
¢E‘/E‘.° - - 0.011 +0.019 + 0.009 0.0051 £+ 0.0096 + 0.0018
¢§+/§0 - - —0.021 £+ 0.019 + 0.007 —0.0053 + 0.0097 + 0.0019
Acp (E_/EO) - - 0.006 +0.013 + 0.006 —0.0054 + 0.0065 + 0.0031
Adcp (E_/EO) - - —0.005 + 0.014 + 0.003 —0.0001 + 0.0069 + 0.0009
Ap s+ 0.7519 £ 0.0036 £+ 0.0024 —0.998 + 0.037 + 0.009 0.757 + 0.011 + 0.008 0.7551 + 0.0052 + 0.0023
ap/s- —0.7559 4+ 0.0036 £ 0.0030 0.990 + 0.037 + 0.011 —0.763 + 0.011 + 0.007 —0.7448 + 0.0052 + 0.0023
Acp (A/Z"') —0.0025 + 0.0046 + 0.0012 | —0.004 + 0.037 + 0.010 —0.004 + 0.012 + 0.009 0.0069 £+ 0.0058 + 0.0018

BESIII best measurements: A2, = —0.0025 + 0.0046 + 0.0012
Systematic uncertainties are well controlled!

* Excellent performance of BESIII detectors.

* Data-driven method to study data-MC inconsistency.
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CPV in Standard Model

CKM mechanism: | cPV from phase &

—lO
/ C12€13 S$12€13 S13€
_ i5 i5
Vekm = | —S12€23 — €12523513€ C12€C23 — 512523513€ 523C€13
16 i5 . .
\ S12523 — C12€23513€ —C12523 — $12€23513¢€ C23C13 Dirac Medal Nobel Price
. 2010 2008

Strong CP

« Gterm: Lz=——2

— OTr(G*' G,y)
* Mainly through measuring the Electric Dipole Moment (EDM) of atomic nuclei, atoms, and

molecular systems,

* The current most stringent constraints come from the EDM experiments of neutrons and 199Hg:
6 <1010

2024/07/01 5B IR IE 10084 BIE BN 20



Electric Dipole Moment

H=—-—pu-B—-906-E N H=—-—pu-B+46-E

u: magnetic dipole moment H=-—p-B-—6-E -5 H=-p-B+6-E
d: electric dipole moment
S: particle spin Non-zero EDM will violate P and T symmetry:

T violation < CP violation, if CPT holds.

S(d
@ 3 I I (E)B The contribution of the Standard Model to EDM is very small:

P - l ' » CKM: highly suppressed by loop level (= 3) interaction
> QCD 6 term: main SM contributors to the EDM, 8 < 10710
« limited by neutron EDM:
d, < 1.6x10726 ecm

—)

u
I

— M
- O
¢

t

5(d)

ff
Lepy = Lexm + Lg + Lesu

Very sensitive to BSM physics, large windows of opportunity
for observing New Physics!

2024/07/01 5B IR IS IR 1 00HA4E R SE SN 21



Map of EDM

Neutrons
Nuclei: g‘
p, d,*He o
Schiff moment | T
Diamagnetic 3
atoms: Hg, Xe, Ra o
c

quark chromo-EDM

Paramagnetic
atoms: Tl, Cs

atomic theory

Molecules:
YbF, PbO, HfF *

FUNDAMENTAL THEORY

Leptons

lepton EDM

C. R. Physique 13 168 (2012)
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Map of EDM

The identification of the nature of the fundamental CP-violating
mechanisms requires the study of EDMs in various systems

Neutrons
Nuclei: g‘
p, d,*He o
Schiff moment | T
Diamagnetic o
atoms: Hg, Xe, Ra T:’
c

quark chromo-EDM

Strange baryon

Paramagnetic
atoms: Tl, Cs

atomic theory

Molecules:
YbF, PbO, HfF *

FUNDAMENTAL THEORY

Leptons

lepton EDM

C. R. Physique 13 168 (2012)
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ILLUSTRATION of EDM STATUS

1016

1071° Best measurements
10-22 Limits from experimental results
~107%°
(‘D’. 10728 | Expected experimental results
=~ a1 in the next few years
= 10
T
107> < | Safe BSM discovery territory |

_ |SM estimates from QCD 6 term |

e | SM estimates from CKM |

2024/0@D1 SR FHIFRILIE 100 BA4E RISE RN 24




Only A hyperon has been measured
with a large uncertainty!

./.PhyS.G47 (2020) 1, 010501 « SM-CKM = SM-0 5 <d(expected) « <d

10~% | 107"
10_22 g 10—22
=0 -10%
(@] -28 | -28
g 10 10
= 10731 10731
(1] 10—34 = 10—34

10-37
10-40

I ., N 41037
Physics 10

*Beyond {1040
“Colliders
=+

I
A’ =

c =c

10—43

2024/07/01 5B IR IS IR 1 00HA4E R SE SN 25



What can BESIIl /| STCF do for EDM?

+ 27 (sss) spin-3

2024/07/01 5B IR IE 10084 BIE BN 26



What can BESIIl /| STCF do for EDM?

* Direct approach: spin procession ¥ |M KN E5EEH R FHIEDM

ds
dt—sxﬂ

Q = Qupm + QepMm + QTH
QvpMm :E|hﬂ (B —17(B8-B)B -8B x E)
QrpMm =% (E— 47(B-E)B -8 x B)

* Indirect approach: time-like dipole form factors (g% # 0)

da "
Laipote = 17~ A"W’YSAF X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

2 o
eda (P} — Py)CyuchivsA

Lea =332

2024/07/01 5B IR IS IR 1 00HA4E R SE SN 27

X.G.He, J.P. Ma, Bruce McKellar, Phys.Rev.D47(1993)1744



e

zo

e‘l‘

%
) Considering Z° contribution:
o J/¥ has longitude polarization:
denoted by P,
&

Pmm’: /W spin density matrix

No beam polarization:

PL=

OR — 0L

P++ — P—
P =AY, = —
P++ T P—— - M op+top

With beam polarization:

O‘R(1+Pe)/2—O'L(1 —Pe)/2 _ A%R+Pe

—sin? 0S5 + 3/8 M3/¢

" or(l+P)/2+0,(1—P,)/2 1+P.A%,

2024/07/01

5B IR IE 10084 BIE BN

2sin® 0% cos? 0 m7,

Can be used for precise
~ P, measurement beam
polarization

28



Spin density matrix of hyperon-antihyperon

Polarization effects encoded in hyperon pair spin density matrix

R()‘ly A21 )" O( Z Pm,m/’ d:,yn ,1\1 (e)d'z;,l)\’l_)\é (0)

m,m/’

%
X My xa Myr x Om,m

| Lorentz invariance introduces P and CP violation form factors in
helicity amplitude

X.G.He, J.P. Ma, Bruce McKellar,

Mo a, = €u(A1 — A2)u(A1, p1) (Fyy* + ; M o q,H, Phys.Rev.DA47(1993)1744
5 L 5 X.G.He, J.P. Ma,
+YEv° Fa + o v°q, Hr)v( A2, p2). Phys.Lett.B 839(2023)137834

2024/07/01 5B IR IE 10084 BIE BN 29



Dynamics in /Y > BB

Detailed dynamics in J/y decay to hyperon pair, have been studied: XG.He, JP. Ma, Phys.Lett B 839(2023)137834

= €,(D)u(1y) (F YR+ ——— Vg H, + yRYSFa + G”VVquHT) v(4y)

2M,

%
Y

Dominant contribution F, : P violation term
arXiv:hep-ph/0412158

Psionic form factor Complex form factor, F, #
Fy and H, 0 indicate P violation

can also be represented

as G, and G,

2024/07/01 5B IR IE 10084 BIE BN

Hy: CP violation term

2 2e 2
Hr(q%) = 3m gvdg(q”)
]/1.0
Assuming dg(q?) = dg(0)

dg(q?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26

30



Psionic form factors G,, G, SV . 7/;/ 2

9 "/ B
Psionic form factors
AM? AM?
Fy =G1 — 02 (G1 — G2) H, = 02 (G1 — G2)
Hyperon polarization parameters ARG, P VB, Bree wiskelsn
Phys.Rev.D47(1993)1744
2 2
s |G,| —4m? |G, G, G| _io X.G.He, J.P. Ma,
ay, = - - —=|—]e Phys.Lett.B 839(2023)137834
s |G| +4m? |G, G, G, GGran Faldt, Andrzej Kupsc

Physics Letters B 772 (2017) 16-20
| G, can be extracted from the measurement of I'(J/y — BB)

2024/07/01 5B IR IE 10084 BIE BN 31



P violation form factor F,

Primarily from Z-boson exchange between cc¢ and
light quark pairs

Related to weak mixing angle in SM

1 2 1-—8sin?268/3
D & W2 o~ —1.07 %107

X.G.He, J.P. Ma,
Phys.Lett.B 839(2023)137834

2024/07/01 5B IR IE 10084 BIE BN 32



CP violation form factor H;

Several CPV sources contributed to Hy

Take hyperon EDM as the major source for H;,

2e

— ngB = M
3M3/¢ ( q J/y/)

Hr

X.G.He, J.P. Ma, Bruce McKellar,
Phys.Rev.D47(1993)1744

Neglect g dependence, dg for hyperon EDM XGHe, 1P. Ma.

Phys.Lett.B 839(2023)137834
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Full angular helicity amplitude of ¢e*e~ - J/yy > BB

J. Fu, H.B. Li, J. Wang, F. Yu, and J. Zhang,

Angular formular based on helicity amplitude are developed: PhysRevD.108..091301

(08
R(/11’/12’ ) z P mm'da’=} Az(e)d] AL -2} (O)M 312, M A A'smm

m/11

Total angular distribution of J /1 to spin-1/2 baryon pair:
> /Y > BB,B=A%%",%%

do ' 1/2 J=1/2 1/2 Jj=1/2
d0,d0,d0,; NZR(Al’Az;Al’AZ) D] 4 , (01,61)D" " / (91;¢1) |h,1 | D] i > (02,¢2)D", " / (92; ¢2) |h/1,,|
pd3ip
> /Y - BB,B =E°% =
do / / «J=1/2 i=1/2 Lj=1/2
dQdQpadQxdQ,dQ; - Nz R(41,42;41,2) D 511»/1{\ (91’¢1)D{1’1,/1/’ (01"’51)7{1{1}[ D™ ] / (92» ¢2)
pdiip

1/2 «Jj=1/2 «J=1/2 «Jj=1/2 1/2
D2 02,009,303, D2 03,00 203, 69) [, | D204 0D 04,0 ||
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Sensitivity of hyperon EDM measurements

Sensitivity of Re(dp) (e cm)

reminder:

Hr =

2e

2
3M3,,

gvdg

10—17

@ BESIII(Re(dy)) [1 STCF(Re(dg)) Ao STCF+Polar(Re(dy)

@ BESII(Im(d,) [ STCF(Im(d,) a STCF+Polar(Im(dy)

1078

107"° i

102

]
] 2

| IIIIlII| AN

IIIII]

IIIIIII

Z+

~~
Lol
Nd

0

(x]

(a)Sensitivity of Re(dg) and Im(dp)

2024/07/01

-y

o
L
]

b
<
3

1 0—19

-t

|
N
o

Sensitivity of Im(dy) (e cm)

SM: ~ 10720 e cm

BESIII: milestone for hyperon
EDM measurement

A 10~ cm ( FermilLab
10~1% e cm)

first achievement for X, =2~
and 2 at level of 10~1% cm

a litmus test for new physics

STCF: improved by 2 order of
magnitude
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Sensitivity of CP violation in hyperon decay

____________________________________________________________________ N.G.Deshpande et al, PLB326(1994)307

J.Tandean et al, PRD67(2003)056001
J.F.Donoghue et al, PRD34(1986)833

SM: 107% ~ 107

AL, = (ag + ap)/(az — ap)

Apcp = (¢p+ $p)/2

reminder:

® BESII(AY) [ STCF(ANe) A STCF+Polar(Ass) ]
® BESII(A;,) [ STCF(AZ;) 4 STCF+Polar(AZ,) i
10| o BESII(A¢® ) 1 STCF(A¢> ) A STCF+Polar(A¢ ) =10
s o : : ; E m § &
< ] <
B 102E ° =102 5
2 o o ° o © ¢ : b
5 o 1 = STCF:
% 10° . _§ 10° ‘é
a b N S SM prediction can be reached
LS <10 and further improved with a
— — — longitudinally polarized
A X = =
electron beam
(b)Sensitivity of A2, and A¢Z,
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Sensitivity of F, and sin” 6! measurements

. 1 2 1-8sin?681/3
reminder: F,~ - —Dg,—2 o Cw
6 " 4cos2@gf mg
e BESII(F,) [ STCF(F,) 4 STCF+Polar(F,) ; SM FA - 10—6
® BESIl(sirP6l) (1 STCF(sin6%) Ao STCF+Polar(sirf6%l) : i " 5 &
= 0k - . . e :té sin® 65" ~ 0.235
gm - ° 5 E kS
£ ori. z 1z
‘w10 i 10" B :
- A E 1 i
- ‘o ; 17| Weak mixing angle at Q = M,
WE_B | - 31 can be determined at the level
+ — -0
A z = = of 8 x 1072

(c)Sensitivity of |F4| and sin26¢ff
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Sensitivity of P, and sin? 65! measurements

op —or  —sin® 65 +3/8 M3/¢

or+o0r  2sin? 0t cos? 62 m2,

reminder: Pr=Alp =

° BESW(P)  © STCF(P) | SM: P, ~10*
o~ 1| @ : eff . 2 eff 2—510
ﬁo 10| | BESIIIE(Slnzew) sD STCFE(Sln Ow) ERT <in? e%ﬁ 0235
& B : o o i1 ‘g
o102 .. s 1" @
RN S R e 1B
E 10°L | o ° R <10 2
S @ : \ ! 0O E o=
- R ’ 1 £ |SICF:
2 b N L Y
S 1 2 | Weak mixing angle at Q = My,
0L , , ERd can be determined at the level
A ¢ o5 & of 2x 1072

(d)Sensitivity of P,
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Sensitivity of sin? ¢! by simultaneous fit

0.245 —rrrrr— /

b | | vdeeﬁuelastic |
» e ] ] Weak mixing angle shared by
i \}\ F A and P L

5 l \
.‘P’ 0.235 |- APV (Cs) e
. Sensitivity improved at the

0.230 | Bosons _ - Ievel 5 X 10_3

0.225 |- | | IIO‘

0.0001 0.01 " Gl - 100 10,000
Figure 1

(a) sin? Oy (1 )iis (29) with an updated atomic parity violation (APV) result. () sin’ 057 (Q?), a one-loop
calculation dominated by y — Z° mixing (52). The red and green curves represent the boson and fermion
contributions, respectively.

K.S.Kumar et al, Ann.Rev.Nucl.Part.Sci.
63 (2013) 237-267
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Sensitivity of beam polarization measurements

Precisely measured beam
polarization (107°) as input value
for sin? 85" measurement

A. Bondar et al, JHEP 03 (2020) 076

_ o STCF+PoIar(PL)
% 107 : -
< | Op. —O_p 0
IIO ] A = e e | A P
e_‘/ : LR O',Pe + O'_Pe LR e
Q-f-l ° |
© .
2 E i
RN .. E
g Co ° : E 0 _ N’Pe |
2 ] Pe Lo ot analysis Bhabha
A . 0 o — N_p, scattering events
‘ £—P65eﬁ
o _OR—O0L _ —sin? 65 + 3/8 M3/¢
LR = 2

OR+t 0L 2sin20§gc0526$,‘f,f m7
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Summary and Outlooks

* Highlights of hyperon physics at BESIII:

* Precision measurements of hyperon decay parameters, polarization and CP asymmetry:
* complementary to CPV studies with Kaons

» BESIII has already rewritten the PDG book for A and = decays
e results of %, E with 10 billion J /3 will be coming soon

* Hyperon electric dipole moments measurements

* First measurements of 20,27, 29, O hyperons EDM

« The sensitivity of the hyperon EDM can be reached at the order of 1071°
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eTe” = J/p — AA
Production: 2 independent helicity amplitudes: A., .., A., .1,

4)(%

Ad= complex phase between A., ., and
A1/2 -1

d| M |? |A1/2,—1/2)% — 2|A1/2.1/2|°

o< (14 agy cos’d), with « I =

d cos 6 |A1/2,-1/2|% + 2| A1/2,1/2|?
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EM form-factors and Helicity Amplitudes

Phys.Rev.D99,056008

hy =Aia-12 =A1212 = \/1+ay e~1A® Relation:
h =Aipip=Acip-12=4/1— % /\/E 35
hy = Gm
Phys.Lett.B772,16 V/s1Gu P + 4M2( G

S|GM|2 _4M2|GE|2
Ay = 2 2
SlGMl +4M2|GE|

VslGul + aM2|G P
Cp _ jia0 &|
Gm Gm

where s is the square of pg + pg and M is the mass ofB(B).
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CPV observables in = 2 An decay

decay rate r.-T € An final states are purely Ispin=1, only Al=1/2

difference T transitions
allowed, no Al=3/2 transition possible

- +2Re(S*P) - +2|S||P|COS(AS T cp)

decay a¢ = 2 2 = 2 2
asymmetry S| +[A S| +|P
difference a +o, sinAgsin@Q), _ A tan € in this case, the strong phase (A= 85-8p)
oa_—o, cosAgcos(D., is measureable (see below)
2Im(S*P) Z‘S”P‘ Sin(AS i¢CP)
'BJ? =% 2 2
| S|+ A S|+
final-state B +B. cosAgsing,
polarization oo, cosAgcos(,, =tan¥e € Strong phase cancels out big advantage
difference _ Ag = A
PP, _ sinfscos, =tanA; €= measures the strong phase for = over
o —a, cosA cos
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?y From Hai-Kai Sun 2Re(S* - P) ~ 2Im(S* - P) ‘5‘2 _ \P[Q

a = = —
512 + PP SPE+1p> T T 1SE+ PP

— \/ 1 — a?sin d)E Y=V 1 — 042008¢5

a’+ B2+ =1 tambzzé
~
Both a and ¢z of E(E) can be measured via J/{) — =5 at BESIII!
L 2Re(S*-P) _ |S||P|cos(dy +4y) I 2Im(S™ - P) _ ISIIPI sin (4 iAw)
T o2 2 T = 2 2 + =
[SI” + [P SI” + [P SI° +|P|
Sandlp PAKVASA X.G. H John‘ Do.noghue
B_ — B+  sindgcosdy, A p_+ By  cosdgsindy, A
— = ta — — ta
a_—a,  cosdgcosd,, g a_—a,  cosdgcosdy, w
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Constraints from Kaon decays

He & Valencia PRD 52, 5257
W ’ 1€)=(1.6+0. -3
‘e d Adpr Ay Re(€’/¢) (\}V 6+0.3)x10
,@g p S-wave <6x10°5| parityviolating s d } -
A <u H parity conserving K° W u

P-wave <3x10% C_
U 9 g } T
.d d

~10-5
S- and P-waves Asm ~10 S-wave only
(parity violating (parity violating)
& conserving)

d

CPV measurement in Kaon system strongly constrains NP in S-waves, but no P-
waves.
Thus, searches of CPV in hyperon are complementary to those with Kaons.
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