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Mystery of matter-antimatter asymmetry

* According to the Big Bang theory:

 Matter and anti-matter have the same amount

 The observed universe is matter dominant:;
(ng —ng)/n,~1071°

Anti-matter

* Sakharov three conditions require:
1. Baryon number violation

Matter 2. C and CP violation

3. Thermal non-equilibrium

[ Pisma Zh. Eksp. Teor. ]
Fiz., 1967, 5: 32-35
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477 CP violation (CPV)

—ié
C12C13 S12€13 Size 1
i is i5
Vekm = | —S12C23 — €12523513€'°13 €103 — S12523513€'°13 523C13
ié ié
§512C23 — C12S823513€° 13 —C1Sy3 — S13Cp3513€ 13 C3C
Chien-Shiung Wu # |
013 = Vekm # Vegm = CPV!

1. CPV has been founded at K, B, D meson systems,
but not enough to explain matter dominant Universe;

2. No CPV is observed in baryon sector!

i
C.N.Yang T.D. Lee
[ P violation ] [ K meson CPV ] [ B meson CPV ] [ D meson CPV ] [Baryon? ]
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47/ Hyperon non-leptonic weak decay

The amplitude of spin-1/2 hyperon B; decay to a spin-1/2 baryon

Bs and m: General Partial Wave Analysis of the

Decay of a Hyperon of Spin 1

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

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

Phys. Rev. 108, 1645 (1957)

A~Soy+ Po-n

The decay parameters are defined as:

2Re (S*P) 2Im (S*P) 15|12 - | P|?
TIsEwpR YT s pE T s PR
Two complex amplitudes:

S =3Il +8),  p = yipeli+67)
Under CP transformation:
§=—3isel-E+8), P = pipel-E+5)

ay

aj + By +vi =1
CZY=>—C¥Y

CP CP
If CP conserved: S=— — S l
cr ) | cr )

c 1
P—P By == — By By = (1 — ad)zsingy , vy = (1 — ag)Zcosdy
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477 Hyperon CPV observables

Phys. Rev. Lett. 55, 162 (1985)
Phys. Rev. D 34, 833 (1986)
Phys. Rev. D 105, 116022 (2022)
arXiv:2209.04377

a+a
Acp = e tan(dp — &s) tan($p — §s) If the strong phase difference §p — &5 is close to 0, Ap
will be suppressed, however, B-p and A¢.p won’t suffer
3 from this problem.
_|_
Ber =L ~ tan(g, - £)
¢ a—a
Apcp = ¢+ ~ = cos¢ptan(ép — &) B:p and Agp can be directly determined, if the
2 VL polarization of the daughter baryon Br can be measured.

This is a big advantage of £°() hyperon compared to
A or £* hyperon.
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77 Study hyperons at BESIII

Electromagnetic
Calorimeter
CsI(Tl): L=28 cm
Barrel 05=2.5%
Endcap 0;=5.0%

Muon Counter
RPC

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

3 Electro Mag u
S . § {

e+

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

dE/dx~6%

0p/p=0.5% at 1 GeV

Time Of Flight

Plastic scintillator
or(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)
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With 10 billion J /1 and 2.7 billion /
1 (3686) collected at BESIIL. g e

~107 entangled hyperon pairs can be =~
studied.

Sw

_\/

— .3
+ Q7 (sss) spin-5

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

Boc105) | Ny0x10)

J/¥ = AA 1.89 4+ 0.09 ~18.9
J/Y - 280 1.172 4 0.032 ~11.7
J/p - 2tE- 1.07 + 0.04 ~10.7
J/p - E°F 1.17 £+ 0.04 ~11.7
J/p - E"EY 0.97 + 0.08 ~9.7

W(2S) - Ot 0.057 +0.003  ~0.17
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ete” > J/Y > ANA- pr, A- prct

* Joint amplitude:

ie?

2es F,
M = ?Juu(m) (Flm + %maw‘ys) v(p2)

* Differential cross section:

SPIN
CORRELATIONS

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

Nuovo Cim. A 109, 241 (1996)
Phys. Rev.185 D 75, 074026 (2007)
Nucl. Phys. A190 771, 169 (2006)
Phys. Lett. B 772, 16(2017)
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ete” > J/Yv > AAA> pn~, A - prrt e

0-15§ Phys. Rev. Lett. 129, 131801 ] s
0.1E- ¢
Two works of this channel from BESIII: g
[1] 1.3 billion: Nature Phys.15(2019)631 = 005t
[2] 10 billion: Phys. Rev. Lett. 129 (2022) 13, 131801 g +om
_0_152_ » — PHSP MC
Par. BESIII 10 billion [2] BESIII 1.3 billion [1] - 8
Q. /4 0.4748 4+ 0.0022 4+ 0.0031 0.461 + 0.006 £+ 0.007 —53 05 0 05 1
A® 0.7521 + 0.0042 £ 0.0066  0.740 4+ 0.010 £ 0.009 cos0,
a—  0.7519 £ 0.0036 + 0.0024  0.750 £+ 0.009 £ 0.004
ay  —0.7559 + 0.0036 + 0.0030 —0.758 + 0.010 + 0.007 "N = ===~ 2
Acp —0.0025 + 0.0046 £+ 0.0012 0.006 £ 0.012 £ 0.007
Oavg  0.75642 = 0.0010 £ 0.0024 - BES3 10 billion JAy(A/R) -
CLAS19 ——
* Most precise values for A decay parameter _
BES3 1.3 billion J/y(A/A) ——
* Most precise CP test in the hyperon sector: R e
a+a .|..P].)(T2.01?.|...|...|...|PI.)(T’2.02|2...|..
Aep-—rrrre = = 0.0025 £ 0.0046°3.0,0011 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76

o.(A — pr)
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ete” - J/Y and P(3686) » 22,2 - pr’, T~ - pr’

[ Phys. Rev. Lett. 125, 052004 (2020)

:"I"‘I"'I"‘I‘"I"'I"";'Diat‘aHI"': 0008?—Datal "|"'|"|"|"—:
0.004 |- --+ Phase space H 0.006 ||~ E::t?:: space -
- . B ™ G
< 0.002|- . < 000f =
0 B 5 0 A ]
" 5 0.002 |- =
8 0 IEERSRRETTTTTTPEELLL bl 2 T TP PP LT LL LT § E ------------------------------- E
:/ - . - 0 =11 X e -
= -0.002- - = - :
B ] -0.002 |- =
~0.004 |- J/\lj = ~0.004 |- \I](3686)
~0.006 |- + - ~0.006 |-
=PI EFUUE BT B BN BT BT BT AT I Eepvporpop el g pepodasad .
-1 -08 -06 04 02 0 02 04 06 08 1 708 206 04 02 0 02 04 08 08 1
cos(6) cos(9)_,
Parameter Measured value « First CP test in % weak decay with 1.3 billion J /1 and 0.45
/y —0.508 =+ 0.006 + 0.004 1 ,
AD,, ~0.270 £ 0.012 % 0.009 billion ¢(3686)adfta
a, 0.682 4 0.03 + 0.011 Acp = ——=—0.004£0.037 £ 0.010
AD,, 0.379 4+ 0.07 + 0.014 : o i
4 °
o —0.998 + 0.037 - 0.009 The resqlts with 10 b11110n J /Y and 2.7 billion Y (3686) are
Qo 0.990 + 0.037 4+ 0.011 undergoing.
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ete" - J/Y -T2, 2t > pr’, T- > A +c.c.

M(cos6y.)

[ arxiv: 2304.14655 ]

Ve

[1] Phys. Rev. Lett. 125, 052004(2020)
[2] Phys. Rev. D 21, 2501 (1980)
\ &

>

0.04 P
- : ' : ; : : : : : - parameters This work Previous result
0.03 :_. .................................................... g LT g g b :
E 10 bllh(?n ]/;lp dafca E Gy —0.5156 + 0.0030 + 0.0061 —0.508 + 0.006 + 0.004 [1]
0.02 :_ .......................................................... S ............... ............... .......... _:
F E AD; /(rad) —0.2772 + 0.0044 + 0.0041 —0.270 + 0.012 + 0.009 [1]
0-01 :.'_ ....................................................................................................... LRYUON BSOS _:
0 3 3 a,(nm*) —0.0481 + 0.0031 + 0.0019 0.068 + 0.013 (PDG)
= - a_(nn") 0.0565 + 0.0047 + 0.0022 ;
-0.01 :_ SRS SO ARUORRORE SN | N S SO SO USROS SO _:
E 3 ay/ag —0.0490 + 0.0032 + 0.0021 —0.069 + 0.021 [2]
-0.02 :_ LT — —
0.0 F —Fit ; ; ; ‘ 3 a_/d, —0.0571 + 0.0053 + 0.0032 -
_003 E_ ..... .leference ............... .............. ............. g o _E ACP —0.080 £ 0.052 + 0.028 -
_0.04 PR B EE BEEEE BPEEC R TR SRR BT SRR B R
-1 -08 06 04 02 0 02 04 06 0.8 1 <a,> —0.0506 + 0.0026 + 0.0019 -
cos6;.
e First measurement of the decay parameter @_ of ¥~ — nm~
* First time to probe CP violation in the final neutron state
for all hyperon decays
2023-07-04 WIN2023 13



ete - J/ip » EOEFO® = 5 A(> pr )n + A(- pr )

3 3 3
W(@, () = E Cuv E E aiﬂlaiylai}/oaﬁ/o «<——— Developed by two different methods
w,v=>0 pnw'=0rv'=0
Feynman diagram: ' Helicity frame:
Phys. Lett. B 772, 16 (2017) . Exactly the same! Phys. Rev. D 99, 056008 (2019)
W = (a]/tlﬂ A¢, Az, CYE‘.' ¢E‘.r ¢E‘.r ap, CYA); ( - (HE'.' HA' 9/_\' Pa» Pas Qp' 015' QUp; ¢ﬁ);

= rest frame

The weak phase and strong phase

differences can be directly measured
through these decays!

A rest frame

2023-07-04 WIN2023 14



ete” > J/Y > EENE s A prn )n” + A(> prnt)n™.

0.50 1.5

1.3 billion ] /3 IE G
0.25 //"“\ o
. 0.00 f
Parameter [ Nature 606 (2022) 64-69 ] Previous result
0.5
a, 0.586+0.012+0.010 0.58+0.04+0.08 o
A 1213:0046£0016rad - JRr— e
- -0.376+0.007+0.003 -0.401+£0.010 10 05
b- 0.011+0.019+0.009rad  -0.042 + 0.011 +0.011 | - » m
a- 0.371£0.007+0.002 -
__ 0£)1.0 —0.5 0.0 0.5 1.0 _1'—51.0 —-0.5 0.0 0.5 1.0
¢- -0.021£0.019+0.007rad - cos cosf
a, 0.757+0.011+0.008 0.750+0.009+0.004 The precision of our analysis (73K events) is comparable with
g, —0.763+0.011+0.007 ~0.758+0.010+0.007 the measurement from HyperCP (1‘44M events), which means
» that the accuracy of a single event is more than 1000 times

[ P~ &s (1.2£3.4:0.8)x10"rad ] - higher than HyperCP!
5o s (-4.0+3.3+17)x10%rad (1 O.QNd
Ace (6+13+6)x107° - \
Afpép (5+143)x10°rad B First measurement of weak phase difference in £ decay.
Ads (-4£12+£9)x1073 ) (-6+£12+£7)x107°
($2) 0.016+0.014+0.007rad e Three CP tests.
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e*e™ - ]/ > E°E0, &

=0 > A(= pr)n® + A(~ prt)rd

R

10 billion J /Y
Parameter arXiv:2305.09218 Previous result
g/ 0.514 £ 0.006 £ 0.015 0.66 £ 0.06 [34]
Ad(rad) 1.168 4+ 0.019 £+ 0.018 -
az —0.3750 £ 0.0034 £+ 0.0016 ~ —0.358 £ 0.044 [18]
a= 0.3790 £ 0.0034 £+ 0.0021 0.363 £+ 0.043 [18]
o=(rad) 0.0051 #+ 0.0096 4+ 0.0018 0.03 +0.12 [18] . L
¢=(rad) —0.0053 £ 0.0097 4+ 0.0019 —0.19 +£0.13 [18] -1 -0.5 0
an 0.7551 + 0.0052 £ 0.0023  0.7519 = 0.0043 [13] 00s 0=
an —0.7448 £ 0.0052 £ 0.0017 —0.7559 £ 0.0047 [13]

Ep —Es(rad)  (0.0£1.740.2) x 1072
dp —ds(rad) (=1.3+1.7+0.4) x 1072

AZp (=5.44+6.5+3.1) x 1072 (
A¢zp(rad) (—=0.14£6.9+0.9) x 1073
A p (6.94+58+1.8) x 1073

—0.7+8.5) x 1072 [18

—7.94+8.3) x 1072 [1§]
M—E‘ [13]

baryon!

(az) —0.3770 + 0.0024 + 0.0014
(¢=)(rad) 0.0052 4+ 0.0069 + 0.0016
(ap) 0.7499 + 0.0029 + 0.0013

) Three CP tests.
0.7542 + 0.0026 [13]

2023-07-04
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Precisions are improved in more than one order!

First measurement of weak phase difference in £
decay and most precise result in any weakly decaying



=~ (0=+(0) pairs from ¥ (3686) decay

2023-07-04

™ —

cost-

Parameter | Phys. Rev. D 106, L091101 (2022) |

5, -6, (x107! rad)
Acpz (x1072)
A¢(‘p (XlO'z rad)

0.693 £0.048 = 0.049
0.667 =0.111 = 0.058
—0.344 £ 0.025 £ 0.007
0.355 +£0.025 £ 0.002
0.023 £ 0.074 = 0.003
—0.123 £ 0.073 £ 0.004

-20+13%0.1
-1.5£51+1.0
-50£52+£03

WIN2023

-1 -0.5 0 0.5 1
cosf;
Param. | arXiv:2302.09767 |

(y(3686) 0665 £ 0.086 =+ 0.081
A®  —0.050 + 0.150 =+ 0.020
azo  —0.358 +0.042 + 0.013
¢=o  0.027+£0.117 £ 0.011
azo  0.363+0.042 4+ 0.013
¢=o —0.185+0.116 & 0.017

Azp —0.007 £ 0.082 & 0.025
Apcp —0.079 4 0.082 £ 0.010

No polarization!

Accepted by PRD(L)
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ete” - P(3686) - 2 Q7,0 - A(~ pr)K~, Q' - anthing +c.c.

[ Phys. Rev. Lett. 126 (2021) 9, 092002 ]

First model-independent determination of

the spin of (17!
- 0.6 “lr /ey Blrry
E™L g cegrd
o] i 4
5 o4k =lr /rJElr /1] 2
s =9
rest frame S I 1
-—
S 02 '
=
B =
K= L
b 2 cosOg-
Not only observe vector polarization(rl), but
. also quadrupole (16, r7, r8) and octupole (r10,
O~ rest frame A rest frame r11) polarizations

2023-07-04 WIN2023
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A - ny

Study on hyperon rare decays

2T - py

A—-pu v,

{ Phys. Rev. Lett. 129, 212002 (2022)] [ Phys. Rev. Lett. 130, 211901(2023) ] { Phys. Rev. Lett. 127 (2021) 12, 121802
1800E . x103 x103 | A L B B BN BN A
t60of | > S o TN A 18 Do 3
© 1400F A ? 800 < 3F (a) 400¢ s 3L (b) i} 400 E —103;::% 3
= 1200F : = > | g 200 o #1200 S - Aspr E
S 1000F- | 2 600 = H P = § > 2 14 o Aopen, =
5 800k 4 S < 2t ,{ I 3T o0 C2fF R B e o a7 w 12 Other backgrounds 3
€ 600f- / t — Total PDFs € 400r — Total PDFs z | i EDu Z $ A N ob 3
€ ook ; - -+ Signal POF ¢ 1 ---Signal PDF S 1F S s 1F $ L Tosinal S F 3
BG A PDF w200 BG A PDF E S > o001 g = 8F =
200 J ", -BG B PDF ; “%_---BGBPDF - - f)m:'r";:(;m = 7 m— 5.;:-';"3:(';(6 § 6F ]
o8 01 012014 016018 0.2 02024 &8 o.1_o_.12_d.14 016018 0.2 035024 05T 02 0.35 03 %715 02 0.35 0.3 | ;_ * 3
Ey in A rest frame(GeV) E} in X rest frame(GeV) P, (GeV/o) P; (GeV/c) of / 3
(264 RARE 35 2 ¢ ANTAEA AR INET et ORI, 204 RUAD:
1r ] TR T -0.2 T 1 , 808 0. 0.04 -002 0 002 004 0.06
i . § ® BESII i U, (GeV)
_ : ¢ PDG [
05 B ~04f
i P o MMl [ B(A - pu~v,) = (1.48 + 0.21 + 0.08) x 10~*
~ I i m NRCQM = I + (A-pu~v,) =(1.4840.21%0.
>= - : v QM U i
= - ; + BSUG) -0.6}1
l or B Y ‘EI [ + 4.20 ¥ BESII RHe = F(A-puTvy) _ 0.178 + 0.028
‘5'5- L * ~ / o 5[3'1:1;3 T I'(A-pe~v,) . Sasiet
i ; g _osf A t PMI consistent with SM prediction: 0.153 + 0.008
05p 4TS5 : & Dt
I + i “ + F BUS B(A-pu~v,)-B(A-putv,)
i ' 1 < ChPTI(BF x0.1) = K & .—
i N | ) | GPTT Acp = B(A~pi—7, Y FB(A=PiTv,) 0.02 + 0.14 + 0.02
-1 A I A R | . —_—a R P
0 1 2 3 0.5 1 R 2
BE(A—ny)(x107) BF (Z*— py) (x107)
2023-07-04 WIN2023 19



Study of hyperon-nucleus interaction

[ Phys. Rev. Lett. 130, 251902 (2023)]

[PRL 127,012003 (2021) ] i
arxiv: 2209.12601 L Data
v °F 229455 T
% : 7 10 | — Fit result
= 10+ ---- Background
~ Uf
A Beam Pipe MDC Inner Chamber ; :
Z QC) 5
* 5l I
pl‘ F - o L L L L
- S~ o [EHI At mﬁu el
0 e D Pt 1.3 1.35
A M(AT) (GeV/c?)
] r2 r3 T4 T5 7’6 i 1’9 : 3
O r %1 — E7p is observed for the first time.
pul Be  |NESHN Be Air A il When EY momentum is 0.818 GeV/c
o0(E% = Z7p) = (7.4+1.85a1 +1.55y5) mb
bl 2 t3 ty ts|  te |tz
b o(Z° +9Be = Z~ 4+ p+ *Be) = (22.1£5.344at £4.55ys) mb

The first study of hyperon—nucleon interaction in electron—positron collisions!
More results are on the way.
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Summary and Outlooks
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Summary and Outlooks

* Hyperons are important probes to study QCD and CP symmetry.
* BESIII has made fruitful achievements in the studies of hyperon decays!

* More interesting studies of hyperon will come soon!

Thank vyou!
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