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Direct CPV effect In strange-quark sector

 Direct CP-violation effects in kaon and hyperon decays in the SM are given by QCD
and EW penguin operators.
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* To generate a CP asymmetry, one needs two different amplitudes that contribute coherently.
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« Direct CPV in K, —» n*m~ arise from Al = 1/2 and Al = 3/2 amplitudes interference in
S-wave decay.

e Direct CPV inY' — Y arise from S wave and P wave amplitudes interference.

Study of CPV in hyperon decay is a complementary approach in
two-body non-leptonic AS = 1 transitions



Direct CPV effect in strange-quark sector
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Hyperon non-leptonic decays

» Effective Lagranian of the decay: S = 5iS,el(@§+5D) Construction of CP-odd observables
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CPV observables and SM prediction

1 AUGUST 1986

PRD 3 4’ 8 3 3 1 9 8 6 PHYSICAL REVIEW D VOLUME 34, NUMBER 3

Hyperon decays and CP nonconservation
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We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re-
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Polarization of decayed D - rg+Trp
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BSM Theories Allow for Larger Asymmetries

 Tandean (2004) shows that the upper bound on Ac + A, from ¢’/¢ and € measurements is O(10-?)
« Some SUSY models which do not generate &’/¢ can lead to A , of O(10-3)
« The BSM contribution can be higher than SM one by about an order of magnitude

Phys.Rev.D 69 (2004) 076008

excluded by ¢ for LR=RL case
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Experimental Review

A/l — aA_I_ElA or A/l — aA_I_ExA
ap—any ap—ay
Experiment Method Ay Remark
R608 at ISR (1985) pp — AX,pp - AX —0.02 £ 0.14 Assume Py, = Py
DM2 at Orsay (1988) ete” > ]/ - AA 0.01 + 0.10 1077 events
PS185 at LEAR (1989) pp — AA —0.023 4 0.057 16,000 events
BESII at BEPC (2010) ete” > ]/ - AA —0.081 + 0.055 + 0.059 9000 events
Agy = A" ZETA Ay + As
a=a, + az=a,
Experiment Method Az Remark
E756 at Fermilab (2000) E > A - prn 0.012 + 0.014 210k £~ and 70k =%
HyperCP at Fermilab (2004) E - Am > pnnw (0.0 +6.7) x 1074 117M Z~ and 41M E*
HyperCP at Fermilab (2008, E - Am > prnnm (—6.0 +2.9) x 10~* 780M Z~ and 270M E*
7
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Why Hyperon Physics at BESII117?

10 billion J /4 events collected

» Large BRs in J /i decays = tens millions hyperons
» Transversely polarization due to none zero phase of two helicity amplitudes

V1 —a?sinfcosf
P, = — Ep— sin (A®).
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A®= complex phase between A,, ., and A,, .,




Why Hyperon Physics at BESII117?

0.1

0.2f

o
—0.1;;.
—0.25
e CC)gE'F,‘L > 1
BB mode B(x 1073) oy, AdD P}'**/ cos g™
J/¥ = AA 1.89 + 0.09 0.475 %+ 0.003 0.752 + 0.008 25%/0.64
J/ - 2tE 1.07 £ 0.04 —0.508 + 0.007 —0.27 £ 0.02 16% /0.82
J /1 - 2050 1.17 4 0.03 —0.45 + 0.02 0.09 + 0.02 5% / 0.80
J/p - 2T 1.51 4 0.01 —0.37 £ 0.02 0.006 + 0.005 0.5% / 0.78
J/¥ — EOE° 1.17 + 0.04 0.66 + 0.06 1.16 + 0.02 27% /0.61
J/Y - E7EY 0.97 + 0.08 0.59 £ 0.02 1.21 + 0.05 30% /0.62

*not yet published results



Advantages at e"e~ Machine

Known initial 4-momentum m\ tag side
Strongly boosted: f = 0.7
Substantial polarization: maximum 30%

Decay with neutron & 0 uncertainty limited within 1%

Decay with invisibles: missing particles

Both hyperons can be reconstructed, and the systematic
uncertainties are under control.
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Compare of eTe™ and Fix-target Experiments

Hyperon rare decay (0(1073))

5000 T

' 1600 (a) .ﬁf 2‘5’2 ; ,_\1 000;_ (b)
= 0 r A - n vy ] > 1400 (1 = 5 800
= 3000 F E 1200 5} i= e E ofaact
%zm BNLAGS | S 1:33 ; * 4 600;’ T
1816 events | seob /| 723440 | 5O 498 + 41
= . ® omE 4 Lm omoaror | ®200p o POATR
>
B B BF (x1073) @, '
§ = BrY BESIII PDG BESIII PDG B
—  A-omny | 0832:0038+0054[5] | 1.75+0.15 ~0.16 +0.10 + 0.05 [5] -
S Tt py | 0.996+0.021+0.018[6] | 123+0.05 | —0.652+0.056+0.020 [6] | —0.76 = 0.08
% 100t EO o A"‘V 1347 + 0066 + 0.062(this work) 117 + 007 —0741 + 0066 + 0.062(lhis work) —070 + 007 4
£ 205130 = 3.33+0.10 - -0.69£0.06
T ET LYy - 0.127 + 0.023 - -
>0 > ny - — — _ -

Hyperons at BESIII: less statistics compafé with large flux hypel:én beam
with polarization, but with better precision, charge-conjugate channels  «



ete” > J/P - AA, A(A) - pr

 Matrix elementof ete™ > J/ip > AA

F
M =Fy, +55q,0"ys +

« Differential cross section using spin density matrix and decay matrix

» A correlated 5-dim. angular distribution & = (64, 8, ¢, 05, 5 )With 4
parameters is constructed

AA A A
W (€&iw) E : Cuva,0a,

1, =0

a)(cf,.dcb, ay, a'_,a:},) =1+ awcoszl%

+a_a, [Sinng (nl,x»n&x — ayNyy, nz,y) + (COSZBA + crlp)nu, nzjz]

+ a_a, ’1 — ay? cos(4®) sinb,cos0(Ny x, Nz z + Ny 7, N3 x)
- ’1 — ay? sin(A®) sinb,cosb,(a_ny,, + ayn, ) 12




Polarization of A hyperons and CPV

« Updated results based on 10B J /1y events: ~0.42M signals
 Decay asymmetries with best precisions ever cptest A p= <%

a_—a,
NP15(2019)631; PRL129, 131801 (2022)
LN BRI IR BN L B L BLELRL BL IR LR L B I I B
PDG 2018 PDG 2021
ASTTS I | CNTRS85
CLE72 —l-O— |
DAUBY . . DM2
OVE6B7 —L-— | CNTR96
_: gg:al MG CRO63 _I_ l BES |
— PHSP MC BESIII 1.3 billion Jhy | | = BESII 1.3 billon J/ |
. . . | Y -
CLAS19 -
=2 g, ST . o i BESIII 10 billion JAy ._Jl_L ﬁ?lf* BESIH 10 billion Jay ':'
~ T L Liwis RIS EPEPEPITIN EPRPRFIFIN IFTINATEN APAA | PRI AR AR
2 —0.5 0 0.5 1T 04 045 05 055 06 065 07 0.75 0.8 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
cos0, o.(A - pr) Ace
Par. This Work* Previous results ** PDG 2018 *** ~7 d shift f Il
ayy 04748 £0.0022+£0.0024  0.461 £0.006 £0.007  0.469 + 0.027 o upward ShiTT Trom a
AD 0.7521 4 0.0042 4 0.0080  0.740 £ 0.010 % 0.009 - previous measurements
a_ 0.7519 + 0.0036 + 0.0019  0.750 & 0.009 + 0.004  0.642 =+ 0.013
o —0.7559 + 0.0036 & 0.0029  —0.758 +0.010 + 0.007  —0.71 £ 0.08 , .
Acp  —0.0025 £0.0046 £0.0011  0.006 % 0.012 £ 0.007 § 0.5% level sensitivity for CPV test
Qt qvg.  0.7542 £0.0010 £0.0020  0.754 %+ 0.003 £ 0.002 - SM prediction:10-4~10-5




ete > J/YoEENET oA pr ) +c.c

 For the sequential weak decays, the formula of sequential decays is:

p,v=0 ' ,w'=0

- S et

 Angular distribution dI' <« W (&, w)

0.50 1.5

9 helicity angles IR =

0.25
W= ((IIIJ, AD, a=, azg, ¢El qbi, aA a/_\): 8 free parameters 0-00 /h\ i }

 &:9 Kkinematic variables, denoted by
first measurement!
? !
< e
Pex, o . ‘QQ ”"? o

5T o +pp =1

By =4/1—0aZsindy, Yy =1/1—0Fcosdy

—0.25

—0.50 0.0

0.0

More parameters in NEEE 7 Cx

sequential decay! NP

0.0 —-1.5

=1.0 —0.5 0.0 0.5 1.0 =10 —0.5 0.0 0.5
cosd cos

» Data sample: 1.3 billion J /1 events.

« Final dataset: 73.2 - 103 events with 199 backgrounds.
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ete > J/Y>EETE oA pr)n +ec.c.

First measurement of weak
phase difference in E decay

Three independent CP tests

Nature 606 (2022) 7912, 64-69

Parameter This work

Previous result

a, 0.586+0.012+0.010 0.58+0.04+0.08

A® 1213+0.046+0016rad -
0.011+0.019+0.009rad ~ -0.037+0.014rad
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, -0763+0.011+0.007 -0758+0.010+0.007

Eo-Es (12+34+08)x10%rad -

8- 3s (-40£33%17)x10%rad _ (10.2¢3.9)x10%rad ||

A (613%6)x10°° = D

First measurement of the £~
polarization in J /4y decay

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

of magnitude smaller data sample!

(-5+14+3)x107°rad

(-4+12+9)x107°

ACP g

(-6+12+7)x10°°

(=) 0.016+0.014+0.007rad

HyperCP: PRL 93(2004) 011802
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Polarization behavior in different hyperon pair productions

— AA +5 - 0.7.,0 —_ _
J Y- XY - pntpm J/W - 25 - nntpn©
PRL129, 131801(2022) o1 PRL125, 052004(2020)
0.2¢ _oes 13/nbin = 0.9 — 0.04 IS T il arXiv:2304.14655
0155 i ) S S —— E 0.03 O : :
01;* J:""A £ % -0.05 E— _E:atic Space + _E —~ g2
T<  0.05F # 1 P I 3 & 0.01
= E # T e o E
—-0.05" F 0.15F 3 ~ E +Data:
) oaf " i —+Dala 0af P (3686 ‘l- ¥ = 00 .--Pl?aze space
E N e Signal MC 7 o0sF E “0.02F g 4
—04BF me — PHSP MG B B g e D E 3 it
= = oo nbin =1.0 0403 E @p ifference :
< o ‘ o 004520806 04 02 0 02 04 06 08 1
. s T ol
_5—1 -0.5 0 0.5 1 -1 -08 06 -04 -02 0 02 04 06 08 1 z
COSBA cosb,.
AD =(-15540.7 £ 0.5)° _(_
A® = (0.7521 + 0.0042 + 0.0066) rad M)((]l/fl(/’z)s))(: (217 + 4.0 + 0_8) ) qu4 = (_ 0%7078§ 2.(())0(;15;; (100081% gad
Acp = —0.0025 + 0.0046 + 0.0012 = ~ ce = Y. Az W T U

Acp = —0.004 + 0.037 +0.010

J /b - ETEF J /b — EO8° _ yp(25) » ETE
P il

k [aryi — 0.4
’ arXiv:2305.09218v1 ]
Nature 606, 64 (2022) N + "" | PRD10G, L091101/2022)
o I (] 1 P
E PR S 4 SRTRTRRR A~ o
0 s [ i e =
-0.1 —-0.2
ek 0.1 A
-0.3f r ] 04 | . l . ol
080604 02 0 02 04 06 08 P _0‘5 — {‘) : '0f5 — - = 2 b l
0
= cos cosO_
A =(1.213 % 0.046 F 0.016) rad A® = (1.168 + 0.019 + 0.018) rad A® = (0.667 + 0111 + 0.058) rad

Acp = —0.006 £ 0.013 + 0.006 Acp = —0.0054 + 0.0065 + 0.0031 Acp = —0.015 + 0.051 + 0.010 16



BESIII Achievement on Hyperon Decay

_ _ _ BB mode P}/ cos @™

 Polarization of hyperon disentangled 1/ — AR 25% /0,64

» Most precise decay parameters obtained = Zf; 16%/0.82

I/ - 28 5% / 0.80

« More CPV observable constructed [ — 55 05% / 0.78

1 J/b - E°E° 27% 1 0.61

A, = —0.0025 + 0.0046 + 0.0011 (1_0t_nlhon J/) I/ - EE* 30% / 0.62
Ay = —0.004 + 0.037 + 0.010 (1.3 billion J /1)
Az = 0.006 + 0.013 + 0.006 (1.3 billion J /) 0.2~ ]
A¢pz = —0.005 + 0.014 + 0.003 (1.3 billion J /) _ Lk ]
S oo § | o n
« \Weak phase determined for the first time IV Eadls ]
¢P ¢S = (1.14+£21)° € {-45°+2.1°} (90% C.L.) 02 .

40 05 00 05 10

Decay Parameter

To discovery CPV In hyperon, more new ideas are needed.
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Searching for hyperon EDM at BESII|

F2 , v : civap ZaB 1(, a4 ,
w: magnetic dipole moment M =Fyy+5-9,0"Y5 + i€ —quF3+5—=\q" —5 V" |VsF,
_ 2Zm 4m 2Zm 2Zm
d: electric dipole moment
M : :
T Systematic measurement of the EDMs of the hyperon family!
2 BESIII is expected to improve the measurement precision of the
+5
g ﬂ” P ¢ A EDM by a factor of 1000
| d
™ J.Phys.G 47 (2020) 1, 010501
e 4 dT 10718 10718
T +' 10-1° 0-1°
~ 10 107
4 z [ 10725
*u g7 for=2
§10'31 10-31
w 10-—34 10-34
Non-zero EDM will violate P and T symmetry: 107 107
T violation « CP violation, if CPT holds. 1074 | A 1074
1074 ( 10743

n

= SM-CKM = SM-0 & <d(expected) i <d(meas) 18



Expected samples at STCF and hyperon CPV

N(sample)

. [
| BESIII

o b R [mEES ]

I Bellell(50 ab !

_ ............................. ............................. ............................. ............................ ............................. ............................ ................................................. -STCF(1ab1)

Jy  w(3686) X(3872) Y(4220) Zc(3900)

(

J

|
| | S SHBET

J

LS VA Y REf fEARF v
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Probe CP violation at tau-charm factory

Billions hyperon pairs from J /i decay, [PrepTk @eEs G 1 J5 =4-5 GeV,
clean topology, background free | o.. ~ 3.5 nb, 10 ab data in total
Transversely polarized, spin correlation Sensitivity of T decay with 1ab™ @
Sensitivity: Acp~10"%, £~0.05 426 GeV ~9.7 x 1074
‘CPin hyperon CPin tau
decay decay/production

CPincharm  CPT in kaon

mixing miXing ( CP tagging and flavor tagging of K°/K°

“Billions D°/D°, threshol 19 -
illions D®/D7, threshold productign, available from J /i decay

quantum coherence with (D°D®)cp_%.0r _ _ .
CP variables determined with time-

0no
ggnsli)ti\)/?tP=+ 0.035%, y~0.023% | dependent decay rate
A YTRRAS CPT Sensitivity: n4,~1073, A¢, ~0.05’
TCP~0-017, acp~1.3o Y-+ , ¢i .
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CPV In A decay with polarized electron beam

(6]
Acp

0.5f

15}

pov=0

1+ vy, cos? 0
Yop Pe sin 6

— By sinf cos?

x10°

| —(1+ ) Pecos —ysinfcos@ —By Pesing

Yy Pesing By sinfcosf (I—I—aw)PecosB-
sin? 0

Yo sinf cos 6

0 Ly, sin2 6 _B%D P.sin@

—y — cos? 0 ]

P

Pe

| 1 L | ! 1 L 1 L
02 03 04 05 06 0.7 08 09 0.0 0.2 0.4 0.6

Yy P.sin®z, — B, sinf cos0y, — (1+ay,) P, costz,

Pa
14 vy cos?6

1.2r = C ]
B 2 C ]

N ) D Pe=0 w 50 C ]
0.8 E—Illtum I, % 4 PE=1 .0 ué— I 40— ]
: Sy i g 8 - P,=80% ]

B I e C ]
0-4:_ 20— -
[ eomar C ]
02?’ RPN tof- Fo=0 mungliE
0 N A - .
'-q .0 -0.5 0.0 0.5 1.0 .

00013 00014 00015 00016 00017 0.0018 0.0019  0.0020
ae"

 Large statistics and electron polarization will improve the
sensitivity of CPV significantly.

« The sensitivity of CPV follows :

1x10% AA, (P§)

3 1

=0.1

1x10° AA, (P§)=0.8

> 0gp~1.4 % 107%

> O'ACP~0.5 X 107° 21




Summary

 CPV In hyperon decay at BESII|I
« Complementary to CPV studies with Kaons
« BESIII has already rewritten the PDG book for A and = decays
» Results of =%, E with 10 billion J /1 will be coming soon
* CPV In hyperon production at BESIII
* First measurements of =, 27, 2%, Q hyperons EDM

* The sensitivity of the hyperon EDM can be reached at the order of 10717

* STCF Is expected to improve 1-2 orders of magnitudes In precision
of hyperon CPV, and more opportunities in K, z, D.
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