Recent results on hyperon decays at BESIII
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Introduction BES <&

@ More than 50 years of the knowledge about CP violation (CPV)

e Confirmed only in meson decays

@ SM CPV is not sufficient to explain observed
matter-antimatter asymmetry

@ Baryogenesis requires C and CP violation in the
processes

[PismaZh.Eksp.Teor.Fiz.5(1967)32]

@ Systematical mapping with different hadronic systems and complementary
methods are needed for understanding CPV in flavour sector

S, G )


https://inspirehep.net/literature/51345

Ground-state strange baryons

@ Spin-3 baryon octet
@ Weak AS =1 transitions

K 0 1 Q

+ Q- spin—%
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BESIT =

Hyperon | Mass [GeV/c?] |  Decay (B)
pr— (64.1%)

A(uds) 1.116 nr0 (35.9%)
X~ (dds) 1.197 nw~ (99.8%)

y

4 prY(51.6%)
S (uus) 1.189 nat (48.3%)
=0 (uss) 1.315 AnY(99.5%)
=" (dss) 1.322 Am=(99.9%)
AK -~ (67.8%)
Q7 (sss) 1.672 =077 (23.6%)
=~ 70(8.6%)
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Experimental facility:
BEPCII and BESIII J
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BESIII @ BEPCII ot sy PO

@ Beijing Electron-Positron Collider (BEPCII)
e eTe™ collider with 2.0 GeV< Ecus < 4.95 GeV
o Lpcak = 1033ecm—2s—1

e Data taking since 2009

@ Beijing Spectrometer (BESIII)
o Momentum resolution:
o(p)/p =0.5% at 1 GeV/c
] ) e Time resolution:
e 1.0 T super-condacting solenoid 68 (65) ps in the barrel (end cap)

Ny G B

e Optimized for flavour physics

e Covers 93% of 47 solid angle


https://doi.org/10.1016/j.nima.2008.08.072

BESIII data sample BESIL ¢

@ World's largest charmonia sample:
o Ny~ 1010
® Nys) ~3-10°
@ Full baryon-antibaryon octet kinematically accessible
Resonance | Pair | e(%) | B(107%) ] Reference

AA 42.37+0.14 | 19.43 £0.03
¥050 | 17.8340.06 | 11.64 +0.04
J/ »t5- 24.1+£0.7 10.61 £ 0.04 [JHEP11(2021)226]
*Z-=1 | 18.4040.04 | 10.40+0.06 | [PRD93(2016)072003]

=050 14.05+£0.04 | 11.65 4 0.04 [PLB770(2017)217]

AA 42.83 +£0.34 3.97 +£0.02
5 14.79+0.12 | 2.4440.03

18.6 £ 0.5 2.52+£0.04 [JHEP11(2021)226]
18.04 £0.04 2.78 £0.05 [PRD93(2016)072003]
14.10 £0.04 2.73£0.03 [PLB770(2017)217]

17.1/18.9 0.59 £0.03 [PRL126(2021)092002]
numbers for 1.31 - 109.J/4 and 0.45 - 109¢(25)

*numbers for 0.22 - 109.J/4 and 0.11 - 1094(25)

[PRD95(2017)052003]

[PRD95(2017)052003]

¥(25)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://inspirehep.net/literature/1878947
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1506414
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://inspirehep.net/literature/1878947
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1506414
https://arxiv.org/pdf/2007.03679.pdf

Modular method to study full process:
ete” — (c6) =YY — (BM)(BM) J

S QN T



Production process

1 Y; Y1
i = LY Cunlt 0}
baryon-antibaryon density matrix: uo

NI

@ Spin %Jr
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https://arxiv.org/pdf/1809.04038.pdf

Production process BESTT 2 &5

[PRD99(2019)056008]

1 v, 7
[91/2,1/2 T Zcuﬁ%l @yt ]
no

@ Spin % + % baryon-antibaryon density matrix:
Y7 transverse polarization
14aycos?0  ( 0 Bysin 6 cos 0
C. — 0 sin?6 0 Yy sin @ cos 0
py —Bysinf cos 0 0 Quy sin26 0
0 —Yysin 6 cos 0 0 —auy —cos26
Y7 transverse polarization spin-correlation terms

By =1/1 — ay?sin(Ad), vy =1/1— ay?cos(AD)

S, G G


https://arxiv.org/pdf/1809.04038.pdf

P I’Od uction process [PRD99(2019)056008]

Yz\ V1 oy
\p

1 Y7 Y
Pry2i7E = 7 2 Curo @ 0y ]
2%

@ Spin % + % baryon-antibaryon density matrix:
Y] transverse polarization
1+ oy, cos26 C 0 Busin @ cos 6 0
C - 0 sin26 0 Yq8in 6 cos 0
py —PBysinf cos § 0 Quy sin26 0
0 —Yy8in 6 cos 0 0 —Qy —cos26
Y] transverse polarization spin-correlation terms

By = 1/1— ay?sin(A®), vy =1/1— ay?cos(AD)

@ Unpolarised ete~ beams = transverse polarisation (if A® # 0):

/1 —ay2cosfsinf .
Py(cosf) = T ;/ -y sin(A®)

S, G G



https://arxiv.org/pdf/1809.04038.pdf

BESIT =

Decay amplitudes in hyperon decays

@ S- and P-wave amplitudes: [ A=S+ Pg- ﬁ]
Y — BM like A — pr—

Y1 = Yo(— BM)M like 2= — A(— pr~ )~

weak CP-odd phases

S =|Slexp(Es)exp(ids) }

o |AI|=1/2

@ Contribution of |AI| =3/2is ~ 10% P =|P|€$p(§p)€xp(25p)

strong phases

S, G D)



A

Decay amplitudes in hyperon decays

@ S- and P-wave amplitudes: [ A=S+ Pg- ﬁ]
Y — BM like A — pr—

Y1 = Yo(— BM)M like 2= — A(— pr~ )~

weak CP-odd phases
o |AIl=1/2 S :!5|€$P(55)€$p(2f5s)
P —|Plexp(¢r)explioy)

strong phases

@ Contribution of |AI| =3/2is ~ 10%

@ Two measurable parameters

__ 2Re(SxP) _ 2Im(SxP) 9
& =prpp A= ey = V- o’sing |

S, G D)



A

Measured hyperon decay parameters

@ Polarisation of hyperons is experimentally accessible in weak parity-violating decays

@ Example:
angular distribution of Y — BM

[ I(cosOp) x 1+ apPycosfp ]

@ Angle ¢ is accessible when polarisation of daughter baryon is measured
e Example: Y7 — Ya(— BM)M like 2= — A(— pr— )7~
Py,

1

9
Py,

2

pl %
9y2 144 Yil f By, Py,
‘% e = ———— L
i ay, + Py, cos By,

Varvara Batozskaya 10/07/24, QNP2024 10 /25



CP tests in hyperon decays BESIL

o If CP conserved: & = —a, B=—f, o= —0
@ Possible CP tests:

@ SM predictions [PRD105(2022)116022]

—3-107° < Ap <3-107°
weak P-S phase difference 0.5- 10—5 < AE <6- 10—5
Acp = 222 = —sin g tan(Ep — £g) =2
¢f¢; Decay &p — &g
dop = 3% = cos (ptan(&g — Ssr)\/l—7 mode [10~%rad]
AN — pr— —0.2+2.2
= = An— —-2.1+1.7

@ HyperCP: ACP + ACP = (0.0 £ 5.15tat = 4.4syst) - 10~% [PRL93(2004)262001]
@ Hypercpleretiminaryl; AA 4 AZ = (—6.0 £ 2.1stat £ 2.0syst) - 10~% [BEACH2008]

signal statistics increased by factor 6-7

Varvara Batozskaya

10/07/24, QNP2024 11 /25


https://arxiv.org/pdf/2203.03035.pdf
https://arxiv.org/pdf/hep-ex/0412038
https://inspirehep.net/literature/821067

A

BESH = &P

[PRD99(2019)056008] [PRD100(2019)114005]

Joint angular amplitude

4 1 )
= I €1 Y1
: . Pr2izs = 3 2 Cuooylt ® 0y
@ Production matrix: L no )
( 3
Y Y1 Y2
. ot — a 'l (ay,, ¢y, ;0v,, 0y,)0. ]
@ Decay matrix: " “,X_:O B TR TR e

S, G B


https://arxiv.org/pdf/1809.04038.pdf
https://arxiv.org/pdf/1908.03102.pdf

BESI & B

[PRD99(2019)056008] [PRD100(2019)114005]

Joint angular amplitude

4 \
1 _
= _ Y Y1
. . P1y2172 = 4ZCWUM ®op
@ Production matrix: L no )
( 3
Yy Yy . Yo
. ot = a (ayy, ¢vyi vy, 0y, )0
@ Decay matrix: " HZ_:O Ll TR T e

(.

@ Joint angular amplitude of full decay chain takes into account polarisation, entanglement

and sequential decays

3 3
4 \ va va
_ _ Y1 Y1 Yo Yo
W, w) = E \CW) g [aw,aw,aﬂ,oaplo]
M= w,v'=0

&€= (0y;,0vy, 0v5,0v,, @yy, 08, 08,08, p5) - set of helicity angles

w = (ay, A, ay,, dy,, Gy;, Py, , Qyy, Ay, ) - set of measured parameters

S, G B


https://arxiv.org/pdf/1809.04038.pdf
https://arxiv.org/pdf/1908.03102.pdf

BESH <& B

[PRD99(2019)056008] [PRD100(2019)114005]

Joint angular amplitude

4 \
1 _
= _ Y Y1
. . P1y2172 = 4ZCWUM ®op
@ Production matrix: L no )
( 3
Yy Yy . Yo
. ot = a (ayy, ¢vyi vy, 0y, )0
@ Decay matrix: " H’E—:() Ll TR T e

(.

@ Joint angular amplitude of full decay chain takes into account polarisation, entanglement

and sequential decays
3 3

i Y| Y, Y.
Wew) = 3 [Cu ]S alnalifativali
v'=0

/1‘717:0 =
&= 0y2,<py2,0y2,g5y2 0,¢8,08,PB) - set of helicity angles
w = avyy, by, vy, Pyy , - set of measured parameters

@ ete™ = (ce) =YY — (BM)(BM)

e ¢ =5 angles, w = 4 parameters

Varvara Batozskaya 10/07/24, QNP2024 12 /25


https://arxiv.org/pdf/1809.04038.pdf
https://arxiv.org/pdf/1908.03102.pdf

2 ~
: : BESIT = <PB
Jomt angU|ar amplltUde [PRD99(2019)056008] [PRD100(2019)114005]

S

a

1 v, be
P22 = 4 Z Curoyt @ op!

@ Production matrix: L no )

-

3
Y Y1 . Ys
. ot — a,(ovy, Oy, 0vy, 0y, )07
@ Decay matrix: " H’E—:() Ll TR T e
(.

@ Joint angular amplitude of full decay chain takes into account polarisation, entanglement

_y € 5 [ I Y%OQY;O]

p,7=0 w,o'=
£ - ae}@ y PYos 0Y2 ) (PYQ 0B7 SaBy GB’ @B)) - set of he||C|ty angles

w = {aw, A‘P’@Yu dyvy, Ay, qbyl ay2,0ty2) - set of measured parameters

and sequential decays

@ ete™ = (ce) =YY — (BM)(BM)
e ¢ =5 angles, w = 4 parameters
@ ete™ — (CE) — Y1Y1 — (YQMl)(YQMl) — (BMQMl)(BMQMl)

e £ = 9 angles, w = 8 parameters
10/07/24, QNP2024 12 /25

Varvara Batozskaya


https://arxiv.org/pdf/1809.04038.pdf
https://arxiv.org/pdf/1908.03102.pdf

Experimental results:
efe” =YY — (BM)(BM) J

Varvara Batozskaya



ete™ — J/ip — AN, A — pr+cc. (1)

A

BESH = &P

@ Increasing data statistics have allowed for the significant result improvement (~ 3¢):

L[Nature Phys.15(2010)631] == 2[PRL129(2022)131801]

0.2F
| This work? | Previous work® 0.15E [PRL120(2022)131801] e
Ny/u 1010 1.31-107 01 /
Nsig 3.2-10° 421103 o 005E ;
Npkg 3801 4+ 63 399 £+ 20 8 E
= 005
-0 E ¢ — Data
@ Angular dependence of the moment for st M,// =
the acceptance-corrected data: T T
—ap 14+ aycos? 6 5 -
p(cosOp) = oA —0p 1 oy 005" OA Py(cosy) = O o e L e T ‘
2 3+ ay -5 55 0 05 1
cos8,
Parameters | This work? \ Previous results®
Qg 0.4748 + 0.0022 + 0.0024 0.461 + 0.006 + 0.007
AP [rad] 0.7521 + 0.0042 4+ 0.0080 0.740 + 0.010 + 0.009
ap 0.7519 + 0.0036 + 0.0019 0.750 + 0.009 + 0.004
apn —0.7559 + 0.0036 + 0.0029 —0.758 £ 0.010 £ 0.007

Varvara Batozskaya

10/07/24, QNP2024
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https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/2204.11058.pdf
https://arxiv.org/pdf/2204.11058.pdf

BESH & <GB

[PRL129(2022)131801]

ete™ — J/ip — AN, A — pr+c.c. (2)

Abp = 9EI — _(.0025 + 0.0046ta1 +0.001 15yt J

CP ™ apx—ax ~

@ BESIII: Aép = —0.006 £ 0.012s¢at £ 0.007syst [Nature Phys.15(2019)631]
@ PS185: AX, = 0.013 £ 0.021¢0t [PRC54(1996)1877]

(ap) = 53 = (.7542+0.0010g4a4 £ 0.00205ys ]

@ BESIII: (ap) = 0.754 £ 0.003stat = 0.002syst [Nature Phys.15(2019)631]
@ CLAS: ap = 0.721 £ 0.006stat £ 0.005syst [PRL123(2019)182301]
| T T

2 BESIII 1.3 billion Jy(AR)
“422 CLAS19

~—— BESIII 1.3 billion Jy(= =
%444 BESIII 10 billion JAy(AR)

Varvara Batozskaya 10/07/24, QNP2024 15 /25



https://arxiv.org/pdf/2204.11058.pdf
https://arxiv.org/abs/1808.08917
https://lib-extopc.kek.jp/preprints/PDF/1996/9607/9607168.pdf
https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/1904.07616.pdf

ete™ = J/Yp — XFE- BESIT & 55

Frr ey 0.08 peeeeery . T 3
01F 1[PRL125(2020)052004] 7 0.03F ?[PRL131(2023)191802)
0.05F 4 oo02f \4‘& 3
D 12 ooif E
% of 1% 74 3
S E 18 OF S
= _o05F —Data 4 S -0.01F +Data 3
= 0.05; --Phase Space + E : “002E T ll;htase Space 3
E —Fit ] E i E
o ~H _|_+ 3 -003f @Difference T
08706047020 02040608 1 005 g0 0402002 04 06 08 i
cosf,. cosoy,
Parameters | (pm0) (pmV)? \ (pr0)(Am~) + c.c.?
N/ 1.31- 107 1010
« Ngig 87 - 103 with 5% bkg (3.1 4 7.5) - 105 with 2% bkg
kw”’\’ Qg e —0.508 + 0.006 + 0.004 | —0.5156 + 0.0030 + 0.0061
& AP,y [rad] —0.270 + 0.012 + 0.009 | —0.2772 + 0.0044 + 0.0041
“ (o) —0.994 & 0.004 £ 0.002
(o) 0.0506 4 0.0026 £+ 0.0019
3[PRD67(2003)056001]
<
g A‘ép ~0.004 £ 0.037 £ 0.010 3.6-10°° (SM9)
Qﬁ“ Alo 3.9-10~% (SM3) —0.080 + 0.052 + 0.028

S, GNP, i


https://arxiv.org/pdf/2004.07701.pdf
https://arxiv.org/pdf/2304.14655.pdf
https://arxiv.org/pdf/hep-ph/0211165

BESHT =

[PRL130(2023)211901]
0.9F -0.2 T T

——Data
_|_ — Signal MC
0.1F Phase space MC i
S - B [
7 o ¢.+:F:‘=:F — X7 =Py -04
o™ L
2-0.1F = 5 <+
<02 (®) T -0sf 1
s g 03 o f i .
=01k g : A+

5t = py —

ete™ = J/p — X8 — (py)(pr°)+c.c.

BESIII
PDG
VMD
PMT
PMII
NRCQM

nOxsng.

Io é
+
SEa>p4ex

BSU(3)
ChPT I (BF x0.1)
ChPT I

E
-
&
+
—
|
I

) - 0.5 1 1.5 2
- -0 .
0.5 cosOS):. 05 BF (£*— py) (x107)

@ Data sample: 1010 J/4
@ 1189 4 38 and 1306 + 39 events for (py)(pr®) and (pr®) (), respectively

B = (0.996 + 0.021 + 0.018) - 103
(cy) = —0.651 £ 0.056 == 0.020 J

B+B
Acp = 222 = 0,095 + 0.087 £ 0.018
vy vy

R

Acp = B= B=B _ ().006 + 0.011 + 0.004 J



https://arxiv.org/pdf/2302.13568.pdf

Experimental results: o
ete” — Y1Y1 — (YQMl)(EMl) — (BMQMl)(BMQMl) J

o, G )



@ Data sample: 1.3-10%J/4

@ 73.2-103 events with
Npig = 199 £ 17

Varvara Batozskaya
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https://www.nature.com/articles/s41586-022-04624-1

efe” = J/ - E7EF, 27 = A(— pr )7 +cc (2)

A

BESIT

[Nature 606(2022)64]

Parameter This work Previous result

ay 0.58640.0124+0.010 0.58-0.04+0.08 [1]
AD 1.21340.046 +0.016 rad -

oz —0.376+0.007 +0.003 —0.401£0.010 2]
oz 0.011+0.01940.009 rad —0.037+0.014 rad 2]
o= 0.37140.007 4 0.002 -

9= —0.021 40.019+0.007 rad -

o 0.757+0.011+0.008 0.7519+0.0036:£0.0019 [3]
o —0.763+0.011+0.007 —0.7559+0.0036-£0.0029 [3]
Ep—Es (1.24+3.440.8) x 1072 rad -

8p — s (—4.0£3.3+1.7)x 1072 rad (10.243.9)x 1072 rad  [4]
Agp (6.0+13.4+5.6) x 1073 -

AdZp (-4.8+13.7£2.9)x 1073 rad -

Ay (—=3.7411.7+9.0) x 1073 (—2.5+4.6+1.1)x 1073[3]
(0=) 0.016+0.014+0.007 rad

Varvara Batozskaya

10/07/24, QNP2024

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/files/8c4df1d6c138fb272b453c5f9460e1b1

efe” = J/ - E7EF, 27 = A(— pr )7 +cc (2)

@ First measurement of
=~ polarisation at eTe™
collider

BESIT < B

[Nature 606(2022)64]

Parameter This work Previous result

oy 0.586+0.012+0.010 0.580.04+0.08 [1]
(A<1> 1.213+0.046+0.016 rad) -

oz —0.37640.007 £ 0.003 —0.401+0.010 [2]

o= 0.011+0.01940.009 rad —0.037+0.014 rad [2]

[ 0.371+0.007 +0.002 -

0z —0.021+0.019+0.007 rad -

oy 0.75740.011 4 0.008 0.7519+0.0036£0.0019 [3]

o —0.763+0.011+0.007 —0.7559+0.0036=0.0029 [3]

Ep—Es (1.24+3.440.8) x 1072 rad -

8p—8s  (—4.0+£33+1.7)x 10 %rad (102+3.9)x 1072 rad  [4]

ASp (6.0+13.4+5.6)x 1073 -

AdEp (—4.8413.7+2.9) x 1073 rad -

Alp (=3.7£11.7£9.0)x 1073 (25446 +1.1)x 1073[3]

(=) 0.016+0.014 4 0.007 rad

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]

Varvara Batozskaya
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/files/8c4df1d6c138fb272b453c5f9460e1b1

efe” = J/ - E7EF, 27 = A(— pr )7 +cc (2)

BESIT <2 B

[Nature 606(2022)64]

Parameter This work Previous result

Oy 0.586+0.012+0.010 0.58+0.0440.08 [1]

(a® 1.213:£0.046£0.016 rad ) -
oz —0.376 £0.007 £0.003 —0.4014+0.010 [2]
0= 0.011£0.019+0.009 rad —0.0374+0.014 rad [2]

oz 0.371£0.007 +0.002 -

@ First measurement of (S —0.021+0.019+0.007 rad -
=~ polarisation at eTe™ oy 0.757+0.011 £ 0.008 0.7519+0.003640.0019 [3]
collider Ty —0.763+0.011+0.007 —0.7559+0.003640.0029 [3]

@ First direct determination of all Ep—Es (12+3.4+0.8) x 102 rad -

=~ Z% decay parameters

(—4.0£3.3£1.7)x 10~ % rad

(102+3.9)x 1072 rad  [4]

(6.0£13.4+5.6) x 1073
(—4.8413.7+2.9) x 1073 rad
(=3.7+11.749.0)x 1073

(—2.544.6+1.1)x 1073[3]

0.01640.014£0.007 rad

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/files/8c4df1d6c138fb272b453c5f9460e1b1

ete™ = J/p = E"=F, 27 = A= pr )1 +cc. (2)

@ First measurement of
=~ polarisation at eTe™
collider

@ First direct determination of all

=~ =71 decay parameters

@ Independent measurement of A
decay parameters

o Excellent agreement with

previous BESIII results

BESTT @ B

[Nature 606(2022)64]

Parameter This work Previous result

Oy 0.586+0.012+0.010 0.58+0.0440.08 [1]
(a® 1.213:£0.046£0.016 rad ) -

oz —0.376 £0.007 £0.003 —0.4014+0.010 [2]
0z 0.011£0.019+0.009 rad —0.0374+0.014 rad [2]
oz 0.371£0.007 +0.002 -

65 —0.021£0.019£0.007 rad -

o 0.757+0.011£0.008 0.7519+0.0036+0.0019 [3]
[ﬁA —0.763+0.011 £0.007 ] —0.7559+0.0036+0.0029 [3]

&p—&s

8p — s

(1.24+3.440.8) x 1072 rad
(—4.0£3.3£1.7)x 10~ % rad

(102+3.9)x 1072 rad  [4]

Agp
AdGp
Al

(6.0£13.4+5.6) x 1073
(—4.8413.7+2.9) x 1073 rad
(=3.7+11.749.0)x 1073

(—2.544.6+1.1)x 1073[3]

(=)

0.01640.014£0.007 rad

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
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ete™ = J/p = E"=F, 27 = A= pr )1 +cc. (2)

BESTT @ B

[Nature 606(2022)64]

Parameter This work Previous result
oy 0.58640.01240.010 0.580.04+0.08 [1]
(A<1> 1.213+0.046+0.016 rad) -
oz —0.37640.007 +0.003 —0.401+0.010 [2]
@ First measurement of oz 0.0114£0.0194£0.009rad |  —0.0370.014 rad 2]
=~ polarisation at eTe
collider oz 0.371 4 0.007 4 0.002 -
@ First direct determination of all (5 —0.02140.0190.007 rad -
=~E7 decay parameters oy 0.75740.011 4 0.008 0.7519+0.0036£0.0019 [3]
@ Independent measurement of A o —0.763+0.011+0.007 ] —0.7559+0.0036-0.0029 [3]
decay parameters Ep—Es (1.24+3.440.8) x 1072 rad -
o Excellent agreement with 8p—8s  (—4.0+£33+1.7)x 10 %rad (102+3.9)x 1072 rad  [4]
previous BESIII results A%, (6.0£13.4+5.6) x 10~ _
@ Two independent CP tests AOEp (—4.8+13.74+2.9) x 1073 rad -
Alp (=3.7£11.7£9.0)x 1073 (25446 +1.1)x 1073[3]
(=) 0.016+0.014 4 0.007 rad

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/files/8c4df1d6c138fb272b453c5f9460e1b1

BESTT @ B

+ - ==+ =- 7=
ee = J/z/)% - T T _>A(_> pr )TF tec (2) [Nature 606(2022)64]

Parameter This work Previous result
Oy 0.586+0.012+0.010 0.58+0.04+0.08 [1]
@ First measurement of (Acp 1.2134£0.046+£0.016 rad) -
= ”_g"'a“sat'o” ateve (o= —0.376+0.007 £ 0.003 ~0.401£0.010 2]
collider
o o 0z 0.011£0.019+0.009rad |  —0.037+0.014 rad 2]
@ First direct determination of all -
=-=+d Oz 0.371£0.007 +0.002 -
=7 =T decay parameters -
= —0.0214+0.019£0.007 rad -
@ Independent measurement of A }q)“ ra
decay parameters o 0.75740.011+0.008 ] 0.75190.003620.0019 [3]
. [ —0.763+0.011+0.007 —0.7559+0.0036+0.0029 [3
o Excellent agreement with o 31
(; —2
previous BESIII results &r—Ls (1.2£3.4208) < 107 rad -
(8p—8s  (—4.0+£33+17)x 1072 rad (102+3.9)x 1072 rad  [4]

@ Two independent CP tests

z -3
@ First measurement of weak Agp (6.0+13.4£5.6) x 10 -
phase difference AdEp (—4.8413.742.9) x 1073 rad -
(SP _£S)SM = (—21:|:17)1074 rad Aép (=3.7+11.749.0) x 1073 (=2.5+4.6+1.1)x 103 B3]
[PRD105(2022)116022]
(0=) 0.01640.014 +0.007 rad

1[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[PRL129(2022)131801] 4[PRL93(2004)011802]
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https://www.nature.com/articles/s41586-022-04624-1
https://arxiv.org/pdf/2203.03035.pdf
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/files/8c4df1d6c138fb272b453c5f9460e1b1

ete™ = J/ih = Z" = — (A(pr )77 ) (A(Ar) 7T )+c.c. (1)

@ Data sample: 1010.J/4)

@ 144102 and 123 - 103 events for (p27~ ) (An"7Tt)
and (n7O7 ) (p27t), respectively

@ Result is consistent with Z==1 — (p27~)(p27T)

[Nature 606(2022)64]

BESTT <& KB

[PRL132(2024)101801]

T T T T T T
—+4-data combinatorial

10° - — total fit resonant

[ ---signal non-resonant

Events / (0.85 MeV/c2)

T T T
090 091 092 093 094 095 096 097 0.98
Antineutron missing mass (GeV/c?)

Parameters | This work | Previous result
/o 0.877 +0.0157 0015 1.01 £ 0.07 [1]
&o/at 0.863 +0.01473002 | 0.913+0.028 £ 0.012 [2]

1[PTEP2022(2022)083C01] 2[Nature Phys.15(2019)631] 3[PRL129(2022)131801]

op = oot = —0.007 £0.00855%0; @l

—0.003

AQp = 20t%0 — 0,001 £ 0.0095 00

@0

—0.007

ABp = (2AGp + A%p)/3 = —0.004 + 0.007+3:993

o G G


https://inspirehep.net/literature/2703033
https://www.nature.com/articles/s41586-022-04624-1
https://inspirehep.net/literature/2106994
https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/2204.11058.pdf

BESIT

1]
1]

ete™ = J/ = E7EF — (A(pr )7~ )(

=1

()7 t)+cc. (2)

[PRL132(2024)101801]

@ If CP is conserved,

a_az = apaz and

l14+a_az cosb; .
R(cos 8;,cos6;) = WECOSG; with
i = {p,n} are flat and equal to unity

@ If no AT = 3/2 transition in A decay,
a_ = ag and
R 0 0 1+[&0525t:os 9;r_i
cos 0, cos Oc)) = ———— L
( n’ ﬁ) 1+‘OZ,8!ECOS 0(1_}

are flat and equal to unity

o G GBI


https://inspirehep.net/literature/2703033

A

ete™ = J/p - Z"EF — (A(pr)n ) (A(ar®) 7 t)+c.c. (2) BESI = ¢
[PRL132(2024)101801]

@ If CP is conserved,
a_az = ataz and
l1+a_az cosb;

R(cos 8;,cos6;) = THaras cos0;

i = {p,n} are flat and equal to unity

with

@ Consistent with CP symmetry test
Ry = oac=cost g o) = (20 + ap)/3

1+ap azs cos 6
@ If no Al = 3/2 transition in A decay,
a_ = agp and

R 0 0 1+aoagcos 0%
costw,cosbly)) = ——FF—+
( n’ P) 1+b2_&5cos Qﬁ

are flat and equal to unity
@ Indication of Al = 3/2 contribution

in A decay

_ 1+(ag){ag)cosd
Ro = 1+<§E><i3>f;?se

o G GBI


https://inspirehep.net/literature/2703033

ete™ = J/hp = E7= = (A(pr )7 )(

A

@ If CP is conserved,

oa_az = apaz and

\ _ l+a_azcosb;
R(cos 8;,cos6;) = THarazcosd;

i = {p,n} are flat and equal to unity

with

Consistent with CP symmetry test
R =

14+apaz cos b
1+ap as cos

with ap = (20— + a0)/3

If no AI = 3/2 transition in A decay,
a_ = ag and
1+&0agcos Bgr_i

(=]

R(cosfu,cos0) = ——F— b
( n’ ﬁ) 1+Oé_[a756059ﬁ

are flat and equal to unity

Indication of AT = 3/2 contribution
in A decay

_ 1+{ag)(az) coso
Ry = 1+{a_)(ag) cos b

constraint for IQCD [PRD102(2020)054509] and dual QCD [EPJC74(2014)2871] approach

Varvara Batozskaya

BESI & B

()7 t)+cc. (2)
[PRL132(2024)101801]
HOE 4 R(cosd,, cos8)  — R,
[ —— R(cnsep, cosQF)
1.05 :—
= S S
Y P -
I e -
0.95 F L L
-1.0 0.5 0.0
cosd
T T T
e R(cos6,, cos6,) —R, ]
—— R(cosew cosel_))
10s [
-1
L e Rt TTT T
0.95

cosd
(AT =3/2)/(AI = 1/2)
in S wave: 0.0349 £ 0.001710-9912 + 0.0047

. . +0.0067
in P wave: —0.0752 + 0.00781 1" ggo  0.0044
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https://inspirehep.net/literature/2703033
https://inspirehep.net/literature/1791787
https://inspirehep.net/literature/1276300

BESI & B

ete™ — J/ip — Z0=0, 20 = A(— pr)704c.c.

[PRD108(2023)L031106]

Parameter This work Previous result
sy 0.514 + 0.006 + 0.015 0.66 +0.06 [1]

(A®(rad) 1.168 £ 0.019 + 0.018 | -

@ Data sample: 1010.7/¢) ~0.3750 £ 0.0034 + 0.0016\ —0.358 £ 0.044 [2]
. 0.3790 & 0.0034 £ 0.0021 |  0.363 +£0.043 [2
@ 3.3-10° events with 2% bkg =l
] 0.0051 + 0.0096 == 0.0018 0.034+0.12  [2]
@ First measurement of ~0.0053 + 0.0097 £0.0019) —0.19+0.13  [2]

=0 H H
polarisation 0.7551 £ 0.0052 + 0.0023  0.7519 & 0.0043 [3]

—0.7448 £ 0.0052 £ 0.0017  —0.7559 £ 0.0047 [3]

@ Improved measurement:

o All Z0Z0 decay (ép —&s(rad) (0.0 1.7+0.2)x 1077 ) -
parameters op — §s(rad) (—1.3 + 1.7+ 0.4) x 1072 -
o Weak phase difference AZ (=5.4+6.5+3.1) x 10~ ( 0.7+ 8.5) x 1072 2]
e Two independent CP tests Ed’CP(rad) (=0.1£6.9+0.9) x 107% |(~7.9£8.3) x 107 [2]
(694 58+ 18) x 10~ ( 25ﬂ:48)><10‘
(az) —0.3770 £ 0.0024 £ 0.0014
(6=)(rad)  0.0052 = 0.0069 £ 0.0016 -
(an) 0.7499 + 0.0029 4 0.0013  0.7542 £ 0.0026 [3]

1[PLB770(2017)217] 3[PRL129(2022)131801]

2[PRD108(2023)L.011101] 9(25) — E°E°, 0.45 - 10%4(25), Ngig ~ 2 - 10® with 1.2% bkg
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https://inspirehep.net/literature/2660219
https://inspirehep.net/literature/1506414
https://arxiv.org/pdf/2204.11058.pdf
https://inspirehep.net/literature/2634735

ete™ — J/1,9(28) — X80 — (Av)(Ay)

@ Data sample:

e 10'9J/% with Ngjz ~ 1.1- 106
o 2.7-10%¢(2S) with Ngz ~ 52 - 103 2

"‘;,St X
Qg, L’/t

,.
Q
Sy

Trsy

A

[arXiv:2406.06118]

3 O g e e i
S T
i | ]
L { ‘ ‘ E
En ‘o5 o 05 1
cos6y
Parameters This work | Previous result?
Qg4 —0.4133 +£0.0035 £+ 0.0077 —0.449 £ 0.022
A‘I{]/w [rad] —0.0828 + 0.0068 + 0.0033 —
Oy (25) 0.814 + 0.028 + 0.028 0.71 £ 0.12
Aq)w@s) [rad] 0.512 + 0.085 + 0.034 —
aso —0.0017 £+ 0.0021 £+ 0.0018 —
as-0 0.0021 + 0.0020 + 0.0022 —

Varvara Batozskaya
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https://inspirehep.net/literature/2796557
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003

ete” —

@ Data sample
e 1010
o 2.7-1]

[ [arXiv:2406.06118]
Fp(25) — 2050

0
cosfy

y [Nature 606(2022)64]

TN

-0.25

J/p — ETET

|-050

0.4

' [PRD106(2022)L091101]

t

p(28) - =tE]

DZ
[PRL125(2020)052004 S]II

2406.06118]

+

—08-06-04-02 0 02 0.4 06 08

0.1
°
1

—Data
-—Phase Space
it

—Fi

[PRD108(2023)L031106]

02|

—o2|-

$(28) — =050

by b

i ]

[PRD108(2023)L011101]

0.5 1

o

cos 6
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https://arxiv.org/pdf/2004.07701.pdf
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Summary and Outlook

BESHT =

@ BESIII has performed

—m— BESIIl Ms(p)(pr ) A BESII Z*E (pn®)(pr%)

e Measurements of polarisation and spin
- e
correlations 004

—#— BESIII Z°2(p~ ) (pm * n°)
+ AR, X080, 5+5- 2020 =+~
using partial and full J/v and (25)
statistics 0.00 1—{ ]]-I -]
e Determination of hyperon and antihyperon decay

parameters o
e CP tests comparing hyperon and antihyperon
+ Separation of strong and weak decay phases

-0.04

.. Ale Agp & — & [rad] A%
— more sensitive CP tests

Varvara Batozskaya
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https://arxiv.org/pdf/2303.15790.pdf
https://arxiv.org/pdf/2203.03035.pdf

A

BESH = <P
Summary and Outlook
@ BESIII has performed
o Measurements of polarisation and spin el AN v
correlations
* AN, X080 w+E- =050
using partial and full J/4
statistics 0.00 1—{ ]]-I -]
e Determination of hyperon and antihyperon decay o
parameters
e CP tests comparing hyperon and antihyperon
+ Separation of strong and weak decay phases
= more sensitive CP tests
@ Future prospects with BESIII

+E-
nd 1(2S)

a

-0.04

Ale Ag & — &5 [rad] Al

e More interesting results are coming using full collected statistics:
1010 J/+ and 3 - 10° 9(29)
e BEPCII upgrade in 2024-25 with increasing Ece € (4...5) GeV

o, G S


https://arxiv.org/pdf/2303.15790.pdf
https://arxiv.org/pdf/2203.03035.pdf

Summary and Outlook BESIT =

@ BESIII has performed

— . R
e Measurements of polarisation and spin

—e— BESII

e BESI (o) )
Jpzn=) - s

correlations LE7% B e bt
x AN, X080 »+5- =050 =+=- o2
using partial and full J/v and (25)

statistics 0.00 1—1 ]]-I H

e Determination of hyperon and antihyperon decay
parameters

e CP tests comparing hyperon and antihyperon —0.04
+ Separation of strong and weak decay phases
= more sensitive CP tests
@ Future prospects with BESIII

-0.02

Ale Ae & — &5 [rad] Al

e More interesting results are coming using full collected statistics:
1010 J/+ and 3 - 10° 9(29)
e BEPCII upgrade in 2024-25 with increasing Ece € (4...5) GeV

@ Longer time scale prospects with STCF [FrontPhys(Beijing)19(2024)14701] [PRD105(2022)116022]

* Planning produce more than 102 J/4) events
* Polarized electron beam

+ Statistical precision will be comparable to the SM predictions
*Progress of STCF: Yadi Wang's talk on Tuesday
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Summary and Outlook BESH =
@ BESIII has performed
o Measurements of polarisation and spin el AN v
correlations
x AN, X080 »+5- =050 =+=-
using partial and full J/v and (25)

statistics 0.00 1—1 ]]-I H

e Determination of hyperon and antihyperon decay
parameters

e CP tests comparing hyperon and antihyperon —0.04
+ Separation of strong and weak decay phases
= more sensitive CP tests
@ Future prospects with BESIII

a

-0.02

Ale Ag & — &5 [rad] Al

e More interesting results are coming using full collected statistics:
1010 J/+ and 3 - 10° 9(29)
e BEPCII upgrade in 2024-25 with increasing Ece € (4...5) GeV

@ Longer time scale prospects with STCF [FrontPhys(Beijing)19(2024)14701] [PRD105(2022)116022]

* Planning produce more than 102 J/4) events
* Polarized electron beam

+ Statistical precision will be comparable to the SM predictions
*Progress of STCF: Yadi Wang's talk on Tuesday

Stay tuned!
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(€p — &s)Bsm = &

e Cp
6)BSM + L eBsM J

@ BSM predictions [PRD105(2022)116022]

[PRD69(2004)076008]

|Ap + Az < 11-1074

Decay lEp — &5 Cp Ch
mode [rad]
A= pr— <53-1003 ] 09+18 [ 04£09
E- > An~ | <37-1003 | —0.54+1.0 | 0.4+0.7

with 0.5 < Bg < 2 and 0.2 < |s| < 1 [PRD61(2000)071701]
|’ Jelpsm < 1-1073 and |e|psm < 2 - 1074 [JHEP12(2020)097]
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