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Introduction

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

e Confirmed only in meson decays

o 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
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https://inspirehep.net/literature/51345
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Ground-state strange baryons
e Spin-1 baryon octet
@ Weak AS =1 transitions Hyperon | Mass [GeV/e? | Decay (B)
A(uds) 1.116 pr— (63.9%)
nm0(35.8%)
S~ (dds) 1.197 nr— (99.8%)
St (uus) 1.189 pr0(51.6%)
nrt(48.3%)
=0(uss) 1.315 A7Y(99.5%)
=" (dss) 1.321 Ar—(99.8%)
Q(sss) 1.672 AK~(67.8%)
207~ (23.6%)
=~ 710(8.6%)

_ .3
+ 27 (ss5) spin-3
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Decay amplitudes in hyperon decays

@ P- and S-wave amplitudes: l A=S+P3-d ‘
A—>pr=, 2 2 An", ¥ —> Nnx

weak CP-odd phases
o [AIl=1/2 S = |S|exp(&s)eap(ids) |
o Contribution of |AZ| = 3/2 s ~ 10% P = |Plexp(p)eap(ior)

strong phases

@ Two measurable parameters

__ 2Re(S%P) _ 2Im(S*xP) __ P
o =Topypr B = Tepypp = VI-o7sing |
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Measurement of hyperon decay parameters

@ Polarisation of hyperons experimentally accessible in weak parity violating decays
o Example:

1/
angular distribution of A — pr~

/X
[ I(cosB),) ox 1+ ap Py cosb,

@ Angle ¢ accessible when daughter
baryon polarisation measured

o Example: 27 — A(— prn )7
5/16
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CP tests in hyperon decays BESIL

@ If CP conserved: a = —a, B=—3, ¢ =—¢
@ Possible CP tests:

) @ SM predictions [PRD67(2003)056001]
weak P-S phase difference _3. 10_5 S AA S 4. 10_5
AT — _\/1a —2-107° <Az <1-107°
Acp = 355 singtan({p — &s)
dop = ¢+ =cosotan(ép — £g)—=— Decay &p—&s
(’b (f é. )m mode (nA® A2)
@ HyperCP measurement [PRL93(2004)262001]: A — pr— 02+1.6
2T > An~ | —14+£1.2
AL L+ AZ = (0.0 £ 5.1gtar £ 44syst) - 1074 u
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https://arxiv.org/pdf/hep-ex/0412038
https://arxiv.org/pdf/hep-ph/0211165
https://arxiv.org/pdf/hep-ph/0311036

CP tests in hyperon decays BEST

@ If CP conserved: a = —a, B=—3, ¢ =—¢
@ Possible CP tests:

) @ SM predictions [PRD67(2003)056001]
weak P-S phase difference _3. 10_5 S AA S 4. 10_5
AT — _\/1a —2-107° <Az <1-107°
Acp = 355 singtan({p — &s)
dop = ¢+ =cosotan(ép — £g)—=— Decay &p—&s
(’b (‘S 5 )m mode (nA® A2)
@ HyperCP measurement [PRL93(2004)262001]: A — pr— 02+1.6
2T > An~ | —14+£1.2
AL L+ AZ L = (0.0 £ 5.1gat & 4dgyst) - 1074 T

@ BSM predictions [PRD69(2004)076008]

05<Bg<2and02< || <1

_ _ S (¢ Cp
(€p —&s)Bsm = B2 (G)BSM+ ,i €BSMJ

Decay | Cp | C%
AN — pr— 1.1£22 0.4+0.8
= — An— —0.5+1.0 | 0.4+0.7
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https://arxiv.org/pdf/hep-ex/0412038
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Baryon polarisation in eTe™ collisions

@ Unpolarised eTe™ beams = transverse polarisation (if A® # 0):

14y, cos? Oy

‘ Py(COS 9A) _ \/l—awz cos 0 sin O Sin(A@)

@ Angular distribution:

‘ % x1 -I-Oéq/,COSQQA with Oy € [—1,1] ‘
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BESIII @ BEPCII

@ Beijing Electron-Positron Collider (BEPCII)
e eTe™ collider with 2.0 GeV< Ecms < 4.95 GeV

o Liycak = 10%3cm

—24—1

e Data taking since 2009

@ Beijing Spectrometer (BESIII)
e Optimized for flavour physics
e Covers 93% of the 47 solid angle
e 1.0 T super-condacting solenoid
e Momentum resolution:
o(p)/p=0.5% at 1 GeV/c

e Time resolution:

68 (65) ps in the barrel (end cap)

ayersy

SC
Solenoid

BESIT

[Nucl.Instrum.Meth.A598(2009)7]

Electro Magnetic
Calorimeter

Decay B(-10~%) (%) Nobs Reference

J/% — AR 19.43 £ 0.03 £0.33 | 42.37 £0.14 | 441103 _ .

_ PRD95(2017)05200¢
J/p — n050 1164 £0.04 £0.23 | 17.83+0.06 | 111.103 | |THDI5(2017)052005]
J/p — E"E+ | 10.40+£0.06+0.74 | 18.404+0.04 | 43.10% | [PRD93(2016)072003)]
¥(25) — AA 3.97+0.02+£012 | 4283 +£0.34 | 31-10° ) .
_ PRD95(2017)052003
(29) - 2050 | 24440034011 | 1479+ 012 | 6.6-10° | | >(2017)052003]
P(28) » ETET 2.78 4 0.05 + 0.14 18.04 £ 0.04 | 5.3.10% | [PRD93(2016)072003]
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https://doi.org/10.1016/j.nima.2008.08.072
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://arxiv.org/pdf/1602.06754.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://arxiv.org/pdf/1602.06754.pdf

BESTI

Formalism ete™ — J/9((2S)) — B1B1, B; — BoaM + c.c.

. l _ B1 Bl
@ Two spin—% particle state: ‘ p1/2,1/2 4 Z,uz? CIWUN ® oy ’

Transverse polarisation

1+ oy cos? 0 0 By sin 0 cos 6 0

oo _ 0 sin” 0 0 Yy sin 6 cos
Bl —By sinf cos 0 ay sin? 6 0
b %
0 Yy sin 0 cos 0 0 —Quy — cos® @

Spin correlations

where By = /1 — a?,b SIn(A®) vy, = /1 — a?j} cos(AP)

*] i B1 3 B1 _B>
Decay can be presented via decay ‘ oL — Z,u’:O aﬂﬂ' O-,LL/
matrices:
_ _ N3 By DB
@ Full angular distribution: ‘ W w) = Trpp,, = Eu,r/:o C;u/%o 7 ’
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ete” — J/ip — AN, A — pr—tce (1) BESIL

@ Data sample of 1.31 - 10° J/1) events
@ Exclusive analysis: Ngjg = 421 - 103 with Ny, = 399

0.004

0.002

u(coso )/0.04

b
o
o
L]

~

‘s‘y. @3

[Nature Phys.15(2019)631]

For A® = 42.3°, max polarization 25%

A
(=]

[ J/¢Y — (A= pr~)(A — prt) .
3 05 0 05 1 :
cosb, cos6,

Parameters ‘ This work Previous results
Qawy, 0.461 £+ 0.006 + 0.007 0.469 + 0.027  [BESIII]
AP (rad) 0.740 £ 0.010 + 0.008 —
ap 0.750 = 0.009 + 0.004 0.642 +0.013 [PDG]
ap —0.758 +0.010 + 0.007 —0.71 £0.08 [PDG]
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https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/1701.07191.pdf
http://dx.doi.org/10.1088/1674-1137/40/10/100001
http://dx.doi.org/10.1088/1674-1137/40/10/100001

ete™ — J/p — AN, A — prn+cc. (2)

[Nature Phys.15(2019)631]

Abp = E — 0,006 £ 0.0125¢a¢ £ 0.007syst J

CP ™ ap—ax

@ PS185: AéP =0.013 £0.02140t [PRC54(1996)1877]

(an) = 5% = 0.754 = 0.003xtat £ 0002y |

@ CLAS: ap = 0.721 £ 0.0065stat £ 0.005syst [PRL123(2019)182301]

BESIII

AST75

CLET2

DAUGY

OVEs? ——

CROS3

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

ete” — J/, ) — T8, BT — pr¥ice.

Plots acceptance uncorrected

S ) Q::))

BESIT

[PRL125(2020)052004]

0.1F

0.05F

B [
@ (1] = R -

o F

3 -

= -0.05f

F--Phase Space
oaf —Fit

coso,.

@ Data sample of 1.31 - 107 J/4 events

@ 87102 events with 5% bkg

gy = —0.507 + 0.0065tas % 0.0024y5¢
AD(J/1h) = (—15.4%0.7 g1 £0.36yst)°

108206204020 02040

0.15F =

0.1f ‘\‘ + 3

....... 3 oost Jr Jr J[

""" o 0 : BN IUUURN W Eiiiieg b i B RRRLEETY PR :

S F E

= -0.05F + —Data E

~04 E ---Phase Space 3

E “k —Fit E

+ 7 -0.15F E

6081 1087067047020 02 0.4 0.6 08 1
cosf,.

@ Data sample of 0.5 - 10° v’ events

@ 5-10° events with 1% bkg

(= 0.676 = 0.0305a¢ =+ 0.0064yst
AD() = (21.5 & 0.4500¢ + 0.5syst)°J

<Oz2> =—-0.994 £ 0-004stat + O-OOQSyst
AZp = —0.004 £ 0.0375at & 0.010syst

Varvara Batozskaya

@ SM predictions [PRD67(2003)056001]

s+
ACP
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https://arxiv.org/pdf/2004.07701.pdf
https://arxiv.org/pdf/hep-ph/0211165

Formalism sequential weak decays BESIT ¢

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

@ Decays B1 — Ba(— B3z + Ma2) + M
e E7 = A(— pr )7 +c.c.
@ Formalism exploits polarisation, entanglement and sequential decays

W(E Z Z EL s V,aBFOaB@

w,v=0

@ 9-dimensional phase space given by 9 helicity angles

@ 8 free parameters determined by unbinned MLL method

w = (o, AD, 0=, Gz, Pz, O=, ap, )

not measured before

o 1oo0o] e ‘ ™

S [ [arXiv:2105.11155] A

© 000 4 =

[0} r 1 @ efe™ = J/yp - E-ET,

8 so00f- E 27 - A(— pr )7~ +c.c.

o [ ]

% 4000 ) E @ Data sample of 1.3 - 10°.J /1) events

o 200F {7 P 1 @ 73.2-10% events with Ny, = 199
050702 03 04 05 06 07 08 09 1

p (GeV/c)
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https://arxiv.org/pdf/1809.04038.pdf
https://arxiv.org/pdf/1908.03102.pdf
https://arxiv.org/pdf/2105.11155.pdf

BESIT

[arXiv:2105.11155]

— J/p = Z7EF, 27 = A(— pn )7 +cc. (1)

Parameter This work Previous result
0.586+0.012+0.010 0.58+0.04+£0.08 [1]
1.21340.046+£0.016 rad | -
@ First measurement of the —0.376 £0.007 £ 0.003 —0.4014+0.010 [2]
polarisation 0.01140.019+0.009 rad —0.037+0.014 rad 2]
@ First direct determination of 0.37140.007 4 0.002 -

=—=+
all E7ET decay parameters ~0.021 £0.019 4 0.007 rad -

0.757£0.011£0.008 0.750+0.009+0.004  [3]
—0.763£0.011£0.007 —0.758+0.0104+0.007  [3]

@ Independent measurement of
A decay parameters

e Excellent agreement
with previous BESIIIT

(1.24£3.4+0.8) x 1072 rad -
(—4.0£3.3+1.7)x 1072 rad (10.243.9) x 1072 rad [4]

results (6.0£13.4£5.6)x 107 -

(—4.8+£13.74£2.9) x 1073 rad -
(—=3.7+£11.7+£9.0) x 1073 (—6£12+7)x 1073 3]

(0z) 0.016+0.014£0.007 rad

L[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[Nature Phys.15(2019)631] 4[PRL93(2004)011802]
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https://arxiv.org/pdf/2105.11155.pdf
https://arxiv.org/pdf/1602.06754.pdf
https://inspirehep.net/literature/1812251
https://arxiv.org/abs/1808.08917
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[arXiv:2105.11155]

ete™ = J/p - Z"EF, 27 = A(— pr )7~ +cc. (2)

Parameter This work Previous result
ay 0.586£0.012+0.010 0.58£0.04 £0.08 1]
A® 1.213£0.046+0.016 rad -
oz —0.376+0.007 £ 0.003 —0.401+£0.010 2]
@ First measurement of weak 0= 0.011+0.019 4 0.009 rad —0.037+0.014 rad 2]
phase difference o= 0.371£0.007 £0.002 -
e Consistent with 9= —0.021 £ 0.019£0.007 rad -
SM prediction oy 0.757+0.01140.008 0.750+0.009+0.004  [3]
(Ep—£€g)sm = (1.8+1.5)-10"4rad  Oa ~0.763£0.011£0.007 —0.758£0.010£0.007  [3]
[PRD67(2003)056001] [ép—és (12+34+08) x 102 rad ) _
@ Three independent CP tests Sp—08s  (—40+£33£17)x102rad  (102%3.9)x 102 rad [4]
Agp (6.0£13.4+5.6) x 1073 -
ADE, (—4.8+13.7£2.9) x 1073 rad -
Ay (—=3.7+£11.7+£9.0) x 1073 (—6£12+7)x 1073 3]
(0z) 0.016+0.014+0.007 rad

L[PRD93(2016)072003] 2[PTEP2020(2020)083C01] 3[Nature Phys.15(2019)631] 4[PRL93(2004)011802]
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https://arxiv.org/pdf/2105.11155.pdf
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Summary and Outlook

@ BESIII has performed
e Measurements of polarisation and spin correlations in
w JY@') = AN, -5
x J/Y — EE, ¥(3686) — QQ
e Determination of hyperon and anti-hyperon decay parameters
o CP tests comparing hyperon and anti-hyperon

BESTI

+ Separation of strong and weak decay phases = more sensitive CP tests

@ Future prospects
e Recently collected 1010 J/+ and 3 - 10° ¢ events
% Many interesting results are expected
e Good prospects for future Super Charm-Tau Factories
[Phys.-Usp.61(2018)405] [IPAC2018Preceedings|

* Planning produce more than 10'2 J/v events
# Polarized electron beam
* Statistical precision will be comparable to the SM predictions

Thank you for your attention!
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https://iopscience.iop.org/article/10.3367/UFNe.2018.01.038300
https://accelconf.web.cern.ch/ipac2018/doi/JACoW-IPAC2018-MOPML013.html
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Polarisation and spin correlations ete™ — J/¢p — E7E
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