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Hyperons
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Direct CP-Violation: Hyperon vs. Kaon Decays

To see CPV, need > 2 amplitudes
Kaons:
Isospin amplitudes Aa7—1/2 and Aa7—3/2
. . A(KL o700 A(K T
Test direct CPV via ﬁ =e—2€, % =e+¢
Hyperons:

Two amplitudes S, P even for

AT =1/2: Two Measureable Parameters
A=S+Po-n o 2Re(S*P)
N [SP+ PP
rong phases
. . 2IM(S*P
S = |Slexp(i&s)exp([ids B = %
) . |S|2 + |P|
P = |Plexp(i€p Jexp(idp ‘
Weak CP-odd phases =V1-—a?sing |
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Methods in Hyperon Decays

ddTFz = 4L(l + apnPy) Experimentally, ¢ accessible
7y
when polarization of mother
Da 5 P N and daughter hyperon
n measured.
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CP Tests in Hyperon Decays

If CP conserved: a = —a, 8 = —f3 (Experimentally ¢ = —¢)

CP-tests: Acp = 22 Bop = 545 — (¢p — ¢5)

a—a?

SM prediction !

“3x107° < Ay <4x1077 d
—2x107°< A=<1x107°

Decay £s —&p
mode (n\°A2%) ¢

— Clh (o c
A — pT —02+£1.6 (§P*€S)BSJVI:%(?)BSAI+TB€BSM
== An 14+1.2 0.5< Bg <2and 0.2 < |x| <13

y Decay [ Cp [ C’jg
A= pr 1.1+22 0.4+0.8

HyperCP measurement?: EaAf"mﬁim‘DAiM
= A —4
ACP -+ ACP =0(5)(4) x 10

! Tandean, Valencia PRD67 (2003) 056001

2PRL 93 (2004) 262001

Tandean, PRD69 (2004) 076008
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BESIII at BEPCII

Beijing Electron-Positron Collider
(BEPCII)
@ CMS Energy from 2 to 4.95 GeV/c?
@ Design luminosity 1033 cm—2s~1
Beijing Spectrometer (BESIII)

@ Near 47 coverage

@ Helium-gas drift chamber

@ CsI(T1) crystal calorimeter

@ MRPC TOF-system

@ 1 T super-conducting solenoid Decay — | 5(1077) | Events at BESUI
T/ — AN 189+ 9 18.9 x 10°

@ RPC-based muon chamber J/ — st5- 150 + 24 15.0 X 106
J/¢p — EE 97 £ 8 9.7 x 106

@ World’s largest datasets at: $(29) = % 332+ 1.2 696 x 103

- J/v: 10B events P(28) = Q0 5.66 + 0.30 170 x 102

(here results from 1.3B)
- 1(25): 3B events
(here results from 0.4B)
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BB Production in ete -Annihilation

Unpolarized ete™ beams — Transverse polarization:
\/1—a,2 cosOpsinfy .
Py(cosfp) = L A sin(AD)

1+ouy cos? O

Angular distibution: 3—5 o 1+ ay, cos?fy, —1 < ay <1
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BB Production in ete -Annihilation:
Modular Description

. . 1 -
Two spin 1/2 particle state: P1/2172 = EZ C.uf 0.;;\®0.%\
Uv
P
1 + o, cos?0 0 "] 3, sin 6 cos 6] 0
0 sin“# 0 Yy SING cOs 0
Cﬂ? = — 3, sinf cos 0 Qv sinf 0
0 —~, sin f cos # 0 — vy, — cos20

Spin correlations

By = ’1 - a'i, sin(A®)  yy = ’1 - a’ﬁ, cos(Ad)

Include decay via decay matrices: Full angular distribution:
3 3
A A p _ — A A ‘
Ou = Z Qpr O W =Trpps = Z CuvQupay,p
u'=0 Hv=0 |

E.Perotti, G.Faldt, A. Kupsc, S.Leupold,JJ.Song PRD99 (2019)056008
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ete™ = J/yp = AN, A — pr~ +c.c.

(Based on 1.31 x 10% J/1 events)

Exclusive analysis. 421k events (399 background)

prpr

p(cosd,)

Max Polarization
25%

- 05 0 05 1
cosd,
Parameters This work Previous results
Oy 0.461 £ 0.006 £+ 0.007  0.469 + 0.027 BESIII
AP (rad) 0.740 4 0.010 + 0.008
o, 0.750 +0.009 + 0.004 0.642 +0.013 PDG
C_[A —0.758 + 0.010 + 0.007 —0.71+0.08 PDG

Nature Phys. 15 (2019) 631
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ete™ = J/yp = AN, A — pr~ +c.c.

QA —Qf

Acp = 22F9A — 0,006 +£0.012 + 04007J

PS185:A5 = 0.013 +0.021
PRC54(96)1877

- PDG<2019
BESIII aA @

)l BESII

<a>= 222 =0.754 £ 0.003 £ 0.002

CLAS: ap = 0.721 4+ 0.006 4 0.005
PRL 123 (2019) 182301

CLE72

DAUE9

OVEé7 ——

CRO83 —_—

BESIII, Nature Phys. 15 (2019) 631
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ete = J/,9(28) = L, BT = prl +cc
Based on 1.31 x 109 J/4 events, and 0.5 x 10° ¢(2S) events.

Plots acceptance uncorrected

01 3 ey
S E 0.15F
- 0.05 = = 01E
AN =7 AU E 7 0.0sE
g EC [ S e
= 0.05F ... Phase Space + = = 005
E = E "E
0.1 = ++ E 4“55_
T 08 06 S04 02 0 02 0406 08 A0 oA 0002 0.4 06 08 1
€080y cosb,.
87k events (5% bkg) 5k events (1% bkg)
ay/y = —0.507 £+ 0.006 £ 0.002 ay, = 0.676 £ 0.030 &= 0.006
AD(J/1p) = (—15.4 0.7 + 0.3)° AD() = (21.5 £ 0.4 £ 0.5)°

<a>=(a—a)/2=-0.994 %+ 0.004 + 0.002 -
Acp = —0.004 % 0.037 + 0.010 BES I
[

BESIII, Phys. Rev. Lett. 125 (2020) 052004
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ete™ = J/Yp - 2 EY = An"Ant — praprtat

= 2 I
— = Z A A
W= § Cuv A pr A% 5r Ayr, 0 A o
wv=0 uv'=0 S— S
¢ 10000 1
dl' « W(&,w), & 9 kin. variables & sooof- 3
8 parameters: 8 so00f- .
=]
Production _ % 40001 i E
w = (ay,Ad,a=, ¢=,ap, a=, o=, an) Q ol = P E
Decay L
0

! ! f I I I L
0 01 02 03 04 05 06 07 08 09 1

p (GeV/c)

@ Exclusive analysis. 73k events (190
bkg)

@ Parameters estimated using
unbinned MLL fit

E.Perotti, G.Faldt, A. Kupsc, S.Leupold,JJ.Song PRD99 (2019)056008
BESIII, arXiv:2105.11155
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ete™ = J/Yp - 2 EY = An"Ant — praprtat

Parameter Previous result
g, 0.586 £ 0.012 £+ 0.010 058 £ 0.04 T 0.0 B .
Ad 1.213 % 0.046 £ 0.016 rad 8 Fit
ax —0.376 £ 0.007 & 0.003 —0.401 £ 0.010 ** | Parameters
b= 0.011 £ 0.019 % 0.009 rad —0.037 £ 0.014 rad ok
a= 0.371 £ 0.007 & 0.002
be —0.021 £ 0.019 % 0.007 rad
« 0.757 £ 0.011 & 0.008 0.750 £ 0.009 & 0.004  ***
iy —0.763 £ 0,011 4 0,007 —0.758 £ 001040007 **=*
§p — ds (—4.0+3.34+1.7) x 1072 rad (10.2 4 3.9) x 1072 rad*#**
P — &5 (12134 7T08) x10 - rad 3 CP tests
AZp (6.0 £13.4+5.6) x 1072
Al (—3.7+11.7+9.0) x 1072 (—-6+12+7) x 1072 o
E) 0.016 £ 0.014 + 0.007 rad

* PRD 93, 072003 (2016)

** PDG 2020
*** Nat. Ph. 15, 631 (2019)

*%%% PRL 93, 011802 (2004)

BESIII, arXiv:2105.11155
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ete™ = J/Yp - 2 EY = An"Ant — praprtat

Parameter Previous result
ay 0.586 = 0.012 £ 0.010 0.58 & 0.04 & 0.08 *
AD 1.213 + 0.046 % 0.016 rad
as —0.376 =+ 0.007 % 0.003 —0.401 + 0.010 **
b= 0.011 = 0.019 £ 0.009 rad —0.037 £ 0.014 rad **
T 0.371 % 0.007 = 0.002
b= —0.021 £ 0.019 % 0.007 rad
@ 0.757 = 0.011 = 0.008 0.750 + 0.009 & 0.004  ***
@ —0.763 £ 0.011 + 0.007 —0.758 £ 0.010 + 0.007  ***
§p —ds (—4.0+3.34+1.7) x 1072 rad (10.2 4 3.9) x 1072 rad*#** First
| er —¢s (124 3.4+08) x 102 rad |
AGp (6.0xls5.4=x5.6) x 10~ measurement of
AbL (—3.7+11.7+9.0) x 102 (—6+12+7) x 103 +++ Weak phase
(¢=) 0.016 = 0.014 £ 0.007 rad difference

BESII

BESIII, arXiv:2105.11155
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** PDG 2020

*** Nat. Ph. 15, 631 (2019)
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ete™ = J/Yp - 2 EY = An"Ant — praprtat

Parameter Previous result

ay 0.586 = 0.012 £ 0.010 0.58 £ 0.04 + 0.08 *

AD 1.213 % 0.046 £ 0.016 rad

as —0.376 £ 0.007 & 0.003 —0.401 £ 0.010 HE

b= 0.011 = 0.019 £ 0.009 rad —0.037 £ 0.014 rad HE

a= 0.371 £ 0.007 & 0.002

b= —0.021 £ 0.019 + 0.007 rad

« 0.757 = 0.011 = 0.008 0.750 £ 0.009 £ 0.004  *** | |ndependent

@ —0.763 £ 0.011 & 0.007 —0.758 £ 0.010 & 0.007  *** | aacurement of

§p —ds (—4.0+3.34+1.7) x 1072 rad (10.2 4+ 3.9) x 1072 rad**** 0O

£p —€s (1.2 4+3.440.8) x 10" 2 rad

AZp (6.0 £13.4+5.6) x 1072

Al (—3.7+11.7+9.0) x 1072 (—=6+12+7) x 10°? ok

(p=) 0.016 = 0.014 + 0.007 rad
*PRD 93, 072003 (2016)
**PDG 2020

BGS]H **¥ Nat. Ph. 15, 631 (2019)
**%% PRL 93, 011802 (2004)
BESIII, arXiv:2105.11155
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Polarization and Cy; for efe™ — J/¢, — 22
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ete™ — (3686) — QQ, Q — Ar—, A = pr— +c.c.

e Ergrd

@ 0.6
15 3 g LA W
®
‘W _ Z Cuo 5 04 Elro/roBle rg
: 5
=0 5
decay 1/, = 1/, +0 .E' 0.2
decay 3/, » 1/, +0 (A= pr) E y
(Q - A7) 0

@ Single-tag analysis of 4.48 x 103 %(2S) events ot
—+ 2507 QO (298 bkg) and 2238 O (189 bkg)

@ Spin 3/2 confirmed model-indepently for the first time.

@ Multipolar polarization measured nlaliale
: ; ; ; ; ; 80— ; ; ;
e T e ]
300 . remogonss () ] 003 — s=32+ backgrounas (C) +mc @ =112
- —— J=12 + backgrounds —— J=1/2+ backgrounds 260 EData ]
=]
$ 200 2
g T 400 y=ap 1
=3 E ]
R100F  — s-az backgrounas - H T 2 206 1
=12+ ackgrounds
0 L L L L L L 0 t, 1 L L
1 05 0 05 1 105 0 05 1 1 05 0 05 1 300 200 -100 0
cosd of A/A cos® of Q70 cos® of Q/Q t

E.Perotti, G.Faldt, A. Kupsc, S.Leupold,JJ.Song PRD99 (2019)056008
BESIII, Phys. Rev. Lett. 126, 092002 (2021)
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Conclusion

Summary
e Polarization/spin correlations measured in
J/P((25)) = AN XX Z2 Q0
e Hyperon and anti-hyperon decay parameters determined
o CP-tests in decays of A, YT, =~
@ Model independent determination of {2~ spin
Outlook
e At BESIII

~10B J/%
- 3B 4(29)

e Future super charm-tau factory?
- 2x 1012 J/4
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Backup: Explicit Formalism for
ete" > YY.,Y — BM + c.c.

Production parameters: o, A®
Decay parameters:
apn (A= pr7)

ap (./_\ —)]77T+) . AL
5D phase space £ = (0,01, ¢1, 02, ¢2) —
m*ﬂz)

dl' < W(E) = Fo(€) +y F5(£) Spin Correlations
+laan (.7:1(5) + \/1 — a2, cos(A®) Fa(§) + c&wf(,(f))

Ji- o, sin(A®)(arFs(€) + aaFa(€))

Polarization

Non-zero A® — independent measurement of ap, ap

Faldt, Kupsc, PLB 772 (2017) 16
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