Hyperon decay studies Qd)
o Nora Salone, Patrik Adlarson, Varvara Batozskaya,
Andrzej Kupsc, Stefan Leupold, Jusak Tandean NCBJ

arXiv:2203.03035

= |

ete" /Y- A

3OL 1y 2

Nature Phys. 15 (2019) 631
arXiv:2204.11058

[x]|

arXiv:2105.11155

Hyperon non-leptonic decays
Determination of hyperon decay parameters
CP tests

Methods:
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Strategies for new physics searches

(CP) asymmetries [vs Rare decays]

a(4) = i E\/N o(A)~10"* requires N~108

Goal: optimize (minimize!) o eg 4 N 1 reduction implies 16xless data needed

CP violation in nonleptonic hyperon decays

Polarization vs spin correlations

Experiments:
BESIII super tau-charm factory (elegant method)
HyperCP  LHCDb (robust, sustainable)



Decay amplitudes in hyperon decays

K — nrr interference |AI| = 1/2 and 3/2

Hyperons:
A - pm™ _
_— _ P and S amplitudes
=T > Am Measurable: BF and
two decay parameters
.A(E_—>A7T_):S—|—P0'-ﬁ 2 Re(S*P)
CT ISP+ 1PP
weak CP-odd phases 2Im(S* P)

y . ? = PP ST
D = |S| exXp ’Lgs\, XP(Z(SS')_ strong phases
P = |P|exp i{p)exp(icsp‘)/- B=+1-—a?sing

|AIl =1/2

vy =141—a?cos¢

For A -» prt~ |AlI| = 3/2 contribution ~5%



Measuring hyperon decay parameters

P n Fa ;i; yp — (1 + a7 Py)

A rest frame A A
: A P
A-pr\ T < L e S A
p=100 MeV/c Lo T f 0‘0‘3:%;?;;56

0.750(10) n ‘:'\‘/ ’

ap=0.
as=-0.392(8) P -

$h=-0.113(61)
¢==-0.042(16)

Accesible if daughter baryon polarization
measured eg in decay sequence:
E->Am, A - prr




Testing CP violation in hyperon decays

Compare the two decay P, e,  B+PB
parameters for c.c. decay modes: Cis e )

P
(8

= —tan({p — &s) tan(dp — ds)

Bep = tan(§p = fs) weak P-S
phase diff.

Acp = —tan(ép — &g)

Ep —¢&s Cg Cp
(N3 A?) [10~ rad]
SM BSM
A — pr~ —0.1+1.5 —-0.2+22 09+18 0.4+0.9
E- = An -1.5+1.2 —2.1+1.7 0.5+ 1.0 0.4+0.7
C}; €/ CB :
(€p — &s)psm = == | = b ey Kaon bounds for CPV in hyperon decays
Ba \€/)psu K assuming chromomagnetic penguin



ete” > J/Y,Y(2S) > BB

#events at BESIII (estimate)

decay mode B(units 107%) QL eff BE:OSHI
o 10°]/0
J/1p — AA 19.43 +0.03 +0.33| 0.469 4+ 0.026 40% 3200 x 10°
V(25) — AA 3.97 £0.02 + 0.12] 0.824 4+ 0.074 40% 650 x 10°
J/p — =020 11.65 4+ 0.04 0.66 £0.03 14% 670 x 10°
W(28) — =0=° 2.73 + 0.03 0.65+0.09 14% 160 x 103
J/p = Z-=T 10.40 £ 0.06 0.58 £0.04 19% 810 x 10°
p(25) - Z7 =T 2.78 £ 0.05 0.914+0.13 19% 210 x 10°

PRD 93, 072003 (2016)
PLB770,217 (2017)

PRD 95, 052003 (2017)

BESIT

BESIII proposal:3.2x107ys(2S)

B (2S) - 0~ OQ%) =5.2(5)x107°



Baryon polarization in e*e”

<

Unpolarized e+e- beams = transverse polarization:

\/1 — a¢2 cos B sin O
50p) = sin( AP
Ex.ete™ - J/1 - AA

F
0,1;— / ACD :/: O
@Umm 42 30 Angular distribution:
N e aae dFo<1+a cos*0 1<ay,<1
cosB, i 1< <
ay = 0.469 40 0 .




DT - joint angular distribution (modular form)
ete” - (A - prn)(A - prr?)

General two spin %z particle state: p, 12172 = 2 Cuv O'M A

(0o= 1,01 = 04,0, = 0y, 03 = )

( 1 + auy cos?0 0 By sin @ cos 6 0 \
C 0 sin“¢ 0 ) SIiGicos
uv — | —pBysinfcosb 0 (v sin26 0
0 —Yap sin 6 cos 6 0 —i 5 — (30529 )
By = /1 — ag sin(A®)  yy = /1 — aj, cos(AdP)
Apply decay matrices: The angular distribution:
3
A A D — _ A A
oy — 2 Ap,ur Opr w Ter,P z Cuva 0y 0
= uw,v=0

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



ete” > J/Y->EEt 5 An Ant - pn prntwt

Al « W (& w) ¢ 9 kinematical variables 9D PhSp

Parameters: 2 production + 6 for decay chains

l_‘f\

w = (ay, A®, az, ¢z, @y, @z, Pz, Ty)

— E 4E A _A
W _ z CHV z aﬂr”’avﬂ_/’ a”’roavlio V
D

wv u'vr

E.Perotti, G.Faldt, AK, S.Leupold,]J].Song PRD99 (2019)056008
P.Adlarson, AK PRD100 (2019) 114005



Polarization and C;; forete™ - J/3p - E"E* BCSIT
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——_— BESIII 1.3 billion JAy(AR) | 001'25_
- CLAS19 | Bl
BESIII 1.3 billion JAy(E =) | BES]] ~ 0'55_
~z222 BESII 10 billion JAy(AR) | g ' 05
[ | e E
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0.6 0.65 (A0-7 ; arXiv:2204.11058
o.(A — pr
A[AP] A[E_] (B[E—] C t
o(Agp) o(Agp ) a(Bgp ) ommen
BESIII 1.0x 1072 2 1.3 x 1072 3.5 x 1072 1.3 x 10° J/% [28, 29]
BESIII 3.6 x 1073 4.8 x 1073 1:35¢10% 1.0 x 10 J/+ (projection)
SCTF 2.0 x 1074 2.6 x 1074 6.8 x 1074 3.4 x 10'2 J/+ (projection)
_ ¢=t+dz _  as o
Dy = FE 2 = cos Pz BEp




Polarized e~ beam

ete”™ > J/YP - AAEE

+ 80% longitudinal e~ polarization

Bondar et al. JHEP 03 (2020) 076

arXiv:2203.03035
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Information = (covariance matrix) ™!
2
(D) = Nﬁ(l — ad)ai[3.08(P%) + 1.30(S3)]
2
I(Ax) = Ngaéa,z\(l + 1.05(P%) + 0.38(SZ))

2
I(Ay) = N§a§a§(1 + 3.28(IP2) + 0.30(S3))

2 1 1
[(Az,Ay) = N=a2a?(1 — = (P2) — = (S?2
I(AA):N%af\ (P2) (Az, Ap) = Nz azaz(l - z(Pg) — o (Sz))

J/¥ - EE / Spin corr. terms |

A Terms
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Electron beam polarization 80%
Equiv. to X16 more J /3 — AA data for A%,
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HyperCP —» LHCb?

LHCb
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Conclusions:

* J/U¥ and U’ decays into hyperon-antihyperon:
unique spin entangled system for CP tests and
for determination of (anti-)hyperon decay parameters
e Polarization observed for J/y,(y') - AAZTET, 2752, Q70

J/¥ — EE (prel.)

(az) = 0.373(5)(2) prel J /¢ — EE

three independent CP tests

measurement of ¢z
first direct measurement of weak phase difference: (p — &)

BESIII : 10197 /¢
SCTF: 2x10%2 ] /¢ Agp = 0.12 (5 — &)

+ polarization spin correlations - - e
Acp =77 (§p = §5)

®gp = 0.40 (55 —§5)

Improved HyperCP measurement at LHCb?



