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Weak decays of strange and charm baryons:

novel sensitive experimental methods:
decay parameters, form factors, tests of fundamental
symmetries

present/future results from BESIII, LHCb, Belle-II,...
Interpretation of the results, theory predictions needed
Purpose of this meeting:
motivate theory-phen efforts for baryon decays

understand status/prospects of LQCD calculations
Common EU theory-phen-exp applications?

Example: hyperon vs kaon non leptonic decays
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Direct CP violation in K’decays

(DK >t~ (ID K° - n%xY Two weak tlransitions needed
|AIl = Eand |AIl = =

KO > ntn— A = Agexp(iéy + idg) + Ay exp(i&, + i07)
K> ntn~ 5?(1 = A GXp(—l.f() + 150) + A, €Xp( &y + 152)

_ \“ (1) ;= o,zl
1 A = | A

Re(€') := 2 1AL 1 AL ~ (&o — &2) sin(6p — 52)—0

Exp. avg PDG
Re(e’/e) = (16.6 £2.3) - 107
le| = (2.228 £0.011) x 107°

1
3.7(5)x1076 ~ (&, — &,) sin 47.7° >

(6o —&2) = 107* rad

(21.7 £ 8.2) x 10~* Lattice QCD (RBC,UKQCD) PRD 102 (2020) 054509



Hyperon decays

Two amplitudes already for |AI| = % transitions

A(dsu) AA - pm7)
E-(dss) A(ET - An7)

P (parity even) - p-wave final state
S (parity odd) - s-wave final state

Strong interaction in final

S = |S| exp(i€s] exp(1d5)—— state
P = |P|exp z'fp)kxp(idp‘)/5
weak CP-odd phases

}:SO-()‘l‘PO"ﬁ

Observables: decay width and two decay parameters

_ 2Im(S*P) B=+v1—-0?sing

PR +]SP?

_ 2 Re(S*P)
ISP +|PP?
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«
vy=+1—0a?cos¢p 3



a, 3,y measurements for A - pm~
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Measurement of the Decay Parameters of the A° Particle*

JamEs W. CRONIN AND OLIVER E. OVERSETHT
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey
(Received 26 September 1962)

The decay parameters of A’ — n~+p have been measured by observing the polarization of the decay
protons by scattering in a carbon-plate spark chamber. The experimental procedure is discussed in some
detail. A total of 1156 decays with useful proton scatters was obtained. The results are expressed in terms
of polarization parameters, «, 8, and v given below :

a=2Resp*/(|s|2+]p]?) = +0.620.07,

B=2TImsp*/(|s|>+|p[*) =40.18:0.24,

v=s]2=[p1*/ (Is[*+]p|*)=+0.78+0.06,
where s and p are the s- and p-wave decay amplitudes in an effective Hamiltonian s+ p@-p/|p|, where p is
the momentum of the decay proton in the center-of-mass system of the A% and ¢ is the Pauli spin operator.
The helicity of the decay proton is positive. The ratio |p|/|s]| is 0.36_0.06*°%® which supports the conclusion

that the KAN parity is odd. The result 8=0.18+0.24 is consistent with the value 3=0.08 expected on the
basis of time-reversal invariance.
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Polarization and entanglement in baryon-
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Probing CP symmetry and weak phases with entangled
double-strange baryons
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Decay parameters

~~ BESIII 1.3 billion JAy(AR)
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PARTICLE PHYSICS

Anomalous asymmetry

A measurement based on quantum entanglement of the parameter describing the asymmetry of the A hyperon

decay is inconsistent with the current world average. This shows that relying on previous measurements can
be hazardous.

Ulrik Egede



CPV tests in hyperon decays

=T > A
S = |S| exp(iés|+ i) S=|S|exg(—iés|+ i6s)

P = |P| exg(i&p|+ i8p) P = —|P] exp|(—i§p +i6p)

_ B+ B ¢+
d Bep = ' =
a— Q& e — G Per 2
1—a? .

Acp = — \/T sin ¢ tan(&p — &)

= —tan(dp — dg) tan({p — &) |AI| = = limit

2

Bep = tan(ép — &5)

cos ¢ tan(Ep — &s)

Qcp = -
v1—« A
. Kupsc




Hyperon weak phases

0.04F | | /T BESIII projection

).02}

Am (513_55)
theory - /‘ HyperCP
| /" 12x108 == 41x107 =+

~0.04} /’./‘ BESIII

BESTI Nature 606 (2022) 64

-0.06t___. . | . i +BES22A
-004 -002 000 0.02 0.04

(Ep—Es)=
—3.8x107* < (&p — &M < —0.4x1074

—24x107* < (&p — &M < —2.0x1074

*+ and 3.2x106 AA

(1]

7.3X10% 2~
8
HyperCP PRL 93 (2004) 262001



HyperCP measurements

- Am~ - pm~m” +C.C
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Improved HyperCP measurement at LHCb?

102
7T+
E > AnT > pn m +C.C
101.
K+
E7(E*) Polarization ( 60%) KK
nearly symmetric acceptance " A
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We would like to understand prospects for calculating properties of
weak baryon decays (in particular from the lattice)

The main topics for the discussion:

® strange, charm (beauty?) baryon decays: (non-leptonic,
semileptonic, radiative)

static properties (magnetic dipole moments)

® tests of fundamental symmetries CPV

Ideas for new projects and future collaborations
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