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Introduction on phases |

@ The quark charged current couplings are parametrized by the
Cabibbo-Kobayashi-Maskawa (CKM) matrix V
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ﬁCC = E ( u ¢t )L Ved Vs Ve ’)’y S WI”
Vie@hk Vis Vi b .

@ We can eliminate 5 phases out of 9, (qL — eiq’qu) :

Vadl  [Vis| &X' [Vyg| e
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@ 7 is the unique non small phase that can appear at tree level

v = ¢y = arg (— Vg Vi, ViyVip) ~ O (1) (tree level B=%decays)
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Introduction on phases Il

@ Measured for example in
A EA(B_ _’Bf+K_> _
= A(D° = f)A(B~ = D'K")+A (D’ —f)A(B”— DK
that for f = K™K~ gives

|A=]2 = |A*? o Im (ab®) Tm (Ve VE Vi, Vi)

osin(y+x')~sin(7y)

needed of strong phases in Im (ab*). Gronau, London, Wyler
(GLW), Atwood, Dunietz, Soni (ADS), Giri, Grossman, Soffer, Zupan
(GGSZ) and many more.
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Using entanglement for gamma |

@ The use of the EPR correlation to study CP violation was proposed by
Wolfenstein, Gavela et al, Falk and Petrov and Alvarez and Bernabeu
among others for several decay channels in the B factories. The
method for 7y consists in the observation of the coherent double
decay of Y (4s) (1~ 7) to the CP eigenstates (f;g), with
f=J/9pKs (0°"),J/¢pK, (0~7) (in short Sor L) and g = h"h™
,hORY (07, and h = 7t,p,) .In such a way that

Y (4s) — (J/¢YKs)g (hh)g ; is CP allowed
Y (4s) — (J/PK.)g (hh)g ; is CP forbidden

F.J.B. (IFIC-U.Valencia & CSIC) November 2022 4 /17



Using entanglement for gamma |l

@ The necessary interference between amplitudes is automatic from the
—0
two terms of the entangled B — B~ system (from Y (4s)):

7y) — % (183 [B%) - [B5) [82))
_ ngq<|BL>|BH>—|BH>IBL>>

with By = pB° + qB B, = pB° — qB and A, | = (f| T |Bu,.)
where Ar = ( f|T}BO>;Af f|T‘B> /\f—qA,c/pAf) as can
be seen in

e i(H tuy)to

<f, t();g, t() + t‘ T |T0> = W (e_i‘thAiAi — e_i‘uLtAlf_lA%)
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Using entanglement for gamma Il

@ The double decay rate to the state f at ty and to the state g at
to + t integrated for ty is given by
Y (4s) — (BOEO —EOBO) — (f, to; g, to+t)

LFgir) = S| cos (85) (ALA, — ALAf) ?
' &5 _4161“|pq|2 —isin (A t) (Ang —I—Ang)
I(Flgt)= —o—I(f.git) =
STy YT

AM AM
o Tt [ljg cos? <2t> + 1% sin? ( 5 t> + 1% £ sin (AI\/It)]
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Important consistency properties |

@ The relation among reversed order in time (f, g) and (g, f) is:

fg _ y8f.fg _ yef. fg _ _ q&f
Iy =1g 1w =157 1g = — 1o

@ The relation among the CP allowed (S, g) and forbidden (L, g)

I8 418 =18+ 1f =118 +1'8 =0

L
One can measure all three observables Ifm,od for all the (f, g)
and (g, f) channels f = J/¢Ks, J/PK, and
g=(pfor). (p00?) . (T ™), (m°7°). Just measuring ratios
L

L
158 sE nn
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The observables |

L
@ They arelf,jgmyod for each g channel in both time ordering . Our

parameters are

Ay _ —2i¢
A, — Pg€ ¢
As — _ AL _
2 =—a =1

Aten),_, — o207 ;<q> — o 2iy
A(rn‘r),:2 P/B
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The observables I

It is present at t = 0. It is sensible to the decay phases in g and f. If
there were not penguin pollution (pg = 1) in the decays all P, would
be ¢, = v and

156 = sin®y and 138 = cos®

For the other observables we get

56 _ (1= Aghr)]? 1 1$2pgcos(4¢M+2¢g>
K (1+|Af|2) (1+|Ag|2) 2 (1+p§)

W 2m (- a-aa)] o (1-6E)

b = (1+|gAf|2> (14 124 P) - (1+02) win (20u)
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The observables |l

L
@ The quantities to be extracted from /j%n od» for each channel g, are
¢ 0, and ¢,,. The one we are mainly interested is ¢,. The way

of getting  from P, is by the Gronau and London isospin analysis".
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Isospin analysis |

o In general we will have for each g = h*h™ or h°h® channel a
departure from the universal  value

eg:’)’—(f)g

e The charged decay amplitudes Ao = A (B* — h"h°) and
A=A (B* — h*ho) have a final (hiho) isospin 2 state and,
therefore, only the Al = 3/2 tree-level amplitude contributes with the
weak phase 7: A o/A.q = e ?7. Then we have

2ieg

A a
£ = =

=2, iy _
= =pye e =p,e
Ato dg
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Isospin analysis |l

@ The isospin triangular relations with these complex ratios are

1 1_ _
Noaie 1 —ago ; %aJr— =1—2ag
therefore we can get a, and 3, from the branching ratios of the
processes B* — hTH0 ;BO,E0 — hth=, HOKO fixing €, and [

@ The summary of our isospin analysis with the present PDG data is

e | pe | s |
p/p; | 1.007£0.076 | 0.008 £ 0.091
p%0% | 0.972+0.241 | 0.007 £ 0.345
ntm | 1.3924+0.062 | + (0.307 & 0.170)
070 | 1.306 4+0.206 | 4 (0.427 £0.172)

Because the p/ p; is the one with largest branching ratio,
(SEPTPZ = 0.091 = 5.2° gives us an estimate of the uncertainty, due to
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Isospin analysis |l

the present knowledge of the penguin pollution, in the determination
of v/¢5. (Important improvements are expected from Belle I and
LHCb).
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Potential estimate of the method |

@ The intrinsic accuracy of the proposed method is controlled by the
ability to extract ¢,. Under the assumption that Belle Il can collect

1000 p/ p; events in the categories
(Lefor). (Siorer). (efer. L), (efer.S) . 50 pjpf, 200 77
and 50 71071% we generate simulated data.

@ For each g, we generate values of t, the events, distributed according
to the four double-decay intensities. To incorporate the experimental
time resolution, each t is randomly displaced following a normal
distribution with zero mean and 0 = 1ps. Efficiencies are not
included (but remember only ratio measurements). Generation
proceeds until the chosen number of events. Events are binned. The
procedure is repeated in order to obtain mean values and standard
deviations in each bin: these constitute our simulated data. Results
are shown for 20 bins, there are no significant differences if one
considers, for example, 15 or 10 bins.
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Potential estimate of the method Il

@ Our fits to the simulated data result in:

& | Pq Pg
o p; | 1.222+0.020 1.00 + 0.06
p90% | 1.224+0.09 1.00 +0.24
ntm | 1.57 £0.12 1.35+0.12
7%7Y | 1.57 £0.18 1.35+0.24
¢, = 0.384 £0.031

We conclude that, since v = ¢, + €, the error

5¢PL+PZ = 0.020 = 1.1° gives an idea of the intrinsic statistical
limiting error we would expect in the determination of 7 for the
assumed number of events.
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Conclusions |

o B B° entanglement from Y (4s) gives two decay paths to
measure interfering phases.

@ With decays to CP eigenstates we can chose CP allowed and CP
forbidden decays. The possibility of measuring 7.

o f=J/PpKs or J/PK and g = (rt7r) or (p,p,) have a tree level
common 7y phase. p/ p; is the benchmark channel.

@ General constraints allow the full measurement combining (S, g) and

@ To extract 7, the proposal has to be completed with an isospin
analysis (IA) of B — p,p, or 7.

@ The intrinsic accuracy we estimate is 1°. The accuracy associated to
IA is 5° with actual data (to be improved)
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Back material |

10) I(S, ptp~;t) 10) I(p*p~,S;t)
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