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CP violation

® SM precision test

Unitarity =
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|~ | excluded area has CL > 0.95 .

I|I\II|IIII|1!II\IIIIIII

-1.0

® A necessary condition for baryogenesis, the process of dynamically
generating the matter-antimatter asymmetry of the universe.

- Baryon number violation

Search for new CPV - C and CP violation
- Thermodynamic non equilibrium

How?

[PDG, 2023]

Sakharov conditions

[A.D.Sakharov et al, Fiz.5,32-35
(1967)]



CP violation observables

e Common CPV observables

v" Direct CP violation
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v" CPV in mixing (indirect CPV)
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v' CPV in interference between a decay with and without initial mixing
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* CPV in mterference between a decay with and without final mixing

( = 9+ ( - 0. 0 [ Wang, Yu, Li, PRL 119(2017)181802]



New type of CPV
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Double-mixing CPV
Adyv:

The double-mixing CPV can be very significant and practically measurable
by experiments.

It does not require nonzero strong phases, providing opportunities to directly extract weak
phases without strong pollution.

Strong phases can be extracted from experimental data without theoretical input.

The two-dimensional time-dependent CP asymmetry can be analyzed. mmmp (1, 2)
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CP asymmetry

The two-dimensional time-dependent CP asymmetry is defined as
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v Take °( ) - 7/ () - / (* 7) asanexample:

() =——[sin  xo(———)os( — + )-sioh—E2Z(— 4+ —)sin( - + )]

| /] =1land| /| =1
e cosh(A 1/2) = 1 and sinh (A 1/2) =0

Approximations

1 . E , = sin2 sin
(2):53”12 — s (1, 2) 1

which is consistent with the formulas (13.74) and (13.82) in the “CP Violation in the Quark Sector” review
of the PDG.



Theoretical framework

v Take (1) - © (o) - 9 ~€*" p)asanexample (penguin = 0)
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CP violation in mixing
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Double mixing CPV

v Take °( ) - © (,) - 9C €% p)asanexample (penguin = 0)

« With ;, 5, therelevant weak phases.
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. Dependence

Double mixing CPV
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* The ( 1, 2)dependenceon ;and 5. 5/t
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* The magnitude of the peak values
can be larger than 50%.
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Dependence Dependence
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First experimental attempt to measure the double-mixing CP violation:

[O/_i(l) - 2 (2) - P p)] - [O/j(1)~ ° (2 - (e )
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Combine the two decay processes: °( 1) - 9 () - 9 7€" pand °( ) - % (L) - OC *e )

e Initial tagging for B mesons in experiments is not necessary, thus the corresponding efficiency loss is

prevented.
2 OF P 0.03r . : : - 0.04
: e
EEEE 0.10 0.02 e 0.02}
1S T oos 001
| J | | 0 ik 0.00,
1.0} . 0.00}>,
2/t 1.0} S | 0 ~0.02}
A REREE ~0.01
05NN § 005 _;02 =
e LU AL I-D.'ID -0.03 =BG
10 12 14 16 18 20 2 ; . ;
tits 'U‘%.ﬂ 0.5 1.0 1.5 2.0 'G'Dan 1 2 3 4 5
J T ."IT_.'_r_ ! ;_:-.-"T_,l."

15



Background and motivation
Theoretical framework

Numerical results

Outline

CKM phase extraction

Summary

16



CKM phase extraction

v Take °( ) - 2 ()= ( ~ *)( "€ ) asanexample (penguin = 0)
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CKM phase extraction

v Take %( ) - 2 ()= ( =~ *)( "€ ) asanexample (penguin = 0)
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Summary

A novel type of CP violation effect, the double-mixing CP asymmetry, 1s
proposed.

It does not require nonzero strong phases.

The double-mixing CP asymmetry can be very significant in some decay
modes. 0o 07O L 0 TR )

Strong phases can be extracted from experimental data without theoretical

input. TR G0 | Gt i)

Thanks !
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Appendix

B(1) - ° (2)- °( 72" )
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Appendix
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TABLE I: The input parameters and their values. M H. L= l M 0> Fq ' M 0>
Parameter Value
lq1/p1] 1.0003 + 0.0014 [21] 1 ‘ ) ‘ .
(bl (—2106 j:0135)o m g:l:(t) o I:B—ﬁmHt—arﬂi 4 e—szi—irLt]
g | =2Am1/(PBS,L ‘|'FBS,S) 2701 010 m 2
y1 = AI’l/(FBS,L +FBS,S) —0.064 £+ 0.003 m A?O
g2 /2| 0.996774 + 0.000019 [22] M) -eeeeeenl 2
P2 (0.176 + 0.001)° [22] /*
To = Qng/(FK,L + ijs) 0.946 + 0.002 m 0 4
y2 = AT2/(Tk.1 +Tk.s) —0.996506 + 0.000016 [22] M; f
25 (—48.907 + 3.094)° [27] /_:1
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Appendix

(D)= 2 (-7 e
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