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Review of CP violation in the Standard
Model

m See Valeria’'s talk

m Thereis more matter than anti-matter in the universe

m Sakharov 1967: generation of matter/anti-matter asymmetry requires C and CP
violation (and 2 other conditions)

- CPviolation from New Physics may have played a role in the early universe,
producing the matter/anti-matter asymmetry!

m Asingle parameter generates all CP violation in the Standard Model

C: charge conjugation
CP: charge-parity (particle -> anti-particle)
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https://indico.belle2.org/event/14599/contributions/93856/

Measuring CP violation

m CPviolation can be generated in decay: C¢

A = (f|0|B) A = (f|of|B)
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— “Direct CP violation”: |A| # |A]

ov]]

m  Orthrough interference in mixing: S¢
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Measuring CP violation

m CPviolation golden mode: BY — J /K"

(b — ccCs)
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Measuring CP violation Standard Model

m Adjacent mode: B® - n'K° (b - q@s)
- Same weak phase as B® - J/YK°

in SM
m Can compare CP asymmetries in
the modes

-~  CKM suppression = penguin-

dominated amplitude = sensitive to
New Physics in loop

Vud Vus Vub
- Reasonable branching fraction, V=V.qg Vg Vo |=
clean final state Vig Vs Vi




Extracting sin 23¢//) from B® - n'K¢

m Reconstruct signal decay: B® - n'K¢ "Bep”
IKO
m Then from remaining tracks, reconstruct decay vertex of TIT >
flavor-specific final state Y(4S) —» BOBO
m Decay time difference At between B¢p and By,g distributed |
|At] Flavor-specific final state
as eé; {1 % [Sf sin(AmgAt) — Cr cos(AmgAt) |} “Brag”

- 7: mean BY lifetime
- +:B%tag, —: B0 tag
- Asymmetry ~ S¢ sin(Amg At)

Flavor specific example:
B® -» DMt
BO — DO+
Flavor determined from charge of pion

At (ps)
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first time nonyym
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at Belle Il

m Selection finalized
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- Bayesian optimization on mass windows,
photon energy, etc.

- Continuum suppression BDT

- Improved yields and signal purity I
compared to current measurements ot W
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Backup




V=1Vea Vs bl| —
Via Vis Vi
B? - D*~rt flavor- c e
specific decay Vel b
A d
b <
0
b |Vud|
u
7T+




B° - D*~m* doubly
CKM suppressed
decay
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KSOO BDT

x2/ndf =1061.21 (p=0.0000), importance score: 0.21

BY —>17/[—)p’y]Kg[—>7TO7TO] + BY —>77/[—>77[—>’y’y]7r+7r_]K§[—>7T07T0]

signal K-S test score: 0.055
5F signal x? test score: 0.268
bkg K-S test score: 0.259
bkg x? test score: 0.307
4 [ Train Background
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Event Density
w

=
T

0 — " . . 1 . . . 1 . . . 1 . . . 1 . R R
0.0 0.2 0.4 0.6 0.8 1.0
5r
» r
B0 eeegaey™ -~ wm———-
£
-5 . . . | . . . | . . . | . . . | . .
0.0 0.2 0.4 0.6 0.8 1.0
" 5
E 0 E— I — ,_- — I
-5 . . . | . . . | . . . | . . . | . .
0.0 0.2 0.4 0.6 0.8 1.0

BDT output

X?/ndf = 963.36 (p=0.0000), importance score: 0.16 X?/ndf = 252.41 (p=0.0000), importance score: 0.13

X?/ndf = 182.91 (p=0.0000), importance score: 0.09
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