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Sakharov Conditions:

.Baryon number violation
.CP violation
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What causes this additional CPV?
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& CPV in the Standand Model
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CP Violation Through Mixing: 1(pP° — P%) £ (P° — PY)

P’ - P’ f - PY - PY— f

CP Violation Through Interference:  T'(P — f)(t) £ (P’ = f)(1)

PO — f PO P9 f
P° — f + PO PO ¥

Direct CP Violation: (P — f) # P(P N f)
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CP-violation

Direct CP Violation: F(P . f) # F(P N J?)
P (02— ¢2) :
lal ot(01+¢1) / ble*? 2 -~
/ f
|At)? = |a* + |b]* + 2|a||b|cos(AS + Ag) !z‘_lf\Q = |a|* 4 |b]* + 2|a|b|cos(AS — Ag)
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Charmless B-decays

A(pin))

/)

|

BB mixing
I Vub << Vcb
il

E t & M. Sevior, Australian Accelerator

February 19, 2019 based Particle Physics meeting Slide 6



¥ Time Dependent CP-Violation
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Look for interference between mixing and decay

amplitudes.
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== \jeasurement of TDCPV for B - J/WK"
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PDG 2018, sin(2d,) = 0.691 + 0.017
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Hunting for phases from new physics £ 04f’ |
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In the SM, sin(2,)*" = sin(2¢,) (B2>y Ky)

B - 'K, 0.01 0.01 -0.05+0.06
B - OK, 0.02 0.01 10.06+0.12
B - nkK. 0.10 0.09
BowK, 013 0.08 0.03+-0.21
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Unexpected results in BR & Direct CP violation for B - Km modes
Acp(B » K*rt) = —0.0.82 + 0.006
Acp(BET - K*n®) = +0.037 £ 0.021
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heory Predictions for B® - K "

Smaller uncertainties on @4
2008 | > 2018
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R. Fleischer, R. Jaarsma, and K. K. Vos;
PLB 785 (2018) 525;

[R. Fleischer, S. Jager, D. Pirjol, J. Zupan (2008)] R. Fleischer, R. Jaarsma, E. Malami, and K. K. Vos;
arXiv:1806.08783 [hep-ph]

2.20 discrepancy now
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At Determination at B-factories

Flavor-tag decay

Asymmetric (B’ or B’ ?)
energies
ge" JA
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Belle Il Flavour tag eff = 37% - 40%
Belle Flavour tag eff = 30%
At - Gen. At/ ps
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Kinematic Variables in B-
Factory measurements
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M, peaks at B mass for fully reconstructed signal
AE peaks at zero for fully reconstructed signal
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Continuum Background
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«  Continuum background( ete™ — qg(u,d, s, c) ):

— Dominant background I _
. Pl i e g |
— Event topology differs from BB decays A H-E ety
Continuurn ‘Center of mass energy, W (GeV)
Jet-like " !
e €
e’ €

Bl_3 event

spherical  sign
B \ 4
— Combined variables describing the event topology in an artificial neural network.

Continuum Suppression
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Belle Il prospects for B — K.m°
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Melbourne analysis of Belle || MC)

Continuum background

Timing resolution for K, ~ 1.17 ps _
(All charged tracks 0.77 ps) Signal

Signal + Cont. AT (Projection) Signal + Cont. Mac (Projection) Signal + Cont. AT (Projection) Signal + Cont. MBC (Projection) Signal + Cont. AT (Projection) Signal + Cont. Msc (Projection)
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Time-Dependent CPV for B —» K "
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Scpand Aq-p B — K.° at Belle
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If Scp and A.p hold their central values we have >5c deviation with 5 ab!
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Acp for B¥» K"K nt*
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Cabibbo and color suppressed tree : - LR K/K°
And Penguin diagrams B { ‘< B~ W o
Br(B* » K~K+nt)=(5.0+ 05+ 05)x 1076 " s
PRL 99, 221801 (2007) BaBar W | -
Acp = 0.123 £ 0.017 + 0.012 + 0.007 L P » 3
PRD 90, 112004 (2014) LHCb N S .
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2 Fitfor B¥> K*K~n® in My .Bins
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Signal — Sum
¢ Data

(]‘ég\;ﬁ: : Nia Eff. (%) dB/dM (x10~7) Acp

0.8-1.1 | 59.8+t11.4+2.6 19.7  14.0+£2.7x0.8 —0.90 £0.17 = 0.04
1.1-1.5 | 2124+21.3+6.7 193 37.8+3.8+19 —-0.16+0.10=0.01
1.5-2.5 [113.5=26.7=18.6 156 10.0+23+1.7 —0.15+0.23 =£0.03
25-3.5 | 1101 £176 49 151 100x£1.6£0.6 —0.09£0.16 = 0.01
3.0-5.3 | 1726 £25.7£74 16.3 81x1.2x+05 —-0.05=x0.15=0.01
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B - KtK n*

MELBOURNE
Total B =(5.38 £ 0.40 £ 0.35) x 10 ® C.-L.Hsu et al. Phys. Rev. D96,
Acp = —0.170 £ 0.073 £ 0.017 031101(R) (2017)
x10°°
3r 202f
S 250 *B* > K*K m* T
S 4_ B~ > K'K m~ y —
v 2 e Phase space ~02f +ﬁﬁ
E 1.5% | it
=~ -
E 1:_ i~ S ~0.6-
= F —— _
0.5F o i—F——F— = __ —O.Si
0’:—153{'1111IllllllllllllllllllllllllllIllllllllll -s,l.‘ulnullluluu s Do Pt T g
1 1.5 2 25 3 35 4 45 5 s 28 a8 4 e s
MKK (GeV/CZ)_ My (GeV/cY)
|A|? = AT + A3 + 2A1 A cos(AS + Ag) |A|? = A% + A2 + 2A; Ay cos(AS — Ag)

Unusual dynamics showing a large enhancement and very large direct CP-violation
Acp =-0.9 £0.17 + 0.03 at Mg, < 1.1 GeV (4.8 o)
Hard to make a model do both.
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Challenge to Theory for B¥—

KtK m*

P
i(02—¢2)
Recall ale’ Gkor) ble
/ |
2 2
4 [AP-jaP y o9
CP — |A|2+|A > |b‘ (02+¢2)
s N
f f
|A¢|? = |af® + b + 2|a]|b|cos(AS + Ag) A2 = [af? + {7 + 2/a|bleos( A5 — Ag)
Need an order of magnitude increase in EW Tree diagram
And an order of magnitude increase in Penguin diagram
Both in 0.99 GeV < M, (< 1.1 GeV
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The Full Challenge in 3-body decays
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Results from LHCb Distributions of Acp PRD 90, 112004
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Regions of phase space where A= +1
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« Many interesting challenges for Theory and
experiment in CPV studies.

* For 2-body modes Theory precision is a few percent.

« Will be challenged by new experimental results over
the next decade

« 2.2 o discrepancy in B —» K.Y targeted by Belle |l

» Order of magnitude challenge to theory in B —
K*K~n* DCPV

« Many interesting challenges in DCPV in 3-body
modes.
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Thank you!

M. Sevior, Flavour Physics, ICISE,
AUgUSt 14, 2017 Quy Nhon’ Vietnam Slide 24



MELBOURNE

Backup
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K+K < comparison

o5t 2
THE UNIVERSITY OF

| @
_|_

MELBOURNE .
o I ' P ———
> 400F - LHCb. +B : o | Eha
S | : 300F | ) . 4 E
s F 2005 .
2 200 F - * :
S| 100- | + + =
100 [ 0 . ++¢f+++++.§
0.8 R R VR R 612r3n€GeV/g;)
m(K'K") [GeV/c?] R
x10™°
3: <;’0.2—
a5 Bt KKt
@ - tK- 0f
IR ,4_ B -K'K =« o R (e G
E 25— | e Phase space 02 +
51.5:% [ it Belle
= .
a 1:_ . —— -0.6:—
w - r—i—c
0.5 _._.——% —— x -0
OFﬂL'" 111 I | | 1111 | | l |11 | | I | 111 | 1111 | || _l il (3 Al s i o
1 15 2 25 3 35 4 45 § 18T s s 4 ‘t(S;eV?c)
M, (GeV/e %)

M. Sevior, Flavour Physics, ICISE,
AUgUSt 14, 2017 Quy Nhon’ Vietnam Slide 26



