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Changing Flavor: Trees, Penguins and ...

C Flavor changing (,charged current”)

transitions proceed via a
TREE DIAGRAM
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The Origin of CP Violation in the SM

(d/\ (Vud Vs Vub\(d\ O>S:n<:
V.V

Il
5= Vcd s b || d cost, 5 1~
'V, Vi, V| <,
Jflavor* Matrix V: unitary ,mass” d ~ dcosf. —+ ssinb
CP violation from Quark Mixing: s’ ~ —dsin (90 + scos 6’0

Extension of the Cabibbo-Matrix!

Mathematical reason: Matrix must have complex elements to violate CP:
only possible via n x n matrix with n > 2

Theory formulated in 1973 by Kobayashi & Maskawa
(Charm-, Bottom- and Top-Quark were not discovered yet!)

b-quark experiments have established the theory of K&M !
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CKM Matrix and the Unitarity Triangle(s) 2=

Jy q; weak decays of hadrons (quarks change flavor)
G ~7 oy are described in the SM by the (unitary) CKM matrix
" Cabibbo, Kobayashi, Maskawa A =sind,
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#
Triangle for K mesons V;/b ,

>|VV AVV +VV =0 | —,

td " tb

Triangle for B mesons

V* V (real)
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Types of CP Violation in the B-System <o

BELLE

|
~ - “J1~1 | cPviolation
Ay
(charged and
neutral B mesons)

CP violation via
=1 mixing
p

(only
neutral B mesons)

wu]

f
(/18) =4,

N
ou] <?|
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B B

Jop fop CP violation via interference
between mixing and decay
(“mixing-induced CPV”)

A (only

~
+ +
ch.i for fgé@i for | 142 g neutral
B

p A / B mesons)
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Production Mechanisms of B-Mesons </

BELLE

B-mesons can be (easily) produced in pairs via the Strong Interaction:

b
LHC:
ATLAS, | large cross section,
CMS, many B, and B, events,
but underlying
b LHCb background in event

... or the Electromagnetic Interaction: ,
B Factories: many clean

et b B, events,
KEK (Belle)
PEP Il (BaBar) | N(B,) >> N(B,)

[ Belle Il @ SuperKEKB ]

e b
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D

The Past B-Factories Belle Detector Mg

- Aerogel Cherenkov cnt.
S n=1.015~1.030

PEP-II S(I:;,lglenoid —<a AN
9GeV(e’),3.1GeV(e*) 4 - i D
1.2 x103%4cm1s™ CsK(Th) —_ ¢

PEP-II
Rings ™

16X, T
TOF conter—— 4

Positrons

e

Low Energy Ring
BABAR Detector

> - = ‘ Ceﬁle Drift Chamber

b il

1 /'K, detection

4 lyr. DSSD 14/15 lyr. RPC+Fe

Electromagnetic Calorimeter
6580 Csl crystals

trumented Flux Retun cavities (HeH
layers of RPCs / LSTs

Belle detector

ARES copper
cavities (HER) o M .

e /{ .
W AMERa— TRiSTAN
- tunnel

Cherenkov Detector (DIRC)
144 quartz bars, 11000 PMs

BABAR | A

Detector e 8x3.5GeV
i 2.1x103%cm2s
Silicon Vertex .
Tracker

5 layers of double
sided silicon strips

% world record !
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Luminosity accumulated at Past B-Factories @
Integrated Luminosity(cal) 30.6.2010: KEKB stopped

1600: S —T T 5.0 ab

. |——KEKB | On-resonance samples:
1400 [-{empgpy [t

: :IEQPIL: 14S:711 tb Q(B

[ |—Woer ] e, .
1200_ —— ~770MBB IR R A S - 121fb1 BELLE

| 35:3.0 bt
| 25: 24 fbt
| 15:5.7 bt

(KEKB

1000/ -
[ for Belle

800 |

| Off-resonance: 87 fb
[ ~470M BB .
600+ 1 -~ -1
| P | Orf'essgm:w?e samples:
400 - for BaBar | ey s m T =1 4S- 433 fb'1 8
- 13S:30fb?
200} SPtEP"e' MERPSSUIIE
0! . hP .| Off-resonance: 54 fb™*

1998/1 2000/1 2002/1 20041 2006/1 2008/1 201071
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LHC Experiments: LHCb

LHCb Detector riev
o(bh) ~ 2501

Tracking Station: p for lower Tracking Stations: _
energy tracks and long lived || p of charged particles that (reduction fact.
Ve reconstruction traverse the dipole magnet of 0.5 only
T , Ma VB
Interaction s. | / PP M2 M3 | W r.t. 14 TeV)
region L/ / - |

Muon System

Tem o =15ps

VELO:
primary vertex
impact parameter

displaced vertex RICH: Calariatar
p, K, m discrimination Systems:
PID: h, e, y, ®°

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 10
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B-Factories: Where do we Measure? <o

25 [+ - e B-factories at KEK and SLAC
2 50! Yy + = Y(4S 5 3 0 10 0 Ty 0
Eap e'e” — T(45)  Y(4S)->B’'B’(50%), BB (50%)
- ¢ 1
2 15F | !
I =

10 - : (3S) ‘
ﬁ 50 | N 5 A . '..%-.. ] Y (4S) Energy Scan

; | 1 ool PEP-T

9.44 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62 I BABAR

B Mass (GeV/c?) '

e 8 GeV :

_|_
e 3.5 GeV

B-mesons are produced exclusively,
neutral B-mesons: quantum-entangled

Beam energies are asymmetric:
both B's have the same Lorentz boost,
fly parallel in the lab system

background (,continuum®)
below the resonance peak

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 11



D
The GP Observables: What do we measure?

some state f(f ) or
CP eigenstate, e.qg.

BB I
CP =-1 channel

LER (e*)

B-Mesons: ‘BO> — ‘5d> ‘B+> — ‘5u>
ete” — 1(45) — B'BY

Y(4S)

HER (e)

_— flavor eigenstate

B mesons are 0 O A * ey
produced in a b (B ) EXZ*V,DiX flavor tagging

guantum-entangled

state Az = BycAt At = bep — ttag

Asymmetric beam energies: translate decay time to decay length
Az ~ 150 yum == need excellent vertex detection

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014
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Need two amplitudes
of ~ similar magnitude, e.g.

B—> K
Wy )
ts -
_, d K+’ T+
u color-
+ 0 - g ~ suppressed
B ’BO e u 70 -
u, d - u, d u, d > ud =’
b a u,d
-0 4 __ 70
u _ u, d
B+ b d, s
d s - - W Tt K+
X,
u - u
build “CP Asymmetries”: ACP ['(B—f)-T(B—/f)

S T(B—+I(B—

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 13
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Events /(2 MeV/c")
(o)}
(]
=)

A (Km7)<0
WA: —0.082 4= 0.006

400 |

i (dominated by LHCDb

L measurement)

800 |
°§ 7002 : ACP(K_I_WO) > ()
= 600 E | - 0
2 ook f\ WA: +0.040 £ 0.021
= 400 F BT : 1
5 800 F
i QS should be equal !

200 F 4y o
T ! i =
100 £ M
- |

0' 1 | 1 | 1 C 1 | 1 | 1 |
52 5.225 525 5275 5.2 5225 525 5275 5.3

M, (GeV/c?) New Physics?
Nature 452, 332 (2008), PRD 87, 031103(R) (2013)
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CP Violation in Mixing D

Select final state f
B B B so that
=V i 0@  / o
5 > 7 g > B>« B> 7
e.qg.

10 —— 0
"= Xl'v<B look for semi-leptonic decays
BY 5 X1ty o Bo with wrong-sign leptons

20 4y R0 -
s r(zi —1I"X)-I(B" > 1"X) AT tand,
(B - I X)+1(B" -7 X) AM

SM: expect very small for By mesons, gblz = arg(M12 / Flz)

and ~ 0 for B, mesons ¢, = 0.2

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 15



New measurement
by LHCb: Ameas -

) o
B.—> D Xu .= 0.02
- 0
B "
2
> 0.02
N 1800 1850 1900 1950 2000 T
g T | [ DO E |
R S j Do i _
- 004 7 Y(4S)HFAG B f
- i DO :::i:::f:i:: i
B ‘l’ I L1 1 I S 1 l. 1 g
-0.04 -0.02 0 0.02
1800 1850 1900 195()+ ) -2()00 s d
(<K VeV 0%, = (—0.06 £ 0.50 £ 0.36)%
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Mixing-lnduced CP Violation

fCP | B0> - <fCP | EO> fCP : CP eigenstate
eigen value = &
1 _
1 — X ! D A
E \« e

\ /1
1 | A

/550 ' B O_) .
A (A = DB = 180 - T(B — fin

(BY — f:At)+ (B — f:A¢)
2

Llime-dependent >\f —1 2 Im()\f)

CP asymmetry“| = — cos AMAt + ; sin AMAt
M| 1 Mo+l =

@ 2 2 induced”

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 17




Time-Dependent CP-Asymmetries

e.q. B — JjpKg; € = —1
convoluted
with
detector
resolution

F(EO — fCP;At)

, D-tag"

||||||||||||||||||||||||||||||

At[ps]
N(B°,At)— N(B°, At
ACP(At) — (_0 ) ( - )
N(B",At)+ N(B",At)

= Af COSAMAt+Sf sin AMAt

No direct CP violation: A, =

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 18



Time-Dependent CP-Asymmetries

e.qg. B — rtn T £ = +1

convoluted
with
detector
resolution

(B’ — fOP;At)

.B -tag”

|||||||||||||||||

At[ps}
N(B°,At)— N(B°, At
A (Af) = (_O ) (0 )
N(B",At)+ N(B",At)
:AfcosAMAt+stinAMAt

L %
|||||||||||||

+ direct CP violation: Af = 0, Sf = 0

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014
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Measuring the Angles ©,,0,,0, (3,a,y) <o

(pN)

— — BO(EO)—>7T7T,,0,0,,O7T,&17T Br ~107"
Vr V;d b d )
n0 — ” — nl
OB d v ?“W d BO

Tree (T) or
4 Penguin (P)
/ Br ~ 10 dominates

cb” cd c

B_%DK_,DE[DO/EO] BYBY) = Jj0 Kg O%O E%‘%C{:

— QK¢ T

Br~10"" b d — b S

- - Gl
OB ﬂ% T (only) OEO y ;]%%88<2 P

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 20

V/b V;zd

!

\ T




Measurement of ¢, (B) in Charmonium K°® modes {B

BELLE

> 772MBB
BELLE ‘:L_g 3000 1
?
+ All combined
= —— Fitresult
- — B = JIy K°
@ 2000 B"—np(gS)sKi
"E B°—>;.(c1 Kg
(4] |
4 i
1000f N, ,=15560
- Purity=97% | |
N IR\

M,. (GeV/c?)

Typical signal extraction:
reconstruct desired final state using

K 2 * 2
Mbc — (Ebeam) _(pBO)

AE=E  —E,
B

beam

12

Events / 2 MeV/c?

Events / 2 MeV

465MBB
OO0
OO0
(:":.2 522 524 5.26 5.28
m,. (GeV/c®)
lnuu——b)
B'— J/tpK‘[’
Ng=5813
Purity=56%

O 20 40 60 80

AE (MeV)
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Measurement of ¢, (B) in Charmonium K°® modes {B

BELLE

5-2 0 ;%400;— :
:”;,2 %2005—
100; é 2;3 (b):E
. ok & 02 s
% 0.6} §300§ ©
E 0.4f gzo();— —;
7 02} £ 100 _;
EoE
-0.4f z oF : :
: 0.6} 5-0-214, W E
6 -4-20 2 46 6420 246 i 5 o 3 -
At (ps) At (ps) At (ps)
sin2¢,=0.667+0.023+0.012 sin2¢,=0.687+0.028+0.012
A=0.00620.016+0.012 A=-0.024+0.020+0.016
PRL108,171802(2012) PRD79,072009(2009)

Excellent description by the Standard Model
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New Belle Results on Penguins: B > wKS <>

Physics reason: compare @, from penguins ~ ®, from tree b — ccs
W

M V.o~ X\ b — sqq
S
b >— L > S =
be sz a KO
b .
penguin g ,
- —ow,m,...
d € d — 16 =
y 3 S 14F —total PDF
b > , 12 19F signal H
c u --- aaq u
W, 1 ... L% 105 - g% :
8 =
B° o ‘_
tree 70 € o i :
s ' 7]
d < d 5 e + -I_—L 4
DT & s odmiaiat s S Sy H
Penguin-dominated, tree in addition gg Oﬂ' H.i_ﬁ’# ++“L++ I
color- and Cabibbo-suppressed 58 g g
- 1 -06 -02 02 06 1

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 2Y - June 3, 2U14 23



New Belle Results on Penguins: BY

[

— T T T T

8- 50: ; q___+1 : T T T T 11 T T 1 l:

K) - g =1 L .

s =t n —

- N

~ 30— .

7)) C -

et - —

5 o -

> 201 B ]

L - 1 L, S S
L A/ |

L

=3

|

|

lll

arXiv 1311.6666

0 t T t T t 1 t T t N : 5
% i | ;/}_42:; n — .
& Ol— ; , [ Plinysmal boundary

-15 -1 -05 0 05 1 1.5

ACP

A, =—-0.36+0.19+0.05

First evidence (3.1 o) for CPV S
In this decay mode CP

+0.9120.32 4 0.05

SM: A=S§ —sin2¢ ~(0.1-0.2) consistent with SM!

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014
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D 600 A / CC}I)
G & lii
o F % /,7 S o 400
— - — total [\ ~
© 500 .
o Bb-udsc | | 12 total
~ B — | | -
Sk 00 S 300F m comb. BG with fake n’
£ | + £f =—1 o comb. BG with fake K }
T + . o comb. BG with real n’ and K?
300~ 200
f ¥ | N=2499 N=1042
Lyt 454&545 & 100
1WM |

-0.2 -0.15 -0.1 -0.05 0 005 01 0.15 0.2 0
AE [GeV] 0.5

using Mb and AE only direction of the KL
¢ known: cut on cms

momentum of B meson

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 25
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New Belle Results on Penguins: B° — n'K Do
g. ;@ 40E—B° = 7KY Q=41
- T asf - -Q=-1

Decay mode —&¢Sy Ag
n K2 +0.71 £ 0.07 +0.02 = 0.05
K} +0.46 +0.21 +0.09 +0.14
n' K" +0.68 £ 0.07 £0.03  +0.03 £+ 0.05 + 0.04

Most precise penguin measurement so far, consistent with SM

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 26



Comparison of Tree and Penguins for ¢, (B)

D
<o

b — ccs tree

b — Ssqq penguins

penguins from

2-body decays \

penguins from
Dalitz plot
analysis

¢, from tree and
penguins consistent

note: Theory would favor

& > &

sin(2p) =

(7¢1 ™) E

PRELIMINARY

b—5ccs__ World Average ! . 0.68 £ 0.02
"""" o BaBar Ty T R T 066017 £0.07
X Bele : e 0.90 '8‘{3

< Average : PHe 1 0.74 75

o T BaBar v 7T T T TR T TTT0B710.08 002"
< Belle ! ; B 0.68 + 0.07 + 0.03
= o Average: ; . ; 0.63 + 0.06
........ x..B.a.Bar .-.,---.-.-.-.-.-.-.-.-.-:.-<-.-.-.-. - :.-. .-.-‘-._O.gdwo.d:i006-<
x"’ Belle : ° 0.30+0.32 +0.08

» Average. : : 0.72+0.19
[T X T'BaBar v T T 4t T0B510.20£0.037
= Belle ! : — I 0.67 +0.31 +0.08
B Average ; : : - 0.57+0.17
.......... EA-.BéBé.r-._.E-.-.-.-.-.-.-._.-._.-:.-.-._._,_‘T.-; 0-35.*8}:::;£0-06.£0.03-
<  Belle : —d— 0.64°312+0.09+0.10

“a Average' : — 0.54 T02
..... 'u;"""'B'a:Bé'r""i"'"""""""""E"""""'"'f .-.:-__0.55‘8.g;£0'02-
o Belle : . :—0.91+0.32 +0.05

e Average ! : - : 0.71 £0.21
__________ - BEBAL i B 074'H}a
— Average : : : : 0.69 512
R E_a.B ..... " ——— s U502 0,06 £ 018
o verage ' — ' ; 0.48 + 0.53
" T BaBar ! T — 'i':""f """"" d 0. 20105210.07£0.07"
o Average . - - - : 0.20 + 0.53
S T BpBaE—————+ " 1 0720717 £0.08
WL, el 072£0.71
aBar : 7T

Z %% Average: : ; 0.97 *0%
S5 BaBar s e 0 01 U008 £ 58
. o Average: + 0.01 +0.33
"":"'\-C"EHEIé'r """""""""" ST T """"'0"65'%'012+ 003"
B ¢ elie E - : 076+8&P§
e Average : o . IO 0.68 &0

-2 -1 0 1 2
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Measuring the Angle ®, (a)

BO Ny

tree-dominated with -~ V=N
“ . . " T o -\ td N
penguin pollution u b - [aet W - d
V., _
W ,d»é d u
7 - £ . color- y
Vs )\3 suppressed
d > d d > > d
flavor-tagging used A, =+0.38 £ 0.15 £ 0.02
> 0.5

51 52 53 54 55 58 57 58 ) 2

R

lllllllllllllll[llllllll llll]llll”l]llll]"ll

PR B

JHEP 10, 183 (2013)

Invarlant =*x mass [GeV/c:2]

il il L 'l L l
< 6 8 10 12
Decay time [ps]

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 28



Measuring the Angle @, (a) B’ — 7'x

L 4005 (a)_ > 300
o 380- E o 250
8 300F = N
Ql = - = 200
o 250 - = \
< : e ~ -t
=) 200 — e, 150
- 5 : & -
@ 1OOFF E S 100F
o 100F = & 5
0 50E- = >0F
- R e R pails - L.
(O - ! (O -
L s s S ——— - 2 B
- 0Hr*++ """ + _1_1_{ - 33 o
> S S — _]_-[- I €2 oM
O ® . L | L | 1 | 1 1 L | L d O q') | L | L 1 1 | 1 1 L 1 N i
<@ 9.24 5.25 5.26 5.27 528 5.29 5.3 <@ -0.2-0.15-0.1-0.05 0 0.05 0.1 0.15
M, (GeV/c?) AE (GeV)

7/-dim unbinned extended maximum likelihood fit:
+ part. ID %, Fischer, At, flavor (including correlations)
to extract signal from huge BG (S=2.500, Cont=540.000)

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 29
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Measuring the Angle ®, (a) B’ — 777~ <D
+ % -
> - . T T Sep Vs Cp m
) L CP PRELIMINARY
Lo 300:_ 0 . e 'I“'BaB‘a‘r'ii"‘
it 2505_ /| Belle
~ - [M LHCb |
= 2001 B3 Average
(4)) = -0.2 i
L 150F
100F-
: 04 " S~ Belle B
50 measurement
” P LHCb .
Z:Tm % 0.5 measurement '
| @ O
e 05
L 08 s
-5 -5 295 0|.8 0.6 -OI.4 OI.2 0 5
PRD 88, 092003 (2013) ACP = 40.33 = 0.08 = 0.03
(most precise measurement so far) SCP = —0.64£0.06=0.03

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 30



Measuring the Angle ®, (a) B’ — p"p’

] S — VV decay
-~ Vub N )\
b #4— u
u’
B° color- v < B°
suppressed E suppressed d |
d a” d > a’

Very small branching ratio, large background from continuum

only longitudinally

. . [ +
polarized p mesons in & L
final state have definite \(\

. _ 0\OH1 Onz2/ ,

P \ Bo P
i
-

CP eigenvalue (=+1).

Helicity decay angle
analysis required

Long. polarization of p® found by BaBar ~0.75 PRD 78, 071104 (2008)

C. Kiesling, 13th International Workshop on Meson Production, Properties and Interactions, Krakow, May 29 - June 3, 2014 31



Measuring the Angle ®, (a) B’ — p"p’

6-dim unbinned extended maximum likelihood fit:

90

= 250 —~ 90 — '
S i 3 a0 3 8o ()
= 2000 S e 7
» - @ @ 60
c o C c
g 150: l% 50 £ L% 50
w —— E
. : Pt
100F- . 40 E
" 30 3 30
50:_ ----------- — 20 e T _; 20 Gy
r 10 = 10
o < Bo 4 - Bo o
3 [ — : S8 X3 S S8 :
é'a 2 e - g-a LI : E-as 2
22 -+t 22 £ 1 22
-0. 01 0.6 0.8 1 0.6 0.8 1 »
V] my(r*r) [GeV/cT]
= 4000F 3 o~ = 100 ——daa 1
- = 3 o S —— total PDF (t)
9" 3500F = = = 80 qq + BB (no 4n)
iy E 3 1 —-— BB (no 4x)
P 3000: 3 ‘2 i i ‘2 47 final states ]
E = @ ] @ 4
g 2900 ERE ] @ e -
L 2000 = X Z 1
1500F E > 40 .
1000F 3 Y A :
5005 —E : '['-[- + ] 20 i
: ] | 1 S
o $e & Fo £ -
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Measuring the Angle ®, (a)

correct for penguin pollution via decay modes
related by isospin (11 and p)

H _} . 23.80 < (]‘)2 < 66.80 (__'l)ggl%/}\" T T I||'|. T ll }r\v/—q\lr /l\i
is excluded @ 1o C.L. “or- | ,/ \ R

BE | | 3

S | ;

s | [V

B" — xt7~ 772M BB pairs used > |

Bt - rtx" 772M BB
BY - 7%7% 275M BB

B — pp Po = (84.9+12.9)° Agpy = (0.0 £ 9.6)°

/

because Br(B—p°® p? ) is so small:
Br(B® — p’p") = (1.02£0.30 £ 0.15) x 10~°

B — %" T772M BB pairs used
B= — p=p’ 8M BB
BY — pTp~ 535M BB
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LHCb: ¢, =
Belle: ¢y =
(arXiv 1301.2033)

BaBar: ¢y =
(PRD 052015 (2013)
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The Unitarity Triangle

SM nicely describes the CPV data
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Global fit: ~ ¢,(a) = 85'4—3.8 ¢3(7): 68’0_8.5
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D

Summary & Conclusions <o

O Data on CP violation in the B meson system (also D and K) are well
described by the Standard Model via the CKM mechanism

O Some “tensions” exist, such as measurements of the sides of the B
unitarity triangle, comparing V,, (V,,) from semileptonic exclusive and
inclusive branching ratio measurements (not shown today)

O But: no single significant deviation (> 3 0) seen,
no sign of New Physics

O Analyses mostly still statistics limited (B factories),
but also LHCb: 3 fb-" on tape, not all analyzed yet, more data from
2016 onwards (14 TeV cms energy)

O Another big step yet to come: SuperKEKB and Belle 1l (2016)

O Exciting times ahead of us ...
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The Unitarity Triangle in the year 2023

~1
f L£dt = 50 ab
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SM correct a nightmare ...
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The Unitarity Triangle in the year 2023
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present tensions stay ... __the dream !
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New Measurement of TRV

) e o)

Flavor base CP base: ‘B_>: J/wKS>;‘B+>:‘J/¢KL>
Entangled state Entangled state
‘ ijects B’ | Pro jects B
Y(4S) , Y(4S)
'I ‘, -—0-"/-l/¢'
’ ’IJ
B It is NOT B tagging
the exchange X
t et
Projects B Projects B’
T~ / J. Bernabeu et al. A =l
BU i—) B JHEPO8 (2012) 064 B —>B
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Tests of CP, T and CPT

Reference T'-conjugate
Transition Final state Transition Final state
B’ - B_ (t*X,J/YvKs) | B = B (J/YK,, (~X)
B, =+ B (J/YKs t*X)| B = B, (I~X,J/vK,)
BB, ((*X,J/vK.)| By - B (J/WKs (~X)
B_—=BY (JWK, (*X)| B"=B_ (X,J/¢vKs)

Reference CP-conjugate
Transition Final state Transition Final state
B - B_ (t*X,J/vKs) | B® = B_ (X, J/VKs)
B, -+ B (J/YKs,07X)| By =+ B (J/YKs, -X)
BB, (*X,J/vK,) | B°—= B, (X, J/YK,)
B_ -+ B (J/WK, t*X)| B —- B (J/WK, (~X)

Reference CPT-conjugate
Transition Final state Transition Final state
B B_. (¢tX,J/vKs) | B - B (J/WK., (*X)
B, -+ B (J/YKs ¢¥X)| B - B, (¢¥X,J/vK,)
BB ((X,J/YvKs)| B = B (J/yK, ¢-X)
By -+ B (J/YKs,~X)| B> B, (X,J/vK.)
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Search for Lepton Flavor Violation

48 different LFV modes were studied at B-factories
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Super Flavor
Factories:

Indirect discovery
of New Physics
In quantum loops
via high precision
measurements,
searching for
deviations from
the SM

complementary to
the LHC
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