SEARCHING|
L

HEAVY FLAVC

The In1stit ] J

P S )
F) ey 8
; !
N !'



FLAVOUR

The term Flavour was coined in 1971 by Murray Gell-Mann and Harald Fritzsech

ELEMENTARY
PARTICLES

o

2

T

=

C

O

The Fundamental building Q

blocks of matter are the elementary -
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Fermions-quarks and leptons it B Ll
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PhyS|CS Of Flavour deals Wlth Three Generations of Matter

transitions between the 3 generations
of the SM fermions.

3/17/2019 Heavy Flavour Meet 2019 2



< 3 gauge couplings

< 2 Higgs parameters

«* 6 quark masses |
«* 3 quark mixing angles +1 pk

< 3 (+3 ?) lepton masses ' Flavour: Parameters
< (3 lepton mixlng S +1 phase

Aim of the past, engo 1
B factories, Tevatron, LH
experiments is to precisel
including the CP viola ;
Standard Model e
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0P Violation

.’

e CP is the discrete symmetrywhi ak
with reversed “charges”.

< Universe was born with equal ai
All evidence indicates that the n

One necessary ingredlent for this ob:
Violation. |

«* Origin of CP violation ¢ . 2rstood.
< CP violation is merelype |
< CPV in SM not suffi
=New Physics |
«» CP violation has beer
Significant effort in lool

Arises only
when there is a
change of
flavour



CPVin Standard Model

ESM = ﬁkmehc"‘ £H|

CP lt

PRI ECE of Unitary matrix diagonalizing the mass matrices is the
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CPVidue to complex Yukawa couplings

Yukawa interactions = mass terms

o T

Elements describe charged-current
couplings.

CKM matrix has to be Unitary.
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i i +V V. + =0
arity triangle (UT)™: cd ¥ cb




"for the discovery of the violations of

fundamental symmetry principles in the
decay of neutral K-mesons”

h.
1/2 of the prize 1/2 of the prize

USA USA

University of Chicago Prineton University
Chicago, IL, USA Princeton, NJ, USA

b. 1931 b. 1940



""for the discovery of the origin of the broken
symmetry which predicts the existence of at
least three families of quarks in nature*

1/4 of the prize 1/4 of the prize
Japan Japan

Kyoto Sangyo University; Yukawa
Institute for Theoretical Physics
(YITP), Kyoto University

Kyoto, Japan
b. 1944 b. 1940

High Energy Accelerator Research
Organization (KEK)
Tsukuba, Japan
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Baryon Asymmetry

All evidence indicates that the universe is made up of matter

In the lab. possible to create antimatter-identical to matter, with
opposite charges, matter+antimatter, annihilate.

Universe was born with equal amounts of both

Matter and antimatter do not behave identically

1967 Sakharov gave the famous three conditions for generating
a baryon number asymmetry in the universe:

(1) Baryon number violation, so that the antibaryon disappears.
(2) CP Violation, since only antibaryon has to disappear.

(3) Departure from thermal equilibrium, otherwise the created
asymmetry will disappear.
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How do we test this pammetrzzatzonP

CKM has a hierarchical structure
parametrization:

Via Vs Vub 1—3 -4
V=| Vi Ve Veb | =] —a+a25(1—p—in)

Via Vis Vib AN —p—i7)

NP may be of
this order Non zero

The B system is an excellent testing gro

Hence, there was a huge to measure CPV in B

Decays rare r n ber of B mesons  =-1-cioric
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N> 3 Required for CPV

General NxN matrix
Unitarity |
Phases that may be abs
by rephasing the quark fie

Free parameters

shape
normalized to unit base







Mixing in B Mesons
Within SM, B, — B, mixing lnduced

Time evolution of any linear comblnatl.n of
flavor eigenstates a|B°) + b|B°) governed

#(3)- ()

where M;;=M,,, I';;=I",, - CPT invariance
M, I\/|21 M12 -- due to 2nOI - transitio

The eigenstates of the
By) =



The eigenvalues are, p+ = Hu =+
My = My + Re(HyaHap )2, :
Eigenstates of the Hamiltonian
the time evolution of the |B° ,

Bo@) — oM

Bt))




Measurements?




Phases are elusive, only relative ph

interference terms in modes to \
distinct phases contribute

The different ways in which inte
following categories of CP violation.

L .

jiolation in interference
2en mixing and decay




_ )
I

For a decay amplitude with 2 or more k

./ __rf.(,')l ‘,l‘(il _)i(f)z J?'(sz ) e S A IN o 1A &
A = Aie?e™ 4 Aye A - —2A; Ay sin(Ag) sin(Ad)
T —idy b —idy id; o . -
A = A e Age %26 A2 4+ A3+ 24, Ay cos(Ad) cos(AD)

*The angle y, phase of the V,, element
of the most difficult to measure. |
e y cannot be measured usir dependen

«Other methods develc
---DK Methods, inter

---Knt Methods, interfer _
Tree is Cabibbo suppre:s

Electroweak Penguins c:
Size of the tree ar 1gui
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= [ oKmanos | <

Need to look for decay modes with \

i8q i3 i
ae’ s’ + be:?*,

color suppressed , BN
~VupVes ~ A4 /13(

Among the DK methods, there is GLW, ADS, SS
Attention has been paid to the GGSZ, using Daltz plot analysis




CP\/ due to interference between decays with and without mixing

Final states f into which both B an
have interfering amplitudes fromn

Similarly for other neutral mesons

The time dependent decay rate has
L(B°(t) — f) =
{AIQ +1A2 AP - |A

> = cos(AMt) —Im ( ) &n(AJ\Jz‘,)]




Fig. 5: The evolution of the constraints in the standard CKM unitanty tnangle plane from 1995 (left), to just after
the start of B factories (maddle), to the present (nght). Taken from the ckmfitter websie [15].




There are mamny unresolved que:

» Why are there 3 g on

» What determines the ps
mixings of quarks and lepte
» CP Violation:Matter-Antime
Universe -

» The H

» How to

»What is

=there must be Physics beyond the SV




Most rare decay modes aré Direct---E
Flavour changing neutral Indirect—I
current Processes (FCNC). |
Not allowed at the tree level

in SM appear at loop level.

In presence of NP, new particles will apj
loops. Measurement of these rare decays ¢
constrain the NP .

Flavour physics can haw

masses in muti-TeV rar

Can possibly put non-triy

B advantage is that mar
options. Current data —-10
” accessabile NP sca ti-




b Jnfbe d B, D and K mesons also decay though loop diagrams.
N udae If New Physics exists it can contribute to these rare
""" decays through virtual contribution to the loops
d,u,5,¢ very useful for probing new phenomena without
directly producing the heavier particles at very high
energies.

Such Precision measurements will be possible at the upcoming SuperBelle,
Superflavour factory or at LHCO

Such decays have put strong
constraints on various models
of New Physics
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Flavour: A tool for Probing High Scales of New Physics

(d)
- - C: wid . .
Lo =ZLgm+L d:‘" -0} (SM fields)

1 - _
Lsm + Az (QiQ;)(Q:Q5)
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(s=d)  (bod) (s (oW
Ampy, ek Amy, sin2f Am,, Agy D-D
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