
























































































































fixing cftheB sysku 27 es 23

Literature

RI General mixing of formalism

Bs mixing higher order connections in
diagonalisation for B mixing

I never exp results

RI D
mixing

exact diagonalisation






































































































































mixing
Interaction Eigenstate Mass Es

e.g win B K wt w 29 A

Neutrinos
Vern

Mixing of neutral Mesons

Def meson defined via Quark content

Bs Fs Is 651

Naive expectation time evolution

a Ira
É

H is equivalent to

ith Efm
It I

mate
so far I If Is






































































































































But weak interaction allows Bsts Bs

g GE O14 YI
My off shell part of the Box diagram

G C t W

Foz en shell part of the Box diagram
G C

Example C E

5 5 s sb

981.0
Bs I 5 ps é s

É






































































































































rest general form of mixing matrix

Mil E ti Miz I f 2
Til 522

r Ira no Ro ni
E not

non diagonal
Bs BJ are not mass eigenstates

diageualise Mass matrix

Bs H
s
p Bst 9 Is HE Heavy

Bs L p Bs q Es Le Light

Mass eigenstate Quark Flavour
eigenstates

diagonal
Mass decay
rate matrix Matt E S H O

o Ns
I






































































































































Ilysicalabse ables

Boxdiagrams
rn

Miz Tz E Q

3 physiialquantities I Miz Tal diz ang f

3 observables

jiffs ons Miz Tia

Day vatedifference
D Ts Is L Ts H O Ts I 712 T2

Eavour specificasymmeta
Afs I 9 se Afs I Miz Fiz

Cf in mixing see below






































































































































Diagonalise mass decay rate matrix

in the B system one finds trial a trial

Taylor expansion in 15 1 5153

4 Ms 21mn21 0 TIER
A Ts s 21521 cos e O TIER
af's III sin E t o f 1

II
5 10 3 see R2

for exact form
af 2 10

5

Comment in D system ITzle trial
he Taylor expansion in Tmz possible

see R3 for exact diagonalisation formulae

however exp indicates diz is small
do Taylor in de see below






































































































































How to measure these quantities
Look at time evolution of a neutral

B Wesen

Trivial for mass eigenstates

Bs Halt
F Fk t

Bs micro

Rewrite mass eigenstates I Bs all t 1

in terms of flavour eigenstates 1 Bs Ctia

Bs it 7 9 4 LB d g t Bst

with g rtl e
i Bst

e test cash tf cos

sink It sin

hehe we used M Bs Mild TB If
D MBS MH ML WTBS E F

2M B T DMB 2 17th 2 cost e it r e it

217 Bs 0M Bs 2 ML Zi stay s e it e it

2 sesh x e Xt e t

2 Sinha e x e t






































































































































see RI R2 for G It I 5s It

now we have the time evolution at

1 Bs H 15 Stl

We are interested in measurable

decay probabilities
Br B of ffB
t B of pg c flueffIB 22

To determine t Bs t s f we

have to square

left geeff I Bs 667712
Sp
insect above

time evolution
and keep

leflgeeff Bs 1
K flGleff BI

trivial but tedious algebra






































































































































One gets see RI R2 Eep

g
Normalisation faster
re g phase space effects

T Is it Sf NI App III e
It

cosh Ifl cesonst

sinuft ItEsinorst
I Afs

TEs t s f
See RI R2

with the abbreviations

Af Lf Heft By matrix element
f I had ten

very difficult
to determine Even

If e f feoff Bet first principles






































































































































Af f It
A f

In It I 2 10 5

flavour spetific

Definition flavone specific decay BstilB f
is B IF

Examples
a semi leptonic B decays

b Is s Dst T Bs s Ds It

0 50 0 50
Fyi Foot






































































































































for a flava're specific decay
Af O If a D Xf C

172

T Est sf Np App.ttEMMe It

cosh TIME cesarst

EBAY.AMIEIIIuoN
I Afs

simple exo t formula to

fit time evolution

cos ons t

































































Measurement of mixing observable






































































































































Results

4 Ms 17.765561ps

I Met 0.5065 19705

W Ts 0.083 5 85

super precise measurement

Did ra 0.001 lo

af f 21117 10 4

a fss f 601280 10 5

experimental measurement
still missing






































































































































How to calculate mixing
Tz

b I s b I s b I s

as e e s e e e e
s a 5 5 E 5 s E 5

c c e
b
g g g

s b
g g g

s b
g g g

S

s e e
s a 5 s E 5 s f s

t t
s t s

b
g g g

s b
g g g

s b s

s e e s s e
s a 5 5 E J t 5

g
s

tu nu t o o

games
bothers
43
É e

b

Xu Vubvis As VOUS Xt Abuts






































































































































1712 15 Flaw Tuff hic Au7tF hit
Titu flan t Aif Isis X Atf Cat
At Auf Hia r AEA Fitial Afrit t

Wolfenstein vs Bd

Chen Au VaF Vas r a
8 13.8

XC Vcs Veb AZ X 3

Xt Uts Uts x2 x 3

II Vann is unitary Audette

Act Xu At

Miz s Xu Flac I franc Fruin
Dutt F le I F ne Fruit ft z Mf
At I F ICICI 2 F le t Fit

z

I
can leading






































































































































observations

hey me let 3 I 32 2 z 0

SIM Mechanism

gfashew Illiopoules haiani

y
x TZ

Leep integration
Ffp 9 if flea xp

g n fo cancels exactly

Quark masses

Xu IF I o

XC Wcf I 2.5.10 4 I

Xt Etz I 4.5






































































































































Miz Xu O

2 That O

effigy'D
Lim function

with

six É EEE

Performing the full SM calculation

taking also hadronic bound

States of Bs Bs into account

one gets

I s

Miz SE EXI S xx FBI BB RI
feet and

convectitus

g
Buras

35 is so






































































































































Miz e Bsl I 83

Biafra 153

Define e BOB FB's BBs MB

A
start tag

parameterLattice
Sum
rules

lattice
M s

only Q arises

an Bsn Qi As see Paologambina
or

Sh
Qi Qs arise

at Bsh
ar Qs arise

statisand

Lattice 2016 FNAL MILE

2018 RBC KQED ongoing IEE's
2019 HP QCD

HQET sum rules 2016 Siegen ord
2017 Durham Ora

BSM

2019 Durham OKs





























































Average lattice sum vales 1909 11087

i

peas 1912.0762

DMs 18.77 86 85 otheld Exp a 740

o ng 0.543 29 psi Ethel Exp a 15

O Ts O O 91 13 ps d der 2.6

o Td 2.6 64 10 3ps no exp value

ages 2.06118 10
5 he exp value

ased 4.73142 10 4
he exp value






































































































































This already gives a strong constraint
on

many Bsn models

Example look at b s s ma anomalies

still
0 O
Is Iffy

Br P t Bothe

maybe I BSN e.g new Z

s sxp

hIIZthe

But a F z vertex contributes to Miz

It
ons 5
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Iminium






































































































































Can we do even more with
our mixing formalism

D Search for Cf
3 kinds of Cf

Col frsiing Theory Exp

Use flavour specific decay
with no direct lie AE Ae

Example Bs 705 it Bs Ds it

5 D év
Bst Dst F

Define Asf
T Bs Al S f Tf Bst F

T BsCtl s f t Tf Bst F

insert j
sin did z.io t

time
evolution

still huge discovery potential for Bsn

d exp I 280 10 T asses 2 it t



























































































in the SM exact 2111.04478

assess est

EFFIE
Measuring Afs 18s Dst ash

would be an unambigous sign
for new of physics

Are there any other indications for
Bsn effects e.g in Bs Dst it






































































































































Indirect of a fin interference

effing ecaya
theory rough estimate golden platedwades

high precision penguinpollution
exp hey yeasurement Grew

l o k at decays
3

B s f By s 314 ks

B o f 9 1 Bs s 314 0

Diagrams
Tree

y penguin
g
S

t 0 8
I 314

Bs






































































































































t Balt of tr Bartl of

T Balt of ttCBartl
of72

tege.e.c.t.pe.ugui.us
only one street decay amplitude
Af Afl e i k e if

If Iafl eid e it If
Eman

3 If s e Zil t tiny cowections

all hadronic
uncert cancel exactly

A a sin B y
d

Ti s

Include Regains
Af Atle i die it Ap eid einer

AE IA eidt it Ap eide e ill

def re 14 i expect to be small
new small






































































































































D Af
It r e

di di e
i rep es

I r e ite di e i rep et

Aina sin B htt

when will this be relevant

r es I l in sin 2B

the last week sin 28 0 716113 8

SB 10.60 IN

The SM does not predict

Aid sin 2B

MMM
It predicts

Aina sin 2B it v






































































































































CP in decay
direct

Def fair
Blt É TBA of

TC Biti E t TBA of

works also for non neutral mesons

due time dependence Bt s

A gives only a contribution
if the are at least 2 amplitudes

Af Atle i die it Ap eid e
ite

Adin 2ttlgit.io
he fully dependent our

this is the leading term

Theory

Exp
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t.ttfitff
arrest

E
Bots lyk Bs 93140s

OBI f sins 44 9 As

Fa10






































































































































Ch Physics
differences compared to B system

1 stronger QCD coupling
as me 0.30 0.35 s as Club 0.3

2 Chavin quark is not really heavy
wide f 6710.07 GeV
tee Chic 1.2710 2 Get

ME 3

latest3 There is almost no Cf
can filter Vcd o 2247 1.4 10 i

Vcs O 97354 3.1 10 52

Cb 0.0416

41 There are extremely pronounced
SI M cancellations

Observable AThee 2 father y Az
thee

Ai Observable

Ax 282 Az Lh Ai






































































































































caftensinthe systeen
A No Cancellations T Do

B Strong cancellations TLD

C Extreme cancellations D
mixing

Does is make sense to expand in Yue

IAI TSD IT FEI rift not It t

seat b b b

Et
I k b5

t IEÉ ed
clevercute magnet quark

quark operate
operate operator

decay trainee
d MI wz

I
503 Bi e pet

peranete



2109.13219

2204.11935



Looks promising
so what about

D mixing
Tz

C J su g I su c f su

s s e s e e

G a e a se E a 5 E

c I su
c I su c I su

s e e s e e s e e

e
I d c u s c a 5 c

e I su s's su as I su

s e e s e e
as of 4 a s c a J c

Uab

F g

iii Iu e



x Ao

p g
Chen tauteveu Ya Ved Vinet r A

As Ves Vast A

A b Vcs Vast 15.8
g

12 13.8

Miz s to Fl did tax Flds hats Flds
Aaa F is d As f Iss As Xs F is b

Abt d Fbi d As Xs F Sib As F bib

Tat Ast 75 0 3 As Tel As

Id Fad 2 f dis f is s
5 strum

27416 F Isis F dis Fld b F s b 38

II
Ég

É
can

hierarchy matters us I



D orthogonal situation to B mix

F lx ly fo t f III IL

II so

IIe 1 3 10 G j o

III J 2.8 not e e

e

a

x II f 09 it lo s

y É 6.1555 10 3

Nate IIIT ie ret

ng



y
E

As Fr did 2 Frs d Ffs s Eg

As F did I
5g Exp

feathery solutions
HQ E breaks down for

D mixing
Intrinsic Uncertainty of
about Zack for each fix ly

intrinsic uncertainty any
20 yep yep
3 we cannot do better

Rewormalisation scale

Fi did 2 f Is d t F is s

b t
Mad deed fess



Naive Mdd Msd s fess

É axy E C Sev 2nd

Mold disasters vary independently
Here ro t v 5 y

P

__

ck fediting
direct lattice studies

zoa

higher orders in the HQ E

S I n cancellations less

pronounced

Exclusive Approach
so far we first principle
prediction
simple estimate of phase
space effects indicates



g ie x 1

realist

progress needed also

for OA p Aedes KK

A DEKE

but keep in mind

B's s Dst F

us is large

only i topology
only leading tee

56 deviation go
of Exp S Qc of o



how De s k t k T T

e her e is smaller

several topologies

penguins wii get
be large

on the positive side

a lot of things to do

in theory experimentAhn
the next years I
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