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Blaise Pascal 400 years

Stockholm ‘08V. T., LHCb/CKMfitter, LPC Clermont FD

“After all, what are humans in Nature? A nothingness 

with respect to infinity, a whole with respect to 

nothingness, a middle ground between nothing and 

everything. Infinitely far from comprehending extremes, 

the end of things and their principle are for him invincibly 

hidden in an impenetrable secret, equally incapable of 

seeing the nothingness from which he is drawn, and the 

infinity into which he is engulfed.” Blaise Pascal 

(Thoughts, 1669) 
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The CKM MATRIX
Cabibbo-Kobayashi-Maskawa

V. T., LHCb/CKMfitter, LPC Clermont FD
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The Standard Model (SM) & the Unitary CKM Matrix
➔ mixing of the 3 quarks families &  CP violation

1-l2/2 l Al3(r-ih)

-l Al21-l2/2

-Al2 1Al3(1-r-ih)

• the Higgs boson gives mass to elementary bosons & fermions (quarks, leptons) 

through  Yukawa couplings, but there is not only that ! :

charged currents (EW) imply transitions between quark families : quarks decays [there 

are no neutral current changing flavour (FCNC) at tree level (i.e., GIM mechanism)].

• strong hierarchy in EW Vij 

couplings for the 3 families (wrt 

diagonal couplings lN  (0.225)N : 

•➔ Cabibbo angle).

• KM (Kobayashi-Maskawa) mechanism : 

3 generations ➔ 4 params: 

A, l, r & 1 complex part h 

which phase is the unique 

source of CPV in SM. 
+ O(l4)     (VV=1)

V. T., LHCb/CKMfitter, LPC Clermont FD
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Unitarity triangle in the (ρ ̅,η̅)

complex plane:Parametrisation « à  la Wolfenstein » phase invariant 

& valid at any orders in l @ CKMfitter 
(EPJ C41,  1-131, 2005) : 
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The CKM Matrix, the unitary triangle  & 
the very rich phenomenolgy of quark flavors  

➔4 parameters (A, l, r & h)  to be 

obtained/tested wrt. data:  

nucleons, K, D, B(s) & top quark 

physics.

➔ unitarity relation in  Bd system 

(1rst line/3rd column):

 

V. T., LHCb/CKMfitter, LPC Clermont FD
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CPV means asymmetries
Typical performances drivers  

V. T., LHCb/CKMfitter, LPC Clermont FD

I. Ripp-Baudot @ Moriond QCD 23
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8

Belle II @ SuperKEKB

V. T., LHCb/CKMfitter, LPC Clermont FD

Highest e+e- luminosity machine ever  (sub-µbeams + intensity  + crab crossing)
Machine background remains a challenge   

The initial momentum of the b or c hadron is known
Excellent reconstruction efficiency, vertexing, PID, invisible decays
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LHCb @ LHC

V. T., LHCb/CKMfitter, LPC Clermont FD

Few 10  billions of b and c 
hadrons  produced/year
flying more than few 10 mm 
Lorentz >20
Excellent vertexing, tracking 
and PID
Software & topological based 
adaptative trigger
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The angles 

V. T., LHCb/CKMfitter, LPC Clermont FD

EXTREMELY ACTIVE FIELD
MANY NEW RESULTS !
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Run2 sin(2 /1)

V. T., LHCb/CKMfitter, LPC Clermont FD See for more details the LHCb CERN June 2023 Seminar
 

~310k B⁰→J/ψK⁰s 

https://indico.cern.ch/event/1281612/
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World Average of sin(2 /1) 

V. T., LHCb/CKMfitter, LPC Clermont FD

/1 =(22.54±0.31)°
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sin(2 /1)

V. T., LHCb/CKMfitter, LPC Clermont FD
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Latest news from Belle II on sin(2 1)

V. T., LHCb/CKMfitter, LPC Clermont FD

Y. Uemastu @ CKM 2023 
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Latest Belle II on sin(2 /1)eff

V. T., LHCb/CKMfitter, LPC Clermont FD

b → qqs (penguin) transitions 

Y. Uemastu @ CKM 2023 

Belle 
Belle II

Belle II with 360/fb 
does almost same as 

or better than Belle 711/fb !!!! 



16V. T., LHCb/CKMfitter, LPC Clermont FD

Reminder CKM global fit: sin2s (-sin2 s)

Unitarity condition from 2nd and 3rd columns:

VusV*ub+VcsV*cb+VtsV*tb=0

s



17V. T., LHCb/CKMfitter, LPC Clermont FD See for more details the LHCb CERN June 2023 Seminar

Run2 sin(-2ss)

349k signal Cands

https://indico.cern.ch/event/1281612/
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sin(-2ss)

See for more details the LHCb CERN June 2023 Seminar

https://indico.cern.ch/event/1281612/
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sin(-2ss)

M. Cruz Torres @CKM 2023
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CKM global fit: the angle  /2

V. T., LHCb/CKMfitter, LPC Clermont FD

Global CKMfit+ meas.:
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the angle  /2

V. T., LHCb/CKMfitter, LPC Clermont FD

M. Dorigo @ CKM 2023 
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the angle  /2

V. T., LHCb/CKMfitter, LPC Clermont FD
M. Dorigo @ CKM 2023 
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the angle  /2

V. T., LHCb/CKMfitter, LPC Clermont FD
M. Dorigo @ CKM 2023 



Already ~12 years ago after the B factories  BaBar@SLAC and 
Belle@KEK, we knew that! 

24

M. Kobayashi & 
T. Masakwa, 
Nobel prize of 
physics 2008

The KM 
mechanism is 

the main 
source of CPV 
at EW scale 
(i.e. @ mW/Z)

But there is 
still room for 
BSM physics

The CKM angle /3 is special 
It is a fundamental parameter of the SM related to 

the complex phase in the KM mechanism 
responsible for CP violation in quark sector.

In particular, /3 is the phase of the complex number (ρ ̅, η̅)

V. T., LHCb/CKMfitter, LPC Clermont FD
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The usefulness of measuring accurately /φ3

V. T., LHCb/CKMfitter, LPC Clermont FD

CKM angle  is the least well known CKM constraint
(although now only just (i.e., similar to )) and
remains a unique CPV parameter:

▪SM benchmark or standard candle of

the CKM Matrix in SM – The only CKM

angle accessible at tree level

▪ Probes NP scales extremely far beyond direct 
searches in ((N)M)FV NP scenarios: 

[arXiv:1101.0134]

and at least 15-20 TeV in Model independent    
approach ! 

➔ Determination form tree B→DK decay theoretically extremely clean : [arXiv:1308.5663]

➔ Use for “direct” vs “indirect” (i.e., “tree” vs “loop” processes) disagreement in global CKM fit 
consistency test : - Tree level decays test the SM and are robust to New Physics (“standard candle for the 
SM KM coherence tests”): ⊥ constraint to sin(2), need ideally precision of about ~1° and below 

- Loops (B to charmless decays) test for physics beyond the SM but require a clean measurement as input
& precise understanding of theory assumptions (SU(3) breaking, U-spin…).

https://arxiv.org/pdf/1309.2293.pdf
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Measuring /φ3 in open-charm B-decays: B-→D(*)0K(*)-

V. T., LHCb/CKMfitter, LPC Clermont FD

~

VcbB-

K(*)-

b c

D(*)0

Vub

B-

D(*)0b

u

K(*)-

Same final state D0[D0/D0]

~





See Young’s 

double slit 

experiment
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Measuring /φ3 in open-charm B-decays: B-→D(*)0K(*)-

Experimental aspects

V. T., LHCb/CKMfitter, LPC Clermont FD

~

➔ measuring γ at tree level is difficult (typical BFs <10-6 and
less, reconst. & selection efficiencies below % ):

▪ STATISTICS is THE NAME OF THE GAME  efficient detection/ 
selection/ PID/ tracking/ vertexing and even neutrals 

▪ combining many measurements/methods + inputs from charm 
factories (D parameters + mixing & CPV)

➔ Many methods/modes to combine for optimal & redundant
determination of γ (+rigorous statistical treatment possibly matters !)

➔ various charmed modes in B0, B+, B0
s, 

0
b, B

+
c decays are 

useful to understand/confirm possible sensitivity to BSM physics 
and its nature

Y. Gao
@ CKM 2023 

Very important experimental inputs from 
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Measuring /φ3 state of the art: world field yet dominated by LHCb 

V. T., LHCb/CKMfitter, LPC Clermont FD

Approaching the 1° accuracy !
LHCb-CONF-2022-002 [link] the LHCb 
fit combines dozens of LHCb papers 

https://cds.cern.ch/record/2838029/files/LHCb-CONF-2022-002.pdf?version=1
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NEW LHCb /φ3 in B+

V. T., LHCb/CKMfitter, LPC Clermont FD

See CERN  July seminar by M. Tat

+

+ I. Mackay 
@ CKM 2023 

https://indico.cern.ch/event/1281611/
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NEW LHCb /φ3 in B0

V. T., LHCb/CKMfitter, LPC Clermont FD

See CERN  July seminar by M. Tat

GGSZ
Self-tagging K*

+ ADS & GLW
for  

S. Stanislaus 
@ CKM 2023 

https://indico.cern.ch/event/1281611/
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NEW LHCb /φ3 in Bs

V. T., LHCb/CKMfitter, LPC Clermont FD

Q. Führing @ CKM 2023 
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NEW LHCb /φ3 in Bs

V. T., LHCb/CKMfitter, LPC Clermont FD

Q. Führing @ CKM 2023 
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Belle+Belle II status /φ3 in B+

V. T., LHCb/CKMfitter, LPC Clermont FD

K. Trabelsi 
@ CKM 2023 

Combined fit from 60 
Observables:

/φ3=(78.6±7.3)°
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Other CP Violations 

V. T., LHCb/CKMfitter, LPC Clermont FD
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CPV in 3-body charmless B decays

V. T., LHCb/CKMfitter, LPC Clermont FD

L. Falcão 
@ CKM 2023 
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Direct CPV in D decays at LHCb

V. T., LHCb/CKMfitter, LPC Clermont FD

J. Brodzicka
@ CKM 2023 
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CPV in D decays at Belle II

V. T., LHCb/CKMfitter, LPC Clermont FD

M. Bertemes
@ CKM 2023 
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CKM global fit: Testing the consistency  

V. T., LHCb/CKMfitter, LPC Clermont FD
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CKM global fit: Testing the consistency  
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CKM global fit: the experimental and theoretical inputs 

V. T., LHCb/CKMfitter, LPC Clermont FD

New in 
2023
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CKM global fit: theoretical inputs, 
dealing with hadronic effects  

V. T., LHCb/CKMfitter, LPC Clermont FD

etc. means: D→ Klν, B→ D(*)lν / πlν

*

*
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CKM metrology: where do we stand ? 

V. T., LHCb/CKMfitter, LPC Clermont FD

L. Vale Silva @ CKM2023 



43V. T., LHCb/CKMfitter, LPC Clermont FD

Supplemental material
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LOOKING FORWARD to the bright FUTURE

V. T., LHCb/CKMfitter, LPC Clermont FD

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
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LOOKING FORWARD to the bright FUTURE

V. T., LHCb/CKMfitter, LPC Clermont FD

we are here !

T. Gershon at the LHCb week Marseille Sept 23

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
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K. Trabelsi @ CS IN2P3 27/10/2022

LOOKING FORWARD to the bright FUTURE

V. T., LHCb/CKMfitter, LPC Clermont FD

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
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LOOKING FORWARD to the bright FUTURE

V. T., LHCb/CKMfitter, LPC Clermont FD

See Physics case for an LHCb Upgrade II + the Belle II Physics book

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
https://cds.cern.ch/record/2636441/files/1808.08865.pdf
https://arxiv.org/abs/1808.10567
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LOOKING FORWARD!
Phase I: LHCb at 23 fb-1, CMS/ATLAS at 300 fb-1, Belle II at 50 ab-1.

Phase II: LHCb at 300 fb-1, CMS/ATLAS at 3000 fb-1, and Belle II at 50 ab-1.

~in about 10 years

~20 years

V. T., LHCb/CKMfitter, LPC Clermont FD

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
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LOOKING FORWARD after 2040 !

V. T., LHCb/CKMfitter, LPC Clermont FD
https://fcc-cdr.web.cern.ch/Annecy 

https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf
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After 2040: FCC a GigaZ factory !

V. T., LHCb/CKMfitter, LPC Clermont FD

between 1989 and 1995, 18x106

Z bosons were collected at
LEP@CERN, FCC aims for 5x1012 !
So LEP every few minutes of FCC
operation!

At Z pole qqbar pairs:

- 15% are bb ̅ ➔ 750 x 109

- 12% are cc ̅    ➔ 600 x 109

Almost all triggerable and can be
reconstructed (high eff’cy) in e+e-

@Z (91.2GeV/c²) clean collisions !

A place for ultra-high heavy
flavour precision and rares decays

It’s every goodness & advantages
from LHCb and from Belle II
(very few drawbacks)!

https://link.springer.com/article/10.1140/epjp/s13360-021-01814-0
https://link.springer.com/content/pdf/10.1007/JHEP03(2022)153.pdf

	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44
	Diapositive 45
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50

