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global UT fits & constraining |DF|=2 NP
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Flavor in the quark sector

● Flavor transitions pattern is likely to change in the presence of NP
● Goal is testing the SM, and possibly point out tensions
● Many flavour observables enjoy the status of precision physics, 

thanks to progress in different fronts (e.g. QCD inputs)

 [Images of CKM from 

CKM 2023 Conference]
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The Cabibbo-Kobayashi-Maskawa matrix
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first Vcb
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Progress over the years
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Current status of flavour
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● A single phase must be 
responsible for CP violation 
across distinct flavour sectors

● Observables of very different 
natures are available

Bd Unitary Triangle, preliminary
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Consistency among observables

● Overall agreement w/ 
the SM, but some 
existing tensions (e.g., 
incl. vs excl. |Vxb|)

tree

loop

|Vub|/|Vcb|
meson-mixing,
        with |Vcb|
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|Vcb|: excl. & incl. B-meson decays

(individual inputs given in back up; see discussion 
in “SL b-Hadron Decays” PDG 2023 review)
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NP in B meson mixing

● Not discussing D meson mixing

● Combine projections for future data: need global fit 
including “tree” and “loop” observables
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● |ΔB|=2: NP competes with 
suppressions in the SM 
(GIM/CKM), and enjoys the 
status of precision physics

[K meson mixing: PRD 89, 033016 (2014), arxiv:1309.2293]

● Address present and future bounds on NP in     
|ΔB|=2, and discuss future limitations

[see e.g. CKMfitter]

Vtb Vts* ~ -Vcb

https://arxiv.org/abs/1309.2293
http://ckmfitter.in2p3.fr/
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NP in B meson mixing

● NP in |ΔB|=2:
hd and hs set sizes

● Assumptions:
– No NP in |ΔF|=1:

tree level in SM (γ, |Vub|, |Vcb|, ...) free of NP
– NP is short-distance
– Unitarity of the CKM 3x3 matrix
– Unrelated NP in Bd and Bs systems

● SMEFT: four-quark operators of different chiral 
structures
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[See: PRD 89, 033016 (2014), 
arxiv:1309.2293]

CKM (in presence of NP),
bag parameters,
↓ decay constants

q b

b
BSM

q

q=d, s

https://arxiv.org/abs/1309.2293
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Present status of NP in B meson mixing

Luiz VALE SILVA (IFIC, UV - CSIC) – “NP in B meson mixing”

Black dot: best fit point;
𝛔d and 𝛔s are unconstrained

Status as of Summer ‘19

● Agreement with the 
SM (hd=hs=0) at ~1𝛔

● Allowed size for NP at 
the level of O(20%)!

● Extractions of 𝛒 and 𝜼 
(Wolfenstein parm.) 
degrade by factor ~3
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New era of flavour ahead

[From www.belle2.org (2022)]
[From arXiv:1808.08865]

Benchmarks for the future:
● Phase I: LHCb-upgrade I 50/fb, & Belle II 50/ab
● Phase II: LHCb-upgrade II 300/fb, & Belle II 

upgrade 250/ab
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http://www.belle2.org/
https://arxiv.org/abs/1808.08865
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Experimental and theoretical inputs

● |Vub|SL & |Vcb|SL: respectively 0.9% & 1.0% @ 
Phase II (Belle II U.)

[incl. vs excl. inputs and impact on extraction of NP in |ΔF|=2: 
De Bruyn, Fleischer, Malami, van Vliet]

● Phases I and II uncs. for Lattice QCD (decay 
constants, bag parameters) < 1%

Literature discusses Lattice QCD projections up to 
Phase II (QED effects included)
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[For projections, see e.g. Belle II Physics Book, 1808.10567]

[Full list of projections given in back up]

https://inspirehep.net/literature/2144135
https://inspirehep.net/literature/1692393
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Future improvements

● SM reference: shift the central values
● Compared to Current, improvement by 
factor >3 (5) at Phase I (II)

Luiz VALE SILVA (IFIC, UV - CSIC) – “NP in B meson mixing”

Phase I
LHCb U. I + Belle II

Phase II
LHCb U. II + Belle II U.

Current
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Bottlenecks

Necessary improvements beyond current expectations for 
enhancing sensitivity to NP:
– Lattice QCD (also short-distance QCD corrections)
– |Vcb|, overall normalization (Wolfenstein parameter A)
– Individual impacts on hd and hs: improvements by O(20-30)%
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Phase II
LHCb U. II + Belle II U.

Phase II, and:
|Vcb| uncertainty
largely reduced

Phase II, and:
LQCD and |Vcb| uncs.
largely reduced:

~70% effect

[SD: Brod, Gorbahn, Stamou 
                et al., in progress]
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Future reach to NP in B meson mixing

● In the absence of suppressions: NP scale >> TeV
● Possible flavour and loop suppressions: alleviate 

bounds on NP

Luiz VALE SILVA (IFIC, UV - CSIC) – “NP in B meson mixing”
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Conclusions

● Flavour physics: crucial in shaping the SM, but 
also in looking for candidates of NP

● Vcb: tests of CKM unitarity
● |ΔB|=2: only one flavour aspect of future 

experimental and theoretical progress
● Allowed NP in B meson mixing still large: bounds 

will largely improve
● Identified future limitations in Phase II:

LQCD and |Vcb| → bounds on NP at 1-2% of SM

Luiz VALE SILVA (IFIC, UV - CSIC)

THANKS!
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CKMfitter Collaboration
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BACK UP!
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CKMfitter 2023 inputs for |Vcb|

[Belle II untagged: 2310.01170]
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|Vub| and |Vcb| plane

2s C.L. bands
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Experimental quantities vs. 
theoretical ones

Luiz VALE SILVA (IFIC, UV - CSIC) – “NP in B meson mixing”

Observables considered in the fit 
that are modified by NP in |ΔB|=2:
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Experimental and theoretical inputs
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Different representation
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Current sensitivity to SMEFT dim.-8

● |ΔF|=2 dim.-6 operators: 
previous slide set bounds 
for (V-A)x(V-A)

● (|ΔF|=1 dim.-6)2=(|ΔF|=2 
dim.-8 operators)

● |ΔF|=1 quqd-operator 
does not change global fit 
analysis ~ 6 TeV

~ 3 TeV

~ 50 TeV

|ΔF|=2 dim.-8: sensitivity   
  to multi-TeV NP effects

NP bag parameters:
[ETM ’15, HPQCD ’19]

[LVS, arXiv:2201.03038]
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Discovery prospects

B meson mixing observables also provide 
potential discovery for NP

Luiz VALE SILVA (IFIC, UV - CSIC) – “NP in B meson mixing”

Phase I
LHCb U. I + Belle II

Phase II
LHCb U. II + Belle II U.
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