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 Unitarity Triangle update

www.utfit.org

Plots and numbers updated for Summer 2024:
latest paper: Rendiconti Lincei. Scienze Fisiche e Naturali (2023) 34:37–57

https://doi.org/10.1007/s12210-023-01137-5

M.Bona, M. Ciuchini, D. Derkach, F. Ferrari,
E. Franco, V. Lubicz, G. Martinelli, D. Morgante,
M. Pierini, L. Silvestrini, S. Simula, A. Stocchi,

C. Tarantino, V. Vagnoni, M. Valli and L. Vittorio 
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 Unitarity Triangle update

SM UT analysis: 

All updated with Summer 2024 inputs
provide the best determination of CKM parameters 
test the consistency of the SM (“direct” vs “indirect” determinations) 
provide predictions (from data..) for SM observables

 Unitarity Triangle analysis in the SM 

 .. and beyond 
NP UT analysis: 

Also all updated with Summer 2024 inputs
model-independent analysis
provides limit on the allowed deviations from the SM
obtain the NP scale
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 Unitarity Triangle update

 Bayes Theorem 

Standard Model +
OPE/HQET/
Lattice QCD

to go from
quarks to hadrons

, mt

 M. Bona et al. (UTfit Collaboration)
   JHEP 0507:028,2005 hep-ph/0501199  
 M. Bona et al. (UTfit Collaboration)
   JHEP 0603:080,2006 hep-ph/0509219

 Usual method and inputs:
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 Unitarity Triangle update

HFLAV updated numbers for lifetimes and mass differences

Updated Vud = 0.97431(16)

update in the determination from nuclear beta transitions 
(arXiv:2311.00044 [nucl-th])

Updated Vub and Vcb (see next slides)

Updated unitarity triangle angles (see next slides)

Updated ϕs from HFLAV (relevant for the NP run)

New inputs

Summer 2024 update is ongoing.. 
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 Unitarity Triangle update

 Vcb and Vub 

|Vcb| (excl) = (40.13 ± 0.55) 10-3

|Vcb| (incl) = (41.97 ± 0.48) 10-3

|Vub| (excl) = (3.57 ± 0.23) 10-3

|Vub| (incl) = (4.13 ± 0.26) 10-3

from arXiv:2310.20324

Λb, excluded following FLAG guidelines|Vub / Vcb| (LHCb) = (7.9 ± 0.6) 10-2

PDG 2024

|Vub / Vcb| = (8.7 ± 0.9) 10-2

Latest inputs from arXiv:2310.03680 

from arXiv:2202.10285 

from arXiv:2310.20324

from arXiv:2310.03680 
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 Unitarity Triangle update

Inputs to the global fit 
from 2D à la D’Agostini averages

|Vcb|UTfit  = (41.20 ± 0.74) 10-3

|Vub|UTfit = (3.84 ± 0.35) 10-3

|Vcb|UTfit  = (42.19 ± 0.48) 10-3

|Vub|UTfit = (3.72 ± 0.10) 10-3

UTfit predictions:

|Vcb|UTfit  = (41.91 ± 0.40) 10-3

|Vub|UTfit = (3.73 ± 0.09) 10-3

UTfit full fit

 Vcb and Vub 
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 Unitarity Triangle update

 Averaged charmonium values from HFLAV
 Adding Belle II currently not included
 Average including updated correction
    due to Cabibbo-suppressed
    penguin contributions

Theoretical uncertainty comparable
    to experimental error

Correction of -0.01 ± 0.01

 ϕ1/β angle

Basically from all charmonium
HFLAV PDG2024: 0.698 ± 0.017
adding Belle II: 0.724 ± 0.038
getting average: 0.702 +/- 0.016
Corrected with -0.01 +- 0.01
final number is 0.692 +/- 0.019

Ciuchini, Pierini, Silvestrini
https://arxiv.org/abs/hep-ph/0507290
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 Unitarity Triangle update

 ɸ2/ɑ and ɸ3/ɣ angles 

αexp = 95° ± 8°
ɣexp = 67.2° ± 2.9°

See new D mixing fit from Di Palma here at ICHEP24: 
https://indico.cern.ch/event/1291157/contributions/5903551/

Updated BRs: π+π- from HFLAV
Updated BR and CPV: π0π0 HFLAV + Belle II result (new from FPCP2024)  



10 Marcella Bona

 Unitarity Triangle update

|Vcb/Vub| eK

Dms/DmdDmd

f2/

f1/

f3/

 Unitarity Triangle analysis in the SM:
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 Unitarity Triangle update

 Unitarity Triangle analysis in the SM:

levels @
95% Prob

 r = 0.158 ± 0.009
 h = 0.352 ± 0.010 

 l = 0.2250 ± 0.0007
 A= 0.826 ± 0.009
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 Unitarity Triangle update

 Some interesting configurations 

Sides and eK

 r = 0.176 ± 0.015
 h = 0.377 ± 0.022 

“Tree only”
 r = ±0.156 ± 0.024
 h = ±0.372 ± 0.035

→ reference
   for model
   building

Angles only
 r = 0.144 ± 0.016
 h = 0.343 ± 0.012 

CP conserving
constraints
 r = 0.170 ± 0.017
 h = 0.361 ± 0.035 
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 Unitarity Triangle update

 Compatibility plots 
A way to “measure” the agreement of a single measurement with the indirect determination 
from the fit using all the other inputs: test for the SM description of the flavour physics

Colour code: agreement between the predicted values 
and the measurements at better than 1, 2, ...ns 

The cross has the coordinates (x,y)=(central 
value, error) of the direct measurement

gexp = (67.2 ± 2.9)°
gUTfit = (65.6 ± 1.4)°

exp = (95 ± 8)°
UTfit = (91.4 ± 1.4)°
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 Unitarity Triangle update

 Compatibility plots 
A way to “measure” the agreement of a single measurement with the indirect determination 
from the fit using all the other inputs: test for the SM description of the flavour physics

Colour code: agreement between the predicted values 
and the measurements at better than 1, 2, ...ns 

The cross has the coordinates (x,y)=(central 
value, error) of the direct measurement

gexp = (67.2 ± 2.9)°
gUTfit = (65.6 ± 1.4)°

exp = (95 ± 8)°
UTfit = (91.4 ± 1.4)°

∗ = HFLAV
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 Unitarity Triangle update

 Checking the usual tensions.. 

sin2exp = 0.692 ± 0.019
sin2UTfit = 0.763 ± 0.030

 Vubexp = (3.84 ± 0.35) · 10-3 
 VubUTfit = (3.72 ± 0.10) · 10-3 

 Vcbexp = (41.20 ± 0.74) · 10-3 
 VcbUTfit = (42.19 ± 0.48) · 10-3 

x = exclusive
∗ = inclusive
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 Unitarity Triangle update

Observables Measurement Prediction Pull (#s)
sin2 0.692 ± 0.019 0.763 ± 0.030 ~ 2
g 67.2 ± 2.9 65.6 ± 1.4 < 1
 95 ± 8 91.4 ± 1.4 < 1

|Vcb| · 103 41.20 ± 0.74 42.19 ± 0.48 ~ 1.1

|Vcb| · 103 (excl) 40.13 ± 0.55 ~ 2.8

|Vcb| · 103 (incl) 41.97 ± 0.48 < 1

|Vub| · 103 3.84 ± 0.35 3.72 ± 0.10 < 1

|Vub| · 103 (excl) 3.57 ± 0.23 - < 1

|Vub| · 103 (incl) 4.13 ± 0.26 - ~ 1.4

BR(B ® tn)[104] 1.09 ± 0.24 0.88 ± 0.05 < 1

Result summary
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 Unitarity Triangle update

 In July 2024, HFLAV had a Winter2024 value update 
including latest LHCb (arXiv:2309.09728)

 So our average now will go from here

Another update on the ϕ1/β angle
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 Unitarity Triangle update

 In July 2024, HFLAV had a Winter2024 value update 
including latest LHCb (arXiv:2309.09728)

 So our average now will go to here:

Another update on the ϕ1/β angle

From all charmonium
HFLAV Winter2024: 0.708 ± 0.011
adding Belle II: 0.724 ± 0.038
getting average: 0.709 +/- 0.011
Corrected with -0.01 +- 0.01
final number is 0.699 +/- 0.015
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 Unitarity Triangle update

 In July 2024, HFLAV had a Winter2024 value update 
including latest LHCb (arXiv:2309.09728)

Another update on the ϕ1/β angle

sin2exp (HFLAV PDG 2024) = 0.692 ± 0.019
sin2exp (HFLAV Winter 2024) = 0.699 ± 0.015

sin2UTfit = 0.763 ± 0.030

Will be included in the ongoing summer24 update
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 Unitarity Triangle update

To celebrate 20 years of.. “Bona et al“.. ehm.. UTfit!

2004
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 Unitarity Triangle update

Before UTfit!

1999

1995
2000
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 Unitarity Triangle update

UTfit results across the years: 
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 Unitarity Triangle update

UTfit and experimental results across the years: 
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 Unitarity Triangle update

fit simultaneously for the CKM and
the NP parameters (generalized UT fit)

 find out NP contributions to ΔF=2 transitions

Bd and Bs mixing amplitudes
(2+2 real parameters): Aq=CBq

e2 i fB qAq
SMe2 i fqSM=(1+ Aq

NP

Aq
SM e

2 i (fqNP−fq
SM))Aq

SMe2 i fqSM

Dmq/K=CBq/ DmK
(Dmq /K )

SM eK=CeeK
SM

ACP
Bd→ J/ ψK S=sin2(+fBd

) ACP
Bs→ J /ψ f∼sin2(−s+fBs

)

ASL
q =Im (Γ12

q / Aq) DΓq/ Dmq=Re (Γ12
q / Aq)

 UT analysis including new physics 

New HFLAV averages on fs=2s 
from the angular analysis of Bs®J/ψf fs = -0.060 ± 0.014 rad

To be updated with summer24 results:
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 Unitarity Triangle update

Aq=(1+ Aq
NP

Aq
SM e

2 i(fq
NP−fq

SM)) Aq
SMe2 if q

SM

Bd Bs

The ratio of NP/SM amplitudes is:
 < 20% @68% prob. (30% @95%) in Bd mixing
 < 20% @68% prob. (25% @95%) in Bs mixing

From the NP fit we get 

 r = 0.167 ± 0.025 
 h = 0.361 ± 0.027 
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 Unitarity Triangle update

M. Bona et al. (UTfit)
 JHEP 0803:049,2008

arXiv:0707.0636 At the high scale
new physics enters according to its specific features

At the low scale
use OPE to write the most
general effective Hamiltonian.
the operators have different
chiralities than the SM
NP effects are in the Wilson
Coefficients C

 Testing the new-physics scale  

Fi:  function of the NP flavour couplings
Li:  loop factor (in NP models with no tree-level FCNC)
Λ:  NP scale (typical mass of new particles mediating ΔF=2 processes)
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 Unitarity Triangle update

NMFV:
C(L) =  × |FSM|/L2,
Fi~|FSM|, arbitrary
    phase

 Results from the Wilson coefficients

for lower bound for loop-mediated contributions, simply multiply by s (  ∼ 0.1) or by W (  ∼ 0.03).

Generic:
C(L) = /L2,
Fi~1, arbitrary
    phase
 ~ 1 for
   strongly
   coupled NP

 ~ 1 for
   strongly
   coupled NP

NMFV

L > 1.4 104 TeV

 L > 4.7 105 TeV

 ~ W in case of 
loop coupling 
through weak 
interactions

L > 3.2 TeV

 L > 108 TeV

 ~ W in case of 
loop coupling 
through weak 
interactions
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 Unitarity Triangle update

 conclusions 
Update is ongoing for the summer24 UT fit
Already including major updates, will include everything coming out 
at this conference
Website will be updated this summer with the new results
NP analysis also included in the update

or 
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 Unitarity Triangle update

Back up slides
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 Unitarity Triangle update

 ɸ2/ɑ angle 

αexp
SM  = 95° ± 8°αexp

SM = 93.8° ± 4.5°
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 Unitarity Triangle update

 ɸ2/ɑ angle 

αHFLAV = 84.5° ± 4.2° αexp = 95° ± 8°
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 Unitarity Triangle update

fit simultaneously for the CKM and
the NP parameters (generalized UT fit)

 add most general loop NP to all sectors
 use all available experimental info  
 find out NP contributions to ΔF=2 transitions

Bd and Bs mixing amplitudes
(2+2 real parameters): Aq=CBq

e2 i fB qAq
SMe2 i fqSM=(1+ Aq

NP

Aq
SM e

2 i (fqNP−fq
SM))Aq

SMe2 i fqSM

Dmq/K=CBq/ DmK
(Dmq /K )

SM eK=CeeK
SM

ACP
Bd→ J/ ψK S=sin2(+fBd

) ACP
Bs→ J /ψ f∼sin2(−s+fBs

)

ASL
q =Im (Γ12

q / Aq) DΓq/ Dmq=Re (Γ12
q / Aq)

 UT analysis including new physics 
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 Unitarity Triangle update

HFLAV from Cleo, BaBar, 
Belle, D0 and LHCb

semileptonic asymmetries in B0 and Bs:
sensitive to NP effects in both size and phase. .

same-side dilepton charge asymmetry:
admixture of Bs and Bd so sensitive to
NP effects in both.

-7.9 ±  2.0

D0 arXiv:1106.6308

lifetime tFS in flavour-specific final states:
average lifetime is a function to the
width and the width difference

angular analysis as a function of proper time
and b-tagging

fs=2s vs DΓs from Bs®J/ψf
tFS(Bs) = 1.527 ± 0.011 ps  HFLAV

 new-physics-specific constraints 

fs = -0.039 ± 0.016 rad
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 Unitarity Triangle update

The dependence of C on L changes
depending on the flavour structure.
We can consider different flavour scenarios: 

◉ Generic:  C(L) = /L2               Fi~1, arbitrary phase
◉ NMFV:    C(L) =  × |FSM|/L2    Fi~|FSM|, arbitrary phase 
◉ MFV:       C(L) =  × |FSM|/L2    F1~|FSM|, Fi≠1~0, SM phase

  (Li) is the coupling among NP and SM
◎  ~ 1 for strongly coupled NP
◎  ~ W (S) in case of loop
      coupling through weak
      (strong) interactions 

 F is the flavour coupling and so 
 FSM is the combination of CKM factors for the considered process

If no NP effect is seen
lower bound on NP scale Λ

 Testing the new-physics scale  
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 Unitarity Triangle update

Old future predictions..
future I scenario:
errors from
Belle II at 5/ab 
+ LHCb at 10/fb

 r = ± 0.016
 h = ± 0.019 

 r = ± 0.015
 h = ± 0.015 

 r = 0.167 ± 0.025
 h = 0.361 ± 0.027 

 r = 0.160 ± 0.009
 h = 0.346 ± 0.009 current sensitivity
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 Unitarity Triangle update

Observables Measurement Prediction
BK 0.756 ± 0.016 0.840 ± 0.053

No B lattice 
fB √BBd (0.2142 ± 0.0056) 0.212 ± 0.010
fBs √BBs (0.2607 ± 0.0061) 0.259 ± 0.010

ξ (1.217 ± 0.014) 1.225 ± 0.033
Ratios only

fBs 0.2301 ± 0.0012 0.227 ± 0.009
BBs 1.284 ± 0.059 1.30 ± 0.10

B pars only

fBs/fBd 1.208 ± 0.005 1.215 ± 0.028
fBs 0.2301 ± 0.0012 0.228 ± 0.008

f pars only
BBs/BBd 1.015 ± 0.021 1.017 ± 0.028

BBs 1.284 ± 0.059 1.290 ± 0.065

We obtain the predictions for 
the lattice parameters in 
different configurations in the 
fit:
● only lattice parameters ratios

● (FBs/FB, BBs/BBd used)
● only B parameters

● (BBs
1, BBs/BBd used)

● only decay constants f
● (fBs, fBs/fB included)

Lattice
result
summary
(summer22)
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