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Outline of the presentation 

• Motivations for Vcb w/ on-shell and boosted W: 

• State of the art 
• Anticipated CKM Flavour landscape in 204x 
• ECFA study

• The tools: jet flavour-tagging  

• Asymptotic precision and critical systematics
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1. Motivations 

• The CKM element |Vcb|  as a corner stone of the test of the KM paradigm:

• It enters into fundamental SM parameters

• and normalises the unitarity triangle:  
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1. Motivations -State of the art 

•  |Vcb| determination from b → c semileptonic transitions.
•  Pioneered at CLEO and LEP, precision era at B-factories 
•  A longstanding tension between the exclusive (the final state particles 

but neutrino, are reconstructed) and inclusive (only the lepton).    



• The tension between the exclusive and inclusive determination does exist 
as well for the  |Vub| matrix element: 

• These longstanding tensions in exclusive / inclusive determinations to be 
fixed hopefully!     
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1. Motivations -State of the art 
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• At the horizon of the next electron collider, the knowledge of the CKM profile is 
expected to have been deeply revisited by LHCb and Belle II/III. 

• The CKM angle γ can be known at the sub-degree precision; as will the angle β.  

• One relevant figure of merit to devise the possible bottlenecks in precision that 
would alter the global interpretation of the CKM profile is a quasi-model-
independent analysis of the BSM contributions in neutral kaon and beautiful-meson 
mixing phenomena.    

• Bottomline: one needs the matrix element |Vcb| at a much-higher precision than 
what semileptonic B decays can provide. The next couple of slides to justify the 
statement. |Vcb| is the normalisation of the UT in the SM and beyond (in a large 
class of BSM models).

1. Motivations - the CKM profile test in 204x
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• Model-independent approach to constrain BSM Physics in   
neutral meson mixing processes 

Assumptions:

!only the short distance part of the mixing processes might receive NP contributions.  

!Unitary 3x3 CKM matrix (Flavour violation only from the Yukawas-MFV hypothesis). 

! tree-level processes are not affected by NP (so-called SM4FC: b→fifjfk (i≠j≠k)). As a 
consequence, the quantities which do not receive NP contributions in that scenario 
are:  

1. Motivations - the CKM profile test in 204x



Vcb@ FCC 8S. Monteil

• The unitarity triangle: fixing CKM 
parameters w/ |Vub|, |Vcb| and gamma. 
This is the anticipated landscape after 
Belle II and LHCb Upgrade I.    
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FIG. 1. The past (2003, top left) and present (top right) status of the unitarity triangle in the presence of NP in neutral-meson
mixing. The lower plots show future sensitivities for Stage I and Stage II described in the text, assuming data consistent with
the SM. The combination of all constraints in Table I yields the red-hatched regions, yellow regions, and dashed red contours
at 68.3%CL, 95.5%CL, and 99.7%CL, respectively.

tal and theoretical sides. Our Stage I projection refers
to a time around or soon after the end of LHCb Phase I,
corresponding to an anticipated 7 fb−1 LHCb data and
5 ab−1 Belle II data, towards the end of this decade. The
Stage II projection assumes 50 fb−1 LHCb and 50 ab−1

Belle II data, and probably corresponds to the middle
of the 2020s, at the earliest. Estimates of future experi-
mental uncertainties are taken from Refs. [17, 18, 21, 22].
(Note that we display the units as given in the LHCb and
Belle II projections, even if it makes some comparisons
less straightforward; e.g., the uncertainties of both β and
βs will be ∼ 0.2◦ by Stage II.) For the entries in Ta-
ble I where two uncertainties are given, the first one is
statistical (treated as Gaussian) and the second one is

systematic (treated through the Rfit model [8]). Consid-
ering the difficulty to ascertain the breakdown between
statistical and systematic uncertainties in lattice QCD
inputs for the future projections, for simplicity, we treat
all such future uncertainties as Gaussian.

The fits include the constraints from the measurements
of Ad,s

SL [10, 11], but not their linear combination [23],
nor from ∆Γs, whose effects on the future constraints
on NP studied in this paper are small. While ∆Γs is in
agreement with the CKM fit [10], there are tensions for
ASL [23]. The large values of hs allowed until recently,
corresponding to (M s

12)NP ∼ −2(M s
12)SM, are excluded

by the LHCb measurement of the sign of∆Γs [24]. We do
not consider K mixing for the fits shown in this Section,

• Knowing the CKM 
parameters, one can 
introduce the constraints of 
the B mixing observables 
depending on the NP 
complex number  (here 
parameterised as Δ).   

1. Motivations - the CKM profile test in 204x
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-

hep-ph 2006.04824

1. Motivations - the CKM profile test in 204x
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.

qiq̄j flavor quantum numbers due to the operator

C2
ij

Λ2
(q̄i,Lγ

µqj,L)
2 , (2)

one finds that

h ! 1.5
|Cij |2

|λt
ij |

2

(4π)2

GFΛ2
!

|Cij |2

|λt
ij |

2

(

4.5TeV

Λ

)2

,

σ = arg
(

Cij λ
t∗
ij

)

, (3)

where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-

hep-ph 2006.04824

rescaled to SM 
— Now, 

1. Motivations - the CKM profile test in 204x
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-

hep-ph 2006.04824

rescaled to SM 
— Now, 

after LHCb-U1 
and Belle II  
— 2030

1. Motivations - the CKM profile test in 204x
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-
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2
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∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id
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B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
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•  A team has defined the methodology of the prospective study and some 
members will actually explore it: P. Koppenburg (Nikhef), SM, U. Einhaus (DESY, 
ILC), M. Selvaggi (CERN, FCC), P. Goldenzweig (KIT, BelleII), M. Bordone 
(CERN, TH), D. Marzocca (Trieste, TH), Z. Ligeti (Berkeley, TH). Contributions 
welcome!   

• Preliminaries: 
• What is the ultimate precision on Vcb (and Vcs, and the other matrix elements! 

if possible) from Belle-II and LHCb? ILC / FCC-ee reach.  
• From W decays: 

• Review of the state-of-the-art Flavour Tagging (FT) algorithms 
• Define FT calibration methods and related systematics.
• Estimate the precision reachable in all accessible CKM matrix elements.

• Extra: What about Z pole: semileptonic, Bc→τν ? Assessing LQCD precision! 
Might be useful for B Physics and beyond …

10S. Monteil

1. Motivations - ECFA  Study - 
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2. The tools

• Theory:  none at WW threshold and beyond! Marginal correction to the B 
scale.  Clean observable and hence becomes a benchmark to test the 
Lattice-QCD predictions.  

• Experiment: this study can be a test bench for jet-flavour tagging 
algorithms. The latest (or close) performance of FCC-ee is tested today.  
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2. The tools: flavour tagging
• Numbers picked from Tracking and Vertexing at Future Linear Colliders: Applications in 

Flavour Tagging — Tomohiko Tanabe. ILD@ILC. IAS Program on High Energy Physics 
2017, HKU
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2. The tools: flavour tagging at FCC-ee

• Jet flavour tagging performance as presented by Michele Selvaggi in London 

c-tag b-tag
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3. Precision on |Vcb| 

• Jet tagging performance supposed as in the ILD@ILC reference 

• Consider NWW = 108 ;  count the signal and background. 

• |Vcb| measurement precision is at the level of 0.4%

Eff. \ Flav. b c uds

b-tag 0.25

c-tag 0.10 0.50 0.02
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ag

P

0.004

0.006

0.008

0.01

0.012
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relative precision on Vcb
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3. Precision on |Vcb| 

• Jet tagging performance supposed as in the ILD@ILC reference 

• Consider NWW = 108 ;  count the signal and background. 

• |Vcb| measurement precision is 0.15 %, one order of magnitude better than 
the current precision and close to the asymptotic precision.

• Jet-tagging efficiencies shall be determined from data at Z-pole  

Eff. \ 
Flav.

b c uds

b-tag 0.87

c-tag 1 0.65 0.0001
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btagP
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relative precision on Vcb
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4. Conclusions

• Longstanding tension between the exclusive and inclusive 
determination of the |Vcb| matrix element. 

• The WW threshold and beyond provides an invincible precision, 
useful to constrain further the CKM profile and the related BSM 
constraints, otherwise limited.    

• The |Vcb| determination with on-shell and boosted W can serve as a 
benchmark for Lattice-QCD calculations used at the Z pole.  Definitely 
useful for B physics but also beyond.  

• Calibrating the jet favour tagging performances will be the 
measurement challenge.  


