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In the SM, only the Yukawa couplings distinguish between flavours. 
They are the main source of free parameters (9 masses, 3+1 mixings),  
and yet they obey a very specific structure : 

• Strong hierarchy between generations   
• Small mixings in the CKM 

m3 ≫ m2 ≫ m1

Mu,d,e ∼ ( ) VCKM ∼ ( )
The gauge sector of the SM has few degrees of freedom and is fixed by 
symmetries ⇒ SU(3)c × SU(2)L × U(1)Y

Can we find a symmetry describing the Yukawa sector? A flavour symmetry?

Flavour Puzzle
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U(2) Flavour Symmetry

[Barbieri et al. 1105.2296]Approximate  flavour symmetry : 
at first order, light families are massless and indistinguishable

U(2)5

 U(2)q × U(2)ℓ × U(2)u × U(2)d × U(2)e

Exact limit :

Mu,d,e ∼ ( ) VCKM ∼ ( )Yu,d,e = yt,b,τ (
0 0 0
0 0 0
0 0 1)yt,b,τ →

Introduce 5 spurions to recover SM patterns

Yu,d,e = yt,b,τ (Δu,d,e Vq,ℓ

0 1 )yt,b,τ
Δu,d,e Vq,ℓ       Vq ∼ 𝒪(ϵ)

Δu,d,e ∼ yc,s,μ

 ϵ = [Tr(YuY†
u) −

Tr(YuY†
uYdY†

d)
Tr(YdY†

d) ]
1/2

≈ yt |Vts | ≈ 0.04Largest breaking in SM is of order

This symmetry and spurions can be a guiding principle for the anomalies!
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Charged current Neutral current

Semileptonic dimension six 4-fermions operators mediating B decays

Assumption to reduce basis :  
keep only one power of each leading spurions  and Vq Vℓ

O(1)
ℓequ = (ℓ̄a

LeR)ϵab(q̄b
LuR) Oℓd = (ℓ̄LγμℓL)(d̄RγμdR)

O(3)
ℓequ = (ℓ̄a

LσμνeR)ϵab(q̄b
LσμνuR) Oed = (ēRγμeR)(d̄RγμdR)

O(3)
ℓq = (ℓ̄LγμτIℓL)(q̄LγμτIqL) O(1)

ℓq = (ℓ̄LγμℓL)(q̄LγμqL)

Oℓedq = (ℓ̄LeR)(d̄RqL) Oqe = (q̄LγμqL)(ēRγμeR)
only b → sττ

transform under U(2)u × U(2)d × U(2)e
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(SM)EFT framework

ℒEFT,NP = −
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v2 [CV1

ΛV1
O(1)

ℓq + CV3
ΛV3

O(3)
ℓq + (2CSΛSOℓedq + h . c . )]

• strong constraints on  can be avoided with  
• The  vector leptoquark model has a one-to-one 

matching with this Lagrangian with 

b → sντν̄τ CV1
≈ CV3

U1 ∼ (3,1)2/3

CV1
= CV3

≡ CV > 0
ΛV1

= ΛV3
≡ ΛV

CS = − 2βRCV

ℒEFT,NP = −
1
v2 [CVΛV (O(1)

ℓq + O(3)
ℓq ) + (2CSΛS Oℓedq + h . c . )]

O(3)
ℓq = (ℓ̄LγμτIℓL)(q̄LγμτIqL) O(1)

ℓq = (ℓ̄LγμℓL)(q̄LγμqL) Oℓedq = (ℓ̄LeR)(d̄RqL)
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ℒU1
=

gU

2
Uμ

1 [βiα
L (q̄ i

Lγμℓα
L)

+βiα
R (d̄ i

Rγμeα
R)]
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 spurions in interactionsU(2)q × U(2)ℓ

• for leptons and quark  common origin ? 
• as the spurions in the Yukawa 

→

ΛV ΛS

Wilson coefficients encode NP strength

ΛS = Γ†
L × ΓRΛSΛV = Γ†

L × ΓLΛVFlavour structure

O(3)
ℓq = (ℓ̄LγμτIℓL)(q̄LγμτIqL) O(1)

ℓq = (ℓ̄LγμℓL)(q̄LγμqL) Oℓedq = (ℓ̄LeR)(d̄RqL)

In interaction basis ΓL = (
VqV*ℓ Vq

V*ℓ 1 ) ΓR = (0 0
0 1)

with order 1 coefficients

In order to explain B anomalies we need   
 same size : 

Vℓ ∼ Vq ∼ 𝒪(10−1)
⇒

Common explanation makes sense !
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 in practiceU(2)5

Yukawa to mass basis Flavour structure in EFT in 
interaction basisqL → LdqL

uR → RuuR
dR → RddR

ΓL → Γ̂L = L†
d ΓLLe

ΓR → Γ̂R = R†
d ΓRRe

Γ̂L ≈
0 0

V*td
V*ts

λs
q

0 Δsμ
qℓ λs

q

seλ
μ
ℓ λμ

ℓ 1

ℓ1 ℓ2 ℓ3

q1

q2

q3

 
 

λs
q ∼ 𝒪( |Vq | )

λμ
ℓ ∼ 𝒪( |Vℓ | )

Δsμ
qℓ ∼ 𝒪(λs

qλμ
ℓ)

ℒEFT,NP = −
1
v2 [CVΛV (O(1)

ℓq + O(3)
ℓq ) + (2CSΛS Oℓedq + h . c . )]

8

Γ̂R ≈

0 0 0
0 0 −

ms

mb
sb

0 −
mμ

mτ
sτ 1

er μR τR

dR

sR

bR

When the mist clears…
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 predictionsU(2)5

Γ̂L ≈
0 0

V*td
V*ts

λs
q

0 Δsμ
qℓ λs

q

seλ
μ
ℓ λμ

ℓ 1

ℓ1 ℓ2 ℓ3

q1

q2

q3

 flavour symmetry predictions : 
• NP in charged current  NP in neutral current 
• NP strength in   NP strength in   
• Scalar operator with light fermions suppressed by ratio of masses

U(2)
≫

b → c(s) = b → u(d)

b → sℓℓ̄ b → cτν̄

Aim of this work : 
• Test  flavour symmetry in B decays to  and  generations 
• Identify observables to disentangle between different  models 

by studying  and the lepton spurion

U(2) 1st 2nd

U(2)
CS

Γ̂R ≈

0 0 0
0 0 −

ms

mb
sb

0 −
mμ

mτ
sτ 1

er μR τR

dR

sR

bR
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Status today
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Since NP couples mainly to 3  generation, test  with charged currentrd U(2)5

• Dashed ellipses:           
 only 

• Full ellipses:                         
+  

•  lines for each 
observable 

• Neutral current with 
maximum spurion size 
not very constraining 

• Two specific vector 
leptoquark scenario (red)

RD, RD*

ℬ(B → τν)

1σ
SM
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Future prospects - polarisation observables
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         PD(*)

τ =
Γ(B̄ → D(*)τ(+)ν̄) − Γ(B̄ → D(*)τ(−)ν̄)
Γ(B̄ → D(*)τ(+)ν̄) + Γ(B̄ → D(*)τ(−)ν̄)

FD*
L =

Γ(B̄ → D*L τν̄)
Γ(B̄ → D*τν̄)

ΔPX =
PX

PSM
X

− 1

ΔRD − ΔRD* ∝ CS

•  is just a rescaling 
of the SM piece 

•  can only be NP

CV

CS

Noticeable 
enhancement of ΔPD

τ

SM
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Future prospects -  transitionb → u

12

Expanding analysis in the quark direction

 
Rπ

RSM
π

≈ 0.75
RD

RSM
D

+ 0.25
RD*

RSM
D*

ℬ(B̄u → τν̄)
ℬ(B̄u → τν̄)SM

≈
ℬ(B̄c → τν̄)

ℬ(B̄c → τν̄)SM

ΔRD − ΔRD* ∝ CS

Rπ =
ℬ(B → πτν̄)
ℬ(B → πℓν̄)

Clear predictions for b → u

SM
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Lepton spurion

Γ̂L ≈
0 0

V*td
V*ts

λs
q

0 Δsμ
qℓ λs

q

seλ
μ
ℓ λμ

ℓ 1

ℓ1 ℓ2 ℓ3

q1

q2

q3

quark direction

lepton direction ?

• : NP                    

 beyond experimental reach 

• , 
                                                       

 already accessible !

Rμe
D(*), ℬ(B̄ → μν̄) ≲ 10−3

→

RK(*), ℬ(Bs,d → ℓℓ̄(′ �))
ℬ(B → πℓℓ̄)
→

• , Polarisations, 
                           

• no tree level for  
( ),  poorly 
constrained

RD(*)

ℬ(B(c) → τν), Rπ

b → sνν̄
CV1

= CV3
b → sττ̄

In charged current 

In neutral current 
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Lepton spurion - neutral currents

14

 RK ≈ RK* ≈
ℬ(B → πμμ̄)
ℬ(B → πeē)

ℬ(Bs → μμ̄)
ℬ(Bs → μμ̄)SM

≈
ℬ(Bd → μμ̄)

ℬ(Bd → μμ̄)SM

 and  
could help over constrain 
the lepton spurions

Bs → τμ̄ τ → μγ

• Tension with SM in 
 transitions 

• Consistent with  
(see predictions for 2 
benchmarks points)

b → sμμ̄
U(2)
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Conclusion

15

B anomalies hint NP coupled 
mainly to  generation3rd

Yukawa couplings have 
similar hierarchy

 flavour symmetryU(2)5

Current data is incompatible with SM and consistent with 
 flavour symmetry…U(2)

Since  is very predictive,  
future data in charged and neutral current will be able verify or discard this 
hypothesis, and point us towards the right  model (  leptoquark ?)

U(2)

U(2) U1

• B decays to  vs  generation fixed 
• Possible big contribution to  
• Lepton spurion

2nd 1st

CS

So…
With or without  ?U(2)
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Back-up slides
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ß3 (ࠀ)ࠄࠆ߿.߽ (ࠀ)ࠁࠀ.߽ �o+ŷࡪ#ƟȋȋƟ xx→ %ࠀ
ß3∗ (ࠀ)߽ࠂ߿.߽ (ࠁ߾)ࠂࠆ߿.߽ �o+ŷࡪ #ƟȋȋƟ xx→ %߿
^3∗

� (߽߾)ࠁࠃࠁ.߽ (ࠆ)߽ࠃ.߽ #ƟȋȋƟ xx→ ࠁ߽.߽
Ø3∗

τ (ࠂ߾)ࠃࠆࠁ.߽ (ࠂࠂ)ࠅࠀ.߽− #ƟȋȋƟ xx→ ࠄ߽.߽
Ø3τ (ࠀ)߾߿ࠀ.߽ #ƟȋȋƟ xx→ %ࠀ

B(#→ τ ν̄)/aJ (ࠁࠂ)߿߾ࠅ.߽ (ࠁ߿)ࠆ߽.߾ �o+ŷ
B(#ƀ → τ ν̄) ߿߽.߽ ! %߽ࠀ

ßπ (ࠃ߾)߾ࠁࠃ.߽ ±ࠂ߽.߾ ߾ࠂ.߽ #ƟȋȋƟ xx→ ±߾ࠁࠃ.߽ ߾ࠄ߽.߽

ࠁ

Charged current



18

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

Back-up# ŒȣȴȝŒȋǩƟɻ D`ü

ð� Ɵˇɠ|MQr DˇɠƟɫǩȝƟȣʉ
ß�(∗) ±߽߽.߾ ߾߽.߽ ±߽ࠅ.߽ ࠂ߽.߽ �o+ŷࡪ #ƟȋȋƟ xx

B(#ɵ → τ τ̄)/aJ �o+ŷ ×(ࠆࠁ)ࠀࠄ.ࠄ ࠄ−߽߾ < ×ࠅ.ࠅ ࠀ߽߾ �o+ŷ
B(#ɵ → µµ̄) ×(ࠂ)߽ࠃ.ࠀ ࠆ−߽߾ ×(ࠁࠀ)߿ࠄ.߿ ࠆ−߽߾ �o+ŷ
B(#ɵ → τ µ̄) ࠑ < ×߿.ࠁ ࠂ−߽߾ �o+ŷ
B(#→ µµ̄) ×(ࠆ)ࠃ߽.߾ ߽߾−߽߾ ×(߾.߾)ࠃ.߾ ߽߾−߽߾ �o+ŷ

B(#→ πµµ̄)[ࠃ,߾] ×(ࠂ߿)߾ࠀ.߾ ࠆ−߽߾ ×(߾߿)߾ࠆ.߽ ࠆ−߽߾ �o+ŷ
B(#→ πµµ̄)[߿߿,ࠂ߾] ×(ࠄ)߿ࠄ.߽ ࠆ−߽߾ ×(߾߾)ࠄࠁ.߽ ࠆ−߽߾ �o+ŷ

B(τ → µγ) ࠑ < ×(ࠀ)߽ ࠅ−߽߾ #ƟȋȋƟ xx

ࠂ

Neutral current
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 U(2)q × U(2)u × U(2)d

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

Back-up - fields and spurions representations

Vq ∼ (2,1,1,1,1) Vℓ ∼ (1,2,1,1,1)

Δu ∼ (2,1,2̄,1,1) Δe ∼ (1,2,1,1,2̄)
Δu(d) ∼ (2,1,1,2̄,1)

Q(2) = (Q1, Q2) ∼ (2,1,1) Q3 ∼ (1,1,1)
u(2) = (u1, u2) ∼ (1,2,1) t ∼ (1,1,1)
d(2) = (d1, d2) ∼ (1,1,2) b ∼ (1,1,1)

 U(2)ℓ × U(2)e

 U(2)q × U(2)ℓ × U(2)u × U(2)d × U(2)e

L(2) = (L1, L2) ∼ (2,1) L3 ∼ (1,1)
e(2) = (e1, e2) ∼ (1,2) τ ∼ (1,1)



# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

Back-up -  parametersU(2)5

Yu = |yt |(U†
qOT

u Δ̂u |Vq | |xt | eiϕq ⃗n
0 1 )

Yd = |yb |( U†
qΔ̂d |Vq | |xb | eiϕq ⃗n
0 1 )

Ye = |yτ |( OT
e Δ̂e |Vℓ | |xτ | ⃗n
0 1 )yτ

yb

yt

Δ̂d

Δ̂e

Δ̂u

Vq

Vℓ

Vq

Yukawa after removing unphysical parameters

with 

, 

 diagonal, 
 orthogonal and 

Uq = (
cd sd eiαd

−sd e−iαd cd )
Δ̂u,d,e
Oq,e

⃗n = (0 1)T

to mass basis
 qi

L = (
V*ji uj

L

di
L )

ℓα
L = (να

L

eα
L)VCKM = L†

uLd

L†
f Yf Rf = diag(Yf )

Constrained:    ,   , ,  
Free:                 ,   ,  ,    

sd /cd = |Vtd /Vts | αd = − arg(Vtd /Vts) st = sb − Vcb su
sb/cb = |xb | |Vq | sτ /cτ = |xτ | |Vℓ | se ϕq

20
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# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

# ŒȣȴȝŒȋǩƟɻ

üƟɻʉɻ ȴǇ �Ɵɠʉȴȣ `ȋŒʻȴʞɫ ċȣǩʻƟɫɻŒȋǩʉˈ ࢎċ`�ࢍ

+ǞŒɫǊƟƌ ƁʞɫɫƟȣʉ £ƟʞʉɫŒȋ ƁʞɫɫƟȣʉ

ß(∗)3 ß(∗)�
τ/Ɲ, µ ɫŒʉǩȴ µ/Ɲ ɫŒʉǩȴ

ŷ

Ɓ

ī
τ

ντ

ŷ ɻ

Ģ

γ, Ķ ℓ

ℓ

üɫƟƟ ȋƟʻƟȋ �ȴȴɠ ȋƟʻƟȋ

xǇ ʉǞƟ ŒȣȴȝŒȋǩƟɻ ŒɫƟ Ǟǩȣʉɻ ȴǇ £ßࡪ Œ Ɓȴȝȝȴȣ ƟˇɠȋŒȣŒʉǩȴȣ ǩȝɠȋǩƟɻ
£ß ǩȣ τ ≫ £ß ǩȣ µ/Ɲ

ɻŒȝƟ ǞǩƟɫŒɫƁǞˈ Œɻ ǩȣ ʉǞƟ ĳʞȅŒʿŒࡱ +ȴʞȋƌ ǩʉ ŷƟ ȝȴɫƟ ʉǞŒȣ ƁȴǩȣƁǩƌƟȣƁƟࡲ
߾

Back-up

𝒜SM → (1 + Cc
V)𝒜SM

 

 

Cc
V(S) = CV(S) 1 + λs

q ( Vcs

Vcb
+

Vcd

Vcb

V*td
V*ts )

= CV(S) (1 − λs
q

V*tb
V*ts )

Cu
V(S) = CV(S) 1 + λs

q ( Vus

Vub
+

Vud

Vub

V*td
V*ts )

= Cc
V(S)

Ccμ
V = λμ

ℓ CV [1 −
Δsμ

qℓ

λμ
ℓ

V*tb
V*ts ] = 𝒪(λμ

ℓ Cc
V)

b → cτν̄

b → uτν̄

b → cℓν̄


