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 Anomaliesb → cτν
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 0.004±R(D) = 0.296 
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68% CL contours
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In either case, current error on the averages: , RD ∼ 7 % RD* ∼ 4 %

• There was an excellent overview in Antonio Romero’s talk 

*If we kick out the in the room (for illustrative purposes only) 

[Thanks to Martin Novoa + Copilot :)]

Tension: 3.8σ Tension: 2.9σ
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HFLAV SM: 2.91æ
FLAG24 Nf =2+1: 2.68æ

R(D§) = 0.2752 ± 0.0107
R(D) = 0.3498 ± 0.0244
Ω = °0.332
¬2/ndf = 10.59/12, p = 56.4%

Combined ¬2 Fit — Without BaBara & BaBarb

HFLAV SM
R(D§) = 0.254 ± 0.005
R(D) = 0.296 ± 0.004

FLAG24 Nf =2+1
R(D§) = 0.258 ± 0.005
R(D) = 0.294 ± 0.005

Average



• For more: See Antonio Romero’s talk 

For fun, let’s assume central values stay but errors reduced by a factor 
~1.5:  around 4.5%,  around 2.5%RD RD*

 Anomaliesb → cτν
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• For more: See Antonio Romero’s talk 

For fun, let’s assume central values stay but errors reduced by a factor 
~1.5:  around 4.5%,  around 2.5%RD RD*

HFLAV ’25 tension w/ SM → 5.5σ

HFLAV ’25 tension w/ SM (no BaBar) → 4.3σ

 Anomaliesb → cτν
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New physics in  transitionsb → cτν

• We need ~10% of a tree-level SM process due to NP. Heavy NP should 
therefore also be tree-level to compete. Consider Fermi-like LH NP:

• The charged current B-anomalies are calling for a low NP scale!

2
𝒜NP

𝒜SM
=

v2

VcbΛ2
NP

≈ δRD* ΛNP ≈
v

Vcb δRD*
≈ 3.6 TeV ( 0.12

δRD* )
1/2

⟹

( * )

τL

cL

bL

νL𝒜SM ∼
g2

LVcb

2M2
W

=
2Vcb

v2

𝒜NP ∼
1

Λ2
NP

SM process Heavy new physics

δRD(*) = RD(*) /RSM
D(*) − 1

*Low NP scale for CC anomaly drives connection to high-  !pT
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What kind of  new particles could we have?

W′￼

bL

cL

τL

νL

bL τL

cL νL

LQ

• LH NP  couplings. LQ’s have two important advantages⟹ b → sττ(νν)

Direct searches:  t-channel versus resonant s-channel production

1. ΔF = 2 :

2.

B̄s Bs

W′￼3
B̄s Bs

LQ

LQb

s

b

s

b

s

b

s
vs
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Which leptoquark?

• Focus here on two possible options:  vector LQ and  scalar LQ.U1 S1

bL τL

cL νL

LQV

U1 ∼ (3,1,2/3)

• Vector LQ 
• Tree level: b → cτν + b → sττ

sL τLSU(2)L ⟹

τLbL

τLsL

⟹
SU(2)L

τLbL

νLcL
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Which leptoquark?

• Focus here on two possible options:  vector LQ and  scalar LQ.U1 S1

bL τL

cL νL

LQV

U1 ∼ (3,1,2/3)

• Vector LQ 
• Tree level: b → cτν + b → sττ

sL τLSU(2)L ⟹

τLbL

τLsL

⟹
SU(2)L

τLbL

νLcL

bc
L νL

cc
L τL

LQS

S1 ∼ (3̄,1,1/3)

• Scalar LQ 
• Tree level: b → cτν + b → sντντ

sc
L νL

νLbL

νLsL

⟹
SU(2)L

τLbL

νLcL
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Connecting  and b → cτν b → sνν̄
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 measurement from Belle IIB+ → K+νν̄

• Belle II has updated the measurement of  with 362/fb of 

data. For details of the analysis:

ℬ(B+ → K+νν̄)

Rν
K(*) =

ℬ(B → K(*)νν̄)
ℬ(B+ → K(*)νν̄)SM

[Belle II Collaboration, 2311.14647]

Rν
K+ = 2.6 ± 0.8

Average of measurements:

Belle II combination is 2.6  
above the SM, while the 

average is 2  above.

σ

σ

Rν
K+ = 4.6 ± 1.4

Belle II (362/fb combined):

See Sally’s talk
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https://arxiv.org/abs/2311.14647


New physics in  decaysb → sνν̄

• We need 2-3x a SM loop process due to NP. Large effect means heavy NP 
likely tree-level to compete. Consider Fermi-like LH NP:

• If we assume a new physics effect ONLY in tau neutrinos:

νL

sL

bL

νL𝒜SM ∼
αL

πv2
VtbV*ts CSM

ν

𝒜NP ∼
1

Λ2
NP

SM process Heavy new physics

t̄

s̄b̄

B K(*)u, d
W

Z

ν

ν̄

CSM
ν ≈ − 1.47

Rν
K(*) =

2
3

+
1
3

1 +
𝒜NP

𝒜SM

2

ΛNP ≈ 8.1 TeV (Rν
K(*) = 2.6)⟹

ΛNP ≈ 650 GeV (loop)
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Simplified  scalar LQ model and fitS1

ℒ ⊃ λbν
L q̄c3

L ϵℓ3
L S1 + λsν

L q̄c2
L ϵℓ3

L S1 + λcτ
R c̄c

RτR S1

B → Kνν̄

b → cτν
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CVL
, CSL

= − 4CT

τRbc
L

νLcc
R

[Lizana, Matias, BAS, 2306.09178]*This model can contribute to :Bd,s → K(*)K̄(*) See Davide’s talk

https://inspirehep.net/literature/2668889
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Connecting  and b → cτν b → sℓℓ
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Oℓ
9 = (s̄L γμ bL)(ℓ̄ γμ ℓ)ℒeff = −

4GF

2
VtbV*ts

e2

16π2 ∑
i

Cℓ
i Oℓ

i

• Leading-log running gives

[Bobeth, Haisch, 1109.1826; Crivellin et al., 1807.02068; Algueró et al., 1809.08447]

Connection:  and b → cτν b → sμμ

• Some mediators that explain the charged-current anomalies give a flavor-
universal effect in  via RGE. Discussed also in Mauro’s talk b → sℓℓ

⟹ → ΔCU
9 = CU

9 − CSM
9

RGE
τLbL

τLsL

⟹
SU(2)L

τLbL

νLcL
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!CU
9 =

v2EW

3VtbV →
ts

(
[C(3)

lq ]3323 + [C(1)
lq ]3323

)
log

(
m2

b

M2

)

https://arxiv.org/abs/1109.1826
https://arxiv.org/abs/1807.02068
https://arxiv.org/abs/1809.08447
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C(3)
lq = C(1)

lq C(3)
lq = − C(1)

lq Only [Cqe]3333

U1 S1 R2

Connection:  and b → cτν b → sμμ

[Bobeth, Haisch, 1109.1826; Crivellin et al., 1807.02068; Algueró et al., 1809.08447]
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• Some mediators that explain the charged-current anomalies give a flavor-
universal effect in  via RGE. Discussed also in Mauro’s talk b → sℓℓ

https://arxiv.org/abs/1109.1826
https://arxiv.org/abs/1807.02068
https://arxiv.org/abs/1809.08447


Simplified model for  leptoquarkU1 U1 ∼ (3, 1,2/3)

ℒ ⊃
gU

2
Uμ

1 [(q̄3
Lγμℓ3

L) + βsτ
L (q̄2

Lγμℓ3
L) + βbτ

R (b̄RγμτR)] + h . c .

-breaking U(2)q ∼ O(Vcb)
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Simplified model for  leptoquarkU1 U1 ∼ (3, 1,2/3)

ℒ ⊃
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Lb!c⌧⌫̄ = � 2

v2
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1 + Cc
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⌘
(c̄L�µbL)(⌧̄L�

µ⌫L)� 2Cc
LR (c̄LbR)(⌧̄R ⌫L)

�

<latexit sha1_base64="gfNcmpWyF2S3YSD383VE3bMfN1M="></latexit>

RUNNING to EW SCALE + MATCHING 

Integrate out the  LQ:U1
1

Λ2
NP

=
g2

U

2M2
U
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 connects  to  observablesU1 RD(*) b → sττ

• We have tree-level effects in  connected to the size of  b → sττ RD(*)

bL,R τL,R

cL νL

U1

sL τLSU(2)L ⟹

• Since  is a FCNC, it is a 1-loop 
process in the SM. We therefore expect 
a huge NP enhancement in !

b → sττ

b → sττ
t̄

s̄b̄

B K(*)u, d
W

Z, γ

ℓ+

ℓ−

ℬ(B → K(*)ττ)
ℬ(B → K(*)ττ)SM

∼ 16π2 RD(*)

RSM
D(*)

bL,R τL,R

U1

b → cτν b → sττ
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• For the latest experimental results, see the talk by Hanae and Stefano  

[J. Aebischer, G. Isidori, M. Pesut, BAS, F. Wilsch, 2210.13422]

HFLAV ’25 updated 90% CL region preferred by low-energy  data b → cτν

SM SM

 connects  to  observablesU1 RD(*) b → sττ

Ben A. Stefanek | Flavor anomalies: Short-distance Origins and Outlook 17

<latexit sha1_base64="b8dkTrysm4K9L+BGZNXaOckLESg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUuiUl0Wu+nCRQX7gCaWyXTSDp08mJkIJcSNG3/FjQtF3PoN7vwbp2kW2nrgwplz7mXuPU7IqJCG8a3lFhaXllfyq4W19Y3NLX17pyWCiGPSxAELeMdBgjDqk6akkpFOyAnyHEbazqg28dv3hAsa+LdyHBLbQwOfuhQjqaSevh9b3IPX9ZqTPJTOrOP06TrJXXxiJkc9vWiUjRRwnpgZKYIMjZ7+ZfUDHHnEl5ghIbqmEUo7RlxSzEhSsCJBQoRHaEC6ivrII8KO0zMSeKiUPnQDrsqXMFV/T8TIE2LsOarTQ3IoZr2J+J/XjaR7acfUDyNJfDz9yI0YlAGcZAL7lBMs2VgRhDlVu0I8RBxhqZIrqBDM2ZPnSeu0bFbKlZvzYvUqiyMP9sABKAETXIAqqIMGaAIMHsEzeAVv2pP2or1rH9PWnJbN7II/0D5/AEaUl70=</latexit>

LHCb (3 fb
→1

)

<latexit sha1_base64="jmO2ESoGvTGAKaq6gborwaffqgk=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBE0LDrI1qG2JgugnlAEsPs5G4yZPbBzKwQlk1v46/YWChi6wfY+TdONik0emDgcM653LnHDjiTyjS/jNTC4tLySno1s7a+sbmV3d6pSz8UFGrU575o2kQCZx7UFFMcmoEA4tocGvbwauI37kFI5nu3ahRAxyV9jzmMEqWlbjYXtYWLy8A5jCuVeJw/LZ63jxLRseO76NiKD3XKLJgJ8F9izUgOzVDtZj/bPZ+GLniKciJlyzID1YmIUIxyiDPtUEJA6JD0oaWpR1yQnSg5JsYHWulhxxf6eQon6s+JiLhSjlxbJ12iBnLem4j/ea1QOZediHlBqMCj00VOyLHy8aQZ3GMCqOIjTQgVTP8V0wERhCrdX0aXYM2f/JfUTwpWsVC8OcuVyrM60mgP7aM8stAFKqFrVEU1RNEDekIv6NV4NJ6NN+N9Gk0Zs5ld9AvGxzett5of</latexit>

Belle II (365 fb→1)

https://arxiv.org/abs/2210.13422
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• Large  implies a sizable flavor-universal loop effect in ! b → sττ b → sℓℓ

[J. Aebischer, G. Isidori, M. Pesut, BAS, F. Wilsch, 2210.13422]

SM

Oℓ
9 = (s̄L γμ bL)(ℓ̄ γμ ℓ)

ℒeff = −
4GF

2
V*tsVtb

α
4π ∑

i

Cℓ
i Oℓ

i

⟹ → ΔCU
9 = CU

9 − CSM
9

RGE

 connects  to universal  observablesU1 RD(*) b → sℓℓ

Global Fits to  data: 
b → sℓ+ℓ−

ΔCU
9 ∼ − CSM

9 /4

HFLAV ’25 updated 90% CL region preferred by low-energy  data b → cτν
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*For more, see Mauro’s talk 

https://arxiv.org/abs/2210.13422


• Excellent talks by Enrico and Luca . Seems we have both theoretical and 
experimental paths to resolve these anomalies:

Resolving the  anomaliesb → sμμ
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• Theoretical framework that allows, in principle, to 
evaluate the long-distance contributions on the lattice.

• Proof of principle calculation of a single charming-
penguin diagram, for now in an unphysical setup. But 
gives encouraging results in the large-  region.q2

Charming Penguins on the Lattice Inclusive  MeasurementsB → Xsℓℓ

[Frezzotti et. al, 2508.03655]

https://arxiv.org/abs/2508.03655


Resolving the  anomaliesb → sμμ
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[Huber, Hurth, Jenkins, Lunghi, Qin, 2404.03517]

• Excellent talks by Enrico and Luca . Seems we have both theoretical and 
experimental paths to resolve these anomalies:

Inclusive  MeasurementsB → Xsℓℓ

• Theoretical framework that allows, in principle, to 
evaluate the long-distance contributions on the lattice.

• Proof of principle calculation of a single charming-
penguin diagram, for now in an unphysical setup. But 
gives encouraging results in the large-  region.q2

Charming Penguins on the Lattice

[Frezzotti et. al, 2508.03655]

https://arxiv.org/abs/2404.03517
https://arxiv.org/abs/2508.03655
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High-energy searches:  leptoquark model (LH)U1

21[J. Aebischer, G. Isidori, M. Pesut, BAS, F. Wilsch, 2210.13422]

 pair production U1

Drell-Yan t-channel exchange:  ττ

U1 → bτ+, tν̄

ℬ(U1 → bτ+) ≈ 0.5

pp → U+
1 U−

1 → bτ tν

• Of course, eventually we need to see something at high-pT. The LHC is already 
probing relevant parameter space.

High mass 
Drell-Yan tails

QCD corrections: [U. Haisch, L. Schnell, S. Schulte, 2209.12780]
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HFLAV ’25 updated 90% CL region 
preferred by low-energy  data b → cτν

https://arxiv.org/abs/2210.13422
https://arxiv.org/abs/2209.12780


High-energy searches:  leptoquark model (L&R)U1

22[J. Aebischer, G. Isidori, M. Pesut, BAS, F. Wilsch, 2210.13422]

•  LQ model w/ RH currents preferred region fully within the HL-LHC reach!U1

ℒ ⊃
gU

2
Uμ

1 [(q̄3
Lγμℓ3

L) + βbτ
R (b̄RγμτR)] (βbτ

R = − 1)

• Additional RH contributions give stronger 
bound from t-channel Drell-Yan :ττ

τL

bL

bL

τL

τR

bR

bR

τR

τR

bL

bR

τL

+

+ Dominates 
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HFLAV ’25 updated 90% CL region 
preferred by low-energy  data b → cτν
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https://arxiv.org/abs/2210.13422


UV Completion for  

the  LeptoquarkU1

Ben A. Stefanek | Flavor anomalies: Short-distance Origins and Outlook 23



UV Model: New flavor non-universal gauge interactions

SU(4)h × SU(3)l × SU(2)L × U(1)l+R SU(3)c × SU(2)L × U(1)Y

SU(3)c

U(1)Y

⟨Ω1,3,15⟩ ∼ 𝒪(TeV)
+ U1, G′￼, Z′￼

Based on “4321” gauge symmetry: G a Uα

(Uα)* Z′￼

SU(4) ∼
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SU(4)h × SU(3)l × SU(2)L × U(1)l+R SU(3)c × SU(2)L × U(1)Y

SU(3)c

U(1)Y

⟨Ω1,3,15⟩ ∼ 𝒪(TeV)
+ U1, G′￼, Z′￼

Based on “4321” gauge symmetry: G a Uα

(Uα)* Z′￼

SU(4) ∼

[di Luzio, Greljo, Nardecchia 1708.08450 
Bordone, Cornella, Fuentes-Martin, Isidori 
1712.01368, 1805.09328;  
Greljo, BAS, 1802.04274;  
Cornella, Fuentes-Martin, Isidori 1903.11517]

4321 models

• 3rd family charged under  
  Direct NP couplings (L+R) 

• Light families under  (SM-like) 

• Accidental approximate  flavor 
symmetry: 

• Good starting point for CKM

SU(4)h
⟹
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ψL,R =

q1
L,R

q2
L,R

q3
L,R

lL,R

[Pati, Salam, Phys. Rev. D10 (1974) 275] 
(only 7 years after the SM was proposed)

Leptons as the fourth “color”

Third-family quark-lepton unification at the TeV scale: [Greljo, BAS, 1802.04274]
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Important 1-loop effects:  (4321 Model)B → K(*)νν
• Some (important) effects appear only at 

one loop. For , requires UV model!U1

U1

U1

b

s

ν

ν
L

[Fuentes-Martin, Isidori, König, Selimovic, 2009.11296]

HFLAV ’25 updated 90% CL region 
preferred by low-energy  data b → cτν
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[Belle II Collaboration, 2311.14647]

Rν
K+ = 2.6 ± 0.8

−1.5σ

https://arxiv.org/abs/2009.11296
https://arxiv.org/abs/2311.14647
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• Longstanding anomalies in  and  remain unresolved. Recently 
updated  measurements also interesting and potentially connected.

b → cτν b → sμμ
b → sνν̄
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•  anomalies: could be concretely resolved i) experimentally by inclusive 
measurements or ii) theoretically via first-principles lattice computations.
bsμμ

• Both could take a long time, so another key experimental path is  
measurements! No doubt of new physics if those channels are measured to be 
100-1000x SM predictions…

bsττ
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Shopping for Leptoquarks

[Angelescu, Bečirević, Faroughy, Sumensari, 1808.08179]

S1 ∼ (3̄,1,1/3)
[Crivellin, Muller, Ota 1703.09226; Buttazzo et 
al. 1706.07808;  Marzocca 1803.10972,…]

R2 ∼ (3,2,7/6)
[Bečirević et al., 1806.05689]

Scalar Leptoquarks:

(Massive spin-1, requires UV completion)U1 ∼ (3,1,2/3)
[di Luzio, Greljo, Nardecchia 1708.08450;  Calibbi, Crivellin, Li 1709.00692;  
Bordone, Cornella, Fuentes-Martin, Isidori 1712.01368; Barbieri, Tesi, 1712.06844; Greljo, BAS, 1802.04274]

Vector Leptoquarks:

• There are three viable options on the leptoquark market:
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The low-energy  effective Lagrangianb → cτν

Lb!c⌧⌫
e↵ =� 2Vcb

v2

h
(1 + CVL)

�
c̄L�µbL

��
⌧̄L�µ⌫L

�
+ CVR

�
c̄R�µbR

��
⌧̄L�µ⌫L

�

+ CSL

�
c̄RbL

��
⌧̄R⌫L

�
+ CSR

�
c̄LbR

��
⌧̄R⌫L

�
+ CT

�
c̄R�µ⌫bL

��
⌧̄R�

µ⌫⌫L
�i

+ h.c.
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SM

Uμ
1 : CVL

, CSR

Vector LQ:

R2 : CSL
= 4CT

Scalar LQs:

S1 : CVL
, CSL

= − 4CT

Ben A. Stefanek | Flavor anomalies: Short-distance Origins and Outlook 29



The low-energy  effective Lagrangianb → cτν

Lb!c⌧⌫
e↵ =� 2Vcb

v2

h
(1 + CVL)

�
c̄L�µbL

��
⌧̄L�µ⌫L

�
+ CVR

�
c̄R�µbR

��
⌧̄L�µ⌫L

�

+ CSL

�
c̄RbL

��
⌧̄R⌫L

�
+ CSR

�
c̄LbR

��
⌧̄R⌫L

�
+ CT

�
c̄R�µ⌫bL

��
⌧̄R�

µ⌫⌫L
�i

+ h.c.

<latexit sha1_base64="WqaoMtdRm3QMnK1X6UNY3mkuri0="></latexit>

SM

Uμ
1 : CVL

, CSR

Vector LQ:

R2 : CSL
= 4CT

Scalar LQs:

S1 : CVL
, CSL

= − 4CT

R2 : CSL
= 4CT

• This relation predicts opposite sign in  
vs  due to interference with the SM. 

• Since interference always goes as the real 
part, can make the WC’s purely imaginary 
and then do  with NP squared. 

• But then we need big WC’s: tension with 
high-  and EW precision observables.

RD
RD*

RD(*)

pT

δRD = + 7.1 Re(CT) + 17.2 |CT |2

δRD* = − 5.6 Re(CT) + 16.7 |CT |2
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Low-energy fit for  leptoquark modelU1

[J. Aebischer, G. Isidori, M. Pesut, BAS, F. Wilsch, 2210.13422]

Lb!c⌧⌫̄ = � 2

v2
Vcb

⇣
1 + Cc

LL

⌘
(c̄L�µbL)(⌧̄L�

µ⌫L)� 2Cc
LR (c̄LbR)(⌧̄R ⌫L)

�
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U1 ∼ (3, 1,2/3)

Cc
LL =

g2
Uv2

4M2
U (1 +

Vcs

Vcb
βsτ

L ) , Cc
LR = βbτ*

R Cc
LL

δRD(*) ≈ 2Cc
LL − aD(*)Cc

LR
aD ≈ 3.00
aD* ≈ 0.24{

Low-energy WC’s  Model parameters↔

Cc
LL = 0.043

Cc
LR = -0.022

Cc
LL = 0.063

Best-fit point

LH-only

Cc
LL = 0.031

LH = -RH

RD & RD* only*Updated w/ HFLAV 2025
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R Cc
LL

δRD(*) ≈ 2Cc
LL − aD(*)Cc

LR
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Low-energy WC’s  Model parameters↔

1
Λ2

NP
=

g2
U

2M2
U

, Vq = βsτ
L

ΛNP ≈ {1.4, 1.7, 2.0} TeV , (Vq = 0.1)

Matching: NP scale and U(2)-breaking

New physics scale preferred by low-energy fit:

{LH-only,  BFP,  LH=-RH}
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