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Introduction and 
Motivation



10+ Years After the Higgs Discovery
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• Higgs (2012) completed SM


• Only a few couplings ( ) precisely measured


• Light-quark and off-diagonal currently unmeasured


• Higgs factories (e.g. FCC-ee)  sensitivity to on off-diagonal

t, W, Z, τ

→

BR(h → X)
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1. FCNCs are forbidden at tree level in SM 
• Suppressed due to GIM mechanism

• Sensitive to New Physics (NP)

• Via loops  virtual heavy particles


2. Intensity vs. energy 
• New particles modify effective couplings, even if too heavy to 

produce

• Complementary to direct searches at the energy frontier

• Rare processes  indirect search for new particles

→

→

Flavor-Changing Neutral Currents
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Rare FCNC processes act as precision microscopes for heavy 
new physics. If we observe a Higgs-mediated FCNC, it’s BSM.



What are we calculating?
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h → bs̄ + sb̄ Bs − B̄s Bs → μ+μ−

Effective flavor-changing 
Yukawa couplings

 “Wilson 
coefficients”

ΔB = 2 Rare decay  
“Wilson coefficients”

b → sμ+μ−

SM 1 loop UV cancelation/

gauge checks

effective 
operators



Gauge-Invariant 
Setup



Gauge-Invariant Origin of Higgs FCNCs
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• SMEFT: Qij
dφ = (φ†φ)(q̄i

Lφdj
R)

ℒ ⊃ − q̄LYdφdR +
Cij

dφ

Λ2 Qij
dφ + h.c.

• After EWSB:
Md = v

2 (Yd − v2

2Λ2 Cdφ), Y (h)
d = 1

2 (Yd − 3v2

2Λ2 Cdφ)
quark mass basis

̂Y (h)
d =

̂M d

v
− v2

2Λ2
̂C dφ

• Gauge-invariant completion:

ℒFCNC ⊃ ∑
i≠j

yijd̄i
Ldj

R (h + G+G−

v ) + h . c. + …

Qij
uφ = (φ†φ)(q̄i

Lφ̃uj
R)



One-Loop Higgs FCNCs 
in the Standard Model



h → sb̄
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iℳSM(h → sb̄) = − iūs [(ySM
bs )*PL + ySM

sb PR] vb

(ySM
bs )* = g3ms

64π2mW ∑
i=u,c,t

λbs
i f (i)(ms, mb)

ySM
sb = g3mb

64π2mW ∑
i=u,c,t

λbs
i f (i)(mb, ms)

chiral suppression GIM mechanism

ySM
bs ∝ ms, ySM

sb ∝ mb ∑
i=u,c,t

VibV*is = 0



: UV Finiteness and Gauge Independenceh → sb̄
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Gauge independence Cancellation of UV divergences

• Feynman Gauge: W±, G±

• Unitary Gauge: W±

ℳon−shell
Feynman = ℳon−shell

Unitary

• Individual diagrams are UV 
divergent

• Divergence in Feynman gauge:

iℳi UV
= ig3

64π2mW

λbs
i

ϵ
ūs (msPL + mbPR) vb

iℳ
UV

∝ ∑
i=u,c,t

VibV*is



: SM Predictionsh → sb̄
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ℬqq′ ≡ ℬ(h → qq̄′ ) + ℬ(h → q′ ̄q) ≃ 3mh

8πΓh
( |yqq′ |

2 + |yq′ q |2 )
sector

bs 9.95 × 10-8 5.31 × 10-6 ( 1.03 ± 0.13 ) × 10-7

bd 1.05 × 10-9 1.11 × 10-6 ( 4.52 ± 0.62 ) × 10-9

sd 4.38 × 10-11 8.71 × 10-10 ( 2.77 ± 0.40 ) × 10-15

cu 6.23 × 10-15 3.22 × 10-12 ( 3.76 ± 1.65 ) × 10-20

|ySM
qq′ | |ySM

q′ q | ℬSM(h → qq′ )

• For  sector:bs

ySM
bs = (−9.95 − 0.18i) × 10−8

ySM
sb = (−5.31 + 0.10i) × 10−6

ySM
bs

ySM
sb

∼ ms

mb



 Mixing: Subleading SM CorrectionsBs − B̄s
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ℳbox = ℳ(0) + m2
b ℳ(2) + ⋯

• Operators matched:

Leading Subleading

V(0)
LL

< SRR > = 2iCSRR [(ūsPRvb)(v̄sPRub) − (ūsPRub)(v̄sPRvb)]
< VLL > = 2iCVLL [(ūsγμPLvb)(v̄sγμPLub) − (ūsγμPLub)(v̄sγμPLvb)]
< TRR > = 2iCTRR [(ūsσμνPRvb)(v̄sσμνPRub) − (ūsσμνPRub)(v̄sσμνPRvb)]
< O7 > = 2iCO7[(ūs p1PLvb)(v̄sPRub) − (ūsPRvb)(v̄s p3PLub) + mb(ūsPRvb)(v̄sPRub)

−(ūsPRub)(v̄s p1PLvb) + (ūs p3PLub)(v̄sPRvb) − mb(ūsPRub)(v̄sPRvb)]

S(2)
RR, V(2)

LL , T(2)
RR, O(1)

7



 Mixing: EFT Subtraction and EOMBs − B̄s
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• Double insertion of the  LagrangianΔB = 1

ℒ(0)
ΔB=1 = − 4GF

2 ∑
i, j=u,c

VibV*js(s̄γμPLuj)(ūiγμPLb) + h . c .

ℳΔB=2
hard = ℳbox

SM − ℳΔB=1×ΔB=1

• EOM reduction

𝒪(8)
D2

EOM m2
b 𝒪(6) + ⋯



: One-Loop SM CalculationBs → μ+μ−
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ℳSM = ℳa + ℳb + ℳc + ℳd + ℳe

• Operators matched:
• Scalar 

• Vector: 

• Tensor: 


• Dim 7: 

SRR, SRL
VLL, VLR
TRR

OμμsbD1, OμμsbD2, OsbμμD1, O†
bsμμD1

ℳ1−loop
EOM, Dirac identities, Fierz {V, S, T, 𝒪D}



: Current StatusBs → μ+μ−
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• UV finiteness


• IR finiteness

• ISSUE: leading order limit in  ρ

C(0)
A = V(0)

LR − V(0)
LL

2 = − g4λt

32π2m2
W (Y0(xt) + xt

192 ),

• Suspect: package X using  specific identitiesD = 4

• SOLUTION: trying to use a different package



Conclusions & Outlook
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1. Flavor-changing Higgs decays 
• Complete one-loop calculation

• UV finite and gauge independent

• SM branching fractions obtained


2.  mixing 
• Subleading -suppressed box amplitudes calculated

• Feynman / unitary gauge agreement

• EFT subtraction and EOM / RG subtleties


3.  
• One-loop unitary-gauge calculation

• UV and IR cancellations verified

• Final operator matching and comparison with the known SM result still under 

investigation

Bs − B̄s
m2

b

Bs → μ+μ−

GOAL: Reliable SM benchmarks for future constraints on flavor-changing 
Higgs couplings.


