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testing the SM hypothesis, 
what is the source for fermion masses? 

implications to new physics
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μf ≡
σpp→h BRh→f

σSM
pp→h BRSM

h→f

μττ = 1.2 ± 0.3
μμμ = 0.5 ± 0.7
μee < 3.7 × 105

• non universal coupling:  

• probe scale of  
          ,

yτ > yμ, ye

Λτ ≳ 4 TeV Λμ ≳ 18 TeV Λe ≳ 6 TeV

ATLAS, CMS 
CERN yellow report, 1812.07638
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quark sector

7direct indirect

inclusive: flavor tagging

exclusive: h → V γ

total width

global fit

kinematics 

ATLAS, CMS, LHCb 
Delaunay et al 1310.7029,  
Perez et al 1505.06689, 1503.00290 
Brivio et al 1507.02916

ATLAS, CMS 
Bodwin et al 1306.5770 Kagan et al 1406.1722 
Bodwin et al 1407.6695 Perez et al 1503.00290 
Koing, Neubert, 1505.03870, Alte et al 1609.06310

ATLAS,  CMS, Perez et al 1503.00290

Bishara et al1606.09253, YS et al 1606.09621 
Yu 1609.06592

Delaunay et al 1310.7029, 
Perez et al 1503.00290

Γh→qq̄ < Γh

γγ + ZZ line-shape
off-shell h

Higgs pT spectrum
Wh asymmetry

κu < 3.4 × 103 κc < 6.2
κd < 1.7 × 103 κs < 42
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pp → tt̄h pp → Vh, h → bb̄, cc̄

μtt̄h = 1.2 ± 0.3

• non universal coupling:  
• probe scale of , ,  
• -tagging possible at collider (e.g. Duarte-Campderros et at 1811.09636) 

yt > yb, yc
Λt ≳ 0.4 TeV Λb ≳ 3.6 TeV Λc ≳ 1.5 TeV

s e+e−

μbb̄ = 1.1 ± 0.3 μcc̄ < 70
ATLAS, CMS ATLAS, CMS, LHCb 

Delaunay et al 1310.7029,  
Perez et al 1505.06689, 1503.00290 
Brivio et al 1507.02916
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CERN yellow report, 1812.07638

h → V γ

yq κγ

YU =
yu

yc
yt

Yd =
yd

ys
yb

ℛVγ,ZZ* ≡
μVγ

μZZ*

BRSM
h→Vγ

BRSM
h→ZZ*

≃
Γh→Vγ

h → ZZ*

V BRh→Vγ < ℛVγ,ZZ* < Yukawa range

J/ψ 1.5 × 10−3 9.3 κc < 310
ϕ 4.8 × 10−4 3.2 κ̄s < 150
ρ 8.8 × 10−4 5.8 2κ̄u + κ̄d < 330 κ̄q ≡

yq

ySM
b

Λq ≳ 200 GeV

ATLAS, CMS 
Bodwin et al 1306.5770 Kagan et al 1406.1722 
Bodwin et al 1407.6695 Perez et al 1503.00290 
Koing, Neubert, 1505.03870, Alte et al 1609.06310 recent CMS results for h → ρZ, ϕZ
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loop effect in 
gg → h log enhancement:   κQ

m2
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T
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Q )

κc < 38
κb < 18

CMS, 13TeV, 36 fb−1

 - sensitive to A(Wh) =
σ(W+h) − σ(W−h)
σ(W+h) + σ(W−h)

yu,d,s,c
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y2
μτ + y2

τμ < 1.4 × 10−3

y2
eτ + y2

τe < 2.3 × 10−3

y2
tc + y2

ct < 0.06

direct indirect
h → τμ, τe, μe , t → hj

meson mixing, μ → eγ

Harnik, Kopp, Zupan- 1209.1397 
Blankenburg, Ellis, Isidori- 1202.5704

yuc, yuc < 7 × 10−5

yds, ysd < 3 × 10−5

and more

ATLAS, CMS,  
Bressler et al 1405.4545, Davidson et al 1211.1248
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 - same flavour structure(c/Λ2)ψRσμνψLHFμν

h → ψ iψ j ⟺ ψ i → ψ jγ

Altmannshofer et al 1507.07927 
Dorsner et al 1502.07784

BRh→τμ ∼ 26 BRτ→μγ ≲ 10−6
c ∼ λe/16π2

 can be avoided by: 
• tuning (Aloni et at 1511.00979) 

• first two generation receive their masses from additional source of EWSB 
(Almannshofer et al 1507.07927, Gosh et al 1508.01501)

τ → μγ

use alignment (holomorphic zeros) to avoid flavor constraints: 
approximate horizontal  Froggatt-Nielsen symmetry in SUSY 
model + non renoramlizable terms

U(1) × U(1)

viable model with sizeable  and t → ch h → τμ
Leurer, Nir, Seiberg hep-ph/9310320 
Dery et al - 1408.1371
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ATLAS, CMS 
Brod et al, 1310.1385, Almannshofer et al 1503.04830 
Brod et al 1811.05480

ℒeff = −
mf

v (κf hf̄f + iκ̃f hf̄γ5 f )
CPV can be directly constrained in  and tt̄h ττ̄h

 (the CP phase) can 
be probed to at 

HL-LHC

κ̃τ
11∘

Harnik et al, 1308.1094 
CERN yellow report, 1902.00134
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ATLAS, CMS 
Brod et al, 1310.1385, Almannshofer et al 1503.04830 
Brod et al 1811.05480

ℒeff = −
mf

v (κf hf̄f + iκ̃f hf̄γ5 f )
CPV can be directly constrained in  and tt̄h ττ̄h

eEDM: κ̃e < 1.9 × 10−3

nEDM: κ̃b < 5, κ̃c < 21, κ̃s < 2.2
HgEDM: κ̃u < 0.06, κ̃d < 0.03

 (the CP phase) can 
be probed to at 

HL-LHC

κ̃τ
11∘

Harnik et al, 1308.1094 
CERN yellow report, 1902.00134

κt

κ̃t
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enhanced dark matter direct 
detection

SM Yukawa large yu large yd



large Yukawa couplings in Higgs portal
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large Yukawa coupling for  have interesting 
implications for Higgs portal models

u, d, s

precision measurements of new 
forces with Higgs mixing

Delaunay et al 1601.05087,  Flacke et al 1610.02025, 
Berengut et al 1704.05068,  Banerjee et al 2004.02899, 

Berengut et al 2005.06144

globular cluster

5th force

H/D IS

n-scat. × (g-2)e

Ytterbium IS
�[�]=10mHz

2DK w/o SM nonlin.
2DK w/ SM nonlin.
GK

Yb+(Counts et al.)

Ca+(Solaro et al.)

KOTO

rela
xed
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lax
ion

10-2 10-1 1 101 102 103 104
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Higgs CPV and baryogengesis 

20

  
the strongest bound on 

μμμ < 1.7
κ̃μ

 as dominated source of the 
baryon asymmetry is excluded 
(up to 16% of the asymmetry)

Im[yμ]

 can account for the baryon asymmetry 
 and  together can account up 12% of the baryon asymmetry 

(separately up to 2% and 4% )

yτ
yt yb

a measurement of  is a smoking 
gun of this scenario and is motivated

κ̃τ

 de Vries et al1811.11104 
 Fuchs et al 1911.08495, 2003.00099



summary

the dominant source of ,  and  masses 
is the SM-Higgs mechanism 

much less is known about the first two 
generations, still room for new physics  

interesting effect on Higgs portal models

t b τ

21
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Y ` =

0

@
ye yeµ ye⌧
yµe yµ yµ⌧
y⌧e y⌧µ y⌧

1

A<

3.6×10-6  (μ→ eγ)

×10-3
0.54 2.4

0.54 3.2
2.4 3.2

direct searches
(|yτe yμτ|²+|yeτ yτμ|²)1/4 < 3.4× 10⁻⁴ (μ→ eγ) 
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Y u =

0

@
yu yuc yut
ycu yc yct
ytu ytc yt

1

A
7 ×10-5 0.13

7 ×10-5 0.13
0.13 0.13

<

Harnik, Kopp, Zupan- 1209.1397
Blankenburg, Ellis, Isidori- 1202.5704

D0-D̅0 mixing t→hj: decay and th production
Greljo, Kamenik, Koop 1404.1278

Y d =

0

@
yd yds ydb
ysd ys ysb
ybd ybs yb

1

A
2.4(0.17)×10-5 1.5 ×10-4

2.4(0.17)×10-5 1.3 ×10-3

1.5 ×10-4 1.3 ×10-3

<

Harnik, Kopp, Zupan- 1209.1397
Blankenburg, Ellis, Isidori- 1202.5704

Bs-B̅s mixingBd-B̅d mixing

K0-K̅0 mixing Re (Im)


