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Hints for the Higgs Boson

After winter conferences several hints for Higgs boson from ATLAS, CMS,
CDF and D0
I excess in many channels: h→ γγ, h→WW, h→ ZZ, h→ bb̄, h→ ττ̄

Excluded region: 122.5 < MH < 127.5 GeV

Is it the Standard Model Higgs?
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Discovering the properties

125 GeV Higgs is a particularly fortunate value for the LHC, because many
decay channels are open for that mass

It is possible to test the Higgs in many channels and to check if it is exactly as
in the SM
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Higgs and flavor in the SM

Standard Model Higgs couplings to fermions(
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→when you diagonalize masses you diagonalize Higgs-fermion interactions

Flavor Changing Neutral Currents are very suppressed
I loop suppressed
I mass (GIM) suppressed
I CKM suppressed
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Higgs and flavor Beyond the SM

Many BSM models predict Flavor
Changing Higgs couplings

I multi Higgs dublets model
(eg 2HDM in non decoupling
limit)

I pseudo-dilaton (Goldberger
et al ’07)

I composite Higgs in which
Yukawa are function of the
Higgs field (Giudice et al ’08)

I ...
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Flavor Changing Higgs

Effective Flavor Changing Higgs couplings
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Which are the FC Higgs couplings allowed by the data?

Is it possible to observe a FC Higgs
decay at LHC?
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Quark sector

Bounds from ∆F = 2 processes
mh = 125 GeV

Operator Eff. couplings 95% C.L. Bound Observables
|ceff | |Im(ceff)|

(s̄R dL)(s̄LdR) csd c
∗
ds 1.1× 10−10 4.1× 10−13 ∆mK; εK

(s̄R dL)2, (s̄LdR)
2 c2

ds, c2
sd 2.2× 10−10 0.8× 10−12

(c̄RuL)(c̄LuR) ccu c
∗
uc 0.9× 10−9 1.7× 10−10 ∆mD; |q/p|,φD

(c̄RuL)
2, (c̄LuR)

2 c2
uc, c2

cu 1.4× 10−9 2.5× 10−10

(b̄R dL)(b̄LdR) cbd c
∗
db 0.9× 10−8 2.7× 10−9 ∆mBd

; SBd→ψK
(b̄R dL)

2, (b̄LdR)2 c2
db, c2

bd 1.0× 10−8 3.0× 10−9

(b̄R sL)(b̄LsR) cbs c
∗
sb 2.0× 10−7 2.0× 10−7 ∆mBs

(b̄R sL)
2, (b̄LsR)2 c2

sb, c2
bs 2.2× 10−7 2.2× 10−7

+ similar bounds from rare B decays (B→ µ+µ−)

Bounds on FC Higgs coupling very strong:

it is impossible to see at LHC a FC Higgs decay into quarks
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Lepton sector: tree level

Three body decays and µ→ e conversion in nuclei
mh = 125 GeV

Operator Eff. couplings Bound Constraint
(µ̄R eL)(q̄LqR), ... |cµe|

2, |ceµ|
2 3.0× 10−8 [*] Bµ→e(Ti) < 4.3× 10−12

(τ̄R µL)(µ̄LµR), ... |cτµ|
2, |cµτ|

2 2.0× 10−1 [*] Γ(τ→ µµ̄µ) < 2.1× 10−8

(τ̄R eL)(µ̄LµR), ... |cτe|
2, |ceτ|

2 4.8× 10−1 [*] Γ(τ→ eµ̄µ) < 2.7× 10−8

(τ̄R eL)(µ̄LeR), ... |cµec
∗
eτ|, |cµecτe| 0.9× 10−4 Γ(τ→ µ̄ee) < 1.5× 10−8

(τ̄R eL)(µ̄ReL), ... |c∗eµc
∗
eτ|, |c∗eµcτe|

(τ̄R µL)(ēLµR), ... |ceµc
∗
µτ|, |ceµcτµ| 1.0× 10−4 Γ(τ→ ēµµ) < 1.7× 10−8

(τ̄R µL)(ēRµL), ... |c∗µec
∗
µτ|, |c∗µecτµ|

I ... → other possible operators of the same type but with different chiral
structures

I [∗]→ assuming diagonal couplings as in the SM→ c`` = y` ≡
√

2m`
v
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Lepton sector: 1 loop

I logarithmically-divergent corrections to the lepton masses
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1
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∑
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)
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I anomalous magnetic moments and electric diapole moments
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I Lepton Flavor Violating decays

Γ(li → ljγ) = m
3
i

e2

16π
(|ALij|

2 + |ARij|
2) (6)

with coefficients

|ARµe| =
1

(4π)2 |ceτcτµ|
mτ

m2
h

(
log
m2
h

m2
τ

−
3
2

)
, |ALµe| forcij→ cji (7)

|ARτ`| =
1

(4π)2 |c`τ|yτ
mτ

m2
h

(
log
m2
h

m2
τ

−
4
3

)
, |ALτ`| forcij→ cji (8)
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Lepton sector: 1 loop

mh = 125 GeV

Eff. couplings Bound Constraint
|ceτcτe| (|ceµcµe|) 1.1× 10−2 (1.8× 10−1) |δme| <me

|Re(ceτcτe)| (|Re(ceµcµe)|) 0.6× 10−3 (0.6× 10−2) |δae| < 6× 10−12

|Im(ceτcτe)| (|Im(ceµcµe)|) 0.8× 10−8 (0.8× 10−7) |de| < 1.6× 10−27 ecm
|cµτcτµ| 2 |δmµ| <mµ

|Re(cµτcτµ)| 2× 10−3 |δaµ| < 4× 10−9

|Im(cµτcτµ)| 0.6 |dµ| < 1.2× 10−19 ecm
|ceτcτµ|, |cτecµτ| 1.7× 10−7 B(µ→ eγ) < 2.4× 10−12

|cµτ|
2, |cτµ|2 0.9× 10−2 [*] B(τ→ µγ) < 4.4× 10−8

|ceτ|
2, |cτe|2 0.6× 10−2 [*] B(τ→ eγ) < 3.3× 10−8
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Lepton sector: 2 loops

Loop suppressed but proportional to
only one lepton Yukawa (enanched)

Eff. couplings Bound Constraint
|ceµ|

2, |cµe|2 1× 10−11 [*] B(µ→ eγ) < 2.4× 10−12

|cµτ|
2, |cτµ|2 5× 10−4 [*] B(τ→ µγ) < 4.4× 10−8

|ceτ|
2, |cτe|2 3× 10−4 [*] B(τ→ eγ) < 3.3× 10−8

mh = 125 GeV
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Conclusions

Higgs FC decay

B(h→ fif̄j)

B(h→ ττ̄)
≈ Nf ×

|cij|
2 + |cji|

2

2y2
τ

= 0.48× 104 ×Nf
(
|cij|

2 + |cji|
2) (9)

I B(h→ qiqj) < B(h→ bs̄, s̄b) < 4× 10−4

I B(h→ τµ̄+ µ̄τ)→ O(10%)
I CPV phases can be evenO(1)
I not unnatural couplings needed (|cµτ|, |cτµ| <∼ yτ)
I if |ceτ(τe)/cµτ(τµ)| < 10−2

I B(h→ τē+ ēτ)→ O(10%)
I if neglgleble CPV phases (edms)
I if |cµτ(τµ)/ceτ(τe)| < 10−2

I the two before not togheter (µ→ eγ)
I B(h→ µ̄e+ eµ̄) < 3× 10−9 (µ→ e conversion and µ→ eγ)

To our experimental collegue:

consider these dedicated searches!!
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Thank you for the attention
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