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higgs flavor couplings

• Higgs@125GeV recently discovered
• dual role (in the SM)

• EWSB

• fermion masses through Yukawas
• want to ask a general question

• what do we already know about 
higgs flavor properties?
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direct constraints

• already some info on 3rd gen. couplings

• h!!

• indirectly also htt and hbbar
• interesting upper bound on h""
• no direct search for FV

• how about low eng. constraints?

• do they make it hopeless/uninteresting?

3



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

direct constraints

• already some info on 3rd gen. couplings

• h!!

• indirectly also htt and hbbar
• interesting upper bound on h""
• no direct search for FV

• how about low eng. constraints?

• do they make it hopeless/uninteresting?

3

Mingshui Chen for CMS at Moriond 2013



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

direct constraints

• already some info on 3rd gen. couplings

• h!!

• indirectly also htt and hbbar
• interesting upper bound on h""
• no direct search for FV

• how about low eng. constraints?

• do they make it hopeless/uninteresting?

3



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

direct constraints

• already some info on 3rd gen. couplings

• h!!

• indirectly also htt and hbbar
• interesting upper bound on h""
• no direct search for FV

• how about low eng. constraints?

• do they make it hopeless/uninteresting?

3



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

direct constraints

• already some info on 3rd gen. couplings

• h!!

• indirectly also htt and hbbar
• interesting upper bound on h""
• no direct search for FV

• how about low eng. constraints?

• do they make it hopeless/uninteresting?

3



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

higgs couplings

• if NP then Higgs couplings could be modified
• will assume that EFT is valid

• mass gap between SM+Higgs and NP

• higher dim. operators 

• hff̄ couplings not directly related to mass
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flavor violating higgs

• first part of the talk

• completely agnostic about flavor structure

• what are the bounds?
• new neutral currents

• flavor diagonal @LHC

• flavor violating @Belle2 and LHC
• second part of the talk

• what can we learn if deviations are found?
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• what is a reasonable aim for precision 
on Yij?

• if off-diagonals are large ⇒ spectrum 
in general not hierarchical

• no tuning, if

benchmarks
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h→!"
• bounds from 

• !→"#
• !→3"

• muon g-2

• muon EDM

• Br(h→!")~O(10%) 
allowed
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h→!e
• bounds from 

• !→e#

• !→3e

• electron g-2

• electr. EDM

• Br(h→!e)~O(10%) 
allowed

10-5 10-4 10-3 10-2 10-1 100
10-5

10-4

10-3

10-2

10-1

100

»Yet»
»Y te
»

t
Æ
eg

t Æ 3e Happrox .L
Hg-2Le +

EDM
e

Hg-2Le for Im HY
te Y
et L=0

»Y
te Y
et »=m

e m
t êv 2

Our LHC lim itHATLAS 7 TeV , 4.7 fb -1L

BRHh
Æ
teL
=
0.99

10
-6

10
-5

10
-
3

10
-
2

10
-1

0.5

EDM
e û
Re HY
te Y
et L=0

Harnik, Kopp, JZ, 1209.1397 



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

• bounds from

• μ→eγ

• μ→3e

• electron g-2

• electr. EDM

• μ→e conversion

• M-Mbar osc.
• Br(h→μe)≲2×10-8 allowed
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quark couplings

• constraints from

• D, B, Bs,K oscillations

• bounds on Yuc, Yuc, Ydb, 
Ybd, Ysb, Ybs, Ysd, Yds

• strong constraints

• O(0.1)-O(0.01) of Cheng-Sher ansatz
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quark couplings

• Ytc,ct and Ytu,ut 
less constrained

• do not reach 
Cheng Sher ansatz
Ytc≲0.06, Ytu≲0.003

• strongest from D osc. and neutron EDM
• constraints on Br

• Br(t→hq)≲2.7%, Br(h→t*q)	  ≲O(10-3)
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summary of precision 
constraints

• FV couplings to higgs 

• involving top or tau relatively poorly 
constrained

• how well can one do at the LHC?
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• recast h→ττ ATLAS 
search 

• 4.7fb-1@7TeV, fully 
leptonic channel

• best limits on Yτμ,τe are 
from LHC!

• dedicated searches should do much better
13
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a dedicated analysis
• the most sensitive searches for h→ττ are 

h→τhadτμ
• closely follow CMS 

search cuts

• but omit transverse 
mass cut mT(μ, pmiss,T)

• since this cuts 
W background,
 but also h→τμ
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what if?

• what if h→"" is measured above SM?

• or if h→!" is nonzero?

• what would we learn?
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models of flavor
• could learn (more) about the origin of flavor structure

• will look at several models, focus on leptons

• multi Higgs doublet models with natural flavor 
conservation

• single Higgs doublet with MFV

• single Higgs doublet with Froggatt-Nielsen 
mechanism

• Higgs dependents Yukawa couplings

• Higgs FCNCs in RS models

• composite Higgs and PGB Higgs
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multi higgs and natural 
flavor conservation

• multi Higgs doublets, only one couples to 
leptons (φl)

• the discovered BEH boson is an admixture of all 
neutral components 

• predicts Yτμ=Yμτ=0, Yτ≠(Yτ)SM, Yμ≠(Yμ)SM

• but universal deviation ⇒Yτ/Yμ=mτ/mμ

• e.g. type II 2HDM (MSSM)
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single higgs and minimal 
flavor violation

• dim-6 ops. related to dim-4 yukawa !

• predicts Yτμ=Yμτ=0, Yτ≠(Yτ)SM, Yμ≠(Yμ)SM

• non-universal deviation
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single higgs and 
froggatt-nielsen

• leptonic Yukawas given by U(1)H 
charges

• predicts Yτμ≠Yμτ≠0, Yτ≠(Yτ)SM, Yμ≠(Yμ)SM

• e.g.

• non-universal deviation

19

Dery, Efrati, Hochberg, Nir, 1302.3229



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

higgs dependent 
yukawas

• only top yukawa from dim-4 op.

• all other assumed to come from 
irrelevant ops

• tau from dim-6, mu from dim-8
• predicts Yτμ≠Yμτ≠0, Yτ≠(Yτ)SM, Yμ≠(Yμ)SM
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higgs fcnc’s in randall-
sundrum models

• SM yukawas corrected by mixing with KK fermion states

• size of off-diagonals depends on neutrino mass model

• left and right-handed profiles hierarchical

• right-hand. profiles hierarchical, left-hand. similar
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⇣ v

mKK

⌘2
r

mimj

v2

Yµ⌧ ⇠ 0.5
⇣ Ȳ
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pseudo-goldstone higgs

• SM fermions and Higgs couple to composite 
sector

• if Higgs PGB, this generates

• higher dim ops. related to dim-4

• if just one OR ,OL ⇒ diagonalize simult.

• FV only if at least two OR (or OL) in different 
reps of global group in comp. sector 
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summary of models

• higgs couplings to 2nd&3rd gen. 
charged leptons
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conclusions

• flavor structure of Higgs couplings

• FV couplings to tau and top poorly 
constrained

• interesting info on flavor by 
measuring diagonal and off-diagonal 

24



backup slides

25



Mainz, Mar 22, 2013J. Zupan   Flavor violating Higgs decays

• what is a reasonable aim for precision on Yij?

• if off-diagonals are large ⇒ spectrum in 
general not hierarchical

• no tuning, if

• different flavor models give

benchmarks
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higgs couplings
• if NP then Higgs couplings could be modified
• if EFT description valid

• in general thus

• new neutral currents

• flavor diagonal @LHC

• flavor violating @Belle2 and LHC
• note: both are important for understanding
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precision flavor reach
• for Y!", Y!e both Belle2 and LHC
• for Y"e only precision flavor
• starting to probe Cheng-Sher territory
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