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Outline

0 Flavor mixing in the Higgs sector

e Couplings to leptons

e Couplings to quarks

@ Flavor-violating Higgs decays at the LHC

6 Summary
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Motivation

Scenario 1: Several sources of EW symmetry breaking

..can lead to misalignment of mass matrices and light (125 GeV) Higgs
Yukawa couplings

Example: Type Il 2-Higgs Doublet model

Scenario 2: Extra Higgs couplings

Assume existence of heavy new particles, which induce effective operators of
the form

ALy = —L(FLYH(HTH) + h.c. + -

— after EWSB, new (but misaligned) contributions to mass matrices and
Yukawa couplings
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Effective Yukawa Lagrangfian

Effective Yukawa Lagrangian

Ly = —mififs — YAFR)H + he.+ -
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Effective Yukawa Lagrangfian

Effective Yukawa Lagrangian

Ly = —mififh — YA(F LI + hc.+ - -

New in this talk:
@ Comprehensive list of up-to-date constraints (including subdominant ones)
@ First LHC limits
@ Strategy for future LHC searches
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Couplings to Leptons



Low-energy constraints on LFV in the Higgs sector
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Constraints on h — e
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Constraints on h — 7 and h — re
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Substantial flavor violation (BR(h — 7, 7e) ~ 0.01) perfectly viable.

Joachim Kopp Flavor Violating Higgs Decays



Couplings to Quarks



Constraints on Higgs couplings to light quarks

@ Tight constraints from neutral meson oscillations
@ Work in Effective Field Theory:

Hat = CS°(brd,)? + CP(b.dR)? + CP(b.dR)(brdL)
@ Wilson coefficients constrained in Bona et al., arXiv:0707.0636

Technique Coupling Constraint

D° oscillations Y‘r‘;,'jc J,Z:j“'z o0 o
B oscillations YT”;,'; J,Z:;f"z z gg i 18:2
BY oscillations |Ys";l:; J,:sbsz z ;g i 18:3

R(YZ), R(Y2,) [-5.9...5.6] x 10-1°
S(Y2),3(Y2) [-2.9...1.6] x 10-12
R(YYes)  [-56...56]x 10"
(Y Yss)  [-14...28]x 1013

KO oscillations
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Couplings involving top quarks

Loose constraints (| Yg|, | Yg| < few x 10~7) from

@ Single top production

CDF arXiv:0812.3400
DY arXiv:1006.3575
ATLAS arXiv:1203.0529

@ t— hg

Craig et al. arXiv:1207.6794
based on CMS multilepton search arXiv:1204.5341

Not sensitive

o t—2Zq
CMS arXiv:1208.0957
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Flavor-Violating Higgs Decays
at the Large Hadron Collider



h — 7 and h — 7e at the LHC

Basic idea:

@ h — 7/ has the same final
stateas h — 77
(but is enhanced by 1/BR(7 — ¢))
@ Recast h — 77 search
here: ATLAS, arXiv:1206.5971
@ Use VBF cuts
(much lower BG than gg fusion)

Joachim Kopp Flavor Violating Higgs Decays



h — 7 and h — 7e at the LHC

Basic idea:

@ h — 7/ has the same final
stateas h — 77
(but is enhanced by 1/BR(7 — ¢))
@ Recast h — 77 search
here: ATLAS, arXiv:1206.5971
@ Use VBF cuts
(much lower BG than gg fusion)

Technicalities:

@ Consider only 2-lepton final
states here

@ Use MadGraph 5, v1.4.6,
Pythia 64, PGS

@ Use only 120-160 GeV bin
@ Derive one-sided 95% CL limit |
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h — 7 and h — 7e at the LHC

Basic idea: 5r
@ h — 7/ has the same final
state as h — 77 - 20r
(but is enhanced by 1/BR(7 — ¢)) &
e Recast h — 77 search 2 “l
here: ATLAS, arXiv:1206.5971 2 10
@ Use VBF cuts i

o ATLAS 47 fb™t

[ ATLASMC
-~ ATLASdata
-—-—- 5xH->11
------ 5xH->1u

2 2y1/2_m 1
Y e 2+ Yo D)V 222

Technicalities: 05

(much lower BG than gg fusion) sﬁ T ]
T sl L
300 400

@ Consider only 2-lepton final
states here

@ Use MadGraph 5, v1.4.6,
Pythia 64, PGS

@ Use only 120-160 GeV bin
@ Derive one-sided 95% CL limit |
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Basic idea:

@ h — 7/ has the same final
stateas h — 77
(but is enhanced by 1/BR(7 — ¢))
@ Recast h — 77 search
here: ATLAS, arXiv:1206.5971
@ Use VBF cuts
(much lower BG than gg fusion)

Technicalities:
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states here

@ Use MadGraph 5, v1.4.6,
Pythia 64, PGS

@ Use only 120-160 GeV bin
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Events / 10 GeV

ATLAS 47 fb™t
" -
[ ATLASMC
-~ ATLASdata
15,
- 5xH-> 171
----------- 5xH->1u
10¢ B AL IACELE
TH T ]
A LS ne = =1 DU B
300 400

0 100 200
77 collinear mass m,, [GeV]

Result:

BR(h — 1) < 0.13
BR(h — 7e) < 0.13
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Our LHC limit

rour LHC limit -
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Constraints on h — 7 and h — re
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Strategy for a dedicated h — 71 and h — Te search

Possible improvements:

@ Different invariant mass formula
(assuming 1 neutrino rather than 3)
Avoids smearing of signal
Shifts Z — 77 peak to lower
invariant mass

@ Consider hadronic 7’s
(especially for CMS)

@ Modified cuts

CMS h — mag7¢ S€arch requires
mr (¢, p;) < 40 GeV to suppress
W + jets

In h — Thadpt, Neutrino and muon
typically not collinear

— large mr(¢, p;)
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mr (¢, p;) < 40 GeV to suppress
W + jets
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typically not collinear
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Events/ 10 GeV

1 5fb7, 7 Tev I Weiets

10,MG/Pythia/DeIphes [ z+jets
Bl h - ThadTy
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m
(Y el 41 Y[ 2=
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BG rescaled to]
CMS-HIG-11-029
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Strategy for a dedicated h — 71 and h — Te search

20 . :
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1%
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Y-, close to the current upper limits, spectacular signals possible.
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Summary

@ Flavor-violating Higgs couplings arise in
» Models with several sources of electroweak symmetry breaking
» Models with heavy fields coupled to the Higgs
@ In the lepton sector:
» Constraints from ¢y — ¢ + ~, £1 — £2 + X, u—e conversion in nuclei, g — 2,
EDMs, M- oscillations
» Strong constraints in the u—e sector
» Very weak constraints in the 7—e and 7— sectors
@ In the quark sector:
» Strong constraints on couplings to light quarks
» Very weak constraints on couplings to top quarks
@ Atthe LHC
» Constraints on anomalous top—Higgs couplings from single top production
» Arecast ATLAS h — 7,7, search already provides strongest limits on
h— ruand h— 1e
» A dedicated search would be much more sensitive

Joachim Kopp Flavor Violating Higgs Decays



Thank you!
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