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Higgs Flavor Violation at the LHC

ATLAS and CMS both search for flavor

violating Higgs decays

Any observation of flavor violation
— clear violation of the SM!

Obs. (90%)  ATLAS CMS

BR(h — ut) 0.17% 0.13%

BR(h — e1) 0.16% 0.18%

BR(h —en) 5.2 x107° 3.7 x107°
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Why 2HDM?

MSSM at low energies — 2HDM! (Flavor violation at loop level, but
can be enhanced)

2HDM adds only one new field — yet there is huge number of new couplings
and parameters

2HDM is capable of:
Making Electroweak phase transition 15¢ order
New sources of CP violation (in fact, sometimes too much!)
Interesting connections between many different observables (flavor!)



The Two Higgs Doublet Model (2HDM)

2HDM is SM with an extra field that has the same charges as the Higgs:

0

VD o o e e e s
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Original Fields:
(P1) = vy

(P2) = v2
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The Two Higgs Doublet Model (2HDM)

Various rotations are required to reach the physical basis:

Hy Dy < Original Fields:
(P1) =01 (P2) = v2

Higgs Basis: One nonzero vev, rotation parameterized by 3

(Hy) = /o2 +02  (H) =0
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The Two Higgs Doublet Model (2HDM)

Various rotations are required to reach the physical basis:

H, dy Hl Original Fields:

\./'\ (P1) = vy (P2) = v9

Higgs Basis: One nonzero vev, rotation parameterized by 3

5 (H) = Jo2 + 02 (M) =0

O]

Mass Basis: Diagonalize the Mass Matrix (CP Conserving Case)

: h\ ([sin(B—a) cos(8— «) HY
H| \cos(B—a) —sin(B—a)/ \ H?

“Alignment”:’ cos(3 — a) = 0 , scalar h acts exactly like SM Higgs!
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Lepton Sector of the 2HDM

New Yukawa matrix for second Higgs (now working in Higgs basis)

1 i Ko 3 i '
—Y;i; (Hi- fp)er — Vi (H2 €1 )eg + h.c.
S~
gets vev no vev

The key is that Y and Y2are in general not simultaneously diagonalizable!
We now diagonalize the mass matrix

1 I =2
YP = ZMysin(B — a) + —=Y" cos(B — a)
2 _
=yl V= Uy, = | i
v v — ;Mg cos(ff — a) — \ﬁy sin(f — «)

There is also a charged and pseudoscalar Higgs:
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Simplifying Assumptions

CP Conservation in both the Higgs potential and lepton
Yukawas

All Heavy Higgs masses roughly equal mpyg = mg < mfi{

: ~32 552
Diagonal structure of )~ the same order as SM: Vyf ~ my/v
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Low Energy Probes of Higgs Couplings

Higgs couplings contribute to a flavor-violating photon vertex
In the 2HDM, the leading contributions are:

ytt
4@7 w/Z/Wfé\ h/H/A/H* }5 hH

Destructive interference possible depending on 2nd top Yukawa!




Low Emergy Probes of Higgs Couplings

e’ — el
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LHC vs. Precision Results: direct comparison

LHC constraints generally stronger for decays involving the tau

1+ — ey decays are very sensitive, and completely encompass LHC constraints
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Speculating About Flavor Structure
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Scenario 1: “Cheng-Sher”

mr CFV\/me,u CFV\/ mrme
y CFV\/me,uJ my CFV\/m/,Lme
Crvymsme Cry /M me Me

|
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Scenario 2: “Min”
1 mr  Crymy, Cryme
Yy = Crvmy,  my Crpyme

Crvme Cryme e
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Cheng-Sher-like Scenario

R o o e s e L . L s e

1 myr CFV\/mepJ CFV\/ m+Me
Y = ” Cry/mrmy my, Cry./mMume
CFV\/ mMrMe CFV\/mmee Me ol

Nney

&
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For Cheng-sher-like structure, ¢ — ey is mostly stronger : oS
than Higgs decays, except in blind spot

<

In the future, most likely the HL-LHC parameter space :
will be completely ruled out by a combination of u — ey 05
and ¢ — e conversion : <
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Min Scenario

my; = 1300 GeV. ytt = 0. 4mt/v

m- CFVmp, CFVme 100 }

|
[ \W)
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Cryme Cryme  me |

The LHC constraints beats the lepton
decay constraints in the blind spot of # — €7 il

Cry

HL-LHC will probe further this ansatz, but 5
will have to compete with future lepton
decay bounds

cos(B—a)
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Conclusions

The LHC searches for flavor violating Higgs decays are useful for
testing the rigid flavor structure of the Standard Model

In particular, the LHC helps covers regions where lepton decays
are “blind”

The coming years should push the envelope on flavor violation,
and probe much more of the 2HDM parameter space
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Conclusions

Thank you!
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UV Completion: MSSM

SUSY can provide radiatively generated o
flavor violating couplings

|

|

|
Sleptons have the same Yukawa structure in 2 =

. lr, €R
coupling to H , )/ \
Slepton mass matrix provides additional 7; / X" \ ;
flavor matrix that causes flavor violation 4 R
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MEG Cancellation Regions
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u — ey Excluded Regions
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Higes Yukawas at the LHC

. . . E>|> AL T T T ' | ]
The SM physical higgs has couplings 2 i e AR olilert S ,
S ~  m, =125.09 GeV A
E: ’ 0_1;_ ---------- SM Higgs boson W _;
e b E
10‘3; e ;
ATLAS and CMS measure Higgs decays! = Miy(m) used for quarks -
10 & =
£ 12] o
So far, all measured decay modes are in line 5 { ] # {
A SO (SRRSO, 2 SO, 2 § E
with SM predictions! (to ~10%) osb E
107 1 10 10°

Particle mass [GeV]
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