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New physics thresholds which can modify the diphoton and dilepton Higgs branching ratios signifi-

cantly may also provide new sources of CP and lepton flavor violation. We find that limits on electric

dipole moments impose strong constraints on any CP-odd contributions to Higgs diphoton decays unless

there are degeneracies in the Higgs sector that enhance CP-violating mixing. We exemplify this point in

the language of effective operators and in simple UV-complete models with vector-like fermions. In

contrast, we find that electric dipole moments and lepton-flavor-violating observables provide less

stringent constraints on new thresholds contributing to Higgs dilepton decays.
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I. INTRODUCTION

The recent discovery of a Higgs-like resonance at the
LHC [1], with a mass of approximately 125 GeV consistent
with electroweak precision observables, has solidified the
impressive verification of the Standard Model (SM) at the
electroweak scale. At the present time, the couplings of this
resonance agree on average rather well with those of the
SM Higgs boson.

The lack of hints for new physics (NP) in other channels
has focused attention on the detailed properties of the
Higgs-like resonance, and deviations from the SM in its
decays to various final states. Indeed, while the LHC
now strongly constrains NP that can be produced either
resonantly or in pairs from proton constituents with well-
identifiable final states—e.g., Z0 bosons decaying to lep-
tons, or squark/gluino decays to jets, leptons and missing
energy—NP produced via electroweak interactions or
other weakly coupled hidden sectors is far less constrained.
The latter possibilities are now coming under additional
scrutiny as possible explanations for small 2� deviations
from the SM in certain Higgs production/decay channels
[1], specifically, the apparent enhancement in the diphoton
branching Brðh ! ��Þ [2] and a possible suppression of
decays to dileptons in Brðh ! ��Þ. Although these devia-
tions are small and may well dissipate with more data, they
motivate the exploration of viable models of NP that could
provide an explanation. The recent literature has focused
on Brðh ! ��Þ and noted that relatively light (typically
sub 300 GeV) electromagnetically charged fields that are
vector-like (VL), i.e., with a contribution to their mass
which does not come from electroweak symmetry break-
ing, can lead to the required enhancement while still being
accessible with sufficient statistics at the LHC [3–5].

Exploration of Higgs interactions in this way will be an
important probe of NP in coming years, and thus it is
important to clarify the full range of interactions that allow
for measurable corrections to the Higgs branching rates,
and the interplay with other precision data, particularly in

the Yukawa sector. In this paper, we ask whether new VL
thresholds contributing to sizable deviations from SM
Higgs branching can also provide new sources of CP and
flavor violation [6,7]. In Sec. II, building on [7] we focus
on the CP-odd operator hF��

~F��, and elucidate the con-

nection between the CP-violating Higgs decay amplitude
and the impressive constraints on the electric dipole
moments (EDMs) of elementary particles [8–11]. We
find that the inferred bound on the EDM of the electron
[8,9] does not allow for significantCP-odd contributions to
the Higgs diphoton decay at the level of this dimension-five
operator. We then consider two UV completions involving
VL fermions and/or singlets, and identify a special case
where the Higgs is nearly degenerate with a singlet scalar
that allows for large CP-odd contributions to the diphoton
decay that can escape EDM bounds. In Sec. III, we turn our

attention to the ðHyHÞ �Li
LHejR operators contributing to

dilepton decays, and consider the benchmark sensitivity
from lepton-flavor-violating (LFV) observables and
EDMs. Section IV contains some concluding remarks.

II. EDMS VERSUS DIPHOTON DECAYS

Consider new physics charged under SUð2Þ � Uð1Þ only,
so that the leading dimension-six operators which correct
the diphoton branching ratio of the Higgs are

�L¼ g21
e2�2

HyHðahB��B
��þ ~ahB��

~B��Þ

þ g22
e2 ~�2

HyHðbhW��W
��þ ~bhW��

~W��Þ (1)

! chv

�2
hF��F

�� þ ~chv
~�2

hF��
~F�� þ � � � (2)

Here ch ¼ ah þ bh, ~ch ¼ ~ah þ ~bh, v ¼ 246 GeV and we
have only retained the h�� operators, disregarding cou-
plings to Z and W. Since we focus on corrections that
are sizable for loop-induced couplings to the photon, the
associated corrections to the tree-level hZZ and hWW
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couplings can be consistently ignored.1 For thresholds in
the TeV range or above, measurement of the Higgs decay
rate itself probably provides the best sensitivity to �.
However, EDMs can provide sensitivity to the CP-odd

threshold ~�.
The ensuing correction to the SM h ! �� width,

�SM
�� ¼ m3

h

4�

�
�

4�

�
2
��������ASM

2v

��������2’ 9:1 keV; (3)

takes the form

R�� ¼ ���

�SM
��

’
��������1� ch

v2

�2

8�

�ASM

��������2þ
��������~ch

v2

~�2

8�

�ASM

��������2

;

(4)

where ASMðmh ¼ 125 GeVÞ ’ AW þ At ’ �6:5 is propor-
tional to the SM amplitude [14]. The deviations in thewidth
are of Oð1Þ for �=

ffiffiffiffiffi
ch

p � 5 TeV. Note that since the

CP-odd operator does not interfere with the SM amplitude,
the corresponding correction to the diphoton branching

ratio is necessarily positive and scales as Oð1=~�4Þ.

A. EDM limit on contact operators

Current experiments [8–11] already probe the EDMs of
elementary particles at a level roughly commensurate with
two-loop electroweak diagrams [15], with the chirality of
light particles protected by factors of meðqÞ=v. Thus it is

useful to introduce the auxiliary quantity dð2lÞf that quanti-

fies this two-loop benchmark EDM scale,

dð2lÞf � jej�mf

16�3v2
) dð2lÞe ’ 2:5� 10�27e � cm: (5)

One observes that dð2lÞe has already been surpassed by the
current electron EDM limits [8,9], with the mercury [10]

and neutron [11] EDMs not lagging far behind for dð2lÞq [15].
The CP-odd Higgs operator (2) generates fermionic

EDMs via a Higgs-photon loop (as seen in Fig. 1),

di ¼ ~ch
jejmf

4�2 ~�2
ln

�
�2

UV

m2
h

�
(6)

¼ dð2lÞf � ~ch
�=ð4�Þ �

v2

~�2
ln

�
�2

UV

m2
h

�
; (7)

with explicit dependence on the UV scale�UV. If this scale

is identified with ~�, then using the current bound on the
electron EDM, jdej< 1:05� 10�27e cm [8], we find

~� * 50
ffiffiffiffiffi
~ch

p
TeV: (8)

Translating this to the Higgs diphoton branching ratio
results in the conclusion that CP-odd corrections are
limited by

�R��ð~chÞ & 1:6� 10�4: (9)

However, this conclusion can be relaxed in specific UV
completions. As we discuss in the next subsection, the

logarithm lnð~�2=m2
hÞ � 10 cannot generally be stretched

all the way to 50 TeV, as the loops of VL charged particles
provide a much lower cutoff, while certain degeneracies
may provide more significant qualitative changes to the
implications of EDM limits.

B. UV-complete examples with VL fermions

1. Singlet scalar with pseudoscalar coupling
to VL fermions

We will now consider a specific UV completion which
allows the full two-loop function to be taken into account
for the electron EDM. The addition of a (hyper)charged VL
fermion c with mass mc transforming as ð1; 1; Qc Þ under
SUð3Þ � SUð2Þ � Uð1Þ, and a singlet Ŝwith a Higgs-portal
interaction with the Higgs doublet H [16], leads to the
following Lagrangian:

LSHc ¼ �c i��ði@� � eQcA�Þc
þ �c ½mc þ ŜðYS þ i�5

~YSÞ�c þLHS: (10)

The terms inLHS contain scalar kinetic terms and describe

the Higgs-portal interaction between Ŝ and H via the
following potential:

VHS ¼ ��2
HH

yH þ �HðHyHÞ4 þ 1

2
m̂2

SŜ
2

þ AHyHŜ� BŜþ �S

4
Ŝ4: (11)

CP-odd couplings of the Higgs proportional to the combi-

nation A ~YS are generated, while the term linear in Ŝ can

always be adjusted to ensure that hŜi ¼ 0. We retain only

the photon contribution of the Jc� vector current, as the Z

FIG. 1. Left: the diagram that gives rise to fermionic EDMs
via the insertion of the operator hF ~F from Eq. (2). Right: the
two-loop diagram that leads to fermion EDMs in the model
involving a VL lepton, c , coupled to a singlet, S, that mixes with
the Higgs. The cross on the scalar line indicates that this
contribution is proportional to the mixing term, A, in the scalar
potential.

1For recent studies of the CP properties of the hZZ and hWW
couplings, see, e.g., Refs. [12,13] and references therein.
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contribution is suppressed by the small value of geV . After

the breaking of SUð2Þ �Uð1Þ, the Ŝ field mixes with what

would be the SM Higgs boson ĥ to produce two mass
eigenstates h and S,

ĥ

Ŝ

 !
¼ c	 s	

�s	 c	

 !
h

S

 !
; tan2	 ¼ 2Av

m̂2
S � 2�Hv

2
;

(12)

where s	 (c	) stands for sin	 ( cos	). Both mass eigenstates
inherit Higgs-like interactions with the SM fields and
couplings to c fermions.

The dominant two-loop contribution to fermion EDMs
is well-known [17], and specializing to our case we arrive
at the following result for the electron EDM as a function
of ~YS, 	 and mc :

df ¼ dð2lÞf �Q2
c
~YS

v

mc

sinð2	Þ½gðm2
c =m

2
hÞ � gðm2

c =m
2
SÞ�;

(13)

where the loop function is given by

gðzÞ ¼ z

2

Z 1

0
dx

1

xð1� xÞ � z
ln

�
xð1� xÞ

z

�
; (14)

which satisfies gð1Þ � 1:17 and g� 1
2 lnz for large z. We

show the Feynman diagram responsible for this contribu-
tion on the right of Fig. 1.

It is instructive to consider different limits of (13). When
mh � mc , mS, to logarithmic accuracy gðm2

c =m
2
hÞ �

gðm2
c =m

2
SÞ ! 1

2 lnðm2
min=m

2
hÞ, where mmin is the smaller

of mS and mc . In this limit, the heavy fields can be

integrated out sequentially, with S and c first, and h
second. The first step is simplified by the use of the chiral
anomaly equation for c , @� �c���5c ¼ 2i �c�5c þ
�
8�Q

2
cF��

~F��. This leads to the following identification:

~ch
~�2

¼ �Q2
c

4�

~YSA

m2
Smc

; �UV ’ minðmS;mc Þ: (15)

Apart from a smaller value for the logarithmic cutoff, the
result in this limit differs little from the contact operator
case above. Even if the value of the logarithm is not
enhanced, lnðm2

min=m
2
hÞ �Oð1Þ, the corrections to the

Higgs diphoton rate will be limited to at most the sub-
percent level unless a fine-tuned cancellation of de is
arranged with some other CP-odd source.

We now consider a different near-degenerate limit,
jmh �mSj � mh, which turns out to be more interesting
as it allows the EDM constraints to be bypassed. If
the difference between the masses is small, we can
approximate

sinð2	Þðm2
S �m2

hÞ ! 2Av; (16)

and the EDM becomes

df ¼ dð2lÞf �Q2
c
~YS

2Av2mc

m4
h

g0ðm2
c =m

2
hÞ (17)

! dð2lÞf �Q2
c
~YS

Av2

m2
hmc

; (18)

where in the final step we made use of the large mc limit.

The limiting case (18) receives no logarithmic enhance-
ment. Moreover, the value of the A parameter can be very
small, comparable to the mass splitting between h and S or
less. An Oð1 GeVÞ mass splitting would naturally place
Av2=ðm2

hmc Þ in the Oð10�2 � 10�3Þ range, suppressing

the EDM safely below the bound.
At the same time, as explicitly shown in Ref. [5], mod-

ifications to the h ! �� rate can be significant, and
enhancement can come from the F��

~F�� amplitude.

Unlike corrections to the F��F
�� amplitudes that can

enhance or suppress the effective rate, the CP-odd channel
always adds to R��. Assuming that the mass difference

between the singlet and the Higgs is small enough that
they cannot be separately resolved (which requires
jmS �mhj & 3 GeV with current statistics [5]), the appar-
ent increase in the diphoton rate in this model is

Reff
��ð ~YSÞ ¼ cos2	� Brh!��

BrSMh!��

þ sin2	� BrS!��

BrSMh!��

: (19)

If 	 is in the rangeffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�Ŝ!��

�ĥ!��

BrSMh!��

vuut & 	 &

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�ĥ!��

�Ŝ!��

vuut (20)

and �ĥ!����Ŝ!��, thenR�� simplifies to a 	-independent

expression,

Reff
��ð ~YSÞ ’ 1þ �Ŝ!��

�ĥ!��

: (21)

The rate for the weak eigenstate Ŝ to decay to two photons
via its pseudoscalar coupling to the VL fermions is

�Ŝ!�� ¼ �2Q4
c
~Y2
sm

3
S

256�3m2
c

��������AP
1=2

�
m2

S

4mc

���������2

; (22)

with

AP
1=2ð�Þ ¼

2

�
ðsin�1

ffiffiffi
�

p Þ2: (23)

For large mc the apparent diphoton increase can then be

expressed as

Reff
��ð ~YSÞ � 1þQ4

c

� ~YS

2

�
2
�
150 GeV

mc

�
2
: (24)

A sizable increase in the apparent diphoton rate is seen to
require rather largeYukawa couplings or lightVL fermions.
The VL leptons must be heavier than 105 GeV to avoid
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limits from LEP. Their decay channels are fairly model-
dependent but they are well within the reach of the LHC if
they are at all relevant for the h ! �� rate. For more
discussion on experimental searches for such VL fermions,
see Ref. [5].

In Fig. 2 we show the relationship between the electron
EDM and the enhancement to the Higgs diphoton rate
that comes from the operator hF��

~F�� for both the contact

operator and nearly degenerate singlet cases. In the
case of the contact operator, we show two cutoffs,
�UV ¼ 200 GeV and 1 TeV. As seen in Sec. II A, it is
apparent that in this simple situation, any appreciable
increase in the h ! �� rate must be accompanied by a
value of the electron EDM that is in conflict with the
present experimental limit. We also show the relationship
between Reff

�� and de in the singlet case for two values of the

mixing angle, 	 ¼ 0:1 and �=4, fixing the pseudoscalar
Yukawa to ~YS ¼ 2 and choosing Qc ¼ 1. Different values

of Reff
�� and de then correspond to different values of mc . It

is now apparent that a sizable increase in the effective
diphoton rate can be obtained in this model without induc-
ing a value of the electron EDM that is presently excluded,
demonstrating a UV completion of the effective interaction
that evades the constraints implied by a simple analysis of
this contact operator. The reason that the EDM constraints

are evaded in this case is clear: mixing of the two fields, ĥ

and Ŝ, due to the small mass difference can proceed rather

efficiently even with a small value of A, while the EDM
loop diagrams do not enjoy the same resonant enhance-
ment. In this model, for fixed Reff

��, de increases with

increasing �M and sin2	. The rough upper limit on �M
of around 3 GeV with current data implies an upper limit
on de of �10�28e cm for Reff

�� ’ 1:5–2. Separately resolv-

ing a degeneracy near 125 GeV or limiting the size of a
potential mass splitting with more data clearly has impor-
tant implications for EDM searches.

2. Full VL generation with CP-violating Higgs couplings.

Another simple UV completion is a full VL generation
of SM-like fields ER � ð1; 1;�1Þ and LL � ð1; 2;�1=2Þ,
with their mirror image fields EL and LR,

�LEL � ð �EL; �LLÞ
ME y1H

y2H
	 ML

 !
ER

LR

 !
þ H:c: (25)

Every entry in this mass matrix, MEðLÞ, y1ð2Þ, can be

complex. However, there is only one physical CP-odd
phase combination that cannot be removed by a field
redefinition �
E þ
L �
1 �
2, which will appear in
Higgs-fermion CP-odd vertices. For the purposes of cal-
culation, it is more convenient to switch to the mass
eigenstate basis for the Q ¼ 1 fermions (we denote the
masses m1 and m2), related to the original basis (25) by a
unitary rotation of the left- and right-handed fields:

FIG. 2 (color online). The effective increase in the diphoton rate as a function of the electron EDM coming from a coupling of the
Higgs to F��

~F��. The black dashed lines show the relationship in the case of the contact operator hF��
~F�� simply cut off at the scales

�UV ¼ 200 GeV and 1 TeV. The solid lines show the relationship in the case of a scalar singlet, S, nearly degenerate with the Higgs
coupled to aVL fermion, c .We choose a splitting betweenmS andmh of�M ¼ 1 GeV (left panel) and 3GeV (right panel) and aCP-odd
Yukawa coupling of the singlet to the VL fermions of ~YS ¼ 2. The solid curve on the left of each panel (green or light gray) is for amixing
angle 	 ¼ 0:1 and the solid curve on the right of each panel (blue or dark gray) for	 ¼ �=4. The dotted lines show the value of de implied
for the two mixing angles formc ¼ 105 GeV and 300 GeV. Values of the electron EDM that are excluded experimentally, de > 1:05�
10�27e cm, are in the shaded region. We observe that the degenerate scalar allows for a sizable apparent increase in the Higgs diphoton
rate in the CP-odd channel while not conflicting with the electron EDM limit, unlike the simple contact operator case.
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ME y1v=
ffiffiffi
2

p

y2v=
ffiffiffi
2

p
ML

 !
¼ cos	L sin	Le

i
L

� sin	Le
�i
L cos	L

 !
m1 0

0 m2

 !
cos	R � sin	Re

�i
R

sin	Re
i
R cos	R

 !
: (26)

In the mass eigenstate basis, the Higgs fields develops the following couplings to the c 1 and c 2 fermions:

L ¼ h

2v
m1

�c 1L

�
1� cosð2	LÞ cosð2	RÞ �m2

m1

e�ið
L�
RÞ sinð2	LÞ sinð2	RÞ
�
c 1R

þ h

2v
m2

�c 2L

�
1� cosð2	LÞ cosð2	RÞ �m1

m2

eið
L�
RÞ sinð2	LÞ sinð2	RÞ
�
c 2R þ H:c:þ � � � (27)

The ellipsis denotes the off-diagonal h �c 1c 2 couplings,
which will not affect the EDMs or Higgs decay phenome-
nology within our approximations. The CP-odd vertices
from this Lagrangian can now be inserted directly into the
two-loop formulas,

dh�e ¼ dð2lÞe � sinð
L �
RÞ sinð2	LÞ sinð2	RÞ

�m1m2

m2
h

�
gðz1Þ
z1

� gðz2Þ
z2

�
; (28)

where zi ¼ m2
i =m

2
h. In addition to the h� two-loop dia-

gram, there is also a WW two-loop contribution, with the
same topology. The mass of the neutral fermion that enters
this diagram is given by ML, where

jMLj2 ¼ m2
2cos

2	Lcos
2	R þm2

1sin
2	Lsin

2	R

þm1m2

2
cosð
L �
RÞ sinð2	LÞ sinð2	RÞ: (29)

CP violation enters theWW diagram via the relative phase
of the left- and right-handed charged currents. Performing
the calculation, we find

dWW
e ¼ dð2lÞe � sinð
L �
RÞ sinð2	LÞ sinð2	RÞ

�m1m2

m2
W

�W

8�

�
jðz1; zLÞ

z1
� jðz2; zLÞ

z2

�
; (30)

where zi ¼ m2
i =m

2
W , zL ¼ jMLj2=m2

W , �W ¼ g2W=ð4�Þ,
and the new loop function j is defined as

jðz;rÞ¼ z
Z 1

0

dxð1�xÞ
ðx�zÞð1�xÞ�rx

ln

�
xð1�xÞ

zð1�xÞþrx

�
: (31)

Calculations of these two-loop effects closely resemble
those for the two-loop chargino-neutralino EDM contribu-
tions in ‘‘split SUSY’’ models [18] and the two-loop EDMs
in theories with additional CP-violation in the top-Higgs
coupling (see, e.g., Ref. [19]).

In this model, the increase in the Higgs diphoton decay
rate resulting from CP-violating couplings is

R��ð
L�
RÞ

¼1þ
�
de

dð2lÞe

�
2 jm2

2A
P
1=2ðm2

h=4m
2
1Þ�m2

1A
P
1=2ðm2

h=4m
2
2Þj2

4m1m2jASMj2D
;

(32)

where D is a [typically Oð1Þ] combination of two-loop
functions,

D ¼ m1m2

m2
h

�
gðzh1Þ
zh1

� gðzh2Þ
zh2

�
þm1m2

m2
W

�W

8�

�
�
jðzW1 ; zWL Þ

zW1
� jðzW2 ; zWL Þ

zW2

�
: (33)

A large enhancement of the diphoton rate through
CP-violating effects would require large mass splittings

between2 c 1 and c 2 and for de=d
ð2lÞ
e to be at least a factor

of a few. Since dð2lÞe is itself larger than the present limit on
the electron EDM, a sizable CP-odd enhancement to the
h ! �� rate in this model will generate an electron EDM
in conflict with experiment. Therefore, this model is an
example of a UV completion that gives rise to the operator
hF��

~F�� whose behavior aligns with that of the simple

contact operator in Sec. II A: a large CP-odd contribution
to the Higgs diphoton rate conflicts with the experimental
limit on the electron EDM.

III. CP AND FLAVOR OBSERVABLES VERSUS
DILEPTON DECAYS

We now turn our attention to the leptonic branching ratio
of the Higgs, and the interplay with sources of flavor
violation in the Higgs couplings [20,21]. We will consider
specific tree-level dimension-six threshold corrections to
the lepton Yukawa couplings [19,22,23], assumed to arise,
for example, from a lepton-specific extension to the Higgs
sector,

�L ¼ Yij �Li
LHejR þ Zij

�2
ðHyHÞ �Li

LHejR þ h:c: (34)

! mi
�lili þmi

v
�lihð�ij þ �ij þ i�ij�

5Þlj þ � � � ; (35)

2We note that a large splitting is problematic for electroweak
precision measurements but a detailed analysis of this issue lies
outside the scope of this paper. Studies of electroweak precision
and an increase in the Higgs diphoton rate have recently been
undertaken in, e.g., Refs. [4,5].
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where the second line refers to the mass eigenstate
basis, and the normalization assumes mi > mj. The flavor

matrix is

�ij þ i�ij ¼ v3ffiffiffi
2

p
�2mi

ðUZVyÞij; (36)

where U and V rotate the left- and right-handed lepton
fields from the weak basis to the mass basis, respectively.

The correction to the Higgs dilepton branching ratio
takes the form,

Bl ¼ �l�l

�SM
l�l

’ j1þ �llj2 þ j�llj2; (37)

so that anyCP-odd correction is again necessarily positive.

A. Flavor sensitivity

We assume a generic flavor structure for the matrices
�ij and �ij. Integrating out the Higgs, the operators with

minimal Yukawa suppression are two-loop transition
dipoles with top and W loops [20],

Ldipole ¼ �e

32�3

mi

v2
ðCt þ CWÞ�liF�ð�ij þ i�ij�

5Þlj: (38)

The loop functions are3

Ct ¼ 2NcQ
2
t fðztÞ; (39)

CW ¼ �
�
3fðzWÞ þ 23

4
gðzWÞ þ 3

4
hðzWÞ

þ 1

2zW
½fðzWÞ � gðzWÞ�

�
; (40)

where zt ¼ m2
t =m

2
h, zW ¼ m2

W=m
2
h, gðzÞ is defined in

Eq. (14), and

fðzÞ ¼ z

2

Z 1

0
dx

1� 2xð1� xÞ
xð1� xÞ � z

ln

�
xð1� xÞ

z

�
; (41)

hðzÞ ¼ z2
@

@z

�
gðzÞ
z

�
: (42)

There are also one-loop contributions to the dipoles with an
h-� loop, proportional (with our normalization) to Y2

� , and
Higgs-mediated four-fermion interactions that are further
Yukawa-suppressed.
Using the effective interactions arising from (34), vari-

ous LFV transition rates are straightforwardly computed as
discussed, e.g., in Refs. [23,24], and we summarize some
of the stronger limits in Table I. The transition dipoles
generally lead to the strongest constraints, despite being
generated at two-loop order, as they are not subject to
additional Yukawa suppression. Indeed, the largest contri-
bution to � ! e conversion actually comes from the in-
duced �e� vertex, despite being loop-suppressed relative
to the Higgs-mediated four-fermion operator.
We observe that most of the LFV limits are relatively

weak, particularly in the � sector, and so thresholds that
impact BRðh ! ��Þ could still introduce new flavor struc-
tures in the � sector. The most stringent limits apply to �12

and �12, and a generic flavor structure in the muon sector
would limit branching ratio corrections to the percent level.

B. CP sensitivity

There are analogous two-loop contributions to the
electron EDM,

de ¼ �e

16�3

me�11

v2
ðCt þ CWÞ: (43)

The current electron EDM bound [8] implies j�11j< 0:13.
Taken as a generic flavor-independent limit, this would
restrict any CP-odd corrections to the branching ratio
to Oð2%Þ.

C. Comments on UV completions

A simple candidate model that can give rise to the
effective Higgs-lepton interactions in (34) is a two-Higgs
doublet model [30] with one doublet, Hq, coupled to

quarks and the other, H‘, to leptons. Hq can be arranged

to be SM-like, suppressing the branching of the SM-like
Higgs to leptons. The charged Higgses, if light, could
contribute to the branching rate to diphotons. However,
substantially increasing this rate appears to require large,
negative quartic couplings, with potential issues for vac-
uum stability. For further discussion of this point in the

TABLE I. Limits on the flavor matrix elements �ij �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2
ij þ �2

ij

q
from various observables.

Observable Source Limit

Brð� ! e�Þ< 2:4� 10�12 MEG [25] �12 < 4:7� 10�3

Brð� ! e�Þ< 3:3� 10�8 BABAR [26] �13 < 1:4
Brð� ! ��Þ< 4:4� 10�8 BABAR [26] �23 < 1:6
�ð�N ! eNÞ=�capture < 7� 10�13 SINDRUM-II [27] �12 < 6� 10�2

Brð� ! �KþK�Þ< 6:8� 10�8 Belle [28] �23 < 57
Brð� ! 3�Þ< 2:1� 10�8 Belle [29] �23 < 67

3We include only the leading diagrams involving virtual
W=Goldstone bosons.
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context of colored particles contributing to the diphoton
rate, see Ref. [31].

The relatively weak limits on flavor-violating observ-
ables could allow for Oð1Þ deviations in the Higgs sector
with respect to leptons. Measuring the Higgs decay rate to
taus would be a highly desirable step towards testing this
possibility. Looking for lepton-flavor-violating decays
with a large sample of taus, as could be obtained at a
Super-B factory, would shed further light on the situation.
Additionally, we note that it appears possible to check
the CP properties of the h-�-� coupling at a linear
collider [32].

IV. CONCLUDING REMARKS

With the discovery of a new Higgs-like resonance at
the LHC, attention is turning to precision tests of its
interactions. The variety of decay channels accessible at
�125 GeV is already providing important information
about its couplings to vector bosons and fermions.
Further tests of these production and decay channels in
coming years will provide an important new probe of
physics beyond the SM, and allow for a useful interplay
with other precision data, particularly in the Yukawa sec-
tor. In this paper, we have studied the extent to which a
generic new threshold with CP and lepton flavor violation

can impact Higgs branchings to diphotons and dileptons.
We find that precision constraints on EDMs and LFV
decays restrict this possibility quite significantly in many
cases. In particular, large CP-violating contributions to
h ! �� require an extended scalar sector with mass
degeneracies. While there is currently limited information
about h ! �� decays, large corrections to the SM rate
are possible with new flavor structures at relatively low
scales. Progress in studies of rare � decays, e.g., at a
Super-B factory, could provide further constraints on this
possibility.
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