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Most of the discussion regarding the Higgs boson couplings to Standard Model vector bosons
and fermions is presented with respect to what present and future collider detectors will be able
to measure. Here, we ask the more physics-based question of how well do we need to measure the
Higgs boson couplings? We first present a reasonable definition of “need” and then investigate the
answer in the context of various highly motivated new physics scenarios: supersymmetry, mixed-in
hidden sector Higgs bosons, and a composite Higgs boson. We find the largest coupling deviations
away from the SM Higgs couplings that are possible if no other state related to EWSB is directly
accessible at the LHC. Depending on the physics scenario under consideration, we find targets that
range from less than 1% to 10% for vector bosons, and from a few percent to tens of percent for
couplings to fermions.

PACS numbers: 12.60Fr,12.60Rc,14.80Ec,14.80Da

I. INTRODUCTION

There are preliminary indications that a Higgs bo-
son with mass of about 125 GeV may have been seen
in the data of the ATLAS and CMS experiments at
LHC [1, 2]. If it is confirmed, the next question to ask
is whether or not it is the SM Higgs boson. Establish-
ing that the Higgs boson is a pure SM one is impossible,
strictly speaking, but careful measurements of its cou-
plings to the other Standard Model (SM) particles could
confirm suspicions that it may not be a SM Higgs boson.
There are plenty of opportunities to check the couplings
since a 125 GeV SM Higgs boson has several substantive
branching fractions [3]: B(bb) ' 60%, B(WW ) ' 20%,
B(gg) ' 9%, B(ττ) ' 6%, B(ZZ) ' 3%, B(cc) ' 3%,
etc. B(γγ) ' 0.2% is also substantive due to the high
mass resolution and relatively low background.

There are numerous studies that detail how well a
collider can measure the Higgs boson couplings to the
SM particles. These include LHC experiments in the
near term [4], capabilities of a high luminosity LHC up-
grade [5], and the capabilities of high-energy e+e− col-
liders, such as ILC [6, 7] and CLIC [8]. It is appropri-
ate that these studies have focused on achieving the best
sensitivity possible on the Higgs boson couplings. How-
ever, what the studies typically do not address is, how
well do we really need to know the couplings? Our aim
here is to answer this question in the context of three of
the most highly motivated ideas of physics beyond the
SM. The results will not be generic for any conceivable
physics-beyond-the-SM scenario, but some genericness is-
sues among these ideas will be addressed in the conclu-
sions.

To answer this question we must first decide on the
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criteria for “need”. There are many possibilities. One
answer is that we must do what it takes to get measure-
ments down to at least as good as the theory errors of im-
possible or difficult to compute higher-order corrections.
For example, relating the bottom quark partial width
to the bottom quark Yukawa coupling requires a theory
calculation to compare with the experimental measure-
ment. It is impossible to pin down the bottom quark
Yukawa coupling to better than a few percent no matter
how well the partial width is measured due to the higher
order corrections. Thus, measuring the partial widths,
or equivalently measuring some “observable coupling”,
to significantly better than a few percent is not needed,
although such precision would be welcome for future gen-
erations who might be able to calculate better than us.

Another way to answer the question is, how well do
we have to measure the Higgs couplings to see that it is
exotic (i.e., non-SM) despite seeing no other “Higgs sec-
tor” or “symmetry breaking sector” state directly at the
LHC. If we do see such states, we already know the Higgs
sector is exotic, and so a coupling deviation is not quali-
tatively surprising or illuminating, although of course it
would be quantitatively interesting. Operationally, this
definition of need means that we must find the largest
coupling deviations away from the SM Higgs couplings
that are possible if no other “Higgs sector” or “symmetry
breaking sector” state is directly accessible at the LHC.
This nonobservation criteria will be specified for each of
the beyond-the-SM physics scenarios, relying on previ-
ous studies. In general, we consider at least 100 fb−1 of
integrated luminosity at full LHC design center-of-mass
energy of 14 TeV.

There is no fully model-independent analysis to this
determination, and so we shall give the answer within
three different contexts. The first context is a singlet
Higgs boson mixed in with the SM Higgs boson. The
second context is a composite Higgs boson. And the third
context we shall study is the Higgs bosons within the
Minimal Supersymmetric Standard Model (MSSM). Our
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results will be summarized and conclusions given in the
final concluding paragraphs.

II. MIXED-IN SINGLET HIGGS BOSON

Let us first consider a theory where there is an exotic
Higgs boson that is a singlet under the SM gauge group
but may spontaneously break symmetries in some hidden
sector group. Since this extra field ΦS is a scalar and gets
a vacuum expectation value it can mix at the renormal-
izable level with the SM Higgs doublet HSM through the
operator |HSM |2|ΦS |2 [10, 11]. There will be two result-
ing CP-even mass eigenstates, which are neither purely
SM nor purely hidden sector. The mixing angle θh that
takes the fields from gauge eigenstates to mass eigen-
states is a new crucial parameter for Higgs boson phe-
nomenology. The couplings of the two Higgs bosons h
and H to fermions and gauge bosons, with respect to the
SM Higgs boson are,

g2h = c2h g
2
SM (1)

g2H = s2h g
2
SM . (2)

where ch = cos θh and sh = sin θh. We will choose h to
be the SM-like Higgs boson and hence s2h < 0.5.

We want to consider a scenario where θh and mH are
such that the non SM-like Higgs boson is not discovered
even after data is collected by the 14 TeV LHC. For a
given value of θh the deviation in the couplings would
be,

∆gh/gSM ≈ −s2h/2 (3)

where ∆gh = gh − gSM . This is the required measure-
ment accuracy for a given value of θh. We want to find
the maximum value of s2h for which the heavier Higgs bo-
son, H, with a given mH is not detectable, and all other
constraints, such as precision electroweak constraints, are
satisfied. Through the relation in eq. 3, this will give us
the minimum accuracy of measurement required to have
a chance to detect deviations in Higgs couplings in such
a scenario.

In Ref. [11], it was shown that for mH = 1.1 TeV
and s2h = 0.1 the scalar H is barely detectable with only

13 signal events, in 100 fb−1 data, versus 7 background
events. For higher values of mH , higher values of s2h are
required to give the same number of events. We show
this by the ‘Detectability Curve’ in Fig. 1 where we have
plotted values of s2h that give the same cross-section as
the production of a 1.1 TeV H with s2h = 0.1. As s2h rises,
the width of H would also increase so that the number of
signal events in any given mass window would decrease.
This effect is not incorporated in the detectability curve
in Fig. 1 and including this effect will give an even steeper
slope for mH > 1.1 TeV. For the Higgs production cross-
section we have used the lowest order expressions given
in Ref. [12] and the MSTW parton density functions [13].

Too high values of s2h are already ruled out by elec-
troweak precision data. This is also shown in Fig. 1. Up
to one loop level, the contribution to the electroweak pa-
rameters S and T are given by the expressions,

S = c2hSSM (mh) + s2hSSM (mH) (4)

T = c2hTSM (mh) + s2hTSM (mH) (5)

where SSM and TSM are the contributions of the SM
Higgs boson. We have used the one loop expressions
that appear in Ref. [14]. To compute this bound we have
taken mh = 125 GeV and imposed the requirement that
the contributions to the S and T parameters are within
the 90% CL S−T contour in Ref. [15] where U is appro-
priately fixed to 0. Another upper bound on s2h comes
from perturbative unitarity constraints for the scalar H.
We have checked that these constraints are much weaker
than precision constraints.

It is clear from Fig. 1 that the maximum value of s2h
allowed by precision tests and such that the 14 TeV LHC
barely misses the non-SM like Higgs boson H even with
100 fb−1 data is s2h = 0.12. Using eq. 3 we see that this
corresponds to,

(∆gh/gSM )target ≈ −6%. (6)

This is the physics target for measurement of the Higgs
couplings in this scenario with the mixed in singlets. This
target value is equally applicable for Higgs couplings to
any of the SM particles: hb̄b, ht̄t, hτ+τ−, hW+W−,
hZZ, hgg, hγγ etc.

At first look, the LHC is unlikely to ever get to the
6% sensitivity. However, given that a 125 GeV Higgs bo-
son has many potentially detectable final states, it would
be interesting to study what is the sensitivity achievable
under the assumption that all couplings are uniformly
suppressed, as is the case with this mixed-in singlet ex-
ample. The answer would surely be better than the sen-
sitivities quoted for each individual final state; however,
it is unlikely that it could reach as low as 6% required
here.

III. COMPOSITE HIGGS BOSON

We want to consider composite Higgs models where
the Higgs boson is a pseudo-Goldstone boson and thus
its mass is much lighter than the strong scale. Explicit
models realizing this are Little Higgs models [16] and
Holographic composite Higgs models [17, 18]. An effec-
tive field theory for such a strongly interacting light Higgs
(SILH) boson has been developed in Ref. [19]. The SILH
lagrangian contains higher dimensional operators involv-
ing SM fields that supplement the SM lagrangian. It is
characterized by two independent parameters: the mass
of the new resonances mρ and their coupling gρ. The
decay constant f , which is analogous to the pion decay
constant fπ, is given by,

mρ = gρf (7)
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FIG. 1: We show above the area in the s2h − mH plane al-
lowed by electroweak precision tests at the 90% CL in the
presence of a mixed-in singlet Higgs boson. We also show the
detectability curve (solid line) above which the scalar H is
detectable with 100 fb−1 data at the 14 TeV LHC. The max-
imum allowed s2h-value that can both evade detection and be
consistent with precision electroweak constraints is thus given
by the intersection of the two lines and is s2h = 0.12.

where gρ ≤ 4π.

Here we do not list all the operators in the SILH la-
grangian but only those relevant to us, i.e those that
affect the Higgs couplings in the leading order or those
that constrain mρ,

LSILH =
cH
2f2

∂µ(H†SMHSM )∂µ(H†SMHSM )

+
cyyf
f2

H†SMHSM f̄LHSMfR

+
cSgg

′

4m2
ρ

(H†SMσIHSM )BµνW
Iµν + h.c...(8)

where yf is the Yukawa coupling of fermion f to the
Higgs boson, g and g′ are the SU(2) and the U(1) gauge
couplings, and σI the Pauli matrices. HSM , fL, fR,
Bµν and W Iµν denote the Higgs doublet, the left-handed
and right-handed fermion fields and the U(1) and SU(2)
gauge field strength, respectively. The coefficients of the
above operators have been estimated using Naive Dimen-
sional Analysis (NDA) [19, 20] such that the couplings
cH , cy and cS are expected to be O(1) numbers. Note
that the operator with the coupling cS does not appear
in the list in Ref. [19] as a different basis has been used
in Ref. [19]. The coupling cS is a linear combination of
the couplings cW and cB in Ref. [19]. The operators with
coefficients cH and cy lead to the leading deviations in

Higgs couplings with respect to the SM,

∆gV
gSMV

= −cHξ/2 + . . . (9)

∆gf
gSMf

= −cHξ/2− cyξ + . . . (10)

∆gg
gSMg

= −cHξ/2− cyξ + . . . (11)

∆gγ
gSMγ

= −cHξ/2−
cyξ

1 + Jγ(m2
H)/Iγ(m2

H)
+ . . .

= −cHξ/2 + 0.3 cyξ + . . . (12)

where ξ = v2/f2 = g2ρv
2/m2

ρ and gV , gf , gg and gγ are
the Higgs couplings to gauge bosons, fermions, gluons
and photons, respectively. ∆gX denotes the difference
between the coupling gX and gSMX with X = V, f, g, γ
where gSMg and gSMγ are loop-induced couplings. The
vacuum expectation value v is v ' 246 GeV. We have
kept terms only up to first order in ξ. In the last equa-
tion, Iγ and Jγ are functions related to the top and
W -loops in hγγ diagrams whose explicit forms can be
found in Ref. [19]. In the second line of the same equa-
tion we have substituted the values of Iγ and Jγ taking
mh = 125 GeV. For phenomenologically relevant cases
it has been shown in Ref. [22] that cH is always posi-
tive (an exception are models in the presence of a doubly
charged scalar field) so that this operator always leads to
suppression of composite Higgs couplings with respect to
the SM. Note that for the hgg and hγγ couplings (i.e
gg and gγ), the respective contributions from the op-

erators, (HSM
†HSM )GIµνGIµν and (H†SMHSM )FµνFµν ,

GIµν and Fµν being the gluon and the photon field
strength, are sub-dominant, as they are suppressed re-
spectively by y2t /g

2
ρ and g2/g2ρ factors [19].

Now let us look at existing constraints and future LHC
reach for the above parameters. The coupling cS/m

2
ρ

above is proportional to the precision electroweak pa-
rameter S. From the constraints on the S-parameter, we
can derive the following constraint on mρ [19],

mρ & 3 TeV. (13)

Note that the constraint from the T -parameter is more
severe but this is avoided by imposing custodial symme-
try in specific composite Higgs models. There is another
contribution to precision observables due to the fact that
the cancellation of divergences between the Higgs and
gauge boson contributions that takes place in the SM, no
longer occurs for a composite Higgs boson with reduced
couplings to the gauge bosons. This leads to logarithmi-
cally divergent contribution to precision observables [23].
The constraint due to this effect has been evaluated in
Fig.1.14 in Ref. [21] at the 99% CL. At 90% CL the same
calculation gives the constraint [36],

cHξ = cH
g2ρv

2

m2
ρ

. 0.15. (14)
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taking mH = 125 GeV. Direct LHC probes are expected
to be much less sensitive than existing precision con-
straints. With 300 fb−1 data diboson (WW ) production
in vector boson fusion (VBF) processes is expected to be
sensitive only for cHξ > 0.5 and double Higgs production
is expected to be sensitive for cHξ ≈ 1 [24]. Production of
strong resonances is not expected to be competitive with
precision constraints for the higher ξ values relevant to
us (see Fig.1.14 in [21] and Ref. [25]).

We first plot the fractional deviation in the gauge bo-
son couplings, ∆gV /g

SM
V , in Fig. 2. We have also marked

the areas ruled out by constraints. Note that we have
made the above plot for cH = 1 but the values for the tar-
get derived would not depend on cH . This is because the
condition that goes into determining the coupling target
is eq. 14 which puts an upper bound, (cHξ)max = 0.15.
This upper bound puts, irrespective of the value of cH , an
upper bound on the coupling deviations in eq. 9, which
are functions of the product cHξ. We find the target to
be,

(∆gV /g
SM
V )target ≈ −(cHξ)max/2 ≈ −0.08. (15)

The target for the hff and hgg couplings in eq. 10 and
eq. 11, depends also on cy, and is,

−(cHξ)max/2−
cy
cH

(cHξ)max ≈ −0.08− 0.15
cy
cH

. (16)

Although we have not focussed on hγγ coupling deter-
minations, because in other scenarios they are derived
directly from the hWW and ht̄t couplings, we neverthe-
less give the simplified expression for its deviation within
this composite Higgs scenario. Using eq. 12 we find that
(∆gγ/g

SM
γ )target is

−(cHξ)max/2+0.3
cy
cH

(cHξ)max ≈ −0.08+0.05
cy
cH

. (17)

Thus if the parameter cy/cH is known in a theory, the
physics target for the above couplings can be found. We
can summarize the results by stating that the target for
Higgs couplings to vector bosons in the composite Higgs
model is about 8%, while for coupling to fermions it is
tens of %, depending on the unknown value of the ratio
cy/cH .

IV. MSSM HIGGS BOSONS

The MSSM [9] has two Higgs doublets that mix. Typ-
ically there is one CP-even mass eigenstate h that stays
light and SM-like and there is a full doublet of states
(H,A,H±) that is nearly degenerate and much heavier.
The question we ask is what is the largest deviation of the
couplings of h compared to the SM Higgs boson in the
circumstances where the other heavier Higgs bosons re-
main undiscovered at the LHC? In the case of the MSSM,
there is the possibility of discovering superpartners even
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FIG. 2: Deviations of composite Higgs couplings to vector
bosons from SM values (∆gV /g

SM
V ) for cH = 1. Note that

whereas we have given the coupling deviations only to first
order in ξ in eq. 9, in this figure we have used the expression
(1/
√

1 + cHξ − 1) for the coupling deviation, still neglecting
terms suppressed by g/gρ.

if only a single CP-even Higgs boson is discovered. Al-
though the superpartners are not strictly states related
directly to EWSB, their presence would imply the pres-
ence of other Higgs bosons. Hence another important
question to ask would be: what is the largest deviation
of the couplings of h compared to the SM Higgs boson in
the circumstances where the other heavier Higgs bosons
and the superpartners of SM particles, remain undiscov-
ered at the LHC? We will answer both these questions in
this section.

The MSSM mass matrix for the CP-even scalars can
be expressed in terms of two parameters at tree level, the
mass of the CP-odd Higgs boson mA and tanβ, which
is the ratio of vevs vu/vd of the two Higgs doublets.
A 2 × 2 matrix diagonalizes the Higgs bosons from the
{H0

d , H
0
u} basis to the mass eigenvalue basis {h,H} by

the mixing angle α. At tree-level the lightest eigenvalue
is m2

Z cos2 2β, when mA � mZ with mZ being the Z bo-
son mass, but can be higher through radiative correction
contributions ∆ij that are added to the mass matrix. The
couplings of the light SM-like Higgs boson are related to
the SM Higgs couplings by trigonometric factors of α and
β:

gu
gSMu

=
cosα

sinβ
,

gd
gSMd

=
− sinα

cosβ
,

gV
gSMV

= sin (β − α).

To achieve 125 GeV there must be substantive radia-
tive corrections to the light-Higgs mass. The dominant
correction is generally to the M2

22 element of the mass
matrix due to the large top Yukawa coupling and H0

u

coupling to the top quarks. Thus, to start with, the only
modification we make of the tree-level matrix is to add
a sufficiently large correction ∆22 to the mass matrix to
obtain mh = 125 GeV, while keeping the other ∆ij = 0.
From tanβ and the mixing angle α we can find the de-
viations in the couplings, ∆gi/g

SM
i . In Fig. 3, 4 and 5
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SM
u as a function of mA with ∆22,

the radiative correction to the M2
22 entry of the Higgs mass

matrix, chosen to obtain mh = 125 GeV. Other values of
∆ij = 0. For the solid line we have taken tanβ = 30 and for
the dashed line tanβ = 5.

we plot ∆gV /g
SM
V , ∆gu/g

SM
u and ∆gd/g

SM
d as a func-

tion of mA for two different values of tanβ. We see that
the maximum deviations occur in the couplings with the
down-type quarks. The deviations of the Higgs boson
coupling to SM up-quarks and especially vector boson is
typically small, which is well known in the literature [27].
Therefore, the target values for up-quark (∼ few%) and
vector boson (< 1%) couplings are much smaller than
those of down-type quarks.

For large tanβ and also for non-typical hierarchies cho-
sen for supersymmetry partner masses, one can find sub-
stantive contributions to other ∆ij radiative correction
entries to the Higgs boson mass matrix in addition to just
∆22. Furthermore, one can also find almost any hierar-
chy among the ∆ij values, although having ∆1j � ∆22

for j = 1 or 2 is generally not expected. We therefore in-
vestigate the corrections to the Higgs boson couplings to
SM states under various choices of ∆ij subject to the con-
straint that one SM-like eigenvalue must be at 125 GeV.
There is also the potential for sizable finite b-quark mass
corrections. However, those arise from lighter superpart-
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FIG. 5: We plot ∆gd/g
SM
d as a function of mA with ∆22,

the radiative correction to the M2
22 entry of the Higgs mass

matrix, chosen to obtain mh = 125 GeV. Other values of
∆ij = 0. For the solid line we have taken tanβ = 30 and for
the dashed line tanβ = 5.

ners that come in loops, and for now we neglect those
contributions with the assumption that they are decou-
pled effects compared to the Higgs mass matrix terms.
Later, when we discuss a specific supersymmetry sce-
nario, and precise superpartner masses are computed, we
will include this effect.

In the MSSM the leading contributions [28] to the ra-
diative corrections to the different matrix elements are

∆22 ∝ 24 y4t v
2 logMs/mt + y4t v

2xtat(12− xtat) + · · ·
∆11 ∝ −y4t v2 µ̄2x2t + · · ·
∆12 ∝ −y4t v2 µ̄xt(6− atxt) + · · ·

where µ̄ = µ/Ms, at = At/Ms and xt = Xt/Ms = (At −
µ cotβ)/Ms with Xt being the stop mixing parameter.
µ denotes the Higgs superfield mixing parameter, At the
trilinear coupling of the top sector and yt the top Yukawa
coupling. Ms is defined as the arithmetic average of the
stop masses, Ms = 1/2 (mt̃1

+mt̃2
). For no mixing, xt =

at−µ cotβ = 0 which implies that ∆11 ≈ 0 and ∆12 ≈ 0.
For maximal mixing xt =

√
6. Also note that for large

tanβ, xt ≈ at so that 6 − xtat ≈ 0 for maximal mixing,
which gives ∆12 ≈ 0 even in this case for large tanβ.

To see how non-zero values of ∆11 and ∆12 affect our
results we first take ∆11 = κ∆22,∆12 = 0 and plot the
deviations in down-type quark couplings. This is shown
in Fig. 6 which shows a rapid convergence of the h cou-
pling to the SM value for large mA irrespective of the
value of tanβ. Next we take ∆11 = 0,∆12 = η∆22 and
plot again the down-type quark couplings in Fig. 7. We
find that in this case bigger deviations are possible espe-
cially for large tanβ [26], even with rather small values
of η. This can be demonstrated analytically by comput-
ing the deviations in the down-type quark couplings for
mA � mZ [28],

gd
gSMd

≈ 1 +
2m2

Z

m2
A

− ∆12

m2
A

tanβ. (18)

Note, in particular, that the deviations grow with tanβ.
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d as a function of mA for various values of
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FIG. 7: ∆gd/g
SM
d as a function of mA for ∆11 = 0 and various

values of η, where ∆12 = η∆22. The overall contribution
due to radiative corrections has been chosen such that we get
mh = 125 GeV.

To find the physics target for Higgs coupling determi-
nation we need to know how well the LHC will be able to
detect heavy Higgs bosons of supersymmetry. We model
this after Fig. 1.21 of Ref [21], which was gleaned from
Chapter 19 in Ref. [29], which plots the minimum value
of mA such that only a single light CP-even Higgs bo-
son and no other Higgs boson is detectable at the LHC
with 300 fb−1 data for a given tanβ. The ∆gd/g

SM
d

corresponding to this minimum mA value is the physics
target, (∆gd/g

SM
d )target, for the measurement of the cou-

pling. We plot (∆gd/g
SM
d )target as a function of tanβ in

Fig. 8. We also vary η because, as already discussed, a
non-zero η can have a significant effect on the coupling
deviations. We find that substantial deviations are pos-
sible for low values of tanβ because the minimum value
of mA, for which only one Higgs boson can be seen with
300 fb−1 data, is low in this case (for tanβ = 5 this value
is mA = 200 GeV). For η = 0 we get small deviations for
large tanβ. The η = 0 case is important because, as pre-
viously explained, in the interesting cases with no mixing
and maximal mixing we have η ≈ 0. If the superpartners
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FIG. 8: We plot the physics target (∆gd/g
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d )target as a

function of tanβ for ∆11 = 0 and different η values, where
∆12 = η∆22 . The overall contribution due to radiative cor-
rections has been chosen such that we get mh = 125 GeV.
The target is the maximum deviation in ∆gd/g

SM
d when no

other Higgs state is detectable.

are heavy and inaccesible, it would correspond to the no-
mixing scenario.

The above was a semi-analytic, semi-model-
independent analysis of supersymmetric Higgs coupling
deviations under various radiative corrections scenarios.
We wish now to investigate the MSSM numerically with
a few well-motivated assumptions about the spectrum.
The sfermion soft breaking diagonal mass parameters
have been chosen to be MSUSY = 1.2 TeV for all
sfermions except for top squark parameters which will
be varied and the smuon mass parameters, which are
assumed as MSUSY/3 in order to fulfill the constraints
for g − 2 [30] more easily, and even allow favorable
contributions at large tanβ to explain the observed
deviation with respect to the SM prediction. It should be
noted that increasing MSUSY does not change the results
significantly. The trilinear couplings for all the sfermions
except for the top squarks are Af = 500 GeV. The
gaugino mass parameter has the value M2 = 500 GeV
and M1 is related to M2 via the GUT relation. The
gluino mass is mg̃ = 1.1 TeV.

For effects from the Higgs boson sector, besides the
parameters mA and tanβ, the most relevant parame-
ters are those entering the top sector, the diagonal soft
breaking mass parameter MLQ̃3

, MRt̃
, the top squark

mixing Xt, and additionally µ. These parameters have
been scanned: mA from 200 to 800 GeV, tanβ from 2
to 45, MLQ̃3

= MRt̃
from 100 to 3000 GeV, µ between

±1000 GeV and Xt between ±150 GeV·nmax where nmax

is the nearest smaller integer to 2MLQ̃3
/150 GeV.

For the scan the program FeynHiggs2.8.6 [31] has
been used for the calculation of the Higgs boson masses,
where the lighter CP-even Higgs boson is required to
have a mass of 123 GeV ≤ mh ≤ 127 GeV, the Higgs
boson couplings and the applied constraints [30, 32, 34].
Only points which fulfill the W boson mass and the elec-
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troweak mixing angle constraints [32] of precision elec-
troweak analysis have been taken into account in the fol-
lowing.

In Fig. 9 and Fig. 10 the results for ∆gb/g
SM
b and

∆gτ/g
SM
τ are shown, respectively. The red points re-

fer to parameter points where several Higgs bosons will
be found according to the corresponding values of mA

and tanβ while all the other points represent parameter
points where only a single Higgs boson can be discovered.
For the physics target the latter ones are the ones to fo-
cus on. Comparing Fig. 10 with Fig. 8 we find a similar
behavior in both plots. Bigger positive deviations can be
found for small tanβ where there exists the possibility
of finding no other Higgs bosons for much lower mA (see
Fig. 1.21 of [21]), which is what allows great volatility in
the Higgs couplings when diagonalizing to the mass basis.
For larger tanβ also negative deviation are possible.

In Fig. 9, for high tanβ, positive deviations larger than
those seen in the semi-analytical analysis of Fig. 8 or in
the hττ couplings in Fig. 10 are encountered. This is due
to ∆b effects [33] which are tanβ enhanced. ∆b effects
arise due to a loop-induced coupling of the Higgs field
Hu to the bottom quarks, Hu being the Higgs field that
couples only to up-type quarks at tree-level. These ef-
fects go beyond an effective α approach and are included
into the MSSM hbb coupling. The effect is small in com-
parison for the hττ coupling and is neglected. Requir-
ing that the ratio of the partial decay branching fraction
B(b → sγ) [34] in the MSSM and the SM lies in the in-
terval of 0.5 and 1.5 leads to the exclusion of part of the
parameter points of the single Higgs boson discovery re-
gion (dark-blue points), especially also points enhanced
by the ∆b corrections [37]. This is because the b → sγ
amplitude is very similar to the finite b-quark mass am-
plitudes except there is a flavor-changing vertex and a
photon attached. Thus, very large ∆b is correlated well
with an unacceptably large B(b→ sγ) deviation.

We now consider the scenario where no superpart-
ners are allowed to be seen at the LHC. Thus, the only
phenomenon discovered would be a light Higgs boson.
Among all the superpartners, the third generation squark
sector has the most significant impact on Higgs boson
coupling deviations (mainly due to the large top Yukawa
coupling), therefore, we investigate this case by consider-
ing various hierarchies of mass limits in this sector. The
picture will hardly change if the masses of the other su-
perpartners are varied. In Fig. 9 the light blue is the re-
gion where at least one of the third generation squarks is
lighter than 1 TeV, yellow is the region where all the third
generation squarks are heavier than 1 TeV but at least
one top squark is lighter than 1.5 TeV and the green re-
gion is where both top squarks are heavier than 1.5 TeV.
If one of the light blue parameter points is realized in
nature, most likely one of the third generation squarks
will be discovered at the LHC. This will be harder for the
parameter points corresponding to the yellow region and
even more for the green region. The yellow and green re-
gions sit more or less on top of each other. The above cri-

FIG. 9: ∆gb/g
SM
b as a function of tanβ. The colour code is

the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the Γ(b→ sγ) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

teria for the discovery reach of third generation squarks
is coarse, but a more sophisticated criterion, that goes
beyond the descriptive needs of our paper, will not make
a big qualitative difference. We find that for large tanβ,
the size of the possible deviations, as indicated by the
green region, is substantially reduced in case of heavy top
squarks. We find typical values of |∆hbb| < 5%−10% for
large tanβ. As expected, the deviations are much larger
for low tanβ ∼ 5 due to the small allowed mA effect.

The deviations of the hV V and htt couplings from the
SM are as small as expected from the previous discussion.
Since hgg and hγγ are mostly generated by top quark and
W loops, respectively, there is little deviation in these
effective couplings also. However, it should be kept in
mind that the branching fraction of B(h → γγ), or to
any Higgs final state for that matter, is affected by the
deviation in the b-quark Yukawa coupling due to Γ(h→
bb) comprising a sizable contribution to the denominator
of any branching ratio computation.

V. CONCLUSIONS

We have investigated for a ∼ 125 GeV SM-like Higgs
boson the physics-based targets for its couplings to vector
bosons and fermions within three different well-motivated
scenarios of physics beyond the SM. The target is based
on determining what the possible maximum coupling de-
viation is if no other Higgs state is found, nor any non-
SM state associated with electroweak symmetry break-
ing, that would directly reveal that electroweak symme-
try breaking is accomplished by something more than a
single standard Higgs boson. The results of the previous
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FIG. 10: ∆gτ/g
SM
τ as a function of tanβ. The colour code

is the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the Γ(b→ sγ) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

∆hV V ∆ht̄t ∆hb̄b
Mixed-in Singlet 6% 6% 6%
Composite Higgs 8% tens of % tens of %
Minimal Supersymmetry < 1% 3% 10%a, 100%b

LHC 14 TeV, 3 ab−1 8% 10% 15%

TABLE I: Summary of the physics-based targets for Higgs
boson couplings to vector bosons, top quarks, and bottom
quarks. The target is based on scenarios where no other exotic
electroweak symmetry breaking state (e.g., new Higgs bosons
or ρ particle) is found at the LHC except one: the ∼ 125 GeV
SM-like Higgs boson. For the ∆hb̄b values of supersymmetry,
superscript a refers to the case of high tanβ > 20 and no
superpartners are found at the LHC, and superscript b refers
to all other cases, with the maximum 100% value reached for
the special case of tanβ ' 5. The last row reports anticipated
1σ LHC sensitivities at 14 TeV with 3 ab−1 of accumulated
luminosity [5].

discussion are summarized in table I. We see that the
variation is from less than 1% to over 100% depending
on the final state and the new physics scenarios. The
vector boson coupling deviations are expected to be less
than 10% in all the cases, and miniscule in the case of su-
persymmetry. The top quarks coupling is slightly more
volatile, and the b quark coupling to the Higgs boson
is the most volatile with deviations up to 100% possi-
ble within the supersymmetric framework. The last row
in Table I reports anticipated 1σ LHC sensitivities at
14 TeV with 3 ab−1 of accumulated luminosity [5].
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