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In the light of the discovery of a Higgs boson like particle and no evidence of particles beyond 
the Standard Model the question arises: How much can the coupling of the Higgs boson to 
other particles deviate from the Standard Model Higgs couplings if no further particles will be 
discovered at the LHC and how precise have Higgs coupling measurements to be to capture 
these deviations? In the context of three different models (a model with a singlet Higgs boson 
mixed-in, a composite Higgs boson model and the Minimal Supersymmetric Standard Model) 
these questions will be answered. 

1 Introduction 

Last year, a particle has been discovered 1 which is compatible with the Standard Model Higgs 
boson. The Higgs boson is the physical particle connected to the gauge invariant mass generation 
mechanism2 and the last missing piece in the Standard Model (SM) . Besides this great discovery, 
no further particles have been found yet at the LHC. Moreover, electroweak precision test 
constrain possible deviations from the Standard Model. At this point, the properties of this new 
particle have to be measured to ensure that it actually is the Higgs boson or, maybe, a Higgs 
boson embedded in a different way than in the Standard Model. Questions arising are: Can 
Higgs couplings give a hint about the underlying model? And how large can the deviations of 
the couplings actually be if no further particle will be found at the LHC? - leading to the follow­
up question of how precisely at least the Higgs couplings have to be measured to capture these 
deviations. Of course, these questions cannot be answered completely model independently and 
will be discussed in the context of three different models: "Mixed-in Singlet Model" , "Composite 
Higgs Model" and "Minimal Supersymmetric Standard Model (MSSM)" 3 . A discussion of how 
much the triple Higgs self couplings can deviate can be found in 4. 

2 Higgs Couplings in a Mixed-in Singlet Model 

Additionally to the Standard Model part, this model contains a hidden sector with no Standard 
Model quantum numbers. The hidden sector exhibits an extra gauge symmetry which is broken 
via a Higgs boson singlet 5•6. The only observable sign of this hidden sector at a collider are 
the physical components of this Higgs singlet. The Higgs singlet S mixes with the Standard 
Model Higgs doublet HsM via the operator IHsM l2 IS l2 .  This mixing leads to two CP-even mass 
eigenstates h, H and can be described by a mixing angle (}h· The couplings squared g�, 9k to 
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Figure 1 :  The solid line indicates the estimated LHC reach for the Higgs boson; for smaller masses of the heavy 
Higgs boson mH the heavy Higgs boson is detectable. For parameter values of mH and s� corresponding to the 

region below the dashed line the electroweak precision constraints (S and T parameter) are fulfilled. 

all other particles will then be suppressed with respect to the SM one, g§M, 
( 1 )  

with sh = sin eh and ch = cos eh. In the following we will assume that h is  the SM-like Higgs 
boson and hence, c� 2> 0.5 . The other Higgs boson is assumed to be heavier and might be 
detectable at the LHC if it is light enough. 

In Fig. 1 an estimate of the discovery potential of the heavy Higgs boson for the 14 Te V LHC 
and a luminosity of 100 fb-1 based on Ref. 6 is shown as well as the s�-ms region for which the 
electroweak precision constraints are fulfilled. The latter has been determined by calculating 
the S and T parameters 

S = �SsM(mh) + s�SsM(ms) 
T = c�TsM(mh) + shTsM(ms) 

(2) 
(3) 

where the one-loop expressions of Ref. 7 have been used. We fixed the Higgs mass to mh = 125 
GeV and imposed the requirement that the contributions to the S and T parameters are within 
the 903 CL S - T contour in Ref. 8 where U is appropriately fixed to 0. 

The maximal value for the sine squared of the mixing angle for which neither the heavy 
Higgs boson will be discovered nor the electroweak precision tests are violated can be read of 
Fig. 1 as 

s� = 0.12 

which corresponds to a maximal deviation of 
f!.gh s� 
- R:; -- R:; -6 % .  9SM 2 

(4) 

(5) 

with f!.gh = 9h - 9SM. All couplings of the Higgs boson to other particles will be affected in the 
same way. 

3 Higgs Couplings in Composite Higgs Models 

In a Composite Higgs Model the Higgs boson is a pseudo-Goldstone boson stemming from a 
Higgs multiplet belonging to a strong sector which exists in addition to the SM vector bosons 
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Figure 2: The region in the parameter plane mp-gp which is not allowed by electroweak precision tests is shown 
in yellow. Also, lines indicating different deviations of the vector couplings from the Standard Model !1gv / g�M 

with !1gv = gv - g�M are presented. 

and fermions. To be independent of the exact realisation of the model we study the deviations 
of the couplings adapting the effective Lagrangian for a strong interacting light Higgs boson 
(SILH) 9. Here, we list only the operators relevant for our study: 

£sJLH (CyYf t - csgg' ( t ) Iµv ) j2HSMHsMfLHsMfR + 4m� HsMcr1HsM BµvW + h.c. 

+ ;;2 3µ ( H�MHsM) Dµ ( H�MHsM) + . . .  (6) 

with YJ and g (g') being the Yukawa coupling and the SU(2) (U(l)) gauge coupling. The Higgs 
boson doublet, the right- and the left-handed fermion fields, the U(l)  and the SU(2) gauge field 
strength are denoted as HsM, JR and !£, Bµv and WIµv, respectively. The decay constant f, 
analogous to the pion decay constant, is given by 

(7) 

where mp and 9p are the mass and the coupling of the new resonance. The coefficients ey, cs 
and CH are of the order 0(1) according to the Naive Dimensional Analysis 9,rn_ 

In Fig. 2, the region in the parameter plane mp-9p which is not allowed by electroweak 
precision tests is shown in yellow. Two constraints result in this region: The coupling of the 
second operator in Eq. (6), cs/m�, is proportional to the S parameter and the constraint mp 2': 
3 GeV can be derived 9 . The second constraint comes from cancellations between Higgs boson 
and gauge boson contributions which occur completely in the Standard Model but only partially 
in the Composite Higgs Models due to the reduced couplings to gauge bosons. This leads to a 
logarithmically divergent contribution to the precision observable�P. At 903 CL this results in 
the constraint 12 CH� -::; 0.15 with a Higgs mass of 125 GeV. Direct LHC probes are expected to 
be much less sensitive. 

The maximal deviation of the coupling of the Higgs boson to the gauge bosons is then 
/:::,.gv/g�M :=::< -(cH�)/2 "'=' -83, where /:::,.gi is the difference /:::,.g; = 9i - g'fM with i indicating 
the specific coupling. From that we can also calculate the deviations of the fermion couplings as 
/:::,.gf/91M :=::< -cH�/2 + Cy� :=::< -83 - 153 ey/cH. The loop-induced coupling of the Higgs boson 
to gluons receives the same deviations as the one to fermions as the coupling is mediated by 
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Figure 3: Deviation of the Higgs coupling to bottom quark normalized to the Standard Model value in dependence 
on tanj'J. The colour code is the following: Red means several Higgs bosons can be discovered at the LHC, only 
a single one for all other points. Blue points denote exclusion by the branching ratio of BR(b -+ wy). Lightblue, 
yellow and green stand for at least one stop quarks is lighter than 1 TeV, both are heavier than 1 TeV but not 

all heavier than 1.5 Te V, and all are heavier than 1 .5 Te V, respectively. 

fermion loops, ngg/ g�M � -CH�/2 + Cy� � -83 - 153 cy/ CH. The coupling of Higgs bosons to 
photons is mediated by fermion and gauge boson loops. Taking both contributions into account 
gives the deviation /:;,.g'Y/g�M � -CH�/2 + 0.3cy� � -83 - 53cy/cH· 

4 Higgs Couplings in the Minimal Supersymmetric Standard Model 

The minimal supersymmetric extension of the Standard Model, the MSSM, contains two Higgs 
doublets in order to give mass to up-type as well as down-type fermions and to keep the theory 
anomaly-free. These two Higgs doublets result in five physical Higgs bosons where the lightest 
one is neutral and CP-even (in the case of real parameters) . In the following we will assume 
that the lightest Higgs boson, h, is the SM-like one. Depending on the point in parameter space 
the other Higgs bosons can be discovered at the LHC. We modelled the Higgs boson discovery 
potential for 300fb-1 and a 14 TeV LHC after Fig. 1 .21 in Ref. 14 (which has been taken from 
Ref. 13) .  Additionally the MSSM comprises superpartners, partner fields to the Standard Model 
fields, which might be discovered at the LHC. For the discussion of the Higgs coupling deviations 
the most relevant superpartner are the top squarks, the superpartners of the top quarks. We 
discuss the maximal deviations depending on the mass of the top squark to get an estimate on 
how much a non-discovery of top squarks will influence the maximal deviations. 

In Fig. 3, the deviations of the coupling of the Higgs boson to bottom quarks and to tau 
leptons normalised to the Standard Model one, ngb/ gtM and /:;,.97 / g�M, are shown on the left 
and right, respectively. Points shown in red correspond to parameter regions in the tan,B-MA 
plane (where tan ,B is the ratio of the Higgs vacuum expectation values of the two Higgs doublets 
and MA the mass of the CP-odd Higgs boson) for which several Higgs bosons are expected to be 
discovered while all other parameter points correspond to the single Higgs boson discovery region. 
The blue points for large tan ,B indicate an exclusion by the branching ratio of BR(b -t s'Y) 15. 
The lightblue, yellow and green points indicate stop quarks where at least one is lighter than 
1 TeV, both are heavier than 1 TeV but not all heavier than 1 .5 TeV, and all are heavier than 
1 .5 TeV, respectively. The scan has been performed using the program FeynHiggs2 . 8 .  6 16 and 
the scanned parameters are the CP-odd Higgs boson mass MA from 200 to 800 GeV, tan,B from 
2 to 45, the diagonal soft breaking top squark masses MLq3 = MR, from 100 to 3000 GeV, the 
Higgs superfield mixing parameter µ between ±1 TeV, and the top squark mixing parameter Xt 
between ±150GeV · nmax where nmax is the nearest smaller integer to 2MLq)150GeV. All the 
points fulfil the Higgs mass constraint of 123 GeV ::=; mh ::=; 127 GeV. 

The largest deviation, up to 1003, can be found for tan,B = 5. At this point the single Higgs 
boson discovery region reaches to the lowest value of the CP-odd Higgs boson mass of 200 GeV. 
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Table 1: Summary of the approximate maximal coupling deviations in the three different models if no other 
particle is found at the LHC: Mixed-in Singlet Model, Composite Higgs Model, MSSM. For the D.hbb values in 
the MSSM, the superscript a refers to large tan f3 > 20 and heavy top squarks and b to all other cases with a 
maximum of 1003 for tan/3 = 5. The last line gives the anticipated 1 er sensitivities at the 14 TeV LHC with 

3 ab-1  of accumulated luminosity. 

L\hVV L\htt L'lhbb 

Mixed-in Singlet Model 63 63 63 

Composite Higgs Model 83 tens of 3 tens of 3 

MSSM < 13 33 103a, 1003b 

LHC 14 TeV, 3 ab-1 83 103 153 

As the deviation of the Higgs coupling to bottom quarks as well as to tau leptons decreases with 
l/M1, a lower value of the CP-odd Higgs boson mass leads to a larger deviation. For larger 
tan f3 the maximal deviations are of the order of 103. 

For lighter top squarks, larger deviations can be found for large tan /3 in the case of the 
Higgs coupling to bottom quarks. This is due to tan/3 enhanced !lb effects 17 which arise 
due to a loop-induced coupling of the Higgs field Hu to the bottom quarks, where Hu is the 
Higgs field coupling to only the up-type quarks at tree-level. As the bottom squark masses are 
not completely independent of the top squarks masses, heavier top squarks lead to at least one 
heavier bottom squark which diminishes the !lb effect. In the case of the coupling to tau leptons, 
no corresponding effects are taken into account. They are expected to be smaller as they are 
pure electroweak effects. 

The maximal deviations of the Higgs coupling to the gauge bosons are very small, below 
13, and for the Higgs coupling to top quarks they amount to roughly 33. 

5 Conclusion 

The question of how large the maximal deviations from the SM Higgs couplings can be if no new 
physics is discovered by the LHC experiments has been discussed in the context of three different 
models, the Mixed-in Singlet Model, the Composite Higgs Model and the MSSM. In Tab. 1 the 
found approximate maximal deviations are summarized and for comparison the anticipated 1 a 

sensitivities at the LHC with center of mass energy of 14 TeV with 3 ab-1 of accumulated 
luminosity 18 are listed. The deviations of the Higgs coupling to gauge bosons are less than 
10% in all cases and tiny in the case of the MSSM. For the Higgs coupling to top quarks, the 
deviations can be several tens of percents in the case of the Composite Higgs Model depending 
on the actual scenario and less then 103 in all other cases. The largest variation can be found 
for the Higgs coupling to bottom quarks that can be of the order of several percents in the 
Composite Higgs model and, for tan /3 = 5, up to 1003 in the MSSM. For larger values of tan /3 
and heavier top squarks the deviations can reach about 10 3 in the MSSM. 
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