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Matter particles

Force carriers
(gauge bosons)

The Higgs can interact with 
(couples to) all massive, 
fundamental particles

Higgs couplings
• Search for deviations from the SM Higgs coupling to other particles by 

introducing multipliers using a tree-level motivated benchmark model 
following the LHC Higgs XS WG recommendations: 1209.0040

4

κZ

κW

– 62–

VBF production. The observations by ATLAS and CMS ex-

clude a value of ρV BF+V H,ggH+ttH = 0 at an even greater level

of confidence.

IV.2.5. Measurement of the coupling properties of H

(i) From effective Lagrangians to Higgs observables

All 8 operators of the effective Lagrangian Eq. (13) that

were unconstrained before the Higgs data induce, at tree-level,

deviations in the Higgs couplings that respect the Lorentz struc-

ture of the SM interactions, or generate simple new interactions

of the Higgs boson to the W and Z field strengths, or induce

some contact interactions of the Higgs boson to photons (and to

a photon and a Z boson) and gluons that take the form of the

ones that are generated by integrating out the top quark. In

other words, the Higgs couplings are described, in the unitary

gauge, by the following effective Lagrangian [180,38]

L = κ3
m2

H

2v
H3 + κZ

m2
Z

v
ZµZµH + κW

2m2
W

v
W+

µ W−µH

+ κg
αs

12πv
Ga

µνG
aµνH + κγ

α

2πv
AµνA

µνH + κZγ
α

πv
AµνZ

µνH

+ κV V
α

2πv

(

cos2 θWZµνZ
µν + 2 W+

µνW
−µν

)

H

−



κt

∑

f=u,c,t

mf

v
ff + κb

∑

f=d,s,b

mf

v
f

Effective Lagrangian describing the  
Higgs couplings in unitarity gauge 

!
 Status of Higgs boson physics (PDG), page 62

� � �

��

�

�

Matter particles

Force carriers
(gauge bosons)

The Higgs can interact with 
(couples to) all massive, 
fundamental particles

Higgs couplings
• Search for deviations from the SM Higgs coupling to other particles by 

introducing multipliers using a tree-level motivated benchmark model 
following the LHC Higgs XS WG recommendations: 1209.0040

4

κZ

κW

– 62–

VBF production. The observations by ATLAS and CMS ex-

clude a value of ρV BF+V H,ggH+ttH = 0 at an even greater level

of confidence.

IV.2.5. Measurement of the coupling properties of H

(i) From effective Lagrangians to Higgs observables

All 8 operators of the effective Lagrangian Eq. (13) that

were unconstrained before the Higgs data induce, at tree-level,

deviations in the Higgs couplings that respect the Lorentz struc-

ture of the SM interactions, or generate simple new interactions

of the Higgs boson to the W and Z field strengths, or induce

some contact interactions of the Higgs boson to photons (and to

a photon and a Z boson) and gluons that take the form of the

ones that are generated by integrating out the top quark. In

other words, the Higgs couplings are described, in the unitary

gauge, by the following effective Lagrangian [180,38]

L = κ3
m2

H

2v
H3 + κZ

m2
Z

v
ZµZµH + κW

2m2
W

v
W+

µ W−µH

+ κg
αs

12πv
Ga

µνG
aµνH + κγ

α

2πv
AµνA

µνH + κZγ
α

πv
AµνZ

µνH

+ κV V
α

2πv

(

cos2 θWZµνZ
µν + 2 W+

µνW
−µν

)

H

−



κt

∑

f=u,c,t

mf

v
ff + κb

∑

f=d,s,b

mf

v
ff + κτ

∑

f=e,µ,τ

mf

v
ff



 H.

(22)

The correspondence between the Wilson coefficients of the

dimension-6 operators and the κ’s is given in Table 11. In

the SM, the Higgs boson does not couple to massless gauge

bosons at tree level, hence κg = κγ = κZγ = 0. Nonetheless,

the contact operators are generated radiatively by SM particles

loops. In particular, the top quark gives a contribution to the 3

coefficients κg, κγ , κZγ that does not decouple in the infinite top

mass limit. For instance, in that limit κγ = κg = 1 [19,20,181]

(the contribution of the top quark to κZγ can be found in

Ref. [181]).
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• Search for deviation of SM Higgs couplings

• Possibly due to coupling to new particles

• Introducing multipliersκto a tree level motivated benchmark model

• In SM all multipliers = 1

Introduction

3

Standard Model couplings



• Following the LHC Higgs XS WG recommendations:

• Assumptions
• Single, narrow, CP-even scalar resonance

  (tensor structure of couplings assumed to be SM one)

• Deviations from SM Higgs parametrized using scaling factors κ:

• Example: 

• κg andκγ are effective multipliers as Higgs couples only via 
loops to these particles, containing interference term:

• These relations are modified if non-standard model particles 
enter 
Kristof Schmieden BSM Higgs Workshop @ LPC - Nov. 2014

Testing the SM couplings

4

�B (i ! H ! f) =
�i�f

�H

Narrow width approximation:

production: decay: width:
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Higgs couplings
• Search for deviations from the SM Higgs coupling to other particles by 

introducing multipliers using a tree-level motivated benchmark model 
following the LHC Higgs XS WG recommendations: 1209.0040 

• Assumptions: 
๏ Single, narrow, CP-even scalar resonance 

(tensor structure of couplings assumed to be those of the SM) 
๏ Narrow width approximation is valid: 

!

• Deviations from SM parametrized using multipliers κ, e.g.  
 
 
 
where κg and κγ are effective multipliers since the Higgs boson  
does not directly couple to these particles,  
but via loops that contains interference:  

5

�B(i ! H ! f) =
�i�f

�H

�B(gg ! H ! ��) =
�ggF�H!��

�H

Example:

�B(gg ! H ! ��) = (�ggFB)SM(gg ! H ! ��)⇥
2
g

2
�

2
H

2
� = 1.592

W � 0.66Wt + 0.072
t

these relations are modified if non-SM particles enter the loop

http://arxiv.org/abs/1209.0040
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Higgs production and decay

5

Production modes:

Note:    allow for more direct access to couplings as µ,
contain complex interplay between production and decay

κ

 Parameter of interest:

• Multiplier    for a given coupling
• E.g.   t for the Higgs-top quark coupling
• Also effective couplings, e.g.   γ, are considered
• Different types of models tested by imposing relations between 
certain scale factors 

• Signal strength µ = σmeasured / σSM 
• Multiplier for total yield
• Can also be defined for each production mode, e.g:

• µVBF = σVBF,measured / σVBF,SM

• In both cases, SM has µ = 1 and    = 1
• Deviations from unity indicate non-SM Higgs couplings
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Input to coupling fits
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4.8 fb�1 @ 7TeV and 20.3 fb�1 @ 8TeV

Constrain invisible width of Higgs using 
Missing Transverse Energy spectrum 
from Zh → ll + ETmiss channel: 

Phys. Rev. Lett. 112 (2014) 201802

ATLAS-CONF-2013-079

ATLAS-CONF-2013-108
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Results



Kristof Schmieden BSM Higgs Workshop @ LPC - Nov. 2014

Combined signal strength
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ATLAS-CONF-2014-009

signal strength by decay mode: signal strength by production modes:

ggF+ttHµ / 
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Total uncertainty
σ 1± σ 2±

(stat.)σ

)theory
sys inc.(σ

(theory)σ

F i g u r e 3 : M e a s u r e me n t s o f t h e µ V B F +V H /µg g F +t t H r a t i o s f o r t h e i n d i v i d u a l fi n a l s t a t e s a n d t h e i r c o mb i -
n a t i o n , f o r a H i g g s b o s o n ma s s m H =1 2 5 . 5 G e V . T h e b e s t - fi t v a l u e s a r e r e p r e s e n t e d b y t h e s o l i d v e r t i c a l
l i n e s , w i t h t h e t o t a l ±1 � a n d ±2 � u n c e r t a i n t i e s i n d i c a t e d b y t h e g r e e n a n d y e l l o w s h a d e d b a n d s , r e -
s p e c t i v e l y , a n d t h e s t a t i s t i c a l u n c e r t a i n t i e s b y t h e s u p e r i mp o s e d h o r i z o n t a l e r r o r b a r s . T h e n u mb e r s i n
t h e s e c o n d c o l u mn s p e c i f y t h e c o n t r i b u t i o n s o f t h e s t a t i s t i c a l u n c e r t a i n t y ( t o p ) , t h e t o t a l ( e x p e r i me n t a l
a n d t h e o r e t i c a l ) s y s t e ma t i c u n c e r t a i n t y ( mi d d l e ) , a n d t h e t h e o r e t i c a l u n c e r t a i n t y ( b o t t o m) o n t h e s i g n a l
c r o s s s e c t i o n ( f r o mQ C D s c a l e , P D F , a n d b r a n c h i n g r a t i o s ) a l o n e . F o r a mo r e c o mp l e t e i l l u s t r a t i o n , t h e
l i k e l i h o o d c u r v e s f r o mw h i c h t h e t o t a l u n c e r t a i n t i e s a r e e x t r a c t e d a r e o v e r l a i d . T h e me a s u r e me n t s a r e
b a s e d o n R e f s . [ 3 , 6 ] , w i t h t h e c h a n g e s me n t i o n e d i n t h e t e x t .

me a n s i n p a r t i c u l a r t h a t t h e o b s e r v e d s t a t e i s a s s u me d t o b e a C P - e v e n s c a l a r a s i n t h e S M ( t h i s
a s s u mp t i o n w a s t e s t e d b y b o t h t h e A T L A S [ 1 5 ] a n d C M S [ 1 6 ] C o l l a b o r a t i o n s ) .
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j w h e n c o mp a r e d t o
t h e c o r r e s p o n d i n g S M p r e d i c t i o n . D e t a i l s c a n b e f o u n d i n R e f s . [ 1 4, 1 7 ] .

I n s o me o f t h e fi t s t h e e ↵e c t i v e s c a l e f a c t o r s kg a n d kg f o r t h e p r o c e s s e s H ! gg a n d g g ! H , w h i c h
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t h e s c a l e d f u n d a me n t a l c o u p l i n g s a r e p r o p a g a t e d t h r o u g h t h e l o o p c a l c u l a t i o n s , i n c l u d i n g a l l i n t e r f e r e n c e
e ↵e c t s , u s i n g t h e f u n c t i o n a l f o r md e r i v e d f r o mt h e S M . S i mi l a r l y t h e s c a l i n g o f t h e V B F c r o s s s e c t i o n
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Probing custodial symmetry
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Figure 7: Results of fits for the benchmark model defined in Section 5.3 that probe the custodial sym-
metry through the ratio lWZ = kW/kZ: (a) coupling scale factor ratio lWZ (lFZ and kZZ are profiled);
(b) coupling scale factor ratio lFZ (lWZ and kZZ are profiled); (c) overall scale factor kZZ (lWZ and lFZ
are profiled). The dashed curves show the SM expectations. The thin dotted/dashed-dotted lines indi-
cate the continuations of the likelihood curves when restricting the parameters to either the positive or
negative sector of lFZ.

5.4 Probing relations within the fermion coupling sector

The previous sections assumed universal coupling scale factors for all fermions, while many extensions
of the SM predict deviations within the fermion sector. The currently accessible channels, in particular
with the addition of H ! bb̄ and H ! ⌧⌧, allow the relations between the up- and down-type fermion
sector and between the lepton and quark sector to be probed.

5.4.1 Probing the up- and down-type fermion symmetry

Many extensions of the SM contain di↵erent couplings of the Higgs boson to up-type and down-type
fermions. This is for instance the case for certain Two-Higgs-Doublet Models [14,19–21], among which
the MSSM is the most prominent example. In this model the ratio ldu between down- and up-type
fermions is probed, while vector boson couplings are taken unified as kV . The indices u, d stand for all
up- and down-type fermions, respectively. The free parameters are:

ldu = kd/ku

lVu = kV/ku

kuu = ku · ku/kH.

The relevant scaling formulae can be found in Appendix A.3.1.
The up-type quark coupling scale factor is mostly indirectly constrained through the gg ! H pro-

duction channel, from the Higgs boson to top-quark coupling, while the down-type coupling strength is
constrained through the H ! bb̄ and H ! ⌧⌧ decays. Figure 8 shows the results for this benchmark
scenario. The likelihood curve is nearly symmetric about ldu = 0 as the model is almost insensitive to

14

• Parameter of interest:

• Constraint by direct inputs from H→WW and H→ZZ and from VBF measurements 
• Universal coupling to all fermions is assumed 

• Measured to be consistent with 1 to high precision at LEP and Tevatron
• ATLAS measurement also consistent with unity:

• W & Z bosons treated as identical 
  in the following and denoted V

by the main production process gg ! H, assumed to be fermion-mediated in this benchmark model.
The relatively large values of kV in the first model and kVV in the second model reflect the large µ values
measured for the bosonic modes.

5.3 Probing the custodial symmetry of the W and Z couplings

Identical coupling scale factors for the W and Z boson are required within tight bounds by the SU(2)
custodial symmetry and the ⇢ parameter measurements at LEP and at the Tevatron [18]. To test this
constraint directly in the Higgs sector, the ratio lWZ = kW/kZ is probed. For the other parameters the
same assumptions as in Section 5.2.1 on kF are made (kF = kt = kb = kt). The free parameters are:

lWZ = kW/kZ

lFZ = kF/kZ

kZZ = kZ · kZ/kH.

The relevant scaling formulae can be found in Appendix A.2.
The ratio lWZ is in part directly constrained by the decays in the H!WW⇤! `⌫`⌫ and H! ZZ⇤! 4`

channels and the WH and ZH production processes. It is also indirectly constrained by the VBF pro-
duction process, which in the SM is 74% W fusion and 26% Z fusion-mediated (see Eq. 4). The scale
factor kW is also constrained by the H! �� channel since the decay branching ratio receives a dominant
contribution from the W loop.

Figure 7 shows the likelihood functions for this benchmark scenario. There is a relative sign ambi-
guity between the W and Z boson couplings. However, this relative sign is not accessible at the LHC6.
The sign of lWZ can be chosen positive without loss of generality.

The fit prefers the SM-like local minimum with a positive sign for lFZ, implying a positive relative
sign between the fermion and Z couplings, while the negative sign is still compatible at the ⇠ 1� level.
The minimum corresponding to negative lFZ values is seen in Fig. 7(a) as the left branch of the observed
and expected curves, and in Fig. 7(b).

The fit results for the parameters of interest, when profiling the other parameters, are:

lWZ = 0.94+0.14
�0.29

lFZ 2 [�0.91,�0.63] [ [0.65, 1.00]
kZZ = 1.41+0.49

�0.34.

The three-dimensional compatibility of the SM hypothesis with the best-fit point is 19%. In the diboson
final state combination of Ref. [3], the minimum at negative lFZ was disfavoured for the expectation, but
the minima of the two branches were found to be similar for the data, due to the high value of the signal
strength in the H! �� channel. With the addition of the direct fermion decay channels, the non-SM-like
minimum is now also slightly disfavoured in the data.

In order to be independent of possible new physics contributions to the H! �� channel, the same
analysis can be performed with an e↵ective coupling scale factor ratio lgZ which is profiled in the mea-
surement of lWZ (see Ref. [3]). The measured value of lWZ is in agreement with the expectation of
custodial symmetry lWZ = 1, regardless of the inclusion of the H! �� channel as an indirect constraint
on kW . With the availability of the direct fermion channels, this case is now covered by the generic model
in Section 5.6.2, which yields consistent results.

6In principle the VBF process has some sensitivity to the W and Z interference, but the interference term is << 1% and
hence too small to have any discriminating power.
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• Scale factors of interest:

• Assume only SM particles contributing to loops 

Fermion vs. Gauge couplings

10

Results:

Table 2: Summary of the coupling benchmark models discussed in this note, where li j = ki/k j, kii =

kiki/kH, and the functional dependence assumptions are: kV = kW = kZ, kF = kt = kb = kt (and
similarly for the other fermions), kg = kg(kb, kt), kg = kg (kb, kt, kt, kW), and kH = kH(ki). The tick
marks indicate which assumptions are made in each case. The last column shows, as an example, the
relative couplings involved in the gg! H! �� process (see Appendix A for more details).

Section Probed Parameters of Functional assumptions Example: gg! H! ��
couplings interest kV kF kg kg kH

5.2.1 Couplings to fermions
and bosons

kV , kF
p p p p p

k2
F · k2

g (kF , kV )/k2
H(kF , kV )

5.2.2 lFV , kVV
p p p p

- k2
VV · l2

FV · k2
g (lFV , lFV , lFV , 1)

5.3 Custodial symmetry lWZ, lFZ, kZZ -
p p p

- k2
ZZ · l2

FZ · k2
g (lFZ , lFZ , lFZ , lWZ)

5.4.1 Up-/down-type fermions ldu, lVu, kuu
p

ku, kd
p p

- k2
uu · k2

g(ldu, 1) · k2
g (ldu, 1, ldu, lVu)

5.4.2 Leptons/Quarks llq, lVq, kqq
p

kl, kq
p p

- k2
qq · k2

g (1, 1, llq, lVq)
5.5.1 Vertex loops kg , kg =1 =1 - -

p
k2

g · k2
g /k2

H(kg , kg )
5.5.2 + H!inv./undet. decays kg , kg , BRi.,u. =1 =1 - -

p
k2

g · k2
g /k2

H(kg , kg ) · (1 � BRi.,u.)

5.6.1 Generic models with and
without assumptions on
vertex loops and �H

kW, kZ, kt , kb , kt - -
p p p k2

g (kb ,kt )·k2
g (kb ,kt ,kt ,kW )

k2
H (kb ,kt ,kt ,kW ,kZ )

5.6.2 lWZ , ltg , lbZ , l⌧Z ,
lgZ , lgZ , kgZ

- - - - - k2
gZ · l2

gZ

Figure 5 shows the results for this benchmark. Only the relative sign between kF and kV is physical
and hence in the following only kV > 0 is considered, without loss of generality. Sensitivity to this
relative sign is gained from the negative interference between the loop contributions of the W boson
and the t quark in the H! �� decay (see Eq. 2). As can be seen in Fig. 5(a) the fit prefers the SM-like
minimum with a positive relative sign, while the local minimum with negative relative sign is disfavoured
at the ⇠ 2� level. Figure 5(b) illustrates how the H! ��, H ! ZZ⇤, H ! WW⇤, H ! ⌧⌧ and H ! bb̄
channels contribute to the combined measurement. The likelihoods are given in Figs. 5(c) and 5(d), as
a function of kV when kF is profiled, and as a function of kF when kV is profiled. Figure 5(d) shows in
particular to what extent the sign degeneracy is resolved.

The best-fit values and uncertainties, when the other parameter is profiled, are:

kV = 1.15 ± 0.08
kF = 0.99+0.17

�0.15.

The two-dimensional compatibility of the SM hypothesis with the best-fit point is 10%. With respect to
the diboson final state combination in Ref. [3], by coincidence the central value is almost unchanged,
while the uncertainty on kF is reduced substantially.

5.2.2 No assumption on the total width

The assumption on the total width gives a strong constraint on the fermion coupling scale factor kF in the
previous benchmark model, as the total width is dominated in the SM by the sum of the fermion-induced
b, ⌧ and gluon-decay widths. The fit is therefore repeated without the assumption on the total width.

In this case only ratios of coupling scale factors can be measured. Hence there are the following free
parameters:

lFV = kF/kV

kVV = kV · kV/kH,

where lFV is the ratio of the fermion and vector boson coupling scale factors, and kVV an overall scale
that includes the total width and applies to all rates. The relevant scaling formulae can be found in
Appendix A.1.2.
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• no deviation from SM
• compatibility: 10%  

constraint on total 
width dropped
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• Minimal Composite Higgs Models (MCHM):
• Higgs is composite pseudo Nambu-Goldstone Boson
• possible explanation for scalar naturalness problem

• Couplings to V and F as function of compositeness scale f parametrized by ξ
• Coupling scale factors expressed in terms of ξ
• Physical constraint: ξ ≥ 0
• SM recovered for ξ = 0

• Two models studied:

• MCHM4:

• MCHM5:  

 = V = F =
p
1� ⇠

V =
p
1� ⇠ F =

1� 2⇠p
1� ⇠

⇠ = v2/f2
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Fermion vs. Gauge couplings - Compositeness
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Fermion vs. Gauge couplings - Compositeness
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95% CL measured (expected)95% CL measured (expected)

Model ξ < f >

MCHM4  0.12 (0.29) 710 GeV (460 GeV)

MCHM5  0.15 (0.20) 640 GeV (550 GeV)

Due to large measured 
H → γγ rate

Measured limits are stronger 
than expected ones as
µ > 1 ⇔ ξ < 0 
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• Common scale factors: up / down - type fermions:
• Several Two-Higgs-Doublet models predict

  e.g. MSSM

• Parameter of interest:  

Up vs. Down - type couplings
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u 6= d

�ud = u/d
the relative sign of ku and kd. The interference of contributions from the b and t loops in the gg ! H
production induces an asymmetry, much smaller than the present sensitivity (see Eq. 3). The fit results
for the parameters of interest are:

ldu 2 [�1.24,�0.81] [ [0.78, 1.15]
lVu = 1.21+0.24

�0.26

kuu = 0.86+0.41
�0.21.

The value of ldu around the SM-like minimum at 1 is ldu = 0.95+0.20
�0.18. This fit provides a ⇠ 3.6� level

evidence of the coupling of the Higgs boson to down-type fermions, mostly coming from the H ! ⌧⌧
measurement. The three-dimensional compatibility of the SM hypothesis with the best-fit point is 20%.
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Figure 8: Results of fits for the benchmark model described in Section 5.4.1 that probe the symmetry
between down- and up-type fermions: (a) coupling scale factor ratio ldu (lVu and kuu are profiled);
(b) coupling scale factor ratio lVu (ldu and kuu are profiled); (c) overall scale factor kuu (ldu and lVu are
profiled). The dashed curves show the SM expectations. The thin dotted/dashed-dotted lines indicate the
continuations of the likelihood curves when restricting the parameters to either the positive or negative
sector of ldu and lVu, respectively.

5.4.2 Probing the quark and lepton symmetry

Here the ratio llq between leptons and quarks is probed, while vector boson couplings are taken unified
as kV . The indices l, q stand for all leptons and quarks, respectively. The free parameters are:

llq = kl/kq

lVq = kV/kq

kqq = kq · kq/kH.

The relevant scaling formulae can be found in Appendix A.3.2. The lepton coupling strength is currently
only constrained through the H ! ⌧⌧ decay.
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Results:

the relative sign of ku and kd. The interference of contributions from the b and t loops in the gg ! H
production induces an asymmetry, much smaller than the present sensitivity (see Eq. 3). The fit results
for the parameters of interest are:

ldu 2 [�1.24,�0.81] [ [0.78, 1.15]
lVu = 1.21+0.24

�0.26

kuu = 0.86+0.41
�0.21.

The value of ldu around the SM-like minimum at 1 is ldu = 0.95+0.20
�0.18. This fit provides a ⇠ 3.6� level

evidence of the coupling of the Higgs boson to down-type fermions, mostly coming from the H ! ⌧⌧
measurement. The three-dimensional compatibility of the SM hypothesis with the best-fit point is 20%.
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Figure 8: Results of fits for the benchmark model described in Section 5.4.1 that probe the symmetry
between down- and up-type fermions: (a) coupling scale factor ratio ldu (lVu and kuu are profiled);
(b) coupling scale factor ratio lVu (ldu and kuu are profiled); (c) overall scale factor kuu (ldu and lVu are
profiled). The dashed curves show the SM expectations. The thin dotted/dashed-dotted lines indicate the
continuations of the likelihood curves when restricting the parameters to either the positive or negative
sector of ldu and lVu, respectively.

5.4.2 Probing the quark and lepton symmetry

Here the ratio llq between leptons and quarks is probed, while vector boson couplings are taken unified
as kV . The indices l, q stand for all leptons and quarks, respectively. The free parameters are:

llq = kl/kq

lVq = kV/kq

kqq = kq · kq/kH.

The relevant scaling formulae can be found in Appendix A.3.2. The lepton coupling strength is currently
only constrained through the H ! ⌧⌧ decay.
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• 3.6σ evidence for coupling of H to 
d-type fermions (mostly from H→ττ)

• No deviation from SM
• Compatibility: 20%  
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• Type2:
• one doublet couples to up-type, other to 
down-type fermions (MSSM like)

2 Higgs Doublet Model - Type 2

14

Swagato BanerjeeConstraints on 
new Physics

2 Higgs Doublet Models

11

• 5 Higgs Bosons: 2 CP-even neutral bosons: h (light) & H (heavy),  
            1 CP-odd neutral boson (A) and 2 charged bosons (H±). 

• 6 parameters: mh, mH, mA, mH±, α: mixing between h & H, and 
         tanβ = <vev>u/<vev>d satisfying <vev>u2 + <vev>d2 =  (246 GeV)2. 

• Evade existing experimental bounds by satisfying Glashow-Weinberg condition: 
• Type I: one doublet couples only with vector bosons [Fermiophobic], other only with fermions 
• Type II: one doublet couples with up-type quarks, other with down-type quarks and leptons [MSSM-like] 
• Type III: one doublet couples with quarks as in Type I, other with leptons as in Type II [lepton-specific] 
• Type IV: one doublet couples with quarks as in Type II, other with leptons as in Type I [Flipped]

• Assume 125.5 GeV particle is the light CP-even Higgs boson in these 2HDMs.

G. Branco et, al. Phys. Rept.  516 (2012) 1.

ATLAS-CONF-2014-010
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• Probed via couplings to 
• Vector bosons 
• Up-type quarks 
• Down-type quarks and leptons

Limits on simplified MSSM
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• For tan(β) > 2:
• limit on CP-odd Higgs 
mass is:

• mA > 400GeV obs.
  (mA > 290GeV exp.)

• Still large unexplored 
region for tan(β) < 1
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• Parameter of interest:

• Assuming unified vector boson couplings 

• Lepton coupling strength currently only constraint      
through H→ττ 

Lepton vs. Quark couplings
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Figure 9 shows the results for this benchmark. Similar to the case above, the likelihood curve is
nearly symmetric about llq = 0 . The fit results for the parameters of interest are:

llq 2 [�1.48,�0.99] [ [0.99, 1.50]
lVq = 1.27+0.23

�0.20

kqq = 0.82+0.23
�0.19.

The value of llq around the SM-like minimum at 1 is llq = 1.22+0.28
�0.24. A vanishing coupling of the Higgs

boson to leptons is excluded at the ⇠ 4.0� level due to the H ! ⌧⌧measurement. The three-dimensional
compatibility of the SM hypothesis with the best-fit point is 15%.

lqλ

-2 -1 0 1 2

)
lqλ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]qqκ,lqλ,Vqλ[

Observed

SM expected

(a)

Vqλ

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

)
V

q
λ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]qqκ,lqλ,Vqλ[

Observed

SM expected

(b)

qqκ

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
q
q

κ(
Λ

-2
 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]qqκ,lqλ,Vqλ[

Observed

SM expected

(c)

Figure 9: Results of fits for the benchmark model described in Section 5.4.2 that probe the symmetry
between quarks and leptons: (a) coupling scale factor ratio llq (lVq and kqq are profiled); (b) coupling
scale factor ratio lVq (llq and kqq are profiled); (c) overall scale factor kqq (llq and lVq are profiled). The
dashed curves show the SM expectations. The thin dotted/dashed-dotted lines indicate the continuations
of the likelihood curves when restricting the parameters to either the positive or negative sector of llq
and lVq, respectively.

5.5 Probing beyond the SM contributions

In this section contributions from new particles either in loops or in new final states are considered. All
coupling scale factors of known SM particles are assumed to be as predicted by the SM, i.e. ki = 1. For
the H! �� and gg ! H vertices, e↵ective scale factors � and g are introduced that allow for extra
contributions from new particles. The potential new particles contributing to the H! �� and gg ! H
loops may or may not contribute to the total width of the observed state through direct invisible decays
or decays into final states that cannot be distinguished from the background. In these cases the resulting
variation in the total width is parameterised in terms of the additional branching ratio into invisible or
undetected particles BRi.,u.

7. Both aforementioned scenarios are addressed in this section.

7Invisible final states can be directly searched for through the Emiss
T signature [22]. An example of an undetected mode

would be a decay mode to multiple light jets, which presently cannot be distinguished from multi-jet backgrounds.

16

Result:

• Vanishing coupling to leptons 
excluded at ~4σ level

• No deviation from SM
• Compatibility: 15%  

Figure 9 shows the results for this benchmark. Similar to the case above, the likelihood curve is
nearly symmetric about llq = 0 . The fit results for the parameters of interest are:

llq 2 [�1.48,�0.99] [ [0.99, 1.50]
lVq = 1.27+0.23

�0.20

kqq = 0.82+0.23
�0.19.

The value of llq around the SM-like minimum at 1 is llq = 1.22+0.28
�0.24. A vanishing coupling of the Higgs

boson to leptons is excluded at the ⇠ 4.0� level due to the H ! ⌧⌧measurement. The three-dimensional
compatibility of the SM hypothesis with the best-fit point is 15%.
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Figure 9: Results of fits for the benchmark model described in Section 5.4.2 that probe the symmetry
between quarks and leptons: (a) coupling scale factor ratio llq (lVq and kqq are profiled); (b) coupling
scale factor ratio lVq (llq and kqq are profiled); (c) overall scale factor kqq (llq and lVq are profiled). The
dashed curves show the SM expectations. The thin dotted/dashed-dotted lines indicate the continuations
of the likelihood curves when restricting the parameters to either the positive or negative sector of llq
and lVq, respectively.

5.5 Probing beyond the SM contributions

In this section contributions from new particles either in loops or in new final states are considered. All
coupling scale factors of known SM particles are assumed to be as predicted by the SM, i.e. ki = 1. For
the H! �� and gg ! H vertices, e↵ective scale factors � and g are introduced that allow for extra
contributions from new particles. The potential new particles contributing to the H! �� and gg ! H
loops may or may not contribute to the total width of the observed state through direct invisible decays
or decays into final states that cannot be distinguished from the background. In these cases the resulting
variation in the total width is parameterised in terms of the additional branching ratio into invisible or
undetected particles BRi.,u.

7. Both aforementioned scenarios are addressed in this section.

7Invisible final states can be directly searched for through the Emiss
T signature [22]. An example of an undetected mode

would be a decay mode to multiple light jets, which presently cannot be distinguished from multi-jet backgrounds.
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• Coupling scale factor parametrized by mass scaling parameter ε and vacuum 
expectation value M, where v ~ 246 GeV

• SM couplings are recovered for ε = 0 and M = v
f,i = v

m✏
f,i

M1+✏

V,i = v
m2✏

V,i

M1+2✏
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Mass scaling of coupling
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4 MINIMAL COMPOSITE HIGGS MODEL 5
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Figure 1: Two-dimensional likelihood scan of the mass scaling factor, ✏, and the vacuum expectation
value parameter, M. The likelihood contours where �2 ln⇤ = 2.3 and �2 ln⇤ = 6.0, corresponding
approximately to 68% CL (1�) and 95% CL (2�) respectively, are shown for both the data and the
prediction for a SM Higgs boson. The best fit to the data and the SM expectation are indicated as ⇥ and
+ respectively.

are interpreted in the MCHM4 scenario by rescaling the rates in di↵erent production and decay modes
as functions of the couplings  = V = F , assuming the same production and decay modes as in the SM.
The couplings are in turn expressed as functions of ⇠ using Eq. 7.

The MCHM4 model contains a physical boundary ⇠ � 0, with the SM Higgs boson corresponding to
⇠ = 0. Ignoring this boundary, the scaling parameter is measured to be ⇠ = 1�µh = �0.30+0.17

�0.18, while the
expectation assuming the SM Higgs boson is 0.00+0.15

�0.17. The best-fit value observed for ⇠ is negative since
µh >1 is measured. The statistical and systematic uncertainties are of similar size. Accounting for the
lower boundary produces an observed (expected) 95% CL upper limit of ⇠ < 0.12 (0.29), corresponding
to a Higgs boson compositeness scale of f >710 GeV (460 GeV). The observed limit is stronger than
expected since µh >1 is measured.

Similarly, in the MCHM5 model [27,28] the measured rates are expressed in terms of ⇠ by rewriting
the couplings as:

V =
p

1 � ⇠

F =
1�2⇠p

1�⇠
.

(8)

The measurements of V and F are given in Model 2 of Table 1. As with the MCHM4 model, the
MCHM5 model contains the physical boundary ⇠ � 0, with the SM Higgs boson corresponding to ⇠ = 0.
Ignoring this boundary, the composite Higgs boson scaling parameter is determined to be ⇠ = �0.08+0.11

�0.16,
while 0.00+0.11

�0.13 is expected assuming the SM Higgs boson. As above, the best-fit value for ⇠ is negative
since µh >1 is measured. Accounting for the boundary produces an observed (expected) 95% CL upper
limit of ⇠ < 0.15 (0.20), corresponding to a Higgs boson compositeness scale of f >640 GeV (550 GeV).
Figure 2 shows the two-dimensional likelihood for vector boson (V ) and fermion (F) coupling measure-
ments in the (V , F) plane, overlaid with predictions as parametric functions of ⇠ for the MCHM4 and
MCHM5 models. A secondary minimum in the likelihood exists at F < 0 due primarily to the large
measured h! �� rate [13].

• No deviation from SM
• Compatible: 1.5 σ  
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• SM couplings assumed:

• Effective scale factors for               and               :

• New particles contributing to loops may or may not contribute to the total width, 
depending on fit model.

• Parametrization of total width:   

BSM: invisible / undetected decays
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5.5.1 Only SM contributions to the total width

In the first benchmark model it is assumed that there are no sizeable extra contributions to the total width
caused by non-SM particles. The free parameters are kg and kg . The relevant scaling formulae can be
found in Appendix A.4.1.

Figure 10 shows the results of fits for this benchmark scenario. The best-fit values and uncertainties,
when profiling the other parameter, are:

kg = 1.08+0.15
�0.13

kg = 1.19+0.15
�0.12.

The two-dimensional compatibility of the SM hypothesis with the best-fit point is 9%. With respect to
the results from the combination of the diboson final states in Ref. [3], the contours for kg and kg are
almost unchanged, as the direct fermion decay channels have only a minor impact on these degrees of
freedom.

5.5.2 No assumption on the total width

By constraining some of the factors to be equal to their SM values, it is possible to probe for new non-
SM decay modes with a branching ratio BRi.,u. that might yield invisible or undetected final states. The
free parameters in this case are kg, kg and BRi.,u.. In this model the modification to the total width is
parametrised as follows:

�H =
k2

H(ki)

(1 � BRi.,u.)
�SM

H .

The relevant scaling formulae can be found in Appendix A.4.2.
Figure 11 shows the results of fits from this benchmark scenario. The best-fit values and their uncer-

tainties, when profiling the other parameters, are:

kg = 1.00+0.23
�0.16

kg = 1.17+0.16
�0.13

and

BRi.,u. = �0.16+0.29
�0.30.

The three-dimensional compatibility of the SM hypothesis with the best-fit point is 18%. Using the
physical constraint BRi.,u. > 0 the 95% CL upper limit is BRi.,u. < 0.41 (the SM expected limit is
BRi.,u. < 0.55). The 95% confidence interval is based on the profile likelihood ratio restricted to the
allowed region of parameter space; however, the confidence interval is defined by the standard �2 cuto↵,
which leads to some overcoverage near the boundaries.

As the choice of free parameters in this model gives extra degrees of freedom to the gg! H produc-
tion and the H! �� decay, the most precise measurements in Fig. 1 do not give a sizeable contribution to
the determination of BRi.,u.. Instead BRi.,u. is mostly constrained from channels sensitive to VBF and VH
production, as the tree level couplings involved in these production modes are fixed to their SM values
within this model. Hence the updated results for the H ! bb̄ and H ! ⌧⌧ channels give a significant
improvement in the determination of BRi.,u. compared to the results presented in Ref. [17].
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• No deviation from SM
• Compatibility: 18%  
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limits @ 95% CL:

BRi.,u. < 0.37
with constraint from 

8 HIGGS PORTAL TO DARK MATTER 13

to be inferred. E↵ective couplings to photons, �, and gluons, g, are introduced to absorb the possible
contributions of new particles through loops. The Higgs boson production modes are assumed to be the
same as those in the SM.

The ratio of the total width of the Higgs boson to the SM expectation, �h/�h,SM, is parametrized by
2h such that:

2h = �h/�h,SM =
P
i
2i /(1 � BRi)

P
i
2i = 0.0023 2� + 0.085 2g + 0.91,

(18)

where the branching ratios of a Higgs boson with mh = 125.5 GeV to photons and gluons are 0.0023
and 0.085 respectively, and 0.91 is the sum of the branching ratios of the Higgs boson to massive parti-
cles [25]. Thus the production and decay rates of all channels are fit with functions of g, �, and BRi.
The photon and gluon couplings are treated as nuisance parameters.

The resulting likelihood scan as a function of BRi is shown in Fig. 6. There is a lower physical
boundary such that BRi � 0, with the SM corresponding to BRi = 0. Ignoring this boundary, the
branching ratio of the Higgs boson to invisible final states is measured to be BRi = �0.02 ± 0.20 with
the combination of all channels, while the expected value is 0.00 ± 0.21. If data from the Zh ! `` +
Emiss

T search is not included, the measured (expected) value is BRi = �0.16+0.29
�0.30 (0.00+0.29

�0.32) [13]. The
measurements for the [g, �, BRi] parametrization used are listed in Models 6 and 7 of Table 1.

The best-fit value for BRi is negative because the Higgs boson couplings to massive particles are
assumed to be equal to the SM values, so the measured overall µh >1 is accommodated in the fit by
decreasing the Higgs boson total width. The smaller expected uncertainty when including the Zh !
`` + Emiss

T channel demonstrates the increase in sensitivity. Accounting for the boundary produces an
observed (expected) 95% CL upper limit of BRi < 0.37 (0.39) using the combination of all channels.
The observed (expected) upper limit without including the Zh! `` + Emiss

T data is BRi < 0.41 (0.55).
To compare with direct searches for dark matter, the observed upper limit BRi < 0.37 obtained by

combining all channels is translated into constraints on the coupling of the WIMP to the Higgs boson as
a function of its mass [63]. It is assumed that the WIMP mass is less than half the Higgs boson mass
and that the resulting Higgs boson decays to WIMP pairs account entirely for BRi. These assumptions
produce conservative limits as any additional contributions to BRi from other new phenomena would
produce more stringent results. The partial width for Higgs boson decays to a pair of dark matter particles
depends on the spin of the dark matter particle. It is given for scalar, Majorana fermion, or vector dark
matter candidates (where the Majorana fermion is motivated by neutralinos in supersymmetry) as:

scalar S : �inv(h! S S ) = �2
hS S

v2�S

128⇡mh

fermion f : �inv(h! f f ) =
�2

h f f

⇤2

v2�3
f mh

64⇡

vector V : �inv(h! VV) = �2
hVV

v2�Vm3
h

512⇡m4
V

0
BBBBB@1 � 4

m2
V

m2
h
+ 12

m4
V

m4
h

1
CCCCCA .

(19)

Here �hS S , �h f f /⇤, and �hVV are the couplings of the Higgs boson to dark matter particles of correspond-

ing spin, v ⇡ 246 GeV denotes the vacuum expectation value of the Higgs boson, and �� =
q

1 � 4m2
�/m2

h
is a kinematic factor associated with the two-body h ! �� decay. These equations are used to deduce
the coupling of the Higgs boson to the WIMP for each of the three possible WIMP spins.

The coupling is then re-parametrized in terms of the cross section for scattering between the WIMP
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• Decay into invisible particles may be 
signature for DM

• upper limit on invisible 
   branching ratio (95% CL): 

• BRinv. < 0.37 (expected: < 0.39)

• translating into limit on 
   WIMP nucleon scattering x-section

• H,WIMP coupling deduced dependent 
on spin
• re-parametrized as WIMP-nucleon 
scattering x-section via H exchange

• ATLAS dominates low mass region

Higgs portal to Dark Matter
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• Majorana WIMP:
• motivated by neutralinos

ATLAS-CONF-2014-010
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• Previously: minimum number of free parameters to test specific aspects
• Now couplings to W, Z, t, b, τ treated independently

• For contributions to loops and the total width 2 models are studied:
• SM particles are assumed 
• No constraints → only ratios of coupling scale factors can be measured

Generic models
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• No deviation from SM
• Compatibility: 13% 

 (assuming SM 
 width / loops)

• Compatibility: 21%
  (without constraints) 

probing custodial 
symmetry with less 
assumptions from SM 
than before
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Measured couplings - overview
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 All measurements consistent with SM

Compatibility of best fit between 9 and 21 %  

Swagato BanerjeeConstraints on 
new Physics

Coupling Fits and Mass scale dependence

7

Measured coupling mass dependence and vacuum expectation value are consistent with SM within 1.5 σ

Results of Coupling fit:

Mass scale parameterization
ATLAS-CONF-2014-010

J. Ellis & T. Hou, JHEP 1306 (2013) 103

ε: mass scaling parameter (= 0 in SM) 
M: vacuum expectation value parameter 

v: vacuum expectation value (= 246 GeV in SM)
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ATLAS-CONF-2014-010

J. Ellis & T. Hou, JHEP 1306 (2013) 103

ε: mass scaling parameter (= 0 in SM) 
M: vacuum expectation value parameter 

v: vacuum expectation value (= 246 GeV in SM)

246 
 GeV

Linear:

Quadratic:

ATLAS-CONF-2014-009

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-009/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-009/
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• Higgs boson couplings measured from 5 input channels

• Several coupling scenarios tested:

• No significant deviation from SM observed
• Compatibility with SM 9% - 21% (within 2σ)

• Overall signal strength:

• Coupling measurements used to set constraints on various BSM models
• Composite Higgs, simplified MSSM, mass scale deviation, DM

• Most measurements statistically limited

• Run II will be exciting :-)

Summary 

22

µ = 1.3+0.18
�0.17
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• Adding EW singlet field to SM Higgs doublet
• 2 CP-even Bosons: h (light) & H (heavy) (non-degenerate)
• Couplings to SM particles modified by common scale factors κ & κ`, respectively

• unitarity contraint: κ2 + κ`2 = 1, where κ`2 = 1 - µh

Additional EW singlet
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6 TWO-HIGGS-DOUBLET MODEL 8
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Figure 3: Observed and expected upper limits at 95% CL on the squared coupling, 02, of a heavy Higgs
boson arising through an additional EW singlet, shown in the (µH ,BRH,new) plane. The light shaded and
hashed regions indicate the observed and expected exclusions, respectively. Contours of the scale factor
for the total width, �H/�H,SM, and 02, of the heavy Higgs boson are also illustrated based on Eqs. 11
and 12.

Both Higgs doublets acquire vacuum expectation values, v1 and v2 respectively. Their ratio is denoted
by tan � ⌘ v2/v1, and they satisfy v21 + v

2
2 = v

2 ⇡ (246 GeV)2. The Higgs sector of the 2HDM model can
be described by six parameters: four Higgs boson masses (mh, mH , mA, and mH±), tan �, and the mixing
angle ↵ of the two neutral, CP-even Higgs states. Gauge invariance fixes the couplings of the two neutral,
CP-even Higgs bosons to vector bosons relative to their SM values to be:

g2HDM
hVV /g

SM
hVV = sin(� � ↵)

g2HDM
HVV /g

SM
HVV = cos(� � ↵) .

(14)

Here V = W, Z and gSM
hVV,HVV denote the SM Higgs boson couplings to vector bosons.

The Glashow-Weinberg condition is satisfied by four types of 2HDMs [38]:

• Type I: One Higgs doublet couples to vector bosons, while the other couples to fermions. The first
doublet is “fermiophobic” in the limit of no mixing.

• Type II: This is an “MSSM-like” model, in which one Higgs doublet couples to up-type quarks
and the other to down-type quarks and leptons.

• Type III: This is a “lepton-specific” model, where the Higgs bosons have the same couplings to
quarks as in the Type I model and to leptons as in Type II.

• Type IV: This is a “flipped” model, where the Higgs bosons have the same couplings to quarks as
in the Type II model and to leptons as in Type I.

Upper limit @ 95% CL 
(assuming physical boundary κ2 ≥ 0):

 κ`2 < 0.12 (0.29 exp.)

Allowed region

ATLAS-CONF-2014-010

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-010/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-010/


Kristof Schmieden BSM Higgs Workshop @ LPC - Nov. 2014

Analysis strategy

25

• Each analysis is further divided into categories that increases sensitivity:

• Different s/b for certain production-mode / decay compositions
• Allows to extract Higgs couplings to different particles
• Assumes standard model acceptances for categories

• Parameter(s) of interest extracted by simultaneous maximal likelihood fit

Datasets and analysis strategy
• Combine ATLAS Higgs measurements from 5 different channels 
• Each analysis is further divided into categories that increases sensitivity: 

→ different s/b and production mode/decay compositions 
→ allows to extract Higgs couplings to different particles 

• Parameter(s) of interest extracted by simultaneous maximal likelihood fit 

7

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

Analysis Categories

Channel Decay Production Tagging
h ! �� - VBF, `, /ET , 2-jet VH.
h ! ZZ⇤ 4` VBF, `
h ! WW ⇤ `⌫`⌫ 0-jet, 1-jet, 2-jet VBF
V (h ! bb) Z ! ⌫⌫, W ! `⌫, Z ! `` -

h ! ⌧⌧ (2012) ⌧lep⌧lep, ⌧lep⌧had, ⌧had⌧had Boosted ggh, VBF

signal composition (%)
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One-lepton
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miss

TE

Low-mass two-jet

Tight high-mass two-jet

Loose high-mass two-jet
Conv. transition
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Conv. rest low p

Tt
Conv. central high p

Tt
Conv. central low p

Tt
Unconv. rest high p

Tt
Unconv. rest low p

Tt
Unconv. central high p

Tt
Unconv. central low p

Inclusive

ggF VBF WH ZH ttH
ATLAS γγ →Preliminary (simulation)         H 
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ATLAS γγ →Preliminary (simulation)         H 

Example: Tagged Categories in h → γγ

Saxon (UPenn) Combined Higgs Measurements May 5, 2014 3 / 18

Example: 
H→γγ categories

channel decay categories L [fb

�1
]

H ! �� - low/high pTt, VBF, `, E
miss
T 4.8+20.3

H ! ZZ⇤
4` `, VBF 4.6+20.3

H ! WW⇤ `⌫`⌫ 0, 1, � 2 jets, VBF 4.6+20.3

V H ! V b¯b Z ! ⌫⌫, W ! `⌫, Z ! `` - 4.6+20.3

H ! ⌧⌧ ``, `-had, had-had boosted, VBF 20.3

γγ, ZZ, WW,  
bb, τ τ

VBF categories: 
  large fraction of VBF 

low-mjj, ETmiss and 
lepton categories: 
  large fraction of WH
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 The ATLAS experiment
• 100M readout channels

• general purpose detector: 
SM precision measurements to 
searches for new particles

• mostly rare processes interesting
• need very selective & efficient 
realtime event selection
‣ trigger system

Introduction - ATLAS @ LHC
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 The Large Hadron Collider

• collides protons (and / or Pb ions)
• 27km long, 40MHz collision rate

• Run Period I (2010 - 2012):
•  50 ns bunch spacing
• 
• 

• Run Period II (starting 2015):
• 25 ns bunch spacing 
• 
•

Introduction The ATLAS trigger and data acquisition system

The ATLAS experiment at CERN’s Large Hadron Collider

The Large Hadron Collider (LHC)

Collides protons (and/or Pb ions) at
40 MHz in a 27-km tunnel

Run I: 2010-2012:
p
s = 7-8 TeV (pp)

L ⇠ 1033 cm�2s�1

Run II starting in 2015:
p
s for pp: 13-14 TeV

L & 1034 cm�2s�1

The ATLAS experiment

General-purpose detector: from
precision SM measurements to
Higgs and BSM searches

Interested mainly in rare processes
) need to select most interesting
collision events ) trigger system

C. Ohm (CERN) An Upgraded ATLAS Central Trigger for 2015 Oct 10, 2013 4 / 26

p
s = 7� 8TeV (pp)

p
s ' 13TeV (pp)

L  7 · 1033cm�2s�1

L ' 1.6 · 1034cm�2s�1


