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the usual signal strengths
[arXiv:1307.1427]

[CMS-PAS-HIG-13-005]



Göttingen automn school Béranger Dumont October 7, 2013 3

efficiencies?

the usual signal strengths
[arXiv:1307.1427]

[CMS-PAS-HIG-13-005]
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one example:  ATLAS H→γγ
[ATLAS-CONF-2013-012]
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one example:  ATLAS H→γγ

5

correlations between categories?
 
can we safely neglect them?
probably not...

[ATLAS-CONF-2013-012]
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signal strengths in theory space

µ(X,Y ) =
�(X)B(H ! Y )

�(XSM)B(HSM ! Y )

also possible to consider signal strengths in the (X, Y) theory space:

X = ggF,VBF,WH,ZH, ttH

Y = ��, ZZ, ⌧⌧, ...

[ATLAS-CONF-2013-012]

→ mostly ok (custodial symmetry)

→ ok as long as ttH is poorly probed

• correlations between categories 
already been taken into account
• no need for efficiencies

µ(VBF + VH, ��)

µ(ggF + ttH, ��)
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μ(X, Y) from ATLAS and CMS
now exists for all channels!

[ATLAS-CONF-2013-034]
[CMS-PAS-HIG-13-005]
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(
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reconstructing (μggF+ttH, μVBF+VH)
we want to use the (μggF+ttH, μVBF+VH) information directly.
but how well is this reconstructed from the categories?

from “On the presentation of the LHC Higgs Results”, [arXiv:1307.5865]
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)
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μ(X, Y) from ATLAS and CMS

in order to construct a likelihood, one can:
i) fit a 2D Gaussian using the 68% CL contour for each final state
ii) combine the measurements from ATLAS and CMS final state by final state

[ATLAS-CONF-2013-034]
[CMS-PAS-HIG-13-005]
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μ(X, Y) from ATLAS and CMS

in order to construct a likelihood, one can:
i) fit a 2D Gaussian using the 68% CL contour for each final state
ii) combine the measurements from ATLAS and CMS final state by final state

from “On the presentation of the LHC Higgs Results”, [arXiv:1307.5865]
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combined 2D μ plots – bosonic
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µ̂(ggF + ttH, Y ) µ̂(VBF + VH, Y ) ⇢

�� 0.98± 0.28 1.72± 0.59 �0.38

V V 0.91± 0.16 1.01± 0.49 �0.30

include all results up to the LHCP 2013 conference
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combined 2D μ plots – fermionic
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µ̂(ggF + ttH, Y ) µ̂(VBF + VH, Y ) ⇢

bb̄/⌧⌧ 0.98± 0.63 0.97± 0.32 �0.25

bb̄ �0.23± 2.86 0.97± 0.38 0

⌧⌧ 1.07± 0.71 0.94± 0.65 �0.47

without
Tevatron

include all results up to the LHCP 2013 conference
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χ2 from 2D μ’s

�2
i = ai(µ

ggF
i � µ̂ggF

i )2 + 2bi(µ
ggF
i � µ̂ggF

i )(µVBF
i � µ̂VBF

i ) + ci(µ
VBF
i � µ̂VBF

i )2

where i = ��, V V (⇤), bb̄, ⌧⌧ (or bb̄ = ⌧⌧)
and ggF = (ggF+ttH), VBF = (VBF+VH)

equivalently:

µ̂ggF µ̂VBF a b c

�� 0.98 1.72 14.94 2.69 3.34

V V 0.91 1.01 44.59 4.24 4.58

bb̄/⌧⌧ 0.98 0.97 2.67 1.31 10.12

bb̄ �0.23 0.97 0.12 0 7.06

⌧⌧ 1.07 0.94 2.55 1.31 3.07

can be used to constrain a broad class of New Physics models!
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coupling fits

L = g


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• We first need to specify a Lagrangian. Our choice:

Scaling factors C parametrize deviations from the SM (CU=CD=CV=1 is the SM)

• We compute Cg (for gluon-gluon fusion) and Cγ (for H→γγ) from CU, CD, CV 
and we allow for additional particles in the loop: ΔCg and ΔCγ
→ Cg = Cg + ΔCg and Cγ = Cγ + ΔCγ 

• Total Higgs width: not accessible at the LHC. We consider two cases:
i) only SM Higgs decay modes are open
ii) new decay modes are invisible at the LHC (would be seen as MET)
    (...possibly dark matter!)
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validation with ATLAS and CMS
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[ATLAS-CONF-2013-034]
[CMS-PAS-HIG-13-005]

official our fit

validation with benchmark scenarios of the ATLAS and CMS couplings fits
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invisible decays of the Higgs boson

[ATLAS-CONF-2013-011]

C2
V B(H ! inv.) < 0.65 at 95% CL

see also CMS limit on ZH→ll+invisible [HIG-13-018]

and on VBF→invisible [HIG-13-013]
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invisible decays of the Higgs boson
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SM+ΔCg+ΔCγ+invisible
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B(H ! inv.) < 0.36 at 95% CL
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mainly 
from 

global μ fit

mainly 
from 

searches
for invisible

[arXiv:1302.5694, arXiv:1306.2941]

B(H ! inv.) < 0.29 at 95% CL

http://arxiv.org/abs/arXiv:1302.5694
http://arxiv.org/abs/arXiv:1302.5694
http://arxiv.org/abs/arXiv:1306.2941
http://arxiv.org/abs/arXiv:1306.2941
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invisible decays & dark matter
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Majorana dark matter scalar dark matter

if invisible = dark matter interacting via Higgs:
interplay between direct searches and H→invisible

[arXiv:1302.5694]

BR(H→inv.)

http://arxiv.org/abs/arXiv:1302.5694
http://arxiv.org/abs/arXiv:1302.5694


Göttingen automn school Béranger Dumont October 7, 2013 21

total Higgs decay width
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Inert Doublet Model

new Higgs doublet, odd under a Z2 symmetry (→ no coupling to pairs of SM particles)

H̃ Ã H̃±

(scalar) (pseudoscalar)

only modification to the Higgs couplings: charged Higgs contribution to h→γγ

V = µ2
1|H1|2 + µ2

2|H̃2|2 + �1|H1|4 + �2|H̃2|4 + �3|H1|2|H̃2|2

+�4|H†
1H̃2|2 +

�5

2

⇣
H†

1H̃2

⌘2
+ h.c.

�

4 new particles:

dark matter candidate
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Inert Doublet Model: w/out inv.
V = µ2
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where Higgs measurements matter

mH̃,Ã > mh/2
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Inert Doublet Model: with inv.

mH̃ < mh/2,mÃ > mh/2
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conclusion

• 2D μ’s: powerful and simple way to test a very wide class of models of 
New Physics against Higgs measurements

• even if the observed Higgs is SM-like, lots of implications for New Physics 
scenarios are still to be explored
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Backup slides
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Inert Doublet Model: with inv.
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bonus
[arXiv:1307.1427]



Göttingen automn school Béranger Dumont October 7, 2013 29

bonus
[arXiv:1307.1427]
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bonus
[arXiv:1307.1427]
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2HDM
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2HDM
type I type II


