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introduction

CMS \s=7TeV,L=51fb"\s=8TeV,L=53fb"’
e .

® The 2012 Higgs discovery at ~125 GeV
is a tremendous first success of the
LHC physics program.
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® The data collected at +/s = 7 and 8 TeV
already provide quite a comprehensive e o1 o 2 el o
picture of the production and decay i
properties of the 125 GeV Higgs boson.
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Physics 2013

® Consequently, the Nobel Prize in Physics 2013
was awarded jointly to Francois Englert and
Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding
of the origin of mass of subatomic particles, and. .
which recently was confirmed [...] by the ATLAS M}
and CMS experiments at the CERN LHC™ o

Frangois Englert ,
Peter W, Higgs
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the Higgs as guide to BSM ?

® However, while the Higgs discovery completes our picture of the SM, it still
leaves many fundamental questions open (naturalness, hierarchy problem)
— new physics beyond the SM at the TeV scale !

® With the absence, so far, of any sign of new physics the Higgs results become
our main guide for where to look for new physics beyond the SM

® This new physics might also provide the
dark matter of the Universe

® [Exciting potential interplay between
LHC and DM searches

® |n BSM theories, the Higgs production
cross sections, decay branching ratios,
kinematic distributions, and even the
number of Higgs particles may differ
from SM predictions — dedicated
interpretation of experimental results
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125 GeV is quite lucky
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® The fact that the Higgs mass is about
125 GeV is quite lucky, as it allows to
observe the Higgs signal in a variety of
channels:

H —~vy, ZZ*, WW?*, 77, bb

® Gives a comprehensive picture already
from the first phase of LHC running.

® |tisa Higgs!

\s=7TeV,L<51fb" \s=8TeV,L<19.6fb"
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this talk

® Motivation
® Higgs signal strengths

- what the experiments publish

- how we use the experimental results

® Global coupling fits

® Constraining invisible Higgs decays

> CLICK TO PLAY
® Interplay with dark matter searches

from PhD comics
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signal strengths:
using the experimental results
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Signal strength (u)

signal strengths

A very convenient way to quantify the
agreement with (or deviations from)
SM expectations is presenting results in
terms of signal strengths relative to SM
U=0/0sMm

Can be used to constrain models that
lead to the same kinematical distributions
as the SM — SM tensor structure

Combined p’s per decay mode are
however not are not sufficient to this end

BSM contributions affect production as

well as decay rates — detailed breakdown
in terms of productionxdecay modes

needed to test SM and BSM.
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signal strengths in “theory space”

decay mode (yy,WW, ZZ, bb, 7, ...)

/ c(X)BR(H —Y)

w(X,Y) =

/ o(Xsm) BR(Hsy — Y)
fundamental production mode ;VZ % ; Wz Wz o o o t,,b
such as gg fusion (ggF),VBF, etc. | NG | 000000 2

(note that u(Y) is not sufficient because BSM contributions
may affect different production modes differently!)

® |n experimental practice, the data related to a single decay mode H—Y are
divided into different categories (or “sub-channels”) I, in order to improve

sensitivity or discrimination among the production mechanisms X.

Example: for yy, these include “untagged”, 2-jet tagged, and lepton tagged categories, designed to be
most sensitive to ggF VBE and VH, respectively.
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using sub-channel information

® The likelihood in terms of p(X,Y) can be approximately recomputed combining
the y? of all categories I using an efficiency-weighted sum:

pr(Y) = w(X,Y)T(I,X)o(Xsm) BR(Hsy — Y)

\

selection efficiencies for each production mode,
normalized to one.

® It is critical that for each of the categories I the selection efficiencies

(and uncertainties thereon) be provided for all production modes.
Unfortunately this is not yet done in a systematic way :-(

® NB important correlations may be missed in this approach, e.g., from
migration of events between categories.
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using sub-channel information

® The likelihood in terms of p(X,Y) can be approximately recomputed combining
the y? of all categories I using an efficiency-weighted sum:

pr(Y) = 3 ulX. Y)a(Xsm BR(Hsw — V)

selection efficiencies for each production mode,
normalized to one.

® It is critical that for each of the categories I the selection efficiencies

(and uncertainties thereon) be provided for all production modes.
Unfortunately this is not yet done in a systematic way :-(

® NB important correlations may be missed in this approach, e.g., from
migration of events between categories.
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T(1,X) ....a good example

Expected signal and estimated background

Event classes

SM Higgs boson expected signal (my=125 GeV)

Oeff FWHM/2.35
Total | ggH  VBF VH ttH (GeV) (GeV)
T | Untagged 0 32| 614% 168% 187% 3.1% 121 1.14
€ | Untagged1 || 16.3 | 87.6% 62% 56% 05% | 126 1.08
16 | Untagged2 || 21.5|913% 44% 39% 0.3% 1.59 1.32
3 | Untagged3 || 32.8 | 913%  44%  41% 02% | 2.47 2.07
B Dijet tag 29 | 268% 725%  0.6% - 1.73 1.57
- Untagged 0 17.0 | 729% 11.6% 12.9%  2.6% 1.36 1.27
2 | Untagged 1 37.8 | 835% 84% 71% 1.0% 1.50 1.59
< | Untagged 2 || 150.2 | 91.6%  45%  3.6%  0.4% 1.77 1.54
> | Untagged3 || 159.9 | 925% 39% 33%  0.3% 2.61 2.14
= | Dijet tight 9.2 | 207% 789% 03%  0.1% 1.79 1.50
| Dijetloose || 11.5 | 47.0% 509% 17%  0.5% 1.87 1.60
Muon tag 14 | 00% 02% 79.0% 20.8% 1.85 1.52
Electron tag 09| 11% 04% 787% 19.8% 1.88 1.54
EX= g 1.7 | 220% 26% 637% 11.7% 1.79 1.64

MET
Electron
Muon

Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0

-10

from CMS-PAS-HIG-13-001 (H—yy, mass-fit MVA analysis)

B CMS preliminary
Vs =7TeV,L=5.1fb"(MVA)

— Vs=8TeV,L=19.6 fb"' (MVA)
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but unfortunately not yet available for all channels from both ATLAS and CMS
(also not for CMS H—yy CiC analysis)

S. Kraml
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u(VBF + VH, )

using sub-channel information

® Reconstruction of 68 and 95% CL contours from sub-channel info (black/grey)
and comparison to official ATLAS/CMS results (blue)

ATLAS yy CMS yy (MVA) CMS ZZ
41+ — 4+ comparison with 8r \ _
— CMS results — \
- N 6 -
3+ S 1N
- - 4F \ -
an an
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1 . w1k . o 0] \ .
a8 M ol -
of 1 Z o 1 = \
comparison with 3 3 -4+ comparison with 7]
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-1 -1F - —6f \ i
-1 0 1 2 3 -1 0 1 2 3 -1 0 1 2 3
p(ggF + ttH, ) w(ggF + ttH, vv) n(ggF + ttH, Z72)

arXiv:1307.5865

® NB important correlations may be missed in this approach. In particular, some
systematic uncertainties lead to migration of events between categories, and
these uncertainties can dominate over the statistical ones.
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u(ggF+ttH) vs u(VBF+VH) plots

® |t has become standard that for each decay mode the experiments present
68% and 95% CL contours in the y(ggF+ttH) versus u(VBF+VH) plane:

VH=WH+ZH
CMS Preliminary ys=7TeV,L<51fb' \s=8TeV,L<19.6fb"
% 10_[ IIIIIII I LI l llllllll ‘ LB l L L I T .l T .l L ] LI ll_‘ § 6 T T 1 | 1 1 l- T T
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X 81— \s=7TeV: t=46-4.8 o =’ I + Ho 77
- i \s=8TeV: [Ldt=13-207f" ]
> B ] 4 H— bb
Lt 6* ] H a
@ - —Hoyy + Standard Model - i
= B —H->22" 54 X Bestfit 7]
4 —H - WW" - viv — 68% CL —
- H— 1 --- 95% CL a B
E 4 2
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0__ i s
B ] ot -
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..4 - | |
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® This is a boon for interpretation studies because the fundamental production
modes are already “unfolded” from the experimental categories.

® Could be extended to other pu(X,Y) vs u(X’,Y’) combinations, e.g. WH, ZH for H—bb
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u(ggF+ttH) vs. uy(VBF+VH): limitations

® u(VBF+VH) assumes custodial symmetry.

® If only 68% and 95% CL contours are given, one first needs to reconstruct the

likelihood. Simplest solution is fitting a 2D Gaussian:
arXiv:1307.5865

ATLAS yy CMS yy (MVA) ATLAS Z2Z
I I I I I I 10 I I |
4t . 4t comparison with comparison with
— — D CMS results gl ATLAS results
'S ' N
c 3r ] c 3r 1T N
aw u -~ 6f -
> o 1 = 2 1 =
+ + 1+ 4r .
~ 1F 1 &= 1Ir 1 =
M aa m o i
Z o 1 o 1 =
mparison with
_1tk CEAOTLpAaS izsults | _1k | = Of |
1 0 1 2 3 ~1 0 1 2 3 0 1 2 3
1(ggF + ttH, v7) p(geF + ttH, v7) u(geF + ttH, Z Z)

Gaussian fits (red/orange contours) to signal strengths in the p(ggF+ttH) vs y(VBF+VH) plane
and comparison to official ATLAS and CMS results (in blue).

In each case, we approximately reconstruct the likelihood by fitting
a bivariate normal distribution to the 68% CL contour given by the collaboration
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arXiv:1307.5865

® |t would be of great advantage to have the full likelihood information in the
u(ggF+ttH) vs p(VBF+VH) plane ... or other relevant planes

\s=7TeV L=5.1fb"

CMS Preliminary \s=8TeV L=19.6fb™
10

l'quH+VH

9

from CMS-PAS-HIG-13-001
(H=y)

P ggH+ttH

® Preferably this information should be directly available in numerical form
(via INSPIRE = DOI — searchable and citable)
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a big step forward

[....] the ATLAS collaboration has taken an important step forward by
making the likelihood function for three key measurements about the Higgs
available to the world dlglta”)’ [K. Cranmer, QuantumDiaries, 12-Sep-2013]

Welcom} to INSPIRE, the High Energy Physics information system. Please direct questions,
commentqor concems to feedback@inspirehep.net.

:: HepNames :: INsTiITuTiONS :: Co\vERENCES :: JoBS :: EXPERIMENTS :: JOURNALS :: HELP

Information I I References (121)| I Citations (1 5)| I Plom

Measurements of Higgs boson\prudu/ction and couplings in diboson final
states with the ATLAS detector at the LHC

ATLAS Collaboration (Georges Aad (Freiburg U.) et al.) Show all 2923 authors

Jul 4, 2013 - 38 pages

CERN-PH-EP-2013-103
e-Print: arXiv:1307.1427 [hep-ex] | PDF
Experiment. CERN-LHC-ATLAS

Abstract: Measurements are presented of production properties and couplings of the
recently discovered Higgs boson using the decays into boson pairs,

H — yy,H - ZZx — 4l and H > WWx — [vlv. The results are based on the
complete pp collision data sample recorded by the ATLAS experiment at the CERN
Large Hadron Collider at centre-of-mass energies of 1/s=7 and 1/5=8 TeV,
corresponding to an integrated luminosity of about 25 fb~'. Evidence for Higgs boson
production through vector-boson fusion is reported. Results of combined fits probing
Higgs boson couplings to fermions and bosons, as well as anomalous contributions to
loop-induced production and decay modes, are presented. All measurements are
consistent with expectations for the Standard Model Higgs boson.
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a big step forward

[....] the ATLAS collaboration has taken an important step forward by making the
likelihood function for three key measurements about the Higgs available to the
world dlglta”)’ [K. Cranmer, QuantumDiaries, 12-Sep-2013]

— INSPIRE

Data from Figure 7 from: Measurements of Higgs boson
production and couplings in diboson final states with the
ATLAS detector at the LHC

ATLAS Collaboration (Aad, Georges (Freiburg U.) [...]) Show all 2923 authors

Cite as: ATLAS Collaboration (2013 ) HepData,
http://doi.org/10.7484/INSPIREHEP.DATA.A78C.HK44

Description: -2 log Likelihood for the H — yy channel in the (u_ggF+ttH * B/BSM, y_VBF+VH *

B/BSM) plane for a Higgs boson mass mH = 125.5 GeV. Figu re/
" " % 1O_I""I“"I ? Vatiotee] Datiladl [ | B
Preview not available e s ATLAS
s - Vs=7TeV [Ldt=4648M" -
Note: * Temporary entry * T 8__ \s=8TeV ‘[Ldt =20.7 fb -
i - §
a . . —H
This dataset complements the following publication: = © : ™ S LT
Measurements of Higgs boson production and couplings in diboson final states wil B e iaWN b 5
ATLAS detector at the LHC 41— + Standard Model |
x Bestfit
Record created 2013-09-11, last modified 2013-09-11 5 Ty
o~ =
_2 ............ | |
3 35 4
Mogees X BB
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a big step forward

[....] the ATLAS collaboration has taken an important step forward by making the
likelihood function for three key measurements about the Higgs available to the
world dlglta”)’ [K. Cranmer, QuantumDiaries, 12-Sep-2013]

] ] INSPIRE

Data from Figure 7 from: Measurements of Higgs boson
production and couplings in diboson final states with the
ATLAS detector at the LHC

ATLAS Collaboration (Aad, Georges (Freiburg U.) [...]) Show all 2923 authors

Cite as: ATLAS Collaboration (2013 ) HepData, . .
@ioquOM&UINSPREHEP.DATAA?B@ e Cite thIS!

Description: -2 log Likelihood for the H — yy channel in the (u_ggF+itH * B/BSM, u_VBF+VH *

B/BSM) plane for a Higgs boson mass mH = 125.5 GeV. Figu re/
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i
: - . . a ~—H~'"‘{
This dataset complements the following publication: = —Hozz 4
Measurements of Higgs boson production and couplings in diboson final states wi N g
ATLAS detector at the LHC + Standard Model |
x Bestfit
Record created 2013-09-11, last modified 2013-09-11 Ty
............ | l
3 35 4
Mograun X B/Bsu
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combined signal strengths



arXiv:1306.294 |

Combining ATLAS, CMS and Tevatron results

Fitting 2D Gaussians to the 68% CL contours from the experiments, we construct
a combined likelihood in the (ggF+ttH,VBF+VH) plane for each final state:

4_ -
< af :
T
> 2r §
-+ —~
= | \ <
Z of . ,
ST comparison with m
_qk ATLAS results | >
-1 0 1 2 3 +
p(ggF + ttH, v7) s
an
=
I I I N——"
4+ comparison with - / 3
—_ g, CMS results
— 3r .
> o B :
+
~ 1 7
m
Z of 1
3
1t -
-1 0 1 2 3
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w(VBF + VH, y7)

Combined y’s

-1 L L L _ 1 : 1 _ 1 : 1
0 1 2 1o 0.5 1 1.5 2 % 0 2 4
p(geF + ttH, vy) 1(ggF + ttH, VV) 1(ggF + ttH, 77)

f(gegF +ttH) | 4(VBF + VH) p
-~ 0.98 £ 0.28 1.72 £ 0.59 | —0.38
Vv 0.91 =0.16 1.01 £ 0.49 —0.30
bb/TT 0.98 £0.63 0.97 4+ 0.32 —0.25
TT 1.07 £0.71 0.94 + 0.65 —0.47
bb —0.23 = 2.86 0.97 £0.38 0

Agrees frustratingly well with SM :-(
but, there’s still room for sizable deviations ...
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global fits



arXiv:1306.294 |

Coupling Fits

Need to specify the Lagrangian

tt — Cp bb—CD TT| H .

L=ql|Cy Myw,w
g[ V( wWuWs QMW 2MW 2MW

Z Z“) — Cpy
cOS 6’W

C’s scale couplings relative to SM ones; Cy=Cp=Cv=1 is SM.

Couplings to gluons and photons: we compute C_g and Ey from Cuy, Cp, Cy;
we also allow additional Ioop contributions AC; and ACy from new particles

Calculation of 0%BR following the recommendations of the LHC Higgs Cross
Section Working Group, arXiv:1209.0040

Fit includes ATLAS, CMS and Tevatron results from Moriond and LHCP 201 3.

NB when relevant we also include searches for S 5 — Observea -
. . ° ° 7: ----- xpece
invisible decays. In particular ATLAS ZH—II+MET ol -

: : o \ S iy
gives B(inv)<0.65 at 95% CL. :, ; ) B :
p H . X 3E \s=8TeV, [ Ldt=13.0fb" E
’ % " ATLAS-CONF-2013-01 |
] I* 0: """" i

| - L L | P -
0 0.2 0.4 0.6 0.8 1
BR(H-inv)
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AC,, ACy Fit

end of 2012 (with YY excess)

Cu=Cp=Cyv=1I
NOW
0.41 w/o invisible E allowing invisible decays
decays ! /
0.2_ \ : \\ 7
O - \ --------
-0.2f | .
~0.4f 5 -
~1 -0.5 0 0.5 1
AC,

Best fit now AC; = -0.06, ACy = 0.13
¥ *min/dof = 0.84 (SM: 0.82)

plots show 68%, 95% and 99.7% CL contours

1 . ,
0.5f : .
RN | o
’ @
-0.5F 5 -
—1 | : |
-1 -0.5 0 0.5 1
AC,
SM was more than 20 away
from best fit
S.Kraml
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Cu, Cp, Cv Fit (ACg=ACy=0)

2 I I I
5 Cu<I disfavored by our fit
1.5¢ ! - . C :
: (sign ambiguity in Cp remains)
-
O I 74y B T —
;ﬁ‘, oF- ATLAS Preliminary [iyoe] =
< F 1s=7TeV,|Ldt=4.6-481" —Qpserved 1
b 8? 1s=8TeV,[Ldt=1320.7fb"  -- SM expected
1 7F
0.5_ : m 6%
, 5
:
| | | 3E
% 0.5 1 1.5 2 af
CD 1E
07
2 I I I
1.5 E :

0.0

0.5 o .,

-1.0

-1.5

— room for models

with higher H rep’s 201
|

1.5 2

:
C
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Comparison with ATLAS and CMS coupling fits

ATLAS/CMS individually combined fit
1.6 . , . 1.6 l , .
14 CMS E ATLAS 14k E |
1.2 ] '
o1

0.6

0.6.

12 1.4

0'6.6 018 C1'
|4

solid contours:

official results dashed: our fit applicable, e.g., to 2HDM type-| or

Georgi-Machacek triplet Higgs model
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constraining invisible decays

FT T~ T T T T T T
g~ — Observed
v4 Expected

6

ATLAS Preliminary
S ZH-lI(inv)
4 \'s=TTeV, [ Ldt=4.7fb"
3 \s=8TeV, [ Ldt=13.0fb™
2
1
0

.ATUAS-CONF-2013-01 | -

:ll ------ T S SR TR NN SR ST R NN S xl:

1 l 1 1
0 0.2 0.4 0.6 0.8 1
BR(H-sinv)



invisible decays

SM-invisible
B(H — inv.) < 0.19 at 95% CL

Cvu + Cp + (Cy < 1)+invisible
B(H — inv.) < 0.24 at 95% CL

— SM+AC, + AC, +invisible
B(H — inv.) < 0.29 at 95% CL

\ Cuy + Cp + Cy+invisible
B(H — inv.) < 0.36 at 95% CL

0.6 Cu + Cp + Cy + AC, + AC, +invisible
B(H — inv.) < 0.38 at 95% CL

B(H — invisible)

S.Kraml New Perspectives in Dark Matter, Lyon, 22-25 Oct 2013 26



invisible decays

. SM-+invisible

B(H — inv.) < 0.19 at 95% CL |
§ mainly
Cvu + Cp + (Cy < 1)+invisible from
B(H — inv.) < 0.24 at 95% CL | 8L°zj'
~ SM+AC,; + AC, +invisible _;
| B(H — inv.) <0.29 at 95% CL |
(L 1~ Cu + Cp + Cy+invisible
SN B(H — inv.) < 0.36 at 95% CL
0.4 0.6 Cu+Cp+Cy + ACg + AC'7+invisible

B(H — invisible) B(H — inv.) < 0.38 at 95% CL
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invisible decays

. SM-+invisible

B(H — inv.) < 0.19 at 95% CL |
§ mainly
Cy +Cp + (Cy < 1)+invisible | from
B(H — inv.) < 0.24 at 95% CL | 80
~ SM+AC,; + AC, +invisible ~_j
| B(H —inv.) <0.29 at 95% CL |
(7 T~ Cu + Cp + Cy+invisible
P2 N B(H — inv.) < 0.36 at 95% CL
0.4 0.6 Cu + Cp + Cy + AC, + AC, +invisible

B(H — invisible) B(H — inv.) < 0.38 at 95% CL

constrained by searches for invisible H
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unseen decays

0.6

In principle all the Higgs production*decay
rates can be kept fixed by scaling up the
C’s while adding a new, unseen decay mode
with branching ratio Bnew.

For C=Cy=Cp=Cy: C2= I/(I'Bnew)

D. Zeppenfeld et al, hep-ph/0002036
A. Djouadi et al, hep-ph/0002258
M. Duhrssen et al, hep-ph/0406323

This gives a flat direction in Cy, Cp, Cv.
For Cv=<1| however, we can still get a strong
constraint on Bhew similar to the case of

invisible decays. At 95% CL:

i) Brnew < 0.21 for a SM Higgs with allowance for unseen decays;
1) Bpew < 0.31 for Cy, Cp free, Cy <1 and AC, = AC, = 0; and
141) Bpew < 0.39 for Cy = Cp = Cy =1 but AC,, AC, # 0 allowed for.

10 —
8_ »/",‘ /—
’ ¥
i f,
6r CV,<_| ‘,./ .
| N A e ARREEEEE
P
2 _/‘/ 44'” Cg, ACY#O
¥¥¥“j.4¢ ,,,,,,,,,,,,,,,
% 0.2 0.4
B(H — undetected)
S. Kraml
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total width

no invisible/unseen decays including invisible decays

dotted: Cy, Cp, Cv=<|
dashed: Cy, Cp, Cv
solid: Cy, Cp, Cy, ACg, ACy
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limits from monojet searches



monojet searches

® Truly invisible Higgs decays can also be probed at the LHC in monojet searches
in the ggF mode where a gluon is radiated from the initial state, or in VBF when
one of the jets is missed.

® The sensitivity can be phrased in terms of limits on

X — H)B(H — invisible)
OSM (X — H)

Rinv(X) - 0(

® Re-interpretation of the CMS monojet analysis at 7 TeV and 4.7 fb™/,
assuming relative contributions from ggF and VBF to be the same as in the SM

gives Riv = 2/3 Ry (ggF) —+ 1/3 Ry (VBF) < 1.3 at 95% CL.
® The projection for |5 fb"! at 8 TeV gives R;,, < 0.9

® Assuming only one production channel: Rin(ggF) < 1.9 or Rinv(VBF) < 4.3.

[Djouadi, Falkowski, Mambrini, Quevillon, arXiv:1205.3169]
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monojet limits vs. global fit results

95% CL 7 TeV monojet limit from CMS

0.6 /

A

o
~
|

— projected 95% CL limit
for 8 TeV and |5 fb"!

O
W
I

B(H — invisible
O
=

o
—h
I

OO

fit of Cy, Cp, Cv=I|
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evolution of precision

(slide | of 2)

end of 2012
1 0.6
0.8} =057
— o
= 'm 0.4
N o r—
‘= 0.6 -
S
= = 0.3f
T 0.4f T
S 50.2-
0.2 0.}
OO OO
fit of Cy, Cp, Cv=I|
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evolution of precision

(slide 2 of 2)
end of 2012 now
1 I 3 | 06 | I |
2081 G| “x \
o ' o ! SL
= : ‘m 0.4 : N
5 ! £ 03l N
T 0.4t 1
T x 0.2 -
Q 0.2 Q gl |
O O | |
0 1 2 3 0 0.5 1 1.5 2
Cg Cg

fit of AC; and ACy; Cuy=Cp=Cy=1I
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interplay with dark matter



Higgs portal

® Real scalar, vector or majorana
fermion dark matter

ALs = —%mQSSQ — i/\ss‘* = i/\hSSH*HSQ ,

ALy = %m%VuV‘H—l/\V(V V“)Q—I—l/\hvaTHVuV“,

1
ALy = ——msXX —

1 Angy
I HTHY
5 XX -

4 A

® spin-independent DM-nucleon
scattering cross section

Kanemura, Matsumoto, Nabeshima, Okada,
arXiv:1005.565|

® annihilation cross section into light

fermions
(08 ) = A SS™ferm !
form 7 160 (AM2—m2)2"°
(O’V 2 ) _ )‘%VV777“%erm 1
ferm “r 487 (4ME —m3 )2
2 . 2 2
(otr) = 227 em Mp ok
erm 327 A2 (4]\1}2 —m2)2’

® Higgs decay width into DM particles

inv

h—SS —

inv
h—VV —

inv
F h—xx —

)\}21551}2,88
647rmh
Iz 2 1
256 My, my my,
A2 £t "02777,}1,5?
32mwA2 ’

all depend on the same coupling: Anss, Anvv or Angx

) Mhss my fx
S=N 167m} (Mg + my)?
oSI vy my fx
V=N 16mmt (My + my)?
JSIN /\%ff 771}1\,]\,-{}%]012\,
! 47rA2m;1L (Mys+ mpn)?
S. Kraml
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Higgs portal

® Real scalar, vector or majorana
fermion dark matter

ALs = —%mQSSQ — i/\ss“ = i/\hSSH*HS2 ,

ALy = %m%,vuvuhv(v V“)Q—I—l/\hVVHTHVuV“,

1
ALy = ——msXX —

]. )\hff
T gtHy
5 XX -

4 A

® spin-independent DM-nucleon
scattering cross section

2 4 £2
s Ahss my Iy

75N = 167 (Ms +mpy)?
oSI Ay my fi

VN 167m} (My + my)?
O'f N —

ArA2mi (My 4+ my)?

Kanemura, Matsumoto, Nabeshima, Okada,
arXiv:1005.565|

® annihilation cross section into light
fermions

S
<0ferm ’Ur>

|4
<afermvr> -

( f

O fermUr ) =

2 2
L AhssMferm 1

- ~~—167 (AMZ —m3)2
ARVV Morm 1
A8 (4ME —m3 )2
)\;?l f fm?erm ]\[f2 v2

32 A% (4M37 —mj)? "

® Higgs decay width into DM particles

inv

@55

h=S5 = Sesqrmp,

: \2 2ms3 M2 M3E

inv__ _ 2hVVY mp Py 1 — V19V

Lt A4 256 M {4, m,% m;ll
pin Nty

h—xx — 32mA2 ’

all depend on the same coupling: Anss, Anvv or Angx

S. Kraml
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® Real scalar, vector or majorana

Higgs portal

Kanemura, Matsumoto, Nabeshima, Okada,

arXiv:1005.565|

® annihilation cross section into light

fermion dark matter fermions
Scalar Dark Matter 2 1
ALc — 1 2S2 1)\ 1 ferm ,
§= T5Ms2 = N G (AMZ — m3 )2
1 1 L2 1
ALy = — QVV“ -1 N ferm
V=TIV TS : 8t (AME —m3)? "’
1 1\ & 3 =
ALy = ——myxx — -~ & L 5 e M7 v?
2 4 17 | ,\! 1 P A2 (4]\Jf2 —m32)?’
C S ‘ ‘]‘HO$ |
o LHC || e
S 1072 = Pl .
® spin-independd 2 = 4 | width into DM particles
scattering cros| & Z
O 103 - _
|81 e
) £ = ;
S—-N = 1;11 B | m,=120Gev | ["Tth
B _ 2.3
SI )‘%VV 10—4 L L Ll L VU nlhBV (1 AIV n 12A[V>
o — VY | = T4 2
2 3
- M s Dark Matter Mass (GeV) VT
7f-N = ArA2mi (My 4+ my)? A 3212
all depend on the same coupling: Anss, Anvy Or Anyx
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Higgs portal dark matter

Djouadi, Lebedev, Mambrini, Quevillon
arXiv:1112.3299

SCALAR

3l

VECTOR

"V XENONLUP

XENONIT ]

FERMION

s
10)

correct relic density

m
=== Br =10%

WAIAP 10
10" i 1 i S0) 100} 150) 2000

S0 1(x) 150) 2000

M, (GeV) M, (GeV)

® [f DM is light enough to contribute to invisible Higgs decays, i.e. mpM<mp/2,
it can only be a thermal relic if there are additional light particles present

: !
with masses below a few 100 GeV ! Greljo, Julio, Kamenik, Smith, Zupan

arXiv:1309356|
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BRiv versus g

without Qh? requirement

majorana fermion

real scalar

1 0—42§ | | | | § 1 0—42 :
107%%
- E\ XENON100 .
g =
210 =
N N
5 5 _
107 107
46| A ' _46|
1 O 1 1 1 1 1 O
10120 30 40 50 60 10
m, (GeV)
BR(H—invisible)
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conclusions






The current LHC results already

give a very coherent picture of the
125 GeV Higgs boson

At the moment everything looks
very SM-like, but there is still room
for new physics contributions,
including invisible Higgs decays into
dark matter

Interesting potential interplay with
dark matter searches

Both Higgs and DM promise an
exciting way ahead .... hopefully to
new unmapped territory
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sz

testing custodial symmetry

Fit to ATLAS and CMS results as in arXiv:1306.2941 but taking Cw and Cz as

independent parameters. Cwz = Cw / Cz

—
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7L

6k 4
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0.6 0.8

Cy,Cob>0

T
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Cz

Best fit: Cz=1.1, Cw=0.98

[internship Jeremy Bernon]
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arXiv:1307.5865

On the presentation of the LHC Higgs results

F. Boudjema, G. Cacciapaglia, K. Cranmer, G. Dissertori,A. Deandrea,

G. Drieu la Rochelle, B. Dumont, U. Ellwanger; A. Falkowski, J. Galloway,
R.M. Godbole, J.F Gunion, A. Korytoy, S. Kraml, H.B. Prosper,V. Sanz, S. Sekmen

Abstract:
We put forth conclusions and suggestions regarding the presentation of
the LHC Higgs results that may help to maximize their impact and their
utility to the whole High Energy Physics community.

Conclusions and suggestions from the workshops
“Likelihoods for the LHC Searches”, 21-23 Jan 2013 at CERN,
“Implications of the 125 GeV Higgs Boson”, 18-22 March 2013 at LPSC Grenoble,
and from the 2013 Les Houches “Physics at TeV Colliders” workshop.
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signal strengths beyond 2D

® Eventually, we want to test ggF, ttH,VBF, ZH and WH separately, which means
that we need a more detailed break down of the channels beyond 2D plots.

® The optimum would of course be to have the full statistical model available
— RooFit workspaces !

® \What we would like to advocate (as a compromise) is that for each final state Y the
experiments give the signal strength likelihood in the 6D form

[,(mH, HeoFy UttHs UVBF, UZH, MWH)

® This way, a significant step could be taken towards a more precise fit in the
context of a given BSM theory.

® The likelihood could be communicated either as a standalone computer library
or as a large grid data file.

® Open point: final state correlations — covariance matrix !
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