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1. Introduction 
• Simplified models of dark matter 
•  ATLAS detector  

2. Search for the mediator 
• Dijet resonance 
• Boosted jet searches 
• Summary plot  

3. Search for recoiling DM 
• Jet + MET 
• Higgs decays to invisible  

4. Implications  
• Comparison to direct detection 

Phys. Lett. B 784 (2018) 345 
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http://astro.wsu.edu/worthey/astro/html/lec-darkmatter.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/
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LUX, Panda-X, 
Picasso…

https://sites.stanford.edu/glast/lat-pictures
http://www.xenon1t.org/
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Direct mediator searches:  
dijet (dilepton) resonances

1703.05703, 1810.09420 
(DM working group)

ISR Trigger level 
analysis Jet trigger

Trigger technique 

200 GeV 1 TeV Mmed

Z’

x objects

Jet PT ≳ 250 GeV 
MET ≳ 250 GeV

Photon PT ≳ 150 GeV 
MET ≳ 150 GeV

Weak bosons 
(W/Z)

l+l–

qq̅

Higgs boson
bb̅

γγ

Heavy flavors
b, bb̅

t, tt̅

“x”

q

q̅

χ

χ̅

Z’

mediator→DM

χ

χq

q

e.g., Z′

Add “X”

mediator→DM + X

Look for stable dark matter 
candidate by requiring that the 

system recoil against a visible “x”

A wide range of models for 
different “x”

Z’

https://arxiv.org/pdf/1703.05703.pdf
https://arxiv.org/abs/1810.09420
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Tracker

EM calo

Had. calo

Muon 
chambers

e µ ɣ τ q/g b νBeam PipeATLAS

coarse calorimeter and muon to L1

full calorimeter and muon data to HLT

Hardware trigger (L1): 
select in 2.2 µs

Software trigger (HLT) 
select in  ~0.1 s

100 kHz 

~1 kHz Save to permanent 
storage

to L1

40 MHz
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Among the highest dijet mass event recorded: mjj = 8.12 TeV

pT = 3.79 TeV
pT = 3.79 TeV

The mediator couples 
to quarks, decay back 

to quarks

Transverse view

EM calorimeter  
energy

Hadronic calorimeter  
energy

Tracks

f

fq

q

dijet

mediator→SM

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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Phys. Rev. D 96, 052004 
Phys. Rev. Lett. 121 (2018) 081801
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Large signal on a large background; signature is a ‘bump’

dijet mass

jet pT > 185 GeV jet pT > 440 GeV 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.081801
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Phys. Lett. B 788 (2019) 316
EXOT-2018-05
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q
ΔR = 2mZ’
          PT 

Z’

ISR g/𝛾 Boost the system, sub-structure techniques: 
• 𝜏21 to reduce QCD 
• decorrelated tagger for estimating QCD 
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Flavour inclusive

,-1Data, 79.8 fb
single-photon trigger
Background fit

 x 150σZ’, 
 = 0.1

q
 = 250 GeV, gZ’m

,-1Data, 76.6 fb
combined trigger
Background fit

 x 150σZ’, 
 = 0.1

q
 = 550 GeV, gZ’m

-value = 0.74pBH 

-value = 0.12p 2χ

-value = 0.6pBH 

-value = 0.22p 2χ

(also a photon channel)

dijet mass

Jet mass(compute mass from two jets)

jet pT > 440 GeV 

Trigger using an ISR photon 
• pT > 140 GeV  
• pT > 85 GeV, 2 x jet pT > 50 GeV

https://www.sciencedirect.com/science/article/pii/S037026931830830X
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-05/
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Di-b-jet trigger
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Phys. Rev. D 91, 052007 (2015)

 1−20.3 fb

arXiv: 1801.08769

 1−36.1 fb

ATLAS-CONF-2016-070

 1−15.5 fb

ATLAS-CONF-2016-070

 1−15.5 fb

Phys. Rev. D 98 (2018) 032016

 1−24.3 & 36.1 fb

Phys. Rev. Lett. 121 (2018) 081801

 1−3.6 & 29.7 fb

Eur. Phys. J. C 78 (2018) 565

 1−36.1 fb

Phys. Rev. D 96, 052004 (2017)

 1−37.0 fb

Phys. Rev. D 96, 052004 (2017)

 1−37.0 fb

 PreliminaryATLAS

Axial vector mediator
Dirac DM
mχ = 10TeV ,gχ = 1.0

1− = 13 TeV, 3.6-37.0 fbs

Dijet 8 TeV

Boosted dijet + ISR

)γResolved dijet + ISR (

Resolved dijet + ISR (j)

Dibjet

Dijet TLA

 resonancestt

Dijet

Dijet angular

95% CL upper limits
Observed
Expected

=0.07Z’/mΓ

=0.1Z’/mΓ

=0.15Z’/mΓ

 Ben CarlsonAdditional channels

!9

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/ExoticsPublicResults  

ATLAS-CONF-2018-051

discussed 

Not discussed:  
• ISR when jets not merged   
• Heavy flavor (b-jets, top)

Sensitivity to couplings as small as 0.05 
 Mmed: 100 GeV - 3.5TeV

excluded  
(above the line)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-051/
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Jet

MET

pT = 1.7 TeV

invisible 
(𝞆)

JHEP 01 (2018) 126

Transverse plane 

beam 

Jet recoiling against invisible 

EM calorimeter  
energy

Hadronic calorimeter  
energy

invisible 
(𝞆)

“x”

q

q̅

χ

χ̅

Z’

mediator→DM + X

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/
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JHEP 01 (2018) 126

MET > 250 GeV 
• Easy to trigger 
• Kills QCD 
• Δϕ(j,MET) > 0.4

MET = ETmiss

pT(j1) > 250 GeV

Signal DM

Dominant backgrounds: W→ℓν (lost lepton) and Z→νν 

Lepton veto kills 
• Top (mostly) 
• W→ℓν 

Blue background: 
ℓ is not reconstructed

Njets ≤ 4 Ev
en

ts
 / 

G
eV

 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/
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mediator is
off-shell

mediator is 
on-shell

mono-jet
mono-photon

region
excluded

mono-Z
Assuming no coupling to leptons. If gℓ > 0, 

dilepton searches are sensitive (backup)

gq = 0.25, gℓ = 0, gDM = 1

Vertical band: search for the mediator directly 
Triangular region: MET + X searches

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/ExoticsPublicResults 

ATLAS-CONF-2018-051
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-051/
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Longitudinal view
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Perspective x-y view

Run  280862 
Event 228417606 
Date Oct. 3, 2015  
Time 17:17:46 CET

Emiss
T

Candidate in signal region of H → χχ̅ with two VBF jets (mjj = 3.6 TeV)

= 564 GeV

.
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g
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Recoiling DM 
(𝞆𝞆)

VBF jets 
(Higgs production)

• Mediator is the Higgs boson 
• Signature: Vector boson fusion, large MET  
• Trigger: MET

Δη

EXOT-2016-37  
(Submitted to PLB)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-37/
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N = data 
B = MC W & Z background (similar to jet + MET) 

In addition, electroweak diagrams contribute

one bin in statistical 
treatment 

EXOT-2016-37  
(Submitted to PLB)

Search for invisible 
• Lepton veto  
• MET > 180 GeV 
Utilize features of VBF  
• Jet pT > 80 (50) GeV 
• Δηjj > 4.8 
• Δϕjj < 1.8 (better S/B)  
• Veto on additional jet activity 

with pT > 25 GeV 
• mjj: 1-1.5, 1.5-2.0, > 2.0 TeV

Signal region distribution 

q

q
W

Z
q

q

W W

strongEW

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-37/
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Run 2
V(had)H

Run 2
Z(lep)H

Run 2
VBF

Run 2
Combined
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ATLAS Preliminary

-1 = 8 TeV, 20.3 fbs
-1 = 13 TeV, 36.1 fbs

Observed limit
σ1±Expected limit 
σ2±Expected limit 

s = 7 TeV, 4.7 fb-1

All limits at 95% CL

ATLAS-CONF-2018-054 
ATLAS-CONF-2018-031

Exp: 21% 
Obs: 38%

Exp: 17% 
Obs: 26%

Uncertainties correlated when possible; between Run 1 and 2 generally not correlated 

Fit to visible  
Measurements 

26%

V = W/Z

Z→ℓℓV→qq 
Z→bb

ττ   cc  

1% rest 
(0.2% γγ)

Inv.

21%

gg 
via loop

3%

3%
ZZ*

9%
6%

W

W

b

b

Standard Model 
decay fractions 

SM shrink within meas. 
uncertainty, add invisible

Exp: 28% 
Obs: 37%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-054/
http://cdsweb.cern.ch/record/2629412


 Ben CarlsonDirect detection comparison

!16

1 10 210 310 410
 [GeV]WIMPm

46−10

44−10

42−10

40−10

]2
 [c

m
-n

uc
le

on
W

IM
P

σ
 ATLAS  

-1fb TeV, 36 13  
90% CL results  

 
Higgs portals  
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 Cresst-III 
 Picasso 
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LHC can probe Both sensitive Direct detection

Comparing limits from H→inv to direct detection 
• Assumes: Higgs is the only mediator; one species of dark matter 

Scalar DM, H→inv mH/2 
(off-shell)

neutrino scattering  
(fundamental limitation  

for direct detection)

I added
fermion  DM

Prog. Part. Nucl. Phys. 85 
(2015) 1

EXOT-2016-37  
(Submitted to PLB)

Similar comparisons for Z’ mediator model 

http://www.sciencedirect.com/science/article/pii/S0146641015000460
http://www.sciencedirect.com/science/article/pii/S0146641015000460
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-37/
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1. Discussed  
• Searches for the mediator (dijets) 
• Jet + MET  
• Higgs decays to invisible (VBF) 
• Comparison to direct detection  

2. What’s next  
• More data to analyze! 
• Many results shown use 1/4 recorded data 
• Further improvements: reduce uncertainties, 

new triggers (VBF)  
• ATLAS upgrade preparing for Run 3 

Phys. Lett. B 784 (2018) 345 
credit: CERN

Not discussed: supersymmetry; can also 
provide a DM candidate. Rich set of 
experimental signatures and searches 

http://astro.wsu.edu/worthey/astro/html/lec-darkmatter.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/
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This talk is only about 2015 + 2016 data, L = 36.1 fb-1

The slope dramatically increased 
over the seven years plotted

At the cost of increasing pileup

Relatively low  
(results in this talk) Luminosity leveling  

(next round targeting)

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/LuminosityPublicResultsRun2 

come back to a few specific challenges related to pileup at the end of the talk 

multiple interactions per bunch crossing 
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ATLAS Online Luminosity

 = 7 TeVs2011 pp  
 = 8 TeVs2012 pp  
 = 13 TeVs2015 pp  
 = 13 TeVs2016 pp  
 = 13 TeVs2017 pp  
 = 13 TeVs2018 pp  

Initial 2018 calibration2015

2016

In total, recorded a total integrated luminosity of 149fb-1

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
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b, τ

b, τ

W, Z

W, Z

g

g

q

q
V

V
q

q kX kY

Production X Decay Y

Nobserved signal 

Nexpected signal
µ =

Simultaneous fit of production 
and decay modes 

µ = 1.13 + 0.09
- 0.08

Global signal strength 

ATLAS-CONF-2018-031

http://cdsweb.cern.ch/record/2629412
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ττ   
cc  

1% rest 
(0.2% γγ)

57%

21%

gg 
via loop

3%

3%
ZZ*

9%
6%

W

W

b

b

b, τ

b, τ

W, Z

W, Z

g

g

q

q
V

V
q

q kX kY

Production X Decay Y

k2b·BRbb + k2WW·BRWW +… BRundetected

Fix production Float decays

Simultaneous fit of SM couplings undetected

Input: Standard Model BR 
Fit: k and upper limit on BRundetected 

Assuming: kV < 1 (kW, kZ)

SM Higgs branching fractions 
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Higgs measurements: 
Br(undetected) < 26%

undetected  
<26%SM

BR to SM processes may 
decrease 

Allows for BSM including 
1. Invisible 
2. Not covered by Higgs measurements (4b)   
3. Deviations in SM Higgs searches not yet sensitive (cc)

Hypothetical branching fraction scenario  
allowed by Higgs measurements 

ATLAS-CONF-2018-031

Undetected decays

Allowing for more…

http://cdsweb.cern.ch/record/2629412
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Zeppenfeld, Rainwater, 
PRD 60 (1999) 113004 
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https://arxiv.org/abs/hep-ph/9906218
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• MET > 100 GeV 
• m(jj) > 600 GeV 
• |Δη(jj)| > 3.0 
• 1.8 <  |Δϕ| < 2.7 
• j3 pT: 25-50, j4 pT < 25 GeV

Estimate using data  
Define a dedicated sample, test method 
• Good agreement between prediction and data 

W/Z bkg

QCD falls off rapidly with MET 

ATLAS: 1809.06682  
(Submitted to PLB)
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Uncertainty on the ratio of events in SR/CR

• Theory  
• Renormalization/factorization: 20% before ratio 
• CKKW jet matching uncertainty dominates  

• Experiment  
• Jet scale and resolution: 1-4% in ratio (per term)  
• Total impact of JES significant though (29 terms) 

• MC stats: dominant unc.  
• More on how to address this later  

ATLAS: 1809.06682  
(Submitted to PLB)

Cancelation in the ratio
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Source ΔB/B

Theory 10%

Jet scale 10%

Jet resolution 2%

MC stats 12%

Data stats 21%

ATLAS: 1809.06682  
(Submitted to PLB)

Evaluate relative impact on sensitivity  

Remove from calculation, redo 
sensitivity study

Major gains in sensitivity require systematic uncertainty reduction  
improvement 

Limited size of MC sample 

Extrapolate to higher luminosity
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CMS Run-1 paper on VBF and ZH, EPJC 74 (2014) 2980 
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Table 9 Summary of 95 % CL
upper limits on
σ · B(H → inv)/σSM obtained
from the VBF search, the
combined ZH searches, and the
combination of all three
searches

mH (GeV) Observed (expected) upper limits on σ · B(H → inv)/σSM

VBF ZH VBF+ZH

115 0.63 (0.48) 0.76 (0.72) 0.55 (0.41)

125 0.65 (0.49) 0.81 (0.83) 0.58 (0.44)

135 0.67 (0.50) 1.00 (0.88) 0.63 (0.46)

145 0.69 (0.51) 1.10 (0.95) 0.66 (0.47)

200 0.91 (0.69) – –

300 1.31 (1.04) – –

and summarised in Table 9. Assuming the SM production
cross section and acceptance, the 95 % CL observed upper
limit on the invisible branching fraction for mH = 125 GeV
is 0.58, with an expected limit of 0.44. The correspond-
ing observed (expected) upper limit at 90 % CL is 0.51
(0.38). These limits significantly improve on the indirect
95 % CL limit of B(H → inv) < 0.89 obtained from vis-
ible decays [3].

9 Dark matter interactions

We now interpret the experimental upper limit on B(H →
inv), under the assumption of SM production cross section, in
the context of a Higgs-portal model of DM interactions [7–9].
In these models, a hidden sector can provide viable stable DM
particles with direct renormalizable couplings to the Higgs
sector of the SM. In direct detection experiments, the elastic
interaction between DM and nuclei exchanged through the
Higgs boson results in nuclear recoil which can be reinter-
preted in terms of DM mass, Mχ , and DM-nucleon cross sec-
tion. If the DM candidate has a mass below mH/2, the invisi-
ble Higgs boson decay width, Γinv, can be directly translated
to the spin-independent DM-nucleon elastic cross section,
as follows for scalar (S), vector (V), and fermionic (f) DM,
respectively [8]:

σ SI
S−N = 4Γinv

m3
Hv2β

m4
N f 2

N

(Mχ + mN)2 , (8)

σ SI
V−N =

16Γinv M4
χ

m3
Hv2β(m4

H −4M2
χ m2

H + 12M4
χ )

m4
N f 2

N

(Mχ + m N )2 ,

(9)

σ SI
f−N =

8Γinv M2
χ

m5
Hv2β3

m4
N f 2

N

(Mχ + mN)2 . (10)

Here, mN represents the nucleon mass, taken as the aver-
age of proton and neutron masses, 0.939 GeV, while

√
2v is

the Higgs vacuum expectation value of 246 GeV, and β =√
1 −4M2

χ/mH2. The dimensionless quantity fN [8] param-
eterizes the Higgs-nucleon coupling; we take the central val-
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Fig. 13 Upper limits on the spin-independent DM-nucleon cross sec-
tion σ SI

χ−N in Higgs-portal models, derived for mH = 125 GeV and
B(H → inv) < 0.51 at 90 % CL, as a function of the DM mass. Lim-
its are shown separately for scalar, vector and fermion DM. The solid
lines represent the central value of the Higgs-nucleon coupling, which
enters as a parameter, and is taken from a lattice calculation, while
the dashed and dot-dashed lines represent lower and upper bounds
on this parameter. Other experimental results are shown for com-
parison, from the CRESST [71], XENON10 [72], XENON100 [73],
DAMA/LIBRA [74,75], CoGeNT [76], CDMS II [77], COUPP [78],
LUX [79] Collaborations

ues of fN = 0.326 from a lattice calculation [69], while
we use results from the MILC Collaboration [70] for the
minimum (0.260) and maximum (0.629) values. We convert
the invisible branching fraction to the invisible width using
B(H → inv) = Γinv/(%SM +Γinv), where %SM = 4.07 MeV.

Figure 13 shows upper limits at 90 % CL on the DM-
nucleon cross section as a function of the DM mass, derived
from the experimental upper limit on B(H → inv) for mH =
125 GeV, in the scenarios where the DM candidate is a scalar,
a vector, or a Majorana fermion.

10 Summary

A search for invisible decays of Higgs bosons has been per-
formed, using the vector boson fusion and associated ZH
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Table 9 Summary of 95 % CL
upper limits on
σ · B(H → inv)/σSM obtained
from the VBF search, the
combined ZH searches, and the
combination of all three
searches

mH (GeV) Observed (expected) upper limits on σ · B(H → inv)/σSM

VBF ZH VBF+ZH

115 0.63 (0.48) 0.76 (0.72) 0.55 (0.41)

125 0.65 (0.49) 0.81 (0.83) 0.58 (0.44)

135 0.67 (0.50) 1.00 (0.88) 0.63 (0.46)

145 0.69 (0.51) 1.10 (0.95) 0.66 (0.47)

200 0.91 (0.69) – –

300 1.31 (1.04) – –

and summarised in Table 9. Assuming the SM production
cross section and acceptance, the 95 % CL observed upper
limit on the invisible branching fraction for mH = 125 GeV
is 0.58, with an expected limit of 0.44. The correspond-
ing observed (expected) upper limit at 90 % CL is 0.51
(0.38). These limits significantly improve on the indirect
95 % CL limit of B(H → inv) < 0.89 obtained from vis-
ible decays [3].

9 Dark matter interactions

We now interpret the experimental upper limit on B(H →
inv), under the assumption of SM production cross section, in
the context of a Higgs-portal model of DM interactions [7–9].
In these models, a hidden sector can provide viable stable DM
particles with direct renormalizable couplings to the Higgs
sector of the SM. In direct detection experiments, the elastic
interaction between DM and nuclei exchanged through the
Higgs boson results in nuclear recoil which can be reinter-
preted in terms of DM mass, Mχ , and DM-nucleon cross sec-
tion. If the DM candidate has a mass below mH/2, the invisi-
ble Higgs boson decay width, Γinv, can be directly translated
to the spin-independent DM-nucleon elastic cross section,
as follows for scalar (S), vector (V), and fermionic (f) DM,
respectively [8]:
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S−N = 4Γinv
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Here, mN represents the nucleon mass, taken as the aver-
age of proton and neutron masses, 0.939 GeV, while

√
2v is

the Higgs vacuum expectation value of 246 GeV, and β =√
1 −4M2

χ/mH2. The dimensionless quantity fN [8] param-
eterizes the Higgs-nucleon coupling; we take the central val-
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Fig. 13 Upper limits on the spin-independent DM-nucleon cross sec-
tion σ SI

χ−N in Higgs-portal models, derived for mH = 125 GeV and
B(H → inv) < 0.51 at 90 % CL, as a function of the DM mass. Lim-
its are shown separately for scalar, vector and fermion DM. The solid
lines represent the central value of the Higgs-nucleon coupling, which
enters as a parameter, and is taken from a lattice calculation, while
the dashed and dot-dashed lines represent lower and upper bounds
on this parameter. Other experimental results are shown for com-
parison, from the CRESST [71], XENON10 [72], XENON100 [73],
DAMA/LIBRA [74,75], CoGeNT [76], CDMS II [77], COUPP [78],
LUX [79] Collaborations

ues of fN = 0.326 from a lattice calculation [69], while
we use results from the MILC Collaboration [70] for the
minimum (0.260) and maximum (0.629) values. We convert
the invisible branching fraction to the invisible width using
B(H → inv) = Γinv/(%SM +Γinv), where %SM = 4.07 MeV.

Figure 13 shows upper limits at 90 % CL on the DM-
nucleon cross section as a function of the DM mass, derived
from the experimental upper limit on B(H → inv) for mH =
125 GeV, in the scenarios where the DM candidate is a scalar,
a vector, or a Majorana fermion.

10 Summary

A search for invisible decays of Higgs bosons has been per-
formed, using the vector boson fusion and associated ZH
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Table 9 Summary of 95 % CL
upper limits on
σ · B(H → inv)/σSM obtained
from the VBF search, the
combined ZH searches, and the
combination of all three
searches

mH (GeV) Observed (expected) upper limits on σ · B(H → inv)/σSM

VBF ZH VBF+ZH

115 0.63 (0.48) 0.76 (0.72) 0.55 (0.41)

125 0.65 (0.49) 0.81 (0.83) 0.58 (0.44)

135 0.67 (0.50) 1.00 (0.88) 0.63 (0.46)

145 0.69 (0.51) 1.10 (0.95) 0.66 (0.47)

200 0.91 (0.69) – –

300 1.31 (1.04) – –

and summarised in Table 9. Assuming the SM production
cross section and acceptance, the 95 % CL observed upper
limit on the invisible branching fraction for mH = 125 GeV
is 0.58, with an expected limit of 0.44. The correspond-
ing observed (expected) upper limit at 90 % CL is 0.51
(0.38). These limits significantly improve on the indirect
95 % CL limit of B(H → inv) < 0.89 obtained from vis-
ible decays [3].

9 Dark matter interactions

We now interpret the experimental upper limit on B(H →
inv), under the assumption of SM production cross section, in
the context of a Higgs-portal model of DM interactions [7–9].
In these models, a hidden sector can provide viable stable DM
particles with direct renormalizable couplings to the Higgs
sector of the SM. In direct detection experiments, the elastic
interaction between DM and nuclei exchanged through the
Higgs boson results in nuclear recoil which can be reinter-
preted in terms of DM mass, Mχ , and DM-nucleon cross sec-
tion. If the DM candidate has a mass below mH/2, the invisi-
ble Higgs boson decay width, Γinv, can be directly translated
to the spin-independent DM-nucleon elastic cross section,
as follows for scalar (S), vector (V), and fermionic (f) DM,
respectively [8]:

σ SI
S−N = 4Γinv

m3
Hv2β
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(Mχ + mN)2 , (8)
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Here, mN represents the nucleon mass, taken as the aver-
age of proton and neutron masses, 0.939 GeV, while

√
2v is

the Higgs vacuum expectation value of 246 GeV, and β =√
1 −4M2

χ/mH2. The dimensionless quantity fN [8] param-
eterizes the Higgs-nucleon coupling; we take the central val-
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Fig. 13 Upper limits on the spin-independent DM-nucleon cross sec-
tion σ SI

χ−N in Higgs-portal models, derived for mH = 125 GeV and
B(H → inv) < 0.51 at 90 % CL, as a function of the DM mass. Lim-
its are shown separately for scalar, vector and fermion DM. The solid
lines represent the central value of the Higgs-nucleon coupling, which
enters as a parameter, and is taken from a lattice calculation, while
the dashed and dot-dashed lines represent lower and upper bounds
on this parameter. Other experimental results are shown for com-
parison, from the CRESST [71], XENON10 [72], XENON100 [73],
DAMA/LIBRA [74,75], CoGeNT [76], CDMS II [77], COUPP [78],
LUX [79] Collaborations

ues of fN = 0.326 from a lattice calculation [69], while
we use results from the MILC Collaboration [70] for the
minimum (0.260) and maximum (0.629) values. We convert
the invisible branching fraction to the invisible width using
B(H → inv) = Γinv/(%SM +Γinv), where %SM = 4.07 MeV.

Figure 13 shows upper limits at 90 % CL on the DM-
nucleon cross section as a function of the DM mass, derived
from the experimental upper limit on B(H → inv) for mH =
125 GeV, in the scenarios where the DM candidate is a scalar,
a vector, or a Majorana fermion.

10 Summary

A search for invisible decays of Higgs bosons has been per-
formed, using the vector boson fusion and associated ZH
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M. Hoferichter et al. 1708.02245

https://arxiv.org/pdf/1708.02245.pdf
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arXiv: 1701.08134 arXiv: 1405.3530

Dashed line: simple Higgs portal model  
Grey: exclusion from LUX

Fermion dark matter

As expected, more detailed 
models loosen constrains from 

the benchmark model 
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Summary showing driving channels of sensitivity 
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