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WIMP paradigm has been the primary motivator for 
current dark matter program at LHC 

• simplified models for supersymmetry

• effective theory of dark matter interactions

Typically, LHC dark matter searches are cast in terms of 

Important to consider other well-motivated dark matter 
scenarios to ensure that all possibilities are fully explored
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Anatomy of a Signal

quantumdiaries.org

Z 0

q

q̄

�1

�̄1



Anatomy of a Signal

quantumdiaries.org

Z 0

q

q̄
�̄1

�1

stable mesons

unstable mesons



Z 0

q

q̄

q

q
q

q

q

q

q

q̄

q̄

q̄

q̄

q̄

q̄q̄

Anatomy of a Signal

quantumdiaries.org

�̄1

�1

stable mesons

unstable mesons



Anatomy of a Signal

quantumdiaries.org

Z 0

q

q̄

q

q
q

q

q

q

q

q̄

q̄

q̄

q̄

q̄

q̄q̄

�̄1

�1

stable mesons

unstable mesons



Simplified Model Approach

Seemingly infinite possibilities for the dark sector

At first glance, may seem impossible to develop a systematic 
search strategy to scan relevant parameter space

However, many of the details of the dark sector spectrum are not  
relevant for quantities measured in the detector

Focus on dark sector parameters that are most 
important for observable quantities



Parametrization
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FIG. 2: Mass distributions for the benchmark model in Table I, for various ↵d and rinv. Mjj is the mass of the two large
reclustered jets, MT the transverse mass, and Mmc the reconstructed Z0 mass using all the dark-matter particles in the Monte
Carlo. The ⌘�� lego plots show the corresponding energy deposition in the detector. Red circles indicate visible SM hadrons,
while the grey circles indicate undetected stable mesons. The crosses indicate the position of anti-kT R = 0.5 jets. The relative
size of each circle and cross is set by the

p
pT of the object.

the mass parameters. As a result, fewer stable mesons
are produced when M2

2 � M2
1 > ⇤2

d. This decreases the
value of rinv below 0.5. To increase rinv above 0.5, one
can increase the number of flavors Nf , thereby enlarg-
ing the number of stable mesons by Nf (Nf � 1), while
only increasing the number of unstable mesons by Nf .
Clearly, rinv can take on any value between (0, 1).

Table I summarizes the five parameters that are most
relevant for semi-visible jet observables. Three are sensi-
tive to the details of the dark sector: the running dark-
sector gauge coupling ↵d(1 TeV), rinv, and the mass scale
for the dark mesons Md. Note that by only including
one value of Md, we are assuming that the LHC will
be insensitive to the dark spectrum mass splittings, i.e.,
MZ0 � ⇤d. Additionally, there are two portal parame-
ters: the production cross section times branching ratio

description benchmark

� ⇥ Br cross section ⇥ branching ratio 80 fb

MZ0 Z0 pole mass 3 TeV

Md dark hadron mass scale 20 GeV

↵d(1 TeV) running dark coupling 0.2

rinv ratio of stable to unstable 0.3

TABLE I: Parametrization for semi-visible jet search.

into the dark sector � ⇥ Br, and the mass of the Z 0.
To perform a detailed collider study, uū, dd̄ ! Z 0 !

�† � events were simulated for the 14 TeV LHC using
PYTHIA8 [38] using the default CTEQ6 parton distribution
functions. The dark-sector shower was simulated using
the Hidden Valley Pythia module [28, 29], modified to
include the running of ↵d as was done for [33], with sub-
sequent hadronization into mesons with mass Md. Each
meson had a probability rinv to be a dark-matter par-
ticle. The non-dark-matter particles could decay to all
four light quarks with equal probability. The possible
decays of dark baryons/mesons into each other were ne-
glected. The resulting particles were processed through
DELPHES3, with the default CMS settings [39], including
particle flow.
Anti-kT R = 0.5 jets [40] were constructed and

then reclustered into two large jets [41] using the Cam-
bridge/Achen (CA) algorithm [42] with R = 1.1. One
could perform a resonance search using the invariant
mass M2

jj = (p1 + p2)2, where p1,2 are the momenta of
the two final large jets j1,2. However, the Mjj variable
degrades when there are a significant number of dark-
matter particles. A variable that incorporates the miss-
ing momentum is the transverse mass:

M2
T = M2

jj + 2
⇣q

M2
jj + p2Tjj �ET � ~pTjj · �~ET

⌘
. (4)

In a detector with perfect resolution, Mjj  MT  MZ0 .
Figure 2 shows the distribution of Mjj ,MT and Mmc af-
ter event selection. Mmc is the reconstructed MZ0 com-
puted from all the reclustered jets and truth-level dark-
matter four-vectors. MT can yield a narrower, more
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Use of transverse mass effectively turns this search into a 
 massive resonance bump hunt

Bump Hunt
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