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So we want to search for this… 

• Low MET: Looking at NMSSM cascades ending in

NLSP ! Higgs + LSP

Higgs ! bb̄ (jets)

• Looking at p p --> squarks, gluinos in initial state. 

• Want to turn this into experimental analysis.
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• Fig. 1: The CMS detector
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• Fig. 2: Oversized novelty version for 
outreach purposes
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Simulation Tools 

• Generate mass spectrum from Lagrangian parameters using 
NMSSMTools.

• Cross-sections from Prospino at NLO.

• Compute diagrams and matrix elements using MADGraph.

• Decay/shower particles using Pythia 8.

• Simulate the detector measurements using Delphes.
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Simulation 
• Benchmark points: (From Arxiv:1412.6394)

4

parameter card input for Pythia.

After generating events and allowing Pythia to perform
jet matching we obtain the following cross-sections for
the signal processes in [4], noting the sparticle masses in
these benchmark points:

Mq̃ [GeV] Mg̃ [GeV] M
t̃
or M

b̃
[GeV] � [pb]

P1 1000 1010 decoupled ⇠ 1.362
P2 1400 1410 decoupled ⇠ 0.1377
P3 1100 900 decoupled ⇠ 2.312
P4 1500 1300 decoupled ⇠ 0.2018
P5 1400 1410 M

t̃
= 750 ⇠ 0.1378

P6 1100 1110 M
b̃
= 750 ⇠ 0.737

P7 1500 1300 M
t̃
= 750 ⇠ 0.202

P8 1400 1200 M
b̃
= 750 ⇠ 0.3577

B. Detector-Level Simulation and Analysis

Following the decays we wish to obtain an output
resembling the form we might expect to see from a real
life detector. Software such as Geant4 would be capable
of modelling the CMS detector down to an individual
copper wire, however this simulation would be extremely
resource-hungry. Thus we use DELPHES which takes a
less meticulous but much quicker approach by modelling
the detector sensitivity for various particles, jets and
momentum ranges.

This gives us a final .root file which we may analyse
using CERN’s ROOT analysis software. Given this data
we then use ROOTCuts [5], original C++ code which
utilises ROOT and DELPHES libraries to perform
user-specified cuts on the data in order to isolate regions
of interest in the signal. Thus we may find signal regions
distinct from the data from Standard Model background
processes.

The cuts performed on the signal and background sim-
ulation data are described as follows:

• First we require four hard jets with transverse mo-
mentum greater than 400, 300, 200, 100GeV re-
spectively.

• We also require four b-tags, although possible draw-
backs with this approach will be discussed.

• Each b-tagged jet must also have PT > 40GeV.

• We only allow events with MET > 30GeV in or-
der to reduce background contamination from jet
mismeasurement.

• To focus on the region around the 125GeV Higgs
mass we ask for M

invariant

bb
2 [60, 160]GeV, although

of course this will be di↵erent when seeking a light
scalar Higgs.

The four hard jets requirement helps to cut out a
vast amount of the background processes which do not
contain as many hard jets whilst allowing most of the
signal to pass. This is due to a characteristic of SUSY
cascades, which is that a number of hard jets stem from
each decay step, for example q̃ ! g̃ + q.

These cuts are similar to those applied in [4], adjusted
to suit a bbbb final state rather than a bb⌧⌧ final state.
However, we now have at least four b-jets within which
to find two bb̄ pairs in order to calculate the invariant
mass.

Two possible approaches here both involve comparing
the possible pairings by looping over the b-tagged jets
for events which pass the other cuts. The first method
then compared the �R between each jet in each pair to
find the smallest average �R between the two pairs. We
define �R as follows,

�R =
p
(�⌘)2 + (��)2 (6)

where ⌘ is the pseudorapidity and � the angle in the
transverse plane of the detector.

The other method, which is used in the analysis in the
following sections, is to find the two b-jet pairs whose
invariant masses are closest to each other, since we are
seeking the case where one bb̄ pair originated from each
Higgs.

V. SIMULATION RESULTS

In this section we present results for simulations of
SUSY cascades ending in a bbbb + 2LSP (invisible) final
state. In particular the results using the same mass
spectrum as Benchmark Point 4 in [4] are examined,
using the author’s analysis and cuts.

In this benchmark, shown in the table, we see that
gluinos are in fact lighter than squarks. Here we have
that left-handed squarks decay 100% into their cor-
responding quark and a gluino, whereas right-handed
squarks decay only 70% into their corresponding quark
and a gluino. This leaves a branching ratio of 30% for a
right-handed squark to decay straight into a quark and
a bino-like NLSP. Thus we have

BR(q̃L ! qg̃) = 100%

BR(q̃R ! qg̃) = 70%

BR(q̃R ! q�
0

2
) = 30%

A possible decay cascade is shown in the diagram below:
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Cut & Count Analysis 

• Compare with existing analysis (CMS-SUS-16-038 @ 36.3fb-1) for now to try to 
find regions of parameter space invisible to current searches.

• Calculate strength parameters at 95%CL for where our signal can realistically 

sneak in under the radar.

• Depending on the shape of the resulting plots we can then see whether the 
efficiency of the cuts or the cross-section dominates.

9



Cut & Count Analysis 

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

• >1200GeV HT

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

• >1200GeV HT

• >200GeV MHT

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

• >1200GeV HT

• >200GeV MHT

• Biased Delta Phi > 0.5

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

• >1200GeV HT

• >200GeV MHT

• Biased Delta Phi > 0.5

• == 2, == 3 b-jets (separate categories, will look at both).

10



Cut & Count Analysis 
• Applying same cuts as per high-HT, many jets & b-jets regions in CMS SUS-16-038:

• >=6 jets, jets each require >40GeV PT

• >1200GeV HT

• >200GeV MHT

• Biased Delta Phi > 0.5

• == 2, == 3 b-jets (separate categories, will look at both).

• Luminosity = 36.3fb-1 @ 13TeV
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Signal Properties 
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• Large number of jets, 2-3 bottom quark jets on average.

• B-jets from Higgs boson decays very close in angular 
separation for light LSP, could make resolving as 
separate jets difficult.



Conclusions and the Plan Going 
Forward 

• Cross-section seems dominant over current searches: Low SUSY mass 
gives too high cross-section despite the efficiencies of the cuts. 

• However we see the limits are less harsh for very light LSP. 

• This region we would like to explore further. 

• Current searches not so well equipped to look at low-MET final states, 
so in the lower cross-section areas we should expect to see a drop in 
sensitivity. 

• Heavy squarks and light LSP means very boosted topologies, can be 
tricky!
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Conclusions and the Plan Going 
Forward 

• Want to explore low-sensitivity region with light-LSP.

• Boosted b-jets: CMS boosted double-b tagger could be used.

• Preliminary approach shows QCD bkg reduced a lot by asking for hard AK4 jets plus 
2 AK8 boosted double-b-tagged jets.

• Could just require one boosted double-b-tagged jet to increase statistics.

• Looking at new regions —> Need to consider the (dominant) background processes 
there.

• QCD will, in reality, be a large background due to enormous cross-section.

• Bit of a pain to generate high N_jet QCD, but for experimental analysis there are 
central CMS samples.
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Thanks! 
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