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Full model

Recently, ATLAS/CMS present their results in simplified models.

• Full model limit is very different from simplified model limit. 
• We need tools to re-interpret the results in an arbitrary model.

CheckMate, MA5, SModelS, SUSY-AI, XQCAT, RECAST, …
…, Atom, Fastlim



In nutshell 

Atom Fastlim
general event analyser fast limit calculator

What can 
one do with 

it?

• test models
≒ CheckMate, MA5

• simulate/study detector 
effects

• plotting, distributions
• design analyses

• test models without MC 
simulation

• study relevant 
topologies of the model

(σBr)i for all i

Method Mote Carlo Database

Input
Event file, Cross-sections

hepmc, hep, …
Model file
SLHA file, …

Very GenericPros Easy and Fast



Atom

Feature of Atom
• Atom is forked from Rivet

- Rivet commands can be used in Atom 
- Rivet analyses can run in Atom

• Detector effects are simulated.

• Analyses helper
- can invoke observables: mT2, Razor, αT, sphericity, …  
- can deal with weighted events 
- plotting 
- analyses validation helper 
- dumping detector objects (jet, leptons, met, ..) for later use 
- …  



Atom

Detector simulation

Transfer functions

Transverse sphericity and effective mass quantities were calculated only for events with at least 2 jets.
Whilst the largest jet transverse momentum is well reproduced in the fast simulated samples, the

average jet multiplicity is lower than that of the fully simulated sample by 1-2%. The most conservative
sample (option 1) is in agreement with the full simulation distribution inside the statistical uncertainty.
The width of the jet pT resolution is consistent across the samples, however the jet energy scale is too
low by 1-2% (see Fig. 17). Due to the limited number of events available only a qualitative comparison
is possible in regions of interest for SUSY searches for EmissT (higher than 100 GeV) and transverse
sphericity (larger than 0.2). Within the statistical precision possible the fast simulated distributions agree
well with those obtained from full GEANT4 simulation. The size of the available samples preclude a full
assessment of performance for the baseline SUSY cuts described in the introduction, since no events pass
all cuts when using any of the three options. Similarly, from an equivalent number of GEANT4-simulated
events, none pass all the cuts.
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Figure 16: Reconstructed jet multiplicity (left) and highest jet pT (right) for PYTHIA dijet samples simu-
lated with different options. The statistical uncertainty only is shown for the full simulation sample.

T, true ) / pT, true -pTLeading Jet ( p
-0.4 -0.3 -0.2 -0.1 -0 0.1 0.2 0.3 0.4

-1
# 

Ev
ts

 / 
0.

01
6 

/ 0
.3

2 
pb

1

10

210

ATLAS Full sim
Fast G4 sim 1
Fast G4 sim 2
Fast G4 sim 3

 [GeV]
T

Missing E
0 50 100 150 200 250 300 350 400

-1
nb

. E
vt

s/
 8

 G
eV

 / 
0.

32
 p

b

1

10

210

ATLAS

Full sim
Fast G4 sim 1
Fast G4 sim 2
Fast G4 sim 3

Figure 17: Leading jet pT resolution (left) and EmissT (right) for PYTHIA dijet samples simulated with
different options. The statistical uncertainty only is shown for the full simulation sample.

Overall, the fast GEANT4 simulation has been shown to be a promising faster alternative to the full
GEANT4 based simulation. The reconstructed quantities in fast GEANT4 simulated samples are in good
agreement with full simulation. Work is on-going to further reduce the simulation time, and to improve
the modeling of the jet energy scale.
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particle-jet

more direct

flexible

• different from Delphes 
• no calorimeter cells in Atom 
• particle-objects detector-objects



Atom

Jets
kinematics
jet algorithm
smearing
efficiency

• declaration of a jet in analysis files:



Atom

Jets
• declaration of a jet in analysis files: kinematics

jet algorithm
smearing
efficiency

Transverse sphericity and effective mass quantities were calculated only for events with at least 2 jets.
Whilst the largest jet transverse momentum is well reproduced in the fast simulated samples, the

average jet multiplicity is lower than that of the fully simulated sample by 1-2%. The most conservative
sample (option 1) is in agreement with the full simulation distribution inside the statistical uncertainty.
The width of the jet pT resolution is consistent across the samples, however the jet energy scale is too
low by 1-2% (see Fig. 17). Due to the limited number of events available only a qualitative comparison
is possible in regions of interest for SUSY searches for EmissT (higher than 100 GeV) and transverse
sphericity (larger than 0.2). Within the statistical precision possible the fast simulated distributions agree
well with those obtained from full GEANT4 simulation. The size of the available samples preclude a full
assessment of performance for the baseline SUSY cuts described in the introduction, since no events pass
all cuts when using any of the three options. Similarly, from an equivalent number of GEANT4-simulated
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Electron
• declaration of an electron in analyses:



Electron
• declaration of an electron in analyses:

Object validations 
We try hard to validate our objects as much as possible. 

ATLAS Z->l+ l-  
analysis 

CMS Z->l+ l-  
analysis 

User simply use 
the validated 
object description 
YAML file. 



Analysis Validation

lepton efficiency

b-tagging efficiency

MET, momentum
resolution



Fastlim



a

b

Why Fastlim?

each point requires MC 
simulation

• The Atom’s methodology is robust and generic but requires MC 
simulation for each model point, which is time-consuming.

• Testing a single point typically takes tens of minutes, which often 
becomes the limiting factor when scanning a large volume of the 
parameter space.  

Fastlim
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cannot have database for all pieces 
→ the sum is truncated → Conservative



Split SUSY CMSSM

with some 4D  
efficiency maps

• Many models can be covered with 3 or 4D efficiency tables.

Natural SUSY

0
10
20
30
40
50
60
70
80
90
100

3/M1M
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

3
/M 2

M

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

spread SUSY 8TeV: GC1N1 + C1N2N1spread SUSY 8TeV: GC1N1 + C1N2N1

0
10
20
30
40
50
60
70
80
90
100

G / mT1m
0.4 0.6 0.8 1 1.2 1.4 1.6

G
 / 

m
B1

m

0.4

0.6

0.8

1

1.2

1.4

1.6

natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1

Application

Coverage =
σimplemented

σtotal

Fastlim



G

G
p

p

N1

N1

GbB1bN1 GbB1bN1

GbB1bN1 GbB1tN1

GbB1tN1 GbB1tN1

GtT1bN1 GtT1bN1

GtT1bN1 GtT1tN1

GtT1tN1 GtT1tN1

(GbB2bN1 GbB2bN1)

(GbB2bN1 GbB2tN1)

(GbB2tN1 GbB2tN1)

(GtT2bN1 GtT2bN1)

(GtT2bN1 GtT2tN1)

(GtT2tN1 GtT2tN1)

[ GbB1bN1 GbB2bN1 ]
[ GbB1bN1 GbB2tN1 ]
[ GbB1tN1 GbB2bN1 ]
[ GbB1tN1 GbB2tN1 ]
[ GtT1bN1 GtT2bN1 ]
[ GtT1bN1 GtT2tN1 ]
[ GtT1tN1 GtT2bN1 ]
[ GtT1tN1 GtT2tN1 ]

G

G

p

p

N1

N1

GbbN1 GbbN1

GbbN1 GbtN1

GbbN1 GttN1

GbbN1 GqqN1

GbtN1 GbtN1

GbtN1 GttN1

GbtN1 GqqN1

GttN1 GttN1

GttN1 GqqN1

GqqN1 GqqN1

G

G

p

p

N1

N1

GbbN1 GgN1

GbtN1 GgN1

GgN1 GgN1

GgN1 GttN1

GgN1 GqqN1

p

p

N1

N1

T1bN1 T1bN1

T1bN1 T1tN1

T1tN1 T1tN1

(B1bN1 B1bN1)

(B1bN1 B1tN1)

(B1tN1 B1tN1)

(B2bN1 B2bN1)

(B2bN1 B2tN1)

(B2tN1 B2tN1)

(T2bN1 T2bN1)

(T2bN1 T2tN1)

(T2tN1 T2tN1)

Figure 7. The event topologies whose e�ciency tables are implemented in Fastlim version 1.0. The curly

bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2

for more details.).

range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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Name Short description ECM Lint # SRs Ref.

ATLAS CONF 2013 024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5 3 [28]
ATLAS CONF 2013 035 3 leptons + MET [EW production] 8 20.7 6 [29]
ATLAS CONF 2013 037 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7 5 [30]
ATLAS CONF 2013 047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3 10 [31]
ATLAS CONF 2013 048 2 leptons (+ jets) + MET [Medium stop] 8 20.3 4 [32]
ATLAS CONF 2013 049 2 leptons + MET [EW production] 8 20.3 9 [33]
ATLAS CONF 2013 053 0 leptons + 2 b-jets + MET [Sbottom/stop] 8 20.1 6 [34]
ATLAS CONF 2013 054 0 leptons + � 7-10 jets + MET [squarks & gluinos] 8 20.3 19 [35]
ATLAS CONF 2013 061 0-1 leptons + � 3 b-jets + MET [3rd gen. squarks] 8 20.1 9 [36]
ATLAS CONF 2013 062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3 13 [37]
ATLAS CONF 2013 093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3 2 [38]

Table 2. The analyses available in Fastlim version 1.0. The units for the centre of mass energy, ECM, and

the integrated luminosity, Lint, are TeV and fb�1, respectively. The number of signal regions in each analysis

and the references are also shown.

The event files are then passed to ATOM [18], which evaluates the e�ciencies for various signal
regions taking the detector e↵ects into account. ATOM estimates the e�ciencies for many implemented
signal regions. We have validated the implementation of the analyses in ATOM using the cut-flow
tables provided by ATLAS. The validation results are given in Appendix B and the Fastlim website
(http://cern.ch/fastlim).

7.2 The Available Analyses

Most of the standard MET-based searches conducted by ATLAS in 2013 are available in Fastlim

version 1.0. The list of the available analyses together with short descriptions, the centre of mass
energies, the luminosities and the number of signal regions in the analysis are listed in Table 2. The
SUSY searches conducted by CMS will be included in the future update.

7.3 The Implemented Event Topologies

Fastlim 1.0 contains the e�ciency tables for a set of event topologies that can cover the natural SUSY

model parameter space. By natural SUSY models we mean a type of spectra where only the gluino,
left and right-handed stops, left-handed sbottom and two higgsino doublets (g̃, t̃R, t̃L, b̃L, h̃u and h̃d)
reside below a TeV scale and the other SUSY particles are decoupled at the LHC energy scale. To
be more precise we list the set of event topologies implemented in Fastlim 1.0 in Fig. 7. In Fig. 7,
the curly brackets mean that the e�ciencies for the topology can be taken from one of the other
topologies in the same group. On the other hand, the square bracket means that the e�ciencies of
the event topology can be obtained only when the condition mB1 ' mB2 or mT1 ' mT2 is satisfied (See
subsection 6.2 for more details.).

There are several event topologies in which the electric charge appears not to be conserved. These
topologies can arise after the soft decays are truncated as mentioned in subsection 6.1. We also include
the loop induced G ! gN1 decay, which can have a sizeable branching fraction if the two-body modes
and GttN1 are kinematically forbidden. The decay rate also enhances if the stop and higgsino masses
are small and the trilinear At coupling is large. These conditions can often be found in natural SUSY
models.

Although the event topologies are chosen to cover natural SUSY models, many of the topologies
appear also in other models. A large rate of the gluino pair production is relatively common in a wide
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Figure 7. The event topologies whose e�ciency tables are implemented in Fastlim version 1.0. The curly

bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2

for more details.).

range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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lustration, the simplest (NS0) and most complicated (NS4) spectra are shown in
Figure 4 with some representative mass values chosen.

Table 2. An overview of the sparticle content of the Natural-like SUSY spectra defined in this paper. The
most important decay chains for each spectrum are also indicated.

Spectra NS0 NS1 NS2 NS3 NS4
sparticle g̃ g̃ g̃ g̃ g̃
content t̃1, t̃2 t̃1, t̃2, b̃1 t̃1, t̃2, b̃1 t̃1, t̃2, b̃1, b̃2 t̃1, t̃2, b̃1, b̃2

�̃2
0 �̃2

0 �̃2
0

�̃± �̃± �̃±, ˜̀L,R

�̃1
0 �̃1

0 �̃1
0 �̃1

0 �̃1
0

main g̃ ! tt̃1,2 g̃ ! tt̃1,2, bb̃1 g̃ ! tt̃1,2, bb̃1 g̃ ! tt̃1,2, bb̃1,2 g̃ ! tt̃1,2, bb̃1,2
decay t̃1,2 ! t�̃1

0 t̃1,2 ! t�̃1
0 t̃1,2 ! t�̃1,2

0 , b�̃± t̃1,2 ! t�̃1,2
0 , b�̃± t̃1,2 ! t�̃1,2

0 , b�̃±

chains b̃1 ! b�̃1
0 b̃1 ! b�̃2

0, t�̃
± b̃1,2 ! b�̃2

0, t�̃
± b̃1,2 ! b�̃2

0, t�̃
±

�̃± ! W±�̃1
0 �̃± ! W±�̃1

0 �̃± ! W±�̃1
0

�̃2
0 ! Z�̃1

0 �̃2
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Fig. 4. An illustration of the particle mass hierarchy for the Natural-like SUSY spectra NS0 (left)
and NS4 (right).

To minimise the impact of statistical uncertainties in our work, for each of the
results reported in the following, we generate signal events corresponding to at least
200fb�1 of data, and normalise the signal expectations to those as reported in the
publications.

In order to determine the importance of combining relevant topology searches,
we first perform a calculation of the CLs exclusion value for a set of NS spec-
tra in which the gluino, third-generation squarks and LSP masses are fixed to the
representative values shown in Figure 4, of 1000 GeV, 700 GeV and 100 GeV, re-
spectively. The results of this study are shown in Figure 5. The calculated CLs value
for individual searches varies strongly as the level of complexity increases from NS0
to NS4 (i.e. going from left to right in the plot). While the zero-lepton ↵T search
dominates the combined exclusion confidence for the simple spectra NS0 and NS1,
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Fig. 5. Determination of the CLs exclusion confidence level for the set of NS spectra defined
in this paper, in which the gluino, third-generation squarks and LSP masses are fixed to the

representative values of 1000 GeV, 700 GeV and 100 GeV, respectively. The CLs value is plotted

as a function of increasing underlying complexity (NS0 to NS4), shown for the individual searches,
and in combination.

decay chains producing leptonic final states become more important as the com-
plexity of the underlying spectrum increases (see Table 2). Only when combining all
individual searches does the CLs value remain stable as a function of the underlying
spectrum complexity.

As a next step, we perform a scan in the gluino and third-generation squark
mass plane, for a fixed LSP mass of 100 GeV, for each of the Natural SUSY spectra
NS0-NS4. Based on this scan, we determine the 95% CLs exclusion mass limits for
the gluino mg̃, or third-generation squarks m3̃G. The results of this scan are sum-
marised in Figure 6. The mass limits shown represent the cases where the gluino,
Figure 6(a), or third-generation squark mass, Figure 6(b), is ruled out, irrespective
of other masses in the spectra. The size of the shaded band on the combination rep-
resents the 50 GeV granularity of our scan, which dominates in this particular case

spectrum

mg̃,mq̃3 ,mχ̃0
1
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Figure 2. Left panel: Histogram of the di↵erences between the values of the likelihood function
�2(Scorpion) evaluated using individual LHC8

col

searches for 1000 randomly-selected points and the
estimate �2(LHC8

col

) obtained by interpolation from a look-up table as described in the text. Right panel:
Scatter plot in the (�2(Scorpion),�2(LHC8

col

)) plane of the �2 values obtained from the two approaches;
the vertical and horizontal dashed lines in this plot correspond to the 95% CLs in each approach.

decay �̃0

2

! �̃0

1

h [61, 62]. The same two-lepton
analyses constrain slepton pair production, lead-
ing to the limits m

˜`L(R)

<⇠ 270 (200)GeV for

m�̃0
1

<⇠ 100 (50)GeV [59, 60]. Therefore, the uni-
versal limit approach that we use to combine and
characterise searches for coloured sparticles is in-
applicable to searches for electroweakly-produced
sparticles, and we use an alternative method.
For model points where the production of

electroweakly-produced sparticles provides a non-
trivial constraint, they must be much lighter than
the coloured sparticles, since otherwise the much
higher rates of production of coloured sparticles
would already exclude the model points. There-
fore, in the region of interest, there can be only
a few particles lighter than the electroweakly-
produced sparticles, implying that one can use a
combination of a few simplified models (SMS) to
approximate the sensitivities of the LHC searches
for the production of these sparticles. Depend-
ing on the decay mode and final state, we select
ATLAS and/or CMS limits derived from relevant
simplified models to calculate the contributions
of these searches to our global �2 function. For

the LHC searches that constrain electroweakly-
produced gauginos, Higgsinos and sleptons, to
a good approximation all relevant �2 contribu-
tions can be extracted from simplified chargino-
neutralino and simplified smuon and selectron
models.

For each simplified model limit we construct
a function �2

SMS

that depends on the two rele-
vant masses: (m�̃±

1
' m�̃0

2
,m�̃0

1
) for the simpli-

fied chargino-neutralino model and (m
˜`,m�̃0

1
) for

the simplified slepton (˜̀ ⌘ ẽ, µ̃) model. We as-
sume that �2

SMS

= 15 in the bulk of the region
excluded in the simplified model, and that this
�2 penalty vanishes exponentially when crossing
the boundary to the allowed region, with the gen-
eral form

�2

SMS

= min
l,r


15 ·B · 1

e(dl,r�µl,r)/�l,r + 1

�
, (2)

where the subscripts l, r indicate the simplified
model exclusion contour to the left and right (in
the horizontal direction, i.e., m�̃±

1
' m�̃0

2
or m

˜`)
of the point on the contour with the largest value
of m�̃0

1
, B is the branching ratio of the decay in

universal 
mass limit

full 
simulation

random 
103 points

Works well!
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Figure 4. Illustration of �2

SMS

/B, as defined in Eq. (2), for �̃±
1

�̃0

2

production and decay via sleptons.
In the left panel �2

SMS

/B is shown for a fixed value of m�̃0
1
= 300 GeV, where the green (blue) line

corresponds to dl, µl,�l, (dr, µr,�r) and vertical dashed lines indicate the position of the contour. The
right panel shows the same �2

SMS

/B (in colour) as a function of m�̃±
1
' m�̃0

2
and m�̃0

1
, and the 95% CLs

exclusion contour found in Fig. 7(a) of [58] (blue line).

Simplified Model Limit (µl,�l) [GeV] (µr,�r) [GeV]

�̃±
1

�̃0

2

via ˜̀ Fig. 7(a) in [58] (-5, 5) (-40, 40)
�̃±
1

�̃0

2

via WZ Fig. 7(b) in [58] (-20, 20) (-300, 300)
˜̀! `�̃0

1,2, ⌫`�̃
±
1

Generated using Atom (-20, 10) (-40, 30)
Table 2
The simplified model limits used to constrain electroweak gauginos, Higgsinos and sleptons.

the corresponding uncertainties do not impact the
overall conclusions.

2.5.3. LHC constraints on compressed stop
spectra

In their searches for stop production, ATLAS
and CMS have placed special emphasis on com-
pressed spectra, which pose particular challenges
for LHC searches. Whilst limits on stop produc-
tion in the region where m

˜t1 � m�̃0
1
> mt are

fully included in the LHC8
col

limits described
in Section 2.5.1, a dedicated treatment of the
compressed-spectrum region m

˜t1 � m�̃0
1
< mt is

required in order to include properly all the rel-
evant collider limits. In this region we calculate
the contribution of stop searches to the global �2

in a similar way as for the for electroweakly pro-
duced sparticles described in Section 2.5.2. We

refer to this dedicated limit-setting procedure as
LHC8

stop

.
We show in Fig. 7 a colour-coded scatter plot

in the (m
˜t1 ,m�̃0

1
) plane of the t̃

1

decay modes
with branching ratios > 50% for 1000 randomly-
selected pMSSM10 points in the region of inter-
est. We see that the t̃

1

! b�̃±
1

mode (shown in
light green) dominates for the majority of points,
and that this decay can be important through-
out the parameter region displayed. We also find
that, when this is the dominant stop decay mode,
in most cases the �̃±

1

and �̃0

1

are almost mass de-
generate. To constrain the final states with this
decay mode we implement the simplified model
limit presented in Fig. 6 of the ATLAS di-bottom
analysis [63], where m�̃±

1
� m�̃0

1
= 5 GeV is as-

sumed, applying this for the model points with
m�̃±

1
�m�̃0

1
< 30 GeV.

A special treatment is required for EWKino productions and 
the stop compressed region.

χ2
EW =

SMS∑

i

fi(m̃,mχ̃0
1
)×Bi

χ2
stop =

∑

i

fi(mt̃,mχ̃0
1
)×Bi

We have constructed ad-hoc functions around the 95% CL 
exclusion curves.
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Figure 5. Scatter plots in the (m�̃±
1
,m�̃0

1
) plane of the contributions to the global �2 functions from

the electroweakly-interacting sparticle constraints for 1000 randomly-selected points accessible to LHC
searches, as calculated using the LHC8

EWK

method based on simplified model searches (�2(LHC8
EWK

),
left panel) and the Atom code (�2(Atom), right panel).

Figure 6. Left panel: Histogram of the di↵erences between the values of the contributions of the
electroweakly-interacting sparticle constraints to the global likelihood function �2(LHC8

EWK

) evaluated
using simplified model searches for the 1000 randomly-selected points and the estimate �2(Atom) obtained
using the Atom code. Right panel: Scatter plot in the (�2(Atom),�2(LHC8

EWK

)) plane of the �2 values
obtained from the two approaches; the vertical and horizontal dashed lines in this plot correspond to the
95% CLs in each approach.
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Generated using - (-50, 50) (-20, 50) Based on [56], assuming
Scorpion m⌧̃1 �m�̃0
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Table 3
The simplified model limits used to constrain scenarios with compressed stop spectra. When establishing
these limits we use values of µl,r and �l,r in Eq. (2) that in some cases depend on m�̃0

1
. Whenever multiple

values of these parameters are specified for di↵erent values of m�̃0
1
, the parameters for intermediate values

of m�̃0
1
are obtained by linear interpolation, and taken as constants elsewhere.

Figure 8. Scatter plots in the (m
˜t1 ,m�̃0

1
) plane of the contributions to the global �2 functions from the

ATLAS mono-jet [65] and single-lepton [66] searches for 1000 randomly-selected points in the regions of
interest. The left panel shows calculations using simplified model searches (�2(LHC8

EWK

)) and the right
panel shows results from the Scorpion and Atom codes (�2(true)).

However, after applying the LHC8 constraints
only the Z- and h-funnels are allowed in this
region. In the region where m�̃0

1
& 80 GeV,

before implementing the LHC8 constraints stau
coannihilation and t-channel sfermion exchange
were both possible. However, after applying the
LHC8 constraints the dominant processes con-
trolling the dark matter density are �̃0

1

� �̃0

2

� �̃±
1

coannihilations, with the LSP having mainly a
Bino composition.

The two top panels of Fig. 10 display clearly
the direct impacts of the LHC8 constraints, which
are visible in the displacements to larger masses
of the 68% and 95% CL contours, as can be seen
from the comparison of the solid and dashed lines.
On the other hand, the pictures in the two middle
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Figure 9. Left panel: Histogram of the di↵erence between the values of the contributions of the stop
constraints to the global likelihood function �2(LHC8

EWK

) + �2(LHC8
stop

) evaluated using simplified
model searches for 1000 randomly-selected points and the estimates of �2 found using Scorpion and
Atom. Right panel: Scatter plot in the (�2(true),�2(LHC8

EWK

) + �2(LHC8
stop

)) plane of the values
obtained from the two approaches; the vertical and horizontal dashed lines in these plots correspond to
the 95% CLs in each approach.

panels are more complex. There are intermediate
values of m

˜t1 that are disfavoured by the LHC8
constraints, but there are regions with low values
of m

˜t1 that are allowed by the LHC8 constraints
at the 95% CL, and even some points with m

˜t1
and m

˜b1
that are favoured at the 68% CL, though

these are not prominent. In the case of the lighter
sbottom, the LHC8 constraints disfavour the re-
gion where both m

˜b1
and m�̃0

1
have small values.

However, a small value of m
˜b1

is still allowed at
the ⇠ 95% CL if m�̃0

1
& 300 GeV to 450 GeV,

where some points are favoured at the 68% CL.
Finally, the bottom two panels of Fig. 10 show

the impacts of the LHC8 constraints on the
chargino and stau masses. The main impact on
the chargino mass is to disfavour most values ex-
cept some where m�̃±

1
�m�̃0

1
is small. This is an

indirect e↵ect of the LHC8 constraints, with the
coannihilation of the dark matter particle with
the lighter chargino playing an important role in
bringing the dark matter density into the allowed
range. This compression of the spectrum can be
attributed to the LHC8

EWK

limits on direct pro-
duction of light sleptons, and to a lesser extent

on charginos decaying via sleptons. These con-
straints on light sleptons disfavour the t-channel
sfermion exchange and stau coannihilation re-
gions. The latter is a consequence of our choice
of a single mass parameter for the masses of all
the scalar leptons (see also Sect. 7). In the case of
the lighter stau, we see in the bottom right panel
of Fig. 10 a triangular region that is favoured at
the ⇠ 68% CL, which is somewhat reduced and
shifted towards higher mass values by the LHC8
constraints.

3.2. The Best-Fit Point
We now discuss the characteristics of the best-

fit point, whose parameters are listed in Table 4,
together with the parameters of several bench-
mark points that are discussed below. The best-
fit spectrum is shown in Fig. 11, and its SLHA
file [37] can be downloaded from the MasterCode
website [25]. We note first the near-degeneracy
between the �̃0

1

, �̃0

2

and �̃±
1

, which is a general fea-
ture of our 68% CL region that occurs in order to
bring the cold dark matter density into the range
allowed by cosmology: see the bottom left panel
of Fig. 10. Correspondingly, we see in Table 4

working quite well!
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In nutshell 

Atom Fastlim

general event analyser fast limit calculator

What can 
one do with 

it?

• test models
≒ CheckMate, MA5

• simulate/study detector 
effects

• plotting, distributions
• design analyses

• test models without MC 
simulation

• study relevant 
topologies of the model

(σBr)i for all i

Method Mote Carlo Database

Input
Event file, Cross-sections

hepmc, hep, …
Model file
SLHA file, …

Very GenericPros Easy and Fast

Thank you
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Analysis Validation 

•  We use cut-flow tables whenever they are available. 

•  Otherwise we use exclusion plots or some distribution plots for 
validation. 
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Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 9 / 13

Approximation
Can the efficiency parameterised by the masses of on-shell 
particles appearing the decay chain?

K.Wang, L.Wang, T.Xu, L.Zhang, ‘13

Polarised 
pure kinematic✤Coupling structure

up to ~20% effect on the efficiency 
pp ! t̃1t̃1 : t̃1 ! b�̃±

1 ! b`±�̃0
1

✤Effect of off-shell particles

What T2 is not

Not included in T2:

right-handed squarks q̃R

gluinos, resulting in production:
˜ ˜

g̃

q̃∗i

q̃j

g̃

q̃i

q̃j

→ Effect on limits when
including:

production channels like
q̃Lq̃L, q̃Lq̃R, q̃Lq̃∗R;

a non-decoupled gluino?

Not included in T2, not considered here:

decays such as

q̃
q

χ̃±
W±

χ̃0

q̃
q

χ̃0
2

Z

χ̃0
1

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 5 / 13

L.Edelhauser, et.al. ‘14

mg̃ = 5TeV

mg̃ = 2mq̃

vs

up to ~20% effect on the efficiency 
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bin 8

19 ± 1
bin 8

19 ± 1
bin 8

18 ± 1
bin 8

15 ± 1
bin 8

12 ± 1
bin 8

2 ± 0
bin 8

21 ± 1
bin 6

10 ± 1
bin 5

18 ± 1
bin 3

−24 ± 2
bin 3

18 ± 1
bin 8

20 ± 1
bin 8

19 ± 1
bin 8

18 ± 1
bin 8

18 ± 1
bin 8

16 ± 1
bin 8

13 ± 1
bin 8

4 ± 1
bin 8

10 ± 2
bin 7

12 ± 1
bin 5

−7 ± 1
bin 4

−25 ± 2
bin 3

22 ± 1
bin 8

21 ± 1
bin 8

22 ± 1
bin 8

20 ± 1
bin 8

21 ± 1
bin 8

18 ± 1
bin 8

19 ± 1
bin 8

14 ± 1
bin 8

5 ± 1
bin 8

9 ± 1
bin 7

9 ± 1
bin 5

21 ± 1
bin 3

−37 ± 3
bin 4

Aε(q̃Lq̃L)−Aε(T 2)
Aε(T 2) [%]

pp → q̃Lq̃L m(g̃) = 2m(q̃)
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Approximation
Can the efficiency parameterised by the masses of on-shell 
particles appearing the decay chain?

K.Wang, L.Wang, T.Xu, L.Zhang, ‘13

Polarised 
pure kinematic✤Coupling structure

up to ~20% effect on the efficiency 
pp ! t̃1t̃1 : t̃1 ! b�̃±

1 ! b`±�̃0
1

✤Effect of off-shell particles

What T2 is not

Not included in T2:

right-handed squarks q̃R

gluinos, resulting in production:
˜ ˜

g̃

q̃∗i

q̃j

g̃

q̃i

q̃j

→ Effect on limits when
including:

production channels like
q̃Lq̃L, q̃Lq̃R, q̃Lq̃∗R;

a non-decoupled gluino?

Not included in T2, not considered here:

decays such as

q̃
q

χ̃±
W±

χ̃0

q̃
q

χ̃0
2

Z

χ̃0
1

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 5 / 13

L.Edelhauser, et.al. ‘14

mg̃ = 5TeV

mg̃ = 2mq̃

vs

up to ~20% effect on the efficiency 

the same size as the systematic uncertainties



5

Parameter Range Number of
segments

M
1

(-1 , 1 ) TeV 2
M

2

( 0 , 4 ) TeV 2
M

3

(-4 , 4 ) TeV 4
mq̃ ( 0 , 4 ) TeV 2
mq̃3 ( 0 , 4 ) TeV 2
m

˜l ( 0 , 2 ) TeV 1
MA ( 0 , 4 ) TeV 2
A (-5 , 5 ) TeV 1
µ (-5 , 5 ) TeV 1

tan� ( 1 , 60) 1

Total number of boxes 128
Table 1
Ranges of the pMSSM10 parameters sampled, together with the numbers of segments into which each
range was divided, and the corresponding number of sample boxes.

2.3. Electroweak, Flavour, Cosmological
and Dark Matter Constraints

For many of these constraints, we follow very
closely our previous implementations, which were
summarized recently in Table 1 in [16]. Specif-
ically, we treat all electroweak precision ob-
servables, all B-physics observables (except for
BR(Bs,d ! µ+µ�)), (g � 2)µ, and the relic den-
sity as Gaussian constraints. The �2 contribution
from BR(Bs,d ! µ+µ�), combined here in the
quantity Rµµ [21], is calculated using the com-
bination of CMS [5] and LHCb [4] results de-
scribed in [7]. We incorporate the current world
average of the branching ratio for BR(b ! s�)
from [38] combined with the theoretical estimate
in the SM from [39], and the recent measure-
ment of the branching ratio for BR(Bu ! ⌧⌫⌧ )
by the Belle Collaboration [40] combined with
the SM estimate from [41]. We use the upper
limit on the spin-independent cross section as a
function of the lightest neutralino mass m�̃0

1
from

LUX [42], which is slightly stronger than that
from XENON100 [43], taking into account the
theoretical uncertainty on �SI

p as described in [21].

2.4. Higgs Constraints
We use the recent combination of ATLAS and

CMS measurements of the mass of the Higgs bo-
son: Mh = 125.09±0.24 GeV [44], which we com-

bine with a one-� uncertainty of 1.5 GeV in the
FeynHiggs calculation of Mh in the MSSM.

In addition, we refine substantially our treat-
ment of the Higgs boson constraints, as com-
pared with previous analyses in the MasterCode
framework. In order to include the ob-
served Higgs signal rates we have incorporated
HiggsSignals [35], which evaluates the �2 con-
tribution of 77 channels from the Higgs bo-
son searches at the LHC and the Tevatron (see
Ref. [35] for a complete list of references). A dis-
cussion of the e↵ective number of contributing
channels is given in Sect. 3.2 below.

We also take into account the relevant searches
for heavy neutral MSSM Higgs bosons via the
H/A ! ⌧+⌧� channels [45, 46]. We evaluate
the corresponding �2 contribution using the code
HiggsBounds [36], which includes the latest CMS
results [45] based on ⇠ 25 fb�1 of data 1. These
results include a combination of the two possi-
ble production modes, gg ! H/A and bb̄ !
bb̄H/A, which is consistently evaluated depend-
ing on the MSSM parameters. Their implementa-
tion in HiggsBounds has been tested against the
published CMS data, and very good qualitative
and quantitative agreement had been found [47].
Other Higgs boson searches are not taken into

1The corresponding ATLAS results [46] have similar sen-
sitivity, but are documented less completely.

pMSSM-10



Results

pMSSM10 mass spectrum

…
Poor determination of the mass of colored sparticles (only lower bound from LHC

searches).

…
Larger freedom allow to fullfill the (g� 2)µ constraint without being in tension with

the LHC searches.

…
Improved fit with respect to the GUT models.
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Results

pMSSM10 best fit point
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Parameter Best-fit

M1 170 GeV
M2 170 GeV
M3 2600 GeV
mq̃ 2880 GeV
mq̃3

4360 GeV
ml̃ 440 GeV
MA 2070 GeV
A 790 GeV
µ 550 GeV

tan� 37.6

… Heavy Higgses, squarks, gluinos are relatively unconstrained.
… Left-handed fermion decay chains evolve via �̃±1 and �̃ 0

2 .
… Sleptons are at less than 1 TeV.
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Figure 11. The particle spectrum and dominant decay branching ratios at our best-fit pMSSM10 point.
Note the near-degeneracies between �̃0

1

, �̃0

2

and �̃±
1

, between the sleptons, between �̃0

3

, �̃0

4

and �̃±
2

, between
the q̃L and q̃R, between the heavy Higgs bosons, and between the stops and bottoms, which are general
features of our 68% CL region. On the other hand, the overall sparticle mass scales, in particular of the
coloured sparticles, are poorly determined.

Figure 12. Summary of mass ranges predicted in the pMSSM10. The light (darker) peach shaded bars
indicate the 95% (68%) CL intervals, whereas the blue horizontal lines mark the values of the masses at
the best-fit point.

} }
1� 2�

Best Fit

1σ: |µ| < 1TeV

M1 ≃ M2 < 500GeV

mℓ̃ < 1TeV

M1 < 500GeV
mℓ̃ < 1TeV

2σ: 

“prediction”
pMSSM10 looks healthy 

Higgs 
Dark Matter 
(g-2)μ 
LHC SUSY limit


