
Simulation of BSM 
Physics (II)

Olivier Mattelaer 
IPPP/Durham



Mattelaer Olivier BSM: Sao Paolo 2015

•Today:!
➡ Effective Field Theory!
➡ Width computation!
➡ Narrow width approximation (decay-
chain)!

➡ Mass Production!
➡ ReCasting

2

Plan
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Which Model?
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Which Model?
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Effective Operator

• New Physics at (too?) High Energyu u~ > z> u u~ WEIGHTED=4 page 1/1

Diagrams made by MadGraph5
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Diagrams made by MadGraph5
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Effective Vertex

☞  Additional terms in the Lagrangian

L = LSM +
1

⇤2
L6 +

1

⇤4
L8 + . . .



Mattelaer Olivier BSM: Sao Paolo 2015

•The muon decay can (and was) be described 
by a Dimension 6 operator  

6

Fermi Theory
mu+ > e+ ve vm~ page 1/1

Diagrams made by MadGraph5
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=

cF
⇤2
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Dimension 6:

• This corresponds to the first term of the propagator 
Taylor expansion

1

p2 �M2
W

= � 1
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� p2
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+ . . .

Dimension 8
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Effective Field Theory

L = LSM +
X ci

⇤2
Oi

H ,G ,W , B

L,Q, lR, uR, dR

Bosons 1

Fermion 3/2

Covariant 
derivative

1

Strength 
tensor

2

Dµ

Fµ⌫

Type Name Dimension
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Effective Field Theory

• 59 Dimension 6 Operators If  
☞ Preserve the SM gauge symmetries 
☞ Preserve B-L accidental symmetries 
☞ We consider only one flavour 

• Only One Dimension 5 Operator: 
 
Give a mass to the neutrino

L = LSM +
X ci

⇤2
Oi

The number of possible Operators are huge

1

⇤
✏ij✏klH

jH lL̄ci
RL

k
LEffective field theory

L = LSM +
⇧ ci

�2Oi + O

⇤
1
�4

⌅

O(3)
ql =

�
q̄�µ⇥ i q

⇥ �̄
l�µ⇥ i l

⇥

SM symmetries (gauge, B & L)� 59 dimension-six operators for one
flavor

Only few operators for one process and different effects

More predictive than anomalous couplings (guidance)

Unitarity is satisfied at low energy (no form factor)

More than one vertex in an operator and high multiplicity process

Loop corrections

C.D. et al., arXiv:1205.4231
C. Degrande (UIUC) 20 September 2012 6 / 16

Th. error
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• Extra assumptions if first order does not 
vanishes!

• Less convergence!
➡ more problem with unitarity

9

Dimension 8

     1        10%            1%           0.1%    

    1           0%          10%             3%

• Smaller effects or larger errors for higher dimension 
operators

L = LSM +
X ci

⇤2
O6

i +
X di

⇤4
O8

i +O �
⇤�6

�
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Effective Field Theory

• Only few Operators for one process and different 
effects

L = LSM +
X ci

⇤2
Oi

OWWW = Tr[Wµ⌫W
⌫⇢Wµ

⇢ ]

OW = (Dµ�)
†Wµ⌫(D⌫�)

OB = (Dµ�)
†Bµ⌫(D⌫�)

OW̃WW = Tr[W̃µ⌫W
⌫⇢Wµ

⇢ ]

OW̃ = (Dµ�)
†W̃µ⌫(D⌫�)

Conserving CP Not Conserving CP
Weak Boson production
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• Low Energy 
spectrum is 
calculable from High 
energy spectra.!

• Based on the RGE!
• Example:!

➡ SoftSUSY!
➡ FlexibleSUSY

11

Benchmark
• After having choose the model of interests you 
need to choose a benchmark

SUSY Case EFT

• Free parameter!
• Check the constraint 
on the parameter

What about the width?

• Need to be 
(re-)computed for 
each phase-space.!

•Need partial-width!
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•By Lorentz Invariance the matrix element is 
constant over the phase-space.

12

2-body decay h > b b~ page 1/1

Diagrams made by MadGraph5_aMC@NLO
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1
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Z
d�2|M|2

� =

p
�(M2,m2

1,m
2
2)|M|2

16⇡SM3
�(M2,m2

1,m
2
2) =

�
M2 �m2

1 �m2
2

�2 � 4m2
1m

2
2

•Calculable analytically by FeynRules !
➡ formula present in the UFO model.
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N Body Decay
3(and more)-body Decay

• Analytical Formula too complicated!
➡ Especially in a spectrum independent way !
• Numerical integration!

• Need to remove double counting with 2-body!
• Typically LO computation !

• Remove radiation diagram

h > w+ e- ve~ page 1/1

Diagrams made by MadGraph5_aMC@NLO

e-

3

ve~
4

w-

w+

2

h1

 diagram 1 QCD=0, QED=2

Example of code
•Herwig / Bridge / MadWidth
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•Use FeynRules formula (instateneous)

14

MadWidth hep-ph/1402.1178

2-body

Fast-Estimation of 3-body
•Only use 2-body decay and 
PS factor!

Relevant?

Channel Generation
•Remove Sequence of 2-
body/radiation diagram!

Estimation of 3-body
•Based on the diagram. Approx. 
PS/Matrix-Element!

DONE

Relevant?

Numerical Integration

4

4

No
Maybe

No

Yes?
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•100 times faster for 2body decay!
• 3 to 75 times faster for 3body decay

15

Speed

Table 9: Time necessary to compute all particle total widths in the context of
the HEFT model and the SPS1a MSSM scenario by making use of the decay.py

file generated by FeynRules only (first column), MadWidth with all default
option values and Bridge by restricting the computation to two-body decays only
(second column) and after including three-body decays too (fourth column). For
the tests, we have employed a machine with a 2.3 GHz Intel Core i7 processor and
16 GB of memory (1600 MHz DDR3).

Model FeynRules Bridge MadWidth Bridge

Two-body Two-body Default Three-body

HEFT model 0.6 s 60s 40s 114 s

SPS1a MSSM scenario 12 s 13min 43s 84 s 1h47

Table 9

to be much faster than Bridge (second column of the table) as no diagram
generation has been required at all for the first case. The time necessary to
generate the decay.py UFO file has however not been included (a few seconds
and minutes for the HEFT model and MSSM, respectively) as this has to be
performed only once for each model. When including three-body decay con-
tributions, one can note the formidable gain in time when using MadWidth
instead of Bridge (last two columns of the table) thanks to the usage of the
fast estimator of MadWidth which allows one to only compute numerically
relevant diagrams.

6 Conclusion

In this paper, we have presented new routines of the FeynRules package ded-
icated to the computation of two-body partial widths, so that the latter can
now be calculated automatically and analytically from the only knowledge
of the model Lagrangian. The UFO format has been accordingly extended
to make it able to encompass these pieces of information. This extension is
currently supported by MadGraph5 aMC@NLO that uses it to calculate
particle widths on run-time, when events are generated for a given scatter-
ing process. In addition, a new module of MadGraph5 aMC@NLO, named
MadWidth, has been developed with the aim of computing N -body decay
widths in full generality and in an e�cient manner (possibly at run-time when
using the matrix-element generator). The MadWidth routines automatically
remove all the subprocesses that are numerically negligible, tune the right

25

Speed comparison

Input Output
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• Need to be handle in a specific way!
➡ provide additional information for the 
shower!

• Handling the color algebra to rewrite it in a 
product of     (i.e color flow)

16

QCD

�ij

color disponibility
1
3

6
8
10 Whizard

✏ijk
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Type of Interactions
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Spin-Color

1

1/2

0

1

3/2

Spin

Color

2

5/2

863 10 27
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Decay

!"#$%&'()$((&*&+#,&-./."%&"0&12345!"#$%&'()$((&*&+#,&-./."%&"0&12345 67

!"#$%&'()'*+&,-./%0
page 1/10

Diagrams made by MadGraph5_aMC@NLO
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 diagram 6 HIG=0, HIW=0, NP=2, QCD=0, QED

SUSY Case EFT Case

Problem
• Process complicated to have the full process!

➡Including off-shell contribution
Solution

• Only keep on-shell contribution!

c u > c u e+ ve e- ve~ NP=2 WEIGHTED=20 HIW=1 HIG=1 page 3/12

Diagrams made by MadGraph5
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Narrow-Width Approx.
Theory Z

dq2
����

1

q2 �M2 � iM�

����
2

⇡ ⇡

M�

�
full

= �
prod

⇤ (BR+O(
�

M
))

Comment

• This is an Approximation!!
• This force the particle to be on-shell!!

• Recover by re-introducing the Breit-wigner 
up-to a cut-off

�(q2 �M2)
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Spin-correlation
Full Spin correlation

Flat Decay

MadSpin Herwig

BridGe

Pythia

MadGraph
Slow

Fast

Exact Matrix-Element integration

Re-weighting method

Diagonal Density Matrix Method

Pure Flat Decay

Full Density Matrix Method

Sherpa
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MadSpin

One Event 

Decay Events

- smear the mass!
- flat decay

offshell spin unweighted

No No YES

YES No No

YES YES No

YES YES YES

|MP+D
LO |2/|MPLO|2- re-weight by  

Decay Events II

- accept/reject method!
- reject the decay not the event

Final Sample

[Frixione, Leanen, Motylinski,Webber (2007)]

[Artoisenet, OM et al. 1212.3460]
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Figure 5: Next-to-leading-order cross sections differential in pT (l+) (left pane) and in cosφ (right
pane) for tt̄H events with or without spin correlation effects. For comparison, also the leading-
order results are shown. Events were generated with aMC@NLO, then decayed with MadSpin,
and finally passed to Herwig for shower and hadronization.
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Figure 6: Next-to-leading-order cross sections differential in pT (l+) (left pane) and in cosφ
(right pane) for tt̄A events with or without spin correlation effects. Events were generated with
aMC@NLO, then decayed with MadSpin, and finally passed to Herwig for shower and hadroniza-
tion.

that preserving spin correlations is more important than including NLO corrections for this

observable. However, we observe that the inclusion of both, as it is done here, is necessary

for an accurate prediction of the distribution of events with respect to cos(φ). In general, a

scheme including both spin correlation effects and QCD corrections is preferred: it retains

the good features of a NLO calculation, i.e. reduced uncertainties due to scale dependence

(not shown), while keeping the correlations between the top decay products.

The results for the pseudo-scalar Higgs boson are shown in Figure 6. The effects of the

spin correlations on the transverse momentum of the charged lepton are similar as in the

case of a scalar Higgs boson: about 10% at small pT , increasing to about 40% at pT = 200

GeV. On the other hand, the cos(φ) does not show any significant effect from the spin-

correlations. Therefore this observable could possibly help in determining the CP nature of

the Higgs boson, underlining the importance of the inclusion of the spin correlation effects.

– 14 –



UFO,…

StandAlone,…

LHE,…

HepMC,…

HepMC 
,…

BSM simulation

Detector events

matrix-element

parton events

Showered events

MadGraph,…

 Herwig,…

FeynRules,…

Pythia,…

 Sherpa,…

Delphes,…

Feynman rules

Lagrangian

hadronized events

FULL SIMULATION
SLOWEST PART
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plot from arXiv:1010.2506v1
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Scan
Idea!

•Reuse the sample (Only one Full Sim)	

•Change the weight of the events

W
new

=
|M

new

|2

|M
old

|2 ⇤W
old

1405.0301 
1404.7129

Theory 1 Theory 2
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Examples HEFT
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• Reweighting can also be used to study systematic 
uncertainty.

28

Idea

Systematics study

Implementation:!

• Store additional information in the Event File	

• Make the re-weighting on the flight	


Theoretical Dependance!

•  the PDF set	

•  the renormalization/refactorization scale	

•  the matching scale	


 50 sets

 9 sets

 3 sets
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Non Definite positive
2

O(⇤2)

+
O(⇤)

2

O(⇤0)

+

Effective Field Theory:

Signal
Equivalent to!
Dimension 8!
contribution

2

O(⇤2)

+
O(⇤)

2

O(⇤0)

+

SM!
Model independent!

Dominant

BSM!
Model dependent!

Sub-Dominant
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Interference Plot



Mattelaer Olivier BSM: Sao Paolo 2015

• Same idea but at the analysis level

31

Re-Casting

plot from arXiv:1010.2506v1
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Why is it interesting
Experimentalist!

•  Your analysis will be 
reuse to exclude new 
model without extra 
work	


• You might gain 
feedback about the 
analysis 	


• You will get cited

Theorist!

• Want to check your 
analysis	


• Is the BSM model 
exclude?	


• Is the BSM reduces 
fluctuations?	


• The closer they are 
from your work the 
better	


What do we need?
• Simplified way to compare theory/data	

• Need to be outside of experimental control area	

• Automatic running
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Working Flow
Input

•Event File	

•LHE	

•HEPMC	


!

Output

•CL	

•CutFlow	

•Plots	


!

Detector Simulation

Rivet Fork or Delphes Fork
•Detector like 
event

Apply the selections

Examples of code
•MadAnalysis 5	

•RECAST	

•ATOM	

•Checkmate	
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VALIDATIONCut flows provide ‘unit tests’

B Validation

The e�ciency tables installed in Fastlim version 1.0 are generated by ATOM [18], in which we have
implemented various 2013 ATLAS analyses. We have validated our implementation mostly using the
cut-flow tables provided by ATLAS. For ATLAS CONF 2013 062, the truth-level information is used
in the ATLAS cut-flow tables, which prevents us from comparing our e�ciencies and ATLAS’s. We
validated this analysis among the collaboration by cross checking the two independent implementation
of the analysis. For ATLAS CONF 2013 053 and ATLAS CONF 2013 054 the cut-flow tables are
not provided. We therefore validated them using the simplified model exclusion plots given in the
manuscripts [38, 39]. The discrepancies between ATLAS and ATOM are within 10�20% for most of the
signal regions. For the worst signal region the disagreement is about 30%. Such deviations often come
from jet veto cuts, which possess large theoretical uncertainties. Further tuning of the ATOM detector
response may improve the situation. Updated grids and validation tables will be provided in future
Fastlim versions and on the website (http://cern.ch/fastlim).

In what follows, we present a normalised e�ciency for each stage of the cut in the cut-flow tables.
ATLAS sometimes calculates the e�ciency after the trigger requirement, whereas we do it before that.
For such cases, the comparison is only reasonable after the cut to which the trigger requirement is
subjected. The e�ciency is therefore normalised to the e�ciency of such a cut, which appears the first
in the table. In the tables, we use the following variables:

✏ATLAS/ATOM : normalised e�ciency by ATLAS/ATOM,

RATLAS/ATOM : the e�ciency ratio against the e�ciency of the cut one before,

Stat : the Monte Carlo uncertainty for the ATOM e�ciency or e�ciency ratio.

ATLAS CONF 2013 024

• The events are generated using Herwig++ 2.5.2 [12] throughout this analysis.

 Cut Name eATLAS eAtom ± Stat eAtomêeATLAS HeAtom-eATLASLêStat RATLAS RAtom ± Stat RAtomêRATLAS HRAtom-RATLASLêStat
1 No cut 100. 100. ± ±
2 Muon veto 75.1 79.8 ± 0.89 1.06 5.23 0.751 0.8 ± 0.009 1.06 5.235
3 Electron veto 56.1 55.4 ± 0.74 0.99 -0.93 0.746 0.69 ± 0.009 0.93 -5.621
4 MET > 130 51.9 47.9 ± 0.69 0.92 -5.78 0.925 0.86 ± 0.012 0.93 -4.852
5 Jet multiplicity and pT 19.3 16.3 ± 0.4 0.84 -7.41 0.371 0.34 ± 0.008 0.92 -3.725
6 MET_track > 30 19. 16.2 ± 0.4 0.85 -6.99 0.986 0.99 ± 0.025 1.01 0.336
7 delPhiHMET, MET_trackL < piê3 17.8 15.9 ± 0.4 0.89 -4.77 0.938 0.98 ± 0.025 1.05 1.839
8 delPhiHjet, METL > piê5 15.2 14.6 ± 0.38 0.96 -1.5 0.854 0.92 ± 0.024 1.08 2.747
9 Tau veto 13.3 13.5 ± 0.37 1.01 0.53 0.874 0.92 ± 0.025 1.05 1.89
10 >= 2-bjet 5.8 5.9 ± 0.24 1.02 0.46 0.438 0.44 ± 0.018 1. 0.11
11 mTHbjet, METL > 175 4. 3.8 ± 0.2 0.97 -0.67 0.685 0.65 ± 0.033 0.95 -1.062
12 80 <m^0_jjj < 270 3.5 3.4 ± 0.18 0.96 -0.7 0.881 0.88 ± 0.048 1. -0.07
13 80 <m^1_jjj < 270 2.1 2.2 ± 0.15 1.02 0.31 0.612 0.65 ± 0.044 1.06 0.842
14 SR1: MET > 200 2. 2. ± 0.14 1. 0.05 0.945 0.93 ± 0.065 0.98 -0.252
15 SR2: MET > 300 1.5 1.6 ± 0.13 1.04 0.54 0.757 0.79 ± 0.062 1.04 0.501
16 SR3: MET > 350 1.2 1.3 ± 0.11 1.05 0.55 0.782 0.79 ± 0.07 1.01 0.065

Figure 14. The e�ciencies in the cut-flow for ATLAS CONF 2013 024. 104 events of pp ! t̃R t̃
⇤

R ! t�̃0
1t̄�̃

0
1

process are used. The stop and neutralino masses are 600 GeV and 0 GeV, respectively.

– 23 –

ATOM Validation, from arXiv:1402.0492!
 



Mattelaer Olivier BSM: Sao Paolo 2015 35

Non cut based method

Problematic approaches
Simultaneous shape fit of signal and background

ATLAS-CONF-2013-065!

Multivariate analysis based !
on boosted decision trees

Boosted Decision Tree Matrix-Element method

•Use the BSM matrix-element 
to discriminate the signal for 
the background	


! P(pvis|�) = 1
⇥�

�
d�dx1dx2|M�(p)|2W (p,pvis)

•Some study are too specialised to be recast	

!



Types of Technique

• Missing transverse momentum

• M_eff, H_T

• s Hat Min

• M_T

• M_TGEN

• M_T2 / M_CT

• M_T2 (with “kinks”)

• M_T2 / M_CT ( parallel / perp )

• M_T2 / M_CT ( “sub-system” )

• “Polynomial” constraints

• Multi-event polynomial constraints

• Whole dataset variables

• Cross section

• Max Likelihood / Matrix Element

Few
assumptions

Many
assumptions

Slide from Lester: arXiv:1004.2732



Types of Technique

• Missing transverse momentum

• M_eff, H_T

• s Hat Min

• M_T

• M_TGEN

• M_T2 / M_CT

• M_T2 (with “kinks”)

• M_T2 / M_CT ( parallel / perp )

• M_T2 / M_CT ( “sub-system” )

• “Polynomial” constraints

• Multi-event polynomial constraints

• Whole dataset variables

• Cross section

• Max Likelihood / Matrix Element

Vague
conclusions

Specific
conclusions

Slide from Lester: arXiv:1004.2732
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• Missing transverse momentum

• M_eff, H_T

• s Hat Min

• M_T

• M_TGEN

• M_T2 / M_CT

• M_T2 (with “kinks”)

• M_T2 / M_CT ( parallel / perp )

• M_T2 / M_CT ( “sub-system” )

• “Polynomial” constraints

• Multi-event polynomial constraints

• Whole dataset variables

• Cross section

• Max Likelihood / Matrix Element

Robust

Fragile

Slide from Lester: arXiv:1004.2732
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• QCD is everywhere!
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Sensitivity to input

~ 20% agreement

unmatched with ME/PS matching

Importance of the MC

very bad close to deg.!
region

Recast of efficiencies in gluino simplified mod’

with K. Sakurai, M. Papucci, L. Zeune

ATOM/experiment ATOM/experiment
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Code in inspire!

Benjamin Fuks - Femto workshop - 27.03.2015 - Recasting LHC analyses with MADANALYSIS 5

In a nutshell                                                                Analysis recasting                                                                The PAD                                                                Summary

MADANALYSIS 5 analyses on INSPIRE

15

✦  Implementation of LHC analyses can be uploaded on INSPIRE!
✤ DOI are assigned: can be cited, searched for, etc.

Files are versioned, can be downloaded

DOI and citations

[ Dumont, BF, Kraml et al. (EPJC ’15) ]
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• BSM is now fully automated at LO!
➡ NLO is starting to be as well!

• BSM is very large !
➡ various kind!
➡ various need!
➡ various way to generate !

• It is your responsibility to use this wisely!
➡ You need to know the limitation of the 
tools
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Conclusion


