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- Part I: MadWeight status (2 slides)

- Part II: Stop quark search with the MEM
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MadWeight

transfer functiontree-level 
matrix element 

integration on the 
parton-level phase-space 
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- MadWeight= generator of optimized phase-space mappings            for 
the evaluation of the weights in the Matrix Element Method

- the module is integrated in madgraph, (same philosophy of automated 
and user-friendly framework)

d�y

P.A., V. Lemaître, F. Maltoni, O. Mattelaer

3

Thursday 9 January 14



MadWeight: status

‣multichannel integrator as described in JHEP 1210 
(2010) 068

-  2009  implementation in MGv4

-  2011 implementation in mg5 (‘madweight’ branch)

-  2013 new branch (‘madweight_mc_perm’)

‣access to much lager set of matrix elements
‣effective treatment for ISR
‣ subprocesses grouping
‣NWA

‣ improved submission of jobs
‣NWA (cont’)
‣MC over parton-jet assignments
‣pre-training of the grid

-  2014 merge into the trunk version of madgraph expected soon

https://code.launchpad.net/~maddevelopers/madgraph5/madweight_mc_perm

4

Thursday 9 January 14

https://code.launchpad.net/~maddevelopers/madgraph5/madweight_mc_perm
https://code.launchpad.net/~maddevelopers/madgraph5/madweight_mc_perm


Stop pair production at the LHC

- study case:       is the stable 
lightest supersymmetric particle 
(LSP),     is the second lightest 
supersymmetric particle

Page 2 of 46 Eur. Phys. J. C (2013) 73:2677

Fig. 1 Diagram for top-squark pair production for (a) the
t̃ → tχ̃0

1 → bWχ̃0
1 decay mode and (b) the t̃ → bχ̃+ → bWχ̃0

1 decay
mode

The largest backgrounds in this search arise from events
with a top-antitop (tt̄) quark pair where one top quark de-
cays hadronically and the other leptonically, and from events
with a W boson produced in association with jets (W+ jets).
These backgrounds, like the signal, contain a single lep-
tonically decaying W boson. The transverse mass, defined
as MT ≡

√
2Emiss

T p"
T(1 − cos(#φ)), where p"

T is the trans-
verse momentum of the lepton and #φ is the difference in
azimuthal angles between the lepton and Emiss

T directions,
has a kinematic endpoint MT < MW for these backgrounds,
where MW is the W boson mass. For signal events, the pres-
ence of LSPs in the final state allows MT to exceed MW.
Hence we search for an excess of events with large MT. The
dominant background with large MT arises from the “dilep-
ton tt̄” channel, i.e., tt̄ events where both W bosons decay
leptonically but with one of the leptons not identified. In
these events the presence of two neutrinos can lead to large
values of Emiss

T and MT.

2 The CMS detector

The central feature of the CMS apparatus is a superconduct-
ing solenoid, 13 m in length and 6 m in diameter, which pro-
vides an axial magnetic field of 3.8 T. Within the field vol-
ume are several particle detection systems. Charged-particle
trajectories are measured with silicon pixel and strip track-
ers, covering 0 ≤ φ < 2π in azimuth and |η| < 2.5 in pseu-
dorapidity, where η ≡ − ln[tan(θ/2)] and θ is the polar an-
gle of the trajectory of the particle with respect to the coun-
terclockwise proton beam direction. A lead-tungstate crystal
electromagnetic calorimeter and a brass/scintillator hadron
calorimeter surround the tracking volume, providing en-
ergy measurements of electrons, photons, and hadronic jets.
Muons are identified and measured in gas-ionization detec-
tors embedded in the steel flux return yoke of the solenoid.
The CMS detector is nearly hermetic, allowing momen-
tum balance measurements in the plane transverse to the
beam direction. A two-tier trigger system selects pp colli-
sion events of interest for use in physics analyses. A more
detailed description of the CMS detector can be found else-
where [7].

3 Signal and background Monte Carlo simulation

Simulated samples of SM processes are generated using
the POWHEG [23], MC@NLO [24, 25], and MADGRAPH

5.1.3.30 [26] Monte Carlo (MC) event generator programs
with the CT10 [27] (POWHEG), CTEQ6M [28] (MC@NLO),
and CTEQ6L1 [28] (MADGRAPH) parton distribution func-
tions. The reference sample for tt̄ events is generated with
POWHEG, while the MADGRAPH and MC@NLO genera-
tors are used for crosschecks and validations. All SM pro-
cesses are normalized to cross section calculations valid
to next-to-next-to-leading order (NNLO) [29] or approxi-
mate NNLO [30] when available, and otherwise to next-to-
leading order (NLO) [24, 25, 31–34].

For the signal events, the production of top-squark pairs
is generated with MADGRAPH, including up to two addi-
tional partons at the matrix element level. The decays of
the top squarks are generated with PYTHIA [35] assuming
100 % branching fraction for either t̃ → tχ̃0

1 or t̃ → bχ̃+.
A grid of signal events is generated as a function of the
top-squark and neutralino masses in 25 GeVsteps. We also
consider scenarios with off-shell top quarks (for t̃ → tχ̃0

1 )
and off-shell W bosons (for t̃ → bχ̃+ followed by χ̃+

1 →
W+χ̃0

1 ). For the t̃ → bχ̃+ decay mode, the chargino mass
is specified by a third parameter x defined as mχ̃±

1
= x ·

m̃t + (1 − x) · mχ̃0
1
. We consider three mass spectra, namely

x = 0.25, 0.50, and 0.75. The lowest top squark mass that
we consider is m̃t = 100 GeV for t̃ → tχ̃0

1 , and m̃t = 200
(225, 150) GeV for t̃ → bχ̃+ with x = 0.25 (0.50, 0.75).

The polarizations of the final- and intermediate-state par-
ticles (top quarks in the t̃ → tχ̃0

1 scenario, and charginos and
W bosons in the t̃ → bχ̃+ case) are model dependent and are
non-trivial functions of the top-squark, chargino, and neu-
tralino mixing matrices [36, 37]. The SUSY MC events are
generated without polarization. The effect of this choice on
the final result is discussed in Sect. 9. Expected signal event
rates are normalized to cross sections calculated at NLO in
the strong coupling constant, including the resummation of
soft gluon emission at next-to-leading-logarithmic accuracy
(NLO + NLL) [38–43].

For both signal and background events, multiple proton-
proton interactions in the same or nearby bunch crossings
(pileup) are simulated using PYTHIA and superimposed on
the hard collision. The simulation of the detector response to
SUSY signal events is performed using the CMS fast simu-
lation package [44], whereas almost all SM samples are sim-
ulated using a GEANT4-based [45] model of the CMS detec-
tor. The exceptions are the MADGRAPH tt̄ samples used to
study the sensitivity of estimated backgrounds to the details
of the generator settings; these samples are processed with
the fast simulation. The two simulation methods provide
consistent results for the acceptances of processes of interest
to this analysis. The simulated events are reconstructed and
analyzed with the same software used to process the data.

  

ttbar is the main background 
for stop quark searches

c0 is the stable lightest 
supersymmetric particle (LSP)
→ missing transverse energy (MET)

ttbar:
● less missing transverse energy
● more boosted

Typically stop searches use MET, HT, angles between objects, ...

- main background = ttbar: 
typically less missing energy

�̃0

t̃
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Exclusion limits from ATLAS

multivariate analyses 
typically make use of 
variables sensitive to 
MET (MT , MET,...).  

mt̃ ⇡ mt +m�̃region of interest in this talk:                                
signal and bkg events show very similar phase-space 
distributions, which makes the discrimination more 
difficult
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Working assumptions 

- pure left-handed stop,
- stop decays into neutralino + 

top quark with 100% proba
- mt̃ = 200 GeV, m�̃ = 27.5 GeV

signal background

- only bkg = tt in the 
corresponding decay channel

- mt = 172.5 GeV

�t̃ = 0.25 MeV

t̃

t̃
t̄

t
W+

W−

b̄

b

χ̃

χ̃

t̄

t W+

W−

b̄

b

7

Thursday 9 January 14



Angular distributions

t

t̄

b

b̄

l+

νl

l−

ν̄l

p p

observables sensitive to polarization 
of the top quarks: 

�

✓+

✓�

polar angle between the direction of 
flight of the l+ in the top rest frame 
(polar axis =         in the lab frame)

angle between the direction of flight 
of the l+ in the top rest frame and 
the direction of flight of the l- in the 
antitop rest frame

polar angle between the direction of 
flight of the l- in the antitop rest frame
(polar axis =             in the lab frame)

p
top

p
antitop

signal vs bkg discrimination based on polarization effects ?
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Angular distributions
parton-level, loose cuts

- SM tt production: correlation between 
the angular distributions of the decay 
products in the two decay branches 

- stop pair production: no such correlation 
since stop quark = scalar particle

- polarization effects inside a given decay 
branch also lead to slightly different 
angular distributions for sig and bkg 
hypotheses

ideal study case for the matrix 
element method

 0.08
 0.085

 0.09
 0.095

 0.1
 0.105

 0.11
 0.115

 0.12

-1 -0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8  1
cos q

signal
bkg

 0.086
 0.088

 0.09
 0.092
 0.094
 0.096
 0.098

 0.1
 0.102
 0.104
 0.106

-1 -0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8  1
cos e+

signal
bkg

9

Thursday 9 January 14



Goal

- does the Matrix Element Method provide additional 
leverage to exclude stop pair production in the funnel 
region ?

- how competitive is the MEM discriminating power 
in comparison with other multivariate techniques ?
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Calculation of the weights (bkg)

d�y

W (xi,y)

- parton-level phase-space measure for tt (production+decay),      
- ISR treatment: pT(tt)=-pT(isr), 
- Monte Carlo phase-space generation with MadWeight.

- LO matrix element for  tt (production+decay)
- generated with madgraph5

- transfer function on light jet and b-jet energies only
- determined from an independent tt sample where well 

separate jets are matched to the corresponding partons

P (x
i

, B) =
1

�obs

1

N

X

jet perm.

Z
d�y|MB

|2(y)W (x
i

,y)

|MB |2(y)
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Transfer function (TF)
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⇣
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2p5
2

⌘⌘

- the shape of the transfer 
function is set to a sum of 
two Gaussian distribution,

- the energy dependence of 
each parameter pi (bias, 
widths, relative strength) is 
set to 

pi = ai + biEp
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Calculation of the weights (signal)

d�yspecific treatment for the phase-space measure          :  

in the funnel region, the decay products of each stop quark have 
almost no relative momentum, since 

1. generate the kinematics of the tt system, with 

2. set the momenta of the supersymmetric partners 
assuming no relative momentum |b|    and 

mt̃ = mt +m�̃

pT (tt̄) = �pT (isr)
mt
mt̃ t̃

t̃
t̄

t
W+

W−

b̄

b
χ̃

χ̃

1.2.

good approximation if the widths      ,       
are negligible   

�t̃ �t

t �̃

P (x
i

, S) =
1

�obs

1

N

X

jet perm.

Z
d�y|MS

|2(y)W (x
i

,y)
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★ events at the parton-level + smearing of Ep

★ weights calculated with the previously-defined TF

Discriminating power (MEM, dilepton)
Three distinct MEM analyses:

parton 2:  
cuts after smearing:
�R > 0.3, pT (j) > 30 GeV, |⌘(j)| < 2.5, |⌘(l)| < 2.4, pT (l) > 20 GeV

★ events at the parton-level (no showering)

★ weights calculated with infinite resolution on Ep

parton 1:  
cuts: �R > 0.3, pT (j) > 30 GeV, |⌘(j)| < 2.5, |⌘(l)| < 2.4, pT (l) > 20 GeV

reco:  ★ events generated with MadGraph + Pythia + Delphes, 
2 isolated leptons with          2 jets (at least 1 b-tag) with

★ weights calculated with the previously-defined TF

|⌘(l)| < 2.4,pT (l) > 20 GeV pT (j) > 30 GeV, |⌘(j)| < 2.4,
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MEM discriminating power, dilepton channel
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MEM discriminating power, dilepton channel
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MEM discriminating power, dilepton channel
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weight under the signal 
assumptions is much smaller 
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★ events at the parton-level + smearing of Ep

★ weights calculated with the previously-defined TF

Discriminating power (MEM, single lepton)
Three distinct MEM analyses:

parton:  
cuts after smearing:
�R > 0.3, pT (j) > 30 GeV, |⌘(j)| < 2.5, |⌘(l)| < 2.4, pT (l) > 20 GeV

reco:  ★ events generated with MadGraph + Pythia + Delphes,

★ weights calculated with the previously-defined TF

|⌘(l)| < 2.4, pT (l) > 20 GeV

pT (j) > 30 GeV, |⌘(j)| < 2.4,

2 isolated leptons with 
jets selected if 

if more than 4 jets, select the set of 4 jets that reconstruct the best 
the mass of the W bosons and top quarks [see JHEP 10 (2013)167] 
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MEM discriminating power, single-lepton channel
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Discriminating signal and bkg events with BDT

- Boosted decision trees trained with signal and background 
at the reconstruced level

- training has been performed with the TMVA package in 
root, with the parameters held at their default values (1000 
trees)

- discriminating variables taken from the literature (see Eur. 
Phys. J. C(2013) 73:2677 for the single-lepton channel and 
arxiv:1303.5776 for the dilepton channel) and from Alexis 
Kalogeropoulos’ thesis
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Comparison MEM versus BDT
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Conclusion

- we have investigated the use of  matrix element reweighting 
techniques for stop searches in the region            

- no significant decrease in the discriminating power is 
observed when applying the MEM to reconstructed events 
rather than parton level events  

- the MEM discriminating power is slightly higher in the 
dilpton channel than in the single lepton channel 
(presumably because of the combinatorial background in 
the latter case)

- no improvement with respect to BDT

mt̃ ⇡ mt +m�̃
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