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Outline

• MadWeight5
➡ Basic idea of the phase space integration

➡ Improvement/ new features of MadWeight5

• MEM with ISR correction
➡ Motivation

➡ Method

➡ Higgs mass measurement
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Matrix Element Re-weighting
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How to evaluate those weights?
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Matrix Element Re-weighting

• Fit from MC tuned to the detector resolution

• Use of matrix-element generator: MadGraph

• Need a specific integrator: MadWeight
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MADWEIGHT

• degrees of freedom 16
➡ 2: pdf

➡ 3 x 6: final states

➡ -4: energy-momentum 
conservation

• peaks 16
➡ 4: Breit-Wigner

➡ 3 x 4: visible particles
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First Example: di-leptonic top quark pair

• degrees of freedom 16

• peaks 16
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MADWEIGHT
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First Example: di-leptonic top quark pair

All peaks aligned

• degrees of freedom 16

• peaks 16
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First Example: di-leptonic top quark pair

All peaks aligned

• degrees of freedom 16

• peaks 16
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All peaks aligned

• degrees of freedom 16

• peaks 16

Wednesday, May 29, 13



UIUC

  O. Mattelaer                                                    MEM mini workshop, May 27-28 2013                               

Text

t

t̄

µ−

µ+

νµ

ν̄µ

pa

b

b̄

p4

p5

p1

p2

p3

p6

W+

m∗
−1

m∗
−3

m∗
−4

W−
m∗

−2
pb

u p5

d̄
t

t̄

µ−

µ+

νµ

ν̄µ

pa

b

b̄

p4

p5

p1

p2

p3

p6

W+

m∗
−1

m∗
−3

m∗
−4

W−
m∗

−2
pb
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degrees of freedom 16

Second Example: semi-leptonic top quark pair

MADWEIGHT
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Multi-channel
3 peaks unaligned

Second Example: semi-leptonic top quark pair

MADWEIGHT

Wednesday, May 29, 13



UIUC

  O. Mattelaer                                                    MEM mini workshop, May 27-28 2013                               

Text

|pi|,

|pj|,

q1

q2

Class A

θ1, φ1

θ2, φ2

. . .

pνx, pνy, pνz

i1

. . .

q2

q1

Class B

i2 i1

. . .

q2

q1

Class C

pνx, pνy, pνz

θ, φ p

. . .

q2

q1

Class D

i1
i3

i4
i2

pν1x, pν1y, pν1z

pν2x, pν2y, pν2z

MadWeight

8

fully hadronic / leptonic process

W production

semi-leptonic top quark pair

Fully leptonic top quark pair
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Higss production decaying in W 

W+ W- production

Wednesday, May 29, 13



UIUC

  O. Mattelaer                                                    MEM mini workshop, May 27-28 2013                               

Text
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Higss production decaying in W 

W+ W- production

MadWeight : changes of variables

auxiliary changes of variables :
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Lot of possibility to have 
more complex process
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MadWeight5 Improvement

• Use MG5 idea of Subprocess merging

11

MW5 SubProcesses
p p > t t~

5 Integrals to perform 1 Integral to perform

MW4 SubProcesses

g g > t t~

u u~ > t t~

d d~ > t t~

u~ u > t t~

d~ d > t t~
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MadWeight5 Improvement

• Narrow width approximation
➡ Reduce the dimension of the Phase-Space

➡ Be careful:

✦ The matrix-element AND the transfer function should 
be flat enough.

✦ This reduces the discrimination power. 

➡ In MW5, all particles with a width lower than a given value 
will be integrated in this approximation.
✦ default value: 0.1

✦ So by default only for the Higgs

12
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vendredi 19 novembre 2010

MadWeight5 Improvement

• Treatment of permutations

13

MW4:  one integral per permutation
MW5: Monte-Carlo over the permutation

process tf permutation Sum/MonteCarlo
tt semi leptonic delta 24 7.5
tt semi leptonic gauss 24 2

tt di leptonic gauss 2 0.6
w+ j j delta 2 1.5

tth (semi lept) gauss 720 20

Wednesday, May 29, 13
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MadWeight5 Improvement

• Better choices of PS parameterization

• Pre-defined grid for the transfer functions

• Smarter refine function between channel of 
integration

• New interface (scriptable edition of the cards)

• New cluster support
➡ Creation of the directory on the flight

➡ Submission by packet / support of multicore

• New output format (xml)

• Full support of BSM physics (via UFO/ALOHA) 

• ISR support

14
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Speed Benchmark Comparison

15

process perm MW4 MW5
tt semi lept 24 1h16 71s

tt fully lept 2 46s 14s

tth semi lept 720 > 2 days 43min

tth semi lept 48 > 3h 11min

tth fully lept 24 >1h 1min

h> w+ w- > 1lept 2 59s <5s

h> w+ w- > 2lept 1 8s <5s

z b b 24 39m 18s

zh 24 43m <5s
running on 1core of a Intel core i7 2.3Ghz

Wednesday, May 29, 13
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MEM with radiation

16

Wednesday, May 29, 13



UIUC

  O. Mattelaer                                                    MEM mini workshop, May 27-28 2013                               

Text

MEM with radiation

• Those radiations are important
➡ ttj is 50% at LHC

➡ The topics pop outs in talks a couple of times

• 3 Main idea (both were mention yesterday)
➡ Transfer boost

➡ MLM

➡ NLO
17

5.1. Initial State Radiation at partonic level 71

X

X

p

p

1
2

p0
pa

pb pin

prad

· · ·

︸
︷︷

︸

1’
2’

p′
0

p′
a

p′
b p′

in

p′
rad

· · ·

︸
︷︷

︸

Figure 5.1: Schematic depiction of the event topology for pair production of heavy
particles X , together with initial state radiation.

6.4 [96], and the momenta of the final state particles as well as of the ISR, have been
extracted from the event record for each event. No cuts on the parton momenta have
been implemented and therefore the acceptance term is simply 1. For simplicity and
clarity of the discussion, we do not include backgrounds in the analysis.

The proposed technique is based on the observation that the most significant effect
of ISR is on the kinematics of the events, since without proper inclusion of ISR the
momentum balance would be violated. The proper kinematics of the hard scattering
matrix element can be restored by simply boosting the hard event by the momenta of
the ISR. Since the longitudinal incoming momenta are integrated over in the computa-
tion of the likelihood, it is sufficient to perform the boost for the transverse coordinates
only. In practice, instead of boosting the measured final state momenta, we perform
the boost on the incoming partons of the matrix element, which is equivalent since the
squared matrix element is a Lorentz scalar. Since we are only performing a kinemat-
ical boost, the ISR momenta for each incoming leg are summed up, and the sequence
of individual branching does not play any role.

This boost correction is the simplest possible treatment of ISR, which only maintains
the proper momentum balance, while the effects of the particular QCD vertices and
internal propagators (labeled by numbers and pa,b,... in Fig. 5.1, respectively) are not
taken into account. It has the advantage of not increasing the computing time of the
MEM likelihood fit compared to the situation without ISR.

However, one can try to do better by including Sudakov re-weighting for the ISR. The
Sudakov factor corresponds to the probability for no branching to occur between two
scales p2

T,E1 < p2
T,E0. For ISR it is appropriate to formulate the Sudakov factor in

Wednesday, May 29, 13
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My point of view

• MLM
➡ Having one more jets at the matrix element level is 

roughly 10 times slower.

• number of permutations (assignment jet-parton)

• complexity of the integrand

• dimension of the phase-space

➡ The radiation problem still occurs (at least for the 
inclusive sample)

• NLO
➡ Speed of the virtual

➡ Only valid for one additional jet

18
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Radiations

• ISR
➡ Main Effect is to induce a 

transverse boost.

➡ Different PDF

19

5.1. Initial State Radiation at partonic level 71
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Figure 5.1: Schematic depiction of the event topology for pair production of heavy
particles X , together with initial state radiation.

6.4 [96], and the momenta of the final state particles as well as of the ISR, have been
extracted from the event record for each event. No cuts on the parton momenta have
been implemented and therefore the acceptance term is simply 1. For simplicity and
clarity of the discussion, we do not include backgrounds in the analysis.

The proposed technique is based on the observation that the most significant effect
of ISR is on the kinematics of the events, since without proper inclusion of ISR the
momentum balance would be violated. The proper kinematics of the hard scattering
matrix element can be restored by simply boosting the hard event by the momenta of
the ISR. Since the longitudinal incoming momenta are integrated over in the computa-
tion of the likelihood, it is sufficient to perform the boost for the transverse coordinates
only. In practice, instead of boosting the measured final state momenta, we perform
the boost on the incoming partons of the matrix element, which is equivalent since the
squared matrix element is a Lorentz scalar. Since we are only performing a kinemat-
ical boost, the ISR momenta for each incoming leg are summed up, and the sequence
of individual branching does not play any role.

This boost correction is the simplest possible treatment of ISR, which only maintains
the proper momentum balance, while the effects of the particular QCD vertices and
internal propagators (labeled by numbers and pa,b,... in Fig. 5.1, respectively) are not
taken into account. It has the advantage of not increasing the computing time of the
MEM likelihood fit compared to the situation without ISR.

However, one can try to do better by including Sudakov re-weighting for the ISR. The
Sudakov factor corresponds to the probability for no branching to occur between two
scales p2

T,E1 < p2
T,E0. For ISR it is appropriate to formulate the Sudakov factor in

• FSR
➡ Need to be parameterize in 

the TF

➡ Having a one parton 
evolving in two jets TF

➡ Reasonable with MC over 
permutation
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Figure 5.1: Schematic depiction of the event topology for pair production of heavy
particles X , together with initial state radiation.

6.4 [96], and the momenta of the final state particles as well as of the ISR, have been
extracted from the event record for each event. No cuts on the parton momenta have
been implemented and therefore the acceptance term is simply 1. For simplicity and
clarity of the discussion, we do not include backgrounds in the analysis.

The proposed technique is based on the observation that the most significant effect
of ISR is on the kinematics of the events, since without proper inclusion of ISR the
momentum balance would be violated. The proper kinematics of the hard scattering
matrix element can be restored by simply boosting the hard event by the momenta of
the ISR. Since the longitudinal incoming momenta are integrated over in the computa-
tion of the likelihood, it is sufficient to perform the boost for the transverse coordinates
only. In practice, instead of boosting the measured final state momenta, we perform
the boost on the incoming partons of the matrix element, which is equivalent since the
squared matrix element is a Lorentz scalar. Since we are only performing a kinemat-
ical boost, the ISR momenta for each incoming leg are summed up, and the sequence
of individual branching does not play any role.

This boost correction is the simplest possible treatment of ISR, which only maintains
the proper momentum balance, while the effects of the particular QCD vertices and
internal propagators (labeled by numbers and pa,b,... in Fig. 5.1, respectively) are not
taken into account. It has the advantage of not increasing the computing time of the
MEM likelihood fit compared to the situation without ISR.

However, one can try to do better by including Sudakov re-weighting for the ISR. The
Sudakov factor corresponds to the probability for no branching to occur between two
scales p2

T,E1 < p2
T,E0. For ISR it is appropriate to formulate the Sudakov factor in

• FSR
➡ Need to be parameterize in 

the TF

➡ Having a one parton 
evolving in two jets TF

➡ Reasonable with MC over 
permutation

Here I will focus on ISR
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Choices of variables

20

g g > h> mu+ mu- vm vm~ page 1/1

Diagrams made by MadGraph5
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u u~ > t t~ WEIGHTED=2, t > b e+ ve WEIGHTED=4, t~ > b~ mu- vm~ WEIGHTED=4 page 1/1

Diagrams made by MadGraph5

vm~
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mu- 7
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4
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b
3t

u

1
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 diagram 1 QCD=2, QED=4

Higgs production top pair production

• Higgs Mass
➡ s-channel

• No FSR

• top Mass

• presence of FSR
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Initial State Radiation
• Study the ISR on Higgs 

production at LHC (14 TeV)
at parton level (no 
hadronization)

21

g g > h> mu+ mu- vm vm~ page 1/1

Diagrams made by MadGraph5
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Boost correction only

Boost correction
with Sudakov
reweighting

No ISR in event
generation

events with ISR:
cut !pT ! " 40 GeV
cut !pT ! " 6 GeV

176 178 180 182 184 186 188
###############
mh

GeV

0.2

0.4

0.6

0.8

1.0

L !Lmax

Initial State Radiation
• Study the ISR on Higgs 

production at LHC (14 TeV)
at parton level (no 
hadronization)

21

g g > h> mu+ mu- vm vm~ page 1/1

Diagrams made by MadGraph5
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input mass

• No ISR        No Bias
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Boost correction only

Boost correction
with Sudakov
reweighting

No ISR in event
generation

events with ISR:
cut !pT ! " 40 GeV
cut !pT ! " 6 GeV
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Initial State Radiation
• Study the ISR on Higgs 

production at LHC (14 TeV)
at parton level (no 
hadronization)
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• Large Veto      Large bias
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Boost correction only

Boost correction
with Sudakov
reweighting

No ISR in event
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• Add the Sudakov Factor 
      No significative bias

It has the advantage of not increasing the computing time of the MEM likelihood fit compared
to the situation without ISR.

However, one can try to do better by including Sudakov reweighting for the ISR. The
Sudakov factor corresponds to the probability for no branching to occur between two scales
p2T,E1 < p2T,E0. For ISR it is appropriate to formulate the Sudakov factor in terms of back-
wards evolution from the hard process to the incident proton. In this case it is given by

∆ISR(p
2
T,E0, p

2
T,E1)

= exp

(

−
∫ p2

T,E0

p2
T,E1

d(p2T,E)

p2T,E

αs(p2T,E)

2π

∑

j∈{j→i+X}

∫ zmax(p2T,E)

zmin(p2T,E)

dz
Pj→i(z)

z

fj(xi/z, p2T,E)

fi(xi, p2T,E)

)

(9)

where the sum runs over all possible assignments of partons i, j (quarks or gluon) in the
branching j → i+X . Here Pj→i are the splitting functions, which for massless quarks read

Pqq(z) = Pqg =
4(1 + z2)

3(1− z)
, Pgq(z) =

1

2

[

z2 + (1− z)2
]

, Pgg(z) = 6
[1− z(1 − z)]2

z(1 − z)
. (10)

Furthermore, z is the ratio between the pre-branching invariant mass squared of the parton-
parton interaction and the post-branching invariant mass squared.

To account for the proper weight of the ISR, one needs the probability of having a
splitting j → i +X at some kinematic configuration (p2T,E, z), which is given by taking the
derivative of the Sudakov factor:

Pj(p
2
T,E, z) = −

d2

d(p2T,E)dz
∆ISR(p

2
T,E0, p

2
T,E) (11)

=
αs(p2T,E)

2πp2T,E

Pj→i(z)

z

fj(xi/z, p2T,E)

fi(xi, p2T,E)
∆ISR(p

2
T,E0, p

2
T,E) (12)

The branching probability for any kind of parton is then given by
∑

j Pj(p2T,E, z).
Evidently it is not possible to reconstruct the entire sequence of ISR branchings in the

correct order from the event data. For most events, however, one microscopic branching
process carries most pT of all ISR from one leg, so that a reasonable approximation can be
obtained by adding up all ISR momenta stemming from one leg and calculating the Sudakov
factor for one single branching with the summed momentum p2T,E = p2T,ISR.

Since the ISR tends to be emitted at low angles, we approximate the ratio z by the
longitudinal momentum components,

z ≈
pin,z

pin,z + prad,z
, (13)

where pin is the momentum of the incoming parton of the hard collision process and prad is
the momentum of the ISR associated with this leg, see Fig. 1.

Fig. 2 shows numerical results for the MEM likelihood fit for the example of top quark pair
production with di-leptonic decays, eq. (5). For reference, the solid curve shows the idealized

6
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Figure 2: Reconstruction of the top quark mass from a matrix element likelihood fit to 1000
parton-level di-lepton tt̄ events at the LHC with

√
s = 14 TeV. A top mass of mt = 175 GeV

has been used for the event generation. Shown in the plot are the idealized situation without
ISR in the event generation (solid curve), the influence of ISR if no correction method is
used (short dashed), the result for application of the kinematic boost correction only (long
dashed), and the boost correction with Sudakov reweighting (dash-dotted). The likelihood
reflects statistical errors only.

situation without ISR in the event generation, so that the events are directly produced by
the same matrix element that is used in the matrix element analysis, and contain exactly two
b-quarks and two leptons. The short-dashed curve corresponds to event generation with ISR,
but ISR is not accounted for in the likelihood fit; instead events with ISR with combined
pT > 40 GeV have been vetoed. In this (parton-level) case, the fit yields a central value for
the top quark mass close to the true input value, but the statistical uncertainty is increased
by a factor of about 1.5 (as can be seen from the larger width of the curve).

The other curves in Fig. 2 demonstrate the effect of the boost correction. As expected,
the statistical error is not increased by this method. Applying only the kinematical boost
correction, without the Sudakov reweighting, leads to a central value for the fitted top mass
that is shifted downwards by about 0.5 GeV. While this is still marginally consistent within
errors, it is indicative of a slight bias. If in addition the Sudakov factor (12) is included, the
central value of the reconstructed top mass is much closer to the true input value and fully
consistent within errors.

Fig. 3 shows results for Higgs production with decay to l+l′−νlν̄l′ through a pair of W
bosons, see (6). As we can see from the figure, such s-channel resonance processes are even
more sensitive to the influence of ISR. Indeed, the Higgs mass is not properly reconstructed
by the MEM likelihood fit even if ISR jets with pT > 40 GeV are vetoed—it is only when
the veto threshold is lowered to an unrealistically low value of 6 GeV that the fit becomes
marginally consistent with the correct input value mh = 180 GeV. On the other hand, the
purely kinematical boost correction (without reweighting) already yields a fit result that is
very close to mh = 180 GeV, while inclusion of the Sudakov reweighting leads to near-perfect
agreement with the input value.

This strong sensitivity of the MEM fit to ISR is a particular feature of processes with

7

➡ Less sensitivity
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Figure 5: Reconstruction of the Higgs boson mass from a matrix element likelihood fit
to 1000 hadron-level di-lepton events at the LHC with

√
s = 14 TeV. A Higgs mass of

mh = 180 GeV has been used for the event generation. The different curve correspond to
the following setups: idealized situation without ISR in the event generation (solid curve);
ISR included in the simulation but no correction (short dashed); purely kinematical boost
correction (dash-dotted); boost correction with ISR transfer functions (long dashed). The
two long-dashed curves correspond to ISR transfer functions tuned to tt̄ and h → WW
Monte-Carlo events, respectively. The likelihood reflects statistical errors only.

use a two-component transfer function, employing a double-Gaussian if the measured ISR
pvisT is non-zero, and a single Gaussian in log-space for zero pvisT :

WISR(pT, p
vis
T ) =

{

1√
2π(a2+a3a5)

[

e−(pT−pvis
T

−a1)2/(2a22) + a3 e−(pT−pvis
T

−a4)2/(2a25)
]

, for pvisT > p0T,
1√

π b2 pT
e−(log(pT)−b1)2/(2b22) for pvisT < p0T,

with ai = bi0 + bi1
√
pT + bi2pT. (14)

The boundary p0T between the two regions should be chosen near the sensitivity limit of the
detector (typically a few GeV), but we have checked that the results are not appreciably
affected by varying p0T between 5 and 15 GeV.

The free parameters bi, bij in (14) are tuned to Monte Carlo simulated data, and it
has been checked that the transfer function provides a good approximation to the Monte
Carlo data both for small (a few GeV) and large (∼ 100 GeV) values of pT. This tune
effectively accounts for Sudakov factors, as well as detector acceptance effects. When using
ISR transfer functions one needs to integrate over the partonic pT of each leg, so that the total
integration dimension is increased by two. Nevertheless, when using an adaptive algorithm
like Vegas [13], the integration time grows only by a factor of less than 10.

The increase in the number of degrees of freedom also leads to an increase of the width
of the curve—however, the expected reduction in systematic effects and stability of the
likelihood result due to the better control of QCD radiation using this method should by far
make up for this.

Fig. 5 demonstrates the effect of the boost correction without and with ISR transfer
functions for the Higgs production process (6). The plot shows that the ISR transfer functions
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Figure 5: Reconstruction of the Higgs boson mass from a matrix element likelihood fit
to 1000 hadron-level di-lepton events at the LHC with

√
s = 14 TeV. A Higgs mass of

mh = 180 GeV has been used for the event generation. The different curve correspond to
the following setups: idealized situation without ISR in the event generation (solid curve);
ISR included in the simulation but no correction (short dashed); purely kinematical boost
correction (dash-dotted); boost correction with ISR transfer functions (long dashed). The
two long-dashed curves correspond to ISR transfer functions tuned to tt̄ and h → WW
Monte-Carlo events, respectively. The likelihood reflects statistical errors only.

use a two-component transfer function, employing a double-Gaussian if the measured ISR
pvisT is non-zero, and a single Gaussian in log-space for zero pvisT :

WISR(pT, p
vis
T ) =

{

1√
2π(a2+a3a5)

[

e−(pT−pvis
T

−a1)2/(2a22) + a3 e−(pT−pvis
T

−a4)2/(2a25)
]

, for pvisT > p0T,
1√

π b2 pT
e−(log(pT)−b1)2/(2b22) for pvisT < p0T,

with ai = bi0 + bi1
√
pT + bi2pT. (14)

The boundary p0T between the two regions should be chosen near the sensitivity limit of the
detector (typically a few GeV), but we have checked that the results are not appreciably
affected by varying p0T between 5 and 15 GeV.

The free parameters bi, bij in (14) are tuned to Monte Carlo simulated data, and it
has been checked that the transfer function provides a good approximation to the Monte
Carlo data both for small (a few GeV) and large (∼ 100 GeV) values of pT. This tune
effectively accounts for Sudakov factors, as well as detector acceptance effects. When using
ISR transfer functions one needs to integrate over the partonic pT of each leg, so that the total
integration dimension is increased by two. Nevertheless, when using an adaptive algorithm
like Vegas [13], the integration time grows only by a factor of less than 10.

The increase in the number of degrees of freedom also leads to an increase of the width
of the curve—however, the expected reduction in systematic effects and stability of the
likelihood result due to the better control of QCD radiation using this method should by far
make up for this.

Fig. 5 demonstrates the effect of the boost correction without and with ISR transfer
functions for the Higgs production process (6). The plot shows that the ISR transfer functions
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Figure 4: Reconstruction of the top quark mass from a matrix element likelihood fit to 1000
hadron-level di-lepton tt̄ events at the LHC with

√
s = 14 TeV. A top mass of mt = 175 GeV

has been used for the event generation. The solid curve corresponds to the idealized situation
without ISR in the event generation, while the result for uncorrected ISR is shown for a veto
on extra jets with pT > 40 GeV (short dashed) and pT > 20 GeV (dotted). Also shown are
the effect of the purely kinematical boost correction (dash-dotted) and the boost correction
with ISR transfer functions (long dashed). The likelihood reflects statistical errors only.

with one of the incoming legs. A simple rule is to assume that jets in the left hemisphere stem
from the incident parton coming from the right, and vice versa. As a first step, we will not
include resolution functions for the ISR (in contrast to the other jets), in order to minimize
the computing time, but we will comment on their rôle later. Similar to the parton-level
analysis, the application of the kinematical boost correction (dash-dotted curve) leads to a
considerably better agreement with the input value for the top mass.

As evident from the figure, the purely kinematical boost correction already leads to a
satisfactory likelihood fit for top quark pair production events. The situation is different,
however, for processes with a narrow s-channel resonance, like Higgs production (6). We have
seen already at parton level that this class of processes is very sensitive to ISR. Numerical
results for the MEM fit are shown in Fig. 5, which shows that the boost correction does
not lead to a good fit. This can be explained by the fact that on average the measured
ISR jet momenta do not agree sufficiently well with the parton-level ISR momenta. Such
measurement inaccuracies have a substantial impact for Higgs production process due to its
strong sensitivity on the pT of ISR.

While inclusion of Sudakov corrections was successful in the pure parton level case of Sec-
tion 3, it turns out to be less useful in the fully hadronic case, and hardly improves the results
from the pure boost correction. The reason for this is that the imperfect reconstruction of
ISR in the detector has a much bigger impact on the likelihood fit.

There is however another way to account for these strong ISR effects, which drastically
reduces the dependence on the detector acceptance. By including a transfer function for the
transverse momentum of each incident particle (in addition to the transfer functions for the
outgoing legs of the matrix element), we can successfully account not only for ISR that is
visible in the detector, but also for the case when the ISR does not produce visible jets. We
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Conclusion

• MadWeight5 will be released soon
➡ with nicer interface / cluster support

➡ with huge speed improvement

➡ with ISR support 

• Radiation problem
➡ MLM/NLO slower method

➡ Transverse boost is working

➡ Need transfer function on the boost
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