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• What is MadGraph5_aMC@NLO!
• Loop-Induced processes!

➡ PS integration ( g g > h )  !
➡ LO re-weighting ( g g > z h )!
➡ NLO re-weighting ( g g > h h) 

2
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•NLO cross-sections made of two parts

3

Simulation for discovery

“easy”
Background directly 
measured from data. 	



Theory needed only for	


parameter extraction

Peak
H ⇾ ɣ ɣ

Shape
P P ⇾ Z H ⇾ l l + inv.

Background SHAPE needed. 
Flexible MC for both signal and 

background validated and 
tuned to data

“Hard”

Rate
P P ⇾ H ⇾ W+ W-

Relies on prediction for both 
shape and normalization. 

Complicated interplay of best 
simulations and data

“VERY HARD”
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☞ MC@NLO 
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☞ MadWidth 
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➡ LO re-weighting ( g g > z h )!
➡ NLO re-weighting ( g g > h h) 

15

Plan



Looking closely...

●Differential distributions p
T
 and m

HH

Using MadGraph5  
implementation of 
LET and MadLoop
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•Main production 
mechanism for Higgs & 
Higgs associated 
processes!

• Effective Theory are 
not always relevant

16

Loop Induced

•The phase-space 
integration is based 
on the born diagram!

•Loop evaluation are 
extremely slow!

•Need Leading Color 
information for 
writing Events 
associated to the 
loop !

!

Why? Difficulties?
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Implementation

•The phase-space 
integration is based 
on the born diagram!

•Loop evaluation are 
extremely slow!

•Need Leading Color 
information for 
writing Events 
associated to the 
loop !

!

Difficulties? Solution

•Contract the loop to 
have tree-level 
diagrams which drive 
the integration multi-
channel!

•Use Monte-Carlo over 
helicity!

•Increase parallelization!
•Compute the loop with 
the color flow algebra!

!
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•generate g g > h [QCD]!
•output!
•launch

18

First Example: g g> h
User Input

HEFT

Loop Induced

page 1/1

Diagrams made by MadGraph5_aMC@NLO

g

1

g

2

h 3

 diagram 1 HIG=1, HIW=0, QCD=0, QED=0

�heft = 17.63(2)pb

page 1/1

Diagrams made by MadGraph5_aMC@NLO

b~

g

1

b

g
2

b

h 3

 diagram 1 QCD=2, QED=1

b

g

1

b~

g
2

b~

h 3

 diagram 2 QCD=2, QED=1

t~

g

1

t

g
2

t

h 3

 diagram 3 QCD=2, QED=1

t

g

1

t~

g
2

t~

h 3

 diagram 4 QCD=2, QED=1

page 1/1

Diagrams made by MadGraph5_aMC@NLO

b~

g

1

b

g
2

b

h 3

 diagram 1 QCD=2, QED=1

b

g

1

b~

g
2

b~

h 3

 diagram 2 QCD=2, QED=1

t~

g

1

t

g
2

t

h 3

 diagram 3 QCD=2, QED=1

t

g

1

t~

g
2

t~

h 3

 diagram 4 QCD=2, QED=1

�
loop

= 15.74(2)pb



Mattelaer Olivier Higgs+Jets                                   9/12/2014

•generate g g > h [QCD]!
•output!
•launch

18

First Example: g g> h
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p p > h j
HEFT

�heft = 13.87(3)pb

Loop Induced

�
loop

= 13.24(2)pb

�
toploop

= 13.56(2)pb
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•Same sign top discovery will be 
the proof of New Physics but 
this process exists in the SM!

•QED Loop!
•suppressed by CKM/bottom 
mass

20

p p > t t

bottom quark mass. Lowest order contributions are thus O (Λ−4) contrary to
opposite sign top pair production for which the largest corrections arise from
the O (Λ−2) interference. After integration over t, the cross-section grows
like s as expected from dimensional analysis. In fact, only the interference
between the LR operators is proportional to m2

t , see Eq. (4), and does not
have this behaviour. As a consequence, a large part of the total cross-section
at the LHC comes from the region where mtt ∼ 1 TeV as shown on Fig. 2.
In this region, however, the 1/Λ expansion cannot be trusted for values of
Λ around 1 TeV we consider in our study. There is no such concern at the
Tevatron as the mtt distribution is peaked instead below 500 GeV. Figure 3
displays the cross-section with a upper cut on mtt at Λ/3 as a function of
Λ for ci = 1, where ci is a generic label for the coefficients in Eq. (2). This
choice ensures that the mtt distribution is at most about 20% below (above)
its true value for an s- (t-) channel exchange. The general case can be easily
inferred since the coefficient dependences factorise in Eq. (4). At 14 TeV,
the cross-section increases by a factor 2 for Λ ∼ 2 TeV up to a factor 4 for
Λ ∼ 14 TeV.

u d, s, b t

u d, s, b t

W W

Figure 1: SM contribution to uu → tt

1000 2000 3000 4000 5000

5!10"4

0.100
0.050

0.010
0.005

0.001

mtt!GeV"

1 Σ
$
dΣ d
m
tt

ORR ; OLL
!1" ; OLL

!3"

ORL
!1"

ORL
!8"

ORL
!1"

" 2ORL
!8"

t t% : int. 4 " F
t t% : SM

7 TeV

Figure 2: Normalized invariant mass distribution for same sign top pair production at the
LHC. The distribution can be trusted only for mtt ≪ Λ. The interference between the
SM and the four-fermion operators as well as the SM for tt̄ production are also displayed
for comparison.

4

•Never computed before

�
loop

= 2.23(1)10�15pb

u u > t t
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•Idea: use one (un)weighted generations and 
associate additional weights from different 
hypothesis. 

21

ME-Reweighting

W
new

=
|M

new

|2

|M
old

|2 ⇤W
old

Rwgt
MG5

Original Reweighted
[1405.0301/1404.7129]LO Example (p p > Z W)
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• Result identical to the standard integration 
method

22

g g > ZH
Loop Induced Example

EFT
ZH

g g > z h WEIGHTED=8 [ noborn^2= QCD ] page 1/4

Diagrams made by MadGraph5_aMC@NLO
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• real emission: HHg (one loop) : doable!
• virtual corrections: two-loop

23

gg>HH beyond LO

Use Effective Theory

Full NLO

Currently not available!

HH in gluon-gluon fusion

Loop induced process    
● Difficulty in higher order calculations
● MC automation 

Single Higgs solution:
Use a low energy theory, taking the m

t
>>m

H 
limit:

Effective 
Lagrangian
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• NLO HEFT event generation: MC@NLO method 
!
!
!
!

• Different weights stored internally: virtual, real and 
counter terms 

• Reweight on an event-by-event basis using the results 
of the exact loop matrix elements. Schematically: 
!
!
!

• Fully differential reweighting  
•Matching to parton showers with the MC@NLO method

A reweighting approach for HH

24

counterterms are such that Born-like (S-events) and real-emission (H-events) unweighted

events can obtained as the corresponding subtracted cross sections are separately finite.

The corresponding contributions to the total cross section can be written as

dσ(H) = dφn+1 (R− CMC) , (3.2)

dσ(S) = dφn+1

[

(

B + V + Cint
) dφn

dφn+1
+ (CMC − C)

]

. (3.3)

In the MadGraph5 aMC@NLO framework, one can automatically generate the code

corresponding to the Born, virtual, real amplitudes, the counter terms and the phase

space [50,75] in one go in order to compute cross sections and generate events for gg → HH

at NLO in QCD in the HEFT. All the finite heavy-quark one-loop matrix-elements (i.e.

those entering the Born and real contributions) needed can also be obtained within Mad-

Graph5 aMC@NLO. Note, however, that two limitations presently make the automatic

computation of the exact NLO result not possible. First, the computation of cross sec-

tions that have a loop Born matrix-element is not automated yet (even at the LO only).

Second, even with the automation for loop-induced processes, the need for the two-loop

amplitudes would require an external routine, as this cannot be performed automatically

by MadLoop. Therefore, the inclusion of heavy-quark effects needs manipulation that can

in principle be performed in two ways.

The first option is to generate the code for an NLO computation in the HEFT and

then replace the matrix-elements (for B,V,R, Cint and CMC) with the corresponding ones

in the FT. Even though this is the simplest option, it features several drawbacks. First, this

method is very inefficient as the (computationally expensive) one-loop and two-loop matrix

elements routines would then be called many times to probe and map all regions of phase

space. In addition, it requires the evaluation of the real one-loop matrix elements in the

FT in regions of phase space very close to the soft/collinear limits, i.e. where they might

feature unstable configurations. For such points, multiple precision needs to be employed

at the cost of a growth of the running time by a factor of a hundred.

The second option is to include the top-quark mass effects by reweighting after hav-

ing generated the short-distance events and before these are passed to a parton shower

program. In order for this procedure to be applied, all the weights corresponding to the

separate contributions (events and counter events) and the corresponding kinematics, which

is in general different between events and each of the counter events, need to be saved in

an intermediate event file. With this information it is then possible to recompute the to-

tal event weight by reweighting each contribution by the matrix-elements in the FT. The

weights corresponding to B,V, C(int), CMC are rescaled by the ratio BFT/BHEFT , while

those corresponding to R by the ratio RFT /RHEFT . When unweighted events are gener-

ated, this amounts into rescaling the whole weight of S-events with Born matrix-elements,

and the different terms corresponding to H-events as written above. This solution has the

advantage of requiring the FT matrix-elements to be evaluated in significantly fewer phase

space points than those used while integrating it directly. In addition, it is completely

general and only assumes that there are no regions in phase space where the HEFT gives

a vanishing contribution while the full theory does not. In our case this condition is sat-

– 6 –
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dσ(H) = dφn+1 (R− CMC) , (3.2)

dσ(S) = dφn+1

[

(

B + V + Cint
) dφn

dφn+1
+ (CMC − C)

]

. (3.3)

In the MadGraph5 aMC@NLO framework, one can automatically generate the code

corresponding to the Born, virtual, real amplitudes, the counter terms and the phase

space [50,75] in one go in order to compute cross sections and generate events for gg → HH

at NLO in QCD in the HEFT. All the finite heavy-quark one-loop matrix-elements (i.e.

those entering the Born and real contributions) needed can also be obtained within Mad-

Graph5 aMC@NLO. Note, however, that two limitations presently make the automatic

computation of the exact NLO result not possible. First, the computation of cross sec-

tions that have a loop Born matrix-element is not automated yet (even at the LO only).

Second, even with the automation for loop-induced processes, the need for the two-loop

amplitudes would require an external routine, as this cannot be performed automatically

by MadLoop. Therefore, the inclusion of heavy-quark effects needs manipulation that can

in principle be performed in two ways.

The first option is to generate the code for an NLO computation in the HEFT and

then replace the matrix-elements (for B,V,R, Cint and CMC) with the corresponding ones

in the FT. Even though this is the simplest option, it features several drawbacks. First, this

method is very inefficient as the (computationally expensive) one-loop and two-loop matrix

elements routines would then be called many times to probe and map all regions of phase

space. In addition, it requires the evaluation of the real one-loop matrix elements in the

FT in regions of phase space very close to the soft/collinear limits, i.e. where they might

feature unstable configurations. For such points, multiple precision needs to be employed

at the cost of a growth of the running time by a factor of a hundred.

The second option is to include the top-quark mass effects by reweighting after hav-

ing generated the short-distance events and before these are passed to a parton shower

program. In order for this procedure to be applied, all the weights corresponding to the

separate contributions (events and counter events) and the corresponding kinematics, which

is in general different between events and each of the counter events, need to be saved in

an intermediate event file. With this information it is then possible to recompute the to-

tal event weight by reweighting each contribution by the matrix-elements in the FT. The

weights corresponding to B,V, C(int), CMC are rescaled by the ratio BFT/BHEFT , while

those corresponding to R by the ratio RFT /RHEFT . When unweighted events are gener-

ated, this amounts into rescaling the whole weight of S-events with Born matrix-elements,

and the different terms corresponding to H-events as written above. This solution has the

advantage of requiring the FT matrix-elements to be evaluated in significantly fewer phase

space points than those used while integrating it directly. In addition, it is completely

general and only assumes that there are no regions in phase space where the HEFT gives

a vanishing contribution while the full theory does not. In our case this condition is sat-

– 6 –

✕

✕

[1401.7340 and 1408.6542]
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Differential distributions for the LHC 
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Differential distributions for the LHC 
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• MadGraph5_aMC@NLO!
➡ Framework for LO and NLO computation!
➡ Fixed order or matched to the shower!
➡ Merging possible!

• Loop-Induced!
➡ Phase-Space Integration!
➡ Reweighting!
➡ Both will be released early 2015
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Conclusion


