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• Main production 
mechanism for Higgs & 
Higgs associated 
processes!

• Contribution for NNLO 
computation!

• Correction to shape 
of observables

10

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

11

ME-Reweighting
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• Result identical to the standard integration 
method

12

g g > ZH
Loop Induced Example

EFT
ZH

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

• Main production 
mechanism for Higgs & 
Higgs associated 
processes!

• Contribution for NNLO 
computation!

• Correction to Shape 
of observables
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the integration multi-
channel!
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•generate g g > h [QCD]!
•output!
•launch

15

First Example: g g> h
User Input

HEFT

Loop Induced
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•generate g g > h [QCD]!
•output!
•launch
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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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Validation
• Comparison of g g > h g between!

➡ heft!
➡ loop induced!
➡ re-weighting



Mattelaer Olivier Pekin University: MadGraph miniworkshop 18

Validation
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Validation
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•Higgs Production up to two loop!
➡ not considering the VBS production

19

Matched/Merged
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• Important for the quartic term

20

Three Higgs

13Tev

100Tev

� = 3.6 10�5pb

� = 2.8 10�3pb
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•What is the sensitivity in the 4 Higgs 
coupling:

21

Three Higgs
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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

22

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
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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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• 2HDM type II (generate via NLOCT)!
• massive b

23

p p > h+ h-
Model

Loop

page 2/6

Diagrams made by MadGraph5
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• 2 to 2 processes: OK on a laptop!
• 2 to 3 processes: OK on a small size cluster!
• 2 to 4 processes: Specific case

24

Status

Process Syntax Cross section (pb)
Single boson + jets 13 TeV

a.1 pp!H p p > h [noborn=QCD] 17.77± 0.060 +31.3%
�23.1%

+0.7%
�1.0%

a.2 pp!Hj p p > h j [noborn=QCD] 14.82± 0.010 +43.9%
�28.4%

+0.6%
�0.9%

a.3 pp!Hjj p p > h j j [noborn=QCD] 8.807± 0.010 +65.3%
�36.9%

+0.8%
�1.0%

a.4 gg!Zg g g > z g [noborn=QCD] 51.80± 0.050 +46.3%
�29.4%

+0.7%
�1.1%

a.5 gg!Zgg g g > z g g [noborn=QCD] 0.0 0%
0%

0%
0%

a.6 gg! �g g g > a g [noborn=QCD] 0.0 0%
0%

0%
0%

a.7 gg! �gg g g > a g g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 1. Discuss litterature

Process Syntax Cross section (pb)
Double bosons + jet 13 TeV

b.1 pp!HH p p > h h [noborn=QCD] 1.547± 0.002 · 10�2 +29.5%
�21.4%

+1.3%
�1.3%

b.2 pp!HHj p p > h h j [noborn=QCD] 0.0 0%
0%

0%
0%

b.3 pp!H�j p p > h a j [noborn=QCD] 0.0 0%
0%

0%
0%

b.4 gg!HZ g g > h z [noborn=QCD] 6.180± 0.010 · 10�2 +28.7%
�20.9%

+1.1%
�1.2%

b.5 gg!HZg g g > h z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.6 gg!ZZ g g > z z [noborn=QCD] 1.182± 0.003 +26.5%
�19.8%

+0.7%
�1.0%

b.7 gg!ZZg g g > z z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.8 gg!Z� g g > z a [noborn=QCD] 1.211± 0.006 +29.2%
�21.7%

+0.8%
�1.1%

b.9 gg!Z�g g g > z a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.10 gg! �� g g > a a [noborn=QCD] 5.119± 0.007 · 10+2 +68.8%
�42.0%

+1.1%
�1.5%

b.11 gg! ��g g g > a a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.12 gg!W+W+
g g > w+ w- [noborn=QCD] 3.698± 0.010 +26.0%

�19.4%
+0.7%
�1.0%

b.13 gg!W+W�g g g > w+ w- g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 2. Discuss litterature

– 4 –

Process Syntax Cross section (pb)
Single boson + jets 13 TeV

a.1 pp!H p p > h [noborn=QCD] 17.77± 0.060 +31.3%
�23.1%

+0.7%
�1.0%

a.2 pp!Hj p p > h j [noborn=QCD] 14.82± 0.010 +43.9%
�28.4%

+0.6%
�0.9%

a.3 pp!Hjj p p > h j j [noborn=QCD] 8.807± 0.010 +65.3%
�36.9%

+0.8%
�1.0%

a.4 gg!Zg g g > z g [noborn=QCD] 51.80± 0.050 +46.3%
�29.4%

+0.7%
�1.1%

a.5 gg!Zgg g g > z g g [noborn=QCD] 0.0 0%
0%

0%
0%

a.6 gg! �g g g > a g [noborn=QCD] 0.0 0%
0%

0%
0%

a.7 gg! �gg g g > a g g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 1. Discuss litterature

Process Syntax Cross section (pb)
Double bosons + jet 13 TeV

b.1 pp!HH p p > h h [noborn=QCD] 1.547± 0.002 · 10�2 +29.5%
�21.4%

+1.3%
�1.3%

b.2 pp!HHj p p > h h j [noborn=QCD] 0.0 0%
0%

0%
0%

b.3 pp!H�j p p > h a j [noborn=QCD] 0.0 0%
0%

0%
0%

b.4 gg!HZ g g > h z [noborn=QCD] 6.180± 0.010 · 10�2 +28.7%
�20.9%

+1.1%
�1.2%

b.5 gg!HZg g g > h z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.6 gg!ZZ g g > z z [noborn=QCD] 1.182± 0.003 +26.5%
�19.8%

+0.7%
�1.0%

b.7 gg!ZZg g g > z z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.8 gg!Z� g g > z a [noborn=QCD] 1.211± 0.006 +29.2%
�21.7%

+0.8%
�1.1%

b.9 gg!Z�g g g > z a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.10 gg! �� g g > a a [noborn=QCD] 5.119± 0.007 · 10+2 +68.8%
�42.0%

+1.1%
�1.5%

b.11 gg! ��g g g > a a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.12 gg!W+W+
g g > w+ w- [noborn=QCD] 3.698± 0.010 +26.0%

�19.4%
+0.7%
�1.0%

b.13 gg!W+W�g g g > w+ w- g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 2. Discuss litterature

– 4 –

Process Syntax Cross section (pb)
Triple bosons 13 TeV

c.1 pp!HHH p p > h h h [noborn=QCD] 0.0 0%
0%

0%
0%

c.2 gg!HHZ g g > h h z [noborn=QCD] 0.0 0%
0%

0%
0%

c.3 gg!HZZ g g > h z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.4 gg!HZ� g g > h z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.5 pp!H�� p p > h a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.6 pp!HW+W�
g g > h w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.7 gg!ZZZ g g > z z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.8 gg!ZZ� g g > z z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.9 gg!Z�� g g > z a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.10 gg!ZW+W�
g g > z w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.11 gg! ��� g g > a a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.12 gg! �W+W�
g g > a w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

Table 3. Discuss litterature

Process Syntax Cross section (pb)
Selected 2 ! 4 13 TeV

d.1 pp!Hjjj p p > h j j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.2 pp!HHjj p p > h h j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.3 gg! e+e�µ+µ�
g g > e+ e- mu+ mu- [noborn=QCD] 0.0 0%

0%
0%
0%

d.4 pp!HZ�j g g > h z a g [noborn=QCD] 0.0 0%
0%

0%
0%

d.5 gg!W+W�W+W�
g g > w+ w- w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

e+e� processes ŝ = 500 GeV
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Mattelaer Olivier Pekin University: MadGraph miniworkshop

• MadGraph5_aMC@NLO!
➡ Framework for LO and NLO computation!
➡ Fixed order or matched to the shower!
➡ Merging possible!

• Loop-Induced!
➡ Re-weighting !
➡ Phase-Space Integration!
➡ Both will be released soon

25

Conclusion
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• Model Description!
• Width Computation!
• Decay Chain 

27

Demo Plan
Example I: HEFT

Example II: MSSM

Example III: NLO

• Fermion Flow!
• Model support !
• Systematics
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• 59 Dimension 6 Operators If  
☞ Preserve the SM gauge symmetries 
☞ Preserve B-L accidental symmetries 
☞ We consider only one flavor 

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

29

Effective Field Theory
L = LSM +

X ci
⇤2

Oi

The number of possible Operators are huge

O = LHLH
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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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!

•import model EWDim6!
•generate p p > w- z!
•output!
•launch

31

Demo 1
BASIC COMMAND

!

•import model EWDim6!
•generate p p > w- z NP^2<=2!
•output!
•launch

SM + Interference
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2-body decay
h > b b~ page 1/1

Diagrams made by MadGraph5_aMC@NLO

b

2

b~

3

h1

 diagram 1 QCD=0, QED=1

2 body decay

� =
1

2MS

Z
d�2|M|2
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•By Lorentz Invariance the matrix element is 
constant over the phase-space.

32

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

Diagrams made by MadGraph5_aMC@NLO

b

2

b~

3

h1

 diagram 1 QCD=0, QED=1

2 body decay

� =
1

2MS
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� =

p
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2
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2
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2
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•By Lorentz Invariance the matrix element is 
constant over the phase-space.
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2-body decay
h > b b~ page 1/1

Diagrams made by MadGraph5_aMC@NLO
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 diagram 1 QCD=0, QED=1
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p
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1,m
2
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�(M2,m2
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2
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�
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1 �m2
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�2 � 4m2
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2

•Calculable analytically by FeynRules !
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• 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

33

3(and more)-body Decay

N Body Decayh > 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 (instantaneous)

34

MadWidthhep-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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•MadWidth!
•Run_card

35

Demo 2
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Decay
page 1/10

Diagrams made by MadGraph5_aMC@NLO
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Resonant Diagram
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• Process complicated to have the full 
process!
➡Including off-shell contribution

36

Decay
Non Resonant Diagram

Problem

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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• Process complicated to have the full 
process!
➡Including off-shell contribution
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Decay

Solution
• Only keep on-shell contribution!

Non Resonant Diagram

Problem

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

Diagrams made by MadGraph5

c

1

c
3

g e+
5

ve 6w+

u
2

u
e- 7ve

u

4

z

ve~ 8

 diagram 13 HIG=0, HIW=0, NP=0, QCD=2, QED=4

c

1

c
3

g e+
5

ve 6w+

u
2

u ve~ 8e+
u

4

a
e- 7

 diagram 14 HIG=0, HIW=0, NP=0, QCD=2, QED

c

1

c
3

g e+
5

ve 6w+

u
2

u ve~ 8e+
u

4

z
e- 7

 diagram 15 HIG=0, HIW=0, NP=0, QCD=2, QED=4

c
1

c
3

g

e+
5

ve 6w+

u
4

u~
e- 7ve

u
2

z
ve~ 8

 diagram 16 HIG=0, HIW=0, NP=0, QCD=2, QED

c
1

c
3

g

e+
5

ve 6w+

u
4

u~
ve~ 8e+

u
2

a
e- 7

 diagram 17 HIG=0, HIW=0, NP=0, QCD=2, QED=4

c
1

c
3

g

e+
5

ve 6w+

u
4

u~
ve~ 8e+

u
2

z
e- 7

 diagram 18 HIG=0, HIW=0, NP=0, QCD=2, QED

page 1/10

Diagrams made by MadGraph5_aMC@NLO

u
1

u
3

a

c
2

c
4

a

ve~

8

e- 7
w-

e+ 5

ve
6

w+

 diagram 1 HIG=0, HIW=0, NP=0, QCD=0, QED=6

u
1

u
3

a

c
2

c
4

a

ve~

8

e- 7
w-

e+ 5

ve
6

w+

 diagram 2 HIG=0, HIW=0, NP=2, QCD=0, QED

c2
c 4

a
ve~ 8

e-
7

w-

u
1

u
3

a
e+

5

ve 6w+
w-

 diagram 3 HIG=0, HIW=0, NP=2, QCD=0, QED=5

c2
c 4

a
ve~ 8

e-
7

w-

u
1

u
3

a
e+

5

ve 6w+
w-

 diagram 4 HIG=0, HIW=0, NP=2, QCD=0, QED

c2
c 4

a
ve~ 8

e-
7

w-

u
1

u
3

a
e+

5

ve 6w+
w-

 diagram 5 HIG=0, HIW=0, NP=0, QCD=0, QED=6

c2
c 4

a

u
1

u
3

a
ve~

8

e- 7w-
w+

e+ 5

ve
6

w+

 diagram 6 HIG=0, HIW=0, NP=2, QCD=0, QED

Resonant Diagram



Mattelaer Olivier Pekin University: MadGraph miniworkshop 37
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• This is an Approximation!!
• This force the particle to be on-shell!!

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

37
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Decay chains

• p p > t t~ w+, (t > w+ b, w+ > l+ vl), \
                     (t~ > w- b~, w- > j j), \
                     w+ > l+ vl

• Separately generate core process and each decay
- Decays generated with the decaying particle as 
resulting wavefunction

• Iteratively combine decays and core processes

• Difficulty: Multiple diagrams in decays

mardi 25 octobre 2011
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•Decay chains retain full matrix element for 
the diagrams compatible with the decay!

• Full spin correlations (within and between 
decays)!

•Full width effects!
•However, no interference with non-resonant 
diagrams !
➡ Description only valid close to pole 

mass!
➡ Cutoff at |m ± nΓ| where n is set in 

run_card.

39

Decay chains
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•16-particle decay chain

40

Thanks to developments in MadEvent, also (very) long  
decay chains possible to simulate directly in MadGraph!

Decay chains
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MadSpin

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

Read Event

generate a virtual mass

generate a decay
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• Finite width	


• Spin correlation	


• unweighted events

41

MadSpin

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

Read Event

generate a virtual mass

generate a decay {
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MadSpin

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

Read Event

generate a virtual mass

generate a decay

|MP
LO|2 |MP+D

LO |2
{
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MadSpin

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

Read Event

generate a virtual mass

generate a decay

|MP
LO|2 |MP+D

LO |2

associate a weight to the event
|MP+D

LO |2/|MPLO|2

{
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• Finite width	


• Spin correlation	


• unweighted events
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MadSpin
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• Finite width	


• Spin correlation	
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•Decay Chain!
•MadSpin

42

Demo 3
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Spin/Color
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• epsilon structure requires Pythia8 for the 
shower

44

Mattlelaer Olivier MC4BSM: BSM in MadGraph 5

Type of Interactions
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Diquark
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• epsilon structure requires Pythia8 for the 
shower
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Mattlelaer Olivier MC4BSM: BSM in MadGraph 5

Type of Interactions

22
!"#$%&'()$((&*&+#,&-./."%&"0&12345!"#$%&'()$((&*&+#,&-./."%&"0&12345 67

!"#$%&'(&)*+$,-.+)'*%

/)01-,2&.,'%%&%$.+)'*%&3)+4&.'1#5)*6&7879

:&!$;&<=>

?$+&#
!
@%A&(155"&B-+.4$C&

##&D&/&E&7A9AF&G$+%

>'5',&%$H+$+&-*C&I)G2&)B#5$B$*+-+)'*%

jeudi 22 mars 2012

Diquark 8 N.D. Christensen et al.: Simulating spin- 3
2

particles at colliders
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Fig. 4. Total cross section for the production of an excited top
quark pair at the LHC, for a center-of-mass energy of 7 TeV
(red crosses and green circles) and 8 TeV (blue crosses and red
circles), as a function of the excited top mass Mt⇤ . We com-
pare predictions obtained by means of MadGraph 5 (crosses)
and CalcHep (circles) to the analytical formulas presented in
Ref. [21] (lines).

and embed the relevant interactions within the Lagrangian

L
5

= i
gs
⇤
 ̄⇢

h

⌘⇢µ + z�⇢�µ
i

�⌫Tat g
a
µ⌫ + h.c. , (24)

We leave, in the following, the o↵-shell parameter z free6.

4.2.1 Top-quark excitation pair-production

In order to validate our implementation in the simulation chain
mentioned in Section 3, we first focus on the pair production
of spin- 3

2

top excitations at the LHC, vetoing diagrams in-
volving a top quark. We compare in Figure 4 predictions de-
rived from the analytical formulas presented in Ref. [21] to
results obtained by means of the MadGraph 5 and CalcHep
event generators. The relevant model files have been produced
by implementing the Lagrangians of Eqs. (22) and (24) into
FeynRules and exporting the associated Feynman rules to a
UFO library to be used with MadGraph 5 and to a CalcHep
model. We consider the LHC collider running at a center-of-
mass energy of 7 TeV and 8 TeV and convolve the associ-
ated squared matrix element with the leading order fit of the
CTEQ6 parton densities [83] after setting both unphysical fac-
torization and renormalization scales to the mass of the top
excitation Mt⇤ . All calculations fully agree, and the usual be-
havior of a cross section smoothly falling with an increasing
top- 3

2

mass is observed. From these results, it is found that
spin- 3

2

excitations of the top quark with masses Mt⇤ . 1 TeV
could have been copiously pair-produced at both past LHC
runs. Additionally, we have compared the symbolic calcula-
tions performed by CalcHEP to the explicit analytic formulas
given in Ref. [21] and found perfect agreement.

4.2.2 Top-quark pair-production

Next, mixing e↵ects of spin- 1
2

and spin- 3
2

top states are inves-
tigated in the framework of the production of a (spin- 1

2

) top-
antitop quark pair at the LHC, running at a center-of-mass

6 This parameter gets its name as it only a↵ects processes
with an o↵-shell spin- 3

2

field.

 [ GeV ]  ttM
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

 ]
-1

 [ 
pb

 G
eV

tt
 / 

dM
σd

-610

-510

-410

-310

-210

-110

1

 = 300 GeVt*M
 = 500 GeVt*M
 = 800 GeVt*M

Standard Model

 at the LHC (14 TeV)t t →p p 

Fig. 5. Invariant-mass spectrum of a top-antitop pair as would
be produced at the LHC, running at a center-of-mass energy
of 14 TeV, for an excited top mass of Mt⇤ = 300 GeV (red
dashed-dotted line), 500 GeV (blue dashed line) and 800 GeV
(green dotted line) and in the context of the Standard Model
(plain purple line). The dashed lines were obtained from Mad-
Graph 5 while the circles, boxes and triangles were obtained
from CalcHEP.

energy of 14 TeV. In the presence of new physics as described
by the Lagrangians of Eqs. (22) and (24), two additional t-
channel and u-channel diagrams lead to the production of a
top-antitop final state via the exchange of a spin- 3

2

top part-
ner from a gluon-gluon initial state. Fixing first the o↵-shell
parameter to z = 0 and the new physics scale to ⇤ = 7Mt⇤ ,
we study the variation of the di↵erential cross section d�/dMt¯t

with the mass of the spin- 3
2

excitation Mt⇤ in Figure 5. Gen-
erating events with the MadGraph 5 program after fixing
both unphysical scales to the top mass Mt = 173 GeV, dif-
ferential distributions are then extracted with the MadAnal-
ysis 5 package [84] and compared to those generated using the
CalcHEP package and its internal histogramming routine. We
recover earlier results [20] and show excesses with respect to
the pure Standard Model case at large top-antitop invariant
masses. For the three scenarios with a respective excited top
mass of 300 GeV, 500 GeV and 800 GeV, respectively, new
physics e↵ects appear once the e↵ective scale ⇤ threshold is
crossed, i.e., where the theory becomes unreliable and unitar-
ity is violated. A proper treatment would require, e.g., the
introduction of form factors as in Ref. [15]. This however goes
beyond the scope of this work devoted to an illustration of
the implementation of spin- 3

2

fields in automated high-energy
physics tools.

In Figure 6, we fix the top-excitation mass to 300 GeV and
study the importance of the z parameter on the di↵erential
distribution d�/dMt¯t at the LHC, still assumed to be running
at a center-of-mass energy of 14 TeV. Similarly to the findings
of earlier works [20], the o↵-shell parameter is found to largely
control the shape of the Mt¯t distribution. For large positive
z-values, new physics e↵ects appear to be important even far
below the e↵ective scale ⇤, in contrast to more popular choices
where z is taken vanishing or negative [13,15].

Spin 3/2

• No unique 
convention for spin 
3/2 and 2!
➡Define your own 
propagator if 
needed
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•Which scale to choose?!
•Which PDF?

45

Systematics

Phase-space 
integral

Parton density 
functions

Parton-level cross 
section

�
dx1dx2d�FS fa(x1, µF )fb(x2, µF ) ⇥̂ab�X(ŝ, µF , µR)

�

a,b

•No clear choice!
•Typical recipe change your scale by a factor 
of Two

Scale

PDF
•Take the envelop!
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•Demo!
➡ SysCalc

46

Demo



Mattelaer Olivier Pekin University: MadGraph miniworkshop

•NLO corrections have three parts:!
➡The Born contribution, i.e. the Leading order.!
➡Virtual (or Loop) corrections: a closed loop of 
particles interfered with the Born amplitudes!

➡Real emission corrections: one extra parton 
compared to the Born process!

•Both Virtual and Real emission have one power of 
αs extra compared to the Born process

47

NLO corrections

�NLO =

Z

m
d�B +

Z

m
d�V +

Z

m+1

d�R
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•As an example, consider Drell-Yan Z/γ* 
production

48

NLO predictions

x1E x2E

`+ `�
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•As an example, consider Drell-Yan Z/γ* 
production

48

NLO predictions
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•As an example, consider Drell-Yan Z/γ* 
production
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NLO predictions
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•As an example, consider Drell-Yan Z/γ* 
production

48

NLO predictions
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•As an example, consider Drell-Yan Z/γ* 
production
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NLO predictions

2

�̂ = �Born

✓
1 +

↵s

2⇡
�(1) + . . .

◆

2

gs + ...

×2 Re
gs

gs



Mattelaer Olivier Pekin University: MadGraph miniworkshop

•As an example, consider Drell-Yan Z/γ* 
production
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NLO predictions
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gs

gs

Not definite positive
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Fixed Order calculations

“LO”

“NLO”

transverse momentum [GeV]
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Fixed Order calculations

“LO”

“NLO”

transverse momentum [GeV]Negative 
contribution of the 

0-bin 



Mattelaer Olivier Pekin University: MadGraph miniworkshop

•Demo NLO!
Fix Order!
Matched to the shower

50

Demo
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Summary

• Presentation of MadGraph5!
• Support of BSM!
• Computation of the Width!
• Narrow width Approximation!

•Decay Chain!
•MadSpin!

•Systematics!
•NLO

M

AD
GRAPH5

aMC@NLO
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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 re-weighting  
•Matching to parton showers with the MC@NLO method

A re-weighting 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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