


Exercise I: Install MadGraph 5!

® https://launchpad.net/madgraph>
® untar it (tar -xzpvf TUTO_model.tgz)
® launch it ( $ ./bin/mg5)

® |earn it!

= Type tutorial and follow instructions
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https://launchpad.net/madgraph5

Install

‘e 006 MadGraphs in Launchpad
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‘ h: launchpad.net/madgraphs
. The MadGraph Matrix Element Generator version 5

\ / Codo Bugs Blueprints  Translations  Answers

Registered 2009-00-15 by £} Michel Herquet

The version 5 of the MadGraph Matrix Element Generator for the simulation of parton-level events
For decay and collision processes at high energy colliders. Allows matrix element generation and
event generation for any model that can be written as a Lagrangian, using the output of the
FeynRules Feynman rule calculator. Provides output in multiple formats and languages, including
Fortran MadEvent, Fortran Standalone matrix elements, C++ matrix elements, and Pythia 8 process
libraries.

Note that process generation can also be done directly ondine at http://madgraph.phys.ucl.acbe or
http://madgraph hep.uiuc.edu.
If you use MadGraph S, please cite JHEP 1106{2011)128, arXiv:1106.0522 [hep-ph).

Instaliation:

MadGraph 5 needs Python version 2.6 or 2.7. The latest stable release is in the trunk, which can be
branched using the Bazaar versioning system:

bar branch lp:madgraph$

or be downloaded as a tar.gz package to the right. This release contains everything needed for
process generation in multiple models, as well as event generation through MadEvent, and
standalone matrix element evaluation for Fortran or C++ output.

In order to use the process library output for Pythia 8, you need Pythia 8,150 or later installed,

Getting started:

Run bin/mg5 and type “help” to learn how to run MadGraph 5 using the command interface, or run
the interactive quick-start tutorial by typing “tutorial®,

Or copy the Template, edit the Cards/proc_card_mgS.dat and run bin/newprocess_mgs.

Examples of process generation syntax:

pPp>w+jj

pp>tt~t>bjjt~>b~l-vi-
ere->z>n2n2, (N2> x1ew, x1ex>levint, wabvis),n2>jjm

To output model files for MadGraph 5 with FeynRules, use version 1.6 or later, and use the
WriteUFO command.

© Home page @ wiki

Project information Series and milestones
Maintainer: Driver: LS trunk
¥ Fing: Q Y ( Next | Previous = Highlight all ) 'mchm
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Get Involved

Report a bug -
Ask a question =
Register a blueprint -

A

Downloads

‘ MadGraphS_v1.5.10.tar.gz

released on 201209-29
© Al downloads

Announcements 8
aMC@NLO in MadGraphs on 2012-11-08

On Nov 8th 2012, version 2.0 beta of MadGraph$
has been released. Thisisam...

Read all announcements
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Where to find help? W Durham

University

® Ask me/Ben;

® Use the command “help” / “help XXX”

= “help” tell you the next command that you need to do.

® |aunchpad:

= https://answers.launchpad.net/madgraph>

= FAQ: https://answers.launchpad.net/madgraph5/+faqgs

MadGraph Tutorial. 4 NCTS 2014, June 18
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What are those cards!

® Read the Cards and identify what they do
= param_card: model parameters

= run_card: beam/run parameters and cuts

A
¥ Durham

University

+ https://answers.launchpad.net/madgraph5/+faq/2014
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Exercise ll: Cards Meaning

® How do you change

MadGraph Tutorial.

[

4
4
4
4

top mass
top width
W mass
beam energy

pt cut on the lepton
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Exercise lll : Syntax

® VWhat’s the meaning of the order QED/QCD

® \What’s the difference between
= pp~>tt~
= pp>tt~ QED=2
= pp>tt~ QED=0

® Compute the cross-section for each of those

A ]
¥ Durham

University
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Exercise IV: Syntax

® (Generate the cross-section and the distribution
(invariant mass) for

— P3> e+ e-

D > Z,Z > et e-

=P
= pp>ete-$z
=P

b > et e-/z

Hint :To plot automatically distributions:
mg5> install MadAnalysis

MadGraph Tutorial. 8 NCTS 2014, June 18



(P Exercise V: Automation Q¥ Durham

University

® Compute the cross-section for the top pair
production for 3 different mass points.
= Do NOT use the interactive interface

+ hint: you can edit the param_card/run_card via the “set”
command [After the launch]

+ hint: All command [including answer to question] can be
put in a file. (run ./bin/mg5 PATH_TO_FILE)

MadGraph Tutorial. 9 NCTS 2014, June 18
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Exercises

I .Follow the built-in tutorial 4. compare (distributions)
(type “tutorial” in mg5 shell)

2 - PP > e+ e-
.Understand the cards - Dp>27,2>et e
3 .compare (diagram and cross- = pp>ete-$z
section)
= pp>ete-/z
= pp~>tt~

5. compute the cross-section

> — =
= pp>tt~ QED=0 P>t~

= pp>tt~ QED=2

= for Mtop between 160 to
180 GeV

= Do not use the interface!

MadGraph Tutorial. |l NCTS 2014, June 18
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Exercise ll: Cards Meaning

® How do you change

MadGraph Tutorial.

[

4
4
4
4

top mass
top width
W mass
beam energy

pt cut on the lepton

Param card

I Run_ card
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® top mMass

RRBBBBBBRBBEBBEBRURBURBBRBRBBRBUREE
## INFORMATION FOR MASS
FHBEBBBBEBBEB BB BB BEB BB BB BEBBBBEHE
Block mass

6 1.730000e+02 # MT

23 9.118800e+01 # MZ
25 1.200000e+02 # MH
## Dependent parameters, given by model restrictions.
## Those values should be edited following the
## analytical expression. MG5 ignores those values
## but they are important for interfacing the output of MG5
## to external program such as Pythia.
1 0.000000 # d : 9.0

2 0.000000 # u : 9.0
3 0.000000 # s : 9.0
4 0.000000 # c : 9.0
11 ©.000000 # e- : 0.0
12 ©.000000 # ve : 0.0
13 0.000000 # mu- : 0.0
14 ©.000000 # vm : 0.0
16 0.000000 # vt : 0.0
21 ©.000000 # g : 0.0
22 ©.000000 # a : 0.0

24 80.419002 # w+ : cmath.sqrt(MZ__exp__2/2. + cmath.sqrt(MZ__exp__4/4. - (aEWxcmath.pi*MZ__exp__2)/(Gfxsqrt__2)))

MadGraph Tutorial. |4 NCTS 2014, June 18
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® VWV mass

FHERBRBBREURBBRERERBERBRREREURBERER
## INFORMATION FOR MASS
FRBRBERBRBBEBERBRBBEBERBBRBBERERBZRE
Block mass
5 4.700000e+00 # MB
6 1.730000e+02 # MT
15 1.777000e+00 # MTA
23 9.118800e+01 # MZ
25 1.200000e+02 # MH
## Dependent parameters, given by model restrictions.
## Those values should be edited following the
## analytical expression. MG5 ignores those values
## but they are important for interfacing the output of MGS
## to external program such as Pythia.
1 0.000000 # d : 9.0
2 0.000000 # u : 9.0
3 0.000000 # s : 9.0
4 0.000000 # c : 9.0
11 ©0.000000 # e- : 0.
12 0.000000 # ve : 0.
13 0.000000 # mu- : 0.0
14 0.000000 # vm : ©
16 0.000000 # vt : 0.
21 ©.000000 # g : 0.0

,,,,,,

80.419002 # w+ : cmath.sqrt(MZ__exp__2/2. + cmath.sqrt(MZ__exp__4/4. - (aEWxcmath.pi*MZ__exp__2)/(Gfxsqrt__2)

WV Mass is an internal parameter!
MG5 didn’t use this value!
So you need to change MZ or Gf or alpha EW
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Exercise Ill: Syntax

® What’s the meaning of the order QED/QCD

® What’s the difference between
= pp~>tt~
= pp>tt~ QED=2
= pp>tt~ QED=0
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(P Solution | : Syntax W Durham
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® VWhat’s the meaning of the order QED/QCD
= By default MG5 takes the lowest order in QED!
= pp>tt~ =>pp>tt~ QED=0
= pp>tt~ QED=2

+ additional diagrams (photon/z exchange)

Pp>tt~ pp>tt~ QED=2

Cross section (pb) Cross section (pb)

3558 +0.91

555 + 0.84
No significant QED contribution



A
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Exercise |l: Syntax

® (Generate the cross-section and the distribution
(invariant mass) for

= ppD-> et e-

= pp~Z7Z~ete-
= pp>ete-$z
)

bp>ete-/z

Hint :To have automatic distributions:
mgS5>> install MadAnalysis

MadGraph Tutorial. 18 NCTS 2014, June 18
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pp>e+e- pp>z Z > et e-
(16 diagrams)
: (8 diagrams)

lo"r:-

L
10—
=

N. of e+ ¢« pairs (L~=I0

ll ! | |
0 0 40 “w 50 100 120 130 180 1 20 0 20 40 60 50 1% 12 1#» 1% 1% 20

M [ e+ e- ) (GeVich) M [ e+ e- | (GeV/icd)

pp>ete-/z pp>ete-}z

(8 diagrams) (16 diagrams)

=101 )

pdn(L‘.-ll)fb")
<
LI |
pales (L
—
<
e

—
<
T LA

. ‘ lo‘r
t " E Tl
s [ ; -
2 [

0 30 30 &0 R 100 120 140 160 180 200 0 20 40 &0 B 100 120 140 160 IR0 200

M [ e+e- | (GeV/ed) M [ e+ e- | (GeV/eh)

No Z Z- onshell veto
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N.of o+ c-pales (L =101b")
—_— —_
< <
1 | 2§ L |

2
T e

> e+ e-
P P (16 diagrams)

1
(] 0 40 "~ 5o 109 120 130 180 1m0 20
e o vaevowld

Correct Distribution

pp>ete-/z

(8 diagrams)

0 20 40 &0 B 100 120 140 160 IR0 200

M [ e+ e- | (GeV/ieh)

No Z

MadGraph Tutorial.

" Durham

University

pp>z Z > et e-

=101 )

N. of o+ ¢- palrs (L

-
—
<
e

2

10t

N. of e+ ¢« pairs (L~=IO

: (8 diagrams)

l.‘._r_—
1

L
10—
=

0 20 30 o0 50 ™ 12 1;0 IG'O lb 200
M [ e+ e- | (GeV/ich)

pp>ete-$z

(16 diagrams)

0 20 J0 &0 o] 100 120 140 160 180 200
M [ e+ e- | (GeV/ieh)

Z- onshell veto
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N. of e+ ¢« pales (L‘-lll)ﬂ)")
— —_
< <
T L L |

2
T T

!
0 0 40 “w 50 100 120 130 180 1 20

Z Peak

diagrams)

Correct Distribution

pp>ete-/z

(8 diagrams)

0 20 40 &0 B 100 120 140 160 IR0 200

M [ e+ e- | (GeV/ich)

No Z
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P>Z,Z>e+e-

e |

lo"r:-

L
10—
=

N. of e+ ¢« pairs (L~=I0

(8 diagrams)

M [ e+ e- ] (GeV/c)

pp>ete-$z

(16 diagrams)

0 20 40 &0 B 100 120 140 160 IR0 200

M [ e+ e- | (GeV/ieh)

Z- onshell veto
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pp>ete- /Z Peak pp>z,z>ete-
. (16 diagrams) o .
: L (8 diagrams)
El.’:r:—

M [ e+ e- | (GeV/ich)

Correct Distribution
pp>ete-/z pp>ete-}z

(8 diagrams), NO Z Peal

(16 diagrams)

=101 )

2|
L No z/a interference bl 2/a interference
gw‘: ?'o“'—
N B
w’; o 3

0 20 40 &0 B 100 120 140 160 IR0 200

M [ e+ e- | (GeV/ed) M [ e+e- | (GeV/ch)

No Z Z- onshell veto
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pp>ete- /L Peak pp>z,z>ete-
(16 diagrams) o .
: L (8 diagrams)
El.’:r:—

M [ e+ e- | (GeV/ich)

Correct Distribution

pp>ete-/z pp>ete-}z

(8 diagrams), NO Z Peal

No z/a interference

(16 diagrams)
z/a interference

=101 )

=101 )

-
—_
<
L |

i Wrong tail L Correct tail

0 20 40 &0 B 100 120 140 160 IR0 200

0 20 40 &0 L] 100 120 140 160 180 200 . 2
M [ e+ e- | (GeV/ieh) M [ e+ e- | (GeV/eH)

No Z Z- onshell veto
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Il\(,l\ll\r
Ppp~ete- Pp~zZ,zZ~> et e- pp>e+e
mie+1.,e 1)
m(e+le-1) meEee= T NI I T 18 T 1
'°’} ............................ ) N AGRLAGRAS Manac Aanas inace nass ] ]
f L |
IO".' : i
g;.. :”l : - i
g 10! él - i ”E §_ 1, :
- 1 | 3 L 1
Z g : 4 : : 3
3 |o°n 7 : 3 ¥ u 1
] ; 10 5 a
l e 0 »o wo e a!au . el I‘I_JU-LI ad .
n o 500 750 000 1250 500
. L L LY . Ceane an L e - ”

;} '”.rm“->hq7: 1000 u:‘:s: <

. (I;dlagrams) ‘ (8 diag;;;’s;“
Onshell cut: BW cut
IM* — M| < BWy T

® The Physical distribution is (very close to) exact sum of
the two other one.

(16 diagrams)

® The“$” forbids the Z to be onshell but the photon
invariant mass can be at MZ (i.e. on shell substraction).

® The™/” is to be avoid if possible since this leads to
violation of gauge invariance.
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NEXT SLIDE is generated with bw_cut =5

This is TOO SMALL to have a physical meaning (15
the default value used in previous plot is better)

This was done to illustrate more in detail how the
“$” syntax works.
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See previous slide warning vggmm
pp>ete-/LZ

m(e+1,e—1)
lOa - L SR I $. 8388 I LN B B | ' | S L I VT I X. 8 %
101 s -
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g : ]
101 E— -
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0 50 100 150 200 250 300
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X=zpct = 2.226E+02 (pb) AV = 2.700E+01 R4S = 2. 112EHO
Tot 4 BEvts = 10000 Entriex = 5527 Wnderxo = 0
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z
m(e+1,e—1)
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pp>ete-/LZ addingpp>ete-$~Z

m(e+1,e—1)
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5 times width area
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pp>ete-/LZ

See previous slide warning W Durham

University

addingpp>ete-$~Z

1 Lill‘l_

T 13 ® /Z onshell veto

® |n veto area only
photon contribution

§i 1 lllltlll . | llLlllll 3 Lxxuui e — -

do @50
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10! - j\LLLI,7
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X-3GCt = 3.45%EFOR(BE) AVC = 9. ¥SAEV1  RME = 3. 0d3EHD

5524 WHduree =

5 times width area
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pp>ete-/LZ addingpp>ete-$~Z

m(e+1,e—1)

ool san, T T T3 @ Z onshell veto
|| ® In veto area only
161 b E: . .
; photon contribution

® area sensitive to z-peak

1 I'Lllllll'

|

e~ —
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: i)

X-zfct = 2.69%EFORIPE) AYC = 9. @SRVl R = o .
Yok 4 Buks = 100060 Batwiks = SRy Whdurio =

5 times width area

|5 times width area
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z

m(e+1,e—1)

102 ® 7 onshell veto

® |n veto area only
photon contribution

® area sensitive to z-peak

® very off-shell Z, the
difference between the
curve is due to

g2
b
:
E
=
E
g
-
E

0 50 100 150 200 250 800

i) interference which are
SSict = 2. 659EFORIEDR)  AYS = ¢ @eeEr Rie = n .
%ma need to be KEPT in
5 times width area simulation.

|5 times width area
>|5 times width area
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z

m(e+1,e—1)

102 ® 7 onshell veto

® |n veto area only
photon contribution

® area sensitive to z-peak

® very off-shell Z, the
difference between the
curve is due to

[ g e e R R S e o e R e e R e finn i

b 50 180 50 20 o R

i) interference which are
wosfot = 2.&68%EFOAYEE)  AYS = ¢ deaEt Rie = # .
| G dmeis demb mecinae i Wenve s need to be KEPT in
5 times width area simulation.

|5 times width area
> |5 times width area

The “%’ can be use to split the sample in BG/SG area
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See previous slide warning W Durham
pp>ete-/LZ

(red curve) (blue curve)
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pp>e+e/Z addingpp>ete-$~Z
(red curve) (blue curve)
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See previous slide warning W Durham
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pp>e+e/Z addingpp>ete-$~Z
(red curve) (blue curve)
o ® / onshell veto
%-105;—
S :
: II/L\_‘
s 10°E
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; e
10} = rh
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M [ e+ e- ] (GeV/c?)

5 times width area
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See previous slide warning W Durham
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pp>e+e/Z addingpp>ete-$~Z
(red curve) (blue curve)
o ® / onshell veto
ij’g— ® |n veto area only
PR r photon contribution
o 10° \LLHT
ok
; 7%1
103:— rl'J
: Ul
10 e e If
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M [ e+ e- ] (GeV/c?)

5 times width area
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z
(red curve) (blue curve)
< F ® / onshell veto
E,w’g- ® |n veto area only
P photon contribution
2'10‘:— . .
ol ® area sensitive to z-peak
S
103-5-— j[—lj_
who |, [ L
0 20 140 160 180 200

M [ e+ e- ] (GeV/c?)

5 times width area

|5 times width area
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z

(red curve) (blue curve)

® / onshell veto

=

® |n veto area only
photon contribution

2

® area sensitive to z-peak

N. of e+ e- pairs (L~=10fb")

<

® very off-shell Z, the
difference between the
curve is due to

M[e+e.](GeV/ 2y interference which are

need to be KEPT in
5 times width area simulation.

10?

|5 times width area
>|5 times width area
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See previous slide warning W Durham
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pp>ete-/LZ addingpp>ete-$~Z

(red curve) (blue curve)

® / onshell veto

S

® |n veto area only
photon contribution

2

® area sensitive to z-peak

N. of e+ e- pairs (L_ =10fb")

<

® very off-shell Z, the
difference between the
curve is due to

M[ﬁe.]((;ev/cz) interference which are

need to be KEPT in
5 times width area simulation.

10?

|5 times width area
> |5 times width area

The “%’ can be use to split the sample in BG/SG area

MadGraph Tutorial. NCTS 2014, June 18



=g}_‘1‘£2%m

® Syntax Like

= pp>z>ete- (ask one S-channel z)
= pp>ete-/z (forbids any z)
= pp>ete-$$z (forbids any z in s-channel)

o ARE NOT GAUGE INVARIANT !

® forgets diagram interference.

® can provides un-physical distributions.

MadGraph Tutorial. 24 NCTS 2014, June 18




28
W Durham

® Syntax Like

= pp>z>ete- (ask one S-channel z)
= pp>ete-/z (forbids any z)
= pp>ete-$$z (forbids any z in s-channel)

o ARE NOT GAUGE INVARIANT !

® forgets diagram interference.

® can provides un-physical distributions.

Avoid Those as much as possible!
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® Syntax Like

= pp>z>ete- (ask one S-channel z)
= pp>ete-/z (forbids any z)
= pp>ete-$$z (forbids any z in s-channel)

o ARE NOT GAUGE INVARIANT !

® forgets diagram interference.

® can provides un-physical distributions.

Avoid Those as much as possible!

check physical meaning and gauge/Lorentz invariance if you do.
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® Syntax like
® pp~>1z1z~>ete- (on-shell z decaying)
® pp>ete-$z  (forbids s-channel z to be on-shell)
® Are linked to cut |[M* — M| < BW,y; T
® Are more safer to use

® Prefer those syntax to the previous slides one

MadGraph Tutorial. 25 NCTS 2014, June 18




Exercise V: Automation ¥ Durham

University

® | ook at the cross-section for the previous process
for 3 different mass points.

= hint: you can edit the param_card/run_card via the
“set” command [After the launch]

= hint: All command [including answer to question] can
be put in a file.
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Exercise V: Automation o Dutham

University

import model sm .

generate p p > t t~ ent:

output

launch

set mt 160

set wt Auto

done . .

e ® Run it by:

set mt 165

set wt Auto .

set wt ® ./bin/mg5 PATH
set mt 170

set wt Auto ® (smarter than ./bin/mg5 < PATH)
aunch

set mt 175

set wt Auto ® [f an answer to a question is not
launch

set mt 180 present: Default is taken automatically
set wt Auto

launch

set mt 185/

set wt Auto
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