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INSTALL MADGRAPH 5

* Preinstall requirements (you should receive an email before):

* Unix system (Linux or Mac OS). For windows user, try a virtual machine

» gcc and gfortran (version >= 4.6 and not 8.X)

* python (version >= 2.6 and < 3.0)

» https://launchpad.net/mgbamcnlo

* untar it (tar -zxvf MG5_aMC_v2.6.X X.tar.gz)
* launch it ( $ ./bin/mg5_aMC)

* learn it from tutorial !

= Type tutorial and follow instructions
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https://launchpad.net/mg5amcnlo

INSTALL MADGRAPH 5

e 00 MadGraphS_aMC@NLO In Launchpad J P OS5 X Updates Available - be
- S P - y ) Your computzr will restart to o

4| | E.’] ‘ e] | + | I Canonical Group Lid @ launchpad.net/ mg5amcnlo compleze thesa updates. \ﬁ
[0 S Code:MadG.core2" team Itinéraires ... tramway bus B5IFFI&XTS  EPS  The 8th Wor...nuary 2015) Certificate .. FAQ < TWiki  Text to ASCI...ator (TA

1 | MadGraphS_aMCENLQ in Launchpad Sl R B

- Login f Register
| MadGraph5_aMC@NLO

Code 2ugs Blueprints Translations Answers

Regidered 2009-03-15 Jva Michel Herguel

Get Involved
MadGraph5_aMC@NLO is a framework that aims at providing all the elements necessary for SM TG
and BSM phenomenology, such as the computations of cross sections, the generation of hard P =
events and their matching with event generators, and the use of a variety of tools relevant to event Ask a question -
manipulation and analysis. Processes can be simulated to LO accuracy for any user-defined Register a blueprint =

Lagrangian, an the NLO accuracy in the case of models that support this kind of calculations -
prominent amang these are QCD and EW corrections to SM processes. Matrix elements at the tree-
and one-loop-level can also be obtained.

MadGraph5_aMC@NLO is the new version of both MadGraph5 and aMC@NLO that unifies the LO Downloads
and NLO lines of development of automated tools within the MadGraph Family. It therefore
supersedes all the MadGraph5 1.5.x versions and all the beta versions of aMC@NLO.

Latest versiozs

The standard reference for the use of the code is: J. Alwall et al, "The automated computation of ‘ MGS5_aMC_vZ.6.4.tar.gz
tree-level and next-to-leading order differential cross sections, and their matching to parton

shower simulations”, arXiv:1405.0301 [hep-ph]. In addition to that, computations in mixed-coupling
expansions and/or of NLO corrections in theories other than QCD (eg NLO EW) require the citation MG5_aMC_vz.6.3.2.tar.gz

of: R. Frederix et al, "The automation of next-to-leading order electroweak calculations”, .

arXiv:1804.10017 [hep-ph]. A more complete list of references can be found here: htep://amcatnlo.
Downlcad: releasad on 2017-08-15

web.cern.ch/amcatnlo/list_refs.htm
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MADGRAPH

FIND HELP ? q-4

.,i

» Ask us (tutors and/or authors) or your experienced friends

» Use the command “help” or “help XXX”

=P “help” will guide you what to do next.

* From Launchpad:

= First check: https://answers.launchpad.net/mg5amcnlo/+fags

=P Submit Q: https://answers.launchpad.net/mg5amcnlo
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https://answers.launchpad.net/mg5amcnlo/+faqs
https://answers.launchpad.net/mg5amcnlo

INPUTS

* My first example:

./bin/mg5 aMC
> generate p p > t t~
> output MyExample

> exit
cd MvExample/Cards

* Read the cards and understand what they are

=g param card.dat: model parameters
=P run_card.dat: run parameters and kinematical cuts

Detail explainations: https://answers.launchpad.net/mgbamcnlo/+fag/2014
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https://answers.launchpad.net/mg5amcnlo/+faq/2014

EXERCISE: INPUTS

* Please change the following inputs
top quark mass

top quark width

W boson mass

beam energy

number of events

min pt cut of the charged leptons
number of quark flavors in a jet
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EXERCISES: GENERATION SYNTAX

* What'’s the meaning of the coupling order QED/QCD

 What’s the difference between

> generate p p > t t~ > generate p p > t t~ QCD=0

> generate p p > t t~ QED=2 > generate p p > t t~ QCD<=2

> generate p p > t t~ QED=0 > generate p p > t t~ QCD*2==

> generate pp >z a > t t~ > generate p p > t t~ $$ z QED=2

+ Hint: Use ‘display diagrams’ to see the generated Feynman diagrams

» Compute the cross-section for each of them !

» Generate a Higgs from vector-boson fusion process
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EXERCISES: PLOT DISTRIBUTIONS

* Generate the invariant mass distribution for

> generate p p > e+ e-

> generate p p > z, z > e+ e-

> generate p p > e+ e- $§ z

> generate pp > e+ e- / z

* Hint: If you have installed MadAnalysis5 via ‘install MadAnalysis5’, you can find a few
predefined plots in MAS5_report_analysis|.

- Edit the madanalysis5 parton_card.dat to refine the bins.

* Understand the meaning from the invariant mass distribution
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EXERCISE SOLUTION: INPUTS

#£5 PARAM_CARD AUTOMATTCALY GFNFIATED RY MGS FOLLOWTNG UFQ MOD=I heRE

» [ ;2
#8 Widin set on Buto will be computed following Lhe informolion B
£ aresett in the decoy.py files of the model. a2
*y See arkivile92. 1178 For more desoils, we
%8 RE

R IR AR PR VRV AR NP FH AR ARA
Rlock mass

e top quark mass

23 9.128800e401 ¥ MZ
25 1.252000e+02 # M
Dependent parareters, given oy model restrictions.
Those values snould be adited Follomwing the
analylical expression. MGS igmares Lhase values
T they are importont For interfocing the output of NGS
¥? to external zrogrom s£uch o Pythio,
*D.OO2% £ 4 0.0

-

Z0.000000%.:00
3 U000 N s 0Y
4 0.000000 £ - : 0.0

21 0.020000 £ e~ : 0.0
22 0000000 # ve : 0.0
‘30.0000080 i~ ; B2
40020000 2V ! 0.0
10 0.0 # vt : 0.0
21 0000000 £ g - B.0

220020200 ¥ a : 0.0

2% 89.510002 ¥ w- @ omath.sarb(NZ__exp /2. + cmath.sare(MZ__exp_ 474, - (GEN"cmath.pi*MZ__exp_ 2)/[CS*sqre__2))) W boson mass

LA AL T LT A A T T AT AT L LA A T L A

L Not allowed to change independently !

Block snlnouss Change MZ, aEWM1, Gtf.

1 1.325670e+02 # oEWNZ
2 1.1655%e-035 & Gf
3 1.132000e-01 ¥ oS

PIPRTEES SIFSIPREEIFRIE NEFIFSIPSTEE SIP AT
9 INFURNATION FOR YUKANA
AR IR R GR R IR SRR I TR IREGE G IR EGEGS
Block yukowo

S 4. AW+ # yrb

6 1.7100000e07 # ywt

15 1.777000e«d2 & ywtou

EORUR IR ARSI SRR RIRIREREGR IR EGERR

%8 INFORNATION FOR DECAY

B e R T

DECAY O 1.491500e+00 # WT

DECAY 23 2.441909e+00 * WZ

DECAY £9 2.047C0dc+00 = WY

DECAY 25 £.38233%e-A3 &£ WH

*? Dependent paraweters, glven oy model restrictions.
#9 Those valucs should be cdited Following the

£) onulvkticol expression. MGS iLgnores those volues
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EXERCISE SOLUTION: INPUTS

- -

ModGraphS_aMleNLO

run_card,dot MadEvent

This Tile is used Lo sel Lhe paramelers o the run,

Some notation/conven.ions:
Lines starting with a '# * are info or comments
wind the formgt: value = vuriagble ! commert

To disploy more options, you cun type the command:
Jpdote fFull_run_card

g."..‘..".’..."‘.“.‘.QOOO.‘.Q......Q....001....0.l‘.‘..“‘....“‘.

S

¢OOQ00000.Q0000000Q.

* 4+ % 2 % o

TR TTTTTTTaTaTaasen

¥ Running porumeters
40000000000000000QO0

¢

‘...‘“...‘.’.’..".“...'...O.‘.....‘.....O.‘O....“QO.....‘.....-.‘.

¥ Tog name for the run (one word’ *
#....“‘..QQ“O‘.'Q..‘.‘.“.‘OOOQ‘.....O....00....'..“0.‘00“.....‘..

tog 1 = run_tog ! nowe 0 the run
#0-‘0‘0‘0.600000‘Q0‘O..‘01...00.6000.‘0“0‘0.00‘...000.....000000000..
¥ Nurber of events and rnd se2d ~
¥ Worning: Do not generate more than IM events in a sirgle rur ~
¥ If you wont to run Pythia, avoid more than 5@k events in a run. ~
‘.-'O..O.-'O“.00‘!00..0.'0‘.0‘0'....00....D.0........0...0.0.‘....‘0.
‘m - nm-‘:s ! b o w8 nmn{:n-\—nr Susnane e mn-tunnzond
© = iseed | rnd seed (Dw=assigned cutomaticallyscefault)]
'0-‘.‘0““0“0‘011000.0ll....oon.‘...‘....iOO....IO‘......OOQOOOUOQCO
¥ Collider type and enzargy -
¥ lpp: O=ho POF, leproton, -l=antiproton, Z=photon “rom proton, ~
¥ 3=photon “rom elactron ~
‘0-"...0-....00-ll....“l"..Ool.....OQ....000.....‘OOO.‘.O“..O.C‘..
1 = lppl | beam 1 type
1 = lpp2 | beam Z type
6500.0 = eheaml omeletanatennangyetaeiay

vs

bYW . ¢ = eheam ! baam 2 tortal enargy in Ge\V
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number of events

beam energy
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MADGRAPH
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EXERCISE SOLUTION: INPUTS

- -

ModGraphS_aMleNLO

run_card,dot MadEvent I L L L L L L LT T T e

¥ Standard Cuts -

This Tile is5 used Lo sel Lhe paramelers o7 the run, D R D e e R

# Ninimum and moximum pt's (for mox, -1 mecns no cut) ‘

#‘Q.““..‘..‘Q“‘....Q‘.‘...‘Q‘0.0.’0....Q.O....0.‘......0........0.0

20.¢ = ptj ! minimum pt for the jets

0.0 =ptb ! minimum pt for the b

16.¢ = pta ! minimum pt for the photons

16.¢ = ptl ! minimum pt for the cherged leptons

To display more options, you con type the command: 0./ = misset ! minimum missing Et (sum of neutrino's momenta)
Jpdote fFull_run_card -1'@ = ptjimax maximum pt for the jets

gOOQQ“OOOOOOQOOOOQ.Q‘.‘.QOOO.00‘0...O.Q0...00100.DOOC‘.‘..O“.O.O“‘. _1 e - ptmx miM pt f‘cr the b

¥ -1/€¢ = ptamax maximum pt for the photons

DRI -1¢ = ptlmax moximum pt for the chorged leptons

= missetmax ! moximum missing Et (sum of neutrino's momenta)

{} = pt_min_pdg ! pt cut for other particles Cuse pdg code). Applied on particle and anti-particle

Some notation/conventions:
Lines starting with a '# * are info or comments

wind the formot: value = vuriagble ! commert

* 4+ % 2 % o

TR ReTTTRTTNTTYTYY YRS

¥ Running porumeters =l
40000“0000000000QO0

¢

OS000000000000600000000500005000000000400000040000000000000000000000e | L) = pt_nax pdg ! pt cut for other particles (syntax e.g. {6: 109, 25: 50})

¥ Tog name for the run (one word’ *
#....“‘..QQ“O‘.'Q..‘.‘.“.‘OOOQ‘.....O....00....'..“0.‘00“.....‘..

tog 1 = run_tog ! nawe 0F the run
#0"0‘0‘0.‘QOQOO‘QQ‘O..‘01...00.6000.60“0‘0000‘...000‘....000000000..
¥ Nurber of events and rnd sead ~
¥ Warning: Do not generate more than IM events in a single rur .
¥ If you wont to run Pythia, avoid more than 5@k events in a run. ~
‘.-'O..O.-'O“.00“00.00.‘0‘.0‘0'...."......00000.00000000.0“....‘0.
10000 = nevents ! Number of unweignhted events requested
© = iseed | rnd seed (P=assigned cutomatically=cefault)?
'0".‘0.“‘0“0‘011000.0ll....oon.....‘....i0‘.....00.......OQOOOUOQCO
¥ Collider type and enzrgy *
¥ lpp: 9=lo PDF, l=proton, -l=antiproton, Zephoton “rom proton, -
¥ 3=photon “rom elactron -
‘."‘....l......-.l....‘.."...O............‘0'.....‘..‘....“....“..
1 = lppl | beam 1 type
1 = lpp2 | beam 2 type
65009 = ¢heaml ! b2am 1 toral enargy in GeV
bYW . ¢ = eheam ! baam 2 tortal enargy in GevV

min pt cut of the charged leptons
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EXERCISE SOLUTION: INPUTS

ModGraphS_aMleNLO

run_card,dot MadEvent
This Tile is used Lo sel Lhe paramelers o the run,
Some notation/conventions:
Lines starting with a '# * are info or comments
wind the formot: value = vurigble ! commert

To disploy more options, you cun type the command:
Jpdote fFull_run_card

g."..‘..".’..."‘.“.‘.QOOO.‘.Q......Q....001....0.l‘.‘..“‘....“‘.

S

¢OOQ00000.Q0000000Q.

* 4+ % 2 % o

TR ReTTTRTTNTTYTYY YRS

¥ Running porumeters
40000000000000000QO0

¢

‘...‘“...‘.’.’..".“...'...O.‘.....‘.....O.‘O....“QO.....‘.....-.‘.

¥ Tog name for the run (one word’ *
#....“‘..QQ“O‘.'Q..‘.‘.“.‘OOOQ‘.....O....00....'..“0.‘00“.....‘..

tog 1 = run_tog ! nawe 0F the run
#0"0‘0‘0.‘QOQOO‘QQ‘O..‘01...00.6000.60“0‘0000‘...000‘....000000000..
¥ Nurber of events and rnd sead ~
¥ Warning: Do not generate more than IM events in a single rur .
¥ If you wont to run Pythia, avoid more than 5@k events in a run. ~
‘.-'O..O.-'O“.00“00.00.‘0‘.0‘0'...."......00000.00000000.0“....‘0.
10000 = nevents ! Number of unweignhted events requested
© = iseed | rnd seed (P=assigned cutomatically=cefault)?
'0".‘0.“‘0“0‘011000.0ll....oon.....‘....i0‘.....00.......OQOOOUOQCO
¥ Collider type and enzrgy *
¥ lpp: 9=lo PDF, l=proton, -l=antiproton, Zephoton “rom proton, -
¥ 3=photon “rom elactron -
‘."‘....l......-.l....‘.."...O............‘0'.....‘..‘....“....“..
1 = lppl | beam 1 type
1 = lpp2 | beam 2 type
65009 = ¢heaml ! b2am 1 toral enargy in GeV
bYW . ¢ = eheam ! baam 2 tortal enargy in GevV

‘...l......l.l‘...l.t.l....l.l.l......t.l....‘....ll....l.lll........l

¥ Standard Cuts -

#."’..’.0".'....."."0...‘000.0......O.‘....0.0........0.0......000

# Ninimum and moximum pt's (for mox, -1 mecns no cut) ‘
#‘Q.““.O‘..‘Q“‘...00‘.‘...0Q‘0.0.’0....Q.0....0.‘......0........0.0
20.¢ = ptj ! minimum pt for the jets

0.0 =pb ! minimum pt for the b

16.¢ = pta ! minimum pt for the photons

16.¢ = ptl ! minimum pt for the cherged leptons

0.0 = misset ! minimum missing Et (sum of neutrino's momenta)
-1.€¢ = ptjimax maximum pt for the jets

-1.¢ = ptbmax maximum pt for the b

-1.€¢ = ptamax moximum pt for the photons

-1.€¢ = ptimax maximum pt for the chorged leptons

-1.€¢ = missetmax ! moximum missing Et (sum of neutrino's momenta)

MADGRAPH
- - \-

{} = pt_min_pdg ! pt cut for other particles (use pdg code). Applied on particle and anti-particle

{1 = pt_max pdg ! pt cut for other particles (syntax e.g. {6: 109, 25: 50})

# maximal pdg code for quark to be considered as a light jet
# (otherwise b cuts are applied)

*
*

e T T T T e e T e T e T e P e L e P TR T

4 = maxjetflavor I Maximum jet pdg code

number of quark flavors in a jet
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MADGRAPH

EXERCISE SOLUTION: GENERATION

* What'’s the meaning of the coupling order QED/QCD

= By default, MG5 will guess the lowest order in QED
* =l > generate p p > t t~ QED=0
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MADGRAPH

EXERCISE SOLUTION: GENERATION

* What'’s the meaning of the coupling order QED/QCD

= By default, MG5 will guess the lowest order in QED
* =l > generate p p > t t~ QED=0

—» > generate p p > t t~ QED=2
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EXERCISE SOLUTION: GENERATION

* What'’s the meaning of the coupling order QED/QCD

= By default, MG5 will guess the lowest order in QED
* =l > generate p p > t t~ QED=0

—> > generate p p > t t~ QED=2

2

Results in the smfor pp > t t~ Results in the sm for p p > t t~ QED=2
Run Collider Banner|Cross section (pb)| Run Collider Banner|Cross section (pb)
Pp . . PP .
un 01165000 x 65000 Gev|i2e-1 | 2.1=0.79 run_Olle50.0 x 65000 Gev|2e-1 | 20082093
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EXERCISE SOLUTION: GENERATION

* What'’s the meaning of the coupling order QED/QCD
= ‘QED<=2’ is the same as ‘QED=2’

* > generate p p > t t~ QCD*2==2

« Returns the interference between the QCD and QED diagrams

2

Zero in this case due to the colour !
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EXERCISE SOLUTION: GENERATION

» Generate a Higgs from vector-boson fusion process

> generate pp >h j j $$ wt w- z a

* ‘$%’ excludes diagrams with the particles in s-channel
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EXERCISES: PLOT DISTRIBUTIONS

* Generate the invariant mass distribution for

=P Refine the bins in madanalysis5 parton card.dat

# Uncomment the line below to skip this analysis altogetter
# BMGS5aMC skip_analysis

EMGSaMC stdout_lv1l=INFOQ

eMGSaMC inputs = *.lhe
eMGSaMC analysis_name = analysisl

# Multiparticle definition

define vl = 12 14 16

define vl~ = -16 -14 -12

define invisible = ve ve~ vm v~ vt vt~ vl vi~

# Histogram drawer (options: matplotlib or root)
set main.graphic_render = matplotlib

# Global event variables

plot THT 40 @ 500 [logY]

plot MET 40 @ 500 [logY]

plot SQRTS 40 @ 500 [logY]

# PT and ETA distributions of all particles

plot PT(e-[1]) 40 @ 500 [logY]

plot ETACe-[1]) 40 -10 10 [logY]

plot PT(e+[1]) 40 @ 500 [logY]

plot ETACe+[1]) 40 -10 10 [logY]

# Invariant-mass distributions

plot M(e-[1] e+[1]) 40 @ 500 [logY ] : :
# Angular distance distributions ’nvar,ant mass of the ’epton Pa,r
plot DELTARCe-[1],e+[1]) 40 @ 10 [logY ]
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EXERCISES: PLOT DISTRIBUTIONS
> generate pp > z, z > e+ e-

10 «—/ pole
10°} 1
~ Full distribution - Z pole only
< < 10°}
o 10'} <
| |=
ST |
2 2
L::. 10’ ‘:_
10}
1t
104
0 50 10C 150 200 D 50 100 . 150 200

> generate p > e+ e-

Make Z off shell Exclude Z diagrams

a _ 10
- <
= <
Lo | S ‘
Il | 10
i 5
) ¥
o =
n 5 .
g = 10°
; &
- =

10°

0 50 100 150 200

0 30 100 150 Z00 0 )
‘ Mle e || ICeV/eT)

M :r? "‘1"_1: (GeV/iet)
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EXERCISES: PLOT DISTRIBUTIONS
> generate pp > z, z > e+ e-

1o «—/ pole
10%} |
-~ Full distribution - Z pole only
= < 10°
o 10'} =
| |=
_"5 10' *s 104k
L::. 10’ ‘; ol
1t
107
0 50 10C 150 200 D 50 100 R 150 200
> generate pp > e+ e- § z
10°} | 0|
Make Z off shell |
Exclude Z diagrams
- 10t ~ 10"
«— Z/photon inter
Il. 10° l
2 107 2
10°
10°
v 50 100 150 200

: 50 100 150 200

M :r? "‘1"_1: (GeV/iet)

Mg t,e | (CeV/ie)
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EXERCISES: PLOT DISTRIBUTIONS

On-shell cut in run card.dat

15.90 = bwcutoff I (M+/-bwcutoff*Gamma]

* Full (physical) distribution is very close the sum of the two.
* The '$’ forbids the Z to be on shell but the photon invariant
mass can be at Mz (i.e. on-shell subtraction).

» The */’ is to be avoid if possible since this may lead to
(unphysical) gauge dependent.
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EXERCISES: PLOT DISTRIBUTIONS

* Next slides are generated with bwcutoff=5, which is TOO o

SMALL from the physical viewpoint in practice.

Redcurve p p > e+ e- [ 7
Bluecurve pp > e+ e- $ Z

- _ —dolZ
‘S Bl —— minZ
i
||~105._ 1
e g
~ I~
P s
(-
S 100 g
= L
ol it
© B M"
z L ! .
102:11 llllllllllllllllllllllllll l(

0 20 40 60 80 100 120 140 160 180 200
M [ e+ e- ] (GeV/c?)
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EXERCISES: PLOT DISTRIBUTIONS

* Next slides are generated with bwcutoff=5, which is TOO

SMALL from the physical viewpoint in practice.

Redcurve p p > e+ e- [ 7
Bluecurve pp > e+ e- $ Z

The on-shell region of Z is vetoed

- F ~ ——dolZ
‘2 - L — minZ : : : :
S L Photon contribution is still there.
] - —
~ - | I~
g L LHP{
(-
o, L
d 104 E_
t F :
“é: B }r‘
;| b W%
107 &
102 : 1 1 1 l l | 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l | I 1 1 l[

100 120 140 160 180 200
M [ e+ e- ] (GeV/c?)

<
N
<
4
f=
=)
(=]
o
(=
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EXERCISES: PLOT DISTRIBUTIONS

* Next slides are generated with bwcutoff=5, which is TOO

SMALL from the physical viewpoint in practice.

Redcurve p p > e+ e- [ 7
Bluecurve pp > e+ e- $ Z

The on-shell region of Z is vetoed

- F P ——dolZ
S I L —— minZ L
S L Photon contribution is still there.
“.‘105 ,:_ j_‘
.4.5 - h_ o« »
Z Lﬁ{r Area sensitive to Z peak
g2 L
A gl 11_‘ bwcutoff=15 will cover this region
@ —
I F .
i B —I_I"—L/_‘
z T |

10° = W | |

- | i il
102 : L | - — l 1 l Ll 1 l Ll 1 l Ll 1 l | B _— l LAl Ll 1 L l[

<
N
<
4
f=
=)
(=]
o
(=

100 120 140 160 180 200
M [ e+ e- ] (GeV/c?)
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EXERCISES: PLOT DISTRIBUTIONS

* Next slides are generated with bwcutoff=5, which is TOO

SMALL from the physical viewpoint in practice.

Redcurve p p > e+ e- [ 7
Bluecurve pp > e+ e- $ Z

The on-shell region of Z is vetoed

g - “dolZ
i i — minZ : : : :
= I g ' Photon contribution is still there.
L10° E L
2 F —Lﬁ{r Area sensitive to Z peak
£ L
&l 771_‘ bwcutoff=15 will cover this region
i
= [
? ol S T e 10
103 = Iq
= iR M
10 | | R I A A | | |

100 120 140 160 180 200
M [ e+ e- ] (GeV/c?)

C'I
N
f=1]
4
f=1
=)
o
o
(=

FEYNRULES/MADGRAPH SCHOOL USTC HEFEI 2018




