
Tool for High Energy Physics 

Rui	
  Santos	
  

1 

ISEL	
  &	
  CFTC	
  

6	
  September	
  2011	
  

Lecture 1 
From Lagrangians to tree-level calculations 



1.  Write the Lagrangian; 
2.  Calculate the Feynman rules; 
3.  Calculate the relevant cross sections; 
4.  Serve with branching ratios. 

1.  Does it survive the experimental test? 
2.  Does it survive the theoretical constraints? 

Is it a good model? 

Feynman rule 

Lint 

Asymptotic states 
       (free fields) 

Asymptotic states 
       (free fields) 

How do we calculate? 
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One space at a time 

 Conserved quantities 
           (symmetries) 

€ 

ψ i, j ,k,...

€ 

ai b[ ] 
0 1
-1 0
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 
c j

d
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ Mij

€ 

L[ ] = M 4;  x,t[ ] = M −1;   ∂[ ] = M
€ 

Q(a) = −1
Q(b) =1
Q(c) = 0

⎧ 

⎨ 
⎪ 

⎩ 
⎪ 

€ 

i⇒ isospin(2 × 2)
j⇒ flavour(3 × 3)

⎧ 
⎨ 
⎩ 

Rules for building the Lagrangian 

€ 

a = u c t [ ]

 Multiple spaces 

 Natural units and dimensions 

  

€ 

 = c =1

€ 

s = 0,1    M
s =1/2    M 3 / 2

⎧ 
⎨ 
⎩ 

€ 

L = abc

 If you are stuck  Use additional symmetries 

€ 

Φ→−Φ

Φ→eiθΦ
⎧ 
⎨ 
⎩ 
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Rules for building the Lagrangian 

4 

Feynman rules 

Primitive divergences 

Higher order terms 
Stop at H4 

And hide it in 
physical quantity 
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€ 

Υ =1

€ 

I3 →  
 1/2
−1/2
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

Φ

THE BUILDING BLOCKS (particle content) 

€ 

Q→  
1
0
⎡ 

⎣ 
⎢ 
⎤ 

⎦ 
⎥ 

€ 

a
b
⎡ 

⎣ 
⎢ 
⎤ 

⎦ 
⎥ 

€ 

Υ = −1

€ 

I3 →  
−1/2
1/2

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

Φ*

€ 

Q→  
−1
0

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

a*
b*
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

Υ =1

€ 

iσ2Φ

€ 

Q→  
0
1
⎡ 

⎣ 
⎢ 
⎤ 

⎦ 
⎥ 

€ 

b
−a
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

Υ = −1

€ 

I3 →  
 1/2
−1/2
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

˜ Φ = iσ2Φ*

€ 

Q→  
0
−1
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

b*
−a*
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

I3 →  
−1/2
1/2

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

€ 

Q = I3 +
Υ
2

Remember 

The doublet 

Rules for building the Lagrangian 
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€ 

x = Φ*( )TΦ =Φ+Φ

…and its invariants 

€ 

LY = ν e e ( )L
 

a
b
⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟  eR

€ 

Υ =1+1− 2

€ 

I3( )up = −1/2 +1/2 + 0

€ 

LY = u d ( )L
 

a
b
⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟  dR

€ 

Υ = −1/3+1− 2 /3

€ 

I3( )up = −1/2 +1/2 + 0

€ 

˜ Φ = iσ2Φ*
€ 

LY = u d ( )L
 

b*
−a*
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  uR

€ 

Υ = −1/3 −1+ 4 /3

€ 

I3( )up = −1/2 +1/2 + 0

€ 

˜ Φ = iσ2Φ*

THE BUILDING BLOCKS (particle content) 

Rules for building the Lagrangian 



7 

THE BUILDING BLOCKS 

Is the symmetry local? 

or is it global? 

€ 

Dµ = ∂µ No couplings between scalars 
and gauge bosons 

That is it for the scalar doublet interaction with the known fields. The 
rest of the story you already know. 

Rules for building the Lagrangian 
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Mass, gauge group and 
rotation angles 

Mass term in the lagrangian with two scalar fields (mixed) 

Rotate the group eigenstates to the mass eigenstates 

and we can write 

Finally the masses and the angles can be written in terms of the original parameters as 
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The Tools I 

Tools already installed but… 
it is a known fact that everyone can do it 

Tools 
(Model 

Generation) 

LanHEP 
FeynRules 

http://theory.sinp.msu.ru/~semenov/lanhep.html 

http://feynrules.irmp.ucl.ac.be/ 

Tools 
(xsection and 

event 
generation) 

CompHEP 
CalcHEP 

http://comphep.sinp.msu.ru/ 
http://theory.sinp.msu.ru/~pukhov/calchep.html 

MadGraph http://madgraph.hep.uiuc.edu/ 

And many others… 

But these are the ones where very easily one goes from the Lagrangian to the 
actual analysis (but not always) 



The Tools I 

We will be using CompHEP/CalcHEP – what are the features/limitations 

Any processes within any model, but 

a) Tree-level processes: decay and scattering 

b) Squared Matrix Element calculation: 
no spin information for outgoing particles – spin averaged amplitude 

c) Limit on number of external legs – 6  

d) Limit on the number of diagrams ~ 100-200 

Creating working directory (calchep) (already created) 
make setup WDIR=              ./mkUsrDir 

Creating working directory (comphep) (already created) 
make setup WDIR=/home/G*/comphep 

From directory /soft/Rsantos/idpasctools (done) 
cp SEDunbroken.mdl /home/G*/lanhep/ 
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Scalar Electrodynamics 

Building the Lagrangian and generating the Feynman Rules –  
The  LanHEP file 

SEDunbroken.mdl 



Scalar Electrodynamics 

Running the LanHEP file and include the model in CompHEP/CalcHEP 

FR for CompHEP: in G*/lanhep dir /soft/lanhep314/lhep SEDunbroken.mdl 

vars10.mdl 
prtcls10.mdl 
lgrng10.mdl 
func10.mdl 

Files created Model in CompHEP 

Look for the largest 
number of the files 

similar to the ones above. 
If it is *10.mdl change all 

files to *11.mdl. The 
model will appear 

automatically in the menu. 

From /G*/comphep 
./comphep& 

nautilus change *.10 to *.11 
and 

move all files to  

/G*/comphep/models 



Scalar Electrodynamics 
Mastering CalcHEP/CompHEP 

Enter menu 
selection 

Exit menu 
selection 

Help 

Move up and down in each 
menu 



Scalar Electrodynamics 
The CalcHEP/CompHEP menus 



Scalar Electrodynamics 
The model menu 

€ 

pH − − pH +( )
µ

€ 

gµν

€ 

1



Scalar Electrodynamics 
A simple calculation 

We could start with a 
decay…or not… 



Scalar Electrodynamics 
A simple calculation 

A new window 
appears 



Scalar Electrodynamics 
Parton Level 



Scalar Electrodynamics 
Structure function 



Scalar Electrodynamics 
Distributions 



Scalar Electrodynamics 
Cuts 



Scalar Electrodynamics 
A not so simple calculation 



and now for something completely different 
– the Larch 

…or the SM and a 2HDM in LanHEP plus THE BATCH FILE in CalcHEP 
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Particle in LanHEP 

Particles 
scalar P/aP:(options). 
spinor P/aP:(options). 
vector P/aP:(options). 

spinor P:(options). spinor e/E(electron). 
spinor e:(electron). 

positron 

If missing the anti-particle 
is generated as E 

First in the list of 
options has to be the 

particle name 

•  mass              spinor e1/E1:(electron, mass Me = 0.005)   mass in GeV 
•  width             spinor t:('t-quark',color c3, mass Mtop = 175, width wtop = 1.6) width in GeV 
•  left/right      spinor n2:('mu-neutrino',left) note the quotes in mu-neutrino  
•  gauge             vector Z/Z:('Z boson', mass MZ = 91.187, width wZ = 2.504,gauge) 

Other options 

Generates the names for Goldstone bosons (Z.f) and Ghosts (Z.c)   

•  Ghost field                     ghost(name)     
•  Goldstone boson field     gsb(name)       
•  Anti-field                       anti(name) 

Built-in functions to define fields 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



Building the Standard Model in LanHEP 



And adding the 2HDM part 



And adding the 2HDM part 







A different approach in CalcHEP/
CompHEP 

The batch file 



The batch file 

nautilus 

move file 
batch_file 

from 
/soft/Rsantos/idpasctool 

to 
/G*/calchep  

In your calchep dir 
./calchep 

import models 
type models 

and choose THDMII 



The batch file 

Start firefox& 
Generate events from CalcHEP 

From myname/comphep/ 
./calchep_batch batch_file 

copy link and paste it in firefox 



Enjoy! 


