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SYNCHROTRON RADIATION
• When charged particles are  

accelerated they emit  
SYNCHROTRON RADIATION

• This radiation is distributed in a  
cone tangential to the moving  
direction of the emitting particle

• The emitted radiation is composed by several 
harmonics of the revolution frequency:

critical frequency (& energy): 
the frequency above which half 

of the power is emitted
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SYNCHROTRON RADIATION (II)
• The power radiated per beam depends strongly on 

particle’s Lorentz Gamma factor, and hence on particle 
mass:

• While SR is a major concern for electron beams, for 
protons beams it is usually negligible: 

• However, in Very High Energy p-p colliders the effect 
starts to be visible, and should be carefully evaluated 

• I.e. LHC, FCC-hh…
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SYNCHROTRON RADIATION FOR 
PROTONS (II)
• In the case of FCC-HH 50 TeV Protons, two more 

aspects must be considered:

➡ Edge effect: rise in the critical frequency at the 
borders of the magnets due to magnetic gradient

➡ The radiation cone is very narrow:

�p =
Ep

mp
=

50TeV

938MeV
⇠ 5⇥ 104

1

�p
⇠ 1.9⇥ 10�5rad ⇠ 10�3grd

!0
c =

L

�L
!c

L=magnet length 
DL=gradient length

5



MY TASK
• My (current) task is to evaluate the contribution of 

synchrotron radiation photons emitted in the last 
bending magnets into the interaction region 

• Tool used: MDISim
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MDISIM TOOL
• Developed by Helmut Burkhardt (CERN), is a set of  

C++/Root classes that allow to:

➡ Run Madx on the desired lattice of the FCC

➡ Read Madx output, plot the lattice

➡ Calculate Synchrotron Radiation  
(Power Radiated, Critical Energy..)  
and plot it over the geometry 
 
 
 

➡ Import geometry and SR in Geant to perform full simulation
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see if the contribution is already negligible
• Is “total absorption of the pipe” a “too good scenario”!?

• Evaluate (by means of MC) the fraction of SR photons 
exiting the beam pipe

• If still a non negligible contribution, evaluate the 
impact of:
• Edge effect
• Angular distribution of photons
• Polarization of photons

8



“CONE” DIRECTION

9

FILENAME=fcc_ring_v6_baseline 



“CONE” DIRECTION

10

FILENAME=fcc_ring_v4_baseline 



spare

11



12



SYNCHROTRON RADIATION

13


