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A key to New Physics

SYNCHROTRON RADIATION CONTRIBUTION
IN THE INTERACTION REGION IN FCC-HH

FRANCESCO COLLAMATI
24-05-2016
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« The power radiated per beam depends strongly on
particle’s Lorentz Gamma factor, and hence on particle
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SYNCHROTRON RADIATION (Il)

« The power radiated per beam depends strongly on
particle’s Lorentz Gamma factor, and hence on particle

MRSt S Bl e 74 S Pxm

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

Bl P
We, ™ 1079 x Gl

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

e |l.e. LHC, FCC-hh...
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SR Spectrum

* LHC & HL-LHC: UV range =>4 to 7 kW per ring
* FCC: X-rays => 2.4 10 3.6 MW per ring
=>» fragile parts (flanges, welds, feedthrough) ... must be protected from heat loads
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SR Spectrum

* LHC & HL-LHC: UV range =>4 to 7 kW per ring
* FCC: X-rays => 2.4 10 3.6 MW per ring
=>» fragile parts (flanges, welds, feedthrough) ... must be protected from heat loads

/——_—-‘.

Photon flux (ph/m/s) into 0.1 % bandwidth

10 100
Photon energy (eV)
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SR Spectrum

* LHC & HL-LHC: UV range =>4 to 7 kW perring
* FCC: X-rays => 2.4 10 3.6 MW per ring
=>» fragile parts (flanges, welds, feedthrough) ... must be protected from heat loads
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The total radiated power will
probably be still low, but the
- gl much greater photon energy
e demands for a careful evaluation
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SR Spectrum

* LHC & HL-LHC: UV range =>4 to 7 kW perring
* FCC: X-rays => 2.4 10 3.6 MW per ring
=>» fragile parts (flanges, welds, feedthrough) ... must be protected from heat loads
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The total radiated power will
probably be still low, but the
- gl much greater photon energy
e demands for a careful evaluation
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More, and more energetic photons!
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e Inthe case of FCC-HH 50 TeV Protons, two more
aspects must be considered:
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= Edge effect: rise in the critical frequency at the
borders of the magnets due to magnetic gradient

/ L L=magnet length
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e Inthe 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

/ L L=magnet length

gt —wc

W i ;
C AT DL=gradient length

= The radiation cone is very narrow:

E, 50TeV :
= = ~ 5 x 10

P, T 938MeV

1

— ~ 1.9 x 10 °rad ~ 10 >¢grd
Tp
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» Developed by Helmut Burkhardt (CERN), is a set of
C++/Root classes that allow to:
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» Developed by Helmut Burkhardt (CERN), is a set of
C++/Root classes that allow to:

= Run Madx on the desired lattice of the FCC
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MDISIM TOOL

» Developed by Helmut Burkhardt (CERN), is a set of
C++/Root classes that allow to: .o

0

-5000

= Run Madx on the desired lattice of the FCC ™

4cnnn

= Read Madx output, plot the lattice

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

NANE KEYWORD 5 crit Zam 3 3ETX SIGX frac>10MeV ngam*npart Egamtot Emean

') GeV keV

MBXA.A4RA.H SBEND 10 6.34e+83
. 28e+83

._'_‘ p 4 {J‘ _‘1

MBRD.A4RA
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MBS .BBRA 3 D 781.8 13.4 B & 4.279 ©0.7183 1 8 5.9313
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MDISIM TOOL

» Developed by Helmut Burkhardt (CERN), is a set of
C++/Root classes that allow to: .o

U T T

= Run Madx on the desired lattice of the FCC / \

= Read Madx output, plot the lattice .=~ — ‘m .

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

NANE KEYWORD 5 crit ramBenc 3 3ETX SIGX Jivx ower frac>10MeV ngam*npart Egamtot Emean
GeV \')
MBXA.A4RA.H SBEND 3 12.5 99 1 1795 3 : : ) 34¢+03
MB B4RA.H SBEND 245.3 12.5 (B 0 35 3 > 26 /6 8 555 o 21 0
MBRD.A4RA 3 B ) 35 8 D52 . ¢ B.8869 Y 4 3]
MBRD.B4RA SBEND 443 .4 5 0. 99 B ’q ©.1795 4 B 3.556516533 )
MBS .ABRA SBEND /67. 13.4 o 2t 4.279] 0.7183 1 B 5.9313 133 : : ge+10 9.46e
MBS .BBRA " D 781.8 13.4 D.001.2¢ 4.279] 0.7183 1 3 > /< ) 3 0.48 B 7.18e+10 9.46e
MBS . CBRA SBEND 796 . ¢ 13.4 4 2790 0.7183 104 8 5 06 0.0426 O 3 ) B 7

b, 34e+03

1

1.8

1.8e+10 5,28e+83
1 I
1

= |Import geometry and SR in Geant to perform full simulation
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» Evaluate the solid angle of photons reaching the
Interaction region, assuming “worst case scenario” to

see if the contribution is already negligible

» Is “total absorption of the pipe” a “too good scenario”!?
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STEPS TO DO:

« Evaluate the solid angle of photons reaching the
Interaction region, assuming “worst case scenario” to
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

o |f still a non negligible contribution, evaluate the
impact of: ' -
e Edge effect
e Angular distribution of photons
e Polarization of photons
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L, H-H rameters

Energy [TeV]

Luminosity [x10%4 cm2.s]

584

Proton per bunch [x10'] 1.15

Number of bunches 2808 10600 8900

Bunch spacing [ns] 25 25 (then 5 ?)

Critical energy [eV] 44 1 4300 SE Y
Photon flux [ph/m/s] 1107 15107 19107 17107 26 10"

SR power [W/m]** 0.22 0.33 0.42 36.3 68.0
Photon dose [ph/m/year] 1102 1.5 1024 1.910% 1.7 10% 2.6 1024

* Levelled luminosity
** to be multiplied by 0.8 to get the average power in the arc taking into account the
uadrupoles and interconnects lenghts
i(\,_,;\\’ * During MD periods

/Y  Vacuum, Surfaces & Coatings Group OLAV-IV, Hsinchu, Taiwan, April 1-4, 2014
7=\ Technology Department
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