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The task

~50MW/beam synchrotron radiation FCC consists of 130m “supercells” with 5 magnets

place discrete absorbers, 4 per magnet? “Find absorber placement as periodic solution”




1-slide workflow overview
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First step: manually edit magnets in OpticsBuilder

130.2m 5-cell pattern in OpticsBuilder:
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Lattice functions kept the same 5



Generate SynRad geometry and optics

adding optics

17100 polygons

Geometry



Simulation: verifying photon generation (no absorbers)

20kW downstream

82.6kW generated T ——— 82.6kW deposited on walls

Gradient
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Adding the sawtooth™ absorbers

Model (Fabrice Santangelo, TE-VSC) 1134 polygons
sawtooth modeled as-is

* Sawtooth details: see talks of Marco Morrone and Stefania Grozavu in this session



Add absorbers: first attempt — equal spacing

B1 (22.655m)
B1L (21.155m)

| i i >
B1S(19.7m) | . . .




Simulation: equal spacing

621W on walls

5 dipoles * 4 absorbers = 20 total 82kW on absorbers (4.1kW avg, 4.8kW max 8 abs > 4.5kW
10



B1.139_second_half 11.177686115 . 0.001130430652 -0.01535244033
DRIFT_317 £.35

B15.157_first_half 8. 702626115 0.0009332351085 -0.0154134057
B15.157_second_half 9. 702696115 0.0009332351085 -0.0154134057
DRIFT_318 03

([ 29 6.35m

DRIFT_313 315

Expected problems (>6m drift)

B1 magnets: too sparse spacing

. Gradient
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Solving the drift problem: increase absorber protrusion

32.4M —=<

source point

Conclusion: One absorber shades max. 6.6m of the wall

shadowed length: 6.61m ->7.85m=+19%
absorber protrusion: 19mm ->23mm =+21%
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Original sawtooth absorber model (F. Santangelo)

Modification (preliminary, partial sawtooth)




Larger absorbers:
Negligible direct hits on outer walls

100e-8  100e-&  100e-4  100e-2 10000 1002

W/cm?2

Total on wall: 0.22\WV




Secondaries: 380W (2.9W/m) on walls




Load on absorbers: largest after drifts
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Conclusion (collider SR management)

* Increasing the absorber protrusion shows complete shadowing
* Should be repeated with real sawtooth (0.9mm sides)

* Total power (5.3kW) — check with cooling simulations

* Power density: decrease angle and make longer?

* 46.5cm too long for 3D printer

* Impedance validation required

* |f above passed, 4 absorbers/magnet feasible



Second part: booster ring pressure profiles

« Can we build the booster ring without bakeout and without NEG coating?

« Arepresentative 12.5 m-long "half-cell* model with a 60 mm inner diameter was analyzed, featuring
a single 40 I/s ion pump placed between the dipole and quadrupole magnets (lumped pumps in
absence of NEG)

\
—
D=60mm
Calculation steps
Calculate SR spectrum Scale with booster cycle




Dynamic vacuum
Step1: Estimate synchrotron radiation

Dipoles
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FH#7 Flux inc. [ph/secs 1%BwW] F#13 Flux inc. [ph/sec/ TBwW]
FH25 Flux inc. [phisec/ 1328w

FH#1 Flux inc. [phsect T2Ew)]
FH#19 Flux inc. [phsecd 1%EW]

F#25 Flux inc. [phsec/ 1%Bw] ¥ | | Show Facet || &dd curve || Remove cuve || Femove all | (¥ Log [ Momalize mizs ]

Magnet parameters: J|
Part of SR above 4eV (“SR_factor”):

e B=6.5mT at 20GeV

e [=14.83mA* e 20GeV:83%

e L=4*11m e 45.6GeV: 92%

* tookthe average

Practical formula: Flux = 8.08E17 * E[GeV] * [mA] * SR_factor * Ring_fraction = 2.36E17 photons/s (at mid-energy, full current)
SynRad result: 2.24E17 photons/s

19 . 44m modeled / 64486m magnetic circumference
*thank you Antoine Chance and Anton Lechner for the confirmation! SR flux: 5.3E15 photons/sec/m




* Representative booster cycle (Z mode):
* 2.8saccumulation: 0to 14.83mA linear current increase
* 0.8sramp-up cycle with energy overshoot

Dynamic vacuum

Step2: construct dynamic outgassing for vacuum simulation

* 0.2s magnet ramp-down

* Flux=8.08E17 * E[GeV] * I[mA]
e Qutgassing: PSD_yield * Flux
* Choose n=3E-4 mol./photon for CO

phoion]
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Dynamic vacuum
Step3: vacuum simulation
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Dynamic vacuum

Step4: pressure results
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Static vacuum
Step1: material outgassing rate

Unbaked materials: dominated by water vapor
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4.  Outgassing of water vapour from unbaked metal alloys

After thorough surface cleaning, water vapour dominates the outgassing process of metals in
vacuum. For metal alloys, the outgassing rate 1s inversely proportional to the pumping time (t) and the
empirical relationship of Eq. 13 1s in general applied at CERN for design of vacuum systems.

3% 107 pmbar | (13)
1,0 = —1h] r:.:mz]

Outgassing properties of vacuum materials for particle accelerators Paolo Chiggiato
Proceedings of the 2017 CERN-Accelerator-School course
https://cds.cern.ch/record/2723690/files/2006.07124.pdf?version=1

After 100 hours:
3E-11 mbar.l/s/cm?
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https://cds.cern.ch/record/2723690/files/2006.07124.pdf?version=1
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Static / dynamic pressure comparison

After 100h conditioning:

Pressure comparison - static vs dynamic
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Outgassing properties of vacuum materials for particle accelerators, Paolo Chiggiato Monte Carlo simulations of ultra high vacuum and synchrotron radiation for particle accelerators
Proceedings of the 2017 CERN-Accelerator-School course

Marton Ady, ASERN/EPFL, 2016
https://cds.cern.ch/record/2723690/files/2006.07124.pdf?version=1 https://cds.cern.ch/record/2157666
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The case for NEG coating

Cedric Garion / Roberto Kersevan, FCC Week 2024:

Q (1h)=1.253E-3 mbarl/s Qg (1h) NEG =1.028E-3 mbar'l/s
Qz (1h)=2.258E-4 mbarV/s Q: (1h) NEG =2.254E-4 mbarl/s

FCC-ee Z: Pressure Profiles B1 (no ABS, blue) and B2 (red):

Qq (1h)=1.253E-3 mbar'l/s Q; (10h)=6.584E-4 mbar'l/s Q; (100h)=1.075E-4 mbar'l/s Q; (1000h)=1.072E-5 mbarl/s
Q5 (1h)=2.258E-4 mbar'l's Q, (10h)=1.295E-4 mbar'l/s Q, (100h)=5.047E-5 mbar'l/'s Q, (1000h)=1.039E-5 mbarl/s

FCC-ee Z: Pressure Profiles B1 (no ABS, blue) and B2 (red): 1, 10, 100, 100h
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» effect of NEG coating (1h case)
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The PSD pressure profiles have been calculated for 4 different
beam doses, corresponding to times of 1 h, 10 h, 100 h, 1000 h at
nominal current (1270 mA); Simulated gas: CO

case with 3x 100 (I/s) lumped pumps/beam, and no NEG-coating




Conclusion (booster vacuum)

* The average pressure after around 100h (0.8Ah) of conditioning is around
3E-8mbar

* Thisis exactly the max. pressure by the latest beam-gas calculations*

* Itwould be preferable to have an in-situ bakeout system installed, and
consequently NEG-coating of the vacuum chambers, as this would reduce
the number of external pumps and their cabling by a factor of about 5

* Additionally, the NEG-coated solution would guarantee very fast
reconditioning of any vacuum sector needing venting during operation.

*F. Zimmermann. Update on booster vacuum system, operation mode and polarisation time estimate in the DR
Presented at the 183rd FCC-ee Optics Design Meeting & 54th FCCIS WP2.2 Meeting (2024)
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https://indico.cern.ch/event/1404486/#3-update-on-booster- vacuum-sys

