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The lattice design upstream the IP is based on weak
dipoles (100 keV critical energy), long straight sections
and implements a 30 mrad crossing angle at the IP.

The model features: the (anti-)solenoid field map, a
detailed central beam pipe with a 10mm radius, 6
synchrotron radiation collimators, and 2 masks.

The lattice design upstream the IP is based on weak
dipoles (156 keV critical energy), short straight sections
and implements a 30 mrad crossing angle at the IP.

The model features: the (anti-)solenoid field map, a
detailed central beam pipe with a 10mm radius, 2
synchrotron radiation collimators, and 2 masks.
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FCC-ee lattice | Baseline and LCCO IR designs

V23 lattice - . . . . LCCO lattice . .
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Beam model | Core and halo description

Studies from M. Sullivan [1, 2] showed the transverse beam halo create a large amount of synchrotron
radiation mainly from the final focus quadrupoles, hence it needs to be modeled and studied.

e The beam core is defined as a Gaussian distribution based on the linear optics parameters,
e The beam halo is represented by a phase-space correlated distribution with
> X€&€[3.50,to110 ], X € [3.50°, to 110° ], Y € [40y to 650y] andY’ € [40’y to 650’y].
e Assuming 99% of the particles in the core and 1% in the transverse halo.
e The longitudinal beam distribution is Gaussian.
e The rms positions and angles of the non-zero closed orbit have been implemented.

Mode | Z W H tt | Unit Mode | Z tt Unit
Energy 45.6 80 120 182.5 GeV Energy 45.6 182.5 GeV
Beam current 1270 137 201 4.86 mA Beam current 1270 4.86 mA
Bunches / beam 11200 1780 440 56 Bunches / beam 11200 56
Bunch population 2.14 1.45 1.15 1.64 1gt Bunch population 2.14 1.64 10*
Horizontal emittance 0.71 2.17 0.71 1.59 nmrad  Horizontal emittance 0.49 2.23 nm rad
Vertical emittance 1.9 2.2 1.4 1.6 pmrad  Vertical emittance 1.54 2.73 pm rad
"y 110/0.7 | 220/1.0 240/1.0 | 800/1.5|| mm /Y 150/0.8 [{1000/1.6] mm

Beam parameters for V23 [3] Beam parameters for LCCO72 [4]


https://indico.cern.ch/event/932973/contributions/4075890/attachments/2140568/3606712/SR_study_of_a_1cm_bp_sullivan_update.pdf
https://inspirehep.net/files/4d975353aedb337682a768456a096299
https://indico.cern.ch/event/1306350/contributions/5505116/attachments/2687459/4662898/Optics_Oide_230720.pdf
https://indico.cern.ch/event/1364807/contributions/5742767/attachments/2779606/4844479/Local%20chromatic%20correction%20Final%20Focus%20optimization%20Jan%2011%202024.pdf
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Synchrotron radiation collimation (V23 & LCCQO72)

Aperture bottleneck at 14.4 o _in BWL" or QC2L, primary and secondary halo collimators set to 11 and 13 o, respectively.
Same primary and secondary halo collimator apertures for LCCO lattice as in V23 (11 and 13 o ) for comparison.
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Synchrotron radiation collimation (V23 & LCCQO72)

Aperture bottleneck at 14.4 o _in BWL" or QC2L, primary and secondary halo collimators set to 11 and 13 o, respectively.
Same primary and secondary halo collimator apertures for LCCO lattice as in V23 (11 and 13 o ) for comparison.

[
— |
g E = Aperture profile
E 30 T T E 30 + 110, — 130, @ Z — €4 =0.49nm.rad
5 s 2 H 110, - 130, @ tf — £, =223nm.rad
=1 @ S 2
g 201 I | g 201
S = S
£ 10- 5 104
S = Aperture profile llox—130x @ Z 5 10
N .. Aper. diff. Z&tt 110, — 130, @ tf T
g O L T T T T T T T T Jo: O L T T T T T T T T
E = Aperture profile 'g = Aperture profile
E 30 = o =50, B2 E 30 + 650, — 750, @ Z — €, =1.49pm.rad
5 g g _ 5 650, — 750, @ tt — £, =2.73pm.rad
£ 20 A 650, — 750, @ tt £ 20
g g
S ©
< 10 © 10 A
U Y
g . g .
-140 -120 -100 -80 -60 -—-40 -20 0 20 -140 -120 -100 -80 -60 -—-40 -20 0 20
Distance from the IP [m] Distance from the IP [m]

V23 lattice LCCO lattice




January 315t 2024 - 7th FCC Physics Workshop Kevin André SR background studies @ FCC

Results at Z energy
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Power deposition [W/m]

Extension of the model from BC3L to BC3R
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Detailed SR power deposition from beam core
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deposited, needs more SR collimators?
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Transverse halo impact with beam lifetime @ Z energy

The transverse tails extend until the primary collimator apertures: 110X/650y. The “beam lifetime — 0”
corresponds to a uniform tail distribution and is shown as worse case scenario. The “5min beam
lifetime” is considered in the collimation studies, see A. Abramov’s slides. 1Th beam lifetime is given
as point of comparison.

— Ay ppee————————— A e

. 5 —}— Beam lifetime - 0
107 5 V23 103 —— 5min beam lifetime L CO
—ﬂ"q_—:::‘ —}— 1h beam lifetime hub.:""‘* -
— 10!+ — 104 ﬁ-qqq
£ £
= . . 2
5 g0 The tails mostly impact: 5 100 ,
] o the last mask, 2 The tails mostly
g . e QC1R beam pipe, 8 . impact:
! e region s220m. : e QC2R beam
a = H
pipe,
1072 5 —t— Beam lifetime - 0 10723 g the region
5min beam lifetime >
—}— 1h beam lifetime $220m.
10_3 T I T T T T T T 10_3 lI T T T T T T
-10 20 30 40 50 60 70 -10 20 30 40 50 60 70

Distance from IP [m] Distance from IP [m]


https://indico.cern.ch/event/1307378/contributions/5726769/
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Results at tt energy
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Extension of the model from BC3L to BC3R
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Detailed SR power deposition from beam core
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Summary

e The BDSIM model features a @60mm beam pipe with horizontal winglet outside the final focus
region, impacts the SR flux reaching the SR collimators and masks.

e Simulations with beam core and transverse tail have been performed at Z and tt energies for
the V23-baseline and LCCO lattices with equivalent power deposition in the vicinity of the
particle detector,

o LCCO-V23 shows better results regarding the SR from the transverse tail but needs more
collimation to mitigate the SR from the beam core (especially in the mask)

o Baseline-V23 shows better results regarding the SR from the beam core because the SR
collimation is more effective (and mature) but the SR from the transverse tail causes more
power deposition close to the IP.

Future plans:

> Investigate the x-ray reflection in the GEANT4 model see details in [5],

> Compare the two solenoid compensation schemes, see A. Ciarma’s slide.

> Top-up injection must be studied for the V23 lattice and optics design, investigate the effects of
some imperfections such as optics mismatch, emittance blowup, etc..


https://indico.cern.ch/event/1346902/contributions/5687313/attachments/2769295/4824646/MDI_XrayReflection_2023_12_11.pdf
https://indico.cern.ch/event/1307378/contributions/5726749/

Thank you
for your attention;
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https://www.slac.stanford.edu/pubs/slacreports/reports02/slac-r-121.pdf
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Simulation tool, field map and physics models

BDSIM simulation tool (ref & website) that is based on GEANT4.

Use of the synchrotron radiation (G4SynchrotronRadiation) and low-energy electromagnetic
physics (G4EmPenelopePhysics) from GEANT4.

Production energy cut at 10 eV (below the default in GEANT4) to prevent infrared divergence.
Implementation of the solenoid and anti-solenoid field map.
Implementation of a realistic central beam pipe in a GDML format.
The beam pipe is made of Copper.

The collimators (10cm) and masks (2cm) are made of Tungsten.
The MAD-X sequences (link) are converted as input files for BDSIM.

The beam parameters can be found in (ref).



https://arxiv.org/abs/1808.10745
http://www.pp.rhul.ac.uk/bdsim/manual/introduction.html
https://gitlab.cern.ch/acc-models/fcc/fcc-ee-lattice/-/tree/V22_add_W_H_optics/lattices
https://indico.cern.ch/event/1178975/contributions/4952198/attachments/2488857/4274942/params_220804.pdf
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lllustration of the two extremes at Z
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Transverse halo influence with beam lifetime @ tt energy

The transverse tails extend until the primary collimator apertures: 110X/650y. The “beam lifetime — 0”
corresponds to a uniform tail distribution and is shown as worse case scenario. The “5min beam
lifetime” is considered in the collimation studies, see A. Abramov’s slides. 1Th beam lifetime is given
as point of comparison.
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https://indico.cern.ch/event/1307378/contributions/5726769/
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Additional SR collimators for LCCO lattice
Add SR collimators upstream the —
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Orbit correctors around the IP | Z mode 45.6 GeV

| ) L
The original (anti-)solenoid field — & ' ‘HL'"_"I oo { = o oo
map has been modified by H. vnmedl| oo it Wt com pga
Burkhardt with 2 correctors on
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orbit in position and angle.
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Assuming the same beam sizes as H il |
the Z operation the beam halo T ; :
collimator apertures for W should be 2307 3
(9-11 0 ) and (66-75 oy). § 2041 T .
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