Synchrotron Radiation simulations in the IR
R. Kersevan, CERN-TE-VSC-VSM

The geometry for the +/-640 m around the IP for the latest T-pole lattice (as per K. Oide’s file on AFS)
has been created; G

One beam only has been modelled (assuming the other one is symn‘t&%t includes 9 dipoles and 9
quadrupoles; C

Two version of the geometry have been created: one wj heﬁmetric opening of the IP quadrupole
focusing doublets (20 mm ID) and one with an ”exit’§ let chamber twice as big in radius (40 mm
ID), following the prescription to let the trap&%@ in the IP “escape” and dissipate their power
elsewhere (see previous meetings, this sgrie ¥}

A third variant of the geometry has,i a “winged” geometry, i.e. a chamber cross-section “a-la-
SUPERKEKB"” which allow th Ing of short localized absorber (to reduce the photon scattering
and improve the shieldin@ -energy photons, see end of my presentation at FCC Week in Rome);
- Neither the phot sorbers nor the bellows/contact fingers have been included yet, €<

- This workwm to take the place of the analysis already done via GEANT4 and/or other
calculations (P Burkhardt et al., M. Sullivan et al.) but simply wants to show the potential of a
different code, SYNRAD+, as far as the calculation of photon flux and power on sensitive equipment is
concerned (like the Be pipe at the IP);

The main purpose of this analysis is to prepare a geometry for simulating the pressure profiles (aiming
at presenting this as a poster at FCC Week in Berlin, if accepted).

R. Kersevan, FCC-ee MDI meeting #34, 11/10/2021



SYNRAD+: SR flux along one ~640 m-long arm of the interaction region
of FCC-ee (175 GeV T-pole machine; 6.632 mA)
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One arm of the IP chambers: ~ -347 mto ~ +337 m;
Round pipe (70 mm ID) everywhere except along the incoming beam, which has winglets;



SYNRAD+: SR flux along one ~640 m-long arm of the interaction region
of FCC-ee (175 GeV T-pole machine; 6.632 mA)
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Photon ﬂl@{ spectrum on the two highest-flux facets of the Be pipe

e(»
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Effect of adding a “ridged” (sawtooth) profile to the 20 mm ID doublet quad pipe:
reduces the flux onto Be pipe to virtually zero; (ridge/sawtooth: 0.5 radial, 5 mm step)

B Synrad+ 1320 64-bit (Sep 6 2016) [beaml._planar_Asymm Quads All BIS ridges | Synrad+ 1.3.20 64-bit (Sep 6 2016) [beam1_planar_Asymm_Quads_All_BIS_ridges_wingletsHiResFwise.syn7z] =X

File FRegions Selection Took Facet Verlex “iew Test Spectrum plotte__ 9 [ EX

Toals Facet Wertex Wiew Test

File Regions Selection

7 A 7 : = y
——— / /63952 F:28002 Dinn{ 177751 6:97331 65;
# Hits Flux [ K / - =] 3D Viewer settings ————
3280 a0 27038e+11 | 0.000363074 I / L 4 i
321 0 1} 1} . /
3282 i i i / I
3283 0 1} 1} / iltering
3284 0 a a p
3285 0 0 0 6 oie. |
3286 0 0 0 \‘ -
3287 0 0 0 ) 0 eted)
3288 0 1} 1} m "
3289 0 0 0 ( K =
3290 0 1] 1] e —
329 0 1} 1} / Al
292 0 i i ’L
3293 0 a a ’
284 0 o 0 % —
3295 33 282579%+11 | 0.000452784 * ‘
3296 0 1} 1}
3297 0 0 (\
3298 0 0 ‘a g
3299 0 0 e =
3300 0 e 1] —
33m 0 1}
3302 0 1} ———
a0 o 0 Lpply|
3304 ‘]b a a
3305 ? 1] 1]
‘exture Scaling [ [x]f | 3208 g a a
- Texture Range Current ggg; g g g /
Hin 1933E+08 [ Autoscale [+ Use colars M R 1309 0 1 1 >
Max 1933E+18 [+ Log scale  Swap [1245MB AL T I
Apply || Setto cument | Max, 1958E+17 =l Show column
o [ Sticking [ Opacity [ Shucture [ Link [ Reflection [ Roughness /5]
[~ 2 Sided [ Werex nb [ Area [~ 2D Bow [ Testure LW [ Sampledcm
19617 . . [
100s10 10012 00 1d 10016 100=7a [ Count mode [ Memary [ Planarity [ Profile [ Spectrum [ Hits it
[ Abs. [+ Flux [+ Power
Fl h/sec/cnf > T
lux [ph/sec/cm x| Check &l || Uncheck Al | Update | Dismiss | ——
—" Power &
)
B 3
[ lEe-14
Texture Scaling [_]]
r Texture Range Cument
Min E+5 [ Autoscale (¥ Use colors o
2 Mir: 23136401 ii%%
Maw 4E+15 [+ Log scale  Swap [2011MB u ESE*DE
Apply || Set to curent | Max: 1834E+17 3e-06
2) Show column —| I
(sickng 0 we R . [t — 4
25ded W 100e7 10063 100=M 100=73 100215 G 5
[~ Count made I Flux on Be pipe [ 13676e+11 m
[ &bs [ F Flux [ph/sec/cnd x| —
/ / = Flus Ridged Tube 107378+ | |
Check & | e Flux Conical Taper|6.55937e+16 _|
i |

Fiont || Top || Side [[Dithe. x| SYOH| P Ewwal  [1Z3528ee |

Front || Top || Side ||Ortho. =/ RS AL A ST T | e T




Flux on inlet ridge: 1.48E+15

(not shown)
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Slide added after the meeting

FCC-ee: Photon Flux Absorbed by
R=0.5 mm Ridges Along 6 m Tube
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Molflow+: Pressure profile along one ~640 m-long arm of the interaction
region of FCC-ee (175 GeV T-pole machine; 6.632 mA)

@ Molflow+ 2.6.33 64-bit (Oct 4 2016) [beam._planar_Asymm,_Quads_All_BIS.ridges_winglets.zip] T (B
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Synrad+: angular distribution of the SR generated along the 4 SC doublet
magnets, viewed on a flat perpendicular screen placed at 63 m distance;
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P (very) preliminary conclusions:
» The cey}%f'acmg montecarlo code SYNRAD+ has been applied to the FCC-ee IP region;

> Aﬁ’hodel of approximately 645 m length around the IP has been made: for the time being it
N\?’e‘ doesn t have details about many important vacuum components, which could change the way

(o‘(‘ low-energy photons are scattered (low-energy=‘those photons with energies below the Compton
threshold’);

» Itis evident that without a proper masking of the Be pipe, the pipe will get a non-negligible
photon flux with photon up to several 10s keV: is this a problem for the detector’s hardware and
electronics?

<

» Itis also evident that a rather simple to implement ridged (sawtooth-ed) geometry somehow
machined on the internal part of the cold bore focusing doublet helps reducing a lot (virtually to
zero) the photon flux on the Be pipe; it needs to be coupled to a larger-bore ‘exit’ tube (which
would also be beneficial for avoiding trapped modes in the Be pipe area);

» The 4 quadrupole magnets of the doublet generate a rather large and extremely hard photon
flux, with photons in the range of several TENS MeV energy: they mostly land on a small spot on
the exit side of the beam, about 63 m downstream: careful shielding of that area must be
envisaged;

» The same model, with additional details placed into it, will be used to calculate the pressure
profiles along this area (material for FCC Week in Berlin... not discussed here);

Thanks for your attention ©



Slide added after the meeting

©
,LoeSﬁEpe and dimensions (in mm) of IP chambers:

Transition ,@QQ}
ID=40 = 1D20 Doublet Quad chamber (warm bore): ,\(;z}Q
ID=40 > ID=40 |D=20; Ridges/sawtooth: ID 19, step 5 QOQ'&Q
1=1950 (see slide 5 for details); L=6000 4

A
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Fast forward to 2021: new lattices, new optics, new (smaller) Be chamber, new “X” chamber
without HOM ferrite absorbers, and more changes...
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New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)
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New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)

B Synrad+ 1.4.30 (May 52021) [two_beams_with_winged_rotated_positron_hires_crgssections_modRK2_SHORT_sawTB1TB2_AbsB10UT_Cu_movedHM_B1_new.syn7z] = =] X

File Selection Tools Facet Vetex View Test Regions About

[V:‘BH‘M F:79586 Dim:(242174.7.00004,12:

(=) 3D Viewer settings
v Rules [ Nomals [v 0.7
[ Lines (v Lesks (¥ Hits
(¥ Volume (¥ Testwe [ FacatlDs
| «View | [ Indices [ VertexDs

{z) Selected Facet (2 selected) —
Refl.  [02-Copper -
(v Rough surface scattering

sigma [nm}: |70 T [nm}: | 10000

45.6 GeV

Sides: 1 Sided =
Texture Scaling 5 (& Y Opacity: 1
| [ Texture R Current
Juuke N0 e Sum Area (el (7730130788

Mir 3 [ Autoscal (v U l
in 4.300E+12 wtoscale (v Use colors Mt TR0
Max 4.300E+18 (¥ Log scale  Swap |4106MB

RO

Teleport to facet # |0
Structure: |1 Link: |no

Profie:  [None 2]

Max: 4.900E+18

- Gradient
radien (v Record spectum

747613

| Detais..|| Coord. | | Mesh.. || Apply |

100e13 1.@]914‘ 100e15 100e16 100e17 100e18

Flux [ph/sec/cnf .|

= Simulation

| «<Sim || Resume || Reset |

¥ Auto update scene | LUpdate |
Mode [Flumise v

Hits (3076 Mht @0 hivs)
Des. (2017 Mdes (00 desis)
Leaks [£5948e+06 (331957%)

Dose (1183 F=54e+20 P=4 588405
Time [Stopped 000000

# Hits  AbsFlux AbsPower 4
6224° 175 153e+13 82%e-05
6224199 7.86e+12 308e-05
6224786 453e+12 5e-0B
6224:91 6.48e+12 237e-05
62245202 848e+12 296e-05
622430 207e+12 582e-06
B2241155374  4.45e+16 0823
6224¢160371  57e+16 134
B224(174815  72e+16 175
B225(135463  234e+16 0297
62257135807  23Be+16 03
B225:175421  707e+16 173
62250160375  5E7e+16 13
6225:165808  443e+16 0771
B225(67696  248e+15 0014
6225£53743 217e+15 00121
622597520 69%e+15  0.0242
6225655550 205e+15 00151
6225¢55777 208e+15 0016
6226( 96852 6.76e+15 00229
6226159795 22e+15 00143
6226167432 246e+15 00137
62261233 18e+13  879e-05
6226: 228 276e+13  0.000117
622650 a o
B2260 a a
622612713 187e+14 000273
62261226 7.74e+15 0125
[Front || Top | Side [[Ortho. (x| \ ’ML

Close-up view of new IP “X” chamber geometry, with color textured surfaces covering 6 decades for the photon flux
Both beams, 45.6 GeV, 1390 mA; B1 has IP absorber moved upstream by 135 cm (inside warm bore of FF quad)




New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)
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Central +/- 9 cm Be chamber in the center (facets in red). Very low photon fluxes impinging on Be pipe facets;
Total Power = 0.31 W, total Flux = 2.17-10%¢ ph/s; Average photon energy is 88.7 eV



New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)
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Central +/- 9 cm Be chamber in the center. Fluxes and SR spectra incident on two IP absorbers
SR Power = 39.8-43.6 W, total Flux = 4.22-10%7-4.66-10' ph/s; Average photon energy is ~585 eV



New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)
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Central +/- 9 cm Be chamber in the center (facets in red). Very low photon fluxes impinging on Be pipe facets; B1 ONLY
Total Power = ~0.001 W, total Flux = 6.82-10%3 ph/s; Average photon energy is 86.7 eV
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New “X” chamber CAD model without HOM ferrite absorbers (INFN Frascati)
Photon scattering/reflection is angle- and energy-dependent (assumed Cu and/or NEG)
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Central +/- 9 cm Be chamber in the center. Fluxes and SR spectra incident on two IP absorbers; B1 ONLY
SR Power = 39.9 W; total Flux = 8.44-10*° ph/s; Average photon energy is ~29.5 keV
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Central +/- 9 cm Be chamber in the center (facets in red). Very low photon fluxes impinging on Be pipe facets; B1 ONLY
Total Power = ~0.001 W, total Flux = 6.82-10%3 ph/s; Average photon energy is 86.7 eV



Preliminary conclusions:

The new “X” IP chamber designed at Frascati, with new integrated IP absorber (half-moons) seem
to be able to shield most of the IP from direct-hit photons generated upstream from the last weak
dipole (91.7 keV crit. energy at 182.5 GeV)

A very small fraction of the dipole radiation (and the last non-FF quad as well) SR hits the external
wall of the +/-9 cm Be pipe

The critical energy of this photon flux is very low, ~¥90 eV for both Z and ttbar energies

The position of one of the two half-moon absorbers has been changed, moved away from the IP
by 135 cm, in order to see whether that may help reduce the SR flux on the “X” chamber: it does
not do much good for that, but it may make a difference concerning the higher energy Compton
scattered photons from the tip of the half-moon absorber which are generated rather isotropically
and may irradiate forward into the Be pipe

The solid angle of the more distant half-moon absorber tip has a smaller solid angle of view of the
Be chamber, so this may help reduce the Compton-scattered photons. Unfortunately the ray-
tracing code SYNRAD+ doesn’t handle Compton effect, so another code is needed.



