Detector vacuum chamber and SR studles
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IR Chamber - Requirements

« Primary interface between beams and detector

« Clearance for the particle beams as well as the SR fan
« Strong focusing quads near IR, upstream dipoles

« Detectors must be placed as close as possible to IP
« Minimize wake fields and longitudinal impedances
« Accommodate shallow crossing angle (25mrad)

* Reduce residual gas pressure to minimize beam-gas interactions
* High pressure results in high background

« Minimize interaction between beam pipe and collision products

« Average dynamic pressure < 1x10- torr




Chamber Geometry
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Hadron Forward Cross Sections
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Hadron Forward Chamber N
ote:

e Chambers are aluminum

Electron beam tube tack
welded before two halves
are welded together

* Flanges are stainless steel

Main chamber body
split into two halves
and welded together

DN100 CF
(6” CF)

Electron beam tube

DN250 CF
(12” CF)

Opening for

hadron cone

Ports for pumping,
gauging, etc.
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Central Chamber Note:

* Chambers are beryllium and aluminum

Tapered aperture * Flanges are stainless steel
for SR fan

Continuation of electron
beam tube tack welded
before joining to Be section

Body split into
three EDM pieces

Beryllium
DN120 CF

(6.75” CF)

Transition to

DN100 CF minimize impedance

(6” CF) \

EB weld (same as
STAR/PHOENIX)

Aluminum



Electron Forward Cross Sections
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Electron Forward Chamber Note:

 Chambers are aluminum

* Flanges are stainless steel

Tapered aperture

for SR fan Integrated

pumping chamber Ports for pumping,

gauging, etc.

Main body split
into two halves

End of separate
beam pipes

Pump slots

90° apart

DN120 CF
(6.75” CF)

DN200 CF
(10” CF)



Electron Beam Pipe Impedance

3 4 5 6 7 8 9

Frequency, GHz

T T

Loss factor k. = 2.2mV/pC
Bunch length 0, = 12mm

Total power loss = 262W

lvg = 2.48A, N = 660, T, = 12.79us

Loss factor k.. = 0.2mV/pC
Bunch length 0, = 24mm

Total power loss = 30W

lvg = 2.48A, N = 660, T, = 12.79us

Latest iteration (V3) extended the
electron beam pipe all the way to
the beryllium section

Opening in electron beam screen
15mrad inboard, 20mrad outboard




SynRad Regions
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Regions are used to define magnetic

fields and beam properties

r Beam g iy

Beam start position; A0 cm i |0 cm Z0: cm

Beam start direction: Thetal; |-3.141592654 1ad  Alphal: rad | Infa |

dirk: dir: IU dirZ:

Trajectory step length dL: cm | Infa ‘

Calculation boundary: — ¥mas: cm  Ymax |1 cm Zmaz: cm | Infa |
r Particle

Particle masz pmass: | 0.0005T10034 Ge\fc2 Guick set to:

Paiticle charge: Negative = | Electron | | Pasitran | | Proton |
r Additional beam

Beam energy: |18 GeV Curent:; |260 A s ‘ Copy fiom region -> | [

[~ Ideal Beam En. spread:

cm 'Y/ coupling: | 82333323 3_ # Betak:

Y emittance: 29;0? cm Beta':

[+ Emittance:  |26e-06

[ ¥ emittance: |24e-08

[IA] %
cm Etak;
cm

Etak':

r Eonslx

|E| ction BXY file [c-*ech-E SAEICADETWANCHMSpnRadFinal focusing magr | nfo || <7 || Fdit |
r Photon g ki N\ \

Generated phaton energy: Ernir: e Emax: | 1000000 et

Generated photon energy: [+ Oithaganal Structure:

[ Limit photan divergence: diNimas: rad divr'mas; |3.141592854 1ad [1
- Magnetic Field \\ \\

B [Uuadrupole = | \ T fif: | C\Mech-Eng\EICVDETSWANCHM: SynRad\Final focusing n | .\| | _ Edit | |
By IEmnskt Field =l [o \ mad fi: | e [
Bz |Conslan\field lxl o \ marfip: | |7| |EC|7II|
N\

\
| ‘\ ply & Recalculate points
L

\
Type of field

") 18 GeV 12-6-19.bxy - Notepad O
Eile Edit Format View Help
he z
a 42.@ 5.8 -8.001652 -0.0000147 -0.00801 @.00005
598 8976.7 64481.8 -8.010740 -0.0800283 -25.83708 -28.634080
650 13272.0 62684.0 -8.012901 -0.0000442 -47.67600 57.76900
11@6.5 85989.0 22867.@ -@.031885 -0.0000143 -46.84000 11.999@0@
1187 85826.0 22763.0 -0.831787 0.00e0167 42.81600 -9.91030
1417 67261.0 27493.0 -0.027944 6.0000167 37.90168 -18.9150@
1687 536308.0 31799.8 -8.824769 0.6e80167 33.840680 -11.74680
2082 27833.0 42803.0 -8.017065 0.6e00a%8 11.85968 5.25958
2142 26327.0 41660.0 -0.016748 6.6600816 @.e15e7e 23,5250
2995 26096.0 18851.8 -8.815347 0.0000838 3.857480 1@.40800
3055 25406.0 9727.8 -0.015049 6.0000061 7.593200 8.36930
3451.5 19642.8 4262.7 -8.812597 0.6080872 8.41626880 5.899608
3511.5 18546.0 36594.@ -@.812130 0.0000883 9.826600 4.39550
4341.5 5838.2 187.7 -8.005220 6.6600886 5.77916@ -@.18009
4491.5 5148.3 229.8 -8.884695 0.6080889 5.7865688 -8.52237
5@91.5 377.3  3588.2 -3.536700 -0.0117850 1.288168 -4.34458
| Q6Fe 18GeV 12-6-19.mag - Notepad - O *

File  Edit
b @ 4401.5

Format

View Help

B -3.1415926 @

-8.55 120




SynRad Interface

https://molflow.web.cern.ch/sites/molflow.web.cern.ch/files/synrad docu.pdf

H SynRad+ 1.4.25 (Apr 3 2019) [IR pipe model w 42mm mask.syn]

File Selection Tools Facet Vetex View Test Fegons About

- [m] X

Imported STL file

Spectrum of incident
photons can be recorded

Note: Geometry is modeled ‘inside-out’
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Roughness defines emission
angle from facet

Material defines absorption/reflection
characteristics based on measured data

Reflection algorithm

| Calculate reflectivity |

From file

Depends on photon energy, grazing angle I

User-setting
Fixed value

Forward Back-
Scattering Scattering

Transparent
pass

Forward

Scattering Absorption

Absorption

L—

l Calculate specular probability ‘

Depends on wavelength

Diffuse reflection

Perturbate angles
Depends on roughness, grazing angle

Specular reflection

Flux profile along one facet
axis can be recorded

Surface hits

§\ H . .
Statistics for every facet in model
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https://molflow.web.cern.ch/sites/molflow.web.cern.ch/files/synrad_docu.pdf
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Forward Scatter From Dipole Fan No wall steps
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SynRad Results

Flux from core and tails
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SR Power on Detector Chamber

Electrons

Total SR power on beryllium: 0.45W

Core (234mA) 4x10%° 0.24
Tails (26mA) 1x10% 0.21




Summary

Preliminary layout of the detector chamber has been completed
Concept meets the initial physics requirements
Work to interface with neighboring elements is beginning

More detailed interfacing with detector components is required

* Chamber supports
* [nstallation and removal
* Bake out accommodations

R&D is planned to develop the required fabrication techniques
Working closely with the detector group on integration issues

Thank you for your attention
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