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Outline

* Timeline

* ESR Vacuum System

* Integrate photon absorber
* Chamber flanges
* RF bellows

Chamber design concepts

* HSR Vacuum System

* Actively cooled beam screen
* RF bellows/BPM module
* EICinterconnect
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Electron Storage Ring

IR12

IR10 —— " ~ IR2 .
New 3.8km ring

Possible Detector
Location

Possible Detector

e, - Lekotion Electron Storage
IR8 Ring R4
S lon.Ring
IR6
Circumference [m] | 3833.94
(Polarized)
A Beam energy [GeV] | 5,10, 18
Max beam current [A] 2.5
100 meters | RMS bunch length [mm] ~7
\ : Max power absorbed [MW] 10
Number of cells 96




ESR Arc Layout

150X/25c5y + 10/5mm for orbit distortion
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Integrated Photon Absorber

Mechanical deformation to profile

Shallow tapers
* 100:1 on forward side, 10:1 on rear side

Single layer between heat and cooling water

Some distortion to vertical profile expected

* Tooling development required

10:1 taper

100:1 taper

Integrated cooling channel
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Alternative Exit Absorber Concept

e Better control over aperture
* Wire EDM profile

e Still one weld to extrusion

e Cooling line e-beam welded

30:1 taper

Surface for cooling
tube welding

15:1 taper

RTINS



Chamber Flange

Flanges welded to extrusions

* Retain hardness of seal surface (Ry = 65 min)
* % hard copper gaskets (R; = 25 max)

Oversized bolt holes

Common flange geometry Flange - CuCrzr

) . . Chamber - OFS
Final gasket dimension to be developed copper

* ‘Bulging’ of material into beam channel

018 [46 mm] —m=ff=—

063 [1.59 mm] —=]
098 [2.50 mm] T |/ {.039 [1.00 mm]

e

0591150 mm]%/%]
116 [2.95 mm] —= |=—=—

Weld joint

le— 080 [2.03 mm]




J. Bellon

Incursion Into Beam Channel

Fixed in radial direction
Free in axial direction

\

Fixed in normal direction

Axial compression 0.46mm

Gasket protrudes
0.28mm




) A. Blednykh
Incursion Into Beam Channel
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ESR RF Shielded Bellows Requirements

. $137mm [5.38”]
Contact spring

0.5mm step
Water cooled flange

Flexible Glidcop o
fingers

Fixed sleeve

RF-Vacuum se

NS

——

e Combination RF-Vacuum seal
e 30W beam induced heating
e Compact footprint

» Stroke Req: -25/+10mm

Cell length variation: +/-5mm
Compression: -15mm
Extension: +3mm

Chamber length: +/-2mm
Alignment: +/-1mm

e Radial offset: +/-2mm

\ * Angular offset: +/-0.5° [8.7mrad]




Bellows Prototype Parts

Sheet metal spring




Bellows Prototype Parts




Bellows Prototype Parts - Coatings

ESR prototype bellows

Life cycle test fixture

 Silver plated sleeves also in hand

 Silver plating plus heavy metal ion implanting
* Copper and Tungsten

* Life cycle testing planned in coming we



ESR Chamber Profile

2X 2.008 [51.00 mm]

2X @.551 [$14.00 mm] \ 4X R.197 [R5.00 mm]

4X R.354 [R9.00 mm]

1.732 [44.00 mm]
079 [2.00 mm
\// [ ]
_709 [18.00 mm]
3.150 [80.00 mm]
- 14724 [120.00 mm]

Swage or braze

E-beam weld or braze

[ 4.72£ .03 [120.00£ 8 MM] ———————————
September

- (4.10[104.13 mm]) —————————=

ft——————— 3,15+ .02 [80.00 £ .6 MM] ——————==

[.161.02 [4.00+ .4 mm]

\/7\4

+ +

\ / L 95+ 016 [24.18+ .4 mm]

4X R.20 [R5.00 mm]

@.635+.008 [$16.13+ .2 mm)]

’— 64+ 012 [16.13+.3 mm]

1.73+.02 [44.00% .5 mm]

142+ 02 [36.00.5 mm] — —wl e 2X .16%.02 [4.00+ .4 mm]




NEG Pump Concept — Resistive Wire Heater

TC connection

Standoff/clamp NEG strips

Vacuum feedthrough

Power connection 2.75” CF

Vacuum-RF seal flange
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Dipole Chamber Concept

Spare ports

ESR profile

Rectangular copper
profile

Brazed antechamber
sub-assemble EB
welded to profile

NEG S-350




Exit absorber

Dipole Chamber Concept

Water cooled
bus bar

EB weld

Pumping slot

EB weld

Image courtesy of ALS<U
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Summary and Next Steps - ESR

* Finalize primary pumping strategy
 Still evaluating linear ZAO modules

* Develop details for prototype chamber
* Exit absorber and flanges
* Short ‘proof of principle’ unit to validate design features
* Full length prototype chamber(s)

* Complete ESR bellows prototype
* Life cycle testing to finalize coatings

* Proof out RF-vacuum seal geometry




Hadron Storage Ring - HSR

* Beam screen
* Resistive wall heating
* Reduction of SEY

» Replace RF bellows

* Replace stripline pickups



HSR Beam Screen

Clip on cryopump
(aC coated copper)

aC coating

WS lectron-lon Collider

& . "



HSR Beam Screen

Anchor block

beam pipe

emove assembly
n plate

Install end cap assembly at both ends




Cooling Pipe Exit Block

Welded to end of cold bore
before screen is installed

Bend cooling tube

(both ends) \

T Tl -—_.— —
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Cooling Pipe Exit Block Weld after confirming

position of screen

Weld exit bushing

Tapered centering to exit block

ring

_ Weld exit bushing to
0 cooling tube bushing

Taper



Cooling Pipe Exit Block - Movable

Weld after confirming
position of screen Taper lock

Bellow separates cold bore and beam
screen thermal contraction



HSR Bellows/BPM Module

Convolutions

Survey fiducials

&

BPM mounting provision
(Modified 2.13” CF)

Same cross section
as beam screen

Fit existing interconnect space
RF Interface with beam screen
30W beam induced heating
Stroke Req: 50mm

* Compression (Install): -16mm
* Extension (cool down): +26mm
* Interconnect length: +/-4mm

Radial offset: +/-6mm
Angular offset: +/-1° [17mrad]




HSR BPM Concept

N-type connector

RF spring

ed button face

Capacitive gap between
housing and button




HSR Bellows/BPM Module

10.62” [27.0 cm]

Y

. . Beam screen
Inconel spring fingers i
Flexible RF fingers pring Ting BPM face flush with wall cross section

1

RF spring groove



Existing RHIC Interconnect




EIC Interconnect

Cut off cold bore end flanges
and prep for welding




EIC Interconnect

Bellows and adapter plate are preassembled
Note: not welded in place at this stage

Weld fixed end adapter plate ("
to cold bore beam pipe \ -
(Fixed reference point)

sure adapter plates are squaféahd P



EIC Interconnect

Slid out of the way as needed

Cooling tubes bent 90°

I

— »Z;L;h):.", e

AN

Beam screens moved
to final position

s



EIC Interconnect

Final position set and welded in place

End blocks and taper
locks installed

o

i

j ‘MG// iyl dﬁ’ ="

Verify screen location

| AN

Complete UHV welding



EIC Interconnect

Bellows/BPM installed as a
preassembled and tested module

P

Final BPM position recorded

,,,,,

L

L A .



EIC Interconnect

Jumper line and stain
reliefs installed

,4, , .I,,l"l,,l,’l‘l,m



EIC Interconnect

Copper + aC coating

Module centering diameter RF connection to screen

MoS2 coating
TiN or aC coating

RF connection to screen

Copper + aC coating



Summary and Next Steps - HSR

Preliminary design concepts for beam screen and BPM/bellows module are completed
* Lots of analysis has been done but not shown (FEA, impedance, BPM signals, etc)
* Details and tolerance requirements need to be established

Work underway to determine the cold bore beam pipe size
» Laser tracker measurement of existing magnets
* ‘Mole’ under development

R&D is planned to develop welding joint, tooling, procedures, etc

aC coating development proceeding in parallel
* Horizontal coating proof of principle

Plan to build prototype BPM/bellows module

e Similar features to ESR and RCS bellows




Thank you for your attention

And thank you to the team

J. Bellon

A. Blednykh
P. Braunius
D. Gassner

B. Gallagher

D. Holmes

F. Micolon

M. Sangroula

P. Thieberger

J. Tuozzolo

S. Verdu Andres
D. Weiss

C-AD Vacuum Group
C-AD Survey Group
Central Shops

And many more
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D139 Sextant 12/1 Yellow Ring

~. | 2:00VB I Sector 2/3 I To Blue Ring Sector 10/11 12:00VB| -

HePAK calculations (R. Than) Heat input

oD 0.3125 inch

Sector 1 Sector 12
oD of [ 275 ] o S Wal 0028  inch

065151  0.2565 inch 15
H H (2744 H 1327463 0018 w
= DP DP DP DPvalve Cv L P Dia Flow SR H dQ dH QL dL Length
@ ‘ ‘ bar  Pa mbar mbar K bar m kg/s m J/kg w J/kg Wim m m
+ 0.00052 51.513 0515 3.01E-11 0 4.6 3.5 0.006515 | 0.0015| 4.50E-06 12379.14 1.00 6.67E+02 5.00E-01 2 2
‘ ‘ 0.00052 52432 0.524 4.74 3.499 0006515 | 0.0015| 4.50E-06 1304581 1.00 6.67E+02 5.00E-01 2 4
q!’ 0.00053 53427 0534 4.87 3.499 0.006515 | 0.0015| 4.50E-06 1371247 1.00 6.67E+02 5.00E-01 2 6
0.00055 54.505 0.545 4.98 3.498 0006515 | 0.0015| 450E-06 14379.14 1.00 6.67E+02 5.00E-01 2 8
0.00230 229928 2.299 7.64 3.440 0006515 | 0.0015| 4.50E-06 4571247 1.00 6.67E+02 5.00E-01 2 102
0.00235 235200 2352 7.73 3.438  0.006515 | 0.0015| 4.50E-06 46379.14 1.00 6.67E+02 5.00E-01 2 104
0.00240 240496 2405 7.82 3.436 0006515 | 0.0015| 4.50E-06 4704581 1.00 6.67E+02 5.00E-01 2 106
0.00246 245813 2458 7.92 3433 0.006515 | 0.0015| 4.50E-06 4771247 1.00 6.67E+02 5.00E-01 2 108
0.00251 251153  2.512 8.01 3431 0.006515 | 0.0015| 4.50E-06 48379.14 1.00 6.67E+02 5.00E-01 2 110
0.00257 256.514  2.565 8.10 3.428 0006515 | 0.0015| 4 50E-06 4904581 1.00 6.67E+02 5.00E-01 2 112
0.00262 261897 2619 8.20 3426 0.006515 | 0.0015| 4.50E-06 4971247 1.00 6.67E+02 5.00E-01 2 114
Magnets 0.00267 267.300 2673 8.29 3.423 0.006515 | 0.0015| 4.50E-06 50379.14 1.00 6.67E+02 5.00E-01 2 116
0.00273 272725 2727 8.39 3.421 0006515 | 0.0015| 4.50E-06 5104581 1.00 6.67E+02 5.00E-01 2 118
2 0.00278 278.171 2.782 8.49 3.418 0006515 | 0.0015| 4.50E-06 5171247 1.00 6.67E+02 5.00E-01 2 120
0.00284 283637 2836 8.59 3415 0.006515 | 0.0015| 4.50E-06 52379.14 1.00 6.67E+02 5.00E-01 2 122
0.00289 289.124 2891 8.69 3412 0.006515 | 0.0015| 4.50E-06 5304581 1.00 6.67E+02 5.00E-01 2 124
000295 294633 2946 8.79 3.409 0.006515 | 0.0015| 4.50E-06 5371247 1.00 6.67E+02 5.00E-01 2 126
0.00300 300.162 B 3.406 0.006515 | 0.0015| 4.50E-06 54379.14 1.00 6.67E+02 5.00E-01 2 128
0.00306 305.712 1499444 0.04 3.403 0.006515 | 0.0015| 450E-06 5504581 1.00 6.67E+02 5.00E-01 2 130

VIRR
Interc

/ \

Pressure drop [mbar] dT [°K] Mass flow [kg/s]

12017 050
12016 1.051

- Corrector Flow Power is ON o 5 vl Probe Pwr is ON

~0.35m/s ~2 m/s ~0.35m/s ~0.50 m/s
~1.5g/s

B

Heat flux 0.5W/m}

dT ~0.5°K

N\




Electron Injector Chain

Injector
Linac
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Polarized source

Low energy beam transport (0.4MeV)

400 MeV LINAC

Med energy beam transport (400 MeV)

Injection to RCS

|| B WIN]| P

Injection to ESR (up to 18 GeV)

Window between laser and beam vacuum
Particulate free cleaning and assembly
XHV required for source

Cathode exchange system

“Turn-key’ LINAC will use EIC specified
vacuum equipment and controllers

Various diagnostics to be incorporated



Rapid Cycling Synchrotron Ring

Elect_rons > il IT;Z‘:r
New 3.8km ring IR10 NRZ Polarized
, 4——]:;]’5’ ’%\0 Electron
- -y Source
Possible Detector \
Location
Possible Detector
""" Location —
— i R IR4
Electron ; ;. ; p— lon Rin
Injector (RCS) )y .
IR6
/‘ Circumference [m] | 3841.35
(Polarized) Injection energy [MeV] 400
lon Source
Beam energy [GeV] | Upto 18
Repetition rate [Hz] 1
100 meters
\ i Charge per bunch [nC] | Upto 28
Number of cells 192

e




(Injection/Extraction)
IR12

RCS Vacuum Chambers

Multipole (MP) and dipole (DP)
* 34.9mm x Imm wall copper (C12200)
* Commercial 1.375 DWS tubing
* BPMs mounted on MP chambers

Arc segment

~
%,

One RF bellows per half cell

e« Common cross in straights

Arc Length
component [m]

MP chamber 2.0 384
DP chamber 4.2 384
RF bellows 0.082 384

Qty

Straight section

Straight
component =
Chamber (Detector bypass)

Pump tee



RCS Half Cell Layout

75692 [1922.6 mm]

47241200 mm] ————

‘ 6.152[156.3 mm]—r

r 23,622 [600.0 mm) —-l 19,685 [500.0 mm] -l

7.874 [200.0 mm] 12.795 [325.0 mm] —fa——m-—

14.468 [367 5 mm] j-— S
75687 [1922.5 mm]

k 166.356 [4225.4 mm]

' ——— T7ET2 19728 ] ——— .

100[2.5 mm] T 292 [74.3 mm]
298 [7.6 mm]

$1.295 [$32.9 mm]
1.723 [43.8 mm] — T._h‘

SECTION C-C RF SHIELDED PUMP PORT

#1.375 [@34.9 mm]

SECTION A-A

100 [2.5 mm] DETAIL E

DETAIL D

SECTION B-B

GAUGE AND/OR ROUGHING FORT

SEXTUPOLE
DIFOLE QUADRAPOLE

RF SHIELDED BELLOWS

45 I/s 10N PUMP CORRECTOR



CF Flange Test

(.123) —»=

PROTECT FROM DAMAGE

e g
SEALING SURFACE — /\/

DO NOT WIRE BRUSH

DETAIL B
SCALE 2:1
(6.31)

P g
($2.730) B \‘

\\\ _-}/

T— (.040)
SECTION A-A

SCALE 1:1
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RCS RF Shielded Bellows

Contact spring ®85.8mm [3.38"]

0.6mm step /

Flexible Glidcop

Fixed sleeve fingers

Common design strategy (RCS, ESR, HSR)
Compact footprint

Combination RF-Vacuum seal

Stroke Req: +/-5mm

Radial offset: +/-2mm

Angular offset: +/-0.5° [8.7mrad]



File Edit View Insert Tools Desktop Window Help =

Impedance Simulations - RCS SEFT LN

——— 12 slots (w=3mm)
~—— 8 slots (w=3mm)
= = RCS 6 slots (w=5mm)|

[--]
=

Kpsg (MV/PC)

- 10X 1.625 [41.28 mm]

0“— L1 5 " . - . -

2 4 6 8 10 12 14 16 18 20
o (mm)

=

5.906 [150.00 mm]

[ ]

File Edit View Insert Tools Desktop Window Help =

Ddde @ OB K[E

E
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o
&€ 1}
0
0 50 100 150 200 250 300 350
Frequency (GHz) 1
2.965 [75.32 mm] File Edit View Insert Tools Desktop Window Help =~
Dede @ OB K [E
04
—— 12 slots (w=3mm)
30X .988 [25.11 mm] oz —— 8 slots (w=3mm)
| S o et —— RCS 6 slots (w=5mm) [
— =t 30X .020 [.51 mm] 2 oz
04}

-0.6




NEG Pump Concept

Resistive heater approach based on SuperKEKB

Length (L2)

Heating area (Lw) (100)
Dimension 1¢L1) (Non—heating area)
= Metal sheath of heater Ceramic Tremindl
he /( (316SS)
*E@___‘___::::_if::j:::;__::ﬁ_i,
' Il
A
A
Ceramic Terminal
(AL20x:99%) (316SS)
Sleeve pot
(316SS) g 030 4-C05
\ [ ’
Welding Welding /|  Connection seeve L.. 06

(316SS)

(5) (19) (81)

Heating area




Summary and Next Steps - RCS

Work on preliminary design models will resume soon
* Prototype chamber(s) and bellows

Conceptual design for BPMs and mounting to chamber

Evaluate thermal issues
e Eddy currents
* Resistive wall heating
* Electrical isolation between chamber and magnets

Chamber support concept

Interfaces between groups (RF, transfer lines, diagnostics, etc.)

Cost and schedule updates




