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Design of the cERL Vacuum System

Low impedance vacuum components

- need to be developed to accommodate high charge (7.7 — 77 pC/bunch), short
bunch (0.03 — 0.3 mm) and low emittance (< 1 mm*mrad) electron beams

- adopt gapless and stepless structures in flanges, monitors, etc. to reduce wake
(RF) field excitation, and consequently to mitigate beam breakup (BBU) and
chamber heating

Required pressures

- basically 1x10"7 Pa to mitigate beam-gas interactions (ion trapping and beam loss)
lumped NEG pumps (LNPs) and sputter ion pumps (SIPs)

- around SC cavities: 1x108 Pa to minimize gas condensation on cryo surfaces
NEG-coated tubes, LNPs and SIPs

Ready for in-situ bakeout

- no SR scrubbing effect expected
total incoherent SR (ISR) power 2.2 W (125 MeV, 100 mA)
total coherent SR (CSR) power 77 W (125 MeV, 10 mA, oz= 0.3 mm)

- N0 measures needed against the SR heat load
stainless steel 316L tubes wrapped with Kapton film heaters



Schematic Layout of cERL
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List of Vacuum Components
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Residual Gas Analyzer

(RGA) ;
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Low impedance vacuum components




Standard CF Flange
(copper gasket)

\/

Gaps (> 0.5 mm) can be seen from the beam




Impedance-free Flange
(copper gasket)

45-deg taper
for capturing 90-deg edge

\@/for sealing




Impedance-free Flange
(U-tightseal or Helicoflex)




Impedance-free Flanges

for straight sections for arc sections
(ID ¢p50) (70x40 oblong octagon)

No vacuum leak was detected at over 160 flange joints.

Y. Tanimoto et al., "Design of the cERL Vacuum System,” Proc. IPAC'13, p.3315.
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Flange interface






RF-shielded Screen Monitor

Two kinds of screens (YAG and OTR) for
transverse beam profile measurements

Screens are concealed behind an RF-
shield tube while not in use

The RF shield reduces the longitudinal
loss factor to below 1/100 (o= 1 mm)

Based on the designs at JLab and BNL

R. Takai et al., "Design and Initial Commissioning
of Beam Diagnostics for the KEK Compact ERL”,
Proc. IBIC14, MOCYB2.
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NEG coating




NEG coating

The technology of Non-Evaporable Getter (NEG) coating was established at CERN in
late 1990s, and has been widely employed at various particle accelerators.

TiZrV thin films (0.5~1 pm) are deposited by magnetron sputtering, whereby the tube
wall is changed into a vacuum pump with the following characteristics:

e Active gases are chemisorbed onto a activated surface.
e Noble gases are not pumped, and methane is hardly pumped at room temperature.

e Activation (e.g. 200°C for 24 h) can refresh a saturated surface by irreversible diffusion
of oxygen and carbon into the film and by reversible desorption of hydrogen.
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NEG-coated tube (coated at ESRF)
Stainless steel 316L, ID: @50 mm, OD: @53 mm, L: 1020 mm

Kapton film heater

Thickness: 250 um (w/o Si adhesive)
Power density: 2.5 W/inch?

Max. temperature: 200°C

Relative magnetic permeability: 1.005




Calculated Pressure Profile
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NEG-coating Activation
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Residual Gas Analysis

SEM mode

| After the 1st NEG-coating activation

LI After the 2nd NEG-coating activation
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Hydrogen Equilibrium Pressure
- Sieverts’ Law -

Hydrogen pumping by dissociative A. Rossi of CERN experimentally obtained
adsorption is reversible on NEG: AS and AH for NEG coating:
H, (gas) = 2H(dissolved) AS =-100J K ! mol!

AH = -54.0 kJ mol-!

. 4 C N
Sieverts’ constant: K, =— 5
Pu, <
T
Q
2
Changes in Gibbs energy under %
T = const.: &
=
=
AG = AH -TAS 5
AG = —RT InK E

g}) s® RT ]

Sieverts’ law gives the hydrogen Saan Y 7 (extrapolated)

. . i s - . e®
adsorption isotherm: 5 0.0001 0.001 0.01 0.1 1
Hydrogen concentration cg (H/NEG)
Inp, = Z(In Cpy — AS + AH ) A. Rossi, "Hz Equilibrium Pressure with a NEG-Coated
? R RT Vacuum Chamber as a Function of Temperature and

H> Concentration”, Proc. EPACO06, p.1444.



Outgassing during NEG-coating Activation
(first time)
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Outgassing during NEG-coating Activation
(second time)

Faraday mode
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Outgassing from the RGA
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The RGA was identified as the main outgassing source.




Main beam dump
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Operational Problems




Influence of CCG Magnets on Low Energy Beams

with CCG magnets without CCG magnets

Magnetic shielding:
» permalloy PC

* 3 mm thick

e B@beam < 1/10

» pressure reading ==por  With shielding
drop < 10% s

6-7G
5-6G
4-5G
3-4G
236G
B i1-2c
B oG




FE-LY YV TEHORENGEN LA

FIVTEIZIVIIIH

ANESHT100, 100
(t5=vyVK30)

TiINd—7F < >% 10nm

oIy I H— KD T
L SR 3
NEH88, HEP96, =90




Summary

- The cERL vacuum system was designed to circulate high charge and short
bunch electron beams without degrading the low beam emittance.

- Several low impedance vacuum components, namely, impedance-free
flanges and movable monitors with RF-shielding, were specially developed
for the cERL.

- NEG-coated tubes were installed to pump the sections adjacent to the SC
cavities down to 1x10-2 Pa. Their performances were evaluated by
outgassing measurements during activation.

- The main beam dump was manufactured based on thermal-structural
analysis. It can absorb 40 kW (e.g. 8 mA at 5 MeV) electron beams with a
diameter of 40 mm up to about 2x10° cycles.

- CCG's permanent magnets were found out to influence the low energy
beams, and specially designed magnetic shields were applied to 50 CCGs.

- The cERL vacuum system has contributed to the successful commencement
of machine commissioning. Performance of the vacuum components will be
examined further in the future upgraded operations.






