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The HIE ISOLDE Cryomodues

Common vacuum concept - Actively cooled thermal shield-
Superconducting active elements: RF cavities and solenoid




Elementary considerations on cavity choice

At low particle velocities, RF acceleration depends on transit time

« Low frequency improves the TTF
« Multi (two) gap structure - TTF curve with a maximum (optimum beta)
* Quarter wave resonators have broader TTF(f) curves (larger energy

acceptance); relatively favourable field ratios for a low beta structure,
and high frequency of the lowest mechanical mode

Low frequency - low BCS surface resistance—> 4.2 K operation



Quarter Wave Resonator, TEM modes
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High beta QWR design (electromagnetic)
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TOriginal tuning plate *Simplified tuning plate

Ref. Proceedings of SRF2009, p. 609



Cavity technology S
Liquid Helium space
Superconducting option E-beam weld
High Q (low power dissipation) i
Cryogenics
High CW fields (30 MV/m peak)
Possible field emission, X rays

Niobium sputtering on copper

Thermal stability

Mechanical stability—=> less sensitive to He

UlF=
pressure fluctuations and to mechanical copper
vibrations=> Low RF power U
Less sensitive to magnetic fields—=> no need of
shielding the cryostat S

Potentially cheaper (especially for large series)

Possible to recycle substrates




The ALPI experience: over 50
Nb/Cu QWR made at INFN -LNL
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b ¢ Evolution of resonator geometry
Detail of resonator geometry: a) old model with (from V Palmieri V |_ RUZinOV S Stark et al_

curvature radius of 10 mm; b) modifyed model with

curvature radius of 20 mm; c) definitive model with Proceedlngs Of the 6th Workshop on RF
curvature radius of 30 mm. e
superconductivity, 1993)




High beta QWR design (mechanical)

Version 2

Version 1




Bias diode sputtering system

Schematics System assembly in clean room

Thermocouples positions :

— Inner conductor

€—|Ext.top

CATHODE [ &— Ext. middle
(regulator)

‘ &— Ext. bottom

DC-1000V I F \

Bias -80V
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Power dissipation, surface resistance

1 U
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PC=§RSJH2ds Q, = P TR
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R, =RB g+ Rr,;  Rp.c = B eXp( )

HIE ISOLDE low beta cavity:
Ry.c at 4.2 K and 101.28 MHz < 10% of total R,

R, isrelated to the "real” surface: defects, oxides, etc.



Thin film growth: structure zone models

recrystallized grain structure

region not At
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A. Anders, , 31 May 2010, Pages 4087-4090



http://www.sciencedirect.com/science/journal/00406090
http://www.sciencedirect.com/science/journal/00406090
http://www.sciencedirect.com/science/journal/00406090/518/15
http://www.sciencedirect.com/science/journal/00406090/518/15

Roadmap of developments (2011-2013)

Strong development program focused on bias diode
sputtering method. Main steps:

* Increasing baking and coating temperatures
 Increasing sputtering power (global deposition rate)
« Layered coatings

e Sputtering gas, venting gas

« Global film thickness

 Local film thickness



Quality Factor

Increasing coating temperature,
T(bake out) < T(coating)9 600 °C
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Tt @)= Vet higher sputtering power (layers),
change of gases: Kr, dry air - Ar, N,

HIE-ISOLDE specification

1.E+10 m Q2_5 January 2012

m Q1_9 February 2012

m Q1 10 April 2012

B Q3 1June 2012
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Quality Factor

Increasing global Nb thickness by 25%

HIE-ISOLDE specification = Q2 5 January 2012

1.E+10 m Q1_9 February 2012 m Q1_10 April 2012
B Q3 _1 June 2012 + QP1_2 August 2012
® Q2_7 September 2012 10 W
¢ Q1_11 July 2012 —7W

1.E+08

1.E+07




Scaling the “top-gap” length

Thermocouples positions :

— Inner conductor

€— Ext.top

CATHODE |/ &— Ext. middle
(regulator)

&— [Ext. bottom

DC -1000V

Bias -80V




Reduced “top gap” length from 52 mm down to 32 mm

Quality Factor
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Same parameters on a 20 mm shorter substrate

HIE-ISOLDE specification  ® Q2_5 January 2012

® Q1 9 February 2012 ® Q1 10 April 2012
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Quality Factor

Top gap distance reduced to 22 mm

HIE-ISOLDE specification  ® Q2_5 January 2012
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Average RRR extracted from f,..(T) measurements
Coating test
Q2_3 April 2011

Q1 5June 2011
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Tuning plate Is fixed with 72 M6 screws
closed at 5 Nm and acting on Ti rings
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Adhesion on the lower edge (RF contact)
was improved using a longer cathode
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with 840 mm cathode length increased to 870 mm



RF tests In vertical cryostats

Quick turnaround (2 weeks)
essential to feedback on coating

Two cryogenics inserts

Thermal shield (50 K) and cavity
circuit (4.5 K) cooled in parallel

Same cooling scheme as in the
HIE-ISOLDE Linac




# of initial electrons: 742

Kinetic energy: 0-4eV
(uniform)

Emission angle: 0-180
deg. (random)

Max time steps: 4000

Eacc=1MV/m
(30 deq)

Eacc = 1MV/m, RF phase = 30deg.

- data
| —exponential fit

y =115.8exp(0.045x)

Number of particles

40 60
Time(ns)




Regions of Potential Multipacting
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Multipacting Summary

—B-Antenna —w—Quter wall

)| «+ MP happens at low fields for antenna region and outer wall
| - E,..=0.05-0.1MV/m

|« MP happens at higher fields for cavity top region

- E_ .. = 0.8-2 MV/m

——-Antenna -®—-Quter wall —e—Cavity top Antenna tip =—Eacc=6MV/m

1
Eacc (MV/m)



Field Emission
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He processing

Quality Factor
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Dose rate data by S. Giron
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Surface quality of the inner conductor tip
—> source of field emission

Central electrode: 20 mm No counter electrode
diameter, at earth potential



Quality Factor

Ready for production
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Conclusions

HIE-ISOLDE will get its 39.6 MV from 32 independently phased QWR,
based on Nb sputtering of copper technology

Project oriented R&D, several parameters changed at a time

HIE ISOLDE specifications were met in 2013, (with 30% margin in power)

We are starting now series production for the first phase up to 5 MeV/u

Project schedule is tight!
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