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INntroduction

- Cavity construction

* Trimming + Tuning Bench + Tuner Measurements

- 2 Kelvin Testing of Nb 5-cell Bare SPL Cavities
- Cavity Preparation Issues
+ 1st & 2nd cold Test of SPL_1

- Schedule, Plans and Upgrades

- Objectives, Procedures and what happens next ...



Cavity Construction: Trimming and Tuning




Trimming and Tuning: Target Frequency
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Frequency and length correction

- Construction of 5 Cell Cavity

» Trimming: Trim dumbbell to get close to target frequency and length
 Tuning: Plastically deform 5-cell cavity to required freq, length & field flatness

- Caveat: In cryomodule, operate tuner in one direction (elastically deform)
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Frequency and length correction

- Construction of 5 Cell Cavity

» Trimming: Trim dumbbell to get close to target frequency and length
 Tuning: Plastically deform 5-cell cavity to required freq, length & field flatness

- Caveat: In cryomodule, operate tuner in one direction (elastically deform)
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Trimming and Tuning Sensitvities

Pi-Mode Frequency in MHz

Pi-Mode Frequency Change in kHz
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TUNING BENCH SENSITIVITY SPL-CERN-CU-CAV2
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Pi-Mode Frequency Change in kHz

Tuner Measurements
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Field Flatness Change in %

Tuner Measurements: Field Flathess

BEAD-PULL

RESULT of TUNER OPERATION on SPL-RI-NB-CAV3

Cavity Length from Coupler in mm

min

min

—

2 1.000€E

& 0.8095¢F Push

o 0.990F

i ) N -

o 0 LY HE

;: 0.980E -—-- 0 Position
L‘L] |‘| - 4 -n‘ —| ':‘ ﬂ

r—.l [‘],'-‘—‘n == 1 i i a 2 1 1 1 1 v_-.._lll

tl}:) 0 200 400 600 800 1000 1200 1400 B

COLD TUNER SENSITIVITY SPL-RI-NB-CAV3

Field Flatness
Sensitivity

0.274 %/mm

-0.75

|
-0.5 -0.25 0.

Total Cavity Displacement in mm

AN S Cavity AL vs
ot © =
<
S > . Y%E-field change
g % 1.001
5 S
: - A
2 3
g , 1.000 A A
e A&7
49 *
bt : 0.999 g From Coupler
m Cavity Deformation ﬁ 2 ® +* ¢ Cell5
in Elastic Range - & V'S ® Celld
© g 0.998 * X geﬁg
% A Ce
B | Qelll
0.25 0.5 0.75 1. ~-1. -0.75 -0.5 -0.25 0. 0.25

COLD TUNER SENSITIVITY SPL-RI-NB-CAV3

0.5

Total Cavity Displacement in mm




Cavity Cold Testing




Cavity Preparation Steps

« Chemistry:
* Electro polishing of 160 - 200 um
- Heat treatment: 650 degree for 24hrs
- Light Electro polishing of 10 - 20 um
- HPR at 100bar with ultra pure water
- Conductivity >18MQ/cm  TOC < 16 ppb Water Temperature : 26°c
 Drying in hot nitrogen atmosphere then 12 hrs in laminar clean air flow
- Cavity Assembly and Pump down
* Done in ISO-4 cleanroom. Pump down within 36 hrs after end of HPR
- 120 deg C Bakeout.
« Duration: was ~12 hrs. Now 48 hrs
* RGA on cavity vacuum (for comparison with RGA after cold test)
- Mounting on Insert and assembly into cryostat
- Bakeout of vacuum pumping line before opening cavity valve.

« Mounting of diagnostics
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Cavity Preparation




Assembled Insert
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SM18 SPL Cold Tests in 2014

SPL1: 1st Cold Test

1109 1609

SPL1: 2nd Cold Test
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Summary Results from the two cold tests

- 1st Cold Test: QO limited due to valve contamination and incomplete HPR
- Residual Surface Resistance @ = 94 + 3 nOhms

- 2nd Cold Test: Gradient limited due field emission
- Residual Surface Resistance = ~18 nOhms
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1st Cold Test:

Passband Freqguencies

! d

™ —mode

Simulated (2K): 692.470 MHz
Measured (4.5K): 692.062 MHz

Measured (1.8K): 692.293 MHz

> d

™ —mode

Simulated (2K): 699.756 MHz
Measured (4.5K): 699.464 MHz

Measured (1.8K): 699.382 MHz

T — mode

Simulated (2K): 704.408 MHz
Measured (4.5K): 704.219 MH:z
Measured (1.8K): 704.432 MHz

Simulated (2K): 695.696 MHz
Measured (4.5K): 695.277 MHz
Measured (1.8K): 695.500 MHz

Simulated (2K): 703.107 MHz
Measured (4.5K): 702.773 MHz
Measured (1.8K): 702.992 MHz
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1st Cold Test: Passband Mode Measurements

- 1st Cold Test: Dominated by low gradient and high field emission

« Use passband modes to look for problems
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 High levels of field emission (> 3 mSv/hr)



1st Cold Test: Passband Mode Measurements

- 1st Cold Test: Dominated by low gradient and high field emission

« Use passband modes to look for problems
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1st Cold Test: Passband Mode Measurements

- 1st Cold Test: Dominated by low gradient and high field emission

« Use passband modes to look for problems
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1st Cold Test: Passband Mode Measurements

- 1st Cold Test: Dominated by low gradient and high field emission

« Use passband modes to look for problems
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2nd Cold Test: Getting better...

« Qo much improved but still too much field emission ...
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2nd Cold Test: Getting better...

« Qo much improved but still too much field emission ...
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Both Cold Tests: Problems and Issues
 1st SPL Cold Test

- Surface issues due to Electro-polishing with non-optimal cathode
- HPR duration too short ( 2 hrs) V == |

« Contamination from bellows of vacuum valve
« 2nd SPL Cold Test -
Surface effects

« Surface issues due to Electro-polishing with non-optimal cathode
* Non Optimised HPR ( 6hrs 45 min duration)

- Contamination from antenna feed through

- Breakdown of power cable in during Helium Processing

18
Contamination from power antenna connection to feedthrough



The Art of High Pressure Rinsing

- Typical HPR -> not yet fully optimised

 Duration: ~6 hrs, Pressure: 100 bar Consumption: ~800 litres
* Drying:
* 15 min purge with room temperature N2 + 45 min drying with 100° C N2

* 12 hr dry in laminar air flow in ISO-4 clean room

o l  [eeosT se sundtes 1st SPL Cold Test:
@@ LAB @ @ SPL1_3rd_test ]
ol ® @ KiK SM18 HPR range | HPR Duration= 2 hrs
282 2nd SPL Cold Test:

Lab Data from TTC-Report 2008

HPR Duration= 6.75 hrs

3rd SPL Cold Test (March 2015):

Vertical Movement per Turn [cm/rev]

10° i L < ' HPR Duration= 7 hrs
O
* . HPR Optimisation Tests
ol 1 1 1 e in March-April 2015

Horizontal Jet Speed [cm/s] 19



What | shouldn’t show you

- 2nd Cold test: Measurement after short helium processing
- Input power cable failing and difficult to calibrate ...

- Comparison with Crab Cavity Cold Test in same cryostat
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SPL_1: After Helium Processing
but with cable break down



What | shouldn’t show you

- 2nd Cold test: Measurement after short helium processing

- Input power cable failing and difficult to calibrate ...

« Comparison with Crab Cavity Cold Test in same cryostat
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Schedule, Plans and Improvements



Chemistry:New

“lectro-Polishing Cathode
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Chemistry:New Electro-Polishing Cathode

ik SO0 ASSEMBLY CATHODE SEQUENCE
/1, SEE SPLACST_0297
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SM18 HPR Optimisation

- Cavity geometry dictates optimal HPR water pressure and flow rate
 Transparent cavity under construction for HPR Optimization

- HPR nozzle parameters to be optimised for reduction of field emission
* Nozzle speed and RPM settings to be optimised for SPL

- HPR and drying process under under review

 Nitrogen atmosphere for HPR to avoid carbonates and hydrides

Designed and out
for Manufacture
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Upgrade of cryostat insert

‘ Improvement of connection of cavity pumping line
- Controlled laminar flow. Controlled installation zone

Standard SPL mounting frame with possibility to
electrically isolate cavity cavity from cryostat

* Isolating inserts to monitor thermal-electric currents
‘ Improved environmental monitoring and heating control

« Temperature monitoring: CERNOX, RuO2, Allen Bradley

* 0-50 mbar bath pressure sensor

- Ambient Magnetic field compensation: below 10 nT ‘ |
‘ Completely new insert and power cables setup

* Insert rated unto 500W CW

‘ Integrated Residual Gas analyser on cavity vacuum line




Schedule & plans

- Cold Test Objectives for 2015 :
« Cold Test 4 SPL cavities in SM18 after treatment with new EP cathode
« Successful cold test => 25 MV/m with a low field Q0>1010

- SPL cold test activities must interleave with Crab cavity test program

- Implications to schedule
 Cryo returns to SM18 test facility on 23rd March
- SPL_1: Retested as is => test to validate HPR + preparation steps
* Test Duration: 6 weeks After: back to Chemistry for EP& retest
- SPL_2: Chemistry + Optical inspection finished by end of April
 Available for Testing by May  Test slot: 1 month Duration
 Other cavities to follow
- SPL_3 assigned to tuner tests  SPL_4 assigned to tuning bench
* In parallel:
- SPL_5 Construction: Trimming of dumb-bells finished in March.
 Helium tanks at CERN and we start with Mechanical checks ....

- Preparation of the SM18 Horizontal bunker -> main issue is cryo distribution line
25



Summary remarks

- Trimming and Tuning activities

 Construction and measurement program advancing well

« Development of a broad base of expertise and skills

- Cold Test results
- 1st & 2nd cold tests of SPL_1 hampered by surface contamination issues
* Preparing for a 3rd Test to verify preparation & installation sequence
» There is cause for optimism with the upcoming cold test

- SPL_2 Is expected to be tested by mid year after EP with new cathode

- Schedule & upgrades
» Significant time and effort is being invested in upgrading and training

- 2015: a full year of cavity preparation and testing CERN’s SM18 facility
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Spare Slides



S21 Amplitude [dB]

rn-Mode Frequency Validation of SPL Nb 5-Cell

- - 100 kHz
- t-mode measured on all 4 Nb 5-cell caviti | —
30 | | | | | | ' %—39-
<
-40 5 -a2
—44 | : ;

=0 308 _o'loSPL1 _c)izsPLz _O:D _o-'?::-4 0.18

; v ‘ Ffequency [MHz] V +7.037€2

"
-60 :"

L

Al

1
-70 !

1 )

I

I
80}, — SPL1  — SPL4

" -  SPL2 - = SPL1 after EP
' - SPL3
_90 ’ 1 | 1 1 1 | 1
690 692 694 696 698 700 702 704 706

Frequency [MHz]

Coupler port Pick-up port

~0600 kHz frequency shift due to hard electro-polishing.
agrees with expectation from simulation

28



—ffect of Electropolishing

ELECTRO-POLISHING EFFECT on FREQUENCY of SPL-RI-NB-CAV1
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Pl Trimming and Tuning

Pi-Mode Frequency of the HC in MHz

SPL DUMB-BELL TRIMMING STRATEGY (Half-Cell Correction)

706 |
704 Target under vacuum

702 |

700 |

Assumed Tuning Sensitivity
Simulated Trimming Sensitivity

698 ® Measurable DB Frequency
- 4 HCs in DB before Trimming

.~ ~® HCs in DB after Trimming "
696 @

694 @A

105 106 107 108 109 110 111 112

Half-Cell Length in the Dumb-Bell in mm
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Pl Nb 5-Cell: Thermal Treatr
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Insert Upgrade

« Validation of insert infrastructure

Pumping line

Helium injection into cavity vacuum

Residual gas analysis system




Helium Tanks
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Upgraded Mechanical sensor system

Strain gauges Displacement sensor

.
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