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RFQ H- Beam Loss Damage Irradiated Electrode Condition in the Pulsed DC System

Microscopy Analysis

Summary
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RFQ vane damage due to H- Beam loss 

Radio Frequency Quadrupole (RFQ)

RFQ vane damage

Large Hadron 
Collider (LHC)

Linear Accelerator (LINAC) 4
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Irradiation of Cathodes for Pulsed DC Tests

Before Irradiation After Irradiation

Irradiated with 10^19 H- on the target  electrode
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Irradiation



Pulsed DC Large Electrode System

16 May 2022 Presenter | Presentation Title 6

Configuration

1. 2 high precision machined 
electrodes (1µm 
tolerances)

2. High tolerance ceramic 
spacer between electrodes 
providing a gap of 20µm, 
40µm, 60µm, or 100µm

3. Ceramic spacers to isolate 
electrodes from the 
chamber

4. 4 Windows and 2 
perpendicular cameras

5. High voltage feed though

6. Vacuum pump output 
(5x10^-9)

7. Connection from the 
bottom electrode to ground 
(outside of system)

1

2

3

5

4

6

7

The MARX generator can pulse up to a rep rate of 
6kHz and a minimum pulse length of 1μs.

Measurements of the voltage and current supplied 
during a breakdown are measured whenever a 

breakdown is detected.
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Normalised Field: Including effect of gap distance

Iaroslava Profatilova - https://indico.cern.ch/event/774138/contributions/3507941/attachments/1911936/3160618/7_IProfatilova_MeVArc2019.pdf
Alexej Grudiev - https://indico.cern.ch/event/925403/contributions/3889048/attachments/2050505/3436872/20200604_WP_RFQ3_design_Introduction.pdf

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝐹𝑖𝑒𝑙𝑑 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 =
𝑉

𝑉𝑚𝑎𝑥
×

𝑑𝑚𝑎𝑥

𝑑

0.72

NFH

https://indico.cern.ch/event/925403/contributions/3889048/attachments/2050505/3436872/20200604_WP_RFQ3_design_Introduction.pdf
https://indico.cern.ch/event/925403/contributions/3889048/attachments/2050505/3436872/20200604_WP_RFQ3_design_Introduction.pdf
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Normalised Field Holding Calculations

• The surface field in the RFQ is 34MV/m, the target surface electric field 

for this electrode test was 35 MV/m

• 35MV/m with a gap of 60μm gives a voltage of 2100V and a normalised 

field holding of 0.3915 

• The normalised field holding of the RFQ is 1.0563 giving a voltage of 

5664.9V and surface electric field for a 60μm gap of 94MV/m

• Assuming the gap size scaling holds we would need to reach a field of 

94MV/m in the Pulsed DC System

• We first went to a field of 35MV/m then attempted to increase to 94MV/m 
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Pulsed DC System Breakdown Localisation

(2019). Breakdown localisation in a pulsed DC 

electrode system. Nuclear Instruments and Methods 

in Physics Research Section A: Accelerators, 

Spectrometers, Detectors and Associated Equipment. 

953. 10.1016/j.nima.2019.163079. 
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Titanium Alloy (TiAl6V4)
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Copper OFE
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Niobium (Nb BCP)
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Tantalum (Ta)
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Copper Chromium Zirconium (CuCrZr)
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Summary
• Titanium performed the best 

both with and without 

irradiation, and after a cluster 

in breakdowns reducing the 

electric field.

• Copper appears to reach the 

same electric field with an 

initial increase in the number 

of breakdowns that conditions 

away irradiated defects.

• Niobium and Tantalum both 

had a significant reaction to 

the irradiation causing a large 

cluster in breakdowns that it 

was not possible to recover 

from.

• Copper Chromium Zirconium 

tested only with irradiation 

was not able to condition very 

high.
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Cu OFE CuCrZr

TiAl6V4Ta Nb

CuBe

Blister formation is observed in the Cu based electrodes. The high density of blisters is coincidence with the irradiated zones. The blisters locations seems to have no influence 

on the formation of the breakdowns.

No blisters were observed on the Ta, TiAl6V4and Nb electrodes.
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Titanium Alloy (TiAl6V4)
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Titanium Alloy (TiAl6V4)
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Copper OFE
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Copper OFE

1)

2)

1) 2)
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Copper OFE

4)

3)

3) 4)
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Copper OFE

5)

5) 5)
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Copper OFE
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Copper OFE
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Niobium (Nb)
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Niobium (Nb)
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Niobium (Nb)
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Tantalum (Ta)
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Copper Chromium Zirconium (CuCrZr)

It is visible that some blisters 

appeared following the pattern 

of the machining marks.
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