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Why Linear Accelerator? 

TULIP: Single-room proton therapy

Advantages: footprint (200 m2, 70 ton), shielding 

CABOTO: CArbon BOoster for Therapy in Oncology

Advantages: beam current, power consumption

The linear accelerator (Linac) looks as the most promising option on 
terms of size, complexity and efficiency.

Advantages: 

 active energy variation (pulse to pulse),
 treatment time (a high repetition rate).
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Research on high gradients and efficient structures

BTW structure (TULIP), 

60 MV/m

RFQ ADAM, 750 MHz

34 MV/m 

 Transfer Knowledge from High-Energy Physics to Proton therapy:

 A study of the HG performance of the BTW structure and RFQ, definition of limiting factors. 

 Breakdown (vacuum arcing) localization, which disrupts the beam and damages the surface.

 Using the acquired knowledge to optimize the design of structures.

CLIC structure, 12 GHz,

120 MV/m: 

 The field level in a structure is limited by a max value of power flow, in addition to Esurface
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The BD diagnostics: 

 RF signals:

 Directional coupler: incident and reflected signals
 Pickup: signal of field in the RFQ cavity
 Oscilloscope : additional record the signals 

 Vacuum diagnostic signals (vacuum gauges).

Traveling-wave structure: Standing-wave structure:
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BTW structure for proton therapy

BTW prototype at S-measurement setup  

 β=0.38 c, 
accelerating gradient more than  60 MV/m, 
BDR is up to 4x10-6 bpp.

 10 MeV energy gain from this structure
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Conditioning status of 3 GHz BTW

Regular cell design 

20 cm
Modified Poynting vector, electric and magnetic vector field distribution in 
a structure and regular cell section 

Assuming that the reflection on 

the noses is higher -6 dB

BDs localization in structures Numbers of BDs during the conditioning 

at the holes and the noses.

E B
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Surface field limitations of the RFQ

 Higher acceptance (larger emittance 
beams);

 Greater space charge capability;
 Accept heavy ions with lower charge state;
 Shorter RFQ;

but also have the effect of:

 Increased probability of sparking
 More RF power required
 Tighter machining and alignment 

tolerances

All-Linac (RFQ+DTL “injector”) medical facility

The RFQ is a linear accelerator which  
 Focuses
 Bunches
 Accelerates 

High peak fields increase the 
RFQ performance in areas of:
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The RFQ  LIGHT (ADAM)  

LIGHT by A.D.A.M.

Power Supply IOT 4 x 100 kW
Power Couplers 4
Pickup Antennas 16

Source and RFQ parameters

Frequency 750 MHz 

Length 2 m 

Vane voltage 65 kV 

Peak RF power 400 kW

Input Energy 40 keV

Output Energy 5 MeV

13 cm diameter

Fast repetition rate:  400 Hz
Short pulse length:  10 µs

Proton RFQ built and presently in use for ADAM LIGHT project.

BDR = 5E-8 bpp
Single BDs
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The RFQ LINAC 4 (CERN) 

• Operation: 480 kW, 750 us, 1Hz , max. beam pulse length 1.2 ms

Parameter Value

Frequency 352.20 MHz 

Length 3.06 m 

Vane voltage 78.27 kV 

Max field on pole tip 34 MV/m 

RF total peak power 600 kW

Kilpatrick value 1.84

Ion Source

Input energy 0.045 MeV 

Output energy 3.0 MeV 
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Operation history of the RFQ at LINAC 4

Non linear increasing 
number on BD: clusters

Operating status: with beam
Forward power = 440 kW 
Pulse length = 750 us

BDR = 4.2 E-5 bpp

Cumulative number of breakdowns as a function of cumulative number of rf power pulses
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 There are lower power at the cavity during operation with beam.

 No big difference without beam at higher power.

 Not enough statistics to made conclusions.

BDR analysis

 BDR used to predict the behaviour of the structure and the determine
nominal operating parameters.
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RF parameters measurement:

RF pulses at BD:Normal RF pulses:
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RF parameters measurement

The effective reflected voltage: 

1) the direct-reflected wave from the coupler,

2) the radiated wave from the cavity.

REF

When the RF pulse turned off, the signals decayed to 0 in the form of exponential decay.

𝑉 𝑡 = 𝑉0𝑒
−
𝑡

𝜏 sin 𝜔0𝑡 + 𝜑0 ,            𝜏 = 2𝑄𝐿/𝜔0

Pick up

 Measured REF signal is overcoupled:
power rise time is about 25 us
filling time is about 10 us

The RF signals:

QL calculates by the slope of the decay of the cavity power when the pulse is over. 

QL = −ω0/2k, where the slope  k = −1/ τ
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RF parameters measurement

Radiative value is driving with BD present

Theoretical value:
f = 352.2 MHz     Unloaded Q-factor ≈ 6772

 Normal pulses: 
τ = 1.2 us,      Loaded Q-factor ≈ 2654 => Q-factor = 6881
 BD pulse:
τ = 0.85 us, Loaded Q-factor ≈ 1889 => Q-factor = 4898
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BD time distribution

Normal pulse BD pulse 

LLRF changes: 
RF immediately come back 
to previous value after BD
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BD study of RFQ L4

RFQ with 16 probes

Example 1: BD in front of the RFQ that can be caused by gas from ion source

1 2 3 4Vanes:

Signals from 16 pickups
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Example 2: High Radiative wave at 2 and 4 vane

RFQ with 16 probes

1 2 3 4Vanes:

BD study of RFQ L4

Signals from 16 pickups
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Conclusions

 Analysing the probe signals at BD of RFQ Linac 4 , 
preliminary it can be assumed that the main 
number of BD happened at front of the structure 
and  vane 2 and 4.  

1) The reason of BD at front: gas from the ion source;

2) One of the reason of BD at 2 and 4: not uniform 
filling of the structure (RF port located between 
pickups 7 and 11 ).
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 Technology developed for high-energy physics can provide a significant
performance improvement for medical hadron linacs.

 The high-power test of the BTW N1 structure was being performed at the S-band
test facility at CERN, present dominant number of BDs at the holes of the disc.
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