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Required Beam Diagnostics 
Instruments (1)FETS-FFA Beam Diagnostics Overview (1)
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Commissioning Phase1: Diagnos0cs for characterisa0on of the beams 

(emi7ance, momentum spread, bunch structure)

Comissioning Goal 1. Accelera0on to the top energy and extract in low current beam without pain0ng.

FETS-FFA Ring Diagnos0cs

Qty Property

Motorised Wire Scanner 
(H&V) 1 1. AJer Foil, beam posi0on, beam size and bump orbit measurements. 

2. Intermedate energy beam profile  and beam posi0on measurement.

Motorised Faraday Cup + 
Scin<lla<ng Screen 1

1. AJer Foil: injected beam current, transmission efficiency to design orbit.

2. Intermediate energy: accelerrated beam current measurement.

3. Faraday Cup can be replaced with screen to measure beam size at 

extrac0on orbit.

BPM
1 or 2 per 

cell

1. Beam posi0on, tune and life0me measurement from injec0on to extrac0on 

orbit.

2. Bunch structure measurement when mul0 turn injec0on without pain0ng.

3. Beam posi0on and  gradient to reconstruct Poincare map and orbit correc0on.

Beam Loss Monitor
1 or more 

per cell
1. Monitor beam losses to iden0fy beam loss loca0ons.

2. Develop into machine and personnel protec0on systems.



Required Beam Diagnostics 
Instruments (2)

Commissioning Phase2: Diagnos0cs for injec0on pain0ng and matching in longitudinal 
and transverse direc0ons to mi0gate beam loss

Comissioning Goal
1. Ideal matching in longitudinal and transverse direc0ons

2. Achive injec0on pain0ng to mi0gate intensity effects.

3. Accurate beam current and size measurements.

Qty Property

Wall Current Monitor (WCM) 1 Measurement of bunch structure and current during accelera0on
DC Current Transformer (DCCT) 1 Measurement of cas0ng and stacked beam current

Motorised Beam Scraper 1
Beam size measurement (if possible, read-out from scraper can be 
used to calibrate DCCT).

Addi<onal uses of phase 1 
monitors N/A

1. Intermediate: Beam size, posi0on and profile measurement using motorised 
wire (H only).

2. BPM tomography.

3. Possible beam halo measurements with wire monitors or scraper.

Commissioning Phase3: Diagnos0cs for advanced beam commissioning
Qty Property

Ionisa<on Profile Monitor 1 Turn-by-turn, non-destruc0ve horizontal beam profile measurement.
Addi<onal uses of phase 1 monitors N/A DCCT measures 1% beam loss if any due to halo development.

FETS-FFA Beam Diagnostics Overview (2)
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Challenging for Diagnostics 

Large structure of diagnostics for non-destructive turn-by-turn 
measurements, whilst still providing required measurement 
sensitivity and resolution. 



Several Diagnostics Developments
Current Work
Beam Position Monitor (BPM)

• 1 mm position accuracy is 
required.


• Challenging of FETS-FFA BPM:

• Space is limited: short BPM 

is required. 
• Beam excursion: 350-400mm 

in horizontal, wide aperture. 
• Prototype was manufactured 

and tested in the ISIS 
Diagnostics Lab to compute the 
position calibration factors:                




• Prototype BPM was delivered to 
Kyoto University (KURNS) and 
tested in the hFFA ring in 2022.

dU
ΣU

− δ = C3x3 + C2x2 + C1x + C0

Current Work: Beam Position Monitor 
(BPM)

▪ Design and simulation work 
completed.

▪ Half-size prototype 
manufactured and tested in the 
ISIS Diagnostics lab.

▪ Prototype delivered to Kyoto 
University to be tested in the 
KURNS FFA accelerator this 
month.

FFA BPM prototype being tested at the Diagnostics lab test rig.

Left:Difference over Sum as a function of displacements of probe in horizontal and 
vertical. Right: x,y probe positions compared with computed probe positions. In 
these plots, a drive amplitude was 500mV on the probe. Position accuracy along 
horizontal axis is within 0.3mm in horizontal and 25um in vertical on the test 
bench measurement.

H: [C0,C1,C2,C3,δ]=
[0.0104,-0.00543,0.0,0.0,0.00974]

V: [C0,C1,C2,C3,δ]=
[-0.0213,0.0385,0.0,0.0,-0.0207]

Motorised Wire Scanner Monitor (WSM)

Current Work
Drawings of motorised WSMs to measure horizontal and vertical 
beam position and profiles. How It Works 

• After the foil, at the injection orbit, 
beam profile and beam size are 
measured in horizontal  and 
vertical. 


• Profile measurements (H only) 
can be also performed at fixed 
position of WSM, as the beam 
moves across the wire during 
acceleration.


Works so far 
• Initial design and simulation 

works were completed.

• The chosen material for the 

measuring wire is carbon 
nanotubes (CNT) strand.


• Prototype with φ10, 30um CNTs 
were tested at KURNS in 2022 
and 2023. 

Prototype FETS-FFA WSM with φ30um CNT wire.

Left: 1st prototype with 30um CNT. Right: 2nd prototype with 
10um.

Beam Loss Monitor (BLM)
Current Work

Beam power of FETS-FFA ring is 50W 
maximum. The BLM must detect 1% 
beam losses of 1E11 ppp.

BLM monitors 
❖ Ionisation chamber: slow time 

response, low-cost. Used for a beam 
Machine Protection System (MPS) in 
long time periods (~1ms)


❖ Prototype was manufactured and the 
loss signal from beam dump was 
detected. 


❖ Loss signal was detected.


❖ The data acquisition by RedPitaya (RP) 
through EPICS has been developed.

Shorter ISIS Ionisation chamber (1m long) on FETS. 
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1m

BLM signal with 200us H- beam on FETS.

Control 
network

RP 
EPICS server 

installed

BLM Linux 
EDM: GUI 

Python script : data saving

Prel
im

ina
ry 

Motorised Wire Scanner Monitor (WSM)

Future Work

Left: ISIS drive control units (master and local units), Centre: WSM on FETS, Right: WSM frame 
head. 

After

Thermal simulation of 46 mA peak bunch current (1E11*1.6E-19/348ns) for 
336us pulse duration, to move the beam core by 8mm, at 3 MeV injection.

t
1s

336us 336us

• A Wire Scanner prototype for the 
ISIS Injector (70 MeV) was installed 
on FETS (3 MeV) using carbon 
Nano-tube wires: 20,30,40 and 50 
um diameters. 


• Profile measurements will be done 
as well as inspecting the wire for 
potential damage.

WSM (CNT: φ10um) to measure a profile of 
circulating beam

φ10-50um CNTs on FETS beam line.

Demonstration of CT monitor for beam intensity 
monitor

Deferent types of Monitors

Future Work

Left: WSM on FETS, right: scintillation screen (YAG).

After

Thermal simulation of 46 mA peak bunch current (1E11*1.6E-19/348ns) for 
336us pulse duration, to move the beam core by 8mm, at 3 MeV injection.

• Scintillator BLM and 
Ionisation Chamber BLM to be 
tested on FETS to verify their 
sensitivity on 3 MeV beam.


• Scintillation screen material 
tests (YAG crystal, P46 and 
ceramics) will be tested to 
identify suitable materials with 
reasonable lifetime while 
interacting with 3MeV beam.


• Performance test of Faraday 
Cup will be performed in the 
beam line to verify its cooling 
system to prevent from thermal 
damage of 3 MeV beam. 
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Deferent types of Monitors

Future Work

Left: WSM on FETS, right: scintillation screen (YAG).

After

Thermal simulation of 46 mA peak bunch current (1E11*1.6E-19/348ns) for 
336us pulse duration, to move the beam core by 8mm, at 3 MeV injection.

• Scintillator BLM and 
Ionisation Chamber BLM to be 
tested on FETS to verify their 
sensitivity on 3 MeV beam.


• Scintillation screen material 
tests (YAG crystal, P46 and 
ceramics) will be tested to 
identify suitable materials with 
reasonable lifetime while 
interacting with 3MeV beam.


• Performance test of Faraday 
Cup will be performed in the 
beam line to verify its cooling 
system to prevent from thermal 
damage of 3 MeV beam. 
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Scintillation plates and optical fibres for BLM

Scintillation plates for profile/position monitor


