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UMER Apparatus 
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UMER Apparatus 

No extraction yet !

UMER Parameters
Beam Energy 10keV

Beam Length 20-140ns
Circulation Time 197ns

Beam radius  0.25 - 10mm
Beam current 0.6 - 100mA

Circumference 11.5 m

Accessible to faculty, visitors, 
grad students, & undergrads.

Sensitive to ambient magnetic fields & changes



MOTIVATION
• UMER was designed to study transport of space-

charge-dominated beams over long distances.  
– Very dense lattice, minimum of real-estate

• A primary transport limit was longitudinal 
dynamics

• UMER is presently hardware limited: Designed for 
100 turns versus 1000 turns achieved (11 km)

• Needed to identify beam loss, and rectify.
– Parallel experimental & simulation effort
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EXPERIMENTAL OBSERVATIONS
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~ 50% duty cycle

Truncated turns to discern subtle features

We have to accommodate the AC 
and transient characteristics of the 
wall current monitor circuitry. 

- DC ‘blind’

- Transient response
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Note ‘resurrection’ 
(reduced amplitude)

Beam lost or DC ?

1st AC minimum (1st pure DC point) 

180° phase shift

Full beam wall current monitor signal



Injected Turn

Eroding Beam Edges
By 23rd turn – significant DC component ?

RC10 Wall Current Monitor

Turns

6 mA

Longitudinal Expansion



• Axisymmetric beam in a round pipe, 11.5 m periodic 
boundary (ring circumference)

• Assumes uniform transverse focusing (smooth 
approximation)

• 107 Particles, dt = 2ns (~ 100 steps per ring period)
• Field calculation

– 256x64 mesh with smoothing
• Simulation performed in beam frame with lab-frame beam-

current diagnostic.

WARP Simulation
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Inward erosion wave meets

1st DC point

180° phase shift
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simulation 
averages 
to 3mA 



WARP SIMULATION of End Erosion
To understand the beam-end erosion, let’s look at the longitudinal phase space.

End 1st turn (6 mA beam) 16th turn (6 mA beam)

Full horizontal scale: UMER circumference



WARP SIMULATION of End Erosion
~ end 47th turn (6 mA beam)

- Ends have completely 
passed through



WARP SIMULATION of End Erosion
~ end 47th turn (6 mA beam)

- Ends have completely 
passed through

- Feature: discrete energies 
develop at any given 
azimuth of the ring



“Knock-out” 
Measurement of DC

Beam  Component
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Knock Out Technique
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Four injections
(single shot pulser &

destructive)

720 Pulses in 50 ns steps recreate the DC profile 
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Four examples

Four injections
(single shot pulser &

destructive)

720 Pulses in 50 ns steps recreate the DC profile 

DC Peak

DC Starts accumulating 
when head and tail meet

Add this DC profile, to the AC 
profile for the full story. (correct for 
the WCM circuit transient 
response)



COMPARE TO SIMULATION
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COMPARE TO SIMULATION
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Difference is 
real beam loss



Average Beam Loss Profile
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Average Beam Loss Profile
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Loss begins ~ 6th turn

Linear loss rate

Rate decreases at 1st DC 
point

2nd Linear loss rate
We use this profile to 
guide the WARP 
simulations



LOSSY SIMULATIONS
Loss profile is used to refine simulations.
Simple model was adopted that reduces 

weight on each particle to match a linear fit 
to the observed loss profile.

Current output passed through a simulated 
Wall Current Circuit Model for direct 
comparison to measurement. 
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Stay tuned !

We’ve recently, using a higher bandwidth scope to look at the wall current 
monitor, a narrow pulse accompanying beam turn on.  This pulse exhibits 
solitary wave characteristics that are reproduced by simulations. 

Whisker – Solitary Wave



INTERPENETRATION



RECENT DIAGNOSTIC
Reduced amplitude knock-out pulse

Beam Pipe Wall

Beam Pipe Wall

BPM 6 BPM 8
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RECENT DIAGNOSTIC
Reduced amplitude knock-out pulse

Beam Pipe Wall

Beam Pipe Wall

Ideal trajectory

This works well for our 6 mA beam, as the 
phase advance is just about 270°

BPM 6 BPM 8

ZnO:Gd Fast Phosphor ~ 3 ns

Gated PIMAX II camera (3 ns)



Transverse Imaging
- 47th turn displays two beams, 
horizontally displaced. (3 ns slice)
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I.Turn-by-turn first 100 Turns 

II.47th turn in 3 ns increments



TURN - by - TURN 



TURN 47: 3 ns increments



FuRther remarks
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Externally impose 
electric field to counter 
end self-fields so as to 
longitudinally focus the 
beam.

This has been done 
for the 0.6 mA beam.



Longitudinal Focusing (0.6 mA)

No focusing

Over focusing 

(mA)



Longitudinal Focusing (0.6 mA)

No focusing

Over focusing 

(mA)

~1011 Turns (> 11 km)

Initial beam pulse is not 
perfectly ‘square’ & applied 
[periodic] focusing pulse is 
not perfectly matched.

Over compensation 
generates this dramatic 
display of space charge 
waves.  

Please see Dr. Brian 
Beaudoin’s talk today in 
South Broadway Ballroom 
4 PM.



CONCLUSIONS

• Measured DC component with AC diagnostics
• Identified true beam loss  agreement with WARP
• Observed beam interpenetration
• Need to determine cause of beam loss 
• Require 3D simulations
• Space charge complicates beam dynamics

– Space charge creates additional resonances
– Space charge can increase longitudinal acceptance 

(which can lead more loss later on)
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