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● Charged particle beams interact with their environment and produce wakefields, 
generally in accelerators wakefields are bad, but sometimes they can be good, 
too.

High impedance mediums e.g. dielectric-lined waveguides, corrugated structures, 
and plasmas are used to generate large wakefield amplitudes.

The wakefield can be calculated from the convolution of the current profile and 
the Green’s function:

Introduction
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● Efficient beam-driven acceleration between drive and witness bunch, 
Voss&Weiland 1972.  May be useful in future TeV colliders with enhanced 
transformer ratios.

-Beam manipulation applications:

-Linearizer/dechirper for improving peak currents orreducing energy 
spreads

-Multibunching for e.g. THz generation applications

Applications

?
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-Argonne National Lab recently 
demonstrated 100 MV/m from drive to 
witness beam ! See M. Conde talk.

In high energy regime, k1→ 0 
and fields are uniform.



Self-Wake Interactions at Low Energy
• Photo-Injector Source: 

– ~ 100 Amp currents.
– < 10 MeV energy out of gun (L-Band(1.3GHz - 60 MV/m) vs S-

Band(2.856 GHz – 140 MV/m), X…), energy spread.
– Emittances < 1 µm for S-Band. Ideal for fitting into smaller structures.

• Ballistic bunching, shaping+
• No CSR
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Density modulation at 1 THz
• S-Band Gun
• DLW parameters (a, b, ε, L) =(350 

µm, 363 µm, 5.7, 11 cm)
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Bunch form factor (BFF)

Density contour plot



1THz Continued.. 

• Fitting into 11 cm structure 
OK (84 % transmission).

• Can we do better than 
BFF=0.2?
– Energy correlation in LPS

• Solution 1: Longer bunch
• Solution 2: Lower the frequency
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500 GHz DLW – (350 µm, 393 µm, 5.7)

• Large harmonic content at 
maximum compression.

• Higher mode suppression 
by under/over 
compressing the bunches.
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L-Band case study

• Larger emittance
– Larger structures
– Lower frequencies

• Lower energy
– Shorter bunching 

length for same 
energy modulation

– More space charge 
effects
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Passive Compressor

• L ~ λ – Single peak.

• Peak current limited by energy spread.

• Scan various wavelengths and record peak 
current.

• For L-Band case, this corresponds to a peak 
current of ~ 12 kA (7.1%).

• Scalable for higher charge / large structures 
a=650 µm
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Passive Compressor for 
beam-driven applications
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• Bunch larger portion of the bunch (50%)

• Extremely scalable: higher charge→ longer 
bunches→ larger structures.

• Details: Red trace: immediately after structure, 
blue trace 1.2 m (1.13 m bottom) downstream. 

• (a, b, e, L) = (1 mm, 1.05 mm, 5.7, 5 cm) 
corresponding to λ0 = 1.948 mm



Longitudinal Shaping with DLW
• Larger wavelengths (λ>>L)

– Bunch shaping
– Passive bunching
– De-chirper/Linearizer

• Ramped bunch for high transformer ratio 
acceleration.
– Here for (165 µm, 197 µm, 5.7)
– R = 7.3 (Theoretical max 9.3)
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Grazie per l'attenzione!
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