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(Dream of) LPWA e- Injector for p+ IOTA Tune Up
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e- beam line

2.5 MeV RFQ

p beam line

• Given expected sensitivity of the Integrable Optics and Space-
Charge Compensation to the lattice imperfections, it is very 
desirable to have an option of reverse e- injection to tuneup IOTA 
optics for record high tune-shift operation with 70 MeV/c protons

• Need compact 70 MeV electron source – e.g., LPWA

LPA 70MeV e-



Laser Wakefield Acceleration Injector for IOTA ?
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Main Specs:

Important Considerations:
• Compact ( <1 m )
• Injection (matching, on orbit?, kicker?)
• Cost (low)
• Reliability and stability (high)
This would be the first occurrence of the laser
wakefield method used as an electron source for
injection into an operational accelerator.

e- Energy 70 MeV
Bunch charge (¼ - ½) nC
Rep.rate ~0.1 Hz
E spread dE/E < 0.2%
Emittance, n-rms < 100 µm

jet

capillary
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• CLIC Y’ _accel
structure=1.1 urad

• ILC V_c=31.5 MeV
• CLIC    V_c=25 MeV
• LPWA   V_c=5-10 GeV
• PWFA   V_c=25 GeV        • PWFA Y’ _accel

structure=1.1/30 urad



IOTA Electron Injector @ FAST
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e- Photo Injector:
characterization
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Laser Position Stability at Virtual Cathode
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Virtual Cathode Gaussian Fit Positions

Standard Dev

Position

Beam Sigma [um]: 518
StdDev X [um]: 12.72
StdDev y [um]: 14.72

Outside Results for 
Comparison Reference

Δx = 4.7 μrad, Δy = 5.1 μrad Optic Express, v. 21,
Issue 9, 10727 (2013)
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Cost of “Beam-Driven”-PWA LCs (3 TeV cm)
The total cost estimate (FY16$) 

P1+P2+P3+P4=5.3+2.5+(2-4)+(10-17)=20-29B$
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CLIC DWA-
LC

PWA-
LC

LWA-
LC

Feasibility of 
Energy

Gradient &
staging de-
monstrated,

e+ OK

Gradient OK, 
No staging 

demo, e+ OK

Gradient OK, 
No staging 
demo, e+ 

questionable

Gradient OK, 
No staging 
demo, e+ 

questionable

Feasibility of 
Luminosity

Risk ~10-100 Risk now 
~10-100

Risk 
>~103 ?

Risk 
>~105 ?

Feasibility of 
Cost

Problems: 
560 MW, 
TPC(US) 

~26B$

? 430 MW, 
TPC(US) 

~20B$

? 300 MW, 
TPC(US) 
~20-29B$

? 150 MW, 
TPC(US) 

~30B$

Advanced LC concepts vs CLIC (now)
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• The proposed roadmap may be divided into three stages
– 2016-2025: Focus on Energy Feasibility

• Show High gradient (done for blow-up, not for a hollow channel)
• Staging to get to energy of interest (1-3-10 TeV – TBD)
• Acceleration of Positrons
• Applications (off-ramps): FELs, ring injectors

– Challenge: quasi-linear is not needed for applications, wall-plug 
efficiency is not important

– 2026-2035: Focus on Performance (Lumi) Feasibility
• Charge per bunch, emittances, rep. rates ~10 kHz, etc.
• Final focus system, accelerator-detector interface
• Integrated Test Facility

– After 2035: Focus on Cost reduction
• High efficiency 
• Cost (accelerator, drive sources, power infrastructure, etc)

Toward HEP-Relevant Accelerator Facility  
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