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Discovery of Positron �
Phys .Rev.  vol 43, #6, 1933 
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Positron Generation in Laboratory 

Beam of multi-MV photon traverses a thin (few mm-cm )  high Z target. 

Photons decay into electron-positron pairs  

Positrons can escape the target without annihilation and be collected. 
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International Linear Collider 

Electron Source�Detectors Positron 
Source�

Damping 
 Ring 

Accelerator Accelerator 

31 km , 500 GeV CM  $  20B + !!! 

Positron Beam Source Requirements 

Production:  !50 GeV electron beam, 1.5 cm period , 100m helical undulator with 
 K = 1 ,  Polarization 60% , 1e14 positrons/s 

250 GeV, Total average beam power 20 MW 
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Conventional Accelerator� Plasma Accelerator�

Can we miniaturize a high energy collider? 
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Plasma Wakefield Accelerator Linear Collider 

Generation 

Acceleration Focussing 
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Stanford Linear Accelerator 
Center (SLAC) 
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•� Space charge force of the beam pulse displaces plasma electrons 
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No dephasing between the particles and the wake 
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Plasma Wakefield Acceleration Concept 



Experimental Setup�

e-  spectrum
X-ray based
spectrometer

e-  beam
from SLAC
linear accelerator

e-  bunch length
autocorrelation of
coherent transition

radiation (CTR)

e-  spectrum
?erenkov light

in air gap

e-  spatial
distribution

optical transition
radiation (OTR)

trapped particles

plasma
oven

notch
collimator

?erenkov
cell

spectrometer
magnet

beam
stopper

imaging
?erenkov
monitor

spectro-
graph
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Lithium Plasma Source 

How it works: 

1) Heated to 800oC to vaporize solid Li.  

2) Li vapor diffuses out to the He transition region and condenses on wick. 

3) The molten Li wicks back to center, vaporizes and begins the process again.  

•� Be (low-Z) windows separate the He from the FFTB beam line vacuum. 

•� The He pressure determines the Li vapor density, and the heater power 

determines the Li vapor length   

Lithium Oven 

Diagram 



BREAKING THE 1 GeV BARRIER 

ne� 3.5��1017 cm-3   L�10 cm, N � 1.8�1010 ,�
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Energy Gain Scales Linearly with Length 
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Energy Doubling  of 42 Billion 
Volt Electrons Using an 85 cm 
Long Plasma Wakefield 
Accelerator 

Nature v 445,p741 (2007) 
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Spectacular Progress in 
 Plasma Wakefield  
Acceleration 



But What About Positrons? 
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Intense Beams of Positrons for 
Positron-Plasma Interaction 
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Positron-Electron Annihilation  

Why don’t the positrons annihilate  
with plasma electrons? 

For fixed target collisions CM Energy must 
 exceed 2.muon rest mass = 210 MeV  
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Linear Plasma Wakefield Theory�

(�t
2 +� p

2 )
n1

no
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nb (t)
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� • E = �4�en1 � eE =
n1

no

no

1016cm�3 10GeV m cos� p (t � z /c)

Large wake if beam density nb~ no 
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Linear wake fields driven by e- and e+ beams 
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Nonlinear wake fields driven by e- and e+ beams 
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e- & e+  Focusing Fields 
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• Optical Transition Radiation�
� (OTR)�

• CHERENKOV (aerogel)�

- Spatial resolution �100 μm �
- Energy resolution �30 MeV�
- Time resolution: �1 ps�
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Life of an experimentalist�
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FOCUSING OF e-/e+�
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C�Ideal Plasma Lens 
in Blow-Out 
Regime�

C�Plasma Lens 
with Aberrations�

(Halo Formation)�

C�Beam images �1m from plasma exit (�x��y)�
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B.E. Blue et al., Phys. Rev. Lett. 90, 214801 (2003). 

N=1.2x1010 e+, ne=1.8x1014cm-3 ,  
L=1.4 m �

Positron Acceleration 
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Head 

Centroid 
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100 MeV 

beam direction 

Tail 

Energy Gain & Loss of  Positrons in a Plasma Wake 

OSIRIS Simulation Prediction: 
  

Peak Energy Loss 

64 MeV 
65±10 MeV 

Peak Energy Gain 

78 MeV 
79±15 MeV 

5x108 e+ in 1 ps bin at +4 ps 

(Brent Blue et al Phys,Rev.Letts 2002) 
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Positron Production Using Plasmas 



Plasma Wiggler for MeV X-ray Production 
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•� Positron production needs 50 MV X-Rays 
•� Use an ion column produced by a dense electron beam as a wiggler 

•� If nb > npe, all plasma e- are blown-out creating an ion column. 
    Betatron motion in this wiggler produces X-ray radiation.  
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For “high-K” wigglers, high-energy 
photons are emitted in the near forward 

direction 
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Scaling Laws for Betatron radiation 



�-TRON RADIATION IN PLASMAS 
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�-Tron Radiation Produced Pairs  
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Measured Positron Spectra Excellent Agreement 
with Theory 
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Summary on Positron Production 
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FACET:Facilityfor Second Generation AA 
Research @SLAC�

Positron-Plasma Interactions: Where to next? 
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e+ ACCELERATION ON e- WAKE 
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��Test of e+ acceleration on e- wake �

��Injection on e+ on e- wake�



Research program has put Plasma Physics at the 
Forefront of Science 
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Conclusions 
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JJohn M. Dawson�

1930-2001 
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EPILOGUE 



D. Aurbach, B. Blue, C. E. Clayton, C. Huang, C. Joshi, D. K. Johnson, K. A. Marsh, 
W. B. Mori, S. Wang, M. Zhou�

University of California, Los Angeles�

T. Katsouleas, X. Li, P. Muggli, E. Oz, X. Wang�
University of Southern California�

I. Blumenfeld, F.-J. Decker, M. J. Hogan, R. Iverson, N. Kirby, C. O�Connell, R.H. 
Siemann, D. Walz�

Stanford Linear Accelerator Center�

Collaboration: 


