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Energy Recovery Linac in the Wilson Tunnel

Richard Talman

ABSTRACT
This  is a brief discussion of two out of the many modifications that will
be  needed  to retrofit the Wilson laboratory as an energy recovery linac
(ERL).  The  two  issues  are:  fitting  the facility within the existing site
boundaries; and designing the approximately isochronous yet adjustable
arcs needed to transport ultrashort bunches.
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Bend Radius:     65m
Total straights: 380m
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5GeV, 7.5cm period, 5m ID
ERL mode A: brilliance
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2.5GeV, 5cm period, 5m long
ERL mode A: brilliance 
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PPM ID tuning curves for 0.1< E1,3,5<4 KeV when gap � ½ cm

5GeV (66 periods/5m) device has ~ 2X brilliance of 2.5GEV,100 period ID
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Conclusion: A quite relaxed optics is sufficient for on crest acceleration with energy recovery.

On crest acceleration (R56=5.2m)

After the LB
( 5GeV )

After the
energy

recovery
( 10MeV )

4102)(,600 −∆ ⋅=== E
Em σσµσ δτ

)10( 3−δ

)(mmτ

)10( 3−δ

)(mmτ
)10( 3−δ

)(mmτ

)10( 3−δ

)(mmτ

After SA
( 25m ID )

End of NA
( 5GeV )

55.0=δ
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With second order optimization: 90 RF phase and undercompression
at short pulse section, and separate optimization for energy recovery:

after CE after LA (10MeV)
)10( 3−δ)10( 3−δ

)(mmτ)(mmτ
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Second order dispersion has
to be corrected:

2nd 25m undulator 2nd 25m undulator

rad)(' µx rad)(' µx

m

T166(m)

RF
0.44% energy spread
(extreme case)

)(mmx)(mmx

015=∆ϕ
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Plot of ion line density as a function of s: Transverse distribution: rms values for ions and beam
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Transverse charge density distribution: Transverse ion electric field:

• Ions with all oscillation amplitudes contribute to center 
density

� Ion charge density has 1/r peak at center of beam

• repulsive ion on ion forces are nevertheless many orders 
of magnitude weaker than electron on ion forces
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Beam breakup instability (BBU) in one dimension
originally a major concern for current limit, now:
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Since BBU is limited, the current is limited by HOM heating
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Estimate following H.J. Moe in APS-LS-141 & -272

Arcs radius(m) length(m)
North 303 125
South 254 205

Three contributions to background from continuous uniform e- loss: 
Bremsstrahlung, giant resonance neutrons, & high-energy neutrons

For average beam loss 1 pA/m over 205m southern arc, shield wall: for
2’ heavy concrete + 2” Pb�0.058mrem/hr                                                

just outside the wall, at arc center.
Moe’s estimate for APS (300mA,10 hour lifetime or 1/57 pA/m) � 80cm normal concrete 

wall limits dose to 8 mrem/yr @ 50m

Public: limit to less than 100mrem/year, occupational limit to less than 5000mrem/year 
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3: 73 181 16.6 /Ta Z A g cmρ= = =
rad ion

dE dE
dx dx

� � � �=� � � �
� � � �

5oE GeV=

( )
221.2

11 / 0.66M o
c

X X g cm cm
E MeV

� �
= = =� �� �
� �

: 11cCritical Energy E MeV=

: MMoliere Length X

310 1.2 lFor of total energy deposited z λ− = ( )
( )

2
1.3

325 ln
417 /

ln
o

l
E

where g cm
Z

λ
⋅

= =
2500 / 30z g cm cm= =

e−

e−

e+

ν

oE

6 MR X=

z

6

,
. . 8 30 .

MTantalum cylinder of radius X and length z

should be a good start for more calculations

i e a cylinder cm in diameter and cm long

R eference:  NCRP Report No. 144
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