Longitudinal phase space manipulation
at high and medium energy

B Generic energy recovery linac:

\main linac
Non-isochronous " \ Non-isochronous

section (NI2) \ ’ section (NI1)
I

Insertion device (ID)

B Injector = main linac (accelerate beam) => NI1: prepare
beam for ID requirement = NI2: re-inject beam into
linac on decelerating phase



Linac to ID (linear theory)
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® Bunch compressor
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® Final bunch length and energy spread (15t order):
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getting very small at high energy!




Linac to ID (nonlinear effects)

E Energy time correlation: v, e
S =x7+1z°+0(z°%) \
B Bunch compressor
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Higher order effects: pulse control

B Correction with higher harmonic rf-field provide two
Independent knobs (k and p parameters to minimize
oz given Rss and Tses),

B sextupoles to some extent also provide these knobs

Main LINAC (f) Linearizer (nf) Bunch compressor

B /N

accelerating section linearizing section Bunch compressor




Higher order effects: pulse control
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B A third harmonic (3.9 GHz)
SCRF cavity Is being built at
FNAL (Solyak, LINAC 2004)




Higher order effects: 3.9 HZ harmonic cavity
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(Solyak, LINAC 2004)




Higher order effects: pulse control

B Sextupoles, to some extent, also provide these knobs

B But coupling between longitudinal and transverse
phase space Is introduced

— | ® Chicane
Rs6<0, Ts66>0

B S-chicane
Rs6<0, Ts66>0

B FODO arc
PP — Rs6>0, Ts66>0




Effect of FEL interaction

B Increase in uncorrelated momentum spread
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B Change in time-of-flight?
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Energy recovery

Recirculation optics = match longitudinal phase

space to slope of decelerating linac
Need again to match slope and curvature

~ N
-l

Full  recirculation loop Is /
generally isochronous, |
Possible to use a dedicated .
cavity operated at zero crossing /

In the |OOp |njected
beam




B Recirculation optics = match longitudinal p

energy spread (keV)

i

Energy recovery
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Example JLab IR-demo
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comments

B Don’t want to compress to hard
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