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> Introduction to stretch mode velocity bunching at REGAE
> Application to PITZ

> Qutlook
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Linearization of the longitudinal phase space without higher harmonic field
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Introduction to velocity bunching

> Longitudinal dispersion in a drift
AZ=DZ,+ RO+ T 07 +U 00 +...

_Ay
where 5 = /
ere %

when y>>1, R :%/Z’TS% = —1.5R, Ugees = 2R

> Energy chirp: energy correlation with slice position in the bunch

=0, +alz, +a,0z; + 8Nz, +...
0, : uncorrelated energy spread, or sliceenergy spread

> Velocity bunching
Az=R 0, +(L+aR,)Az, +(...)AZ +(...)AZ +...

> Limit of velocity bunching
_ Example:
= Slice energy spread Gamma = 10, L= 2 m, R56~20 mm

* Nonlinear energy chirp Slice energy spread: 1e-5 > 0.7 fs
= Nonlinear longitudinal dynamics Nolinear energy chirp: 1deg>1e-4->10 fs y

Nonlinear dynamics: ot=1ps—> 23 fs



Introduction to nonlinear chirp compensation

> Harmonic cavity head
) ‘ tail
E, =€Vg cos(keeAZ, + ) =-E,+ Az+." |- .
V
a, LI A |]Vcavkél: N %(nkm:)2 y 0.8 1 rl
g
g 06
> Stretch mode to reduce nonlinar curv 3
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REGAE stretch mode formulas

> Energy chirp after buncher

7(¢c)

> Bunch

= 7(Cc) + Ay(c)

= Ay +Alc+HAE+AG A+
~—~ s -

7 ay
compression after a drift

£(z) = x1(2)Cc + x2(2)C% + 13 (2) G2,

with the coefficients y; defined by
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1st order compression:

X1=0

1 knob needed, e.g. scan buncher
phase only

2"d order compression:

X1=0, X2=0 (A2>0)

2 knobs needed, e.g. scan buncher
phase & amplitude

3 order compression:

X1=0, X2=0 (A2>0), X3=0

3 knobs needed, e.g. scan buncher
phase & amplitude, + gun phase
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REGAE simulations

Case  Method  Space charge Eg (MV/m) ¢ (deg) Eg (MV/m) ¢y (deg) Eyy (MeV)  oy(zp) (um)  o,(zg) (fs)

(i)  ‘simulation no 100.00 34.13 21.66 —111.99 3.19 0.19 0.63
(iv)  simulation no 100.00 38.00 21.77 —104.15 3.25 0.11 0.38
(iv)  simulation 50.fC 100.00 42.00 21.63 —97.42 3.32 0.24 0.80
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Apply REGAE technique to PITZ

> Comparison between REGAE and PITZ

“ Thin lens, less phase slippage (ballistic bunching)
50 pulse/s

> Analytical simulations for PITZ (Gun 60MV/m, 45 deg +MMMG)

Thick lens, more phase slippage (velocity bunching)
~5000 pulse/s
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ASTRA Simulations

> With both longitudinal and transverse focusing
= Laser: FWHM 2ps, BSA 200 um, 60 nm.rad thermal emittance
= Gun: 60 MV/m, 45 deg + MMMG
= Booster: 5.1 MV/m, -122.30 deg

= Focusing position: around Plasma cell location
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Longitudinal Distribution
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sigx ~50 us, emit ~ 63 nm.rad

sigz ~0.53 um(1.8 fs), sigk ~22 keV
Ek ~ 2.4 MeV
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> Refine optimizations
> Investigate jitter sensitivity
> Investigate short bunch diagnostics

> Investigate short bunch applications
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