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designed to operate simultaneously with FLASH 1 and 2

> § Laser/plasma Witness

Differential & photon diagnostics dump

pumping = [ ./’
V-O—O—E—O—O-]

Driver dump TDS Undulator ]
o Beam matching and focussing section Beam diagnostics section X-ray diagnostics

Probe/ionization lasers
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e Why double bunch?

— External injection at FLASHForward.
— Two colour FEL.

e Why pulse stacker to generate double bunches at FLASH?
— Can tune charge of bunches independently.
— Can tune initial distance between bunches.

e FLASHForward requirements.
— Final bunch distance ~100 pm.
— Witness bunch charge less than driver bunch charge.
— Witness bunch shorter than driver bunch.
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 Images of laser pulses on the virtual cathode.
e Brightness difference due to different number of electron bunches

]:1.‘2mm ..]:1.2mm

Good spot but low charge | Good spot with high charge
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Streaked Double Bunch in LOLA Projected Energy Deviation
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Pulse stacker needs to be upgraded.
— Currently not very stable over long periods of time.

Beam losses due to energy in BC2.
— Possible due to too high an energy in BC2.

Can perform delay measurements with gun scans.
Need to determine working points in machine compatible parameters.
More time requested for next year.

Simulations are on going.
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Initial double bunch simulations performed by Carlos Entrena Utrilla (former
masters student) X supervised by Steffen Wunderlich.

Gun simulated with ASTRA”(3D) with collective effects.

— Can set different charges for the bunches.
— Can adjust the delay between the bunches.
— Can adjust the phase in the gun.

Semi-analytical model with RFTweak (1D tracker) to determine compression and
RF parameters 1,

Defined centre (zero phase) as weight between both bunches
— Definition of zero phase not easily realisable in FLASH.
— Now changed to centre of drive (first) bunch.
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Simple equations 13!
—  Notracking
—  No Collective effects.

Fit to the initial distribution
—  3™order polynomial (Eq s, = A + BAsg + CAsy® +DAsy?)

RF module equations:
= AEjcciasy= Vaccr X cos(@acer + kAsp)
= AEjcczons,= Vaccso X €0S(@acc3o + 3kAsy)

= AEjccazns,= Vaccas X €0s(@accas + kAs,)

Compressor equations:
—  Asy =Asy— (R56,2639,A50 + T566,2639,A502 + U5666,2539,A503)
= Asz3=As; — (R56,3523,A52 + T566,3823,A522 + U5666,3523,A523)
- 6n,AsC = (En,AsC - En,O)/En,O

Derive functions for energy and position at different
locations.
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e 1D simple tracker.

— Application of 1D equations to input distribution.
— ASTRA input.
— No collective effects.

e RFTweak!2l,
— 1D.
— ASTRA input.

— Collective effects:
e Wakefields
e Space charge
e CSR

* Both take the RF and compressor parameters to track the particles.
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After Gun, 65ps, 180+180 pC
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To tune RF parameters to achieve desired compression scenario

6 RF parameters, need min 6 compression parameters!l!

Compressor energy Eqcczons, .. = 135 MeV

Compressor energy Exccasas, .0 = 450 MeV.

_0AS,

. 1
Inverse compression after BC2, Z, = A -
0

AS7 mid
1

T 160
AS3 mid

15t order compression shape factor. ZgllAS3 mid — 0.0

2(1/Cd_z3)

w3, Ca = 100 ym

dASs
dAS,

Total inverse compression. Z3 =

2"d order compression shape factor. Z3"|AS3 mid =

Can derive equations for compression scenario from 1D analytic equations.

Very long and not shown here.

FLASHForward»»

Future-oriented wakefield-accelerator research and development at FLASH



e Derive function for RF values from compression scenario 31,
— F(compression) = RFparameters

RFparameters, = F(compression,)

Track with RFTweak

Calculate difference in compression with compression,
(Acompression)

compression,, = compression,_,+ Acompression

Not Converged

F(compression,) = RFparameters,
Converged
RFparameters
e Difficulties
— If skip first point and give optimal RF values, would iterate to non optimal solution and then iterate back.
—  With double bunch RFTweak can fall over when in a very non optimal solution.

FLASHForward»»

Future-oriented wakefield-accelerator research and development at FLASH



e Definitions[4!:
— X is vector or variables.
* RF parameters.

— L is vector or measurements/desired parameters.
* Compression scenario.

— F(X) is vector or calculated/simulated/measured parameters.
* From RF parameters determines compression parameters
* Analytic equations, 1D simple tracker or RFTweak.

— P is the weight matrix (inverse error matrix)
* Importance of the different compression scenario parameters
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W = F(X) — L, want to minimize this value.

X =—(ATPA)1ATPW

_0F)
- A= aX

|x

— Ais calculated using the analytic formulas.
— No longer dependant on full form of equations, only the first derivatives.
— Still requires all parameters (R56 etc).

X=X-X

Use damped Gauss Newton line search with RFTweak[>¢l,

Can use the solver with all three methods.
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Define Initial RF parameters, Phases, 0,180,0, Voltages 160,21,350 MeV

Define compression scenario

Gauss Markov with analytic equations, with initial RF parameters

Gauss Markov with 1D simple tracker, with analytic RF parameters

Gauss Markov with RFTweak, with 1D simple tracker parameters

Final RF parameters
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After Gun, 65ps, 180+180 pC
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After Gun, 65ps, 90+180 pC
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Comparison of semi-analytical and Gauss Markov solver
—  Number of iterations.
—  Difference in results.

More work on new solver
— Canit be made faster?
—  Weighting the compression scenario.
— 3D simulations.
— Understand uncertainties and errors (different parameters in analytical and simulation).
—  Can add more equations.

Determine range of working points for different.
—  Gun phases.
—  Charges.
— Initial delays.
—  Compression scenarios.
—  Change in definition.

Can Gauss Markov solver be applied to FLASH?
—  Can equations be derived for the machine measurements?
—  Canthe model be used to steer operations?

—  Kalman filter equations?
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First experiments conducted

Double bunches transported through FLASH
Delay can be varied

Charge can be varied

Pulse stacker needs improvement (alignment)
Working points need determining

New solver developed

Uses iterative steps

Faster (2-3 iterations) and more reliable for double bunch
Calls RF tweak less times

Need to explore simulations further.

3D simulations.

Explore FLASH usage

More beam time requested for 2016.
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Can the analytical model be improved to be more realistic?

Are there any improvements?
Suggested studies for the simulations?
Other compression scenarios?

Single bunch simulations.

XFEL simulations

Use with FLASH?
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