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Preliminary results
work is not accomplished yet…



Optimization Code for the Photo Injector by M. Krasilnikov



Booster ACC1 3,9GHzGun

FLASH Photo Injector

Booster phase is fixed Same gradient at booster and ACC1



Ez1(z=0)=45MV/m

Optimization Code for FLASH Photo Injector



Setting the Field of the Bucking Coil

MaxB(1)=0.17211
MaxB(2)=0.00000

MaxB(1)=0.17211
MaxB(2)=-0.00858

- Bucking Coil should compensate the solenoid field at s=0.00
- Bucking field is about 20 times weaker than the solenoid field and in the opposite direction





without bucking coil

Emittance at 17.60m = 0.327

with bucking coil

Emittance at 17.60m = 0.322

Compare with and without Bucking Coil
Test with 200000 particles

Emittance growth 1.55% if the solenoid field not neutralized at the cathode



efld.dat
FLASHgun_p12.dat

Tuning parameters for efld

Beam size

Solenoid

Bucking 
Coil

Gun

Booster

XYrms 0.170105

MaxB(1) 0.172724

MaxB(2) 0.019489

MaxE(1) 45.00

Phi(1) -1.34264

MaxE(2) 40.12

Phi(2) -14.85

Booster

Gun

Bucking 
Coil

Solenoid

Beam size

Tuning parameters for FLASHgun_p12

-14.85Phi(2)

40.12MaxE(2)

-1.27222Phi(1)

45.00MaxE(1)

0.015844MaxB(2)

0.171247MaxB(1)

0.15929XYrms

-1.792-2.204α

38.4837.52β

0.29820.2988ε
reduced

0.32730.3278ε

verthor

-2.350-2.873α

45.8744.97β

0.29490.2949ε 
reduced

0.31280.3131ε

verthor

Field Files for the Gun
Slightly different files but big consequencies



efld FLASHgun_p12

βx 37.52

βy 38.48

αx -2.204

αy -1.792

βx 20.61

βy 21.56

αx -0.509

αy -0.273

ε 0.6356

ε w/o corr. 0.4374

ε 0.3266

ε w/o corr. 0.2988

Calculated with best parameters for efld.dat. Comparison



Bunch Shape or Emittance?
(Example with 20pC, 3.3ps)

Bunch Shape Priority: XYrms=0.165 Emittance Priority: XYrms=0.072



Bunch Shape Priority: XYrms=0.165 Emittance Priority: XYrms=0.072

Emittance, mm mrad 0.2726

Emittance long. keV mm 3.495

Bunch length rms, mm 0.874

beta 98.00

alpha -7.552

Emittance, mm mrad 0.1374

Emittance long. keV mm 3.940

Bunch length rms, mm 1.073

beta 92.96

alpha -4.646



Tuning Parameters and Results. Overview

Results at s=17.60m

20pC, 3.3ps 20pC, 4.4 ps 100pC, 3.3ps 100pC, 4.4ps
Emittance, mm mrad 0.137 0.135 0.360 0.322

Emittance w/o energy corr., 
mm mrad

0.120 0.113 0.342 0.308

Long. Emittance, keV mm 3.940 6.123 7.008 10.51

Energy rms, keV 846.6 996.4 1062 1174

Bunch length,  mm 1.073 1.257 1.356 1.493

Beta, m 92.96 84.09 77.68 57.87

Alpha -4.646 -4.159 -5.015 -3.865

-1.5773-1.6114-0.6977-0.7797Gun: Phi(1)

0.1721870.1719560.1714170.171421Solenoid: MaxB(1)

0.16370.16730.06790.0718XYrms

100pC, 4.4ps100pC, 3.3ps20pC, 4.4 ps20pC, 3.3ps

Variable Tuning Parameters



QBunch = 100pC, Laser Pulse: gaussian τ=3.3ps

Tuning Parameters found by optimization procedure with 2000 particles

Beam XYrms=0.1673 Q=100pC

MaxB(1)=0.171956

Phi(1)=-1.61138

Phi(2)=-14.8525

Phi(3)=-14.8517

Phi(4)=-194.96

MaxB(2)=-0.008566

MaxE(1)=45.0

MaxE(2)=40.12

ACC1 MaxE(3)=39.93 C_pos(3)=9.512 File=tesla4cav13

3.9GHz MaxE(4)=26.96 C_pos(4)=14.775 File=tesla4cav3

Solenoid

Bucking

Gun

Booster

Laser: gauss, τ=3.3ps

S_pos(1)=0.00 File=Main2003_3m

S_pos(2)=0.00 File=Buck2003_0

C_pos(1)=0.00 File=FLASHgun_p12

C_pos(2)=3.970 File=TeSLA_4_9cells

77.6813.43Beta, m

17.60m (after 3.9GHz)8.80m (after booster)

-5.015-2.647Alpha

1.3561.357Bunch length,  mm

1062749.9Energy rms, keV

7.00889.87Long. Emittance, keV mm

0.3420.346Emittance w/o energy corr., mm mrad

0.3600.355Emittance, mm mrad

Results after Test with 200000 particles



QBunch = 100pC, Laser Pulse: gaussian τ=3.3ps
Beam Development and Optics



QBunch = 100pC, Laser Pulse: gaussian τ=3.3ps
Beam Shape

After Booster After 3.9GHz



QBunch = 100pC, Laser Pulse: gaussian τ=3.3ps
Slices

z=17.60mz=8.80m



QBunch = 100pC, Laser Pulse: gaussian τ=3.3ps
Core Emittance



QBunch = 100pC, Laser Pulse: gaussian τ=4.4ps

Tuning Parameters found by optimization procedure with 2000 particles

Beam XYrms=0.1637

MaxB(1)=0.172187

Phi(1)=-1.57725

Phi(2)=-14.8525

Phi(3)=-14.8517

Phi(4)=-194.96

MaxB(2)=-0.008575

MaxE(1)=45.0

MaxE(2)=40.12

ACC1 MaxE(3)=39.93 C_pos(3)=9.512 File=tesla4cav13

3.9GHz MaxE(4)=26.96 C_pos(4)=14.775 File=tesla4cav3

Solenoid

Bucking

Gun

Booster

Laser: gauss, τ=4.4ps

S_pos(1)=0.00 File=Main2003_3m

S_pos(2)=0.00 File=Buck2003_0

C_pos(1)=0.00 File=FLASHgun_p12

C_pos(2)=3.970 File=TeSLA_4_9cells

57.879.685Beta, m

17.60m (after 3.9GHz)8.80m (after booster)

-3.865-1.849Alpha

1.4931.494Bunch length,  mm

1174840.7Energy rms, keV

10.51123.4Long. Emittance, keV mm

0.3080.306Emittance w/o energy corr., mm mrad

0.3220.320Emittance, mm mrad

Results after Test with 200000 particles



QBunch = 100pC, Laser Pulse: gaussian τ=4.4ps
Beam Development and Optics



QBunch = 100pC, Laser Pulse: gaussian τ=4.4ps
Beam Shape



QBunch = 100pC, Laser Pulse: gaussian τ=4.4ps
Slices

z=17.60mz=8.80m



QBunch = 100pC, Laser Pulse: gaussian τ=4.4ps
Core Emittance



QBunch = 20pC, Laser Pulse: gaussian τ=4.4ps

Tuning Parameters found by optimization procedure with 2000 particles

Beam XYrms=0.0679 Q=20pC

MaxB(1)=0.171417

Phi(1)=-0.6977

Phi(2)=-14.8525

Phi(3)=-14.8517

Phi(4)=-194.96

MaxB(2)=-0.008542

MaxE(1)=45.0

MaxE(2)=40.12

ACC1 MaxE(3)=39.93 C_pos(3)=9.512 File=tesla4cav13

3.9GHz MaxE(4)=26.96 C_pos(4)=14.775 File=tesla4cav3

Solenoid

Bucking

Gun

Booster

Laser: gauss, τ=4.4ps

S_pos(1)=0.00 File=Main2003_3m

S_pos(2)=0.00 File=Buck2003_0

C_pos(1)=0.00 File=FLASHgun_p12

C_pos(2)=3.970 File=TeSLA_4_9cells

84.0923.70Beta, m

17.60m (after 3.9GHz)8.80m (after booster)

-4.159-3.297Alpha

1.2571.257Bunch length,  mm

996.4737.8Energy rms, keV

6.12377.72Long. Emittance, keV mm

0.1130.119Emittance w/o energy corr., mm mrad

0.1350.135Emittance, mm mrad

Results after Test with 200000 particles



QBunch = 20pC, Laser Pulse: gaussian τ=4.4ps
Beam Development and Optics



QBunch = 20pC, Laser Pulse: gaussian τ=4.4ps
Beam Shape



z=8.80m z=17.60m

QBunch = 20pC, Laser Pulse: gaussian τ=4.4ps
Slices



QBunch = 20pC, Laser Pulse: gaussian τ=4.4ps
Core Emittance



Convergency: Slice Energy Spread and Slice Emittance

Q=100pC
Pulse Shape: Gaussian τ=4.4ps

N, x103 Mesh ε, μm σ, 
mm

τrms,mm Erms, 
keV

β, m α

200 15x25 0.341 0.132 1.478 58.43 9.13 -1.63

392 21x35 0.326 0.129 1.482 59.12 9.05 -1.66

800 30x50 0.324 0.129 1.482 59.36 9.11 -1.66

1500 41x68 0.323 0.129 1.481 59.28 9.20 -1.71

Main parameters after booster at s=9.00m
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