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What Has Been Done 
• R100 was installed 

• Beam dynamics with 130 keV initial energy was simulated. 

• Gun voltage was increased to 130 kV 

• The beamline with an initial energy of 130 keV has been setup 
and a final energy of 125 MeV was demonstrated in the new 
chicane. 

• Beam dynamics calculations and optimization was done for 200 
a kV gun. It includes the new quarter cryo-module. 

• The RF design of the new quarter was studied extensively FPC 
issues, HOM, microphonic, and BBU. 

• The mechanical design and manufacturing of the new quarter is 
ongoing. 

• All injector RF cavities, with exception of capture, quarter, and 
zone 3 cavities, are already converted to digital. 
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The Simulations 

• Simulations and optimizations for 200kV gun and 
the new unit were done using ASTRA and checked 
by GPT. 

• We are struggling with some of the problems that 
other labs also have. For example what is the 
distribution of the initial beam, what space 
charge algorithm should we use…. We will 
continue to study these issues. 

• Some sensitivity studies were done, we plan to do 
more. 
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Sensitivity 

Limits: 
 
Set points chosen 
randomly +/-2% around 
the nominal condition. 
 
Phase in unit +/- 5% 
 
Range: 
 
Bunch length and 
transverse emittance still 
within budget 
 
Energy spread and mean 
energy also reasonable 
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Next for Simulations 

• We need to understand the initial beam 
distribution. We will continue to study this. 

• We intend to repeat the simulations and 
optimization using the latest GPT genetic 
algorithm. 
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The New Quarter requirements 

 

Parameter Nominal value (and 

range) 

Verification tech-

nique 

Stability Settability Justification 

Beam Energy  

(end of 2 cell  

and end of 7 cell) 

0.553 MeV 

and 4.812 MeV 

S: Harp in 5MeV 

spect. 

M: BPM @ same 

within sE 

limit 

< 0.1% 

sE  < 5.0 keV 

50 keV for 12GeV 

CEBAF? 

S: Harp in 5MeV 

spect. 

M: BPM @ same 

< 10% < 10% Measurement for 

all of injector at this 

point 

Bunch length (sf) at 

entrance of full 

modules 

< 0.27 degrees Bunch length cavity within the 

0.27 degree 

limit 

with in the 

limit 

Energy spread req. 

Field amplitude in 

the 2-cell cavity 

(peak) 

4.6 MV/m (2-8 

MV/m) 

< 7.8  10-4 < 7.8  10-4 phase jitter <0.1 

degree 

Q0 for 2-cell cavity 8e9 

Qext for 2-cell cavity 4.8e6 Design for 1 mA 

QHOM for 2-cell 

cavity 

< 1e8 

Phase w.r.t. M. O. 

the 2-cell cavity 

Setup value (-17 

deg.) 

0.25 degree 0.5 degree phase jitter <0.1 

degree 

Rf kick due to 2-cell 

cavity FPC  

< 1e-3 radian To avoid spherical 

aberration, the 

beam should be < 

0.5 mm away from 

the axis at the 

entrance of the 7-

cell cavity. 
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Parameter Nominal value 

(and range) 

Verification tech-

nique 

Stability Settability Justification 

Field amplitude 7-

cell cavity (peak) 

13.2 MV/m 

(8-26 MV/m) 

< 10-3 <10-3 phase jitter <0.1 

degree 

Phase w.r.t. M. O. 

the 

7-cell cavity 

Setup value  

(-15 deg.) 

0.625 degree 0.625 Degree phase jitter <0.1 

degree 

Q0 for 7-cell cavity 8e9 

Qext for 7-cell cavity 8e6 Design for 1 mA, add 

stub tuners for 

380mA 

QHOM for 7-cell 

cavity 

< 1e8 

Rf kick due to 7-cell 

cavity FPC  

< 2e-3 radian Displacement < 1 mm 

at first 0L 

corrector/BPM. 

The New Quarter requirements (2) 
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The New Booster 
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Position of the Elements 
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Position of the Elements (2) 

16 



Reza Kazimi 08/10/2015 17 



Reza Kazimi 08/10/2015 18 



Reza Kazimi 08/10/2015 19 



Reza Kazimi 08/10/2015 20 



Reza Kazimi 08/10/2015 

078 Input File 
• &NEWRUN 

•   
Head='cebafinj.07
8 200kV  0.2pC' 

•   
Distribution='G_G_
1k_21ps_0mm21_
t.ini' 

•   RUN=001 

•   Loop=F 

•   Lmagnetized=F 

•   EmitS=T 

•   TR_EmitS=F 

•   PhaseS=T 

•   T_PhaseS=F 

•   TrackS=F 

•   RefS=F 

•   TcheckS=F 

•   CathodeS=F 

•   PHASE_SCAN=F 

•   AUTO_PHASE=T 

•   TRACK_ALL=T 

•   Lproject_emit=T 

•   ZSTART=0 

•   ZSTOP=29.02 

•   SCREEN=7.6 

•   Zemit=250 

•   Zphase=10 

•   
Max_step=400000 

•   H_max=0.4E-3 

•   H_min=0.2E-3 

•   Qbunch=0.2E-3 

•  / 

 

•  &SCAN 

•   LScan=F 

•  / 
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• &CHARGE 

•   LSPCH=T 

•   Lmirror=T 

•   ! use the 
following mesh for 
appropriate 
number of 
macroparticles 

•   !Nrad=35, 
Nlong_in=75 !28K 

•   !Nrad=25, 
Nlong_in=53 !14K 

•   !Nrad=20, 
Nlong_in=44 

•   !Nrad=18, 
Nlong_in=38 !7K 

•   !Nrad=13, 
Nlong_in=28 !4K 

•   !Nrad=9,  
Nlong_in=20 !2K 

•   Nrad=7,  
Nlong_in=14 !1K 

•   Cell_var=2.2         

•   min_grid=0.2E-6 

•   Max_scale=0.01 

•   Max_count=1000 

•  / 

 

• &APERTURE 

•  LApert=F 

• File_Aperture(1)='
RAD' 

• Ap_Z1(1)=5.37 

• Ap_Z2(1)=5.38 

• Ap_R(1)=1.2 

• File_Aperture(2)='
RAD' 

• Ap_Z1(2)=6.41 

• Ap_Z2(2)=6.42 

• Ap_R(2)=1.75 

• File_Aperture(3)='
RAD' 

• Ap_Z1(3)=7.5 

• Ap_Z2(3)=7.51 

• Ap_R(3)=1 

 

•  / 

•   

•  &FEM 

•  / 

 

•  &CAVITY 

•   LEFieLD=T 

•   
FILE_EFieLD(1)='ce
baf-invgun.dat'  

•   C_smooth(1)=0, 
C_higher_order(1)
=T 

•   Nue(1)=0 

•   MaxE(1)=-3.76 

•   Phi(1)=90 

•   C_pos(1)=0 

 

•    

• FILE_EFieLD(2)='pr
ebuncheronaxis.da
t'  

•   C_smooth(2)=0, 
C_higher_order(2)
=T 

•   Nue(2)=1.497, 

•   MaxE(2)=0.02, 

•   Phi(2)=-87, 

•   
C_pos(2)=4.03699 

 

•   
FILE_EFieLD(3)='bu
ncheronaxis.dat'  

•   C_smooth(3)=0, 
C_higher_order(3)
=T 

•   Nue(3)=1.497, 

•   MaxE(3)=0.17, 

•   Phi(3)=-95.5, 

•   
C_pos(3)=8.87507
8 

 

•   
FILE_EFieLD(4)='2c
ell-haipeng.txt'  

•   C_smooth(4)=0, 
C_higher_order(4)
=F 

•   Nue(4)=1.497, 

•   MaxE(4)=5.27, 

•   Phi(4)=-12.4, 

•   
C_pos(4)=12.3177 

 

•    

• FILE_EFieLD(5)='7c
ell1GHz5.txt' 

•   C_smooth(5)=0, 
C_higher_order(5)
=T 

•   Nue(5)=1.497, 

•   MaxE(5)=13.94, 

•   Phi(5)=-16.3, 

•   
C_pos(5)=13.0643 

• / 

 

•  &SOLENOID 

•   LBField=T 

•   
File_Bfield(1)='fb_
profile.txt' 

•   S_smooth(1)=0, 
S_higher_order(1)
=T 

•   
MaxB(1)=0.003665
3 

•   S_pos(1)=0.81509 

 

•   
File_Bfield(2)='fb_
profile.txt' 

•   S_smooth(2)=0, 
S_higher_order(2)
=T 

•   
MaxB(2)=0.012463
4 

•   S_pos(2)=2.20239 

 

•    

• File_Bfield(3)='fg_
profile.txt' 

•   S_smooth(3)=0, 
S_higher_order(3)
=T 

•   
MaxB(3)=0.001671
2 

•   S_pos(3)=3.39159 

 

•   
File_Bfield(4)='fq_
profile.txt' 

•   S_smooth(4)=0, 
S_higher_order(4)
=T 

•   
MaxB(4)=0.009912 

•   S_pos(4)=4.72649 

 

•   
File_Bfield(5)='fa_
profile.txt' 

•   S_smooth(5)=0, 
S_higher_order(5)
=T 

•   
MaxB(5)=0.027859
3 

•   
S_pos(5)=6.808153 

 

•   
File_Bfield(6)='fa_
profile.txt' 

•   S_smooth(6)=0, 
S_higher_order(6)
=T 

•   
MaxB(6)=0.020847
2 

•   
S_pos(6)=7.509828 

 

•    
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• File_Bfield(7)='fa_
profile.txt' 

•   S_smooth(7)=0, 
S_higher_order(7)
=T 

•   
MaxB(7)=0.020847
2 

•   
S_pos(7)=7.681278 

 

•   
File_Bfield(8)='fa_
profile.txt' 

•   S_smooth(8)=0, 
S_higher_order(8)
=T 

•   
MaxB(8)=0.025866
8 

•   
S_pos(8)=8.382953 

 

•   
File_Bfield(9)='fa_
profile.txt' 

•   S_smooth(9)=0, 
S_higher_order(9)
=T 

•   
MaxB(9)=0.023271
5 

•   S_pos(9)=9.14019 

 

•    

• File_Bfield(10)='fa
_profile.txt' 

•   S_smooth(10)=0, 
S_higher_order(10
)=T 

•   
MaxB(10)=0.02327
15 

•   
S_pos(10)=10.6914
5 

•  / 

 

• &QUADRUPOLE 

• Lquad=T 

 

• Q_length(1)=0.15 

• Q_type(1)=' ' 

• Q_grad(1)=0 

• Q_pos(1)=15.09 

 

• Q_length(2)=0.15 

• Q_type(2)=' ' 

• Q_grad(2)=-
0.006821 

• Q_pos(2)=18.13 

 

• Q_length(3)=0.15 

• Q_type(3)=' ' 

• Q_grad(3)=-
0.00336 

• Q_pos(3)=18.74 

 

• Q_length(4)=0.15 

• Q_type(4)=' ' 

• Q_grad(4)=-
0.011579 

• Q_pos(4)=23.92 

 

• Q_length(5)=0.15 

• Q_type(5)=' ' 

• Q_grad(5)=0.0479
898 

• Q_pos(5)=24.56 

 

• Q_length(6)=0.15 

• Q_type(6)=' ' 

• Q_grad(6)=-
0.02375 

• Q_pos(6)=27.71 

• / 
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Also See 
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The End 

• Thanks to all who have contributed to this work. 
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