Evolving the UITC layout (Grames, 5/12/14)

&bunched_beam
n_particles_per_bunch=1024,
emit_x=4e-08, emit_y=4e-08,
beta_x=1.345, alpha x=-3.0Z,
beta_y=1.345, alpha_y=-3.02,
sigma_dp=1le-05,sigma_s=0.0,
distribution_type[0] = 3*"gaussian",
distribution_cutoff[0] = 3*3,
enforce_rms_wvalues[0]=1,1,1
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Manual (or auto-optimizing) “knob-tweeking” easy
(magnets, RF, distances, etc)

= Meodify UITC S =
Input Conditions
Lattice UITC.Ite | Beamline uiTc I Start _BEG_ |
Parl.il:les!BunchI 1024 dpfpl 1e-05 Bunl:hlengthl 0.0
Momentum {(MeV) twiss = i
“~ design 0.693 1.34500 1.34500
- machine beta (m) | 1.34500 | 1.34500
- ather I -3.02000 -3.02000
alpha | -3.02000 | -3.02000
4.000e-08  4.000e-08
emit ¢y | 4.000e-08 [ 4.000e-05
1 normalized
CSBEND | RFCa ]
~- Elegant Units .- CS Units
ELEMENT | ~ DESIGN | . MACHINE | MODIFIED |-
s1 14.00000 | 13.00000
sz 15.00000 | 15.00000
534 -12.00000 | -12.00000
S3B 12.00000 | 12.00000
S48 -12.00000 | -12.00000
S4B 12.00000 | 12.00000
558 -12.00000 | -10.60000
S5B 12.00000 I 10.60000
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_BEG_  0,000000e+00  0,000000e+00  1,066800e+02 0, 000000e+00
PARMMATCH  0,0000002+00  0,000000e+00  1,066800e+02 0, 0000002+00
1 5,000000e-01 -1,234093e-01  1,066800e+02  4,8259628e-01
S51-C 5.280100e-01 -1,358523e-01  1,066800e+02  5,071206e-01
D2 1,300020e+00 -3,364707e-01  1,066800e+02  1,255723e+00
MDS-C  1,338020e+00 -3,414166e-01  1,066800e+02  1,293290e+00
I3 2,12B020e+00 -3,463624e-01  1,0BEB800e+02  2,080857e+00
S2-C 2,149695e+00  -3,463624e-01  1,06B800e+02  2,104532e+00
D4 2,768370e+00 -3,463624e-01  1,0BEB00=+02  2,723207e+00
WF  3,077870e+00 -3,463624e-01  1,0BEB00=+02  3,022707e+00
05 3,672870e+00 -3,463624e-01  1,0BE800=+02 3, E27707e+00
S3RA-C 3.68925%e+00 -3,463624e-01  1,0B6800e+02  3,644092e+00
SEB-C 3.72202%e+00 -3,463624e-01  1,066800e+02  3,676862e+00
06 4,412410e+00 -3,463624e-01  1,066800e+02 4, 367247e+00
BUN  4,564410e+00 -3,463624e-01  1,066800e+02  4,515247e+00
07 5,238410e+00 -3,463624e-01  1,066800e+02  5,193247e+00
S4p-C 5.254795e+00 -3,463624e-01  1,066800e+02  5,209632e+00
S4B-C 5,287565e+00 -3,463624e-01  1,0B6800e+02  5,242402e+00
I8 6,803950e+00 -3,463624e-01  1,0BEB800e+02  B,758787e+00
SBA-C 6,B20335e+00 -3,463624e-01  1,0B6800e+02  B,775172e+00
SEE-C 6,853105e+00 -3,463624e-01  1,0B6800e+02  £,807942e+00
09 8,369490e+00 -3,463624e-01  1,0BE800e+02  8,324327e+00
CU  8,369490e+00 —5.48382%—01 1.06E800e+02  B,324327e+00




Main Considerations for Layout

HDIce Typical CEBAF Lifetime Studies Other
experiment: e.g., without RF
Bubble Chamber acceleration
Gun Voltage 350 kV 350 kV 350 kv
Polarization Yes Yes/No Yes/No
Beam 10 nA 100 uA 10 mA
Current
Repetition 499 or 1497 MHz 499 or 1497 MHz 499 or 1497 MHz 31 MHz
Rate
Bunch 0.02 fC 0.2 pC 20 pC
charge
Laser 780 nm 780 or 532 nm 780 and 532 nm
wavelength
Laser 35 ps 35 ps 35 ps
pulsewidth
Laser spot 0.3 tolmm 1 mm 1 mm orlarger
size

How to fold in hardware for...

HDIce/Experiments

Spin manipulation - Wien filter, compensating quads

MeV energies — diagnostics for bunching, energy gain
Gun R&D/Diagnostics

* Transverse emittance -
e Longitudinal emittance -



What might a gun R&D diagnostic beam line look like?

HDIce Typical CEBAF Lifetime Studies Other
experiment: e.g, e B Parameter “Plan” Measured
Bubble Chamber acceleration
Gun Voltage e i . Bunch charge | 0.01-1000 pC | 0.3 —125 pC
Polarization Yes Yes/No Yes/No
Beam 10 nA 100 uA 10 mA .
Current Laser size (R) 0.1-3.0mm 1.06mm, 1.95mm
Repetition 499 or 1497 MHz 499 or 1497 MHz 499 or 1497 MHz 31 MHz
Rate
— T 0.2 pC 20 pC Pulse length (T) | 15— 25 psec 19.3 — 25.2 psec
charge
Wa\l;:f:r:gth 780 nm 780 0r 532 nm 780 and 532 nm Voltage > 500 kV 250' 300 kV
Laser 35 ps 35 ps 35 ps
pulsewidth E-Field <10 MV/m 10.5 MV/m @ 4.8 cm
Laser spot 0.3 tolmm 1mm 1 mm or larger
e 6 MV/m @ 10.6 cm
Wire scanner 2,
Valve

Viewer

Faraday
cup

Sit, Dipole

. Wire scanner 1,
Viewer

Viewer



At low bunch charge
space charge effects
are negligible.

Emittance scales with
laser spot size.

Momentum spread is
indistinguishable

... VS. laser spot size (happens to be 250kV)

Because transverse
space charge forces are
larger for smaller radius
beam, these are
stronger sooner.

Because longitudinal
space charge force is
larger for smaller radius,
bunch elongates faster,
suppressing total
energy spread.



... VS. laser pulse length (happens to be 250kV)

The longitudinal
space charge forces
are larger for shorter
bunch.

At low bunch charge
space charge effects
are negligible.

Emittance scales with

laser spot size. Both transverse and

longitudinal forces
tend to be larger and
lead growth.

Momentum spread is
indistinguishable




At low bunch charge
Transverse and
longitudinal space
charge forces are
smaller.

There is little to no
difference in
emittance or energy
spread.

... VS. gun voltage (happens to be 20ps pulse length)

R =1.06 mm

""'ll| T P R

The transverse and
longitudinal space
charge distributions
are identical.

The reduced rigidity
of the lower voltage
beam means
longitudinal and
space charge forces
are weaker at higher
energy, i.e. higher
momentum.



Next steps ... discuss beam line “features”

= Needed (HDIce) => can turn crank for zeroth-order layout
=  Spin components
= Longitudinal components

= Desired (R&D) => characterizing parameters space from gun for features
v' Geometry
<> John provided gun .dxf layout
<> Carlos provided gun POISSON deck (will match/adjust to .dxf)

v’ Simulation
<> LANL-PARMELA: Erik Werlau setup fast Win7 box (CISPARMELA)
<> BEARD-PARMELA: CC granted me access to search/backup his files



