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JI0

« High Current Transport Experiment (HCX) at LBNL
- Phase | Lattice, Electric Quadrupole Doublet Focus

8-16-2001

m Particle Parameters

Ion Mass [amu] 38.9637
Charge State Zjon 1
Particle Kinetic Energy, &, [keV] 1800.
Mean Axial Velocity, Vy, [m/sec] 2.986x10°

Relativistic Factors:

Beta, PBp =Vp /C 9.952x1073
Gamma, ¥p =1/V1-By%, yp -1 4.952x107°
Gamma-Beta, Yy Bp 9.952x1073
Rigidity, [Bp] [Tesla-m] 1.206
m Beam Parameters
Current, Ip [mA] 590.
Line Charge Density, A, [pC/m] 0.1976
Dimensionless Perveance, K 9.866x107*
Flat-Top Pulse:
Duration, tp [us] 4.
Bunch Length, Vy Tp [cm] 1194.
, Vb Tp [lattice periods] 27.44
Particles, N 1.473x10%

Total Kinetic Energy, & [Joules] 4.248
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m Transport Lattice —-Hard Edge Focusing

Lattice Period, 2L [cm]

Focusing Quadrupoles:
Occupancy, Hard Edge Field, ng
Syncopation Factor, ag (ag =1/2 = FODO)
Hard Edge Field Length (Per Quad), 1lg [cm]

Magnetic Quadrupoles (equivalent if electric):

Gradient, |dBg /dy | [Tesla/cm]
Integrated Gradient, 1lg | dBg /dy | [Tesla]
Vacuum Pipe Radius, rp, [cm]

Electric Quadrupoles (equivalent if magnetic):

Gradient, | dEq /dx | [Volts/cm?]
Clear Aperture Radius, rp, [cm]
Aperture Clearance, rp =0p Max[rx, Tyl +4p
Op
Ap  [cm]
Axial Length Free (diag., pump, etc.) [cm]
Axial Distance to Start Hard-Edge Q1 [cm]

Number Lattice Periods, Niat
Transport Length, Nipe (2L) [m]
Beam Transit Time, Tres =Njar (2L) /vp [ns]

Hard Edge Lattice —— Focusing Forces

43.52

0.71
0.5
15.45

0.6379
9.856
2.3

19.05x 103
2.3

1.25
0.5591

3.155
20

8.704
2.915
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m Transport Lattice ——Transverse Beam Envelope, Mid-Pulse

x-Horizontal y-Vertical
Emittances, RMS Edge [mm-mr]
Normalized, €nx ¢ Enx 0.5233 0.5233
Unnormalized, ex, €y 52.58 52.58
Radii, ryx =2 (x2)"?, 1, =2 (y2)*"?
Avg (Lattice Period), ¥y, Ty [cm] 1.073 1.073
Max, Max[ry], Max[ry] [cm] 1.393 1.393
s-locations of Maxs [cm] ) 32.64 10.88
Min, Min[r,], Min[r,] [cm] 0.7728 0.7729
s-locations of Mins [cm] 10.88 32.64
Angles, ryx', ¥y’
Max, Max[rx ], Max[r,'] [mrad] 47.09 47.1
s-locations of Maxs [cm] 24.91 3.155
Min, Min[rx ], Min[r,’'] [mrad] -47.09 -47.09
s-locations of Mins [cm] 40.37 18.61
Matching Conditions:
Radii, 1r.[0], ry[0] [cm] 1.062 1.062
Angles, ryx '[0], ry ' [0] [mrad] -44.1 44.11
Round Beam Symmetry Points:
1st Crossing Point
Beam Radius, ryx =ry, [cm] 1.062
P s-location [cm] 21.76
{ ) 2nd Crossing Point
Beam Radius, ryx =r, [cm] 1.062
s-location [cm] 43.52

RMS Equivalent Beam Envelope
y e L P p——

Y
-,
" S,

E

)

L>'

S 1F

© 0.8} ]

o [ I

O L q

L [ ]
04l —_— 1

0 10. 20. 30. 40.

S, Axial Coordinate (cm)
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Average:
Beam Radius, 1, =+/Tx Ty [cm] 1.05
(Tx+Ty) /2 [cm] 1.073
Aperture Current Density, I/ (mrp?) [mA/cm?] 35.5
Beam Current Density, I/ (mrp?) [mA/cm?] 170.4
Beam Intensity &/ (mxp? tp) [kW/cm?] 306.7

m Transport Lattice —-Transverse Beam Dynamics, Mid—Pulse,KV Equiv

x-Horizontal y-Vertical

Particle Phase Advances [deg/period]:

Undepressed, Opx, Ooy 80 80

Depressed, Ox, Oy 13.7 13.73
Tune Depression, Ox /Oox., Oy / Oy 0.1712 0.1716
Number of Betatron Oscillations:

Undepressed, wgox Tres / (2 7), Waoy Tres / (2 77) 4.44 4.44

Depressed, Wex Tres / (2 77), Way Tres / (2 7) 0.761 0.763
Plasma Frequencies, oOpx, Opy [deg/period] 111. 111.
Number of Plasma Oscillations:

Wpx Tres / (271), Wpy Tres / (2 71) 6.19 6.19
Velocity Spreads, RMS, Vix,ty = { (Vx,y —Vx,y)z )1/2

Max, Max([Vvix /Vp], Max[vVey / Vp ] 0.0034 0.0034

Min, Min[vex /Vp], Min[vey, / Vb ] 0.00189 0.00189

Avg (Lattice Period), Vi / Vb, Viy / Vb 0.00256 0.00256
Temps, Spatial Avg, Tx,y =M ((Vx,y - Vx,y)2) [eV]:

Max, Max[Tyx], Max[Ty] 41.7 41.6

Min, Min[Tx], Max[T,] 12.8 12.8

Avg (Lattice Period), Ty, Ty 23.6 23.6
Betatron Functions, Bx, By

Avg (Lattice Period), By, By [m] 0.3939 0.3939

Max, Max[Bx], Max[By] [m] 0.6707 0.6707

s-locations of Maxs [cm] 32.64 10.88
Min, Min[Bx], Min[By] [m] 0.1684 0.1684

s-locations of Mins [cm] 10.88 32.64
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X-Orbit (Arb Units)

Betatron Functions

r ’J’-;‘ T y Y ) T Y T Y T u T v T T
»° »,
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o 10. 20 30, 40,
s, Axial Coordinate (cm)

Cosine-Like Principal x—Orbits
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— Sine-Like Principal x—Orbits
N/ ’ Depressed and Undepressed

o |
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0. . .1.. — .2'. — .3.. N .4..
s, Axial Coordinate (Lattice Periods)

Envelope Modes, Continuous Focusing Model:
Frequencies [deg/period]:

Breathing Mode 115.
Quadrupole Mode 83.5
Envelope Oscillations:
( 3 Breathing Mode 6.38
S Quadrupole Mode 4.64
Max Envelope Excursion [cm]:
+ 1% Mismatch 1.41
+ 10% Mismatch 1.53
Average Radius Beam Properties, rp =+/Tx Ty

Space-Charge Potential, ¢ (r) [kV]

Edge Beam, ¢ (r=1xp) 2.7

Center Beam, ¢ (r =0) 4.4
Number density, @y [#/cm?] 3.41x10°
Plasma Frequency, Wpy [rad/sec] 1.24x107
Plasma Wavenumber, Ky, =@Wgp / Vb [rad/cm] 0.0414
Temperature, T [eV] 22.6
Debye Length, Xg [cm] 0.0605

Thermal Beam Width, /25 17.4

P
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Self-Field Potential Well

— y — T —

Potential (kV)

Beam Halo -- Approx Core-Particle Model Scaling
Xmax = Max resonant particle amplitude
Mismatch Amplitude = Max[ry] /Max [Ty ]

mismatched matched

Radial Extent of Breathing Mode Halo

Max Halo Amplitude [cm]

2. b :
1.5 N R I N ]
1 1.1 1.2 1.3 1.4 1.5

Mismatch Amplitude
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m Transport Lattice —-Longitudinal Beam Dynamics, Mid-Pulse

Vel Spread, RMS, Vi /Ve = {(vs-V5)?)"" /¥ 0.00181
Vez [cm/usec] 0.54
Temp, Tz=m<(vz—Vb)2) [eV] 11.8
Thermal Anisotropy, T_z/ [(Tx +Ty) /2] 0.5
Average g-Factor, g = 2 In[rp /rp] 1.57

Normalized Cold Space-Charge Wave:

Characteristic Wave Speed, cg/Vp 0.0278
, Cs [cm/usec] 8.3
Fast Wave, Phase Velocity, V' /Vp 1.03
Beam-Frame Propagation, (V'-Vp) Tres [Cm] 24.2

Slow Wave, Phase Velocity, V™ /Vp 0.972

Beam-Frame Propagation, (V' -Vp) Tres [Cm] -24.2

m Transport Lattice —-Longitudinal Beam Dynamics, Bunch Head

Cold Beam Head Erosion Without Confinement:

Max Head Velocity, 2cg [cm/usec] 16.6
Lattice Transit Time [usec]:

Bunch Head, Theag 2.76
Start of Mid-Pulse, Tsiix 3.
Length of Head Erosion, leroge = 3 Cs Triz1 [cm] 74.7

+ lerode [lattice periods] 1.72
Duration of Erosion Zone, Terode = Tfill — Thead [MS€C] 0.237

Cold Beam Head Erosion
Line Charge at Time t = Thead

1._ PP T T -..
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Cold Beam Head Erosion

[/]
; Axial Flow Velocity at Time t = Theaq
QD [T ———p—_———— e T—rT]
>
| [ ]
=15} :
> ]
8 1} :
15 4
> ]
© 05} -
ﬂ) 4
N [ -
R | /AU SE—
o) 17.5 18. 18.5 19. 19.5 20. 20.5 21.
Z Axial Coordinate (Lattice Periods)

m Transport Lattice —-Quadrupoles, Electric

Clear Aperture Radius, rp [cm] 2.3
Axial Length [cm]:
Hard-Edge Field, 1q 15.45
Endplates, 1.27
Quadrupole Assembly, 19.76
Free in Period (for Diag., Accel., Steer, Pump) 2.
Quadrupole Rods:
Lengths [cm], 15.45
Radii [cm], 2.63
Endplate-Rod Axial Gaps [cm], 1.77
Biases (Bipolar, Rod to Ground) [kV], 50.4
Maximum Working Biases (for spec. gaps) [kV]:
Endplate-Rod Gap 66.5
Rod-Rod Gap 77.

m Injector
Beam current and envelope data are taken from mid—puise,3D PIC simulations of the
modified ESQ injector carried out with the WARP code.

System:
Particle Kinetic Energy, &, [keV] 1800.
Current, Ip [mA] 590.

x-Horizontal y-Vertical
Expected Envelope Parameters:

Radidey—Ey-yEy-[-cm] 3836 3653
Angles, ryx', ry [mrad] -37.92 45.38
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Source:

Radius [cm] 5.08

Radius of Curvature [cm] : 20.3

1-D Equivalent Radius [cm] 5.12

Area [cm?] 82.4

Current Density [mA/cm? ] 7.16

Current [mA] 590.

Temperature [°C] 950.
[eV] 0.105

Effective Diode Geometry:

1-D Equivalent Length [cm] 28.2

Voltage [kV] 750.

Particle Transit Time [us] 0.439

Emittance Dilution Factor 3.

Ideal Diode Pulse —— Head
8(“).' . e e ———

= 600. _

>

4

N’

2 400.

=)

T

>

200.

0 ! M TP PP TP T
0 0.2 0.4 0.6 0.8
Time from Emission Start (usec)
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Ideal Diode Pulse —— Tail
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