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Beam Injection:
Quantities Measured

« All quantities simulated with 10,000
tracks at 5, 10, 15, 20 MeV

* Primary Energy Loss
« Scattering Angle ¢

— Angle between track and beam-axis z
» Perpendicular Scatter 6

— Angle w.r.t. x axis in the xy plane,
perpendicular to the
beam-axis z.

« Beam Profile
« Beam Profile Projections in X and Y




P

I p—
st
fE \
[ ol )
(= |
VR !
'-.'-r~] T i

g ﬁ
MAX-PLANCK-CESELLSCHAFT

Beam Injection:
Perpendicular Injection



MAX

“ Perpendicular Injection: Energy Loss
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| priScatAng_eGunDiamondWinZum5MeV_electronsied |
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Perpéndicular Injection: Scattering Angle

| priScatAng_eGunDiamondWinZum10MeV_electronsied |

fpriScathng10MeY_slectrons 1ed

Entries 9950

600

500

MPV

400

300

200

100

Mean 0.2222
RMS 0.1718

10 MeV
= 0.15°

S

1.2 1.4
8(°)

priScatAng_eGunDiamondWin2um20MeV_electrons1ed |

|priscating2oMey_stectronsed

Entries 9987

1000

2

800

600

400

200

MPV = 0.075°

Mean 0.1175
RMS 0.107

0 MeV




i

W ‘r e
M

MAX-PLANCK-CESELLSCIE

Perpéndicular Injection: Perpendicular Scatter
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Perpendicular Injection (1m): Beam Proflle (°)
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r Injection (10cm): Beam Profile (°)
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PerpéHdicuIar Injection (10cm): Beam Profile (X projection mm)
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priY_eGunDiamondWin2um_10cm5MeV_electronsied4 pMeV_electronsied

endicular Injection (10cm): Beam Profile (Y projection mm)
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“Large-Angle Injection (15°): Energy Loss

| priELoss_eGunDiamondWin2um15deg5MeV_electrons1ed |ss5MeV_electronsied

450

400

350

300

250

200

150

100

50

0

ENtries 9699
Mean 3.342
RMS 1.319
¥* I ndf 1025/ 90
Prob 0
Constant 2270 + 36.5
MPV 2.56 + 0.01
Sigma 0.4075 + 0.0052

5 MeV
MPV = 2.75 keV

priELoss_eGunDiamondWin2um15deg15MeV_electrons1ed

fs15MeV_electronsied

450

400

350

300

250

200

150

100

50

0

F

ENTries 9697
Mean 3.39
RMS 1.278
%2 I ndf 1121/ 88
Prob 0
Constant 2261+ 37.5
MPV 2.638 £0.012
Sigma 0.405 + 0.005

15 MeV
MPV = 2.75 keV

r
-
Fr

| priELoss_eGunDiamondWin2um15deg10MeV_electronsie4

}s10MeV_electronsied

400

350

300

250

200

150

100

50

Entries 9686
Mean 3.392
RMS 1.301
x* I ndf 1006 / 89
Prob 0
Constant 2308 £ 37.8
MPV 2.632+0.0M1
Sigma 0.4009 + 0.0053

10 MeV
% 2.75 keV

5 6 7 8 9 10

keV

priELoss_eGunDiamondWin2um15deg20MeV_electronsied

[s20MeV_electrons1ed

450

400

350

300

250

200

150

100

50

0

ERtes 9701
Mean 3.382
RMS 1.291
$* I ndf 1121/ 90
Prob 0
Constant 2281+ 38.1
MPV 2.628 + 0.012
Sigma 0.401+ 0.005

20 MeV
MPV = 2.75 keV




| AL
bt
R

MAX-PLANCEK-GE

Lar
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ge-Angle Injection (15°): Scattering Angle
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~ Large-Angle Injection (15°): Perpendicular Scatter
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Large-Angle Injection (15°): Beam Profile @ 1m
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e-Angle Injection (15°): Beam Profile (X projection) @ 1m
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Largé-'AngIe Injection (15°): Beam Profile (Y projection) @ 1m
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Beam Injection:
Shallow-Angle Injection
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Shalibw-AngIe Injection (5mrad): Energy Loss
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llow-Angle Injection (20mrad): Scattering Angle
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Shallow-Angle Injection (5mrad): Scattering Angle
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Shai'I'6\IV-AngIe Injection (20mrad): Perpendicular Scatter
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Shai'I'6\IV-AngIe Injection (5mrad): Perpendicular Scatter
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Shallow-Angle Injection (20mrad): Beam Profile @ 1m
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Shallow-Angle Injection (5mrad): Beam Profile @ 1m
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Shali'd\llv-AngIe Injection (5mrad): Beam Profile (X projection) @ 1m
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low-Angle Injection (20mrad): Beam Profile (Y projection) @ 1m

i

| priY_eGunDiamondWin2um_20mrad5MeV_electronsie4 pMeV_electronsied

800

700

600

500

400

300

200

100

ENtries 9987
Mean 0.7319
RMS 71.93
¥* I ndf 1945/ 91
Prob 0
Constant 422 +9.6
Mean 6.449 + 1.086
Sigma 60.82 +1.20

pri¥_eGunDiamondWin2um_20mrad10MeV_electronsied [OMeV_electronsTed

1l o et

I T A B it |

5 MeV

g IIII|IIII|IIII|IIII‘IIII|IIII|\\II|IIII

4

200 300 400
Y (mm)

| priY_eGunDiamondWin2um_20mrad15MeV_electronsie4 pMeV_electronsied

1400

1200

1000

800

600

400

200

Entries 9991
Mean -0.07636
RMS 42.63
x* I ndf 1619/ 75
Prob 0
Constant 1256 + 20.4
Mean 6.989 + 0.240
Sigma 21.28 + 0.26

L Nl

10 MeV

4

=]
o

200 300 400
Y (mm)

2000

1800

1600

1400

1200

1000

800

600

400

200

ENTries 9996
Mean 0.1634
RMS 28.5
%2 I ndf 980.7 / 64
Prob 0
Constant 1903 + 27.0
Mean 3.053 + 0.167
Sigma 15.12 + 0.14

pri¥_eGunDiamondWin2um_20mrad20MeV_electrons1e4  PMeV_electronsied

PRSI BT ST R cly N L o L L

15 MeV

4

200 300 400
Y (mm)

2500

2000

1500

1000

500

ERtes 9998
Mean -0.116
RMS 22.47
$* I ndf 698.8/ 54
Prob 0
Constant 2508 + 33.1
Mean 1.396 + 0.130
Sigma 11.83 + 0.10

PR R R R R N RN TR TR P

20 MeV

4

=
(=]

200 300 400
Y (mm)




Lﬂx
~ Shallow-Angle Injection (5mrad): Beam Profile (Y projection) @ 1m
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Discussion:
Explanation of Asymmetric Behaviour
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Discussion:
Explanation of Asymmetric Behaviour

e Large angles only see
scattering due to apparent
thickness of window.
=> (Gaussian Beams.

« Small angles see

| scattering greater than the
window angle itself.
=> Horrible Beams...

35



P

I p—
st
fE \
[ ol )
(= |
VR !
'-.'-r~] T i

g ﬁ
MAX-PLANCK-CESELLSCHAFT

Discussion:
Critical Angle of Symmetry Breaking
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MAX-PLANCK-CESELLSCHAFT

Critical Angle Vs. Thickness

o Critical Angle of Injection vs. Diamond Window Thickness. Critical Angle of Injection vs. Diamond Window Thickness.
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MAX-PLANCK-CESELLSCHAFT

Critical Thickness Vs. Angle

. Critical Thickness of Diamond ¥indow vs. Injection &ngle. _‘ Critical Thickness of Diamond Yindow vs. Injection Angle.
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Work in Progress

 Looking at incorporating Electron Gun beam
parameters into these Geant simulations.

— Requires phase-space transformations of Monte-Carlo
random variables to yield tracks with correlated initial
positions (X,, Y,) and momenta (x'y, Y',) given o,, o,. and
ERMS-

— Needs more complex geometry to allow measurement
at 20 cm with a rotated target.

 This distance would currently overlap the target and detector.
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Monte-Carlo Phase Space Transformation

« Given the beam parameters o,, 0, and egys, the ellipse in
phase-space has semi-axes of:
., ~tan?d — 3

a* = - : € b
ftan2f — y BMS

P tan? 6 — r
3 “RMS
“k

~ ~ytan?d —

where the variables are the Twiss parameters.

* Which can produce the appropriate random variables X &
X' for x and x’:

(x)=(e ~0) (Glon)

where G(U, o) is a random variable following a Gaussian distribution.
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Conclusions

« Small-angle beam injection through non-perpendicular window very messy:
hence possibly impractical?
— Significant energy losses
— Asymmetric beam scatter
» Perpendicular/large-angle injection through window solves asymmetry
— This requiring more complex construction of plasma cell and electron gun interface.

— Potentially causes problems for metal-vapour cell thermal uniformity & electrical
discharge cell construction/operation.

« Scatter will clearly reduce beam flux captured by the wakefield.

Gurrent work will allow the simulation of realistic electron beam profiles for PIC
side-injection.
— Electron gun beam parameters needed! (o,, 0., €qus)
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