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(B sty of Cotrace Key scientific goals

Tunable, collisionless variation of trapped positron / muon properties

CO, laser-driven post-processing of ATF e-beam driven particle showers:

UNIQUE: long wavelength (mid-IR) CO, laser (compared to Ti:Sapphire/NIR):

larger plasma structures — easier to physically overlay with the showers

slower structures for a lower plasma density — laser velocity slower for same density
UNIQUE: control the interaction — tunable laser, external electron beam and gas density

numerous applications benefit from a tunable positron / muon beam
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Laser-driven plasma + particle shower
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BNL ATF expt. design
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BNL ATF simulations

Aakash A. Sahai, Univ of Colorado Denver, Adv. Acc. Concepts 2024



@T University of Colorado simulations of ATF-beam driven
enver .
positron-electron showers

Gamma

. 106 T T T I I 1
<104 All secondaries from 2e5 50 MeV e- [_J7a 50 MeV 5mm 1196747
4 T T v ' ' T T T v [ 1Ta 60 MeV 5mm 1294456
TI60 MeV 5 1047991
[ Jtas0MeVv5mm 1245361 [_Jtas0 l\fev 1n(1>2m 1473879 | 1
35F [ ITa60MeV5mm 1355716 104 } 17160 MeVv 10mm 1492441 E
[_IT160 MeV'5mm 1102208 - L0 vev 20mm 1463077 | 4
3l Ta 60 MeV 10mm 1524556 3
1160 MeV 10mm 1557090 ) |
1160 MeV 20mm 1507535 10°F
2.5
£ :
10
3 2 0 10 20 30 40 50 60
O Energy, MeV

Charged secomdaries
T

T : -
[__1Ta50MeV5mm electrons 31107

[_1Ta60 MeV 5mm electrons 38309
:.......TaB60 MeV 5mm positrons 29951
17160 MeV 5mm electrons 34607
] T160 MeV 5mm positrons 19610
[__ITa60MeV 10mm electrons 31497 a

.......:Ta 60 MeV 10mm positrons 19180
11160 MeV 10mm electrons 38518

.........

Counts

-80 -60 40 -20 0 20 40 60 80
Elevation angle theta, deg

GEANT4 Acknowledgement

0 10 20 30 40 50 ' 60
Energy. MeV

Aakash A. Sahai, Univ of Colorado Denver, Adv. Acc. Concepts 2024



(THy University of Golorado sim of CO, laser driven plasma processing

phase space @ t = 3751 femto-secs

= 2D PIC EPOCH simulations — CO» laser-driven 2F | 10
post-processing of ATF beam-driven showers 1.5 ¢ ! De——10 -
i -10 ¢
=  Shower properties determined using GEANT4 ae 20 <
qc% 30 t;
= [nitialize a long shower ~ 2.5 ps - a0
50 £
= (CO, Laser-driven structures — can trap and slow- 60
down positrons = ‘ . . _ 2=~
Plasma parameters 1TW S 2TW ol | XS E D E
Den81ty 2% 10 cm B Extreme Science and Engineering
Critical Power (P.) 1.1 TW 1.1 TW 50} Discovery Environment
P/P, 0.88 1.87 s
matched-wg 32 pm 36 pm \g 40
ag 1.52 1.95 £ 30
A3 1.45 mm 1.45 mm % )
Zr (matched-wq) 0.32 mm 0.4 mm = 07
oy /Wy 0.9 0.8 10 -
. . . 0
(Strongly Mismatched Regime of Nonlinear ) . l L
Laser-Plasma Acceleration: Optimization of o ¢/wpe 0 e
Laser-to-Energetic Particle Efficiency 2D PIC simulation of CO2 laser driven
. 10.1109/TPS.2019.2914896 y post-processing of shower

Aakash A. Sahai, Univ of Colorado Denver, Adv. Acc. Concepts 2024



@l University of Colorado
Denver

Thanks = any questions

Aakash A. Sahai, Univ of Colorado Denver, Adv. Acc. Concepts 2024



