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(B sty of Cotrace Key scientific goals

Tunable, collisionless variation of trapped positron 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 beam
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Channeling of Positrons Spatial sampling of crystal electrons
J. U. Andersen® and W. M. Augustyniak b = .ﬂ- ht -h-l t- f
Bell Telephone Laboratovies, Muvvay Hill, New Jevsey 07974 y In- Ig annl I a |0n 0
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b, oo fast positrons
Institute of Physics, University of Aarhus, 8000 Aarhus C, Denmark ) )
A. W. Hunt*t, D. B. Cassidy* , F. A. Selim:, R. Haakenaasens,

(Received 7 July 1970)
T. E. Cowant, R. H. Howellt, K. G. Lynnll & J. A. Golovchenko* 9+

NATURE | VOL 402 |11 NOVEMBER 1999

IEEE Transactions on Nuclear Science, Vol. NS-26, No. 3, June 1979 I_I_N I_ 2 65 Mev pOSi’[ron
. ~—
CHANNELING RADIATION FROM POSITRONS 22Na source — 105/8 75° magnet 53;”;
Slits

M. J. Alguard,* R. L. Swent,* R. H. Pantell,* B. L. Berman,t S. D. Bloom,t and S. Datztt

Final focusing
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\. 66 cm l 208 c

m

VOLUME 77, NUMBER 10 PHYSICAL REVIEW LETTERS 2 SEPTEMBER 1996
Goniometer
and target

Increased Elemental Specificity of Positron Annihilation Spectra

...development of practical atomic-scale channeling

P. Asoka-Kumar,' M. Alatalo,! V.J. Ghosh,! A.C. Kruseman,” B. Nielsen,' and K.G. Lynn!

1R, Dl Univrsiy o Tochmotogy Hokehmey 15, NE 353905 Dol Th Netherlands measurements of electronic spin densities, and momentum
profiles in addition to valence and bonding e- density
maps.
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Supplementary material Figure 1: Typical series of ten spectra of the laser-accelerated
electron beam, as recorded on the LANEX screen before the insertion of the solid target. The
overall electron beam charge fluctuated within less than 10% and the peak electron energy
was consistently of the order of 200 MeV.

increases for materials with higher atomic number. This
trend is quantitatively confirmed by integrating the experi-
mental spectra in the range 90 < E,+(MeV) < 120 (see
Table I and Fig. 3). Within this energy range, a maximum
positron number of (2.30 = 0.28) X 10° is obtained for the
material with the highest Z (Pb). Fitting the data keeping j
as a free parameter, we obtain a best fit for j = 2.1 = 0.1

week ending

PRL 110, 255002 (2013) PHYSICAL REVIEW LETTERS 21 JUNE 2013

Table-Top Laser-Based Source of Femtosecond, Collimated, Ultrarelativistic Positron Beams

G. Sarri,' W. Schumaker,” A. Di Piazza,> M. Vargas,2 B. Dromey,1 M. E. Dieckmann,' V. Chvykov,2 A. Maksimchuk,?
V. Yanovsky,”> Z. H. He,> B. X. Hou,? J. A. Nees,” A. G.R. Thomas,” C. H. Keitel,> M. Zepf,"* and K. Krushelnick?
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@] University of Colorado Yr. 1 — expt. layout — interaction region

Denver
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[ —
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(g Uiy of ooorece our diagnostics — positron & y-ray

a)

c
R2DTO object 1 X magnification — double foil 6.2 X magnification — single foil

LANL gamma-ray diagnostics

LLNL positron spectrometer Laser and Particle Beams 36, 502-506. (2018)

Rev. Sci. Instrum. 79, T10E533 (2008)
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@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 T
[__ITa50MeV 5mm 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

0 L e
-80 -60 40 -20 0 20 40 60 80 , 1
Elevation angletheta,deg [ ina UMW nglepe e o e L |
GEANT4 Acknowledgement: : T T R R :
J. Resta-Lopez, V. Rodin (Cl) and LLNL ' l , A 1% s a1 i 1M iR H l
0 10 20 30 40 50 60

Energy. MeV

Mar 27, 2024, 26" Accelerator Test Facility (ATF) Users' Meeting



L)

University of Golorado sim of CO, laser driven plasma processing

2D PIC EPOCH simulations — CO2 laser-driven
post-processing of ATF beam-driven showers

Shower properties determined using GEANT4
Initialize a long shower ~ 2.5 ps

CO, Laser-driven structures — can trap and slow-
down positrons

Plasma parameters 1TW 2TW
Density 21 101 cm' 3

Critical Power (P¢) 1.1 TW 1.1 TW
P/ P 0.88 1.87
matched-wy 32 um 36 um
ag 1.52 1.95

Iy 1.45 mm 1.45 mm
Zr (matched-wp) 0.32 mm 0.4 mm
"rIwo 0.9 0.8

(Strongly Mismatched Regime of Nonline)
LaserbPlasma Acceleration: Optimizatior
Laser-to-Energetic Particle Efbciency

_ r10.1109/TPS.2019.2914
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@l University of Colorado .
Denver Proposed Milestones

Run 1 — elecitron beam and low-power CO, laser

characterization of positron-electron jet production in solid target, over
the sub-ps electron beam parameter-space (spot-size, charge, current) and
Its interaction with gas and low -power (0.5TW) plasma

Run 2 — demonstration of spatio-temporal overlap between a high -
power (>1 TW) CO, laser pulse within the plasma-cell along with positron-

electron jets

Run 3 — demonstration of tuning of the characteristics of positrons
by scanning over electron beam, CO2 laser and plasma properties.
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(T8 University of Goloracio CO, Laser Requirements
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@]’ ety of colorade Snacial Equipment Requirements and Hazards

| Electron Beam
I Beam termination within the chamber
I Gas jet in the vacuum chamber @ beamline 1
I ePPS spectrometer inside the vacuum chamber on beamline 1
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G Loy of Coloraco Experimental Time Request

CY2023 Time Request

"#"$968%0( )<+# - +/0 1+22%23,-.+/0
Electron Beam Only " #$

Laser® Only (in Laser Rooms)

Laser(s)* + Electron Beam

Time Estimate for Remaining Years of Experiment (including CY2023)
"#'$%8& %' )*+#,-.+/0 1+22%23,-.+/0

Electron Beam Only Good for year 1 (but pre-amp CO2
level would be very useful)

Laser® Only (in FEL Room)
Laser(s)* + Electron Beam #$ %%$$

* Laser = Near-IR or LWIR (CO,) Laser
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