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(THy Univrsiy of Colorado 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) CO2 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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GG ety of Coloreo experimental layout
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(Tl unversty of Calraco experimental layout - I

Setup on a separate breadboard
Two 90-degree turning mirrors ahead of the FF OAP
space from OAP to gas jet > focal length

CO, laser
chamber entry )
gas jet
CO, laser
¢ chamber exit
CO, laser

inline mirror
electron beam

Vector =

CO, laser
final focus
OAP

picture of the BNL-ATF vacuum chamber with labelled components
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(T Unverstyof Colreco expt. layout — interaction region
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(T Uniersiy of Goloraco interaction region — target wire

Denver

light blocked versus distance

1.0 — 1lmm wire
— 0.5mm wire
M Tantalum Wire, 0.5mm, 1m, 99.99% Pure
Brand: MAOSHOO
0.8 $36%
Material Tantalum
Color Blue
Brand MAOSHOO
- UPC 606052864807
@ 0. 6 . Manufacturer MAOSHOO
=
8 About this item
— * Tantalum Metal Wire, Diameter 0.5mm, Length 1m, High Purity 99.99%
= » See more product details
4
L E Report an issue with this product or seller
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(T Uniersiy of Goloraco REPPS — LLNL positron spectrometer

Denver

REPPS Layout

Adjustable Clamp for
pivoting mirror

\ REPPS - sufficient space on the optical
Narrow slol(s) for breadboard to fit the LLNL spectrometer in
viewing scintillators . : .

the space after the interaction region.

Insertable
IP/Scintillator cartridges
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BNL ATF simulations
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@T University of Colorado e-beam driven positron-electron showers

Denver
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(T Uniersiy of Goloraco PIC modeling of electron-positron showers

Denver

=  Shower properties determined using GEANT4
= |nitialize a long shower ~ 2.5 ps
= Pair-plasma analytical model when produced by a relativistic electron beam - bremsstrahlung and pair-

production. BRSNS .. ST
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(T Uniersiy of Goloraco Physics behind the interaction

Denver

Linear a,=0.5 (a) I Quasi non-linear a,=1.8 . Blowout a,=4.0

T TT T T T L

longi E field longi E field

y vy v H
- T e's'"

trans E field I trans E field ) ' trans E field l

= Linear regime — interaction or overlap distance is LIMITED

= Blowout regime — positron focusing region is limited and can change — destroying the trapped positron

» Quasi-linear regime — optimal interaction distance and large enough focusing region to trap positrons
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@T Universiy of Colorado PIC modeling of the interaction
ver

= pair-plasma waist-size of 50 microns and longitudinally spans the entire box
» 3D cartesian grid - resolves Ao = 9.2 microns with 25 cells inn longitudinal / 10 cells in transverse
» (Gaussian envelope of length 250fs, laser waist of 50 microns and ag = 1.3

¢ density Ot 16ps

jao = 1.3 plasma electron

e ¢ C
proposed prototype

no =2X 1017cm-3 . post-processing

Nery = S T r (
nomentum phase space O t = 0 fs elec momentum phase space O ¢ = 16ps ' x} e~ energy €) spectra @ t =16ps

shower distribution
spectrometer trace

positron beam

. raw
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Spectrometel' trace 3 D PIC 5 “:: .Xul

Its

un

shower positron post-processed

p : ( ( ( ' l | positron beam
‘ ' ‘ | energy spectrum
I ALY F1

3D PIC (EPOCH) simulations of the interaction between pair-plasma and laser-driven plasma
demonstrating the trapping and production of positron bunches.

Kineti energy MeV
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Milestones
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(THy universty of Colorado Proposed Milestones

Year 1 — electron beam and low-power CO, laser
characterization of positron-electron jet production in solid target using REPPS,

over the sub-ps electron beam parameter-space (spot-size, charge, current) and
its interaction with gas and low-power (0.5TW) plasma.

Year 2 — demonstration of spatio-temporal overlap between a high- power (>1
TW) CO» laser pulse propagating within the plasma formed by laser-ionized flow
from the gas jet and the positron- electron jets excited in the wire target by the
electron beam propagating along the laser axis.

Year 3 — demonstration of tuning of the characteristics of positrons
by scanning over electron beam, CO, laser and plasma (gas jet) parameters.
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(T Uniersiy of Goloraco existing positron sources

Denver

Cadmium

(b) Defect concentration

1. Neutrons (n) and gammas | Biotogical Pelletron electrostatic accelerator Detector system () Defect size
(y) are emitted from fission 2
reactions in the reactor
core.

* 2. Neutrons react in the
cadmium shroud producing
additional gamma rays.

3. Gamma rays interact by
pair production in the
tungsten moderator to form
positrons.

4. Positrons thermalize and

Tungsten are emitted from the

moderator tungsten surface with
energies of a few electron
volts (eV). A

PULSTAR NCSU Fission reactor - positron sprce user-facilit LLNL Na-22 beta plus positron source and positron spectroscopy
[source: https://www.ne.ncsu.edu/nrp/user-facilities/intense-positron-beam/| [source: https://str.lInl.gov/str/Howell.html]
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HZDR Germany - ELBE Positron (EPOS) facility
[source: http://positron.physik.uni-halle.de/EPOS/] electron linac
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@]’ University of Colorado raw positron-electron showers

Denver

shower = beam 1010 Maxwellian spectrum
pair-plasma = beam o
@ 108:
~— F
=
6
Z 100 1
" showers > MeV electrons on converter target & 0t H ” :
" positrons NOT isolated L0? \ \ ‘ J | \ ] |
0 5 0 15 20 25 30 35
" positrons still divergent Positron energy (MeV)

orders-of-magnitude
roll-off at
high-energies

® un-localized in momentum space

AF-135| Sahai | Apr 30, 2025, 27th Accelerator Test Facility (ATF) Users' Meeting




@T University of Colorado . . .
Denver Numerous positron applications

PHYSICAL REVIEW B VOLUME 3, NUMBER 3 1 FEBRUARY 1971
Channeling of Positrons Spatial sampling of crystal electrons
J. U. Andersen™ and W. M. Augustyniak : : i 1
Bell Telephone Labovatovies, Murvay Hill, New Jevsey 07974 by In'ﬂlg ht annlhllatlon Of
d .
e fast positrons
E. Uggerhgdj
Institute of Physics, University of Aarhus, 8000 Aarhus C, Denmark . .
A.W. Hunt*t, D. B. Cassidy*t, F. A. Selim#, R. Haakenaasens,

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

NATURE [VOL 402 [11 NOVEMBER 1999

IEEE Transactions on Nuclear Science, Vol. NS-26, No. 3, June 1979 LLN L 2 65 Mev pOSitron

—
CHANNELING RADIATION FROM POSITRONS 22Na source — 105/s  75° magnet Beam
Slits Nal

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

Final focusing

solenoid /\H
\. 66 cm l 208 ¢

VOLUME 77, NUMBER 10 PHYSICAL REVIEW LETTERS 2 SEPTEMBER 1996
Goniometer
m and target
Increased Elemental Specificity of Positron Annihilation Spectra
P. Asoka-Kumar,! M. Alatalo,! V.J. Ghosh,! A.C. Kruseman,? B. Nielsen,! and K. G. Lynn! e development Of praCtlcal atomIC-SCa|e Channellng
A1, Delft Univeroly of Foshantosr Hobemes 10 W5-369078 Dol The Nesheronds measurements of electronic spin densities, and momentum
profiles in addition to valence and bonding e- density

maps.
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@]’ Sowersity of Golorado kd laser-based positron-production

T
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H. Chen et. al. SIS Long-pulse Laser
PRL 105, 015003
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(O Universiy of Goloraco Laser driven e-beam shower production

Denver

(a) 2¢cm
5 em plastic —
yoke (steel)
lcm hole > lasti
4cm 15 cm plastic
NN
LASER ¢ - %_e_r_ _______
Gasjet
1em Teﬂon,/’) 15 cm plastic
solid target./ <> yoke (steel) Ox i (MeV) ™
Tem  1em 1 cm Teflon—>_|IP b (@) 100 150 200 250

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,” B. Dromey,! M. E. Dieckmann,' V. Chvykov,? 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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@! Bgir\]/\?erfity of Colorado S umm ary

Simulations * Nul

« Proof-of-Principle - 3D simulation of the
interaction undertaken (futuristic) — 10-

Characteristic properties of a Laser-driven Plasma Wave (¥,a9,E),n,)

A

—u.u“' 1.5

E,

/electron compression phase
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20MeV quasi-mono-energetic positron 1
bunch G
« analysis using 2.5D simulations to DL Yl b oot R
demonstrate trapping in longer pulses \ \L/”_ electron compression phase
bUt |arger energy Spreads ¢ = z — cft, longitudinal coordinate (f-;lw-,ﬂ)(-ummring with laser
O [t loatuden i PIC Simulations
Experimental layout | S
« Optical transport for spatiotemporal ;

electron compression phase

i / %\9 plasma-wave
£
SO |
X: 517.1 ,
Y: 0.004178 \ ¢/

Z>--~potential in the
electron compression phase
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overlap of laser and electron beam

« Shadowing of laser pulse by electron-
positron wire target characterized

« REPPS integration studies

normalized magnitude
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requested facility parameters
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@l University of Colorado _
Jenver Electron Beam Requirements

Parameter Units Typical Values Comments Requested Values
Beam Energy MeV 50-65 60 MeV
Bunch Charge nC 0.1-2.0 InC
Compression fs Down to 100 fs 1000 - 10%fs
(up to 1 kA peak
current) (500fs will be highly

desirable when
available ?)

Transverse size at IP (o) pm 30-100 30-50 um
(dependent on IP
position)
Normalized Emittance pum 1 (at 0.3 nC)
Rep. Rate (Hz) Hz 1.5
Trains mode Single bunch
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(T4 University of Goloradio CO» Laser Requirements

Dpr“/p(;onfiguration Parameter Units Typical Values Comments Requested Values
CO: Regenerative Amplifier Beam Wavelength pm 9.2 9.2 um
Peak Power GW ~3 3GW
Pulse Mode Single
Pulse Length ps 2 2 ps
Pulse Energy m) 6 6mJ
M2 ~1.5
Repetition Rate Hz 1.5
Polarization --- Linear
CO, CPA Beam Wavelength pm 9.2 9.2 um
Note that delivery of full power Peak Power T™W 2 0.5-2TW

pulses to the Experimental Hall is
presently limited to Beamline #1

only.
Pulse Mode Single
Pulse Length ps 2 1 ps
Pulse Energy J ~5 1-5J
M2 ~2
Repetition Rate Hz 0.05
Polarization Linear linear

lity (ATF)




Other Experimental Laser Requirements

Ti:Sapphire Laser Stage | Stage ]
System Units Values Values Comments Requested Values
Central Wavelength nm 800 800
FWHM Bandwidth nm 20 13
Compressed FWHM Pulse
f < <7
Width > >0 >
Chirped FWHM Pulse Width ps >50 >50
Chirped Energy m)J 10 200
Compressed Energy m)J 7 ~20
Energy to Experiments m)J >4.9 >80
Power to Experiments GW >100 >1000
Nd:YAG Laser System Units Typical Values Comments Requested Values
Wavelength nm 1064
Energy mJ 100
Pulse Width ps 14
Wavelength nm 532
Energy mJ 0.5
Pulse Width ps 10
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(&5 universty of Colorado Experimental Time Request

CY2025 Time Request

Capability Setup Hours Running Hours
Electron Beam Only 40 120

Laser® Only (in Laser Rooms)

Laser(s)* + Electron Beam

Total Time Request for the 3-year Experiment (including CY2025-27)

Capability Setup Hours Running Hours

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 120 360

* Laser = Near-IR or LWIR (CO;) Laser
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@]’ gnersity of Golorado - Syacial Equipment Requirements and Hazards

Electron Beam
« Beam termination within the chamber
« (Gas jet in the vacuum chamber @ beamline 1
« RePPS spectrometer inside the vacuum chamber on beamline 1

CO, laser
« Small fraction of the focusing CO, laser overlaps with a wire target
« CO, laser needs to be redirected out before the RePPS chamber
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