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Inverse Compton Scattering Principle

parameter value
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|CS Bandwidth

(2 - (57 (62 (52 etmemnr

Bandwidth contribution small: < 1 x 103
£<0.1:25x10°°
Avy/y=0.1%: 4 x 10°°

Angular spread: dominant contribution for tight beam focusing

Number of scatters Ny = rate x pulse duration < 1: ~ 0

Curatolo et al, PRAB 20, 080701 (2017)
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Various Constraints

Need x, ~ 1 at IP for efficient NBW pair production = w- as large as possible
Maximize photon flux at IP to optimize pair yield
Gamma-profile at IP always > strong-laser spot size

Minimize ~-rays bandwidth for vertex reconstruction?

given machine emittance ¢, y-bandwidth is dominated by ebeam angular spread
A) xe/oT
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ICS Parameters

m 100 mJ laser energy in 300 nm light (3rd harmonic of 900 nm) in 1 ps duration

m head-on collision

m minimal available electron beam spot size at target ~ 5 micron

m All fluxed normalized to 1 BX (100 pC beam charge, 1.4 mm mrad emittance, 16.5 GeV,
0.1% energy spread, o; = 20 micron)
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Collision Geometries

1. laser focus 5 micron, electron focus variable
2. laser focus = electron focus variable
3. electrons focused to IP (not target) location
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Photon Flux spatially homogeneous at IP

Spotsize:3 microns (-), Spotsize:10 microns (--)
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Spectra at IP

Photon Spectrum at Strong IP Pulse Energy = 100 m)
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Frequency Spectrum at IP

small ebeam

Photon Spectrum at Focus or= 5 um
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Photon Flux with Cuts

For strongest electron focusing the gamma spectrum becomes broadband.

Spotsize: 3 um Spotsize:10 microns
70 70
—— Wo =5 microns — wp =5 microns

60 — wo=o0r <604\ — Wwo=o0r
—~ 60 D
q === Wwo =5 microns (E>8GeV) @ === wo =5 microns (E>8GeV)
. Wo = 0r (E>8GeV) £ 504 ——- Wo = o7 (E>BGeV)
z £
£ =
S 40 G 40
=] I
o o
o 4 o 301
£330 8
< <
I=3
5 204 § 204
z g

&
10 104
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
Electron Beam Size or Electron Beam Size o7

Cut in photon energies above 8 GeV: flux drops to ~ 40/um?
but flux less sensitive to beam focusing o, wo
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Ebeam focus at strong IP (Scenario 3)

Electron Beam Focussed at Strong IP
Pulse Energy = 100 m)
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ete” Production Sims: PTARMIGAN config

m NBW positron produciton using PTARMIGAN

m Initial plan was to directly import LUXEICS output to PTARMIGAN, but that was not
feasible with limited time

m Instead model y-beam as Gaussian with flux, mean w and std fitted to LUXEICS data

laser:
al: 10
waist: 5.0 * micro
wavelength: 0.8 * micro

fwhm_duration: 25 *x femto

beam:
ne: 100000
species: photon
gamma : 7.898 * GeV / (m * c~2)
sigma: 0.438 * GeV / (m * c~2)
radius: [5.0 * micro, normally_distributed]
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Positron distributions (PTARMIGAN)

Positron Source Spatial Profile Transverse Momentum Profile Positron Energy Density
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Positron Yield per BX
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Positron Yield Comparison
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Conclusions & Future Work

Summary:
1. Best to focus ebeam as hard as possible (5 micron), but 10 micron might be acceptable
2. Photon fluxes as high as 40 — 65/um?

3. Positron yield comparable to Bremsstrahlung source

Outlook:
1. Include ~-ray polarization in ICS sims
2. Background studies ...
3. More detailed technical design of the ICS layout
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