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Enhancing 10 TeV gamma-gamma collider luminosity
through scattering laser wavelength selection in the

esence of prolific electron-positron pair production.
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Wakefield acceleration for 10 TeV pCM collider

P5 prioritizes accelerator R&D toward a future 10 TeV pCM collider

The panel recommends dedicated R&D to explore a suite of promising future projects.

Exploring Pathways to Innovation
bhaanmm nngamgm One of the most ambitious is a future collider concept: a 10 TeV parton center-of-mo-
SR - mentum (pCM) collider to search for direct evidence and quantum imprints of new

physics at unprecedented energies. Turning this concept into a cost-effective, realistic

collider design demands that we agaressively develop multiple innovative accelerator and
detector technologies. This process will establish whether a proton, electron, or muon

accelerator is the optimal path to our goal.

Recommendation 4: Support a comprehensive effort to develop the resources—the-
oretical, computational and technological—essential to our 20-year vision for the field.
This includes an aggressive R&D program that, while technologically challenging, could
yield_revolutionary accelerator designs that chart a realistic path to a 10 TeV pCM collider.

e Investing in the future of the field to fulfill this vision requires the following:

P5 Report (2023) a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton,

muon, or possible wakefield technologies, including an evaluation of options for US

siting of such a machine, with a goal of being ready to build major test facilities and
demonstrator facilities within the next 10 years (sections 3.2, 5.1, 6.5 and Recom-

mendation 6).
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What is a gamma-gamma collider and how it operates?
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What is a gamma-gamma collider and how it operates?
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Why yy-option is interesting?
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Why yy-option is interesting?
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What questions need to be addressed before starting

the 10 TeV yy-collider design?

1. Is gamma-gamma collider possible in the presence of electron-positron pair

production during the conversion of the electron beam into high energy photons,

i.e., forx > 4.8?

2. What scattering laser wavelengths can deliver required gamma-gamma

luminosities?

3. What are the optimal scattering laser wavelength and duration to maximize
partial gamma-gamma luminosities?

N N0 E, W, X
xn—23 5153 22 0 w,, = E,
m2c4 TeV] | eV




What questions need to be addressed before starting

the 10 TeV yy-collider design?

1. Is gamma-gamma collider possible in the presence of electron-positron pair

production during the conversion of the electron beam into high energy photons,
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Can one design a gamma-gamma collider in the presence of

electron-positron pair production (x>4.8)?
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How many photons can be generated in the presence of

electron-positron pair production?

Simple 1D model for high energy photon n /”0
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A significant number of high energy photons can be produced in
the presence of prolific electron-positron pair production



Will 1D estimates hold when compared to simulation results?
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Photon emission angle puts limit on the distance between

conversion and interaction points .
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Simulations using CAIN code

: laser and electron beam parameters

Electron beam parameters
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Different photon-photon luminosity spectra can be generated by scattering

lasers with different frequencies according to simulations using CAIN code
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One way to characterize yy-collider performance is to consider partial luminosities
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The scattering laser parameter scan reveals laser wavelength and duration

that optimize the luminosity of high energy gamma-gamma collisions
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The scattering laser parameter scan reveals laser wavelength and duration

that optimize the luminosity of high energy gamma-gamma collisions
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What questions need to be addressed before starting the 10 TeV yy-collider design?

1. Is gamma-gamma collider possible in the presence of electron-positron pair

production during the conversion of the electron beam into high energy photons,

i.e., forx > 4.8? =>Yes

2. What scattering laser wavelengths can deliver required yy luminosities? =>

from optical to X-rays: iw; =12 eV — 5 keV

3. What are the optimal scattering laser wavelength and duration to maximize

partial yy luminosities? 7iw; ~ 5 eV, ct = 6 mm for both L;y% and Lyz]f)%

ha)LNseV’CT=6mmandh0)LN1keV,CT=80,umforL}§y%



Conclusions

- The design of a 10 TeV yy collider is possible in the presence of electron-positron
pair production during the conversion of the electron beam into high energy

photons, i.e., for x > 4.8.

- The parameter scan shows that near-optical and X-ray scattering laser

wavelengths maximize partial yy luminosities, with near-optical lasers producing
more broad luminosity spectra beneficial for the new particle searches.

- The important parameters for a 10 TeV yy collider design: (1) Laser pulse
duration; (2) Distance between the conversion and interaction points.

Thank you!



Is the polarization important for the gamma-gamma collider design?
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How different operational scenarios for

a 10 TeV collider compare in terms of luminosity spectra?
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How different operational scenarios for

a 10 TeV collider compare in terms of luminosity spectra?
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