On the design of a 10 TeV yy-collider
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Basic configuration of a laser-plasma linear collider
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A number of operational scenarios is being
considered for a 10 TeV wake-field based energy
frontier collider, namely, electron-positron,
electron-electron, and yy ones:

Gessner et.al., “Design Initiative for a 10 TeV pCM
Wakefield Collider”, arXiv:2503.20214




Why yy-option is interesting?
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Why yy-option is interesting?

—

Two of my cats are quite skeptical about the
whole gamma-gamma design endeavor,

“Notice all the computations, theoretical

bUt We do nOt need to be! scribblings, and lab equipment, Norm. ...

Yes, curiosity killed these cats.”



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?
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Can one design a gamma-gamma collider in the presence of

electron-positron pair production (x>4.8)?

Electron bunch
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Conversion Point (CP)

Interaction point (IP)

1D Model: Take into account only high energy photon emission
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How many photons can be generated in the presence of

electron-positron pair production?
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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
Ey,=5 TeV
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Laser 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

L)) (ho'> 0.95E,) L% (ho' > 0.8Ey)
Max[LF1/L,, o0 =24x1072 Max[L)*]/L,, ., =6.7% 1072
a0 ] a0}
/r: E 3.5
S =
5 ko 3.0
5 =
\U/ 2.5 Q - 05
S L | S0
1.5 1 15
—2..5—21.0—1l.5—1l.0—(5.5 O.lO 0.l5 -25 -20 -15 -10 -05 00 05
log,o (hwy [keV]) log,o (hawy [keV])

L =13x10" cm=2s~! hoy~5eV L)% =37x10"* cm=2s~! hawy~2.5 e\



How different operational scenarios for

a 10 TeV collider compare in terms of luminosity spectra?

Logyo (dl/dE), em=2s~1bin™ Logyo (dL,,/dE [om~2s-1bin™"7)
34 34
b)

33 33
- 32

31
31

30}
30L
0 2x10™” 4x10™” 6x10 8x10 1x10™ 0 2x102  4x102  6x10'2  8x102  1x10"

Ecou €V Ecop €V

Electron-electron collider
5 eV yy collider
1 keV yy collider

Electron-electron coIIider:fl =e ,fHh=e
5eVyycollder: fi=¢€e", f, =y
1keV yycollder: fi =y, =7y



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, = 1.2 —5x 10° eV

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!



