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Abstract Bunch Intensity Control Concept

The charge imbalance between colliding bunches in the \"‘”'e’“"‘g"‘“ /
FCC-ee ring must be less than 3-5% in order to avoid the | Concept: Use laser Compton back — & R
beamstrahlung-induced flip-flop instability [1]. The charge | scattering (CBS) to control the ik
of the colliding bunches is leveled through top-up injection, intensity of colliding bunches in the . X it
but this is a slow process. Laser Compton back scattering FCC ring. " Z, S
(CBS) has been proposed as a mechanism to quickly level aser pulse
the charge of colliding bunches between top-ups [2]. This Challenges: e
scheme has been shown to be effective through Concept for CBS with interaction
simulations of the Compton interaction and turn-by-turn The C L. inside a dipole from Ref [2]
modeling of the FCC [3]. In this work, we seek | ~ e Compton cross section is small, P '
opportunities to improve performance and reliability of the which implies laser pulse energy. pA  ps P pE PG pH P pL
CBS system. We explore strategies for reducing the - The Compton gamma cone is 02 . =
required energy in the laser pulse by reducing the pulse scattered in the direction of the B Cotlimator
spot size. To prevent radiation damage to the laser optics, laser optics. E 101';
we introduce a finite angle of incidence between the laser | - Modeling and understanding losses S0
et Do e Stady the nterplay beteen 219i%er | in the ring. Is this scheme
investigate novel concepts, such as using short pulse lasers Compatl_ble with ring optics ana 10-2 4— .“" M i
for quenched photon emission in the strong-field regime collimation systems. B
[4,5]. Finally, we discuss opportunities for experimental _ _
tests using the E320 infrastructure at FACET-II. Modeled losses in the ring from Ref [3].
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Schemes to Optimize Laser-Beam Interaction Experlments at FACET-II
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The crab cavity scheme is invoked to maximize overlap between electron and
positron beams at the collision point. A similar concept involves a tilted phase-
front laser to maximize laser-beam overlap for lasers propagating at an angle.

a FACET—II dellvers hlgh peak current electron bunches at 10 GeV energy.
o i FACET-II also delivers high intensity laser pulses to the experimental
interaction region. This is one of few facilities world-wide with the capability
to experimentally probe multi-GeV Compton back scattering.
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Cylindrical lens are used to redistribute light to match the aspect ration of the
beam while minimizing the required laser pulse energy.

The E320 experiment at FACET-II collides 10 GeV electron beams with
multi-TW laser pulses to probe strong field QED effects. The geometry of

P the interaction region can be modified to simulate the FCC CBS IR.
Hollow laser pulses [7] will be explored in the context of bunch collimation.
UItr_asho_rt pulse_s will be explored for low pulse energy, but high pulse intensity SimUIatiOn Validation

collimation studies.

Table 3. Features of traditional beam-beam codes (GUINEA-PIG, CAIN) and first-principles electromagnetic

Refe re n Ces PIC codes (WarpX, OSIRIS). Physics processes that are currently missing from WarpX and OSIRIS are in the
process of being implemented.
Physics Process GUINEA-PIG CAIN WarpX OSIRIS
Quantum Synch. v / / v Under development
1. D. Shatilov, "BEAM-BEAM EFFECTS AT HIGH ENERGY e+e- COLLIDERS,” TUYBAOZ2, Bethe-Heitler v v X v
eeFACT2018, Hong Kong, China Linear Breit-Wheeler v v X /
2. F. Zimmerman, T. Raubenheimer, "CONTROLLING e+/e— CIRCULAR COLLIDER BUNCH Lendan-Lifdkii Y v e %
INTENSITY BY LASER COMPTON SCATTERING,” WEPOST010, IPAC2022, Bangkok, Coh Pair Producti y v v v
Tha”and. 0 erent Pair Production
3. 1. Drebot et al., "OPTIMIZING THE BEAM INTENSITY CONTROL BY COMPTON BACK- TrdenitCaseade o 4 % % %
SCATTERING IN e+/e- FUTURE CIRCULAR COLLIDER,” MOPAO74, IPAC2023, Venice, Hadronic Production + Minijets v X X X
Italy. Electron-Laser Interaction X v v v
4. C. N. Harvey et al. "Quantum Quenching of Radiation Losses in Short Laser Pulses” Phys.
Rev. Lett. 118, 105004 (2017)
5. M. Tamburini and S. Meuren, "Efficient high-ener hoton production in the supercritical . .
QED regime” Phys. Rev. D 104, L091903 (2021) " P ° The WarpX code will be evaluated against the CAIN and GUINEA-PIG codes
> ligh energy linaar collidera” TINGT 18 P0BA22 (2093) o e eranions for e [6], as well as experiments at FACET-II, to evaluate the fidelity of the CBS

7. S. Gessner eta al. "Demonstration of a positron beam-driven hollow channel plasma mOde“ng
wakefield accelerator.” Nat. Comms, 7, 11785 (2016) :
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