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Abstract

FLASH Therapy, an innovative technique in radiation therapy, has shown to dramatically spare normal tissue toxicities in multiple organs
maintaining the efficiency as conventional irradiation to inhibit tumor growth. The therapy has been successfully tested using
microsecond pulses of low energy electrons, using intrapulse dose rate in the range 106-107 Gy/s, time-averaged dose rate >100 Gy/s,
and duty time < 100 ms. FLASH-RT has already translated to the clinic, yet the underlying radiobiological basis of the FLASH effect
remains to be demonstrated. We will discuss the genesis of this methodology and its implementation based on different technologies,
such as RF-based and Laser-plasma accelerators.

1. The FLASH therapy

FLASH irradiation provides better protection on normal tissues while maintain tumor killing effect compared with conventional dose rate irradiation [1]
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2. Dose parameters for FLASH irradiation 3. Laser-plasma electron source
Symbol Description Value kHz, mJ laser-plasma @LOA [3] 1 Hz, J laser plasma @CNR-Pisa[4]
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4. RF conventional acceleration: Photoinjector 5. RF conventional acceleration: Thermionic gun

Normal conducting: CLEAR CERN [5] Symbol Description Value
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Timing, Synchronization... Timing, Synchronization...

VHEE FLASH @Sapienza [7]

Klystron (MKS31) Klystron (MKS11) Klystron (MKS135)

Matching (&2~ e = - PRF Pulse repetition [requency (0.8333 - 10 Hz
SICAITRS & L ";—{’9}‘ eyt Klystron Klystron
[ I, Pulse charge 0.001 - 3.0 nC ' Prs ~ SOMW, ' Pre ~ SOMW,

Section | ‘
{‘-@-—'E}—‘@ Klystron Pulse ~ 1-3 us Pulse ~ 1-3 us

i 3 ] — ? - e 1.1 Max. pulse charge 30 nC Prr ~ SMW, @ C-Band (~5.712 GHz) @ C-Band (~5.712 GHz)

ACS 0250 ACS 0230 Pulse ~ 4-5 us y

N\
beamline N -
AV ?@@f I L AT ee—— T . bunch per pulse 1-150 @C-Band (*5712GH) | < 50 pw P
“ T Transv. diagn. | ongit. diagn. Acc. structures Corrector ~ Buncher BPM ICT RF-lL’N D Dose in a single pulse 0.2 - 120Gy in @3.5 mm
i | ¥
1 s . . _— 10} .
D, Instantaneous Dose-rate 107 Gy/s <5 MW
D

VESPER

e . s -

Matching Matching Matching Matching
Oplics 3 Optics Optics Optics

Super-conductive: ELBE - Berlin [6] C - { _i RrciEa I'I'_l'

Normalized beam
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E Beam energy 20 MeV Symboaol Description Value
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D, Dose in a single pulse 26 Gy in @3 mm Jp Pulse charge 200 — 600 nC
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