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Na3epHo-3NEeKTPOHHAA paguoTepanus

Mouemy nasep ? E-field .« =50-100 MV/m  E-field 5 =50-100 GV/m

npobon B matepunane “MaTep#an = naasma
METPbI MUANNMETPbI
ANNMHa YCKOPEHWA:
50M3B—2m l.. ~10°km 3 3B (10nKn)=— 14 mm nasep 25-30 /0 (GIST, Korea)
500MaB = 30m E, =10"eV pa3mep = pa3mep 1a3epHON CUCTEMDbI

“Fermitron”

KomnakTHOCTb!
Pulsar 250~ 13m?

Amplitude

Kommepuecknin nazep 250 TBT

7.

60-220 MeV, bunch charge 10-500 pC,
number in train 1-100 (LLEPH)


https://amplitude-laser.com/

Market need

$ 10,150,000,000

The estimated size of the global radiotherapy market by 2025

25,000,000

The expected number of new cancer cases annually by 2030

> ] 2 OOO KakuMu oHM 10JI2KHBI CTATH B OJIMsKaimeM Oyaymiem ?
’

The number of additional RT machines required by 2035 in
low- to middle-income countries alone

BO3

SPIE Applications of Laser-driven Particle Acceleration Workshop, April 19-22 (2021)



dneKTpoHbl 60-250 MaB (VHEE) RT-aHepruu

V. Malka,
SPIE 2021
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ddpextbl FLASH (TpaguuMOHHDbIE YCTaHOBKU)
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Jlo3umeTpuieckoe npeumymectso VHEE
(mpeuMyIIeCTBO MOKPLITHSI MUILIEHH )

Assessment of the quality of very high-energy electron radiotherapy planning
(IHIIEBON) B. Palma et al.,
Radiotherapy and Oncology
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VHEE versus X ray in Cervical cancer

» There are barely any spots where the VHEE plan has a higher dose than x-ray plan
(outside of the tumouir)

» Inside the tumour we see more or less the same dose coverage.

VHEE Plan X-ray Plan Difference (X-ray —VHEE)

From L. Hancock, VHEE CERN meeting 2020

. UTE [-LJ SPIE Applications of Laser-driven Particle Acceleration Workshop, April 19-22 (2021)



«YcKopuTtenb Ha cTone»
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NasepHasa cuctema THALES 200-
500 TBT
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JKCIepuMenThl ¢ j1azepHo-VHEE Beayrces!

L. Labate etal., Sci. Rep.
b B &t

10, 17307 (2020)
Solid water/GAF stack ‘Wale'r/GAF stack Phantom for IMirradiation  Phantom for MF irradiation

220 TW, Ti-Sa, 30 fs
Intense Laser Irradiation Lab.
Pisa, Italy
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JJIeKTPOHHAS PaiHOTEPANNA C HCIOJIb30BAHUEM
JIQ3€PHOI0 pe:KUMa peJIITUBHCTCKOI0 caMmo3axBara

energy above ~ 50-100 MeV and

maximum energy up to ~ 250 MeV

OUAH-BHUUA Teopusi u MOaeMPOBaHUE
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CeeroBas myJisd. PeassTUBHCTCKHH caMo03axBar HMITYJIbCA.

YCKOPEHHBIE JIEKTPOHBI
pacnopocTpaHEeHue

> X OqHOpOAHAA ITpO3padHadIrasoBasi MUIICHb OKOJIOKPHUTHU YIS CKOM IJIOTHOCTH

M.G.Lobok, A V.Brantov, D.A Gozhev, and V. Yu.Bychenkov, Plasma Phys. Contr. Fus. 61, 124004 (2019)

JIMHA PACIIPOCTPAHEHHMS JIa3epHoM nymd >> Xp = wRj /c. — pojeeBcKas 1uHa
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PeJIATHBHCTCKUM CaM03aXBaT IKCTPEMAJILHOIO
JIA3epPHOIo CBETAa B HEOITHOPOAHOM IJI1a3Me
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HeoaHopoAaHoOMU nNna3me 6e3 notepu achde KTUBHOCTU, NpUye M Ko3adcpnumeHT KOHBepCcum B
BbICOKO3HEpPreTu4Hble 351e KTPOHbI MOXET ObITb JaXe He CKOMNbKO yBernuyeH (~ 20%)!

BhIUEHKOB B. 10., JJOBOK M. T. PEJIITUBUCTCKHM CAMO3AXBAT DKCTPEMAJILHOI'O JIA3EPHOI'O CBETA B
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lFaMMa-uUMNYJIbChl YIBTPAKOPOTKOI IJINTEILHOCTH
(FLASH ramma-Tepanmus)

M.G.Lobok, A.V.Brantov, V.Yu.Bychenkov,

MuorohbyHKIHOHAJIBHBLIA Y-UCTOUYHUK
(by 1 'Y ( TOpMO?)HOﬁ I/ICTOLIHI/IE ) PhyS Plasmas 27, 123103 (2020)
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HeuvreTruteibHOCTE VHEE K Heo

Table 1: Main Beam Parameters of CALIFES

Beam parameter Value
Energy 197 MeV
Energy spread < 0.5 MeV
Bunch charge 0.05nC
Train Length 50
Charge jitter ~ 20 %
Repetition rate 1.3 Hz
Beam size (FWHM) 2.02 mm
Beam Water
Beam Water with
--+——-— spherical air
bubble
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-1 ---——--—- bone eqv.
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The current CALIFES beam line. The length of the facility (as shown) is ~20m

CALIFES (Concept d’Accélérateur Linéaire
pour Faisceau d’Electron Sonde) facility in CERN
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®okycuposka VHEE

Monte Carlo simulations of focused VHEE beams in a water phantom. K. Kokurewicz et al., Sci. Rep. 25 July 2019
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200 MeV electron beams focused at 5, 10 and 15 cm from the entrance
of the water phantom for f/1.2. The dose is normalised to the maximum

dose of a collimated beam.
PDokycupoBKa JazepHo-yckopennbix VHEE

94 pC K. Svendsen et al., Sci. Rep. 11, 5844 (2021)
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ManunyjJupoBaHue pacnpeaejeHueM J103bl

L. Whitmore et al., Sci. Rep. 11, 14013 (2021)
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Na3ze PHbI " MeToA paauortepanvuu multilateral irradiation
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CpaBHEHUE C MOHOXPOMATUHECKUM NYHKOM
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Nasep knacca 200 TBT, 10 Iy,
POAL-BHUNTD

YctaHoBka MIY: 1 TBT, 50 ¢c, 10 'y,



Mpeumyuiecraa nazepHOU INEKTPOHHOU Tepanuu

* KOMNaKTHOCTb

* LleHa

 Kommepueckuu gpamsep

* MapannenbHoe PyHKUNOHMUPOBaAHUE

* KoHKypupyeTc agpOHHOU Tepanueu
 [lo3nmeTpuyecKoe npeumyLecTeo

* Xopowasa poKycnpyemocCTb e-nyyKa

* Manoe paccesiHue B Bo3gyxe u TKaHaXx (E2)

* HeyyBCTBUTENBHOCTb K HEOAHOPOAHOCTAM TKaHU

* [apaHTUpoBaHHOCTb FLASH
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