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It was a pleasure to have you here in Hamburg!
See you at the next VHEE conference!!

Supported by

VHEE23 in numbers
124 participants

77 on site
over 1.000 minutes interesting talks

VHEE 23 at Hamburg

18 PhDs  

CLIC mini-week 2023
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11th July 2023

Setting up the scene for VHEE
FRPT 2022 summary 

Dosimetry & Detectors  

ESR posters  

VHEE conventional facilities  

CLIC mini-week 2023
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12th July 2023

VHEE conventional facilities planned 

VHEE conventional facilities  

Accelerators R&D Technologies

Industries for medical technologies

Round table: “in vivo requirements” 

ESR poster prize

CLIC mini-week 2023
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13th July 2023

VHEE non conventional facilities  

Treatment Planning, Modelling and Imaging

ESR short talks  

https://indico.desy.de/event/38194/timetable/#20230711



6
CLIC mini-week 2023



VHEE RT
 Beam dosimetry and detectors
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➢ Beam Dosimetry studies with 50 – 70 MeV (NLCTA) and 160 MeV (SPARC) 
VHEE beams

➢ Beam dosimetry experiments with a 135 MeV laser-plasma wakefield 
accelerator (ALPHA-X)

➢ Beam dosimetry in CLEAR with 200-250 MeV
➢ Radiosensitive films for focusing 
➢ Ionisation chambers for charge
➢ Alanine pellets for profile depth dose
➢ Generate the total dose (~10 Gy) on biological dosimeters in a single pulse 

(<100 ms)  for profile depth dose
➢ Dosimetry for ultra-high dose rate and  development of dosimeters is 

mandatory for a clinical application (EURAMET - EMPIR 2018)
➢ Not many experiments to date with 200 – 250 MeV beams and focused 

electron beams on tissue like media – essential step before patient 
treatment planning

Dosimetry & Detectors

Beam dosimetry in CLEAR

Biological dosimeters- Fish eggs

Time monitor dose system of FLASH

CLIC mini-week 2023
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Dosimetry & detectors



VHEE RT
 Accelerator Conventional Facilities 

VHEE beams (50 - 250 MeV) are delivered by different types of accelerator facilities based in 
conventional RF linacs NC or SC:

➢ NC RF linacs, is the most used  technology for the VHEE research. The main advantages 
are flexibility, compactness and cost. Some of the current operational facilities are:
➢ CLEAR (CERN) NC X-band linac CLIC technology (50 - 250 MeV, 0.01 - 0.4 nC, 1-5 Hz)
➢ CLARA (Daresbury) NC S-band linac (40 MeV, 10 Hz, 100 pC)
➢ AWA (ANL) NC X-band linac (6 - 63 MeV, 0.1 – 100 nC, 0.5 – 10 Hz)
➢ ARES (DESY) NC S-Band linac (20 – 160 MeV ) 

➢ SC RF linacs, is less extended for this type of application. Some available facilities in EU are:
➢ ELBE (HZDR) SC 1.3 GHz ILC technology (40 MeV, 0.01 - 80 pC, from single pulse to 13 

MHz)
➢ PITZ (DESY) SC 1.3 GHz ILC technology (22 MeV, customized time structure 0.1 -1 MHz, 

optimum 4.5 MHz, trains repetition until 10 Hz)
 
Any others, are also available like: ELSA (Bonn) or ANSTO (Melbourne)…
VHEE dedicated facilities are in design and there are plans for construction as DEFT (CHUV) or 
SAFEST (Sapienza), …
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CLIC X-band RF technology

SC 1.3GHz 9 cell cavity

TW S-band RF technology

Conventional facilities
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CLEAR CERN

CLARA STFC CI 

ELBE HZDR 

AWA ANL 

VHEE conventional 

FLASHlab PITZ DESY

ARES DESY 

ELSA BONN 

PEER ANSTO
TSINGHUA UNIV.
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SAFEST Sapienza VHEE conventional
planned 

DEFT CHUV



VHEE RT
 Laser Plasma Accelerators 

LPA technology is a very dynamic field and an enormous number of facilities are booming
worldwide. The PERFORMANCE of e- BEAMS are IMPROVING and some of them are able to
deliver VHEE beams

➢ LPA: Some of the current operational facilities are:
➢ DRACO (HZDR) 1 PW laser (50 - 400 MeV, 500 pC, 1 Hz)
➢ LOA (IPP) (100– 150 MeV, 10 pC to nC)
➢ ILIL (INO) 1 PW laser (100 – 200 pC,  1 Hz)

  
 Given the fast development, in a next future many others will be available soon…
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Laser setup LOA

IDRA LOA future facility

VHEE beam generation at DRACO 

Advanced facilities July 2023 - VHEE2023
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DRACO HZDR 

WEIZMAN INSTITUTE 

VHEE non-conventional

Salle Jaune LOA 

ILIL INO PISA 

LUX DESY TWAC IJCLAB 



VHEE RT
 Accelerator Technologies 

Recent advances in RF technologies, especially in HG RF (> 100 MV/m) are now achievable in the
LAB environment and are transforming the landscape for VHEE RT. New technologies could enable
ULTRA-COMPACT structures, with HIGHER REPETION RATES and HIGHER CURRENTS (FLASH). An
international R&D effort is ongoing focused on:

➢ Material origin and purity, surface treatments and manufacturing technologies
➢ Consistency and reproducibility of the results

Some promising R&D are:
➢ Distributed coupling accelerator to more efficiently and uniformly distribute the RF power
➢ Cryogenic copper operating at 77 K (liquid nitrogen) with 150 MV/m (C3 project)
➢ Higher frequency mm waves (100 GHz) and higher repetition rates (THz sources)

For LPA technologies and in particular for medical applications the main challenges are:
➢ Beam performance and availability
➢ Consistency and reproducibility of the results

These issues are currently the subject of a wide global study ( EU EUPRAXIA and I.FAST)
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Hard Cu  characteristics

X-band RF with 3D 
distributed  coupling

110 GHz, 230 MV/m structure

Accelerators R&D & Technologies
July 2023 - VHEE2023
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HIGH-GRADIENT RF HIGH EFFCIENCY KLYSTRONS 

Short tunable pulse 
length Laser 

110 GHz RF structure

>100 MeV/m is now achievable in labs 12 GHz RF structure

5.712 GHz RF structure

2.998 GHz RF structure

Accelerator 
Technologies KICKERS 



VHEE RT 
      Treatment Planning, Imaging and Modelling

TREATMENT PLANNING (TP) is an ESSENTIAL TOOL to any RT treatment, first results 
for VHEE TP are being developed, in particular:

➢ Worth noting that the dose of VHEE beams is a mixing of primary (85%), secondary
(20%) e- and bremsstrahlung

➢ First TP confirm significant insensitivity to inhomogeneities and less susceptible to
dosimetric changes from changes in patient geometry

➢ Comparisons with photons and protons are ongoing for targeted well know cases
(prostate). VHEE and photons share a scale whereas proton requires a wider range.
VHEE TP shows less diference in dose compared to photons and protons.

➢ Effective penetration range in combination with energy and beam size, as well as
the use of multiple beams to deliver accurate TPs are being investigated.

➢ Use of quadrupoles arrays has demonstrated strong potential to reduce
entrance/exit dose. Geometrical models with small pencil beams to broad-focused
beams with arbitrary focal length in water are enabling full 3D dose deposition in
good agreement with MC simulations.

➢ ….
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Treatment Planning, Modelling & Imaging 

Percentage Dose Depth for 250 MeV e- in water

Dose difference after/before rectal volume emptiyng

TPs comparison
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VHEE TREATMENT PLANNING 

electron CT VHEE 

TP & Imaging
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Location: CERN Bldg: 112

Work with SY-EPC

SXR
STATIONS

HXR
STATIONS

LINAC1LINAC0

FEL-1 AB
-1

LINAC3 FEL-2 AB
-2

GHz 
SPLITTER

SPLIT
PI LASER

TIMING
CHICANE

FIXED POL.

FIXED POL.

VAR POL.

VAR POL.

LINAC2

0.3 GeV BEAM
DUMP

BASELINE Schematic

SMART*LIGHT Compton 
Source at Eindhoven Univ.

DEFT FLASH TF at  CHUV EuPRAXIA@SPARC_LAB 
at LNF Frascati 

CompactLight
26 academic and industrial partners:

Thales (FR),  
CPI (US), 
CANON (JP)

VDL (NL), LT-Ultra (DE),
Yvon Boyer (FR),  DMP (ES),
Morikawa (JP), KERN (DE)

HG
 N

CR
F 

X-
ba

nd
RIs & TIs 

Applications 

SWISSto12 (CH),  3T 
RPD (UK), Concept 
Laser (DE) INITIAL 
(FR), Protoshop (DE)

Thermocompact
(FR), BACMI (FR), 
Multivalent (NL)

THERYQ (FR)

Scandinova
(SE), Jema (ES), 
Ampegon (CH)

CINEL (IT),  VDL
(NL),  BACMI (FR),  
CECOM (IT), Reuter
(DE) , Nihon (JP), 
COMEB (IT), 
Viztrotech (KR)

Industrialization 

Industries for medical 
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HIGH EFFICIENCY KLYSTRONS 

Industries

In collaboration

In collaboration

VHEE linacs 

TREATMENT POSTURES 
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ESR 
contributions
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Thanks to all VHEE 
collaborators

July 2023 - VHEE2023


