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{73 Accelerator Technology Team
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e Prof. Toms Torims
Dr. Alberto Degiovanni
Dr. Andris Ratkus

Guntis Pikurs PhD student

Luca Piacentini PhD student”
Lazar Nikitovi¢ PhD student”
Kristaps Palskis PhD student®

Tobia Romano (PoliMi/ RTU) PhD student®
e Vincenzo Alberto Sansipersico PhD student

e Dairis Rihards Irbe Master student

e Aurélija Vinke Bachelor student
e llze Baumgarte Bachelor student
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e Prof. Toms Torims
Dr. Alberto Degiovanni
Dr. Andris Ratkus

Guntis Pikurs PhD student

Luca Piacentini PhD student”
Lazar Nikitovi¢ PhD student”
Kristaps Palskis PhD student®

Tobia Romano (PoliMi/ RTU) PhD student®
e Vincenzo Alberto Sansipersico PhD student

e Dairis Rihards Irbe Master student

e Aurélija Vinke Bachelor student
e llze Baumgarte Bachelor student

* RTU/UL Particle Physics and Accelerator Technologies study programme - -
5 newcomers since the last meeting
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Graduates

Ekaterina Tskhay
Dagnija Krogere
Viesturs Lacis
Dairis Rihards Irbe

AN NI NN

andris.ratkus@rtu.lv

MSc student
MSc student
MSc student
BSc student
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{73 Accelerator Technology Team
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{73 Accelerator Technology Team
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Graduates
v'  Ekaterina Tskhay = MSc student 2021
v" Dagnija Krogere MSc student 2022
v" Viesturs Lacis MSc student 2023
v" Dairis Rihards Irbe BSc student 2024
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Projects with significant contribution
e Innovation Fostering in Accelerator Science and Technology

e Heavy lon Therapy Research Integration Plus

o Next lon Medical Machine Study

m
IFAST H ITP. ‘ | 'I
/115

Heavy lon Therapy Research Integration n i m m S
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Other accelerator projects

Project with minor contribution FUTURE

o Future Circular Collider ( . g'gff_%éRR
Collaboration in the development phase Q Z)

e International Muon Collider Collaboration -2

/:\:UI”SEEZH?JSJ
Collaboration in the initial phase e
e Innovate for Sustainable Accelerating Systems (IJCLab)
e PERLE (1JCLab)
N s DI,
o PERLE  "SsSAiwr"
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IFAST
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Innovation Fostering in Accelerator Science and Technology

WP1: Management, coordination and dissemination
e Task 1.2: Information Flow Management and Cross-coordination (Task Leader RTU)

WP10: Advanced Accelerator Technologies (Coordinator RTU)

e Task 10.1: Coordination and Communication (Task Leader RTU)

e Task 10.2: Additive Manufacturing - Survey of applications and potential developments
e Task 10.3: Refurbishment of accelerator components by AM technologies (Task Leader RTU) ﬂ

WP12: Societal Applications
e Task 12.1 sub task 3: Environmental applications of electron beam

andris.ratkus@rtu.lv IPPAT 13.12.2024
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WP10: Advanced Accelerator Technologies (Coordinator RTU) IEAST
e Pure Cu (Cu-ETP) RFQ prototypes manufactured by AM

e - 4% . TRUMPF
ROSLER O\ POLITECNICO 2RSS

finding a better way ... L MILANO 1863

o

RIGA TECHNICAL
UNIVERSITY

Z Fraunhofs\g UCW" %MI
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WP10: Advanced Accelerator Technologies (Coordinator RTU) IEAST
e Pure Cu (Cu-ETP) RFQ prototypes manufactured by AM

He leakage test: The leak
detector threshold value
was set at 1-10-1°mbar-I-s-?

r . O st e  TIRUMPFE ©
ROSLER [\ poLITECNICO 2RSS
C E R N finding a better way ... N MILANG 1863 RIGA TECHNICAL

UNIVERSITY

\ “
<7 A ZFraunhofer "’ q.
IWS o P N MA‘I’ERIALS&§
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WP10: Advanced Accelerator Technologies (Coordinator RTU) IEAST
e Pure Cu (Cu-ETP) RFQ prototypes manufactured by AM

Post-procesed and machined

He leakage test: The leak
detector threshold value
was set at 1-10-1°mbar-I-s-?

w o TRUMPF =

ROSLER & () routecnico 25
CERN finding a better way ... 1 MiLANO 1863 RL -
\ = 2 -
<7/ A Z Fraunhofer ®Cut EN

WS Laboratoire de Physique
des 2 Infinis

=gl ¥ GOBIERNO MINISTERIO )
SHBT b eseara DE CIENCIA INNOVACION  S*re &
= ¥ UNIVERSIDADES T

>
el
S
| <]
3
=
I
=

®
MATERIALS &
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WP10: Advanced Accelerator Technologies (Coordinator RTU) IEAST
e Activities closly releted with CERN teams
SY-RF TE-VSC
Walter WUENSCH Cedric GARION

A ‘

e He leak test (UHV)

andris.ratkus@rtu.lv IPPAT 13.12.2024



—-"

{=3 Accelerator projects - I.FAST

\./_

WP10: Advanced Accelerator Technologies (Coordinator RTU) IEAST
e Activities closly releted with CERN teams

SY-RF
Walter WUENSCH 42MV/m was reached with 94 um gap

for unmachined AM cathode

#Breakdowns

Breakdownrate [BD/MPulse]

HV holding tests
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WP10: Advanced Accelerator Technologies (Coordinator RTU)

o _ IFAST
e Activities closly releted with CERN teams
SY-RF
Walter WUENSCH 42MV/m was reached with 94 um gap

for unmachined AM cathode

g

50

40

s
&

Electric Field [MV/m]

Breakdownrate [BD/MPulse]

HV holding tests

Rough sample Treated sample

=

Pulses [10°]

Test continuation with post-processed cathode

7\ ROSLER &

finding a better way ...
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WP10: Advanced Accelerator Technologies (Coordinator RTU)
e AM repair demonstration for the Ta cathode

Coaxial

'+~ laser beam

Shielding
gas nozzle

Shielding gas Wire nozzle
\ Wire suppl Deposited
Substrate PRy bead
Melt pool

L)
e —
ol | 2 ]
S5 | POLITECNICO ~ Fraunhofer
M,;' MILANC 1863 ws
Ré 1862
R3 ~ :
k3"
A TANIOBIS
m " - | lution RIGA TECHNICAL
o inspiring metal evo UNIVERSITY
am
\—' GOBIERNO MINISTERIO cmt
Courtesy: T. Romano Y|4
Y & (4]

L Contro de hrwstigacionss
DE ESPARIA DE CIENCIA INNOVACION ¢ =i o entales
¥ UNIVERSIDADES i

¥ Tecnolégicas
andris.ratkus@rtu.lv

IPPAT 13.12.2024



—-"

=3 Accelerator projects - .FAST

./

Posters: 6pc.  Publication: 9pc. IFAST
Deliverables: 2pc. (task 10.2 and task 10.3. ) submitted and approved

| Pachza LINAC:2024

CHICAGO
AUGUST 25-30; 2024

| R M uNAC?oz«
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e« Heavy lon Therapy Research Integration Plus

HITRI

/////o’

Heavy lon Therapy Research Integration
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WP 7: Advanced accelerator and gantry design
e Task 7.4: Injector Linac Design

e Task 7.5: Integration of an innovative superconducting gantry: optics, mechanics,
beam delivery

debuncher

to synchrotron

to radioisotope o . 4 500kg
Stk | - production target S

Sections 2 and 3 are powered only
for isotope production

Maximum duty cycle: 10% ‘ n 00kg
\

45¢
3 ion sources Linac section1 Linac section2 Linac section3 3m START dipole —
122.5° !
12C4, 600 pA, 0.25 T mm q/m=1/3 q/m=1/2 q/m=1/20r1 1200kg
mrad, 45 kV 22.5°

w, =15 keV/u W, =5MeV/u W, =7.1 MeV/u

“He?, 0.5 mA, 0.3 mm W, =5MeV/u W, =7.1MeV/u W,_ =10 MeV/u
mrad

porHa', 5mA, baseline : 217 MHz
0.2-0.3 © mm mrad
alternative : 352 MHz

10600 kg - 11t
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WP 7: Advanced accelerator and gantry design H ITR‘
i Ta'Sk 7'4: InjeCtor Llnac DeSign Heavy IonTherapyResearchIntegra/t/iz/::
Quasi-Alvarez Drift Tube LINAC (QA-DTL) Beam Dynamics - TraceWin
" 12C4+ jons 4He?* ions
INPUT OUTPUT INPUT OUTPUT
20 X{(mm) - X'(mrad) noo40 X(mm) - X'(mrad) n . .
S 60 X(mm)-X(mr:d) 60 X(mm) - X'(mrad) I
0 W’W
-20
4 42 0 2 4 r!m
40 Y(mm) - Y'(mrad)
1ai - -IH- 20
Separated Interdigital H-mode DTL (S-IH-DTI P —
-20 |0.l
-40

6 -4 -2 0 2 4 6

5.2 -39.0
5.6 e | 30,4
-6.0 -39.8 i
08 0.5 -6.4 01402 0.1
0. -0. -30-20-10 0 10 20 30 -40-30-20-10 0 10
-30-20-10 0 10 20 30 -30-20-10 0 10 20 30 ®,=0.000 deg, W,=8.4 MeV ®,=-18.83 deg, W,=59.449 MeV
©,=0.000 deg, W,=8.4 MeV ®,=-1.185 deg, W,=59.449 MeV o ey e e ey

Courtesy: L. Nikitovic
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WP 7: Advanced accelerator and gantry design H ITR‘
e Task 7.5: Integration of an innovative superconducting gantry: optics, mechanics, pes ),

beam delivery

~220t

Courtesy: L. Piacentini
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dF
[ ]
WP 7: Advanced accelerator and gantry design H ITR‘
e Task 7.5: Integration of an innovative superconducting gantry: optics, mechanics, %

beam delivery

;
- T A
F,=J"F.

ds ~ JDI'F, = ;l..].l’ F, Al] — D‘U,iijqk

3. Optimization

8ldeg) otational ertor 8, ool ok &,

|¢}illl|llﬂllllllllllll I

o =
S = A = -

4. Drawing 4
~220t A

Courtesy: L. Piacentini
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.; Accelerator projects - HITRIplus

IRy
WP 7: Advanced accelerator and gantry design H ITP T

e Task 7.5: Integration of an innovative superconducting gantry: optics, mechanics,
beam delivery

Heavy lon Therapy Research Integratlon

[ Gentrija konstrukcija

I Statne

I Individuali balsti

+—e Ortogonali, garuma
reguléjami balsti

--- Stara ass

--- Gentrija rotacijas ass

Statnes balstu aktuators

\}—1— ............................. =
_ - Slodze - 31.2 kN
S Gliemezparvads Planetaras rullisu
000 e Precizitate — 0.1 um skrves parvads
5 oo . = Gajiens - +30 mm B : . 7
h::‘, 10000 — e —01 N - ' -g ] o-r
: ./ = | TP =5
é Vo )
2 _20000 — rO/ S o‘
b ol )
uuuuu ’ 2

Courtesy: D. Irbe ; ; : ; ; 3 :

Genlrija roticijas pozicija, rad Aksials gultnis
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Posters: 4pc Publication: 7pc. HITR‘

/////u’

Heavy lon Therapy Research Integration

Deliverables: 2pc. (task 7.4 and task 7.5. ) submitted and approved

ICEC/ICMC -~ N\ & S

o w
28th International Cryogenic Engineering Conference choicel Desga of the Suspensied ¥sdtes Sf Bepsiosudectiy Soments

International Cryogenic Material Conference 2024 .
July 22-26, 2024, Geneva, Switzerland

Subject to Variable Loads

COMPARISON OF 352 MHz LINAC STRUCTURES FOR
INJECTION INTO AN ION THERAPY ACCELERATOR
L. Nikitovic “%, T. Torims ', M. Vretenar *

Cold Mass Suspension System of a Rotating Gantry for
Medical Applications.

Luca Placentini ! LucaDassa? Diego Perini?  AndrsRatsus! Toms Torms | Stefano Uberts?

GEOMETRY OPTIMIZATION (of “A)  POSE ERROR: before/after optis

v 5 v <

PARTIAL COMPARISON
T

/ @ b | s

—. BB L ki = m.l
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e Next lon Medical Machine Study

nNimms
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Next lon Medical Machine Study
e Developing new technologies for the future generation of accelerators for cancer therapy

‘ — ‘ The CERN high-frequency RFQ MR AURUCREICT Rl

Developed using " sragg peaks
Linac4 technology, for
medical and societal
applications (2 years,
1.5 MCHF shared
between CERN and
industrial partner)

X-rays carbon |ions
1

relative dose

—— electron (E,=0.511 Mev) |
—pro:mtE SJSMeVI |

>10%

40 80 120
depth in water (mm)

Courtesy: M. Vretenar
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lon FLASH therapy

Radiograpy 57
. = - K3 »
L B
e 90 o 2.5
‘ .‘ 2 E'---._ . [0 Aearated water
e | T TTe=—l 4 1 M sodium nitrate
S wowow s« o+ - Courtesy: .Baumgarte s | TTEme—al # 4 300 mM sodium nitrate
I 2.0 T . .
4 2+ . g D‘:“-—-? o 10 mM sodium nitrate
Compact “He?* Synchrotron studies * | 1 mMsodium nitrate
] 250 uM sodium nitrate
-E 1.5 1 100 pM sodium nitrate
g_ 10 uM sodium nitrate
-g 8 --------------------------------- %x----""*zg’“" -9—% 1 puM sodium nitrate
o

‘ﬁ"lid?
re

0.5 T T T
107t 10° 10t

Dose rate, [Gy/s] Courtesy: K.Palskis
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Posters: 5pc Publication: 4pc.

SSESSING PARTICLE FLASH-RT EFFECTIVENESS FLASH-RT DOSE THRESHOLD EFFECT ESTIMATION FOR PARTICLE BEAMS THE BEST PARTICLE FOR ION-BEAM BASED ¥
ON. (o BY MODELLING SOLVATE ELECTRON PRODUCTION DEPENDENCY ON 4
PARTICLE LET 30 DISTRIBUTION 2 ormaty =
K. Polulin”’. 4 Sops 4 Vresne’, 4 5o o

BACKGROUNGIID 4 S conons ] Shws oF T sTUoY )

RESULTS!

|
T |||l||”'

concLuSIORSII 4

dkfz.ll

Courtesy: K.Palskis
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Advanced Particle Therapy center in the Baltic States (APTCB)

;K
a B cﬁw
v

n I m m S CERN Baltic Group

NIMMS collaboration CERN Baltic group

. i Group of 13 Baltic universities
Next lon Medical Machine Study and research institutions formed

- a CERN based collaboration for : . . . . .
to coordinate joint activities with
development of novel, next )
. . CERN and to strengthen the high-
generation particle therapy .
. energy physics and accelerator
technologies o
technology communities

Courtesy: K.Palskis

IPPAT 13.12.2024
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Overall Concept  \

‘|

)

Clinical cancer

treatment facility
Particle therapy and

Industry
involvement
nuclear medicine infrastructure

Research
institution

Courtesy: K.Palskis

andris.ratkus@rtu.lv IPPAT 13.12.2024



‘-

=3 Project initiative: APTCB

./

|End0f 2021 | Aug 2022 | May 2023 | Oct 2023

| Idea and I Baltic Assembly | Baltic | Report on the
Ifirst discussions ,support letter : implementation : workshop findings
[ Ito 3 prime | | — part of IPAC I approved by CERN
I I ministers | Oct 2022 } paper by NIMMS | | Baltic Group

| | | Resolution of |

: : :Baltic Assembly :

| I

CERN Baltic Group

|
I

1 L -

®
Presentations and discussions with relevant professional societies,

scientific universities and political stakeholders

| Apr 2022 |Oct-Nov 2022 | 25t of May 2023

| Conceptual :B!—Iateral.l _ | Workshop at CERN

:deSIgn paper and (discussions with : Particle therapy - future for the Baltic States?
working group |stakeholders in | State-of-play, synergies and challenges

| establishment \all 3 Baltic States | Courtesy: K.Palskis

andris.ratkus@rtu.lv IPPAT 13.12.2024




-{ Project initiative: APTCB >

Future of the initiative: Feasibility Study
Advanced Particle Therapy center for the Baltic States

To transform the initiative into a possible facility
a full-scale Feasibility Study is necessary

= Active work of CERN Baltic Group to develop a working plan of

N
P9
p a B
the Feasibility Study 7\ =
» Main goal: provide a factual based Feasibility Study Report to be \ G CaE

used as tool for the decision making in the project continuation
. Feasibility Study is to investigate:

Clinical cancer
Scientific cancer epidemiology and medical statistics in the Baltic States, clinical treatment
research aspects of particle therapy;

instituti technical integration of the particle accelerator into a dedicated facility; . faCIIIty
instution ‘ ) ‘ Particle therapy and
economical aspects as cost estimates, revenue streams and R&D potential

. . nuclear medicine
In collaboration with CERN —
a unique opportunity for the Baltic States

Courtesy: K.Palskis
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Future of the initiative: Feasibility Study

CLINICAL TECHNOLOGY ECONOMICS
AND AND AND
EPIDEMIOLOGY IMPLEMENTATION INNOVATION
®) Research programme in O Research programme in @) Research on long term
clinical sciences natural and technical sciences funding, business engagement
O Relevant medical statistics O Technical requirements of O Organizational structure
in the region the facility and governance model
& Eligibility criteria for proton O Integration study and @) Full cost estimation and
therapy future upgradability economic benefit analysis
O Patient referral, connections O Basis of cost estimates for O Evaluation of revenue streams

with PT community accelerator and facility

TRANSVERSAL TASKS

O Alternative solutions for the facility

O Aspects on regulatory and legal approvals O Risk analysis and evaluation

O Information flow between pillars for
cost estimates

O Education and training necessities

On-going development of the working plan gsmssmrsmmn

Feasibility Study Steering Group (FSSG) deputy convener - Kristaps Palskis (RTU)

andris.ratkus@rtu.lv IPPAT 13.12.2024
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Gantry

Courtesy: L. Piacentini

HITRI

Heavy lon Therapy Research Integration

IFAST ¢

andris.ratkus@rtu.lv

Building the expertise

Research
Beamline

lon
Sources

Treatment
. beamline
“\with gantry

]

4He?* Synchrotron

Static FLASH therapy;
treatment ;
beamline Radlograpy

Helium
Synchrotron

Radioisotope
Production

Linear Accelerator

Source: M. Vretenar et al., IPAC2022

HF-LINAC

nimms

Courtesy: L. Nikitovic

IPPAT 13.12.2024

CERN Baltic Group

50
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0 50 10C Courtesy: K.Palskis
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Project with minor contribution
e Future Circular Collider

FUTURE
CIRCULAR
COLLIDER

":L“;.;Laser Powder Bed Fusion
: (L-PBF)

SR Absorber to be laser welded along outer profile

Z Fraunhofer

WS

andris.ratkus@rtu.lv IPPAT 13.12.2024



—-"

[:IPPAT‘E
\./_

Other accelerator projects

Collaboration in the development phase
o International Muon Collider Collaboration

The Memorandum of Understanding has been signed by RTU /"\[Téﬁrgiﬂ?éfr'

Collaboration

Research on the Final Cooling 40T Solenoid (Msc. Thesis)

73 cm height 40 T solenoid  ~*Cross Section of % Solenoid

; & i a
50 cm 1% field homogeneity | 9
Matching coils LH, absorber 490 Y i 2 o
- 4 —g
Longitudnal phase space '/ ! ------------------------- ] o S
Accelerationrf  rotation rf cavities gl 0 = 35z g s a
cavities Qo g o - S =
(-l e Q D
3 =1 o 30 5 o 3
.33 & [0} 5
\ oQ o o @
o 2~ et .
25 O £
o n 2 g
o b £
Drift for developing energy- 'OS‘:LOSTS £ 20 % & 2
time correlations coils of E Z g) 9
Transport coils : 115 0 :% B
Schematic of the elements of one ionization cooling cell, M g- T Eé’
Sayed et al. Phys. Rev. ST Accel. Beams 18, 091001 ‘: i 10 © 2 | % 3
n | £ || ;
3 \ 5 — |
7 J/ 25mm '
30mMm s H
U e— 590 mm

Courtesy: B.Bordini
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Other accelerator projects
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Collaboration in the initial phase
e Innovate for Sustainable Accelerating Systems (1JCLab)
e PERLE (lJCLab)

Probable contribution in High-Order Mode (HOM) damper and
Fundamental Power coupler design and fabrication

High Order Mode couplers

Fundamental Power couplers

andris.ratkus@rtu.lv IPPAT 13.12.2024
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40

20

E o
-20
-40
FUTURE

CIRCULAR

COLLIDER
*J.—-\ 7
Ry - e
Courtesy: D. Irbe A\ -—_'fg i

| dump
Filter
magnet

IFAST

RF antenna

HITRI

Heavy lon Therapy Research Integration
v Py ® ALLO, plasma

chamber

Courtesy: V.Lacis

andris.ratkus

CERN Summer Student Program

Absolute Difference
Energy: 250 MeV, Depth: 16 mm

-20 o 20 40

Courtesy: A.Vinke

CERN
\

—

:0 60
/ (mm)

IPPAT 13.12.2024
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0.2

01

0.0

Front Tracker

Beam

|

Rear Tracker

Patient

/

Particle Path

Stopping Power, MeV/mm

%Llltulllltlu

I .

COOITTTTTTTITTTTTTTNTTTTTTT

Jopyag adumy/ASaug

]

100 200 300 400 500 700 800

Energy, MeV

600

Courtesy: I.Baumgarte
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