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Accelerator Technology Team

— Prof. Toms Torims
— Guntis Pikurs PhD student
— Dr. Andris Ratkus

— Luca Piacentini PhD student*

— Lazar Nikitovi¢ PhD student®

— Kristaps Palskis PhD student®

— Tobia Romano (PoliMi/ RTU) PhD student*

— Vincenzo Alberto Sansipersico PhD student*
— Aurélija Vinke Bachelor student
— Dairis Rihards Irbe Bachelor student
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Accelerator Technology Team

Graduates
— Ekaterina Tskhay MSc student 2021

— Dagnija Krogere MSc student 2022

— Viesturs Lacis MSc student 2023
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Innovation Fostering in Accelerator Science
and Technology (I.FAST) '

IFAST

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

= WP10: Advanced Accelerator Technologies (Coordinator RTU)
— Task 10.1: Coordination and Communication (Task Leader RTU)
— Task 10.2: Additive Manufacturing - Survey of applications and potential developments
— Task 10.3: Refurbishment of accelerator components by AM technologies (Task Leader RTU)

= WP12: Societal Applications

— Task 12.1 sub task 3: Environmental applications of electron beam
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Student theses FAST

= Guntis Pikurs PhD thesis: Follow his talk @11:30 (link)

Research on performance improvement of accelerator and detector
components by additive manufacturing

CERN @
November 5 at 6:12 PM - @

Guess what this is w5
We will reveal the answer on Monday in the comments section!

= Tobia Romano PhD thesis: Follow his talk @12:15 (link)

Investigation on the sintering behaviour of pure copper processed via
additive manufacturing

= Dagnija Krogere MSc thesis (Defended):

Research of additive manufacturing applications and strategies for
repairing particle accelerator components

= Viesturs Lacis MSc thesis (Defended): Was @poster Session
Laser Polishing of Additively Manufactured RFQ Prototype
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https://indico.cern.ch/event/1288731/contributions/5585501/
https://indico.cern.ch/event/1288731/contributions/5585514/

Results so far iFAST

* Task 10.3 Deliverable was submitted and approved

Reported about: Orensr
- AM State Of the art in the accelerator Community Innovation Fosteringf?\cﬁég-slc-ience and Technology

— Possible AM repair strategies for accelerators DELIVERABLE REPORT

Survey of AM applications and
strategies for repairing components
by AM

DELIVERABLE: D10.2
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Results so far iEAST

* Task 10.3 Deliverable was submitted and approved
Reported about: Orrasr
— AM state of the art in the accelerator community IFAST

— Possible AM repair strategies for accelerators DELIVERABLE REPORT
— Case study: Ta cathodes repair by two AM technologies

Survey of AM applications and
strategies for repairing components
by AM

DELIVERABLE: D10.2

o Z Fraunhofer
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inspiring metal evolution UNIVERSITY
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Results so far IFAST
= Pure Cu (Cu-ETP) RFQ prototypes manufactured by AM

4 RFQ L=95 mm
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Results so far IFAST
= Pure Cu (Cu- ETP) RFQ prototypes manufactured by AM
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Results so far IFAST
= Pure Cu (Cu ETP) RFQ prototypes manufactured by AM
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Results so far IFAST
= Pure Cu (Cu- ETP) RFQ prototypes manufactured by AM

Before
Post-procesing

After
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Results so far
= Pure Cu (Cu- ETP) RFQ prototypes manufactured by AM
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Results so far IFAST
= Pure Cu (Cu- ETP) RFQ prototypes manufactured by AM

Before
Post-procesing

After
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Heavy lon Therapy Research Integration

I Wit

= WP 7: Advanced accelerator and gantry design Heawy lon Therany Research Integratem

— Task 7.4: Injector Linac Design

3m START dipole

10600 kg - 11t

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

debuncherLi to synchrotron

to radioisotope
production target

Sections 2 and 3 are powered only
for isotope production

Maximum duty cycle: 10%

3 ion sources Linac sectionl Linac section2 Linac section3
12¢4, 600 pA, 0.25 T mm q/m=1/3 q/m=1/2 q/m=1/2 or 1
mrad, 45 kV W =15keV/u  W,=5MeV/u  W,=7.1MeV/u
‘He*,0.5mA, 03nmm W _=5MeV/u W_=71MeV/u W, =10MeV/u
mrad : 1
p or Hy*, 5 mA, baseline : 217 MHz
0.2-0.3 © mm mrad
./‘-"‘ I alternative : 352 MHz
(
(]
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HITRI

St u d e n t t h e S e S Heavy lon Therapy Research Integrat)iﬁ:

= Lazar Nikitovics PhD thesis: Was @poster Session

Design study of a high-frequency linear accelerator for the
purposes of injection into a therapy synchrotron and parallel
production radioisotopes

= Luca Piacentini PhD thesis: was @poster Session

Mechanical integration of systems, instruments and
components of a carbon ion rotating gantry for medical

treatments

Courtesy: L. Nikitovic

Was @poster Session

= Dairis Rihards Irbe Bachelor theS|s
Designing of gantry mechanical ’
components
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14t International Particle
Accelerator Conference

Results so far | i e IPAC
23

1 POSte s A 3 e | ' c 7 - 12 May 2023 | Venice Italy
2 P u b | I Catl O n S COMPARISON OF 352 MHz LINAC STRUCTURES FOR

INJECTION INTO AN ION THERAPY ACCELERATOR
L. Nikitovic "2, T. Torims !, M. Vretenar 2
' Riga Technical University, Riga, Latvia

IPAC’23 Proceedings: ———

won
tope

« RF design and beam optics studies for comparison of various
accelerating structures at 352 MHz for the HITRIplus LINAC:

. H H » Quasi Alvarez Drift Tube LINAC (QA-DTL);
s://www.ipac23.org/preproc/index.htm B by
. " " . « Separated Inter-digital H-mode Drift Tube LINAC (S-IH-DTL).
3 lon Sources:
WHY DO WE NEED A NEW DESIGN? 1G4, 0.6 mA, 45KV
:

2 “Ag=20r1

mmmrsd Smev | |+ W 7.1 Movis
« Lower operational costs of accelerators - hence more affordable to + e, 05 mA AN | | W, 10 MV
cocioly; 03nmmmad
" « Improved beam optics with high transmission and optimum beam + e ortH, 5 mA
RESUI

https://www.mdpi.com/2075-1702/11/10/929 — —

/ i PROS: CONS:
= o Higher effective shunt impedance = Higher power dissipation in
in comparison to a standard DTL; comparison 1o a conventional
. ‘ o Strong beam focusing in IH-DTL.
- transversal plane;
© Kiystron can be used as RF power

source, at a lower cost per watt

—— ’ than a solid state amplifier.

HITRIplus Deliverables: T

PROS: CONS:

. o Clean FODO beam oplics, without @ Higher power dissipation in
the need for KONUS optics. comparison to a conventional '
o Optimised effective shunt impeda-  IH-DTL;
- nce - different radius for every tank;

o Different focusing systems can be
used (e.g. doublets and triplets);

L]
— MR ° Standard Alvarez DTL structure has been designed only for the acceleration of He™ and H* lons;
- * DTL has been designed as the second and third tank of HITRIplus LINAC.

CONCLUSIONS

STRUCTURES = QA-DTL DTL WHICH LINAC STRUCTURE IS THE "BEST!

S-H-
(doublets) ~Cav.1 Cav.2
r 1 + QA-DTL, designed as the first tank of HITRIplus LINAC, has shown to
4, - o bo a good alternative to conventional IH-DTL for acceleration of C** ons;
0D c C He' H « Standard Alvarez DTL, designed as the second and third tank of
L [m) 51 59 15 14 HITRIplus LINAC, indicated to be a goad choice for acceleration of H*
P, - and He® ions;
aaspution  [KW] 626 614 181 147 « S-IH-DTL showed to be a viable option for
E. MeVA 7 acceleration of C** ions, but not as effective as
‘ g’ [MaVAI} L il 2 QA-DTL in terms of both production and
Eouput  [MeV/u] 5 5 7 [ operational costs.

IPPAT e
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Heavy lon Therapy Research Integration S e en v e eh R Courtesy: L. Nikitovic
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https://www.ipac23.org/preproc/index.html
https://www.mdpi.com/2075-1702/11/10/929

HITRI

Heavy lon Therapy Research Integration

HITRIplus Annual meeting and Workshop

www.hitriplus.eu

26 - 28 June 2023

Riga Technical university, Latvia
Domus auditorialis,

Zunda krastmala 8, Riga

107. auditorium, 1¢t floor

ian, T https://indico.cern.ch/event/1246177/

(5%, SeeesZl A...dm\
1862
&
‘ CNAC &
- Integratlon The National Center for Oncological Hadrontherapy RI?J?\I ITVEECRHS"I{:'(;AL

oy

Workshop: Clinics and research: considerations to create a novel particle
therapy center (within HITRIplus Event)

= Wednesday 28 Jun 2023, 10:00 = 15:45 Europe/Riga
¢-" @ Domus auditorialis, Zunda krastmala 8
.

.—~

\./' IPPAT https://indico.cern.ch/event/1256528/
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Accelerator projects
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Next lon Medical Machine Study 'I

nNimms

= Developing new technologies for the future generation of
accelerators for cancer therapy
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Student theses

= Kristaps Palskis PhD thesis: Studies of different ion
types and their use for radiation therapy, FLASH therapy ‘
aspects. Optimization of ion beam parameters for very

=]
= 0.325
o

high dose rate (FLASH) radiotherapy
Presented @9:55 (link)

= Vincenzo Alberto Sansipersico PhD thesis:
Optimization and Integration of a 4He?* Synchrotron for

Cancer Therapy

= Aurelija Vinke Bachelour thesis: Studies of proton

radiography
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https://indico.cern.ch/event/1288731/contributions/5585498/

Results so far

2 Posters

1 Publications

Background

As majority of the scientific research in FLASH-RT has been done
with the use of electron, photon or proton beams, data using
heavier ions are sparse. Thus, investigations of achievable
FLASH effect with heavy ions are needed for understanding the
clinical potential of ion beams for FLASH-RT - especially, the

FLASH effect wce on dose level (threshold

dose).

Aim of the study

Investigate the theoretical feasibility of FLASH-RT with heavy
ion beams:
e estimate production yield and concentration of solvated
electrons (e, for different biologically optimized SOBPs
e calculation of FLASH efect threshold dose based on solvated
electron concentration

Pristine Bra: eak simulations
®Sets of pristine Bragg peak dose distributions were simulated
with GEANT4 (10.7, patch-03) toolkit for 11 ion types: 'H, *He,
“He, SLi, ’Li, °Be, 9B, 2C, N, 60 and Ne.
eInitial ion energies were calculated according to Bethe-Bloch
formalism to give ranges in water from 25 to 350 mm in steps
of 1 mm (325 energies for each ion).
e®Main simulation parameters :
© Physics list : QGSP_BIC with range cuts of 0.5 mm
® Detector geometry : Water cyclinder with radius of 200 mm
and length of 450 mm
© Beam parameters : pencil beam of 10¢ particles, energy
and Z/A-dependent initial energy spread
® Scoring : integrated depth dose (IDD) formalism,
scoring deposited energy, kinetic energy, LET and fluence (by
particle type).
®Riga Technical University HPC computing resources were
used for the simulations.
Relative biological effectiveness calculation
For RBE values in i of SOBPs Micr i ic Kinetic
model was used. Dose-mean saturation corrected specific energy
z",, values were mapped for each particle type based on kinetic
energy distributions. Total z°,, value was calculated by dose
weighing of the mixed beam [1]. RBE values in optimization were
calculated as [1]:

RBE = D,0/(5)/ (ao +Pzip) + \“'(nzoﬂr Bzi,)? — 4In(S)B

Rate Helium Ton Beams: First In Vitrc

10 - 16 June

ASSESSING PARTICLE FLASH-RT EFFECTIVENESS
G SOLVATE ELECTRON PRODUCTION DEPENDENCY ON PARTICLE LET

K. Palskis'?, M. Vretenar?, T. Torims!, M. Sapinski?, J. Seco*

!Riga Technical University, Riga, Latvia
2CERN, Geneva, Switzerland
3SEEIIST, Geneva, Switzerland
4DKFZ, Heidelberg, Germany

Methods (cont.)

As ions heavier than carbon were considered, z°,, dependence on
kinetic energy was calculated for ions up to argon (Z = 18) using
amorphous track structure model [2].

Particl ineti energy . [MeV/o]

Fig.1 z°,, dependency on kinetic energy for ions up to Z=18
e, yield and concentration calculation

Solvated electrons have been chosen as a surrogate for
indication of achievable FLASH effect based on their reactivity
with cellular oxygen, therefore standing as a possible
mediators of oxygen dependency of FLASH-RT.

Solvated electron production yield (G-value) dependency on
particle LET was taken from [3] and parametrized to give
dependency curves for intermediate pO, levels.

Based on dose-weighed LET values,
G-values were mapped for each
particle type and dose-weighing
was used to calculate total G-value
corresponding to mixed beam. i
From the G-value and physical dose ;
level, e, concentration was }
calculated as [41:

“aq * Dpnysicar [M0/1] - Fig.2 e, yield dependency on
for pO, = 1 %
e’,, concentration FLASH - threshold estimation
For FLASH effect dose threshold, a critical e-,, concentration
threshold has been proposed to generate FLASH effect.
Experimental data of reported FLASH effect in A549 cells [5] were
taken as a reference,
Using conditions under which FLASH effect was reported in [5]: 8
Gy physical dose, LET =16 keV/um and pO, = 1%, the critical
e, concentration threshold in our work has been calculated as
&7, = 0.375 pmol/I.

[e7aq) = 104+ 107

Biologically optimized SOBPs with
FLASH effect physical dose threshold

Biologically effective dose driven optimization for SOBP calculation
was performed. Corresponding dose-weighed e, G-value and
concentration distributions were calculated. Physical dose level
was optimized at entrance (Smm depth) to yield the critical e,
concentration with corresponding G-value. 5 mm depth was
chosen to avoid the nuclear buildup region.
SOBPs were calculated for various geometries:

© SOBP length: from 2.5 to 10 cm in steps of 2.5 cm

e depth of distal SOBP edge: from 5 to 35 cm in steps of 5 cm

ot
Fig.3 Example of biologically effective dose driven SOBP optimization,
incorporating FLASH “dose threshold” for “N ions
e, concentration distributions

SOBP distal depth = 10 cm, SOBP length = 2.5 cm.

Fig.4 Examples of calculated
e, concentration
distributions for considered
ion types (upper- shallow
geometry, lower -
deep-seated geometry)
("optimization point” for
=W threshold and threshold level

indicated in cyan)

SOBP dista depth = 35, SOBP length = 7.5 can

Centro de Clinica .
Protonterapia Universidad . SEFM HEcA nEDICA
Vquirce de Navarra

Results (cont.)

Acquired SOBP dose distribution parameters

SOBP dose distribution characteristics were extracted:
ephysical dose at 5 mm depth
ebiologically effective dose at 5 mm depth
eaverage biologically effective dose within SOBP

, For SOBP of 5 cm length: Physical dose at S mm depth

Fig.5 “FLASH threshold”
optimized 5 cm length
SOBP dose distribution
parameter dependency on
SOBP distal edge depth
(upper - physical dose at 5
mm depth, lower - average
biologically effective dose in

gl

Conclusions. Future outlooks

® A novel model for “FLASH dose threshold” estimation has
been developed based on e, concentration.

@ For clinically relevant ion types, physical dose “FLASH
threshold” at entrance - for 'H: 3.3-3.4 Gy, ‘He: 3.9-4.6
Gy, 2C: 6.6-9.9 Gy.

® For clinically relevant ion types, biologically effective
SOPB doses with “FLASH threshold-optimization” - for
'H: 4.4-8.1 GyRBE, “He: 5.9-9.2 GyRBE, 2C: 8.7-20.7
GyRBE. Dose levels heavily depend on SOBP geometry.

® For deep-seated geometries, “optimization-point” at
entrance depth, does not ensure e concentration threshold
in plateau region.

@ Model extension to 3D is in development to assess the
spatial differences in “FLASH dose threshold” estimates.

® Acquired results serve as basis for experimental
validation of FLASH effect dose threshold for different ions.

contact: krlstaps palskis@cern.ch

RIGA TECHNICAL
UNIVERSITY

Ve Knowledge Transfer dkfz.

Courtesy: K. Palskis
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FLASH-RT DOSE THRESHOLD EFFECT ESTIMATION FOR PARTICLE BEAMS
BY MODELLING SOLVATE ELECTRON PRODUCTION DEPENDENCY ON /“

PARTICLE LET 3D DISTRIBUTION
K. Palskis"?, M. Sapinski®, T. Torims', M. Vretenar?, J. Seco*

Riga Technical University, Rigafilatuia *CERN, Geneva, Switzerland
PSl, Viligen, Switzerlond_#DKFZ, Heidelberg, Germany

AIMS OF THE STUDY" 4

+ Investigate FLASH effect dose threshold for 12 different ion types
+ Off-axis dependency of the dose threshold - spatial variations
« Impact of SOBP geometry and FLASH prescription point |

BACKGROUN

+ FLASH-RT - growing clinical interest and emerging technological
developments for delivery

+ Majority of experimental evidence - electron, photon and proton beams
+ Investigations of heavy ion FLASH-RT feasibility - necessary

“What would be the most efficient ion for FLASH-RT?"

METHODS 74

2D pencil
beam map
tri

Dose threshold model

. reduced O, consumption
and ewenlua\ salmauo n at FLASH dose rates
“Saturation of solvated electron (€,)
COHCClea(\Dn turati of mpt;

OBP optlmlzatlon

‘B\o effective dose o

ned for ummmmtummwn ize of 25,
U 'Eanc 100 mm at dept!

nt - critical threshold e, concentration at
the FLASH prescription point réached

Scoring by

el positonf Radial profile

Model assumption
e, concentration FLASH effect dose
** threshold lhreshold
«Threshold \dme h( to exper'msﬂ\d\ (‘d(d

MC data collectlon

or pristine pe GEANT4
for energies of R, 515 and 2030 e

“IH, ?H, *He, ‘He, *Li, Li, *Be, %8, "iC, "N, %0, *Ne
oring: physical dose, fluence LET and E

o

jane ¢ ed for anal
ed v 3 Jmcmm'LASP prcscnpum

e dlstrlbunons

Cf U.

, “With increasing ~ atomic [
number of the ion, “FLASH

C odu
dose nec

mreshu\u'req n shrinks physical 2 for
H - 1% FLASH effect linearly increases
3 also lost . § i with the atomic number of \hc
\mevaﬂy 1c: heavier ions du = . pamce also th €

ise of L f Scan for % a 10 be deli
more results! v ket ormality increases f

| Prescription point
*FLASH dose threshold modelling framework has been establ

produced e _concentration and dependency on LET as surrogate For light ions: ‘
“Due to e ‘distribution, FLASH conditions would be reached in larger volumes| Prescription point closer to 2
wnh lightéf ions. e, concentration is lost at large off-axis distances for heavy| tumor volume decreases the
bio-effective dose at tumor t

CONCLUSION

hed by using

“Hiigher dose levels are needed to reach FLASH conditions with heavier ions - for
example, for “He - 16 to 27% and for '“C - 98% to 155% higher physical dose at
prescription point compared to proton beams (depending on SOBF geometry and,
prescription point dept|

*A compromise Detuben FLASH dose level and conformality - helium, lithium
“VHEE to be included in further studies, as well - studies of impact of ion beam
delivery method and delivery parameter optimization

For further information:

kristaps.palskis@cern.ch
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FUTURE
CIRCULAR
COLLIDER

CERN TE-VSC

' Laser Powder Bed Fusion

(L-PBF)

Primarily concerned with two Additive Manufacturing (AM) technologles
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1 Laser Powder Bed Fusion
(L-PBF)

Primarily concerned with two Additive Manufacturing (AM) techolies
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CERN TE-VSC

1 Laser Powder Bed Fusion
(L-PBF)

Primarily concerned with two Additive Manufacturing (AM) technologles
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FUTURE
CIRCULAR
COLLIDER

CERN TE-VSC

1 Laser Powder Bed Fusion
(L-PBF)
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Int;rnati/nal
/«UON Collider
7Collaboration
The Memorandum of Understanding
has been signed by RTU
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CERN Summer Student Programm
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FUTURE

CERN Summer Student Programm @F 17
R [ (&)

Student: Kristupa Seskauskaite (KTU) tasks: Uonversiy L i
=  AM component and surface characterisation
= Measurements

= Design evaluation
=  Continuation with Bachelor thesis

SR Absorber test sample (95 mm)

¢-"
¢ /JIPPAT
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FUTURE
CIRCULAR
CERN Summer Student Programm O St
Was @poster Session }%%’ Ktu ;:rf:':::‘r,%gzyof y
Student: Kristupa Seskauskaite (KTU) tasks: "'%ﬁ.’ffn’%\’.‘iﬂi“c‘ ) %F i
= AM component and surface characterisation ;

180

= Measurements
= Design evaluation
=  Continuation with Bachelor thesis

-
S
o

100 ’

andard force [MPa]

0 5 10 15 20

Elongation [mm]
——Average ——Specimenl ——Specimen 2 Specimen 3

Material/Property AM CuCrZr | Cul0100
[1-3] [4]

Yield strength,

MPa 100 204361  69-360
137,6 114 115
| ‘ 4 GECOEERGIAN 717738 88,185 51-127
/d-" p s Density. %
e ¥ ensity, % 96-99 90-99 100
] z 3\
.\ ® Vi I P PAT - PP : Roughness, um 18,01 8-18 N/A




CERN Summer Student Programm HITRI.

Heavy lon Therapy Research Integration

Student: Dairis Irbe (RTU) tasks:

= Design of support structure for nozzle components
= Evaluation of design

= Continuation with Bachelor thesis

g

 /IPPAT
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Heavy lon Therapy Research Integration

CERN Summer Student Programm HITRI.

T Ansys
Ty ity

Was @poster Session

Student: Dairis Irbe (RTU) tasks:

= Design of support structure for nozzle components
= Evaluation of design

= Continuation with Bachelor thesis

g

 /IPPAT

Courtesy: D. Irbe




Building the expertise in Accelerator
Technologies

= Project initiative: Advanced Particle Therapy center in the

CE/R_W

Baltic States ‘
AM for accelerators f
Treatment CERN Baltic Group
. - beamline :
Courtesy: L. Piacentini ¥ .
y \\with gantry Static iFAST
treatment
beamline 4 50
| ]
A
I I I I I !4 ‘ 100
\les Research
Heavy lon Therapy Research Integration .
Beamline Helium 150
Courtesy: L. Nikitovic Synchrotron 10 m
4 200
lon o
Sourcesg Radioisotope 250
p— ==y :
Linear Accelerator Production
NiMMS 300

Source: M. Vretenar et al., IPAC2022

FLASH therapy

0 50 100
Courtesy: K. Palskis
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AM Technology

Powder Bead Fusion

Scanner system

Laser —=—-=—

Fabrication
powder bed

3

Powder

delivery system
st Objekt being

fabricated

Powder
scraper

Powder delivery piston
Fabrication piston

Principle sketch of a laser melting machine

Source: Fraunhofer IWU \
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CERN

Laser beam

Movement of the
laser beam

—

Melt pool

Layer of powder
Solidified layer

Schematic diagram of laser beam melting

IFAST



Accelerator Requirements (C\E\R_Nz\ @I’—‘AST

Requirement Target value

Geometrical accuracy 20 pm on vane tip, 100 um elsewhere
Surface roughness Ra = 0,4 um for all inner surfaces
Vacuum 107 mbar

Electrical conductivity 90% IACS

Peak electric field on surface ~40 MV/m

*RFQ Requirements

%
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Accelerator Requirements (C\E\R_Nz\ @F—'AST

Requirement Target value
Geometrical accuracy 20 pm on vane tip, 100 um elsewhere
Surface roughness Ra = 0,4 pum for all inner surfaces
Vacuum 107 mbar
Electrical conductivity 90% IACS
Peak electric field on surface ~40 MV/m
*RFQ Requirements
i
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Accelerator Requirements C

Requirement

Target value

Geometrical accuracy

20 pm on vane tip, 100 um elsewhere

»

Surface roughness Ra = 0,4 um for all inner surfaces
Vacuum 107 mbar

Electrical conductivity 90% IACS

Peak electric field on surface ~40 MV/m

*RFQ Requirements

o ‘-"
(ZIPPAT
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CERN

IFAST
| Regime
760 70 nm Atmosphere
1 50 um Rough vacuum
103 5cm Medium vacuum
107 500 m High Vacuum

{030 500 km Ultra High Vacuum
1012 50,000 km Extreme High Vacuum




Accelerator Requirements

Requirement

Target value

Geometrical accuracy

20 pm on vane tip, 100 um elsewhere

(iERN iIEAST

 Regime

Surface roughness Ra = 0,4 um for all inner surfaces
Vacuum 107 mbar

Electrical conductivity 90% IACS

Peak electric field on surface ~40 MV/m

*RFQ Requirements

o ‘-"
(ZIPPAT

.—~

760 70 nm Atmosphere
1 50 um Rough vacuum
103 5cm Medium vacuum
» 107 500 m High Vacuum

(g 500 km Ultra High Vacuum
10-12 50,000 km Extreme High Vacuum

Ultra High Vacuum design for BIDs

Leak tightness
(e.g. 1:10-'° mbar-I-s)

Outgassing (from internal

components)

(e.g. threshold 10" mbar-I-s™)

Contamination

(hydrocarbons, CO/CO,, higher Z
— from cleaning or poor design)

Vacuum criteria

Virtual leaks (e.g. trapped
pockets of gas)

(< 5-10-° mbar-l-s™)



He leakage test

First test for Ultra High Vacuum applications

The aim of this research is to find the minimum pure copper AM wall thickness limits
applicable for UHV by using specially designed test membranes

< ®39 _ 90° 67° 45
15° 7 §
- 7 A
f
— % I §
\L\[Sealmg surface| >l f‘_’ ol =
045.2 =
o
055 = % Vil
Z= 2 5;2;1.5;1; 0.75; 0. 5 mm | AM Built Platform

¢-"
\o/ IPPAT Thanks to CERN TE-VSC and Cedric GARION




He leakage test ?@ IFAST

First test for Ultra High Vacuum applications

The aim of this research is to find the minimum pure copper AM wall thickness limits
applicable for UHV by using specially designed test membranes

. »39 o 90° 67° 45
15° 7 —‘ § W
— A
R1.5 v
A | c
o
= g
© e
o Sealing surface| j ol B
045.2 =
m
055 o = % \ 2
Z= 2 5;2;1.5;1;0.75; 0.5 mm | AM Built Platform
¢-"

Thanks to CERN TE-VSC and Cedric GARION
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He leakage test C\E/RW IFAST

First test for Ultra High Vacuum applications

The aim of this research is to find the minimum pure copper AM wall thickness limits
applicable for UHV by using specially designed test membranes

P »39 . 90° 67° 45°
15° 7 §
— A
i Y
i Zp, s
d © o
Sealing surface| . ol B
- ke]
. o45.2 g
055 = %

Z= 25215107505mm |

Helium

—-" During the test vacuum level of 10-3 mbar was provided

¢ JIPPAT

Thanks to CERN TE-VSC and Cedric GARION




He leakage test C\E/RW IFAST

First test for Ultra High Vacuum applications

The aim of this research is to find the minimum pure copper AM wall thickness limits
applicable for UHV by using specially designed test membranes

P »39 . 90° 67° 45°

5 W i p Results
B1.8 i . The leak detector threshold value is set at
I == Z I ) § 1-10-°mbar-|-s- !
® Sealing surface| :‘_’ © %
u—l % Thickness Z (mm) Angle/Result (mbar/l/s)
055 J HA 45° 67° 90°
Z= 2 5;2;1.5;1;0.75; 0.5 mm | 2.5 PASS PASS PASS
2 PASS PASS PASS
1.5 PASS PASS PASS
1 PASS PASS PASS
0.75 PASS PASS 1-106
0.5 PASS 251073 5-10-2

¢-"
¢ JIPPAT
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High voltage holding test

CERN'’s pulsed high-voltage

s  DC system b
Anode
Shoulder
Height of
10mm
Cathode
Shoulder
Height

Spacer
Height

Insulators ¢ €

AM Cathode opening

Grounding
feedtrough

g
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CERN

High voltage holding test IFAST

HV characteristics are related to surface roughness values and chosen material,
therefore, the aim is to clarify AM pure copper surfaces performances in as-built
conditions.

CERN'’s pulsed high-voltage

o DC system b
Anode
Shoulder
Height of
10mm
Cathode
Shoulder
Height

Spacer
Height

Insulators ¢ &

AM Cathode opening

' Grounding
feedtrough

¢-"
¢ JIPPAT

Thanks to CERN SY-RF team and Walter WUENSCH



CERN

High voltage holding test IFAST

HV characteristics are related to surface roughness values and chosen material,
therefore, the aim is to clarify AM pure copper surfaces performances in as-built
conditions.

The Anode’s test surface The Cathode’s test surface
R,=0.4pm R,~10um

CERN'’s pulsed high-voltage

o DC system b
Anode
- Shoulder
Height of
10mm

Spacer
Height

Insulators s

Cathode
Shoulder
Height

AM Cathode opening

Grounding
feedtrough

Ra =8.28 £ 0.89 and 10.67 £ 1.16 um
Rz =42.10 £ 5.33 and 52.76 + 7.56 ym
,.,, (two perpendicular measurements)

o2 IPPAT

Thanks to CERN SY-RF team and Walter WUENSCH




High voltage holding test

Initial results: Test 1 (Gap 270um)

Vacuum pumdown

16

14

Test 1

12
10

Presure 10”7 [mbar]
o0

SN A~

The final vacuum: 3 - 1078 mbar

P/
.

</ IPPAT

20 40 0 80

6
Time [h]

@\ @F‘AST
NS

Thanks to CERN SY-RF team and Walter WUENSCH



High voltage holding test @\_}l @#AST

Initial results: Test 1 (Gap 270um)

Vacuum pumdown HV holding test
16
g 1 Test £ 40 Lt 200 20
E The final vacuum: 3 - 1078 mbar -~ d,= 270 pm £
S 3 § g
o 6 30 1508 15
; = Al
— Q
0 20 40 60 80 2 20 100 5 10 %
Time [h] 5 O o
()
o § 3
10 0 15 &
Test 1 reached a stable 26 MV/m (equivalent . &
to the system maximum voltage of 7 kV ) I 0 g
8 10 12 14
Pulse [10M]
¢-"

¢ /JIPPAT

Thanks to CERN SY-RF team and Walter WUENSCH




High voltage holding test

Initial results: Test 2 (Gap 115um)

Gap reduction by remachining shoulder hight

¢-"
¢ JIPPAT

The Anode’s test surface
R,=0.4pm

The Cathode’s test surface
R,~10pum

=

@\W @FAST
NS

Anode
Shoulder
Height of
10mm

Spacer
Height

Cathode
Shoulder
Height

The same preconditioned cathode and anode were used for test 2

Thanks to CERN SY-RF team and Walter WUENSCH



High voltage holding test @\_}l @#AST

Initial results: Test 2 (Gap 115um)

Vacuum pumdown

16 16

14 | | Test 2 ) 14 Test 1
12 The final vacuum: 2 - 10~8 mbar

10

The final vacuum: 3 - 10~ mbar

Presure 10”7 [mbar]
o0

Presure 107 [mbar]
oo

(=T \S I SN

0.0 25 5.0 75 10 12.5 15 175 20.0

40 . 60 80
Time [h] Time [h]

/‘-"‘

(ZIPPAT

@—e
S\

Thanks to CERN SY-RF team and Walter WUENSCH




High voltage holding test

Initial results: Test 2 (Gap 115um)

Vacuum pumdown

16
'g‘ 14 Test 2 )
£ 12 The final vacuum: 2 -10~8% mbar
= 10
S 8
o 6
5 4
(D]
& 2

0

0.0 2.5 5.0 7.5 10 12.5 15 17.5 20.0

Time [h]

Electrical Field reached a stable 50 MV/m;
(40 MV/m corresponds to the operating conditions
of the compact 750 MHz RFQ design of CERN)

¢-"
¢ JIPPAT

@ @FAST
NS .

HV holding test

Test 1

Electric Field [MV/m]

Test 2 140

120

100

80

#Breakdowns
Breakdownrate [BD/1 ()TPulscl

40

20

Pulses [ 108]

Thanks to CERN SY-RF team and Walter WUENSCH



-~

o
-

~ Signal A= SE2 S ~ Mag= 200X

EHT =10.00 kv Catarina Serafim
WD =11.0mm Sample ID = AM_electrodes  pate: 13 Jun 2023

EHT =10.00 kv Catarina Serafim
WD =11.2mm Sample ID = AM_electrodes  pate: 13 Jun 2023

Signal A= SE2 Mag= 500X

5um EHT =10.00 kV Catarina Serafim "
WD =11.2mm Sample ID = AM_electrodes  pate: 13 Jun 2023

Signal A = SE2 Mag= 3.00 KX

EHT = 10.00 kv . cat
WD =11.0mm Sample ID = AM_electrodes Date 13 Jun 2023

Signal A = SE2 Mag= 500X

J/IPPAT

Courtesy: C. Serafim
Thanks to CERN SY-RF team and Walter WUENSCH



High voltage holding test \ IFAST

XN

| 100 um EHT =10.00 kv Catarina Serafim
Hi Sample ID = AM_electrodes  pate: 13 Jun 2023

WD =11.0mm
L I e SIGOBIATOED s

30 ym EHT =10.00 kV ) Catarina Serafim . 5um EHT =10.00 kV Catarina Serafim
WD =11.2mm Sample ID = AM_electrodes  pate: 13 Jun 2023 @ WD =112 mm Sample ID = AM_electrodes  pate: 13 Jun 2023 @
. Signal A= SE2 Mag= 500X Signal A = SE2 Mag= 3.00KX

Further tests with:

Smaller gap height — 60um;

*HV Tests after surface post-processing;

*Test of built direction and laser source influence

Sample ID = AM_electrod:

3 EHT =10.00 kv Catarina Serafim
WD =11.0mm €S Date: 13 Jun 2023 @
/‘-" Signal A = SE2 Mag= 500X
o ()

[ 1 Courtesy: C. Serafim
@ ] ‘\
\0‘/ IPP T Thanks to CERN SY-RF team and Walter WUENSCH
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3 Posters
2 Publications

IFAST

DEVELOPMENT AND TESTS OF A FULL-SIZE ADDITIVE
MANUFACTURED RADIO FREQUENCY QUADRUPOLE MODULE

T. Torims, A. Ratkus, G. Pikurs, V. Lacis, Riga Technical University, Latvia
M. Vretenar, A. Cherif, CERN, Switzerland
S. Gruber, E. Lopez, L. Stepien, Fraunhofer IWS, Germany
M. Pozzi, M. Foppa Pedretti, Résler Italian, Italy
P. Wagenblast, M. Thielmann, TRUMPF, Germany
M. Vedani, T. Romano, Politecnico di Milano, Italy
N. Delerue, A. Gonnin, P. Lepercq, E. Mistretta, IJCLab, France

Afull-size single-pi pper RFQ - Geometrical accuracy ~ <20 um attained
was designed and addmvely manufactured on vane tip
Produced by the state-of-art AM technolcogy with - Surface roughness (Ra) <0.4 um attained

ig RFQ design impi - Vacuum tests <10-/mbar  see THPMO31
Based on the CERN high-frequency 750 MHZ RFQ - Electrical conductivity >90% IACS  attained
Geometrical accuracy and surface roughness - High Voltage holding ~ ~40 MV/m  see THPMO30
measurements were performed - before and after - Ultra-low temperatures 2K envisaged
surface treatment operations - RF properties tests >90% of Q, _envisaged

1% iteration

2" iteration 3 iteration

Full-size
optimised
RFQ

95 mm
l20 : :
15 Geometrical accuracy on a vane tip
]50 <20 um

- Smart cooling channels Average Ra, um

- Integrated connection
flanges

- Improved Q factor

- Honeycomb structures

- Better functionality and

thermal behaviour

2 svane tip lateral surface

INITIAL HIGH ELECTRIC FIE|
RESULTS FOR ADDIT!

ARC BREAKDOWN TEST
RED PURE COPPER

A. Ratkus!, T. Torims!, G. Pikurs!, V. Bjelland? S. Catroni?, R. Peacock?, C. Serafim?, M. Vretenar W. Wuensch?,
M. Vedani®, T. Romano"?, M. Pozzi% M. Foppa Pedretti*

! Riga Technical University, Riga, Latvia; CERN, Geneva, Switzerland, *Politecnico di Milano, Italy, Résler, Milan, Italy

14t International Particle
Accelerator Conference

7 - 12 May 2023 | Venice Italy

Additive manufacturing (AM) is a good candidate to be used for complex accelerator component
production like Radio Frequency Quadrupole (RFQ) manufacturing. Several accelerator component
prototypes have been developed by AM using pure copper, however, high electrical field holding
(HV) behaviour is unknown. Moreover, it is known that HV characteristics are related to surface
roughness values and chosen material, therefore to see AM pure copper surfaces performances in
as-built conditions, the first experiment with rough surface performances was executed.

A 4 0 D R @ ®, ADD
A A R O( OR A E R OR
APP ATIO nNA 8 REOUIR
Motivation an jectives
+ AM applications with pure copper for accelerator component production pof ly can offer several

benefits such as design freedom, functionality improvements etc.

« Pure copper AM (green laser source) characterization under UHV requirements are needed.

+ The aim of this research is to find the minimum pure copper AM wall thickness limits applleablo for
UHV by using test

Methods

CERN's pulsed high-voltage

Conventionally built anode
< DCsystem

and AM built cathode

Tee Aoodes estserace || The Calhde' st st
R0t £, - 10ur

AM cathode test surface
characterisation

.28 + 0.89 and 10.67 116 um
4210+ 533 and 5276 + 7.56 um

Experiment with careful gap (d) reduction by machining R
(two perpendicular measurements)

cathodes shoulder hight and changing the insulator spacers

The Vacuum Pump Down [rear Test2

" - @ d=270pm  dy=M5pm
‘ wm V

» © »

Test ] reached a stable 26 MV/m;

Test 2 an electric field of 40 MV/m;

tc (B0 mscl

E

Slower conditioning was applied

compared to the reference, using

approximately twice as many
ulses;

Elcetric Ficld [MVim]

The final vacuum:2-10°* mbar

6 x
Pulse [10M]

Membrane production with AM Membrane leak tightness test
The The helium leak test method is used:
+ Membrane wall thichness (z): 25, 2,15, 075,05 mm * Leaks down to10"°mbar-s’ can be detected;
© AM build angle: 50% 67 and 45° + The background level of halium is very low;
+ Helium is an inert gas and it is non-flammable and harmiess:

w e oW * Helium is non-condensable and it slighter thanaif
- - = 8 + The gas is widely available at affordable prices.
=== O
i i A | Leybold Phoenix 300i
ey . i equipment
- i - HLN X 4
= =
AM Equipment and parameters Powder used Test procedure
A TruPrintlo00 Green Edition  Copper Cu-ETP (Electrolytic  + The tests are carried out at a room temperature;

LPBF with a green TuDiski020  Tough  Pitch)  gavatomized + Avacuum level of 0% mbar s provide:

laser [wavelength of 515 nm) with: spherical shaped powds + When the leak background value is below the detection limit 10"
Niaximum laser power of S0OW;  powder particie size distibution mbar-}s'), helium is sprayed for 10 to 30 seconds on top of the upper|
+ The layer thickness of 30 um; is between 19.5 and 34.9 um surface of the pure copper membrane;

+ The laser spot size of 200 um. + Helium induced signal is recorded to detect any leak.

Al pure copper

et and seaing suraceswer astuonaly Thicknens Z (mm) ___ Angle/Result (mbarfl’)
il & i » However, the samples that did not

o Liped pase T pass leak tightness test can be
2 PASS PASS PASS classified accordingly:
1S PASS PASS PASS + 5102 mbar-ls" water tight;
1 PASS__ PASS PASS | . 2510% mbarls’vapour tight;
s PASS PASS T104 - 110 “mbarts’oil tight
s PASS 25100 s100

The leak detector threshold value is set at 110-®mbar-bs!

1. Achieved surface roughness and geometry fully in line with stringent requirements of RFQ.

2. RFQ geometry can be improved based solely on accelerator physics and functional requirements
without considering technological limiting factors (e.g. tolerances, shape, size and configuration)
imposed by the conventional manufacturing techniques. This is change of paradigm.

3. AM technology unlocks great potential for the optimisation of complex accelerator components.

4. Vacuum, RF and water tightness tests are being performed on the full prototype.

toms.torims@rtu.lv

‘This project has received funding from the.
European Union's Horizon 2020 Research and.

Innovation programme under GA No 101004730

Initial tests show the capability of AM
ectrodes to hold high vacuum
levels and mgh e\ecmc fields with

The number of breakdowns and breakdown rate
are found to be even lower than for a reference of
a standard, oxygen-free, heat-treated copper

Further tests with:
+ Smaller gap height;
+ AM cathodes produced in

low g AM Astable, electric field of 40 MV/m was different built directions;
to b o velid candidata’ for  reachedwith the smmallor 9ap height of 115 um + AM cathodes after surface
and that to the operating

\g processes

of the compact 750 MHz RFQ design of CERN.

Conclusions

According to these results, the following can be concluded:

+ Membranes with wall thicknesses down to 0.5 mm can built with the green laser source;

+ The green laser source is applicable for thin wall UHV applications;

+ 1 mm wall thicknesses can provide UHV leak tightness requirements in all studied build angles (90% 67° and 457);
+ 05 mm wall thickness samples need more accurate investigations before drawing final conclusions.

Achieved results clearly indicate the of AM and vacuum system component

producﬂoﬂ that are operating at room temperatures, such as LINACs, beam transfer lines and injectors with larger design
flexibil

‘This project has received funding from the.

European Union's Horizon 2020 Research and.
Innovation programme under GA No 101004730.

This project has received funding from the.

European Union's Horizon 2020 Research and
Innovation programme under GA No 101004730.
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