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Porthos

Thomas Schietinger (PSI)

Athos upgrades:

Porthos within
SwissFEL

ESASE: Asced = 267/400/800 nm

EEHG: Aseea =267 nm
Commissioning 2022/23

Athos:

Soft X-ray FEL, A =0.65-5.0 nm

Variable polarization, APPLE-X undulators
First users 2021

First phase Second phase Athos 0.65-5 nm
2013-16 2017-20 r— hE user
BC1 BC2 2.7-3.3 GeV stations
Injector — 7N - Linac1 — ( - Linac2 — — Linac3 HE
0.3 GeV 2.1 GeV 3.0GeV 2.1-6.2(7.0) GeV Aramis 0.1-0.7 nm
g LE
Planned phase
- ?
2029-2032 Porthos 0.15-1.2 nm?
Linac: Aramis: Porthos:

Pulse duration : 1-20fs

Electron energy : up to 6.2 GeV
(7 GeV after upgrade)

Electron bunch charge: 10-200 pC

Repetition rate: 100 Hz, 2 bunches
(3 bunches after upgrade)

First users 2018

Hard X-ray FEL, A = 0.1-0.7 nm

Linear polarization, in-vacuum,
variable-gap undulators

Hard X-ray FEL, A =0.15-1.2 nm?

Variable-polarization undulators
(technology to be decided)

Start of construction: 2029. Reiche



PAUL SCHERRER INSTITUT

s

BFl 2021-2024

Reminder:

BFI: Federal 4-year

/ funding periods

BFI 2029-2032

Porthos timeline

BFI 2025-2028

. sts-20 | ESup

ko] Porthos

o SwissFEL endstations Diavolezza
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2.0 Pmm=mmmmmmmmmmmm - > > Project realization
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%. 5 studies Pre.-projeCt OSFA extension
a © (Innovation for Porthos!)

Thomas Schietinger (PSI)

Commissioning &

consolidation

PSAC 2022, 14 December 2022

Page 3



Strategic Planning 2025-2028 of the ETH Board for the ETH Domain
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“Pre-announcement”
for Roadmap 2027
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Proposal for a Research Infrastructure --- PRE-ANNOUNCEMENT FOR ROADMAP 2027

Name of the Research Infrastructure: Porthos — An advanced hard X-ray waveform generator
Responsible Institution(s): Paul Scherrer Institut
New research infrastructure [J / substantial upgrade of existing research infrastructure X

1. Summary

The ability to visualize the structure of matter and functioning of biological, chemical, and physical
processes has been a fundamental driver of science and the resulting technological innovations. In the
past decades, the frontier has moved towards ultrafast processes on the femto- to attosecond time scale,
imaging structures with atomic resolution and following reactions with sensitivity to individual chemical
elements. PSI has successfully set into user operation the hard X-ray branch Aramis at SwissFEL, with two
running experimental stations and a third one being implemented while the soft X-ray branch Athos has
been recently installed and first pilot experiments are scheduled. Knowledge gained during the design
and realization of Aramis and Athos in combination with innovative accelerator concepts have paved the
road to the extension of SwissFEL to its third branch, Porthos, which will be unique in its conception as
an advanced hard X-ray waveform with an d hifting impact like that
brought about by analogous optical and microwave signal generators. In fact, Porthos will produce
sequences of very bright, hard coherent X-ray pulses (as short as 107 seconds) at a repetition rate of 100
Hz with full polarization control up to the Mossbauer gamma line (14.4 keV) and beyond. The increase of
the electron beam energy will allow pushing the X-ray wavelength below 0.5 A, i.e., half of the atomic
radius, and will double the achievable energy range compared to Aramis (!), i.e., to the point where thicker
experimental systems, including samples as well as their containers for operando studies, particularly
relevant for the sustainability agenda, become accessible.

2. Strategic relevance

With the recently commissioned SwissFEL, delivering femtosecond pulses of soft, tender and hard X-rays
at a repetition rate of 100 Hz, Switzerland has leveraged opportunities from the ultrafast community and
the unique power of X-ray investigations for a broad range of scientific applications. Porthos will
accomplish SwissFEL’s original design concept, i.e., the provision of 9 world-class FEL endstations for
science, medicine and engineering (corresponding to a 50% capacity increase compared to what Aramis
and Athos can provide using the same linear accelerator), thereby strengthening Switzerland’s leadership
role as a worldwide key player in the field.

2.1.Scientific rati and

Porthos will significantly contribute addressing the grand challenges facing our society, from the

development of smart/new materials and mitigation of climate change to fundamental aspects in

infectious diseases and atomically resolved biochemical structures and processes. Applications will cover
all science and engineering disciplines, from semiconductors for electronics, catalysis for chemical
reactions, to lead molecules for drug development. Examples of key experiments are:

e Life Sciences: Structure determination through truly radiation-damage-free diffraction-before-
destruction time-resolved crystallography, exploiting the envisaged short-pulse/high-power (SPHP)
operation mode at very short wavelengths. This will be particularly appealing for tiny crystals, to
better map rapid diffusion of small molecule ligands.

e Novel materials for future technologies: Non-linear operando X-ray spectroscopy at K-edges of
several 4d transition metals via stimulated emission studies with chemical sensitivity and nonlinear
transient grating X-ray spectroscopy, enabling new ways in inorganic chemistry, catalysis, and
materials science, for example to measure momentum-dependent ultrafast demagnetization
processes (spintronics) of key importance in the field of quantum and neuromorphic computing.

e Quantum Technologies: Time-domain interferometry in the hard X-ray regime, exploiting the
expected tunability of the phase difference and relative amplitudes of two adjacent pulses provided
by Porthos Mode-Locked Lasing (MLL) capabilities, resulting in the coherent control and readout of
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quantum states, as well as highly precise and efficient measurements of electronic transition
linewidths. Moreover, the g-range accessible with hard X-rays will allow the investigation of ultrafast
charge and spin fluctuations on atomic length scales in novel quantum nanodevices.

e Imaging: Single-shot full-field and ptychographic imaging of ultrafast non-repeatable phenomena
with single-digit nanometer spatial resolution in complex, operando conditions, perfectly
complementing the imaging portfolio offered by SLS2.0.

2.2. Advantages for science and society

Porthos will enrich Switzerland’s scientific landscape of tomorrow and will enable paradigm-shifting
scientific progress. The first SwissFEL user publications reported on pioneering, high-impact experiments
elucidating, among other things, the behaviour of ferric/ferrous heme proteins that play an important
role in the respiratory function of hemoglobin, the dynamics of active transport across bio-membranes,
and the functionality of organic light emitting diodes (LED). As described above, Porthos will produce
harder X-rays with tailored pulses and expand the range of operation to be much closer to direct
applications in all sectors. Moreover, the track records of the SLS and SwissFEL show that many technical
innovations required to realize and continually advance cutting-edge facilities such as Porthos bear a large
potential for commercial applications outside the project itself, and thereby become important
innovation boosters for the ETH Domain and Switzerland.

2.3 Contribution to unique features of the ETH Domain

a) Organisational embedding

The project will be designed, constructed and operated by the PSD, GFA and LOG divisions of PSI following
the matrix paradigm used also for the Athos undulator branch of SwissFEL and the upgrade SLS 2.0 of the
Swiss Light Source. The execution of large-scale high-tech engineering projects for leading edge science is
a feature of the ETH Domain shared by only a very small handful of international academic competitors
such as Stanford (with SLAC) and the University of California (with the Lawrence Berkeley Laboratory).
Strong links within the “campus” communities of ETHZ and EPFL as well as other national laboratories will
be provided through joint faculty/staff appointments, shared studentships and other training
programmes as well as collaborative user-driven research.

b) Institutions involved

The ETH Domain, Swiss academic units and Universities of Applied Sciences as well as major
pharmaceutical companies and numerous SMEs will all benefit and capitalize on the new capabilities
offered by Porthos. International organizations such as European XFEL and CERN are our long-term
partners and will remain key collaborators during the upcoming decade.

3. Financial requirements (estimate)  ** indicates PSI costs

The current budget estimation foresees 100 MCHF investments for the machine and two endstations. In
addition, construction costs of 40 MCHF have been estimated for extending the building in order to
accommodate the new experimental areas. A first tranche of 10 MCHF will be borne by PSI in the 2025-
2028 funding period to finance a “Pre-project” phase for the technical machine design as well as the
advanced conceptual design for the endstations and the planning of the civil construction. The remaining
130 MCHF are requested for the 2029-2032 funding period and dedicated to the realization of the project.

Costs (MCHF) 2021-2024 2025-2028 2029-2032
Investment costs 10*%* 90
Operating costs

Construction costs 40

Total costs 10** 130
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Porthos
preproject

2025-2028
Costs (MCHF) 2021-2024 20252028 2029-2032
Investment costs 10%** 90
Operating costs
Construction costs 40
Total costs 10** 130
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How to spend the 10 MCHF?

* After discussion at SSB, PSAC and elsewhere, high-level agreement to pursue 4-5 main
directions during the pre-project (with emphasis on innovation!)

Photoinjector improvements

Extraction line with 6-GeV test stand 60

0° ?
Undulator development (\‘,(\ ©
Advanced acceleration R&D ?0 c;\e‘\
Concepts for achieving full coherence S

* Other important directions, not directly listed in the preproject, but important to push
(emphasis on feasibility):

Thomas Schietinger (PSI)

Resonant kicker development (21 ns, possibly 14 ns)
Additional gun laser system and infrastructure

LLRF scheme to handle 21 ns (or less)

Diagnostics readout to handle 21 ns (or less)
Building annex for experiments

WLHA Visions, 12 May 2023
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(=)= How to spend the 10 MCHEF?

After discussion at SSB, PSAC and elsewhere, high-level agreement to pursue four main
directions during the pre-project (emphasis on innovation!)

Athos

/ Aramis
\ Porthos

Photoinjector Extraction Line &
Improvements 6-GeV Test Stand
Advanced Undulator
Acceleration Development
R&D
Concepts for
bold face: principal investments achieving full
coherence

Thomas Schietinger (PSI) WLHA Visions, 12 May 2023
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(= Photoinjector improvements

Bunch compression schemes

Current layout: BC1 at 305 MeV

150 MeV 325 MeV 305 MeV E =750 MeV

SINSBO3 SINSB04 SINXBO1 ‘ BC1 SINDIO1 $10CBO1 $10CB02 $10CBO3

——————

_____

SINEGO1
SINSBO1 —
SINSB02 3
8
-
o
23
2 Q
(-4
< N
zg
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(= Photoinjector improvements

Bunch compression schemes

Option S-band upgrade only: BC1 at 660 MeV

150 MeV 690 MeV 660 MeV E=1110 MeV

SINSBO3+ SINSBO4+ SINSBO5+ | SINXBO1 ‘ BC1 SINDIO1 $10CBO1 $10CB02 $10CBO3

;L:MJ'ﬁzu—| o= !?
n - n ]~ =) [a] I |
— _ SK.001 = )

SINEGO1

SINSBO1 Upgrade SINSB03/04, new station SINSBO5: X-band upgrade to No changes after BC1
SINSB02 cope with higher =
e New 3-m structures (FERMI type, 30 MV/m) compression energy? g
e S-band BOCs = BD simulations W3
needed... £8
e 180 MeV per S-band station £<
(1 HV modulator/klystron serving two structures) Opt'ion needs further study!... )
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(= Photoinjector improvements

Bunch compression schemes

Option S-band & C-band upgrade: BC1 at 310 MeV

150 MeV 330 MeV 310 MeV /\ E = 1230 MeV

::m:gg: Upgrade SINSBO3: Move BC1 upstream 2 additional C-band stations in linac-1
SINSBO2 . L\lew 3-m structures (FERMI by about 22 m 240 Me 480 eV addition -
ype, 30 MV/m) « Compression bearn enoray 8
e S-band BOCs energy stays at z
« 180 MeV from a single ~300 MeV e Stayat currepfc acc. gradient for §§
S-band station : e No X-band klystron stability (30 MV/m) £x
upgrade necessary s

(1 HV modulator/klystron .
serving two structures) * Long shutdown! Option needs further study!...
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(=== Objective of today's meeting

* Compile a (more or less complete) wishlist of things that could be done in the WLHA bunker
- Keeping in mind spatial limits but not financial / manpower limits (at this point)

* Provide a first prioritization in terms of relevance for:
- SwissFEL Porthos (= ask for funding within Porthos preproject)
- SwissFEL overall (= ask for funding through SwissFEL operational budget or GFA finance workshops)

- PSI general (funding to be found elsewhere)

* Point out possible synergies between the activities.

Thomas Schietinger (PSI) WLHA Visions, 12 May 2023 Page 11
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PSI speedikon
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WLHA situation

courtesy Arealkoordination

Elektroversorgung
Wilhelm Fleischmann

MO05

Elektronenquellenlaser
Alexandre Trisorio

MOOSA / MOORB / MO9S /
M023 / M029
Magnete

Stephane Sanfilippo

1HOO1

Timing & Synchronisation
Cezary Sydlo

M001 / MOO2 / M0D4 / MDOB

Hochfrequenz
Marco Pedrozzi

Insertion Devices

Thomas Schmidt

Vakuum
Romain Ganter

Thomas Schietinger (PSI)
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PS5 WLHA situation

courtesy A. Gabard / J. Wickstréom

Montageplatz 128m2 + 92m2 = 220m2
A.Gabard / J.Wickstrém 24.07.2018
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[(I={» WLHA situation

courtesy A. Gabard / J. Wickstréom
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WLHA current situation

courtesy A. Gabard / J. Wickstréom
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WLHA possible future situation
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courtesy A. Gabard / J. Wickstréom

Page 18



PAUL SCHERRER INSTITUT

(== WLHA wishlist

All the things we could do in the WLHA bunker (SwissFEL): All the things we could do in the WLHA bunker (beyond SwissFEL):
1 RF technology: 1 User science program
* Testing of new RF gun concepts (S-band, C-band, X-band,...) *  Electron diffraction user station (see LCLS)
— Towards smaller emittance, smaller energy spread for Porthos
*  Conditioning of spare RF guns 2 Proton test stand
* Conditioning of RF structures (S-band and C-band) *  |on source with RFQ (300 MHz?)
* Testing of new low-level RF concepts — replacement for Cockcroft-Walton is urgently needed

— e.g. three-bunch operation for Porthos
2 Cathode technology:
* Testing of new cathode coatings / concepts (e.g. «green» cathodes)
* Conditioning of cathodes?
3 Laser technology
* Hot spares for SwissFEL gun lasers
*  Multibunch generation via beam splitting
* New developments?
4 Electron beam instrumentation:
* Testing of new diagnostics systems (pickups, readouts)
— e.g. readout at 21 ns bunch spacing
5 Undulator technology
* Does it make sense to test undulators at low energy?

Thomas Schietinger (PSI) WLHA Visions, 12 May 2023
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