Preliminary market consultations — Sub-THz
Interferometer
Piedbéiné trini konzultace — Sub-THz Interferometr

Title of the public contract / Nazev veiejné zakazky:

The Sub-THz Interferometer for the COMPASS-U tokamak

This public contract(s) for supplies will be organized in the framework of the project named
,,COMPASS-U: Tokamak  for  cutting-edge  fusion  research”,  reg.  number:
CZ.02.1.01/0.0/0.0/16_019/0000768, granted within the framework of the Operational Program
Research, Development and Education. The regime of the contract(s) will be specified later,
depending on results of these preliminary market consultations. Anticipated language of procurement
procedure for this public contract is English, however, the Contracting Authority reserves the right to
conduct the procurement procedure in the Czech language.

Sub-THz interferometr pro tokamak COMPASS-U

Tato vefejna zakazka (zakazky) na dodavky bude organizovdna v ramci projektu s nazvem
,COMPASS-U: Tokamak pro Spickovy vyzkum faze®, reg. ¢islo:
CZ.02.1.01/0.0/0.0/16_019/0000768, ud€leno v ramci Operacniho programu Vyzkum, vyvoj a
vzdélavani. Rezim vetejné zakazky (zakazek) bude upiesnén pozdéji v zavislosti na vysledcich téchto
pfedbéZnych trznich konzultaci. Predpokladanym jazykem zadavaciho fizeni pro tuto vetejnou

zakazku je anglictina, zadavatel si vSak vyhrazuje pravo vést zadavaci fizeni v ¢eském jazyce.

Identification of the Contracting Authority / Identifikacni vidaje zadavatele:

Name / Nazev: Ustav fyziky plazmatu AV CR, v.v.i.
Registered seat / Sidlo: Za Slovankou 1782/3, 182 00 Praha 8

Id No. / 1CO: 61389021

Represented by / Zastoupen: doc. RNDr. Radomir Panek, Ph.D., feditel
Contact person / Kontaktnf osoba: ~ M.Sc. Mykyta Varavin

E-mail: varavin@ipp.cas.cz

CPV Code:  31712342-9 - Microwave or small signaling diodes
71334000-8 - Mechanical and electrical engineering services
38552000-9 - Electronic meters
31711422-7 - Microwave equipment
31712342-9 - Mikrovinné nebo mal¢ signalizac¢ni diody
71334000-8 - Strojirenské a elektrotechnické sluzby
38552000-9 - Elektronické méfice
31711422-7 - Mikrovlnna zafizeni
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Purpose

The main purpose of the preliminary market consultations is to obtain information needed to optimize
the design of the sub-THz unambiguous interferometer (STUI) and the design of the quasioptical
system, antennas and focusing system for the COMPASS-U tokamak from the technical and
economical points of view. This information will be further used for preparation of the corresponding
public tender(s) documentation. The subject of this preliminary market consultations will be related to
the design, manufacturing and commissioning of the interferometer for the COMPASS-U tokamak.
Discussions, planned in the context of preliminary market consultation, would be focused on
microwave hardware (HW) design of the interferometer, quasi optical waveguide design and
corrugated waveguide, which will be placed in the port plug, design of the antenna system as well as
the focusing mirror system.

Ucel

Hlavnim ucelem ptfedbéznych trznich konzultaci je ziskani informaci potiebnych k optimalizaci
navrhu sub-THz jednoznaéného interferometru (STUI) a navrhu kvazioptického systému, antén a
fokusa¢niho systému pro tokamak COMPASS-U z technického a ekonomického hlediska. Tyto
informace budou dale pouzity pro piipravu zadévaci dokumentace pfisluSné veiejné zakazky
(zakazek). Predmétem téchto predbéznych trznich konzultaci budou témata spojena s navrhem,
vyrobou a zprovoznénim interferometru pro tokamak COMPASS-U.

Diskuse planované v ramci predbéznych trznich konzultaci se zaméfi na navrh mikrovinného
hardwaru (HW) interferometru, navrh kvazioptického vinovodu a korugovaného vinovodu, ktery bude
umistén ve vlozce portu, ndvrh anténniho systému a také systém fokusacnich zrcadel.

Short description

The main STUI function is a reliable line-average electron plasma density measurement. The
interferometric system measures the differential phase reached by two probing waves of close
frequencies propagating through hot (up to 10 keV) and relatively dense (10 m™ at the edge up to
102t m3 in the core) tokamak plasmas. The measured phase values correspond to the line-average
electron plasma density along the measurement chord (probing wave path). Real-time phase/density
measurement should be provided, being also used as an input for the feed-back plasma density control
system.

As it was mentioned, the discussions in the context of the preliminary market consultations would be
focused on different topics. One of these topics is the STUI microwave HW design. Due to
complexity of the mentioned topic and special operational conditions, the requirements for the STUI
should be specified.

The main requirements are reliability of the line-average electron density measurement during the full
plasma discharge time, single-chord unambiguous interferometry based on a differential phase
measurement and to be insensitive to the vertical plasma position (within the range of plasma shift of
few cm). Requirements and limitations for the STUI could be divided in two categories. The first of
them are requirements on interferometric measurement values and could be formulated as follows:
measured density range 5*10® m=- 8 *10%° m™3, precision of the phase measurement about 2.2*10%8
m-3 (in the term of phase it is about 1°), the value of the phase noise at the STUI output less than -100
dBc/Hz at 10 kHz, time response of the measurement shorter than 500 ps (> 2 kHz). The second
includes hardware requirements and limitations given by the tokamak operation and could be written
as follows: possibility to change the probing wave frequency before measurement (switching between
frequency set-ups is preferred); integration with the feed-back plasma density control system; to
provide precise measurements at tokamak operation temperatures up to 500 °C and under high neutron
flux up to 5*10% n/cm?/s near the vacuum vessel and for a short time of the discharge duration only;
galvanic insulation from other devices and tokamak sub-systems.



Note that expected power losses given by propagation of the probing wave in a dense plasma are
about 15 dB (in the worst-case scenario). Several powerful devices such as NBIs (neutral beam
injectors) of about 1-2 MW/unit (up to 3 units are expected) and ECRH (electron cyclotron resonance
heating) of up to 10 MW at expected frequencies 140 GHz will be utilized in the COMPASS-U
tokamak. It adds an extra requirement — STUI should not be sensitive to operation of these systems.
Due to high neutron fluxes near the tokamak, sensitive electronics of the interferometer should be
placed in a safe zone (the diagnostic area behind walls of the tokamak hall). Connection of the
measuring place and this electronics will be ensured by about 35 m of waveguides with several mitter
bands. The main requirement for the waveguide route is as low level of attenuation as possible. The
critical level of the total attenuation is about 15 dB (attenuation of the waveguides, waveguide
transformers and mitter bands). The current reference option is a use of quasi optical waveguides.
Their suitability, possible routing but also other waveguide options can be discussed.

Although the port plug design has been already proposed, an exact set-up inside the port, operation
of the microwave system at elevated temperatures and precision of the measurement at these
conditions are among the points to be clarified.

See more details in the dedicated presentation about sub-THz unambiguous interferometer for
COMPASS-U, prepared for these preliminary market consultations and publicly available on the
submitter's website (follow section called Additional information).

Strucny popis

Hlavni funkci STUI je spolehlivé méfeni po chordé ustiednéné elektronové hustoty plazmatu.
Interferometricky systém meéfi diferencialni fazi mezi dvéma sondovacimi vlnami o blizkych
frekvencich, §ificich se horkym (az 10 keV) a relativné hustym (10*® m= na okraji a az 102 m3 v
centru) plazmatem tokamaku. Naméiené hodnoty faze odpovidaji po chord¢ ustiednéné elektronové
hustoté plazmatu podél métené chordy (draha sondovaci viny). Tim by mélo byt zajiSténo méfeni
faze/hustoty v realném cCase, které se také bude pouzivat jako vstup pro zpétnovazebni systém fizeni
hustoty plazmatu.

Jak jiz bylo zminéno, diskuse v rdmci ptredbéznych trznich konzultaci budou zaméfeny na riizné
témata. Jednim z téchto témat je navrh mikrovinné ¢asti HW STUI. Vzhledem ke slozitosti uvedeného
tématu a specifickym provoznim podminkdm by mély byt upfesnény pozadavky na STUL

Hlavnimi pozadavky jsou spolehlivost méteni po chordé usttednéné elektronové hustoty béhem celé
doby vyboje plazmatu, jednochordova jednozna¢nd interferometrie zalozend na méfeni
diferencialnim faze a necitlivost na vertikalni polohu plazmatu (v rozsahu posunu plazmatu nékolik
cm). Pozadavky a omezeni STUI lze rozdé€lit do dvou kategorii. Prvni z nich jsou pozadavky na
hodnoty interferometrického méfeni a Ize je formulovat nasledovné: rozsah méfené hustoty 5*108
m3 - 8%10%° m3, presnost méfeni faze okolo 2,2*10'® m (v jednotkach faze je zhruba 1°), hodnota
fazového Sumu na vystupu STUI mensi nez -100 dBc/Hz pti 10 kHz, ¢asova odezva méteni kratsi
nez 500 ps (> 2 kHz). Druha zahrnuje hardwarové pozadavky a omezeni dané provozem tokamaku a
lze ji charakterizovat nasledovné: moZnost zménit frekvenci sondovaci viny pred méfenim
(preferovano je pifepindni mezi rliznymi frekvennimi nastavenimi); integrace se systémem
zpetnovazebniho fizeni hustoty plazmatu; poskytovat pfesnd meétfeni pii provoznich teplotach
tokamaku do 500 °C a pii vysokém toku neutronti do 5*10* n/cm?/s v blizkosti vakuové nadoby a
pouze po kratkou dobu trvani vyboje; galvanicka izolace od ostatnich zatizeni a dalSich subsystému
tokamaku.

Upozoriiujeme, ze o¢ekavané ztraty vykonu dané Sitenim sondovaci viny v hustém plazmatu jsou asi
15 dB (v nejhorSim piipad¢). Nékolik vykonnych zatizeni jako jsou NBI (injektory neutralniho
svazku) o vykonu asi 1-2 MW na jednotku (piedpokladaji se az 3 jednotky) a ECRH (elektronovy
cyklotronovy rezonan¢ni ohiev) o vykonu az 10 MW na oc¢ekévanych frekvencich 140 GHz bude
vyuzito na tokamaku COMPASS-U. To predstavuje dalsi pozadavek — STUI by nemél byt citlivy na
provoz téchto systému.

Vzhledem ke zminénym vysokym tokiim neutronii v blizkosti tokamaku by méla byt citliva
elektronika interferometru umisténa v bezpecné zoné (diagnostické oblast za zdmi haly tokamaku).
Propojeni méticiho mista a této elektroniky zajisti zhruba 35 m vinovodu s nékolika koleny. Hlavnim
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pfiblizné 15 dB (Gtlum vlnovodi, vinovodnych ménict a kolen). Soucasnou referencni variantou je
pouziti kvazioptickych vlnovodii. Lze diskutovat o jejich vhodnosti, mozném vedeni, ale 1 o dalSich
variantach realizace vinovodu.

Ackoli byla vlozka do diagnostického portu jiz navrzena, piesné uspotradani v portu, provoz
mikrovinného systému za vysSich teplot a presnost méfeni za téchto podminek patii k bodiim, které
je tfeba ujasnit.

Vice podrobnosti se je mozné dozvédét v dedikované prezentaci o sub-THz jednoznacném
interferometru pro COMPASS-U, ptipravené pro tyto piedbézné trzni konzultace a vefejné dostupné
na webovych strankach zadavatele (viz sekce Dalsi informace).

Expected outputs

As an output from the current market consultation the interferometer HW design solution (block
scheme of the sub-THz interferometer, directional coupler, clarification of the applied technologies
table), estimation of the reachable output parameters of the sub-THz interferometric system,
quasioptic HW design and solution for corrugated waveguide placed inside the port plug are expected.
The recommendations for the design of the antenna and focusing mirror systems are also expected.
The definition of the tendering parts, price and delivery time estimations and conditions, guarantee
period and possible post guarantee support are also expected as an preferable output of these
preliminary market consultations.

Ocekavané vystupy

Jako vystup z téchto trznich konzultaci je ocekavan navrhové feSeni HW interferometru (blokové
schéma sub-THz interferometru, smérovy vazebni ¢len, upfesnéni tabulky pouzitych technologii),
odhad dosazitelnych vystupnich parametri sub-THz interferometrického systému, navrh feSeni
kvazioptického HW a feSeni korugovaného vinovodu umisténého ve vloZzce diagnostického portu.
Ocekavaji se také doporuceni pro navrh antény a fokusac¢nich zrcadlovych systému. Jako preferovany
vystup téchto predbéznych trznich konzultaci se také o¢ekava rozClenéni Casti na jednotliva vybérova
fizeni, cenové odhady, odhady dodacich lhiit, stanoveni podminek dodani, zarucni doby a piipadné
pozaruc¢ni podpory.

Additional information

Before commencement of the tender procedure, the Contracting Authority decided to conduct
preliminary market consultations in accordance with Section 33 of Act No. 134/2016 Coll., on Public
Procurement, as amended. The subject of this prior notice is to initiate preliminary market
consultations for the sub-THz interferometer for the COMPASS-U tokamak.

Participation in preliminary market consultations is open to all potential bidders. Preliminary market
consultations will take place in writing and in the form of an oral hearing or by means of an online
communication at the location and dates specified by the participants. The course of preliminary
market consultation will be placed upon record.

Apply for the preliminary market consultations by varavin@ipp.cas.cz, at the latest by the end of
October 2023. The Contracting Authority reserves the right to extend the aforementioned deadline
for application for preliminary market consultations by an announcement made in the same manner
as opening of these preliminary market consultations.

All published documentation (i.e. initial or issued during preliminary market consultations) as an
additional informational source for the sub-THz interferometer will always be published on the
submitter's website (see the address below):

http://www.ipp.cas.cz/o-ufp/Verejne zakazky/

Dalsi informace
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Pted zahéajenim zadavaciho tizeni se zadavatel rozhodl provést predbézné trzni konzultace v souladu s
§ 33 zékona ¢. 134/2016 Sb., o vetejnych zakazkach, ve znéni pozdéjsich predpisi. Predmétem tohoto
ptedchoziho oznameni je zahajeni piedbéznych trznich konzultaci pro sub-THz interferometr pro
tokamak COMPASS-U.

Ucast na predbéznych trznich konzultacich je oteviena v§em potencialnim zajemctim. Pfedbézné trzni
konzultace budou probihat pisemné¢ i formou ustniho jednéni nebo prostrednictvim online komunikace
V misté a terminech uréenych ucastniky. O pribéhu trznich konzultaci bude potizen zaznam.

Pro ucast v pfedbéznych trznich konzultacich se pfihlaste na adrese varavin@ipp.cas.cz nejpozdéji do
konce fijna 2023. Zadavatel si vyhrazuje pravo uvedenou lhiitu pro ptihlaseni prodlouzit, a to stejnou
formou, jakou ozndmil zahéjeni téchto predbéznych trznich konzultaci. Veskera publikovana
dokumentace (ivodni nebo dodana v pritbe¢hu predbéznych trznich konzultaci) souvisejici se sub-THz
interferometrem bude vzdy uvetejnéna na strankach zadavatele (viz adresa nize):

http://www.ipp.cas.cz/o-ufp/Verejne_zakazky/

Estimated date of publication of contract notice:
quarter Q1/2024

Please be aware that, depending also on the course and termination date of the preliminary market
consultation, the tender procedure may be commenced sooner or later than on the aforementioned
estimated date.

Piedpokladané datum zveiejnéni oznameni o zahdjeni zaddvaciho vizeni:

1. ¢tvrtleti roku 2024

Zadavatel upozornuje, ze 1 v zavislosti na priibéhu a terminu skonceni piredbéznych trznich konzultaci
muze byt zadavaci fizeni zahajeno diive nebo pozdéji oproti vyse uvedenému piedpokladanému datu.



