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The in-kind experience gained by IFJ PAN and its implementation
iInto the FAIR project during the two years collaboration

Dariusz Bocian
Jacek Swierblewski
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The Henryk Niewodniczariski Institute of Nuclear Physics General Information about IF) PAN

Polish Academy of Sciences

* Personnel: 561; Prof. 30, Assoc. Prof. 61, Ph.D. 101, engineers 117

* Scientific Divisions:
= Division of Particle
and Astroparticle Physics
= Division of Nuclear Physics
and Strong Interactions
= Division of Condensed Matter Physics
= Division of Theoretical Physics
= Division of Interdisciplinary Research
= Division of Applications of Physics

* Researcher Departments:
= Cyclotron Centre Bronowice
= Division of Scientific Equipment
and Infrastructure Construction
= Four accredited laboratories

* Education:
= International Ph.D. Studies
" Interdisciplinary Doctoral Studies <R AKO WS K
= Krakow Interdisciplinary Doctoral School RDYSCYPLINARNA

. T . . szxunnuxmnsm
* Scientific output: > 650 publications annually
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The Henryk Niewodniczariski Institute of Nuclear Physics Genesis and Histo ry
Polish Academy of Sciences

1955 - foundation of the IFJ — as a branch
of the Institute of Nuclear Research

— Prof. Henryk Niewodniczanski
(1900-1968)

. (Fot. Archiwum of the IFJ PAN)
e 1960 - IFJ as a standalone unit

e 1970 - Particle physics enters — Prof. Marian Miesowicz
(1907-1992)

e 1988 — IF) gets the name of its patron — Henryk Niewodniczanski

e 2003 - IF) gets the status of a Research Institute of Polish Academy of Sciences

23.02.2024, Krakow FAIR seminar




The Henryk Niewodniczarski Institute of Nuclear Physics Scientific Activity (2017-2022)

Polish Academy of Sciences

Publications Scientific careers
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The Henryk Niewodniczarski Institute of Nuclear Physics

Polish Academy of Sciences

23.02.2024, Krakow

Integration of European Accelerator
Research Infrastructures

Participation of IF] PAN in projects aimed at the Development of Innovation
and Cooperation of European Technological Infrastructures for Accelerators and Magnets

TIARA - Test Infrastructure and Accelerator Research Area (2 years, 2011-2013)

In Poland, the project was carried out by a consortium of 7 scientific institutions: the Henryk Niewodniczanski Institute of Nuclear Physics of the Polish Academy of Sciences,
the AGH University of Science and Technology, the Cracow University of Technology, the Andrzej Sottan Institute of Nuclear Problems, the Warsaw University of
Technology, the Lodz University of Technology, the Wroctaw University of Technology.

AMICI - Accelerator and Magnet Infrastructure for Cooperation and Innovation
(2017-2019)

In Poland, the project was carried out by the Henryk Niewodniczanski Institute of Nuclear Physics of the Polish Academy of Sciences

i.FAST - Innovation Fostering in Accelerator Science and Technology (2021-2025)

WP13 activities are carried out by the Henryk Niewodniczanski Institute of Nuclear Physics of the Polish Academy of Sciences

| - 5 S
v oo mm FUSUMaTech - Future Superconducting Magnet Technology (2017-2019, 2021-2025)

“FED Lo [ In Poland, the project is was carried out by the Henryk Niewodniczanski Institute of Nuclear Physics of the Polish Academy of Sciences

[T — S ,
THEVA @I s
& oo | iz A

FAIR seminar



Facility for Antiproton and lon
Research e

Creating extreme

conditions existing
in the universe with heavy
ion accelerators

Aires) etal.; ALolletal.; T.Temimetal.; F.

rsity of Buenos

)

Seward et al.; VLA/INRAO/AUI/NSF; Chandra/CXC; Spitzer/JPCaltech; XMM-Newton/ESA; and Hubble/STScl

Foto: NASA, ESA, G.Dubner IAFE, CONICET.Univel
oben), Penn State Univel

To find answers to fundamental questions about the Universe:
The Universe in the lab ...

rsity (un
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Where are heavy

elements created? What s in the interior -

of neutron star?

What happens to human - ff .- e s S e B o :
. “-.-.' : ”-_'--Cell‘é.o.n the way to Mars? *. e R .

ouljagnio ojoed ‘joid - geq ay3 Ul 3sIaAIUN Y1 Y|4 :324n0S

How are complex
molécules created?. -

-

-w-How do materlals behave
"‘under hlgh pressure’?
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The Henryk Niewodniczariski Institute of Nuclear Physics

Polish Academy of Sciences

Understanding of the Machine

GSI, FAIR, and Super-FRS

GSI today
- p-LINAC
F
A 7 ¥
,_'f 45, UNILAC //

o/
“N$Wh‘kﬁ§\\“&edyﬁ ;ﬁ

Plasma Physics

Atomic Physics

Future FAIR facility
(driver: SIS100)

HESR
High Energy

; Storage Ring

PANDA

RESR
CR

- —
Collector

ring

SIS100/300

, CB
S\
Rare Isotope
Production Target

774 // Super-FRS

Antiproton
Production Target

/\. '

£

4
FLAIR

—
r
#

NESR

courtesy GSI/FAIR Colleagues

Primary Beams ‘

3.5-10" 238U28+/s (DC)
@ 1.5 GeV/u

5-101 238Y28* (pulsed)
@ 1 GeV/u

factor 100-1000 in
intensity over present

[ Secondary Beams

Broad range of short-
lived (= “exotic”) beams
up to 1.5 GeV/u

up to factor 10 000 in
intensity over present
(GSI+FRS)

NUclear STructure, Astrophysics, and Reactions A :

23.02.2024, Krakow

FAIR seminar

8



The Henryk Niewodniczariski Institute of Nuclear Physics S U P E R_ F R S

ol [ .
Polish Acc:demy ot Sciences

courtesy GSI/FAIR Colleagues

Super-FRS

Superconducting FRagment Separator

23.02.2024, Krakow FAIR seminar 9



The Henryk Niewodriczarski Institte of Nuclear Physics Super-FRS main components and

Polish Academy of Sciences inStaI Iation bIOCkS

production - o Sllon multiplets courtesy GSl/FAlR CO”eagues
target shielding

sclong
multiplets
v

power
converterif*’

nc dipoles sc dipoles
beam catchers

nc multipoles

al plane chambers
detectors

power
converters

local cryogenics

1 pre-target s early science

2 target area g ) locations
=

—_

3 pre-separator and main-separator |
P P P | control racks

s (everywhere; in tunnel to be
installed sequentially ATB)

4 towards high- and low-energy branch
5 high-energy branch

6 low-energy branch

7 ring branch

8 low-energy cave (NUSTAR)

9 high-energy cave (NUSTAR) i = alone the bieamiine

23.02.2024, Krakow FAIR seminar 10



The Henryk Niewodniczariski Institute of Nuclear Physics

Assembly Units along the beam line

Polish Academy of Sciences

Assembly Units’ names courtesy GSI/FAIR Colleagues

8 w5 8 8 a8 22E858 &8 o
gy¢8y 522 g3333¢ 5?' § SM  sc short multiplet TA target
t‘g‘d}m G I | 1 Enm LM sc long multiplet NC_QQ ncquadr. 1a + quadr. 1b
SCD scdipole NC_QS ncquadr. 2 + sextupole
FPF1 FPF2 FPF3 DC  diagnostic chamber NC D nc dipole
VAC beam-line vacuum BC beam catcher
EBD EB dipole NC_S nc sextupole

EBEM EB multiplet

FLFe

>
. FLFS !
w‘ﬂﬁ n;f

Control Racks (total) 336
Number of pieces for Early Science

(Target Area excluded) In-kind priority

7 sc short multiplets

13 sc long multiplets

15 sc dipoles

10 diagnostic chambers (DC_01 not includable)
4 ong/special beam pipes

Additional number of pieces for LEB (up to FLF3)

4 sc long multiplets + earlY science
3 sc dipoles locations
2-3  diagnostic chambers

1 long/special beam pipes

Additional number of pieces for completion

sc long multiplets

sc dipoles

diagnostic chambers
long/special beam pipes

sc Energy Buncher multiplets . . N ”
sc Energy Buncher dipoles Fxxx notation defines “focal planes &

Installation: Super-FRS

W

Last medified: Super-FRS Workshop, 15-17 Nov. 2021

23.02.2024, Krakow FAIR seminar 11






The Henryk Niewodniczariski Institute of Nuclear Physics T h e S u pe r-F RS M u Iti p I ets exam p I e

Polish Academy of Sciences

Short Multiplet (30t each) Long Multiplet (60t each)

courtesy GSI/FAIR Colleagues

23.02.2024, Krakow FAIR seminar



The Henryk Niewodhiczariski Institute of Nuclear Physics Overall structure of SIS100 Test-Strin g

Polish Academy of Sciences

courtesy GSI/FAIR Colleagues
SIS100 Test-String as represenation of one SIS100 IOL-Cell

SIS100-Arc Segment

11 of 14 |IOL-Cells
- |OL-Cell: DP-DP-QDM
- US T DUS—Gennection to BPL

BPL End Box

/\ N\

':I_\l

| F—)

QDM with End Cap

SIS100 Test-
- 1 IOL-Cell
- Connection to BPL

23.02.2024, Krakow FAIR seminar 14



The Henryk Niewodniczariski Institute of Nuclear Physics Overall structure of SIS100 Test-Strin g

Polish Academy of Sciences

courtesy GSI/FAIR Colleagues
SIS100 Test-String with multiple interconnections

multiple sub-systems of SIS100 are interconnected

SIS100 Test-String within according IC-Cryostats:
Beam vacuum chambers, BBs, He-process lines,

thermal shield with MLI, insulation vacuum system
BPL Dummy DP-QDM-IC DP-End Box-IC

\ QDM DP End Box

\

il g -t
I|'| |||| Illl; i
0m Ll

} ‘ -r|1-| ]

-
!-ﬂ-' : ‘.(-

End Cap (EC) QbM-BPL-C DP-DP-IC

23.02.2024, Krakow FAIR seminar 15



The Henryk Niewodniczariski Institute of Nuclear Physics Stri n g test i nte rconn ecti on areas

Polish Academy of Sciences

The SIS100 string test has the following interconnection areas:  courtesy GSI/FAIR Colleagues

1) Connection BPL — End Cap — FoS QDM 2.5
2) Connection FoSQDM 2.5 - Dipole Module
3) Connection Dipole Module — Dipole Module
4) Connection Dipole Module — End Box

(
(
(
(

23.02.2024, Krakow FAIR seminar 16



The Henryk Niewodniczarski Institute of Nuclear Physics Strin g test interconnection areas

Polish Academy of Sciences

e
3 .-'Hlmmlmmuwm
W —

- -

courtesy GSI/FAIR Colleagues
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The Henryk Niewodniczariski Institute of Nuclear Physics TOW a rd S S I S 1 0 0

Polish Academy of Sciences

A brief overview on the SIS100 accelerator courtesy GSI/FAIR Colleagues

=L SINDL OO,

w1, § DA, D=t
PRSP WP

11 of 14 IOL-Cells
IOL-Cell: DP-DP-QDM

US & DS: Connection to BPL 2 () @/@{@f

% 1 - SI1S100-DP-Module; 2 — SIS100-QDM; 3 — SIS-MDP-Module;
% 4 —End Cap with connection to BPL; 5 — SIS100-BPL; 6 — IC between BPL and QDM

ICs In straight sections

=XLE3I=ROE3

23.02.2024, Krakow FAIR seminar 18



The Henryk Niewodniczarski Institute of Nuclear Physics

IFJ PAN in-kind contribution to ESS — Technical Annexes

Polish Academy of Sciences

SCHEDULE AIK 10.1-Cryomodule test

* Reception of Cryomodule units

* Preparation of Cryomodule units for the test bench
« Installation on the test bench Klystrons Modulators for RFQ and DTL

e Initial testing * Klystron Modulators for Medium / High Beta

e Cool down * Magnet Power Converters %

SCHEDULE AIK 17.3 -PC Installation

* Heat load measurements

* Warm up
» Disconnection SCHEDULE AIK 8.6 -RF Installation
* Preparation for the tunnel

* Participation in site activity coordination
* Final review

e Stub installation

e LLRFinstallation

e LPS installation

* Distribution system installation

* High Power Amplifier installation

SCHEDULE AIK 8.8

CONTRIBUTION TO THE LOW AND HIGH-POWER TESTS
OF RF EQUIPMENT AND TESTING AND INSTALLATION OF

2017 - 2026 RFPS’S IN TS3 AND IN GO2. 2022 - 2023

23.02.2024, Krakow FAIR seminar 19



The Henryk Niewodniczarski Institute of Nuclear Physics I F J PA N ( D A I ) at E S S

Polish Academy of Sciences

permanently at ESS site 14 persons in
total

THE HENEYK NIEWODNICZANSKI EUROPEAN
INSTITUTE OF NUCLEAR PHYSICS eSS | spauvanon
JJ POLISH ACADEMY OF SCIENCES : T

>  Cryogenic experts,

VAC activities

>  Mechanical and electrical specialists, MECH inspection

>  RF engineers, CRYO operations

»  Vacuum specialists,

Skilled technicians, S
ELE measurements ” /
= S / "

S g/ a

k4

TECH work

23.02.2024, Krakow FAIR seminar 20



The Henryk Niewodniczariski Institute of Nuclear Physics I F J PA N ( D A I ) at E S S

Polish Academy of Sciences

Supported activities at ESS side

»  Support with installation trial of elliptical CMO05 & spoke CMO02 in the tunel, §
Support with SPOKE CM10 CTS motor replacing,
Replacing of the LG at all SPOKE CM’s,

Various leak tests for choosen SPOKE CM’s,

Support with MLl installation for ACCP-CTL interconnections,

vV v v v v

[auny ay) u! uo1193uu0d Jadwnr SOIND
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The Henryk Niewodniczariski Institute of Nuclear Physics I F J PA N ( D A I at E S S

Polish Academy of Sciences

Date g 29,2022 H ate Sep 21,2022
vacuum report PIC check list
Confdantaliy Level Iniamal o e i
- 16 | Blank flange | 3387220 1pcs
vacuum report o Leliy (7] for 5u30
St Relemc
. . 313 TESTRESULTS .
. . Date Sep 21,2022
cryogenic check list . PIC check list
Contcemiiytevel e
. i n ] 16 | siank nange | 3387220 | 1pcs
|| for 5V40
. {7 \ EUROPEAN -
u ESS) ) seauation 17 | Blank flange | 3331600 | 10pcs
SOURCE . for RD
N C R - Nﬁ"ﬁ”f“;’;';;{y“""’""’“” ’ = 18 Male 3331430 | 10pes
: ¥ . .‘* VCR1/4" cap
° 3. NON-CONFORMITY DESCRIPTION ‘ 12l me | 3360 | oee
re p orits . - AFTER WARM-UP CHECK LIST :
DETAILED DESCRIPTION OF THE NON-CONFORMITY = Va cuu m p roce d u re Date un23, 2022
'During preparing for rough leak test of the cryogenic lines backgroy| Cryomodule number . I l i‘::fmmw et B
o the beginning at almost 2.0e-5 mbar*l/s. Cryogenic lines was nof - 0 > » = O T C 0 1
° connectiens). Thermal shield circuit, 4K line and 2K volume has g Step | Check Sub-check chamber / access hatch
c e c I S S determine at which volume leak is expected. During pumping 1| Level meter- OFF Temp >50K .
line no change for leak rate of helium was observed. Significar 2 | EPICS- CHECK "All temperature sensors ABOVE 228K, m h I p Dste feb s, 2022 10K NoK
was ebserved during pumping down of the 2K velume (fig. 1). especially TE-018, TE-82306, TE-82365 ec a n I ca re 0 rt é‘“; entsiy Level "‘""*‘“ o o
X o 3| Heaters in MANUAL MODE, EH-013 Az e rems -
L] 13 NCR’S zoomio L echanlcal repc 218, Coupler helium outlet 4 elements) P1fs] - 20k NOK e
o i e — Check If the coupler helium outlet is undamaged - E
=1 electrical procedure e m : s - o« :
tate lesse — (mechanically) ;
Lsow10 |
- neusn T Confidentisliy Level  Inseml — 218, Coupler helium outlet {4 elements} 7 B 3 ) Y=, 30K NOK g
Loomto L Check if the coupler helium outlet i oK ‘ NOK | oK ‘ NOK | ok ‘ NOK | ok’ ‘ NOK Frlis) o o b
12, PT-100 ON COUPLERS COOLING QUTLET (EXTERNAL) [ (mechanically). = ‘ = ] ‘ RG] ‘ N ‘ 5] &
750x10¢ 2 I ] 3 5 3 sl - 40K NOK H
SDEXPERIENCE | Document Management s00x10¢ L o [woe | o [0k | oF | Comments: ‘ Ielis] - o o 8
250810 ] ERIERIEERIERE s - 50K NOK g
™ ‘ ‘ ‘ Check if all screws, washers and nuts are installed and V- - ¢
R ] . pr—— not loose. Iels] -, o o g
Asset Documentation ESS Project b Accelerator B Accelerator Collaboratiq : L 1 2 3 4 ey — 60K NOK H
e — Cheek if all screws, washers and nut} ok [nok | ok [nok | ok [nok| ok [ nok r%]_' a o F
- — not loose. S|o|@|o0|g 0|80 - :
. | - 3 S sl = TOK NOK
= = S S Fig. 1§ 3 — [
=] Actions [ Table (=] 19 [ L ok [nok | ox Comments: i Irlfs] -, a] o o
e 5 It was decided to d ] =5 K
ocumentation O Name verfy qualiy of the ] ‘ Check if the mechanical protections of the coupler s - 3ok NOK ]
v bte During visual inspect Measuring equipment: Keithley 2701 check ffthe mechan R 2
"J; 1. O B E5 Asset Documentation LY ‘[;f;’;‘]’"""““"- AraK Repeat the following for all the 4 PT-100 sensors (TT-015, TT-025, TT-035, TT-045): ] Comments: - . _ . Do o o £
rties N 2l i} g
> Medium Beta Cavities - - = fents: H
0 2 0O = - IMPORTANTH! ] Check if the mechanical protections| oK ‘ NOK | ox ‘ NOK | ox ‘ NoK | ok ‘ NOK &
s 3 0 = Medium Beta CM Assembly % For PT-100 sensors the excitation current must be to set to 100uA ] heaters are installed. Fo[@[o[@[o[¥]® 8 rubber gaskets
& 4, O =7 Medium Beta CM Parts - L Fl 2 3 “
s O |y LT MedumBetaCM N 12,1, All-pins combinations test 2-wire mode) R — G [0 | oF [Nox | ot | Comments: ‘ 2
Ll ] 3 H]
Operation 12.1.1. M de i 8 g(o0|@|O0|&@
I »FB e . feasuring device preparation. ] H | | | Check if the connectors and pins of the heating
(@) 6. O CV ] - Disconnect all the cables from the front panel of the Keithley 2701, 3 cartridges [1] and the PT100s [2] are undamaged.
70 Vo 5 V03 - - Resetthe meter to its factory defaults, £ Comment
= . - - setmeasuring mode to Ohms 2-wire, g 1 2 3 4
o— | v 7 CMO04 ] - Make sure that the integration time (measurement speed) is set to *SLOW", EE Check If the connactors and pins of O [NOK | 0K [NOK | O | NoK | oK [NOK
17,) 9. 0O & P CMO0 . - Setrange to 10kOhm. cartridges [1] and the PT100s [2] are @(0|@|[0|[g]|0][9]0
'E 10. O a5 CMO5 LS 72.1.2 Connections: 1 2 3 - -
omments:
- LEMO4-bar ble.
() 1. 0O v [ ESS-3730754 L Tepare nana canle oK ‘ nok | ok ‘ NOK | Ok ‘ ‘
E 12.1.3. The measurement. gjoja[afa]
2. 0 » [ ESS-3739897 * i - Perform measurement according to the report's template pinout and write down the comment:
> OE resistance for each combination. 2o
O 13. O » B ESS-3837787 * 0 1 v VA
o u 122, 4-wire resistance test
Ee) 14. 0 r ESS-3843954 * @ 1 v -
ME( 1221, Measuring device preparation:
= 15 0O v B £SS.3833407 - 1 v CR - Disconnect all the cables from the front panel of the Keithley 2701,
© ELE - Starting configuration is as after the previous test, 2020
6. O » P ESS.3918520 P 1 v DE - Set measuring mode to Ohms 4-wire,
- - LEA - Make sure that the integration time (measurement speed) is set to "SLOW",
- Setrange to 10kOhm.
=
wen
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The Henryk Niewodniczariski Institute of Nuclear Physics Su pport for Low and H|g h-Power test of the K|ystrons

Polish Academy of Sciences

High Power test procedure includes:

THE HENRYK MIEWODNICZANSKI : S ° DC Conditioning'
INSTITUTE OF NUCLEAR PHYSICS €SS | seauanon T ’
POLISH ACADEMY OF SCIENCES : SOURCE e RF Cond|t|0n|ng;

* RF test to check the functionality of the klystron.

ke

Low Power test includes:

= * Checking the cables;

* Checking electronic devices installed in RACK’s;
» Setting the interlocks thresholds;

e Checking the response in GUI.

3 - B 1
SRIP R R -
.
@ |
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The Henryk Niewodniczarski Institute of Nuclear Physics Su pport for Low and H|g h-Power test of the K|ystrons

Polish Academy of Sciences

cﬁﬁ INSTITUTE OF NUCLEAR PHYSICS
’ POLISH ACADEMY OF SCIENCES
Additional tasks done by IF) PAN:
* Klystron preparation before LPT;
* Filling klystron with oil;

* Participation during cavity tuning in NCL klystron (together with
Thales and ESS experts);

* Participation during swapping the vacuum tube for CPI klystron
between two magnet A

23.02.2024, Krakow FAIR seminar 24



The Henryk Niewodniczariski Institute of Nuclear Physics I F J P A N ( D A I ) at L H C

Polish Academy of Sciences

LHC - construction, commissioning, consolidation

Signing of the agreement in 2005-2010 between IFJ PAN

v Quality Control of superconducting electrical circuits
v" Inspection of LHC superconducting magnet connections

Quality Control of
superconducting | HC during Long Shutdown
electrical circuits

ELQA TEAM

v The work managing
of the
multinational team
"Alpha—-Omega"

Damage disclosed during QC—
ICIT TEAM

23.02.2024, Krakow FAIR seminar 25



The Henryk Niewodniczarski Institute Of NUCIGOF Ph)’SiCS Measuremen ts in the LHC during L ong Shutdo whn 2

o

Polish Academy of Sciences

e Standard measurements on more
than 1600 LHC superconducting
circuits and their instrumentation
before and after warm-up of the LHC.

* Software development, design and
fabrication of four dedicated diode
lead measurement systems.

Standard ELQA measurements in 60000

the LHC during Long Shutdown 2. o000
40000 /_/

30000

Up to 25 engineers and
technicians from IFJ PAN on
CERN site

20000

10000

Total number of electrical tests

0
10.2018 01.2019 05.2019 08.2019 112019 022020 06.2020 09.2020 12.2020

Date

Number of ELQA measurements performed by IFJ PAN personnel during L.S2 until the end of 2020.

23.02.2024, Krakow FAIR seminar 26



The Henryk Niewodniczariski Institute of Nuclear Physics

Procedures at CERN
Polish Academy of Sciences

= = < CERN e = o S = = (s | o
SH-l211 Geneva 23 (1485420 1.0 RELEASED 2044866 | 1.0 | RELEASED (et weacrmerreon )
(ap B
@0 i
Nk A
Date: 2015-11-12 s ot [ LHC Date: 2022:1026 LHC Dates 20150503 PROCEDURE OF ASSEMBLY FOR THE WARM MAGNETIC SHIELD
TEST PROCEDURE TEST PROCEDURE Test Procedure (CRAB CAVITY PROJECT, DQW VERSION, SPS TEST)
Test procedure prom
ELQA QUALIFICATION OF THE al ol Jificati e
Dipole Diode Lead Measurement in the LHC SUPERCONDUCTING CIRCUITS DURING Investigation of the RB.A56 Fault to Ground LS2 Partial Assembly Qualification
HARDWARE COMMISSIONNING — (LS2-PAQ) Test Procedure
popornted > > g e o oo o4 st
o o e 2
o o v e Sround appears, = e
oot . soce . SR
3. Ludwin G. D'Angelo, P. Denis, A. Devred, 1.9, Tock, e TR oL
Daieies €. Duclo, G Favre, — - Fpproved by [r——— £, Bordey
et wedmerek e nders Sk it e
e Dot Suan Cosas Cubllos | Rudiner Schmidt el
Vincent Chareyre ‘Serge Clauds Frederick Bordr '
ir Ludwir iner Denz Luca Bottura TRACEABILITY
Nuria Catalan Lasheras  John Robert Etheridge Steve Myers
iorgio D’Angelo lor Feher L ‘A, Siemko Prepored by: A Krawczyk [EN-ME/Fs] Date: 20170731
Richard Mompo. Michaele Modena Mike Lamont 3. Wenningar ”
et e Lniren Tevian [ errm——— e oosan
Antonio Perin Jeon Poul Burnet Approved by: O. Capatina [EN-MME/EDM Date: 20200728
e
Hggoes Thisen i e
ittt s Thicser
T Knud Dablerup Petersen I —
e
sean-phippe Tock e
ks S e
Vo verse
Serniond Rachmann
nirea oo

Co-authorship of 10 procedures related to electrical quality
assurance of LHC and HL-LHC superconducting circuits
Prototype crab cavity assembly procedure

. _____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________|
23.02.2024, Krakow

FAIR seminar
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The Henryk Niewodniczarski Institute of Nuclear Physics I FJ P AN ( D AI ) at X F E L

Polish Academy of Sciences

_ Acceptance tests of superconducting components of the XFEL accelerator @
European IFJ PAN in-kind contribution to the XFEL 2010 — 2016 103 x
XFEL

23.02.2024, Krakow FAIR seminar 28



The Henryk Niewodniczariski Institute of Nuclear Physics

Polish Academy of Sciences

TEST - What does it mean ?

European

XFEL

Reception of the cavity

Inspection Report
SHELF <+—— Preparation of the Cavity —— (start)

I
Assembly

Inspection Report
Preparation of the Cavity ——» (finish)

!

Cooling down

l

Measurement at 2K —>

}

Warm Up

}

Disassembly

Outgoing Inspection
Outgoing inspection —> Report (start)

' Outgoing Inspection
BOX | — Report (finish)

TEST Report

SHELF <+——

]

:> Cavity test main
flow diagram

Cryomodule test C:
main flow diagram

———> TEST {———

23.02.2024, Krakow

v

Shipment

The test program is realized
according to the written
procedures

Reception of the cryomodule

|

Preparation of the
Cryomodule(Part 1)

!

Assembly

l

Preparation of the
Cryomodule(Part I1)

l

Cooling down

}

Measurement at 2K

}

Warm Up

}

Disassembly

}

Outgoing inspection

}

Transport to the storage
area

Inspection Report
> (start)

Inspection Report
> (finish)

5 TEST Report

Outgoing Inspection
| — Report (start)

Outgoing Inspection
> Report (finish)

FAIR seminar

29



The Henryk Niewodniczariski Institute of Nuclear Physics TEST - What does it mean ?

Polish Academy of Sciences

EEEE |EEEEEE . - -
B - B Very time consuming and laborious
;E_
2 T S N
E E

.BEERE

BEBEE s
B EE

i

v
im i
an

E

2

1

o
limgl
am

1

1|
o
an

%

imij
im
on

ik
s

23.02.2024, Krakow FAIR seminar 30



The Henryk Niewodniczarski Institute of Nuclear Physics

Polish Academy of Sciences

Location: DESY campus at Hamburg

European

XFEL

O = Lo
- my |

AL ARAY T ERET IR T TUIN S SRNTEN YR |

Lipasassssasd

IFJ PAN Team met the logistic challenge in
facility operating (equipped with) :

*Two cryostats

*Preparation area for cavities (6 Inserts)

*Three test stands for cryomodules

*Preparation areas for cryomodules(3x special support for
survey check + additional 5 place for further incoming
check.

Limited Storage areas for cavities and cryomodules

2 cryo operation(2 slots) available at the same time

23.02.2024, Krakow FAIR seminar 31



The Henryk Niewodniczarski Institute of Nuclear Physics

Polish Academy of Sciences

40,00

Number of FTEs over 6 years ~160
European 35,00

XFEL 20,00 Number of people involved ~80 (~40 enjgineers)

25,00

20,00

FTE

15,00

10,00

5,00

0,00
2009 2010 2011 2012 2013 2014 2015 2016 2017

Year
In total were performed:

1214 tests for 813 series cavities performed
108 tests performed of 101 series cold magnets and current leads
107 tests for 100 series cryomodules
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European

XFEL

Unloading of the cryomodule after
transport

Cryomodule test stand — module inside Cryomodule test stand — front view

23.02.2024, Krakow FAIR seminar
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European

XFEL

Main tasks:

» Unload the cryomodule from the truck

= [Incoming checks

= Load the cryomodule to the movable support

= Assembling Cryomodule at the test stand

» Connecting Cryomodule beam line to the test stand under
clean room conditions

» Leak check of beam line interconnections and mass
spectroscopy of the beam line

= Connecting of the waveguides

» Connecting of all electrical cables

= Connect of all cryomodule process pipes to the test stands F WPE=
» Leak check of cryomodule vessel (ISO-VAC) ‘
» Leak check of cryomodule cryogenic lines

= Assembly and isolating thermal shields

» Pumping down of isolation vacuum

23.02.2024, Krakow
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European

XFEL

Cavity storage area Cavity incoming check area Clean room
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European

XFEL

Main tasks:

® Incoming checks

Assembling Cavity to the Insert

Connecting Cavity to the vacuum line (in cleanroom conditions)

Tuning of Fundamental Mode Rejection Filters of both HOM couplers + Cables connection
Leak check of the Cavity

Transport of the Insert to the cryostat + vacuum connection

23.02.2024, Krakow FAIR seminar 36
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European

XFEL

Cynmodide Procedurs W18

Deactivation of the ien pump

e
e
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T Trareany pre—r—

HEna Enwmane Fare] vy
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Number of created procedures:

~146 for Cryomodule (CMTB)

~50 for Cryomodule (AMTF) /
~21 for Cavity (HALL 3)

~19 for Cavity (AMTF)

23.02.2024, Krakow

XFEL Procedures

Activation and deactivation of lon Pump D00000006689411 09.02.2016
Activation of Titanium Sublimation Pump (TSP) D00000006689491 09.02.2016
Alignment_of_the_crymodule D00000006678751 26.01.2016
Assembly final tightening and connection of GRP

adapter D0O0000006651881 26.01.2016
Cavities fine tuning and module calibration D00000006630821 11.12.2015
Closing of the sliding muff D00000006650681 20.01.2016
Connection of all process pipes D00000006651941 26.01.2016
Connection of the beamline D0O0000006790331 24.03.2016
Connection_of_the_waveguides D00000006853821 25.04.2016
COOL DOWN_XATB D00000006563271 08.01.2016
COOL DOWN_XATB_checklist D0O0000006552401 09.01.2016
Coupler tuner bellow check at warm D00000006637781 18.12.2015
Cryomodule Heat Loads measurements D0O0000006710641 23.03.2016
Detune all cavities after cold test D00000006632411 14.12.2015
Disconnection of all process pipes D00000006652001 21.01.2016
Disconnection of the beamline D0O0000006790571 24.03.2016
Disconnection_of_the_waveguides D0O0000006853921 25.04.2016
Dismounting of GRP adapter D0O0000006652061 26.01.2016
Flat - top measurement D00000006638681 18.12.2015
Heat Loads Measurements at 2K RF DO00000006637201 18.12.2015
Installation of the 80K thermal shield at End-cap and

Feed-cap sides D00000006678511 26.01.2016
Installation of the 8K thermal shield at End-Cap and

Feed-cap sides D00000006678461 26.01.2016
Integral leak check of the cryomodule D0O0000006633341 15.01.2016
Isolating of all process pipes D00000006652431 20.01.2016
Isolation of the 80K thermal shield using MLI at End-

cap and Feed-cap sides D0O0000006678631 26.01.2016
Isolation of the 8K thermal shield using MLI at End-cap

and Feed-cap sides D0O0000006678571 26.01.2016
Leak check of the cryomodule D0O0000006711021 15.02.2016
LLRF measurements at AMTF D00000006637721 05.01.2016
Low power RF measurement at 2K D0O0000006630761 11.12.2015
Magnet test at 2K D00000006632351 21.12.2015
Opening and closing of the cold valve D0O0000006710831 15.02.2016
Opening of the sliding muff D0O0000006651091 20.01.2016
Post caps installation D0O0000006651331 20.01.2016
Pumping down of the cryomodule insulation vacuum D00000006789801 24.03.2016
Removal of Post caps D00000006651391 20.01.2016
Removal of the transport-cap at downstream side D0O0000006651451 21.01.2016
Removal of the transport-cap at upstream side D00000006651501 21.01.2016
Unloading of the XFEL cryomodule from the trailer and

transfer to the preparation area D0O0000006678691 26.01.2016
Vacuum incoming inspection for crymodule D00000006632481 15.01.2016
Warm coupler conditioning D00000006637261 18.12.2015

FAIR seminar
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XFEL

For Cavities and Cryomodules tests were
involved around 50 persons at the same

time:
= AMTF Technical Coordinator Jacek Swierblewsk
= 25 engineers IF] PAN Team manager

= 24 technicians

The work was organized on two shifts

23.02.2024, Krakow

Institute of Nuclear Physics Polish Academy of Sciences (IFJ-PAN)
European qgﬁ in-kind contribution to the XFEL construction
) Organizational structure of the IFJ-PAN Team at DESY

Michal
Sienkiewicz

IFJ PAN Team
deputy manager

IFJ PAN Team
deputy manager

FAIR seminar

RF Team

Jacek Swierblewski - Head

Mechanical Team

Michal Sienkiewicz - Head

Vacuum and
Cryogenics Team

Software

Safety Officer/

Magazine Support

Cold Magnets
Team
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In November 2014 the major plan how to perform the test of the cryomodule with

I .
rate 1 per week (21 days test program) have been created
%E}E'i- iw: w e e e e ;Z Test duration # Holiday = Test duration

, IIIIIIIIIIIIIHIIIIIIIIIII

P O PP O RPN LDV TLO RN DDA D DD DA O DN P D w
[ 1ocule replacement - DESY Pumping of insutaion vacuum I vessurements at 2k  coupler conditioning PPFIFHISS ~\-®§,\’ PP EFPFEFE PP E L FE P EE @QQ‘)‘
» : R S e e S i S e e S i S S S S e e i S S S S
odule assembly/disassemby I odule cool down/warm up Preparation to warm up fiThe latest start of operation <+« Module
SHIFT _ Mon Tue Wed Thu Fri WEEKEND Mon Tue Wed Thu Fri WEEKEND Mon Tue
| H . .
i n Test duration H Holiday M Test Duration
XATB1
35
! [ |
Il 28
XATB2 g
@2l
| [ I [a]
1] 14 - I
XATB3 I I
7 a
[ Jnoadtion o JLILILILILIL I ..... I ................. I ..................
ANTONMRENOANCH AN AN N TONNR NI NOANTNONI RN NN NTNONRNQQ
023908 b82 a8 eBRA8Y 383380 RNEBRNYRNENRREYERR
EModulereplacement+module assembly I:l?umpingofinsulationvacuum -Measurementath S 222222222222 222222M222222p222220222H22232220822
><><><><><><><><><><><><><><><><><><><§><><><><><><><xxxxxxxxxgxxxxxxgxx
I:lModule assembly/disassembly -Couplerconditioning -Cool down/Warm up operations x X ot Module

Test rate 1.5 module per week
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AR Concluding LOND
Y E-XFEL
DESY

W7X
IPP GREIFSWALD

SPIRAL 2
T2K, J-PARC GANIL, CAEN

BELLE 2, KEK

IF) PAN
CTA KRAKOW

Pierre Auger
FAIR

GSI DARMSTADT

LHC, ATLAS
CERN

ITER
CADARACHE

: FAE
-7 Antarkiis _— BARCELONA
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Quality Assurance D g GUARANTEE
Quality assurance can be defined as "part of quality CUSTOMER P )
management focused on providing confidence that quality
requirements will be fulfilled." The confidence provided by Q U A l—lT Y
quality assurance is twofold—internally to management and ASSU RAN CE
externally to customers, government agencies, regulators, SATISFACTION / I ?ERV.ICE
certifiers, and third parties. ; 't
Quality Control W(% 1MpﬁDVEMENT —H\

Quality control can be defined as "part of quality management
focused on fulfilling quality requirements." While quality
assurance relates to how a process is performed or how a
product is made, quality control is more the inspection aspect
of quality management.

QC focuses on the results of the work performed, whereas QA 1s concerned with the adequacy of the underlying
processes, methodology, and standards in place to create the output.

Project Management Theory and Practice, Third Edition,2019 https://asq.org/quality-resources/quality-assurance-vs-control

23.02.2024, Krakow FAIR seminar



Quality Relationships. ISO 9000 definitions from ISO 9000:2015:
Quality management systems

The Henryk Niewodniczariski Institute of Nuclear Physics
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Quality Control

Quality Assurance

Quality System

This standard describes the fundamental concepts and principles of quality management which are universally applicable to the
following:

= organizations seeking sustained success through the implementation of a quality management system;

. customers seeking confidence in an organization’s ability to consistently provide products and services conforming to their requirements;

. organizations seeking confidence in their supply chain that product and service requirements will be met;

. organizations and interested parties seeking to improve communication through a common understanding of the vocabulary used in quality
management;

. organizations performing conformity assessments against the requirements of ISO 9001;

. providers of training, assessment or advice in quality management;

. developers of related standards.

23.02.2024, Krakow FAIR seminar
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E.W. Deming defines quality as the anticipated degree of homogeneity and reliability of a product at the lowest possible
cost and adjusting it to the market requirements.

Quality means conformance to requirements. (Crosby, 1979)

Project Management Theory and Practice, Third Edition,2019

7 Principals of Quality

Customer focus

Leadership

Engagement of people

Process approach

Improvement

Evidence-based decision making
Relationship management

YVVYVYVVYY

One American computer manufacturer was dissatisfied with one of its American suppliers. So he decided to try to cooperate
with the Japanese. In the order, he wrote that he expected for every 10 000 no more than 4 defective products on average,
which was in line with the US military standard 105D at that time. The Japanese took the order. Some time later the delivery
of the equipment came, along with a letter that read: “We Japanese have a hard time for understanding the North American
way of doing business. Four defective parts per 10 000 are delivered separately. We hope you are satisfied with this. "

Andrzej Blikle, Doktryna jakosci (wydanie Il turkusowe) — rzecz o turkusowej samoorganizacji (16 wrzesnia 2016)

23.02.2024, Krakow FAIR seminar
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W. Shewhart J. Bank E. Skrzypek J. Oakland
Ph. Crosby G. Taguchi
J.M. Juran W.E. Deming K. Ishikawa

A.V. Feigenbaum A.V. Feigenbaum

Quality in eight dimensions according

practical to D.A. Garvina singularit
ity y
utility quality
perception
durabil LRSI reliabi
ity 1€ lity

compliance with the requirements

G.F. Smith, The quality meaning, , Total Quality Management” 2003, Vol.3,

23.02.2024, Krakow FAIR seminar 44



The Henryk Niewodniczariski Institute of Nuclear Physics

PDSA — Deming’s cycle

Polish Academy of Sciences

Adopt the change,
abandon it or run through
the cycle again.

Plan a change
or test aimed at
improvement.

Act Plan

Study Do / oo

: he chan r
Examine the the change or test

results. What did we (preferably on a small

scale).
learn? What went wrong? )

Deming modified Shewhart cycle and called new one = the Shewhart Cycle for Learning and Improvement

Deming described it as a flow diagram for learning and improvement of a product or a process.

23.02.2024, Krakow FAIR seminar 45
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- Failure mode and effects Analysis (FMEA) - Control card
— Quality function deployment (QFD) - Pareto diagram
— Projektowanie eksperymentéw B - Scatter correlation diagram
— Metoda Taguchiego - Histogram
— Single minute exchange of die ENGINEERING STATISTICAL - Data analysis matrix
— Poka yoke - Analytical sheet
—Total. pr9ductive maintenance _ Statistical quality control
:L‘f;;g:me N - Statistical controls process
—5xS MANAGEMENT - Process capability analysis
- Kaizen - Process improvement cycle (DMAIC)
- Continuous improvement cycle(PDCA) - SERVQUAL
- Quality cost analysis - Quality wheels
- Ishikawa diagram - Quality audit meeting
- Relationship diagram - Empowerment
- Matrix diagram - Hoshin kanri
- Decision tree - Catchball
- Programming chart the decision process - Criteria quality awards (incl. W. E. Deming, M. Baldridge)
- Benchmarking - EFQM excellence
- Quality planning - 1SO 9004
__ - Graphical presentation processes - Management review |

- Flag method - Internal audit ISSN 1898-6447, Zesz. Nauk. UEK, 2013; 910: 37-449
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Quality Management Programs

TaMm - Lean
Zero Defect SIXSigma IS0 9000  methodology

Total Quality Management — TQM

The heart of the TQM philosophy is the prevention of problems and an emphasis on quality in the design and
development of products and processes. A formal quality planning process is integral to the TQM philosophy.

Way to TQM

Six Sigma Lean management

Project Management Theory and Practice, Third Edition,2019
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Deming’s 14 Points for the Transformation of Management First presented in Dr. Deming’s seminal book, Out of the
Crisis

AN N SR X

85% of quality problems are due to system errors and only 15% can
be attributed to employees.

Create constancy of purpose for improving products and services

Adopt the new philosophy

Cease dependence on inspection to achieve quality

End the practice of awarding business on price alone; instead, minimize total cost by working with a single supplier
Improve constantly and forever every process for planning, production, and service

Institute training on the job

Adopt and institute leadership

Drive out fear

Break down batrriers between staff areas

Eliminate slogans, exhortations, and targets for the workforce

Eliminate numerical quotas for the workforce and numerical goals for management

Remove batrriers that rob people of pride of workmanship, and eliminate the annual rating or merit system
Institute a vigorous program of education and self-improvement for everyone

Put everybody in the company to work accomplishing the transformation

https://deming.org/explore/fourteen-points/

23.02.2024, Krakow FAIR seminar
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QUALITY I

loose mel

COSTS
The traditional relationship between quality and production

time and cost
< QUALITY >

[ PROVIDER COMPANY PRODUCT

Andrzej Blikle, Doktryna jakosci (wydanie Il turkusowe) — rzecz o turkusowej samoorganizacji (16 wrzesnia 2016)

23.02.2024, Krakow FAIR seminar 49
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The Henryk Niewodniczarski Institute of Nuclear Physics T Q M q ual 1 T y assurance

QUALITY I

C |

COSTS
The TQM’s relationship between quality and production time

and cost / QUALITY \

\

/

A 4

[ PROVIDER COMPANY PRODUCT

Andrzej Blikle, Doktryna jakosci (wydanie Il turkusowe) — rzecz o turkusowej samoorganizacji (16 wrzesnia 2016)
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1. Lack of constancy of purpose to plan product and service that will have a market and keep the company in business
and provide jobs. Lack of a set course of action is not like a runny nose or the flu. It is not a mild disease. It is a fatal
disease and leads to the collapse of the company

2. Emphasis on short-term profits: short-term thinking (just the opposite from constancy of purpose to stay in
business), fed by fear of unfriendly takeover, and by push from bankers and owners for dividends.

3. Evaluation of performance, merit rating, or annual review.
4. Mobility of management; job hopping.

5. Management by use only of visible figures, with little or no consideration of figures that are unknown or
unknowable.

6. Excessive medical costs. As reported by Dr. Deming in Out of the Crisis (pages 97-98), executives shared with him that
the cost of medical care for their employees was amongst their largest overall expenses, not to mention the cost of
medical care embedded in the purchase price of what they purchased from their suppliers.

7. Excessive costs of liability, swelled by lawyers that work on contingency fees. https://deming.org/explore/seven-deadly-diseases/
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PURPOSE, 'ORGANISATIONAL

VISION & CULTURE &
STRATEGY LEADERSHIP

ENGAGING
STAKEHOLDERS

STAKEHOLDER

PERCEPTIONS -
i\ CREATING

SUSTAINABLE
VALUE

STRATEGIC &
OPERATIONAL

2 ' PERFORMANCE DRIVING

PERFORMANCE &
TRANSFORMATION

,The EFQM Model not only remains relevant but continues to set the management agenda for any organisation
wanting a long term, sustainable future.” - EFQM Model Change Management Framework | EFQM

https://www.efgm.org/efqgm-model
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daily / shifts report

Action plan - design and
timization

providing access to control
data and relevant information

dedicated system for QC and QA support

daily meeting -
brietilng
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STEP | STEP Il Required to perform ~10% tests of the rest tested component
/ ~ 0
Required to perform ~10% tests of the all tested component Analysis of the achieved testing information vs.

. : : costs and time
Conceptual design of the action plan for testing

object - ‘
Analysis of the modifying procedures possibility
I_> Creation of the procedures _l without losing quality, cost and time.
Preliminary design of the action plan for testing Analysis of the possibility of a potential damage,
object failure occurrence for the tested component during

its operational phase and its effects.

I—> Improvement of the procedures —1

Final design of the action plan for testing object

‘ acceptan
NO ce YES

Improvement and approval of the procedures

Optimal result Optimal design of the actionlplan for testing object <J

Improvement and approval of the procedures

RESULT

23.02.2024, Krakow FAIR seminar
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daily / shifts report

OTHERS / PROBLEMS

XATB1 ” XM... XATB2 ” XM... XATB3 H XM...
DONE
In
Progress
TO DO
XATB1 - XM... XATB2 — XM... XATB3 — XM...

ccc | spe [ Tun | caL

cce | spe [ Tun | caL

ccc | spe [ Tun | caL

Flat — top first run

Flat —top first run

Flat — top first run

1]2]3]a]s]e]7]8

1/2]3]afs[6]7]s

1]2]3]afs]e]7]8

Flat — top final run

Flat — top final run

Flat — top final run

12]3]4]s]s[7]s

1/2]3]a]s5]6]7]s

12]3]a]s]s[7]s

HL“0” | HLRF | HL“0”

HL“0” | HLRF | HL“0”

HL“0” | HLRF | HL“0”

LLRF | LLRF-C | MAG

LLRF LLRF-C | MAG

LLRF | LLRF-C | MAG

PPOs | PiMod | RIMG

PPOS | PiMed | RIMG

PPOS | PiMod | RIMG

MODULY — PRZED TESTEM

MODULY PO TESCIE

MODUL

ouT-M OUT-R

ouT-v

Papier OUT

XM...

Data: Zmiana; Shift Leader: Niegbecni: 1. 2 3 4.
/ /2015 |
Prep 1 Prep 2 Prep 3 Prep 4 Prep 5 Prep 6
DONE
In
Progress
TODO
XATC1 XATC2 PREP SUP Transport
Z: Do: Sztuk
DONE
SACLAY
OUT-R OouUT-M ouT-vV Papier
In
Progress
Inne akcje CAVITY
TODO X-rays Spawanie | RI ZANON

MODUL \S’;A RC | IM '1R I2R SO | sD SL EEL ;E; \SISA AVD || PC | SM
XM..
XM..
XM..
XM..

XM...

daily meeting -

bI‘lE'Flng

23.02.2024, Krakow

FAIR seminar
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team management

L L ] L] L St d
Study on incentive and supervision ..t
mechanisms of technological supervision
innovation in megaprojects based

on the principal-agent theory

r ’ real communications

Engineering, Construction and
Architectural Management
© Emerald Publishing Limited
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Data management - systems

« quality control C

« problem analysis I

« automatic report generation (in development) | oming ecion
» electronic logbook

Removal of cavity transportation

|— blocking system

- 1 Pump and purge process for
dla base — LaVily slatus a - the imsuttion vocuum
Leak check of the insulation
Rough leak check of the
insulation vacuum

|_ Final leak check of the insulation

nditions

|— Venting of the insulation vacuum

|— Alignment check of cavities

Installation of cavities
supporting fixture used for
|— transport cryomodule

S C ree n at h a I I Pump and purge process for the

|— insulation vacuum

|— Leak check of the access hatches

CAVITIES MODULES
_ m—‘;iiim I w |— Venting of the insulation vacuum
R Preparation of the module to
priiee |— transportation to the bunker
ety
Desaripton of calors used -
Waitig for. | HOM tunming [TRRBSHIN Coodown |Verical isst

|- Transportation to the bunker

|_ Pump and purge process for the
insulation vacuum - VERSION 1

|- Bunker (preparation to cold test)

|- Bunker (cold operations)

Cryomodule tasks ESS

Data Base — cryomodule tasks XFEL
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2022-09-29  wgaj Completed Cleaning of 2 DMs beamline chambers History (4)
S 13:46:58 ,, ; ;
2022-09-05  msienkiewicz  Completed EC has been attached to the quadropole moodule h"""* ‘;ytﬁ“”;"gbth”‘”gh the i*_""‘”‘)’”h’?‘"h“T astic e‘:"'*"_th(i‘ft to the
. = shape of the chamber cross section) which is wrapped with tissues
13:27:46  Tost tring ] aho1 - 4 clamps were not installed (welds in the place where should be flat (wettened with IPA)
ey surface in the attach point) * always it was the same dirrection: beam direction
String Test / - there was one problem withe the thread -> solved with [RFSEISEIkap * repeated 5 times for each module (the 5th turn with dry tissue)
i;z:;ﬂi:z’;(m e - points/surface of contact of clamps are on the edge of EC inner flange * each time the tissue was changed
to the QM / - operation performed with a help of the crane and the pallet truck * after the first cycle for both modules it was vissble black dirt at

least on one side of the tool and on the bottom

* after the second cycle there was much less of the dirt
[T % after the third cycle the dirt was not vissilbe

* the fourth cycle done just in case

the fifth cycle done with the dry tissue

the tool was rotated between cycles (up and down)

flanges knives were checked with the help of magnifi glass and the
ight

f the chamber souranding elements were cleaned

*

*

*

s
WRETD  GEHEEE | i Installation of thermal shields between QDM and DM - 4/4
16:02:00 (Fec sring ] annor]

- DM has been positioned in respect to QDM

5IS100 / _ e
workflow / position was chcecked by survey people
String Test / - both shields were installed successfully

Preinstallation /

Installation of the X . DR
thermal screen (DM becouse of the diameter of the shield of FoS module is bigger than
and QM) /

- it was only necessary to make 2 holes on the top bigger probably

nominal (the same reason previously to make holes bigger at the side)

- it should be recomended to use something (for instance piece of
polimer) when Tashing straps are used to avoid scratching shields during
releasing

~ the gap on the botom between 2 halfs of the shield is quite big so it
should be checked with responsible person if it is accteptable

Attachments:

2022-09-22  msienkiewicz  Completed Wrapping of interconnection between QDM and DM
16:53:38 = @D

- there were two differant sizes of MLI (marked "upstream” 105 cm,
marked “downstream” 113 cm)

- we have used MLT which was labeled "downstream” (teoretycally it
should be upstream side so it has to be clarify) because second one was
to short

- used MLT fits 2022-10-14  msienkiewicz ~ Completed Beamline interconnection between DMs [ History (3) ~
- should "white” areas (especially holes on around MLI covers of thermal 14:12:38 * 2 screws on the top have to by installed in oposite orientation C
bridges) will be covered for instance with aluminium tape? m . t & Edit ‘

* access to several screws with torque wrench imposible

- MLI is much weaker in the place where are seams so it is very easy to
break the foil there
- touch fasteners are very strong

+ applied torque: 25 Nm
* cAp fixation element can't be released (CAP has to be pointed

_ the way of contacting individual layers between interconnection MLI downwards)
and QDM MLI has to be checked (there are 3 layers on both sides)
- the way of contacting individual layers between interconnection MLI AEeAtrn

and DM MLI has to be checked (there are 3 layers on the interconection
MLI and 4 Tayers on DM)

Attachments:
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* EC temporary installed on the support in front of the QDM «  EC has been attached to the QDM module (05.09)

e Visual inspection of beamlines of two dipoles (25.08) .

: : : , , * Installation of thermal shields between QDM and DM
* Visual inspection of beamlines of two dipoles (02.09) (07.09 — 16.09)

e
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* Connection of the EC to the BPL (06.10)

Transportation of the FoS QDM on the blue line and
connection to the EC (11.10)
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Installation of vacuum equipment on the beamline in EB

* Putting of 2 DM on the position (new blue line) (13.10) (20.10)

e Connection of the vacuum eq. to the beamline at the
downstream side of the DM-DM string (21.10

poe—— -'vv o e @ - T Wl 11 i}

s
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List of prepared procedures (under review):

1. Beamline connection between two dipoles
2. Installation of the End Cap

3. Installation of thermal shields

4. Closing of the telescopic bellows

5. Beamline connection between QDM and DM
6. Installation of MLI (beamline, processs pipes, thermal shields)
7. Assembly and installation of the pumping chamber
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T

- Document structure:
= General information
= Introduction
_ = Responsible persons, End Cap
installation process”
~———J5 " Personal safety
—El = |ncoming criteria — chronology
J = How to proceed
@ " Acceptance criteria
*= = Troubleshooting
= Tooling and materials

R T i it

END CAP IMETALLATION PROCESS

i Training requirements o e o | | Lg;;

== [ = Related documentation @ Sl -
______ g ™ Annexes B M=EET LL
— 18| [ =[] Ha] | m= 1 | =4 —_—

Procedure describing how to install End Cap
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CBM - cabeling and electrical connection
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i IFJ PAN potential contribution to FAIR
_ Period |

Cleaning of beamline for Dipole Magnet (DM) 120 DMs (108+6+6)
. Beamline connections 120 DMs, 33 QDM (Quadrupole Modules
11 SiS100 Vacuum package /oo ohacks arc), 17 QDM (straight), 2 QDM (special), 12 | /2 2023 722026
Connection of vacuum equipment ECs. Interconnections: 198
Thermal screens instalations 120 DMs, 33 QDM (arc), 17 QDM (straight),
MLI wrapping 2 QDM (special)
Integrity tests of instrumentation interconnections: 186 (6 sectors * 31
1.2 SiS100 Assembly package HV test against ground of integrated section interconnections) Y5 2023 - > 2026
Installation of bus bar clammps and soldering of bus bar joints
Closing of telescopic belows
End Caps assembly and installations 24 interconnections: 12 Ecs with 2 ICs
beam pipe cleaning and vacuum tests 32 Multiplets + 24 Dipols
assembly of power connection boxes
3.1 S-FRS Preassembly of magnets |assembly of valve control boxes (proportional valves system) 2023 - 2025
pre-assembly quench detection for SC power units
Mounting/Dismounting of the transportation tie rods . .
S-FRS Stepper Motor Drive  [DESIGN + PROTOTYPE CAD, FEM, full documentation, prototype IFJ PAN in-kind work- pac ka ges
3.2 Concept 2023 5 c
Vacuum leak checks of the empty chamber 11 chambers for FAI R Ea rly SCle nce a nd Fl rSt
3.3 S-FRS Focal plane chambers |Assembly of some components and vacuum test 11 chambers - vac pumps, slides.... Y2 2023 - > 2025 . .
Preassembly of some components before tunnel installation 11 chambers - vac pumps, ... SCIe nce coverl ng ~ 100 FTES
: Super-FRS gas supplay cables and gas pipes to install, 21 patch
41 S-FRS Gas/Media supplay Media supplay (patch panels) panels (design, production, instal.)
Safty valve installations short multiplet: 7, long multiplet 13
. Mounting of vacuum pumps dipoles: 15, diagnostic chambers: 19
4.2 AR B?:;?!n:ﬁir;i ISO-VAC Gate Valve installations long special beam pipes: 11 Y4 2024 — 2026
Beamline interconnections blocks: PT, PM, HL, H
Leak checks (beamline and ISO-VAC)
Dismounting of the transportation tie rods short multiplet: 7, long multiplet 13
Courent leads warm gas (Swagelock) dipoles: 15, diagnostic chambers: 19
S-FRS Other - ; . 3
4.3 installations/conections Power cables and earthing long special beam pipes: 11 %2 2024 — 2026
Signal cables connections and tests blocks: PT, PM, HL, H
Installations of slids in vacuum chambers
6.1 HEBT Pre-Assembly Vacuum Installation on support frame, Integration of VAC Diagnostics and |13 (early science) + 17 (first science) + 5 2024 — 9025
) Assembly Units and Tests Pumping devices, Leaktest, Documentation (first science+)
HEBT Pre-Assembly : NC Magnets |Magnet Installation on support frame, Integration of VAC 16 dipols (+23), 11 quadropols, 88 small
6.3 Assembly Units chambers, Documentation quads, 55 steerer magnets; total: 170 ARz =20
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IFJ PAN potential contribution to FAIR

cables conection between devices 153 LLRD racks
: , , cables ingallation on trays : _
21 Si5100 LLRF ingtallations groundings ¥ 2023 - 2024
cables tests
, , bake-out terminal boxes (+cable connections and tests) 273 units (313100 + HEBT ) + 91 units
22 2ELLL Tnasﬁ;ﬂ}an“'mm solid state relay racks (+cable connections and tegts) (S1S100 + HEBT) %2023 % 2026
components of vacuum chambers 282
. . . installation of BPM eledronics (rack assembly + cabling) 84 Mini-Racks (27 config.) + 60 elect.rooms
23 SiS100 E?:'ST aJl E;ﬁmmml N [firgt tum diagnostics chambers assenioly and UHY test 6 — chamber, support frame, heating jackets 2024 - 2025
installation of Beam Loss Monitors (IC) 200 (2 gt each Q0OM s + 32 other locations)
04 5i5100 Installation of: TErTnlﬂal Cold and warmsedions ! 440 (1CBs & 55 QuD 2024 — 1% 2096
boxes Quench Detection
(terminations of connectors, cables pulling, trays fabrication_..)  [HY, LV, signal cables, 7000 chanels, 120 km
51 CBM Electrical connections |LEI.I-D Redel, eic 2026
(prep., connection, pulling of optical fiber frunk cables, patch QC =2500, 130 trunk cables, 18720 opt.
52 -BM Optical connections panels) chanels 13 km 2026
HEBT Installation ,Closing Installation on support frame, Integration of WAC Diagnostics and (308 (early science) + 410 (first science] + 95
6.2 Vacuum System HEBT with  |PUMping devices, Leakted!, Docurmentation (first science+) 2024 — 2025
deliveries total: 813

Furthermore, FAIR and IF) PAN have negotiated an additional 8 optional work packages with 97 FTEs, which
could be potentially useful depending on FAIR's future needs for First Science and First Science plus.
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Division of Scientific Equipment and Infrastructure Construction (DAI)

ON BEHALF of the TEAM:
Dariusz Bocian & Jacek Swierblewski

Dariusz.Bocian@ifj.edu.pl and Jacek.Swierblewski@ifj.edu.pl

R | e

%

LSo théf“d)étomers come back to you, not products! Quality is
something that satisfies and even delights customers.

William Edwards Deming
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