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FAIR / SIS100

FAIR facility

Existing GSI facility
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SI1S100

beam rigidity 100 [Tm]

circumference 1083.6 m

fast ramped machine 4 Tst — 27.5 kAs1 (1Hz)
417 sc-magnets assembled in

over 190 cryo-magnetic modules

over 60 local cryo components
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The SIS100 heavy ion synchrotron is the
main accelerator of the FAIR complex
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Introduction FAIR === 1K

Scope
Beam direction

SIS100 String test serves as a crucial preparatory
phase for the installation, commissioning and
operation of the SIS100 accelerator

L . Feed box
establishing installation LHe supply

sequence and procedures j

verification of design and
interfaces

preparation of work procedures
and quality assurance

AT AEATA ATARA

validation of the cryogenic

BET End Box (EBx)

guench and protection study DM with CAP

powering behavior of the system

functionality of the beam and - =
insulation vacuum system Bypass line (BPL) RT  ° A
: pumping  End Cap (EC)
accelerator relevant operation chamber  with CWT QDM type 2.5
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Installation FAIR === 1K

Assembly of the String test components mainly carried out by IFJ PAN Cracow team except the welding of the hydraulic interconnections (KRIOSYSTEM Wroctaw)

Installation of telescopic g . . ‘ . g Closing of telescopic
UHYV interconnections Hydraulic connections Electrical connections

Dipole-Dipole Quadrupole-Dipole Stabilizer
connection connection supports

Challenges during installation:

restricted space between components

large number of interconnections within a limited
volume, especially in the end cap

proximity between critical components (sc-bus bars
to welded connections)

design and production of special tooling
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Quality control processes:

leak test of all the UHV interconnections

visual inspection of all the hydraulic interconnections
radiographic test of all the hydraulic interconnections
leak test of all the hydraulic interconnections

pressure test up to 16 bar of the He-process line
system

Integral leak test of the entire system
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Documentation FAIR === 1K

SIS100 String Test Installation Plan

Work preparation & test planning Peempe——. o

Legend: worksop [ oS
[ control step IFJPAN
 m—

Work plan — contains the relevant assembly and test steps pp T e—

Work instructions — procedures for the installation and
assembly

13 documents created N F——— =

]
1 FPP-SCMD-1191

FAIR % =5 3 | Prifprotokoll / Test protocol Sabe 1von 21

Test instructions — procedures for quality control e I e s
Testtyp! HV Test ‘Pr\'ﬂev/ Johite
* 5 documents created  SIS100 STRING Y TRST PROTOCO
Test Code HV Test_SI8100 String 29062023 FB-3 Warm-ATM Pressure |
Absird Test Title HV Insulation Resistance Test of SIS100 String
Acceptance protocols g e Doy Dot oase (20w type 2 ' o 11 o soousatEs puvet
p p Mot respocling these instructions could lead 1o pel sy IO Eﬁlﬁm:ﬂamgﬁ:
e 7 documents created | | e T S|
Mufc\::;‘\':r.\;{:dﬂ:y: PAN) chhursfe'v:i;:?
2023-10-19 20231

Patricia Aguar Ba) FAR | Risk assessment Page1froms
2 B Bsx

Non conformity reports g ey
Risk assessment for work to be carried out “»«“n"ﬂm

Creating person
Area / Building

Lessons learned — compilation of findings and =
recommendations

String test documentation uploaded to EDMS
and currently used in the SIS100 tunnel ==
installation - =
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Performance — Cool down

FAIR == 1K

No problems observed during the cold phase
in the insulation vacuum of the String cryostat

QDM DM1 DM2

Pinsvac ~ 6E-6 mbar
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r Tw

The cool down process is divided into two phases with different pressure:

Phase 1 Phase 2

300K to ~80 K ~80 Kto 45K

Phase 1: Since the cold masses are smaller in the 2 parallel lines of the quadrupole
module, the doublet cools down faster than the dipoles.

Phase 2: The QDM cools down faster than the dipoles — the mass flow rates start
to unbalanced due to the different flow impedance caused by the difference in the
temperature.

Balancing of the mass flows of the modules by a
combination of capillaries and heaters
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Performance — Beam vacuum / Temperatures FAIR ==K

Warm
beam ) 1 Temperature
vacuum Cryogenic beam sensor
system vacuum system (~14m)
(T = 293K) . .
. e quadrupole cryo- quadrupole dipole cryosorption dipole
3 CWT BPM chamber collimator chamber chamber pump chamber

T i-GrwMead vor2
: %éz_(gg:;m:du\ IVC-F2
TKO2 (COL)
— TK04 (COL)
: B‘:’?gé'-clnoll;Zconn Bellow
Magnet chambers reached ultimate < — o 102
temperatures of around 5K ~ T DpMedu 18 ,
o T Vii-CpMadl /e
5 : ;\:::prM-né;im /VC-QDunit
Cryo-collimator temperature around 6K g
g— S AN B B |
5 o o I\ A 1
Temperatures in the interconnection areas 2 - 10
significantly higher — not actively cooled 1 I
mm) The filaments of the extractor gauges
directly flanged into the cold beam pipe [ cool down phase
caused a high heat load 10° | | | | | | | . | . 10°
0 5 10 15 20 25 30
time t [days]
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Performance — Beam vacuum / Pressures

Warm
beam
vacuum
system
T = 293K)
Bl guadrupole cryo-
CWT BPM chamber collimator

/ pwarm_l

low UHV pressures in warm beam vacuum system

guadrupole
chamber

Cryogenic beam
vacuum system (~14m)

dipole
chamber

FAIR == 1K

cryosorption

Pressure measurement along the
cryogenic beam line with 3 extractor
gauges flanged directly to the cold
beam pipe at the interconnection areas

dipole
chamber

10° 4
10% -

g ]
E 107-
Q 1
o 10%4
=) B
g ]
0 10°-
o 1
= o]
o 1073
Q ]
o 11 |
§ 10
— ]
I 10-12_;
107 |

— Pyam_; (PSC+R-CWT) :
pwarm 2 (pumpmg Chamber) ;

bake-out
|~ @250°C

NEG+IGP
activation

/conditioning

ultimative pressures: < 7E-12 mbar mbar ;
(N, equivalent) |

cool down phase

‘ . |
5 10 15 20 25 30
time t [days]
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NEG ;‘108

XHV pressures in cryogenic beam vacuum system

1 0'5 . L | 1 | | L | L | L L 1 0-5
E rougjhing Py, 1 (QP-DP interconnection) |
10 7 cTo~o|6dOT<wn to | Pyyo » (DP-DP interconnection) 7 10
B == P, - (DP end) ;
£ 107 = =107
Q 1 ‘
g 10° L 10°
S 3 cool down to
7] 9 ~T~5K r
] 9 ] l L 1ne
g 10 3 1\/ 3 10
> ] g
g_ 10_1072 L 10-10
0} ‘ |
Z 10" E L =10™
e 5 | H‘W\mm-mm "
© o] L 10
] cool down phase ultimative pressures: 2E-12 ...4E-12 mbar ;
13 1 RT+N, equivalent) - 13
1 0- I T T T T T T T T T 1 0-
0 5 10 15 20 25 30
time t [days]
31-03-2025

gas type and
temperature-
corrected real
pressure
pcryoz SE-13
mbar or lower



Performance — Beam vacuum FAIR === 1K

Required Verified @ _
q String sc magnets and the beam vacuum system reached their planned
ultimate temperatures within the expected time period
H, pressure in ) ultimate pressures and residual gas composition in the two short
cryogenic beam < 1E-12 mbar 5E-13 mbar N RT sections were achieved

vacuum (< 10K)
generated residual gas densities in the cold beam vacuum

system corresponded to H, vacuum pressures of ~ 5E-13 mbar
< 3E-11 mbar < 1E-11 mbar (V) or even less

density and temperature conditions along the string were
constant over the entire duration of the cold phase

H, pressure in RT
vacuum system

ultimate

temperature of ) no leak-induced density increases were observed
cryogenic beam <5K ~5K Y,

vacuum system m=) The String test has demonstrated that He
(steady state)

mass flows and the magnetic and vacuum
cryogenic systems operate as expected

Dominant residual
gas component

Beam vacuum quality requirements for future beam operation are fulfilled

Patricia Aguar Bartolome / SIS100 String test 31-03-202%0



Setup — FAIR quench detection system FAIR === 1K

FAIR-QDS

Series quench detection electronics installed in the String
Dipole circuit monitored by 2 MCL detectors and 4 bridge detectors
Quadrupole circuit monitored by 2 MCL detectors and 3 bridge detectors

Both main circuits in an overlapping structure similar to SIS100 with
guench conditioning boxes

Bridge cabling asymmetry was introduced on purpose Corrector circuits (2
x ST + 1 x CS) monitored by MID detectors

Scaling and synchronization of the Dipole and Quadrupole circuits DCCTs
(actually not a part of the F-QDS)

Synchronisation of signals acquired by different electronic boards:

initially £70 ms, currently £ 6 ms - still not enough

search for optimal parameters for data frames (work in progress) FAIR quench dection system is reliable and safe to operate

consequence: difficulties with quench data interpretation for Dipole
and Quadrupole circuits
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Setup — SIS100 cryo-control system

FAIR === 1K

Key control functions tested to provide information on the control of the SIS100 cryogenics system

Construction (front) Construction (back)
of PC and SCADA of PLC and cabling

Accelerator Control System developed
for FAIR/GSI

Objectives:

Test 10s

find configuration to heat SIS100 magnets
Sensors and actors tested:

CERNOX

TVO

PT100

Thermocouple

Current measurement

PWM heater

Successful completion of the commissioning of the SIS100
cryo-controls at the String test
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Setup - SIS100 accelerator control system

FAIR == 1K

Applications provided by APP cover all standard operation software used in the central and local control rooms of FAIR

Physics parameters are typically modifyable by the user

Scheduling App @ PRO

a-0Ox -

[ [r— %«

G5l patterns

SI518 FAST_HHT 2023091513515 SI518_FAST_RF_SYNC_COMMSSIDHING

SIS18_SLOW_HADE S 20230501_103512

5 HADES (SLOVY)
ArIe” 300.0 MeViu v N7 193 GeViu v v BACIE 1D GeViu
U s senecues U sow Seneduten cenasuiad

U1 s01

SIS18 SLOW.HFS 20230831 124155

v
Sehedie

SIS18 FAST HHD 20231020 105726 SIS18 SLOW. HTP 20230927 140528
Schedy e

AP0 500.0 MeV/u v “Are 300.0 Mevru
Schea

AP 500.0 MeViu
U1 so2 scheduled U so7

u-1 509

oToN
TH 27,6 GeViu

i Cryring

Cryring patterns oy
CRYRING 0. mimi_fasc
YRE (FAST) !l
v ' 2930keVu
cchauied

Four SIS100 Patterns have been created for the String

- the String circuits perform correctly
- No quenches
-~ N0 Major issues
- powering tests continue...

SIS100 String test serves as a platform for the ACC control system

STRINGTEST_CBM
SI1S100 SIS100_RING (KO)
E AU 11.13 GeViu

patterns

cl ® o=
: 1x oo

Fully supply PatternGroup
Fully supply Pattern ‘_’ Auguat24
O] = o0 meun

FaramModi (STAHDARD) @ PRO

a-ox
[E@English | »] Dctober 6, 2024.1217pM [About
T
Type Group ™

B o e B

Eebeogrreiy LOGICAL 1S00MHT

| ]

ior

|_POLYNOMIA

=
STRINGTEST_cam.cl o

chect 1
Select Al Hietarchy
# Pattern O BeamProcass
Displayd FuR€tion: LOGICAL 1SOCMHT
38 1rim
22000-
- $% Trim point
00
000
a00: \
w0l -
oc ses s 6
a3l
=l Trim Expert Params

Grapn | tabie
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Measurements — Alignment

Laser tracker

Change of outer geometry
» relative to each other (cryostat vs. cryostat)

« absolute to external references (cryostats vs.
sorrounding area)

Photogrammetry

Change of outer geometry

» relative to each other (e.g. cryostat vs. support
frame vs. adjustment feet)

Absolute Multiline System

Change of inner geometry (cold mass vs. cryostat)

Patricia Aguar Bartolome / SIS100 String test
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Measurements — Alignment FAIR I===1x

Laser tracker

Measurements @ room temperature - vacuum - 4K

The results refer exclusively to the String cryostats, NOT to the behaviour of the cold mass

String @vacuum — comparison between measurement at room temperature and at 4.5K

ca. 0.4 mm
ca. 0.1 mm

QDM 01-6

Austritt CDM 026-3 —

¥X-Achse Austritt

Austritt Eintritt

Y-Achse

Eintritt

ca. 0.6 mm
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Measurements — Alignment FAIR === 1K

Photogrammetry

Verification of laser tracker results

Visualization of more details

Measurements @ RT — vacuum — 4K — measurement after cold cycle pending

—_—

04 mm J8ET mm 1338 mm 1.7 mm 2152 mm 2581 mm 838 mm

Deformation after evacuation: Deformation after evacuation:
» dipole adjustment feet vs. cryostat — negligible + dipole adjustment feet vs. cryostat ~ 1.2 mm
* cryostat vs. surrounding area ~ 0.15 mm * cryostat vs. surrounding area~ 1.5 mm
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Measurements — Alignment FAIR m===1I

Absolute Multiline System

Monitoring lateral movement of the cold masses vs. F} 1 LOS3  LOS6 LOS9 LOS 12
cryostats @ RT and 4.5K S/ \ foog ‘

AMS is a 1D interferometric system with 0.5 um/m accuracy

Line of sight (LOS) created to detect translation and R et R

rotation around the beam axis LOS LOS LOS LOS
1+2 4+5 7+8 10+ 11

¢

DM16

magnets cross s
sections 02mm

CDM26
Eingang

QDM
Eingang

Ausgang
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Measurements — Cross talk FAIR === 1K

Cross-talk between main circuits
Method: powering one of the main w0
N o\ circuits and check if there is any N 0.00020 4
1 > M W, 1 induced signal in the other circuit
— — 30 1
- i t -C : . . = - ,
ma'rlle(:gren X-talk ! Measured inductance matrix for the Z Z B
(MCL) T HTS String: s ] g
& ‘S 0.00010 4
£ £
Mppr-g = Lop* Vg / e e
3 x Dipole 2 x Quad. _VDP ] 000005
} L Mutual inductance values: 5 I | LLLJ
Lop Q * Mpp-qg = 10 nH between DP and Q 0 % | L. 0.00000 -J l =
~46 m of BBs ~116 m of BBs « Ma.op = 3 nH between Q and DP T e 7 e D
L_DP (uH) 1.6E+03 9.00E-03
L_Q (uH) 3.00E-03 8.11E+02
Scaling to the SI1S100 (x100) - M =1.0 pH
Les = 0.25 pH/m No significant cross talk between the dipole and
quadrupole circuits
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Tests — Beam vacuum / “Cryogenic bake-out” FAIR ==K

Principle of a cryogenic bake-out

pumping capacity of cold beam line surfaces limited for A

H, and He — pressure in the cold beam vacuum sections conditons
increases with Operating time initial long-term "cryogenic re- initial
conditions operation bake-out" cooling : conditions

residual gases (mainly H,) from the room temperature areas 1
enter the cryogenic areas and increase surface coverage

(adsorption isotherm) 1008 +
cryogenic beam vacuum system of SIS100 designed to % 10 L
warm up independently on the sc magnets to allow for o
“regeneration” of the cold surfaces Qo 1010 1
?
(%)
e 10—11 4
o

'
ich tub dupt imately th | . “MM/MMMA Ap
cryogenic peam tupes warmed up to approximately tnerma 1013

shield temperatures — desorption of previously cryo-

pumped gases (mainly H,) from the cold surfaces 104+

desorbing gases are pumped by the NEG-IGP pumps e E >
installed at the room temperature side time t
when the pressures in the cold system are ~1E-10 mbatr,

re-cooling is initiated to LHe temperatures Successful experimental test of the functionality of

low XHV initial conditions in the cryogenic beam a “cryogenic bake-out” in the SIS100 String

vacuum system are restored
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Summary

FAIR == 1K

SIS100 String test serves as a test site for the installation processes, commissioning and operation of the SIS100
accelerator

String INSTALLATION succesfully completed in October 2023 ‘ important MILESTONE for the SIS100
achieved!!

Constant pressure and temperature conditions along the String over the entire duration of the cold phase
No thermomechanical damage to the cold mass even after repeated cold cycles

First energization of the String test electrical circuits with real current ramps of the SIS100 successfully carried
out

No significant cross talk between the dipole and quadrupole circuits have been observed

Numerous precision measurements on the movement of cold masses and cryostats with different methods @ vacuum and
4.5K carried out

Experimental proof of the functionality of a ,,cryogenic bake-out” at String was successful
Successful transfer of work instructions and QA documents from String test to the SIS100 installation

The team responsible for the installation of the String test is currently carrying out the installation in the SIS100

Objectives
establishing installation (;“:”1
sequence and procedures S’

. g . . S,

yenflcatlon of design and i; /i
interfaces -
preparation of work .
procedures and quality ( ‘%f
assurance
validation of the cryogenic (<
system \Y/
quench and protection (7
study \Y/
powering behavior of the (<
system \/
functionality of the beam .
and insulation vacuum (;’f
system -
accelerator relevant (i

. y }
operation \/
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