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General information about the XFEL project | ?/K/‘ '
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" XFEL-Linac

B Length of accelerator: 1500m
B Accelerator modules: 96
B Max. electron energy: 17.5GeV

Bl Start of beam operation: January, 2017
BN Start of user runs: September, 2017

B8 Three SASE undulators
» serving 7 experimental stations XEEL cryogenic system:

» cover 300eV to 30keV photon energies * 671 control valves
« 2647 temperature sensors
« 800 pressure sensors
« 212 flow sensors

« >100Ilevel sensors
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General information about the XFEL project

8 XFEL-Cryomodules
B Cavities: 8 superconducting 9-cell 1.3GHz cavities per cryomodule (a total of 768 cavities)

B Cavity cooling: Helium Il bath at 2.0K (5/8K and 40/80K thermal shields)

8 SC cavities + 1 SC quadrupole cryomodule (12m)
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Overview of the XFEL cryogenic system
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Overview of the XFEL cryogenic system
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Vendor
LINDE
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Overview of the XFEL cryogenic system

Vendor
LINDE
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Overview of the XFEL cryogenic system

Vendor
LINDE

COLD BOX

BAUJAHR 1987
LEISTUNGEN :
W bei 44K
40/80K
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SC SC

Overview of the XFEL cryogenic system

Vendor
LINDE

XFEL-Purifier

Coldbox 41 Coldbox 43

LD BOX

BAUJAHR 1987

AN LHAE
=== T0 be modified 00 W beid K

| 50% of piping modified |

mmm= T0 be removed | s . 0000 W 40/80K
mmm==_No changes - = ’
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T 090 006

Distribution box
DB54

Overview of the XFEL cryogenic system

XFEL-Purifier

Coldbox 41
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Overview of the XFEL cryogenic system

Vendor

LINDE
DEMACO Cold compressors

CB44
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Overview of the XFEL cryogenic system :_Cryo plant

Vendor

LINDE

DEMACO Cold compressors
CB44

Contribution

BINP Distribution box [

XLVB
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Overview of the XFEL cryogenic system

vendor  } 0 E_-——————

LINDE
DEMACO

BINP

|
|
Contribution |
|
|
|
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1 Cryo plant

Coldbox 41

XFEL-Purifier

-
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Overview of the XFEL cryogenic system

vendor }  =m e e
I Shaft
LINDE
DEMACO B Cold compressors
| CB44
Contribution |
BINP N Distribution box
' XLVB
r= == '
Injector;, = =lm===== | e ______
_____________________ -
INJECTOR L1 L2 L3 |

N\WWTWWWWWWNWWWmW --------- K000~ | !
RF gun CS1 cs2 CS3 s CS9

[l feed/endcap [/1.3GHzmodule N3.9GHzmodule N string connection box

[S¥3
I S
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Overview of the XFEL cryogenic system

INJECTOR L1 L2 L3

RF gun cS1 cS2 cS3 CS9

| feed / end cap /1.3GHzmodule  03.9 GHz module |5tring connection box

-l
| 1{h\{rrrﬂﬂ/"‘w}TTTTTTTFFFF[V’“#}TTTTTW?FFFFM ~~~~~~~~~ BO0000000000e--
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Overview of the XFEL cryogenic system

INJECTOR L1 \ L2 / L3

B
| m\[l}}}]D/_\ﬂ}}}}]}}}}}]]D/_\D}}}}}][-}}}}]I --------- AR
RFgun (g1 cS2 cs3 CS9

| feed/endcap | 1.3GHzmodule WN3.9GHzmodule Nstring connection box
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Overview of the XFEL cryogenic system

Cryo Strings CS1-9:

Tobias Schnautz, MKS, 06

12 cryomodules (most of them) on.

.05.2025

INJECTOR L1

RF gun CS1

| feed / end cap

L2

CS2

/1.3 GHz module

B
| m\u11}.m/_\uﬂﬂﬂmmu/"\ummmmﬂ

/ L3
......... 0000000000008
CS3 CS9
§39GHzmodule | string connection box
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Overview of the XFEL cryogenic system

- gey
< !

=R

=3

INJECTOR L1 L2 L3/
g 'ﬂ\[I
(00087 \OOO0O00000008” NI0000000000N-— B000000000000-—
RFgun  ¢gp cs2 CS3 CS9
| feed/endcap | 1.3GHzmodule N§3.9GHzmodule Nstring connection box
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Overview of the XFEL crvoqenlc system
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Vendor
LINDE
DEMACO
Leybold

Contribution

I B Y European XFEL

Cold compressors Coldbox 41

CB44

Distribution box

XLVB

Warm He-Pumps (AMTF):

Backup for cold compressors CB44

Limited capacity: no beam operation possible

Important component for XFEL

DESY.
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XFEL cryogenic system: Linac

Vacuum
B Each cryomodule string (CS) has its own Iso-vacuum
» |so-vaccum of two cryomodule strings (CS) is separated by a vacuum barrier

Pump port S C B Pump port
(T i ] ;]WMMIQ"I

L] l} T — “ g L]
- | | ; \\ | — (
s i U al
Stl’ing N Beam pipe Vacuum barrier >rocess pipes Strlng N+1
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XFEL cryogenic system: Linac

Vacuum
B Each cryomodule string (CS) has its own Iso-vacuum

» |so-vaccum of two cryomodule strings (CS) is separated by a vacuum barrier
B Each cryomodule string has two pump ports, equipped with vacuum pumps

r-;ump port - S C B ‘ Pump por’;“l
L] é — L]
of —— 1o )

Q D0 —
s i // \ \ s i
Stl’l ng N Beam pipe Vacuum barrier Process pipes Strl ng N +1
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Vacuum
B Each cryomodule string (CS) has its own Iso-vacuum
» Iso-vaccum of two cryomodule strings (CS) is separated by a vacuum barrier
B Each cryomodule string has two pump ports, equipped with vacuum pumps
B Each cryomodule (CM) within a string has one vacuum safety flap to protect vacuum barriers

y v

r‘L;P i ] S_c,: B ;1%);1 1
N =

Q D0 —
s i // \ \L i
Stl’l ng N Beam pipe Vacuum barrier Process pipes Strl ng N +1
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XFEL warm-up: General information

What is to be expected during warm-up of XFEL linac
B (Most likely) nothing spectactular, as...
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XFEL warm-up: General information

What is to be expected during warm-up of XFEL linac
(Most likely) nothing spectactular, as...
» Cryo operators are well trained
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XFEL warm up: General information

" What is to be expected during warm up of XFEL linac
B (Most likely) nothing spectactular, as...

» Cryo operators are well trained
« Warm-up instruction document

I B Y European XFEL
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XLVB Cooldown 2K Schema Linac (80K Mode CB41)

oo I | XLVB - Cooldown

T

oMb venm
0%

N e 611 T
—— m\ a0k sk | 2k | oR
e T
S erer=lErea 101 bor 2 | 1017300 si0 e rresie0 e T | PoF |
== -
L S
e s o -
o8% — e
a0 1000w
e = ;
et Jrem
o i 1%
ceag 100 Koo ae o L4t
T me mom ool
s o Vo vozroa 235 2% KK e
T IS . :
whi i
st 1020 b 22% = |
o 10 b 280K
o s o || [ oS ] I
291K e o T ||
by o o o ok | ||l
T o L vesns d
bor arx XX, The T (|
T ey — robe 2205k | || mom
ot 29349 o~ K oo so%
Vst g § e
s o1 X5 53% P p—p—— |f ), S|
st 1100 o LT o oo% o Bk g mnk K 073 bar_232 89K
o 29312 acn Zisex s — o . =3
. T o f
¥ s ot ThCI Treiss
% Tk 2337K SIS 253008k 20252K | maw
TIeng ascmosses (1\ 0352 b 0954 bar NES []
571K \“""i e ] ek FPRFVE |
o *
T\ | 80K W"n?‘
121
23506 K , Krscs
%
e i o
) S an'io T, T |
RN A
Ricklaufvia| DBS!| zum | Warmer et Vs
oy IR
] = TR ) 65 e s | mw
a2% s Y o R e e
e, o So% 1207 b 29307K |
a2% T T
oy Vo | vomn misfE] ey 1021 b 272K |
- X o5
s ey I
Tk for e a3x b
B o aon vy 9577k |
GescazossEN
o

Y
Ao uox

e
3T
T

i

o3

T
b
¥

AT < 20K

AT < 50K
5/8K:

DESY.

< 40/80K



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: General information

What is to be expected during warm up of XFEL linac
B (Most likely) nothing spectactular, as...
» Cryo operators are well trained .

) ) Edhd H}u«u#;|a\|a;|sw|»:|+|¥ B[ 581 |1 ] o et | showpvstotus || || B[

« Warm-up instruction document

» Experience (FLASH, test-stands) ™
R EEE
D "
© e )
o Warm up FLASH linac
% .
=

- | { | | |
e — =
Time
L J | European XFEL

DESY.
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XFEL warm-up: General information

" What is to be expected during warm up of XFEL linac
B (Most likely) nothing spectactular, as...

» Cryo operators are well trained
« Warm-up instruction document
» Experience (FLASH, test-stands)

» XFEL cryomodules have been
thermally cycled on test-stand (AMTF)
without problems
» Design / manufacturing failures

would have been ,visible”

I B Y European XFEL
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XFEL warm-up: General information

What is to be expected during warm up of XFEL linac
B (Most likely) nothing spectactular, as... Cool-down XFEL linac
» Cryo operators are well trained =
« Warm-up instruction document
» Experience (FLASH, test-stands)
» XFEL cryomodules have been
thermally cycled on test-stand (AMT™_

! s Me B a5 a| o] | +f% | ol | @ - x| e | | showpvstans |

Cooldown with one coldbox

Start asymmetrical
operation of two

without problems X |- 300K S~ / coldboxes to speed
. . : Q. = up cool-down
* Design / manufacturing failures =15 ,
. “ @ |
would have been ,visible g N\
First cooldown of XFEL Linac S| Reverting cold return /\
(300K - 4K) 3 - \
flows into cold boxes ‘
B Main goal: 4K in 2016 \
B First cooldown was very smooth Fast cooldown at temperatures/ |
B First cooldown of XFEL linac was - below liquid nitrogen -
successful and in time! R e A R

IS B 0 European XFEL 10.12.2016 Time 27.12.2696
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XFEL warm-up: Procedure

B Warm-up instruction document
B Overview of main components of XFEL cryogenic system

I B Y European XFEL

Action

‘ (® Nov 28,2016 13:4153

Capture Me

XFEL-Uberblick

XSE

Eingangsschacht UG2/R013

XRTL (180m)

2K Kalte Kompressoren
= .
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— H EN kryoDBS54 OCT 27, 2016 16:47:18
e o - -
il | ' kryoCB44 JUL06, 2016 16:3026 |1
- - (] || xfelKryoXLVB NOV 21,2016 09:19:14 |
e F‘l ‘s ([l BE  xekpoaiNa  NOV21,201609:38:46
5 |
— ;-T- Lt" ; | I xXfelKryoXTL NOV 18,2016 15:49:31 |
i i ; ¢ |
9 - — B) P ' - P ‘ |
T “T = M ‘ | e R |
. . & ’
— 'S l : g4 Kryo-OK |
................................. v = A ' XFEL-Status == —
TR T L " .
E g e — e S T N e ——
XTIN Injektortunnel UG7/R008 . | £
| Fle
o Rl |
S
i
e PN R I
Injektor 1 L= AW String 1 (4 CMs) String 2 (12 CMs) String 3-9 (jeweils 12 CMs = 84 CMs) Y
hogsy s s Linactunnel

FACEPLATE_MENUE.css-sds

Kaltehalle (Geb. 54)

DESY.



XFEL warm-up & risk handling

XFEL warm-up: Procedure

B Warm-up instruction document

B Overview of main components of XFEL cryogenic system

B Max. allowable working pressures

Tobias Schnautz, MKS, 06.05.2025

3 Pressure Data
Colour Design Pneum. Leakage test Remarks
code pressure pressure test 1 x design pressure
1.1 x design
pressure
20 bar(g) 22 bar(g) 20 bar(g) PED
16 bar(g) 17.6 bar(g) 16 bar(g) PED
Il | 4var(g) 4.4 bar(g) 4 bar(g) PED
no pressure and leak test
Equipment to be removed
X = = = for pressure and leakage test
Equipment to be closed for
I - - - pressure and leakage test

I B Y European XFEL

| olnite
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XFEL warm-up: Procedure

B Warm-up instruction document

Tobias Schnautz, MKS, 06.05.2025

on
Capture Me
Alle Temp Dt t
XLTLITTC1102 FCITTC1101  FCITPLIOL

DEC 05, 2016 11:10:43 xfelKryoXTL

ECILPTTCII02 ECILPTPINO2
29410K 1,025 bar =

B Overview of main components of XFEL cryogenic system

B Max. allowable working pressures
B Max. allowable temperature gradients

2K AT < 50K AT < 20K

AT < 50K

<—5/8K—>
< 40/80K

I B Y European XFEL

Gas return pipe (GRP)

stT1 294 48K 29422 K 1 1,004 bar
H
. H FC1 - ECILP
Temp-Diff 300er T i 294.12K st"ng ] 294,05 K
0.0g/s FC1TTC1201 ECILPTTC1204
PO m !
FC1TTC1202 ECILP TTCI:
014K -“E vcm:‘ 20372K Module 29421 K <
. 0
0.0 % ECILP TTC1206
XLST1 FC1 TP1111 0,986 bar B T ¥ ;g‘l:l‘é;l&! oo
XLST1 ECILPTP1211 0,984 bar UNTEN e
J 0,993 bar == =B 974 par o
167 - 0,28 K ECILPTRINS
ECILPTD300
1,58+
15 21,
140 1
b
132 X H
il 10,
134+ 12
1,06+ A
T T T T T T T 1 1 ! I
CR ) % 10 0 80 70 60 S0 40 % 20 1. %0
sec sec
Tl FTTDI00 ECILPTDI0
15t 25t 3.8t [FACEPIATES _GRAPHICS Exp || GRAPHICS XFEL

Capture Me
XFEL femperatur Differenzen 300er

XL STRING
1 2 3 4 5 6

003k [l 074k Ml 023k l o013k [l 037’k W 007k W
i oo oo #3130 e sin Tos0 v o300
030Kk ll 023k W

7 8 9
003k M 007k M 005k W
sip o300 sip o300 sedz o300

029k Wl
‘‘‘‘‘ ‘TD300

FCITDINOUT FC2TDINOUT FCITDINOUT SCUVTDINOUT SCAVTDINOUT
i 099 bar  reus 0,97 bar  tei: 0,99 bar  tenus 0,97 bar i 0,99 bar e 0,97 bar

1.8t 2.8t 3.5t [FACEBEATES|  GrapHics iy [GRAPHICSXFEL

ECILP TD300 EC2LP TD300
un 0,99 bar  teun 0,98 bar  teun 0,99 bar  teun 0,99 bar  teun 097 bar  teun 0,99 bar e 1,02bar  tein 0,98 bar  teun 0,99 bar
in 0,98 bar e 0,99 bar  Ten 0,99 bar i 0,99 bar e 0,99 bar  Tein 1,03 bar  tun 0,98 bar TP 0,98 bar  wun 0,99 bar
29451K 20437 K 29382K 29428 K 29422 K 29439 K 294,12K 293,18 K 29294 K
xTLITTENO ATL2TTCNO XLTLSTTCN0 XLSTIRC3TTC1I0L XLST4SCIVTTCII0L XLSTSSCAVTTCLI0L SISTESCUVITCIION  XLST7SCALPTICHOl  XLSTBSCSLPTTCIIOL
0,13k 072K [l 001K [l 006K [l 0,00k [l 0,19k [l 011K 004K [l 014K [l
SCIVIDINOUT SCALPTDINOUT SCSLPTDINOUT SCSLPTDINOUT

s 1,02bar i 0,99 bar e 0,98 bar

» Alarm values for different components

o High values (e.g. 15K for GRP vertical)

o Highhigh values (e.g. 20K for GRP vertical)

DESY.
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XFEL warm-up: Procedure _ T [ )
[Cold: 5K | ‘ |Cold: 5K |
Warm-up instruction document — W - - ateaniage 1
B Overview of main components of XFEL cryogenic system IS
B Max. allowable working pressures — T
- [Cold: 10K] FHp
Bl Max. allowable temperature gradients . L
B Different phases of warm-up e s R R s =
» Phase 0: Stop CC operation ' =
. . : : Cold: 10K = Cold: 10K =
» Phase 1: Evaporation of liquid helium (static heat load) I _J :l I:
» Phase 2: Cold gas flow of 10K . e
» Phase 3: Conversion of coldbox to 80K mode | S

» Phase 4: Cold gas flow of approx. 50K (below triple point of nitfogén:EéK) R

» Phase 5: Adjustment of flat ramp from 50K- 80K (to slowly reach/pass through 63K)
» Phase 6: Adjustment of ramp (dT=50K) for warm up 80K — 300K

» Phase 7. Warm gas flow of 300K

L J | European XFEL DESY.
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XFEL warm-up: Procedure el = " — 40K supply -
8 Warm-up instruction document Nasn o -nwun e 80K return
B Overview of main components of XFEL cryogenic | 5K supply
B Max. allowable working pressures
: 4K return
B Max. allowable temperature gradients
BN Different phases of warm-up 8K return -
» Phase O A el -
» Phase 1
» Phase 2 2K return -
> ... 20K return -
" For all phases "
B Color code on “P&ID” :
manifold
» Relevant valves, sensors, etc. Hp
BN Plausibility check of values :
manifold
(flows, pressures, temperatures)
B Inspection rounds for identification of =K o | Purg_e .
i ﬂ manifold

failures/defects/damage, etc.

I B Y European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

L J | European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

Return flow: AT < 50K

<
/l\ - T T e E._.na.;f\-—"—f———-"‘ l.._." ;“L_j ” rr
2K AT < 50K AT <20K g 7 2 z . : »-'(’{-1 —— el s e |
\l/ - 2 | | Kgdsed e SES

e LS tiG Waﬂ

Exceeding AT = 50K means thermal
stress which can damage a cryomodule

AT < 50K

5/8K:
< 40/80K

I B Y European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Leaks: Air in the Iso-vacuum will deposit on cold surfaces of He process pipes (& shields)

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Leaks: Air in the Iso-vacuum will deposit on cold surfaces of He process pipes (& shields)

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
BN Leaks: Air in the Iso-vacuum will deposit on cold surfaces of different temperature levels
» >90% of infiltrated air is deposited on 2K and 5-8K level

100000 50
= . X
= ‘ -
90000 = £ o 15 S
LQ“ [ ] ““ ¢ 8

o o %

80000 | & N A * qmme® . 2 o
= .O -
70000 E °‘. e 35 2
o % et w
3 . o ?.'."‘.'. 2
I . . Pl
60000 J o .»s.\w 0 3
o +® =
50000 o~ s te 53
o~ # o Sum of all 3 circuits e e 2

40000 o 40K circuit “ . LA g

5K circuit e
30000 o 2K circuit (linearised to 0 from 10sec) 15
+ Total heat/heat to the coolant,%
20000 10
10000 5
Venting time, sec
0 = 0
0 5 10 15 20 25
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Leaks: Air in the Iso-vacuum will deposit on cold surfaces of different temperature levels
» >00% of infiltrated air is deposited on 2K and 5-8K level
» Dimension of deposited air is unknown (8 years of cold operation)

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Leaks: Air in the Iso-vacuum will deposit on cold surfaces of different temperature levels
» >00% of infiltrated air is deposited on 2K and 5-8K level
» Dimension of deposited air is unknown (8 years of cold operation )
What will happen at triple point of nitrogen (63K)?

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Leaks: Air in the Iso-vacuum will deposit on cold surfaces of different temperature levels
» >00% of infiltrated air is deposited on 2K and 5-8K level
» Dimension of deposited air is unknown (8 years of cold operation )
What will happen at triple point of nitrogen (63K)?
» Deposited air will evaporate
» Vacuum gets worse
» Temperature gradient of helium in piping system might increase

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

BN Leaks: Air in the Iso-vacuum will deposit on cold surfaces of different temperature levels
» >90% of infiltrated air is deposited on 2K and 5-8K level
» Dimension of deposited air is unknown (8 years of cold operation )

B What will happen at triple point of nitrogen (63K)?
» Deposited air will evaporate
» Vacuum gets worse
» Temperature/pressure of helium in piping system might increase spontaneously

B Main question: Can atemperature gradient AT > 50K occur?
» How can this be avoided?

AT < 20

Exceeding AT = 50K means thermal
stress which can damage a cryomodule
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

B Provisions:
B Warm-up procedure: Warm up with margin in temperature gradient
» Design: AT < 50K for a single pipe in cryomodule

Return flow: AT < 50K
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Forward flow: AT < 50K
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XFEL warm-up & risk handling

Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Bl Provisions:

B Warm-up procedure: Warm up with margin in temperature gradient
» Design: AT < 50K for a single pipe in cryomodule

» During warm-up: AT = 50K along the whole linac (forward & return)

Return flow

A

< AT <50K >

Forward flow
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

" Risk: Exceeding AT < 50K at triple point of nitrogen (63K)
Bl Provisions:

B Warm-up procedure: Warm-up with margin in temperature gradient
» Design: AT < 50K for a single pipe in cryomodule
» During warm up: AT < 50K along the whole linac (forward & return)

» — AT = 0.02K is adjusted for a single pipe in cryomodule — margin of ~50K for single cryomodule!

Return flow

A

< Return flow: AT < 0.02K

< Return flow: AT < 0.02K

< AT < 50K >

Forward flow: AT < 0.02K Forward flow: AT < 0.02K

Forward flow

I B Y European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

Provisions:
B Warm-up procedure: Warm up with margin in temperature gradient
L] . Warm-up of FLASH linac after 4 years of cold operation (no problems)
» Vacuum pressure reached > 1 mbar without critical impact on temperature rise
1,00E-2
Vacuum pressure > 1mbar (no data)
@ 1.00E-3 “160
Q ’ —
S 140 X
D 100E-4 120 D
- S
7 100 @
q) | -
O 1,00E-5 80 8_
c ¥ Triple point nitrogen &
d 60 @
- (58K level) =
8 1,00E-6 | , 40 O
< | 0 T
1,00E-7. — e 0
13.06.2017 02:40 15.06.2017 00:20 16.06.2017 03:35

L J | European XFEL Tl me DESY.



XFEL warm-up & risk handling

XFEL warm-up: Risk handling / provisions

Tobias Schnautz, MKS, 06.05.2025

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

Provisions:

B Warm up procedure: Warm-up with margin in temperature gradient
L] . Warm-up of FLASH linac after 4 years of cold operation (no problems)
» VVacuum pressure reached > 1 mbar without critical impact on temperature rise

» Max. AT along 4 cryomodules: AT = 50K
» — For a single cryomodule: AT = 6K (not critical)

L J | European XFEL

Vacuum pressure [mbar]
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

Provisions:

B Warm-up procedure: Warm up with margin in temperature gradient

B Experience: Warm-up of FLASH linac after 4 years of cold operation (no problems)

L] : Worst case scenario with Iso-vacuum at 1000mbar (no problems)
» AT for one cryomodule: AT = 20K (not critical)

200

Temperature profile of
pipe in cryomodule with
Iso-vacuum at 1 bara

160

120

Temperature [K]

60 80

Additional AT = 20K for one cryomodule
No problem with margin of ~ 50K

L3
0 \12 24 36 48 60 72 84 96 108 120 132 144

Length [m] DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Exceeding AT < 50K at triple point of nitrogen (63K)

Provisions:
Warm-up procedure: Warm up with margin in temperature gradient
Experience: Warm-up of FLASH linac after 4 years of cold operation (no problems)
Calculations: Scenario with Iso-vacuum at 1000 mbar (no problems)
» AT of 20K to neigbouring cryomodule

Conclusion: With AT = 50K along the linac - No reasonable scenario during warm-up, where critical
temperature gradients for a cryomodule will be exceeded
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Losing helium (operational problems, cryoplant shutdown, etc.)

L J | European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Losing helium (operational problems, cryoplant shutdown, etc.)

Provisions:
] . Evaporation of liquid helium (phase 1)

L J | European XFEL DESY.



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Losing helium (operational problems, cryoplant shutdown, etc.)

Provisions:
B Warm up procedure: Evaporation of liquid helium (phase 1)
] : Reduced helium pressure to S5bara (in most of circuits)

L J | European XFEL DESY.



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Losing helium (operational problems, cryoplant shutdown, etc.)
Provisions:

Warm-up procedure: Evaporation of liquid helium (phase 1)

Warm-up procedure: Reduce helium pressure to 5 bara (in most circuits)

. Reduction of helium inventory in linac from 3562kg to 139kg
» Released helium will be stored in storage tanks

Beam operation Warm up

40/80K circuit: 135kg 40/80K circuit: 33kg
5/8K circuit: 900kg » 5/8K circuit: 26kg
2K circuit: 2527kg 2K circuit: 80kg
Total: 3562kg Total: 139kg

] | European XFEL
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Loosing helium (operational problems, cryoplant shutdown, etc.)

Provisions:
Warm-up procedure: Evaporation of liquid helium (phase 1)
Warm-up procedure: Reduce helium pressure to 5 bara (in most circuits)
— Helium inventory: Reduction of helium inventory in linac from 3562kg to 139kg
» Released helium will be stored in storage tanks

Conclusion: Following the warm-up procedure, only a minor risk of losing helium remains
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XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule

Pump port Pump port —
— >
N

(] L — g | L]
O —O - o=
: | == | .
Stn ng N Beam pipe Vacuum barrier Process pipes Stnng N +1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier

CERN

Pump port Pump port —
— >
[l [] Il

(] g T g L]
O — O | C _ﬁ—\ 5 —" | — (
Stn ng N Beam pipe @m}um barr@ Process pipes St”ng N +1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier

» Load on vacuum barrier too high: serious damage

Pump port : ; C B Pump port
[l [] Il

v

— >
L g — g ]
@ — O ‘ \ O — (¢
s = | g N J .
Stn ng N Beam pipe Vacuum barrier Process pipes St”ng N +1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > o
B8 XFEL during warm-up: “
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

CERN

Pump port Pump port —
e
[l [] Il

(] g — g L]
O 0O — O
= L 7~ N J .
Stn ng N Beam pipe Vacuum barrier Process pipes St”ng N +1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > o
B8 XFEL during warm-up: “
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN
L] : Vacuum barrier of CS is protected by safety flap (@ 1bara) — cold helium is released in tunnel
Pump port\ S C B Pump port [ — j
@J ) g ——= i g ] C 0]
Q — C~1 \\ l = ¢
U N U i
Stnng N Beam pipe @m}um barr@ Process pipes St”ng N+1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > Wl
B8 XFEL during warm-up: |
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN
BN Linac design: Vacuum barrier of CS is protected by safety flap (@ 1bara) — cold helium is released in tunnel
: Vacuum barriers are designed for 2 bar \

Pump port S C B Pump port f— 1-_>
@J 1 g —=—S ) g ] [ 100
& O ——— \\ l = ¢
U U U
Stl‘l ng N Beam pipe @;}um barr@ Process pipes Strlng N +1
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XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > Wl
B8 XFEL during warm-up: |
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN
BN Linac design: Vacuum barrier of CS is protected by safety flap (@ 1 bara) — cold helium is released in tunnel
: Vacuum barriers are designed for 2 bar
» No danger for vacuum barrier if Iso-vacuum of cryo string is vented

L J | European XFEL DESY.



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > o
B8 XFEL during warm-up: “
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN
B Linac design: Vacuum barrier of CS is protected by safety flap (@ 1 bara) {» cold helium is released in tunnel]
: Vacuum barriers are designed for 2 bar
» No danger for vacuum barrier if cryo string is vented

L J | European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flooded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > Wl
B8 XFEL during warm-up: |
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN

B Linac design: Vacuum barrier of CS is protected by safety flap (@ 1 bara) {» cold helium is released in tunnel]
Linac design: Vacuum barriers are designed for 2 bar

] : Vacuum spaces of strings might be connected during warm up
» Probably no helium would enter the tunnel (no need for safety flap to open)
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XFEL warm-up: Risk handling / provisions

[ Risk: Process pipe rupture within cryomodule ]
Very unlikely
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage
B XFEL during warm-up:

» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN
BN Linac design: Vacuum barrier of CS is protected by safety flap (@ 1 bara) — cold helium is released in tunnel
Linac design: Vacuum barriers are designed for 2 bar
] . Vacuum spaces of strings might be connected during warm up
» Probably no helium would enter the tunnel (no need for safety flap to open)
Might not be necessary

L J | European XFEL DESY.
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XFEL warm-up: Risk handling / provisions

Risk: Process pipe rupture within cryomodule
B Pressure rise in vacuum space (flouded with cold helium)
# — High load on vacuum barrier
» Load on vacuum barrier too high: serious damage > Wl
B8 XFEL during warm-up: |
» Pipe rupture would pressurize Iso-vacuum of a cryo string > 1 bar
» — Load on vacuum barrier > 1 bar

Provisions: CERN

BN Linac design: Vacuum barrier of CS is protected by safety flap (@ 1 bara) — cold helium is released in tunnel
B Linac design: Vacuum barriers are designed for 2 bar

B Warm up procedure: Vacuum spaces of strings might be connected during warm up

Conclusion: An incident like at CERN seems not to be possible
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XFEL warm up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up

] | European XFEL DESY.



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up
So far NO LEAKS are known in the system

» All modules were tested under operational conditions in test stand
» No indications of leaks during cool-down

» Note: Leaks are difficult to detect under cold conditions

] | European XFEL DESY



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up
So far NO LEAKS are known in the system

» All modules were tested under operational conditions in test stand (no problems)
» No indications of leaks during cool down

» Note: Leaks are difficult to detect under cold conditions

Provision: Preparation for detection of leaks and possible additions of pump stations where needed
Beam vacuum

» Beam vacuum of cryo strings will be sealed by gate valves
» Additional turbo pumps and leak detectors are prepared for quick reaction in case of suspicious behaviour

] | European XFEL DESY



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm-up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up
So far NO LEAKS are known in the system
» All modules were tested under operational conditions in test stand (no problems)
» No indications of leaks during-cool down
» Note: Leaks are difficult to detect under cold conditions

Provision: Preparation for detection of leaks and possible additions of pump stations where needed
Beam vacuum

» Beam vacuum of cryo strings will be sealed by gate valves

» Additional turbo pumps and leak detectors are prepared for quick reaction in case of suspicious behaviour
Isolation vacuum

» High volume pump stations are prepared, will be brought to tunnel before warm up starts and
connected to vacuum sections

] | European XFEL DESY



XFEL warm-up & risk handling Tobias Schnautz, MKS, 06.05.2025

XFEL warm up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up
So far NO LEAKS are known in the system

» All modules were tested under operational conditions in test stand (no problems)
» No indications of leaks during cool down

» Note: Leaks are difficult to detect under cold conditions

Provision: Preparation for detection of leaks and possible additions of pump stations where needed
Beam vacuum

» Beam vacuum of cryo strings will be sealed by gate valves

» Additional turbo pumps and leak detectors are prepared for quick reaction in case of suspicious behaviour
Isolation vacuum

» High volume pump stations are prepared, will be brought to tunnel before warm up starts and
connected to vacuum sectors

Data logging during warm-up is key

» Data analysis important to quickly react to potential problems

] | European XFEL DESY
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XFEL warm-up: Risk handling / provisions

Risk: Contamination of beam vacuum due to leaks developing during warm-up
So far NO LEAKS are known in the system

» All modules were tested under operational conditions in test stand (no problems)
» No indications of leaks during cool down

» Note: Leaks are difficult to detect under cold conditions

Provision: Preparation for detection of leaks and possible additions of pump stations where needed
Beam vacuum

» Beam vacuum of cryo strings will be sealed by gate valves

» Additional turbo pumps and leak detectors are prepared for quick reaction in case of suspicious behaviour
Isolation vacuum

» High volume pump stations are prepared, will be brought to tunnel before warm up starts and
connected to vacuum sectors

Data logging during warm up is key
» Data analysis important to quickly react to potential problems

Conclusion: Vacuum values will be monitored and analyzed. No reason to be concerned.
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Summary

The XFEL linac will be warmed up for the first time

There is always a risk but the system is designed for dynamic procedures, and...
» Procedures are well prepared

» The cryogenic design is safe
» We have longterm and adequate experience
> ...

(Most likely) nothing spectactular will happen but having a warm XFEL linac!
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Thank you!
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