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HL-LHC cryogenic upgrade

P5 = P1-P5: 2 new cryoplants (~15 kW @ 4.5 K
incl. ~3 kW @ 1.8 K) and 2 x 750m cryo-
distribution for high-luminosity insertions

= P4: upgrade (+2 kW @ 4.5 K) of an existing
LHC 18 kW @ 4.5K cryoplant

P3 P7

SPS-BA6

5 P1/P5: Provide adequate cooling for this

IP

|

Other test facilities related activities not reported here

P2 P8

P1
O Existing cryoplant m
O New HL-LHC cryoplant
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Heat loads mechanisms - Cross Section

HEAT LOADS DEPOSITION
HL-LHC IT CROSS-SECTION

BEAM SCREEN DETAILS HEAT LOAD MECHANISMS

STATIC LOADS
- Support posts
- CWT

- BPM cables

- Instrumentation
- Conduction

- Radiation

- Alignment

|

Cooling Capillaries Cold Bore

Vacuum Jacket Thermal

Thermal Shield Absorber Shield

\K (Tungmen)x S //

%7/ &
' 1P

—

Splices

Heat Exchanger

Sub-atmospheric He Il RESISTIVE LOADS

- NbTi-Ni;Sn Splices

MAGNETIC LOADS
-A.C. losses (magnet ramp)

. Supporting
Ball Springs

BEAM INDUCED LOADS

- Synchrotron radiation

- Image current (induction)

- Beam scattering

- Photo-electron cloud

Cold Mass
Pressurized He Il

8 3l

COLLISION INDUCED LOADS
- Secondary particle losses

OTHER MECHANISMS

RADIOFREQUENCY LOSSES

Cooling - Only oceur in Crab Cavities

Pipes
VACUUM LOSSES
- Only occur in the case of a failure
~20 Wim
REFERENCES
STATIC - TE-MSC-CMI
5.1 W/m
RESISTIVE - TE-MSC-MDT
Magnet Coil 0.5 W/m MAGNETIC - TE-MSC-MDT
1+0.5 Wi -
* m BEAM INDUCED - BE-ABP-HSC
1.6 W/m COLLISION INDUCED — EN-STI-BMI
Quadrupoles
(ramps only) RF (CC) - EN-MME-EDS

HEAT LOAD MECHANISM - 10/Sep/2019 - EDMS # - M.Spitoni
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Heat transfer measurements in Nb3Sn stacks

Cable Temp. differences - MQXF sample
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Beam-Screen thermal behaviour

2+ years of elementary and complete tests done at cryolab, now completed
Results: heat load to the 1.9 K beam tube (both runs)

tungaten block Tungsten block temperature
| "EoRw=E (base T of cooling tubes + AT
. due to heat load of 15 W/m)
drives heat load to 1.9 K

beam tube (1.5 K)

cooling -
tube E 500
g ¢
— ] = = Heal lzad by conduchon
500 4 2. = = = Heat load by radiation
Bey # | |+ = = Total haat load
3 st 5 Run #2, 40K
=™ - 5 Run #2, 50K
gm- }f. - " = Run #2, 60 K
Fit curve: sfa? - = Fun #2, TOK
. f T = Run #2, 80 K
Data from measured springs = 200 - n:'n‘-i"""f = Run#1, 30K
P X i iE g o Run ¥, 40K
Radiation with emissivity values < T | o Rt s0x
of 0.10 and 75% of total beam = 100 e A
- -1 ] . o Run#l,
screan area E #_,_..-;" et o Fun#1, 80 K
- i
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Tamperatune (K}
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Revised Process & Flow diagram

Ey (24 bar; 40 K)

Fy (23 bar; 60 K) _ _ W
< B (15mbar4K) T T ) ) _ - .
D (1.3 bar; 20K) (I | [
ZC w@banasK) I I I I I LIl
HX HX HX <—|_ Splitting valves
111 iR 1 XX
f 1 T 1¥[5«— Lower radiation region {-
E 9]
QXL limit 5 5 5 %
g1 Tt 4 1Mt Yt v R
3ig gl F o 52 9i3 58 a i3 g8 & i3
+ Q2B
Thermal Shield
NS NANNANNNNNNNNNNNNNNNSNINOSNONINNNNNNINNINNNNNNN
DCM
Thermal Shield | [ |
. — == B% —— == >
1) The electrical heater could be moved to a lower radiation area - main reason
Reasons

2) Separate supplies allow separate CV at inlet for better flow control - positive effect
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Cool-down
(Re)Filling

IT+D1: LD’ lines for transients

toD from C cool-down
Emptying

to Dﬁ

Re)Fillin
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Present 1 Proposal #1 I Proposal #2 Quench
(connections at the bottom) : (double ions) : ( ions at the top) toD
L1&R5 R1&L5 : All LSSs i All LSSs fromC toD
1 Ay P
i : Optimized thermal | Optimized thermal Cool-down
Cool-down Thermal gradient (vertical) 1 5 — z =
S D P 5 ﬁqv (Re)Filling
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D2 heat exchanger

Studies, procurement and validations tests under collaboration with
CEA-SBT Grenoble

Not sensitive to slope, adapted for stand- A %
alone magnets, up to 70W@2K ? Perform validated @CE

- »"; = A
ance

ept’1 9

Hypothése 2K lambda_cu=9T et Hkap=1000T"3

HX-D2 specification

2K-1.3bar ®
® Résultats expérimentaux 4bar 2K

"""" Code avec 4W de perte coté pressurisé ._l"l

2018CEADesign ® @

2K-1.3bar .

..... '
ol
..‘.,.u
20 40 60 80 100 120
Winjecté (W)
) 140ct'19 HiLumi Cryogenics, Progress and Perspectives




Cold powering, cryogenic aspects

Defined with a
baseline for cold
extremity,

Integration of SC-Link
Inner LHe bath for NbTi parts

Outer Lhe bath to generate mass-
flow for MgB2 and leads p

Cryogenic supplies
-

Splices

Cryogenic controls -

77 R

Being studied and
defined for warm
extremity with
leads

\%

DFX Internal DDR 20 June 2019

Ny
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New CC warm-up proposal

The objective is to warm-up the CC using warm helium from thermal shield at 60 K

The circuit to this purpose would be
Eh=>Eh->CS>CC>XB->LD=>D

The Warm-up control valve will regulate the
flow in order to perform the warm-up in a

controled way

The proposed warm-up configuration must
cope with the existing safety scheme

New simplified

E,, (24 bar: 40 K)

arrangement for

Fy (23 bar; 60 K)

B (15 mbar; 4 K)
D (1.3 bar; 20 K)

independent

——|—]—

' A AAY

C (4bar46K)

warm-up now

Control valve |

To Header D

Burst disk

Valve tvpe CVto SVito BD to
yp Header D atmosphere atmosphere
Opening [bar a] 15 1.7 2.1
Kv [m3/h] t.b.d. - -
Aperture [mm] - <20 100
+0% +10% +10%
0
Tolerance [%0] -10% -10% 0%
Helium First Extreme
Remarks : .
recovery protection protection

Safety valve

ready for
decision

\ 4

Warm-up

umper_B2I

E'qFy

Control valve

e - o o o - e e .
Instrumentation plate

AAAAAAAAA
\\\\\\\\\\\\\\\\

el

Cav 2

Screen

Beam 2(int)

Cav 1

////////
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QXL cryoline headers

Typical Tunnel cross section Inner Triplet flow scheme

Ey (24 bar 40K
F,y_ (23 bar, 60 K) ]
< B (15mbar4K) i Al . . N M
1) A} connection D (1.3 bar 20K) .
C (4bar46K) . 1

Maintenance Area
Back Valve

Front Valve

Quench Valve

o8 QXL
iy alf i
£ £ é

QXL limit.

~ Tunnel center (R571) :
] \I! Vs - _l _______ ; o e e RS By N SRR B o o |
S— — | — E— . S— s—

External Supports

\ LEGEND
_________ 1 e HTS {MgB,) Bus Bar Valve
LTS BT Bus B
LSS LS B He1BK Haml Exstunger
oo M HedsK == Vacuum bamer
. R AT — Vesain
Result example for header Eh % B bt = Femonsetn
Common 100 m Long branch 300 m Inner-diameter selection criteria [PFD HLALHC 1T L5 w13 - 27 Aug 2018 - EDMS # 1963716 - M. Sist
i [0 et [t ) |
[ ] Z
HEADER Eh
HEADERER Fropeny TR
o Temperature K )
Pressure bar 215
T - .
o b o s Mass flow (long) gn
Y RERR R R R R R et Vi 1 e ) o
P 0 . Max shoge AP (per branch) mhar 912 .
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= 250 Min di (long) mm 395 "
% o Selected wner-diameter (overall]  mm 563
£ a0 1 LHC Dismetsr om0 .
£ \ M o velocty (overall 23
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H "1'\\- Titne of Flight (common + short) _min 1.3
& 100 £ e % - Header total volume m 094 .
| ] [ | [l | ‘ [ | Helium total mass ke 21 _ R d d p ty
e
SB' [T 1] [17] HLLHC diameters < LHC diameters eaucea capaci
o .
25 [ i 45 () 55 65 [imm] 75 85 - C I_d
M7J ool-down

Same approach for each header
SELECTED DIAMETER - DN 50 LHC DIAMETER - Q u e n C h

@) oo & - Other transients
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QXL Cryoline sizing, and 3D model integrated !

Typical Tunnel cross section

Typical QXL - Service Galleries

Constant outer

.1'/////f/€’||

diameter as
/boundary limit so far

Large “B” to
match pressure

Typical QXL — LHC Tunnel

MLI Layers

MLI Layers

N A

i P CERN
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Increased to provide cold
guench buffer for triplets
Reduced “ " as not

impacting pressure drop

,’ -
«F
-
TR

+—drop criteria

[

O ’)
Ll \

Verifying jumper/piping
Interfaces with all users
while progressing now in
service galleries
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QXL cryoline, 3D models and integration
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D1 jumper cross-section

Yiimmel vaudt F Sl View from the top of the

magnet cryostat

N

Thermal shield

An example, done for all
jumper interfaces

* Studied by TE-MSI

Transport area B » Valid for the four LSSs

Hitlumi Y (& Lo . .
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Quench tank

Surface piping

P1/P5 Cryogenic architecture

Warm compressor station

15 kW equivalent at 4.5 K, including 3 kW at 1.8 K

SHE

QSVB

SHM

QSP

GHe storage tanks

QSAG Dryer

Surface cold box
SN

QSDN

i |
{1
] ) .
QPP || QPLG Vertical transfer line Shaft
{1
L ——————— o
s | ! Underground
Cold compressors e —
box R e
oL DSHX DSHM LHC tunnel
Intgrconnection DFX DFM
bOX Q1 Q2a Q2b Q3 | CP D1 J \i‘J
-——— T D<
QRP QXL
HRL
CERN
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From cooling requirements
to Refrigeration capacity and process

Load @ 300 K Q

a
>

“| 4.5-300K ;
Q
|
Load @ 20K | -
" as20k | !*
!O Shield,
! 0% o
4 K | - P j
| !' L3
|
[
i
| Load @ |
1 1.9-2K |
|
@
|
| Load @ 60 | o
"l 20-60k S
|

Obvious need for 15mbar header
(1.8K cold source),
no special need for 4.5K loads

Process options now under study
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Managing dynamic loads R
Qualitative illustration (with not too bad orders of magnitude)
Refrigerator 5| Magnet | Beam
A Ea2 T
3 15
:g; 10 T
s i
-1l
& & &®
y HEX s E S
<
X => This will deserve specific strategy
\ (active control with heaters and feed-forward)
A 4 - @ . 3
X B> @) #3: Lumi ramp

iR

Cold Compressor
A '.' \.‘
B 1

m’= CC driven O

#1: Acceleration #2: Pre-load + active controls

Jto Heg,,

\_/.
O

Cryo-distribution Magnet Cryostat

Hitum Y (@)
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HL-LHC cryogenic “control” principles
HI-LUMI P1 - P5 CRYO

Modes
REF -
« Neminal (Option: JM en MANU)
QSCC
Instrumentation asv. GSON | QSRG " HHEG OFFRS)
. « » QUIG OFF (HS)
=> Racks-Electronics
=> Controls QURCG
Eth
) PLC )
PLC Eth PLC | Em X L | Eth | QUIG < em | PLC | Eth | PLC Eth PLC
ARC LSS | ] UR - - ITR " LSS ARC
ARC t ARC
Optic fiber Opiic fiber Opiic fiber Optic fiber
RACK RACK IP RACK RACK
= UR‘ ur || Y ur || Y = UR‘
Instrumentation valves Instrumentation Instrumentation Instrumentation Instrumentation Instrumentation valves
+valves +valves
DFBL-Q6-Q5-Q4 JM CC-D2-BFM-DFX-IT IT-DFX-BFM-D2-CC JM Q4-Q5-Q6-DFBL
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Project plans Refrigeration-Distribution

Ll EYETS W 2 [E1]
ik 2m¥ 20k For] oo .o 3 Ho} o F. 2 fioi] HoE
) i [ # | 68 | G4 | 6 | 6P | 68 | 64 | A1 | &% | 6 [ G4 | 63 | & [ GF | 64 | & | & | 66 [ G4 | &1 | 6P | o8 | &F | 61 | 60 | & | 64 | 1 | &F | 68 | &% | 61 | & | 66 | 64 &1 | @5 | 68 | &F | 81| 6 | an | &
Pl e o, of cadng fm Studies & Reguirements
£ [ Tarjdaring
F1EPS '/ , Erginaering & Fabrication
/, / 1_._‘ u_| Irtuttaticn M1 "
7 / ]
srecrcanions  [FABRCATIONIN  ASSEMELY TEST .Emmla/ MILESTONES: Q,"lc-ﬁmm n-lmhlimmTemer:" i ’."
HL-LHC Cryo-distribution L. S3
M. Sisti, 18 Dec 2018 ,
iorgiedis 2018 2019 2020 2021/ 2022/ 2023 2024 | 2025 [ 2026
el project phon Q3 Q4fQl Q@ Q3 Q4|01 @ 03 Q4|01 @ 43 a4|Ql @ ,,63 | @ a3 as|0o1 @2 o a4far @2 03 asffar @2 03 Q4
Project Start /,/l / .': ,-" )
Study | yd / | ,-" /
Functional Specs I Functional Specs ) ," .': i ’,"
[ conceptual Design -l---l /’I ] ,n" ,:"
Conceptual design reports I Conceptual design reports /’l .': ," !
[l Design for Technical Specs / u R’.$ availablef /
Technical Specsl Technical Specs Committee ! <> ".'I i ,:"
[ Procurement [ ] .-" ULls avallaple
Finance Committee I Finance Committee .': <> /
I Design for manufacturing -- ," ,"
[l Manufacturing [ | -- ' {
Factory acceptance testl Factory Acceptance Tests ,"
l LHC Warm-up & Dismounting ,." Q
I Installation
l IP1 - Site Acceptance Tests (IP1)
l IP5 Site Acceptance Tests (IP5)
[ commissioning Tod ay =-
B P4 (including cold test) Ready for Users (IP1)
I IP5 (including cold test) Readyfor Users (IP5)
l As-built documentation -
| Pro,ect end

Project End
Interfaces to be frozen by end 2020
Used now to discuss for LS3 (ready to install, P1 w.r.t P5)
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Upgrade of Helium Refrigerator at LHC Point 4
for HL-LHC — Upper and Lower Cold Boxes

Principle of the capacity upgrade: to replace 8 turbines by new type (more efficient)

This requires exchange of turbine housings & instrumentation '18)
pecC
(FC U®
K- O1tE WOTKS: Q4-
J 2019
o 2" Commissioning:
New turbine housings — T8 gearing cartridge Q2_2020
and instrumentation s
Housing cooler (optional)
Low temperature housing
Turbo expanderinlet
Turbo expander outlet S 8 p 2N 4}
i Upper CB: 4 TU's | Surface
SLVa S 1 < =3
Flexible metal hose . F{ . ~ | | g ur g Cavern
Cut view of existing cold box S 7
Spares and repairs: to ensure availability as
for all helium refrigerators
Lower CB: 4 TU's |
Wi i , CERN
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P4 lower cold box, from inner piping to new
turbine interface

{

Linde 12-

Cold-Box : : - LHe phase
3D model of 5 Ty separator
internal A
L. Cryolines
PIPING  interfaces

(picture 25 yrs ago)

Towards modified new
inner parts into “old”
housing

Next: work on-site to
start end oct’19
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Summary

P1/P5 in 2019:
Final definition of interfaces with superconducting sub-systems
The HiLumi cryoline (QXL) has been sized and integrated

Process studies have started, together with management of
dynamic heat loads

Instrumentation racks and controls architecture being studied

2020: Global review of heat loads foreseen to allow freezing
requirements and proceed with procurement

P4 upgrade is well advanced, on track for tests in Q2-2020
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WP9 organisation and roles
o Re-inforced 2019
Coordination: Serge Claudet, Rob Van Weelderen
Quality, documentation, project management: Antonio Perin + Sigrid Knoops*

Magnet cooling requirements: Rob Van Weelderen + K. Puthran
Crab cavities cooling requirements: Krzysztof Brodzinski

Heat Load management: Antonio Perin + M. Spitoni
General process overview: Udo Wagner + Vanessa Gahier + Benjamin Bradu
3D models and integration: Jos Metselaar (+ designers)

: pu
Instrumentation & controls: so far CRG/CE-CI experts dufmg f 2;2(;
. ItOrS gfr
= P4-RF and P1-P5 e cof‘“‘be‘fp expect:gue .
= Refrigeration: Emmanuel Monneret (Sep’17) P’o\rt t:/a\uab\e .hnced coll®
= Cryodistribution: Michele Sisti (Jun'17) exper‘e

= Cryogenic infrastructure: Gérard Ferlin (Jul'19)

= SPS-BAG: \aar
= Refri= tjion: Laurent Delnsar +JosMe\39
Done\- -.--1"*""03. S Clau0et 7 Viski + Hendrie Derking

i rConSO\'\da“o,uo vietselaar + O. Pirotte
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