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CERN In brief

«SUISSE S

/ CMS /

S FerHC to H|Lum|n03|tv LH

Funded in 1954 as “Science for Peace”
Now with 23 member states

2’300 staff, 1’600 others & 10’500 users
1’200 MCHF annual budget (pro GDP)

A very large technlcal site for a series of accelerators, detectors and computing
serving particle physics towards high energies and diversity
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The LHC accelerator

proton-proton collisions at 2 x 7 TeV, 500 MJ stored energy

2007-2009: Cool-down and
commissioning

2010-2012: Collisions and
Higgs boson discovery

Since: much more Higgs

and all kind of physics,

Keep going like this ?!17?
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Basic KPIs of a collider

Peak Luminosity
=> Performance

=> Qualification — Global availability - Time

Integrated Luminosity,
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“ The potential of the facility” “What allows science” (statistics)
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Towards higher collision rates
New discoveries or precision measurements need integrated luminosity !!!

Plans asdefmedfewyjatres ago; Luminosity = f*./ 4Tc E> Need for more protons

timing not up-t in a smaller area !l
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LHC injector upgrade: x2 beam intensity
m Cw HL-LHC: 1km of machine to be changed (stronger focussing quadrupoles)
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Final focussing: from LHC to HL-LHC
TE e &

HL-LHC relies on more powerful | |
final focussing quadrupoles,
associated recombination
dipoles and crab cavities,

Local heat loads expected x5
w.r.t LHC
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HiLumi-Cryogenics, Global scope overview

P5
P1-P5: 2 new cryoplants (~14 kW @ 4.5 K To provide adequate
P4Q/3\p "0 Rincl. 3.25 kW @ 1.9 K ) and 2 x 750m cryo- cooling for:
+

distribution for high-luminosity insertions

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

P3 p7 SPS-BAG6: SRF test facility with beam
primarily for Crab-Cavities

SPS-BA6

) P1-P5 machine devices HL-LHC performance
IP —
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Other test facilities related activities are not part of this WP9-Cryogenics
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station providing

QSRG : Compressor

gaseous helium 20 B

QSRG : 4.5K
refrigerator providing

supercritical helium at 3

bara and 4.6 K

QPLG : Vertical
transfer line (~100 m
height)

QURCG : Cold

compressor box
providing cooling
capacity at 1.8 K

Users at tunnel
level

», HL-LHC PROJECT

SHE -

’ ’ HL-LHC WP9 - Cryogenic
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HL-LHC P1/P5 Cryogenic architecture

QXL : Distribution line

distributing C,E and

returning B,D,F

- 70 m for the
common branch

- 270 m for the long
branch

- 60 m for the short
branch

RM/JM : Return module
and junction module at

extremities for transient
handling and back-up
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Evaluation of Heat loads at
User level considering

Parasitic loads from
distribution to be taken into
account

| -l HC - Crvoaenics - Statirie & Persnectives -

From cooling requirements to refrigeration capacity

. L|m|ts of supply for |
| Refrigerator
delivery
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Proper evaluation of Refrigerator
supply to proceed with Call for Tender.
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Heat Load Review, methodology

A consistant management of heat loads uncertainties & necessary over-capacity

wiggll ’
PROJEGT

Design cooling capacity Quesign 1S
calculated for each temperature
level taking into account an
uncertainty factor F,, applied only
on the static heat loads and an
overcapacity factor F,, applied
only on the Nominal conditions
(7 TeV and 5L0).

According to the design status
(conceptual, detailed or
advanced) the F,, factor could
vary from 2 to 1.25.

The installed local capacity should
be at least as high as the design
capacity.

V.Gahier - CRG-TM - Heat Load internal Review for HiLumi Cryogenics Highlights & Recommendations , 28Jun21

Methodology

4.5 K Equivalent - P1/P5 [%]
Liguefaction 4-300 K

mi9K wd520K w60-80K

Qtliesign = Max[ Fop* (E.m * Qsearic + Qdynamic nominal) 3 Bun * Qstatic + Qdyﬂamic ultimate ]

Liquefaction 4-300 K,
21%

Installed local capacity

i
|
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Quynamic ultimate
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,j Outcome 1 => 2 refrigerators of 14kW@4.5K, including 3.25kW@1.9K
. C PR JECTi (iERN
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Design heat load IT+D1 19K

2K Design Heat Load

4.5 - 20 K Design Heat Load

Heat Load Review, detall

Design heat loads forone IT+D1 @ 1.9 K

coling capacity for ona IT+ D1 is 1340 W at

H
i

g -!
o
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+ As any additonal loads will now impact the ultimate
carefully

e, montor the heat load evolution in the
IT-D1 assembiies.

' "
el e e

%mmmahmmmmmmma
" Mass temperature.
@ ralaxad P_sat of ~ 22-23 mbar (T sat at 1.90

K) should be acceptable for thermal aspects for
Uit_L aliowsng to cover the Iransient

Heat load on Crab Cavities

crbrRERRLL

Cold powering heat loads

» Taking into account tha recammendations of ha heat load review
(56 below.

Heat Loads on D2

The following graphs summarise the heat loads on the cryogenic ci
uncertainty and overcapacity margins which have been applied:

s of the D2, including the

Highbght of Recommandation Irom Heat Losd review panel

fackrs of
e concamed WFE).

B e
g N e et o
5 capacey. This capacy should be cakciated using the measred

CO-MASS CI083-56C00N GV & MAKITL RMPSANID of 1.9 K.

The total design heat load at 1.9 K is very close to the limit of the installed
local cooling capacity for all users

All parties involved shall be aware of the situation

- It is time to freeze the configuration and commit on
these figures considering fabrication and installation phase

No point to install more capacity if you cannot distribute it !!!
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P1-P5 Cryogenic Architecture

HL-LHC - Cryogenic

FUNCTIONAL BLOCK DIAGRAM

Helium Refrigerators at LHC P1 and P5 for HL-LHC

Helium Refrigerators
2 X 14kW@4.5K, including 3.25kW@1.9K

LHC Helium

Refrigerators
similar capacity required

Surface

SLN
QSDN

L4

for P1 and for P5,
in addition to 8 existing

Shaft

Compressor station

Underground

(100t, 4AMW input power)
11

——k Lok
HL-LHC Functional Diagram 24-05-2022 t« - AR 1

Cold boxes from world wide leading industries
(>100t, Heat exchangers, expansion turbines, valves, controls)

T
H _______________________
QRL [@ QxL r-@. }_
HRL
HiLy
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Tendering process & contractors

Q2-Q3 2020: Market Survey to qualify firms Selection of sir_1g|e source
Q1-Q2 2021: Process & feasibility studies for the two refrigerators

e . . . Linde Kryotechnik AG Linde Engineering Dresden
(minimised risk of mis-understanding) m m

Q4-21-Q2-22: Invitation to Tender

(extended) with major partners identified |

A set of requirements (performance,
technology) to allow industry to provide the

optimum for a given scenario oKASAG = NEMACO
Adjudication: CAPEX + OPEX (10 years) \-@ PBS
apac\gtests at CERN (bonus/malus)

il
=
-



Cryogenic distribution line at P1 and P5

Cryogenic Distribution Lines

2 x 750 m, 5 process pipes, vacuum insulated
(Diam 40 to 273, 650 to 800mm)

QXL in the tunnel

~145t
per point
QURCG
LHC ring centre EGEND
* He "1" for LHC point 1, 5" for point 5
QURCG Underground cold box

|
JM  Junction module
RM Return module

\ 3 Limit of supply

200 m——
Gallery available

1
YJQURCG
) ‘\UR X5 \ URx5 \
Underground Underground

service galleries—UL:7 60 m service gallertes_UL'X 2\ 60m
¥ o _Phafe 1 i \
LHC Tunnel, Core Phase 2 Core_ )} LHC tunnel - s S <
N wom LHC tunnel N 10m ‘ ' - o
QR o] s AT * R - L i} or1 ‘ = -
| 175 m | f 175m | .
> * Tendering process Q1-Q2 2022,

. . Contract signed Dec'22
Y @)
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Preliminary design started with

— KrioSystem@

CRYOGENICS ISOUR PASSION

A

HL-LHC IP1/IP5 service caverns

External fixed support

Internal
sliding
support

mechanical layout

Interconnections

JJumper extensions PE
[ ] A 11 A /
i Hjﬂ&l i
SM JM SM SM SM TEE SM

PEs PE

EEEEEE

X 3
UL13ULES \ .

Jozom  L9.96m 925 m

Extracted from Kriosystem

documentation under F779-780
[LHC-QXL-DF-0008-v0.2 Mechanical layout P1
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3D models and internal piping design being reviewed




new HL- LHC buildings already done !!!

SD —Réfrigerator Cold Box US — Cold Compressors Box

CERN HL- LHC Refrlgerators Conceptual Design
pes CE/RW 14kW@4.5K including 3.25kW@1.9K
\
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GHe 250 m3

Procurement of storage tanks and piping

Industrial sub-systems, illustrations from LHC existing similar equipment

GHe 80 m3

Industrial stainless steel piping

Necessary tenders done, results LN2 existing 50 m3
submitted for approval from our
governing bodies (Jun'23),

=> Contracts to follow
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Some specific developments

A selection based on items developped for LHC or specifically for HL-LHC

Subcooling Heat exchangers Hell Heat exchangers Instrumentation
Block ~20 x 30 cm, L_tot ~ 1m Cu + SS, L_tot ~ 1m Accuracy few mK @ 1.9K

se( Plan de dessus 560wt [ = (@ 5| | 4 v o
Vitesse [mfs]
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Specifications.
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Installation
Commissioning

erators

WP9 - Baseline - C&S review - 2021

, piping

Specifications W Fabrication

Commissioning
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C | E—

In operation
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Studies & Requirements
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] |
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Summary

Cooling requirements reviewed mid 2021, allowing to confirm the
refrigeration capacity with final tuning of the global cryogenic architecture

Major tenders (Refrigerators, cryogenic distribution line) done following
process & technical feasibility studies with shared cost risks for post-covid &
Ukraine impacts, continued efforts to get industrial contracts on good tracks

= Procurement of complementary items (gaseous tanks, piping, items as LHC
spares, existing QRL cryoline refurbishment) started, to be continued
= |nstrumentation and controls activites now well structured and delivering

= Contracts and team in place with objective to commission the refrigerators in
2026, cool-down magnets in 2028 for operation with beams to resume in
2029 for a decade of new physics results !!!

‘mﬂw? )

\
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Complements
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Recent progress & Perspectives

Revisiting distribution line & interfaces

vef Plan de dessus S40d8l,... [ = |[E 5 | | 4 Vecteursdevitessel . [ o [ @1 || =

Parallel HX scenario studied to overcome: . wal]

- pressure drop issue on VLP

- capacity of cooling loop (bayonets of the magnets
and not cryo equipment)

- distribution (parallel CY-bayonets)

=
3

\_\#3 from DN50 to DN65

o N ”/l\ i~ ‘pl::t;:rg&.:_.‘

Study asked to original manufacturer
(LHC, 20 yrs ago), now with modern
numerical tools:

- Confirmed "jet" at inlet cone-HX
- possibility to shorten outlet cone
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IT side: potential pipe rottinn

Jumper elbow
(IT side)

XB lines
(pumping)
ISO DN65

LD line
(quench)

ELEY line
(thermal shield)

CY lines

(injection)

5 HL-LHC PROJECT

No show-stopper identified,
being further studied with

WP3-MSC team

Interface to the
magnet HX



Feasibility study

: i Additional e
Jumper interconnection . HXldome : R e

Existing
HXI dome -

Magnet interconnection
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