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The Cryogenics Group

76 Staff members Industrial support resources

16 Fellows
1 Doctoral student

(service contracts):

General mechanical, electrical,

5 Project associates instrumentation support: 22 FTE

3 Technical students

1 Trainee

Maintenance & Operation (M&O)
dedicated service contract: 47 FTE

Cryogenic Laboratory & Instrumentation
Mechanical Engineering

Process Controls & Electrical Engineering
Maintenance Management & Logistics
Operation
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Cryogenic power at CERN
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Helium Storage & Distribution

Point 5

LHC helium storage &
distribution (high grade
helium ring line, 2 MPa, 27
km long, for LHC operation)

Point 3
Point 7

[Completing the existing CERN
helium recovery system: high
grade, 20 MPa, 5 km long and low
grade, 3 kPa & 20 MPa, 3 km long
each]

D. Delikaris, Cryogenics Group, Technology Department



Ic power at CERN

Cryogen

u 0zZ40L

(] 7 20[9

Stand

-by

[~ Alojesoqge| ojuadoh

= Jayenby| [eJqua)

B 0814d

m NdM (4Y ‘gl) 8TINIS

AMD (g1) 8TINS

= ulein {44 ‘L) STINS

o €91d

CH SIND

o 8H SY1LVY

Test areas and services

1] Xap|oD

saniae) qedd

3d70SI-31H

Other

Acc.

o 121aWIO|ed 1) 79N

o 398481 X1} T9VYN

(] Z'T9VN

o T'T9VN

O 198413 X1} ssedwo)

O Jojo@9p ssedwo)

] 19ugew ssedwo)

u VSNOVSY

=] o 1SvO

Other detectors

u SIND

1913WiIoe] SYLY

SPIRIYS SY1LV

m s}ouSeW SYLY

LHC
detec.

1-8S

8-LS

£-95

9-G5

E80K
020K
m45K
m18K
0300 mK

)

7-€5

€S

¢-1S

LHC Accelerator

1E+06

1E+05

1E+04
1E+03
1E+02
1E+01
1E+00

1E-01

[m] Adoededs uonesasiiyoy

t
=
)
=

=
@
(oL
3

(@]
>
(o))

L=,
o
e

=
o

T
o
=
O
L

O
2]

2
=
@)
o)
o
>
S

O

%)
S
G

—

o

(@)

o




Crngenic_ Plan__t___s at CERN
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Cryogenics for the HL-LHC project

LS1 EYETS LS2 14 TeV LS3 14 TeV
13 TeV 5t7— energy
i A injector upgrade 0 / X
8 TeV splice consolidation JCryo nggm cryolimit HL-LHC norr_1:na|_
7 TeV buﬂ;nEcolllmators P7 11 T dip. coll. interaction inotaliation |luminosity
2E project Civil Eng. P1-P5 reg|ons
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 IIIIIIIM
ATLAS - CMS
radlatlon
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 xcriom. [ inosit 2.5 x nominal luminosity . upgrade phase 2
75% nominal luminosity | ——l{ ALICE - LHCb P J
nominal upgrade

luminosity

<L )intearated

D. Delikaris, Cryogenics Group, Technology Department




Cryogenics for the HL-LHC project

for physics by means of a technology advancement
G

CERN May 2016

“CRAB" CAVITIES
8 superconducting “crab”
cavities Tor each of the ATLAS
and CMS experiments to tilt the
baams before collisions.

LHC TUNNEL

CIVIL ENGINEERING
2 new caverns and two new 300-metre
service galleries, two new large shafts;

10 new technical buildings on surface in P1 and P!

(ATLAS and CMS)

BENDING MAGNETS

2 pairs of shorter and more
powerful dipale bending magnets
1o free up space for the new

collimators.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designad to increase the
concentration of the beams before
collisions.

COLLIMATORS
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

CRYOGENICS

2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CM3

SUPERCONDUCTING LINKS

Electrical fransmission lines Sased cna

1i31-ten peratate supcondusior (o ceny
current o the magnets from the new service
galleries to the LHG tunnel




Cryogenlcs for the HL-LHC project

e 2 new cryogenic plants (18 kW @ 4.5 K) at P1 and P5 for
high-luminosity insertions

Overall HL-LHC (retained alternative: upgrade of 1
Cryogenics |ay0ut P7 existing LHC Cryogenic plant)
* 1 new cryogenic plant (0.8 kW @ 4.5 K) as RF cold test

facility with LHC beam type at SPS-BA6 (Crab-Cavities
program): successfully commissioned, crab cavities at 2 K

P1
O Existing cryoplant
O New HL-LHC cryoplant

- Design/study/consultancy |_I Engineering/fafrication |_| Test/commissioning
B Tendering B ' nstallation [ ] Dismantling
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
LHCSchedule
CryoforIT atP1 &P5 _ —_4’
WPS

CryoforRFatP4

T
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Cryogenics at CERN
forthcoming procurement

Activities / Year 2019|2020 |2021|2022|2023
Supply of 40'000 t of liquid nitrogen for the
2019-2023 operational period (renewal)
Supply of 240 t of liquid helium for the 2021-
2025 operational period (renewal)
Maintenance & Operation industrial support
services for the 2022-2026 period (renewal)
HL-LHC:

-Procurement of two 18 kW @ 4.5 K cryogenic
plants and cold compressors units
-Procurement of the 1.5 km cryogenic
distribution infrastructure (multiple-lines)

- Invitation to tender Existing contract - Operational
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QRL Layout and Cross-Section @J

Accelerator

A Technology

. Department
DS = Dispersion Suppressor > 8 QRL sectors

QUI LSS = Long Straight Section
RM = Return module
QUI = Cryogenic interconnection box

mm QRL: ® =610 mm (4 headers) » each QRL sector
QRL: =650 mm (5 headers) e continuous cryostat of
~3.2 km length: from the

QRL
g % RM cryogenic interconnection box
. S\ arc b &y
o P M to the return module

* no header (4 or 5)
©8dxo sectorization
50 K, 19 bar e 9 vacuum sub-sectors
* repetitive pattern of straight
pipe elements and service
d=273x29 mOdUIeS
4 K, 0.016 bar _
e connection to the
superconducting magnets

® =84 x2 every 107 m
75 K, 18 bar

d=104x2
46K, 3.6 bar

d=154x2
20 K, 1.3 bar

ICEC21 Conference 4 Riddone G., 18 July 2006



Accelerator _
A‘ e QRL Main Elements

Standarc cell (— 107 m)

&«—JUMPER CONNECTION INTERCONNECTION

SERVICE MODULE PIPE ELEMENT FIXED POINT ELEMENT

Special elements
from interc. box

B Service module

7 =

e

\ Pipe element & . b Fixed point

Riddone G., 18 July 2006
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Technology

A‘ Accclerator Air Liquide Industrial
a Department Or‘ anization
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Standard pipe
elements

Fixed points/ LL.
vacuum barriers,
non-standard pipe

elements and

Service modules
steps/elbows -

Service modules and
ICEC21 Conference moadd Riddone G., 18 July 2006
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Technology

DEpscn at Simic and FCM

~ S|IMIC: 168 standard and h i ECM: 106 standard
special service modules . service modules
: 111 4

A‘ Accelerator Service Module Production

ICEC21 Conference Riddone G., 18 July 2006




A wnraed Production of Fixed Points/VVacuum Barriers,
‘ bl Special Pipe Elements and Steps/Elbows at
Tuboplan

- 239 fixed point/vacuum barrier
elements (L=~ 6.6 m)

- 204 special pipe elements

- 70 singularities: steps and
elbows

ICEC21 Conference 10 Riddone G., 18 July 2006
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