STATUS OF CERN-ATS/TE PARTICIPATION IN THE
DUNE PROJECT

Caroline Fabre, on behalf of the CERN Neutrino Platform and Fermilab partners




Content

* [ntroduction
* Principles
= ProtoDUNE
= Cryogenics principles
= REX
» DUNE: Status of ATS-TE participation
= NP in the LBNF-DUNE collaboration
= Engineering status
= Management status

= Conclusion

Neutrino
‘/ PLATFORM



Introduction

An international collaboration (DUNE) has been set-up to perform a comprehensive investigation on
neutrino oscillations. Idea: Shoot a neutrino beam from Fermi Lab to Sandford Lab, covering a distance of

1300 km and detect neutrinos with a liquid argon based detector with a total argon mass of 70 kTon. The
detectors will be placed in caverns at 1.5 km below the surface.

Deep Underground Neutrino Experiment

DUNE Science Objectives ,’% All potential Noble prize Objectives

T
Sanford Underground Fermi National | B
Research Facility Accelerator Laboratory [
Lead, South Dakota Batavia, lllinois
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"’y Origin of matter. Investigate leptonic CP violation. Are neutrinos the reason the universe is
NF-DUNE “" made of matter?

©L
. . . . e ‘ Neutron star and black hole formation. Ability to observe neutrinos from supernovae events
Neutrinos from Fermilab to South Dakota Long-Baseline Neutrino Facility S and perhaps watch formation of black holes in real time.
South Dakota Site Neutrinos from o, R : =
th rough the earth no tun ne| necessary Fermi National o"» Unification of forces. Investigate nucleon decay, advance unified theory of energy and matter.
)
f:mcli?r:f;::tor LECBCSURY  Supported by LBNF, DUNE will advance world class discovery science into the fundamental nature of matter
Ross Shaft @LBNF/DUNE
1.5 km to surface 2
Facility

and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment

4850 Level of 70m 4 x 17 kT
Far site caverns  Sanford Underground ©lbnf-dune | ¢ Ar as active medium

Research Facility

Intro video:
https://www.youtube.com/watch?v=nv13DswIKr8
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https://www.youtube.com/watch?v=nv13DswIKr8

1. Principles




Detection principle

Neutrino has interaction with argon
atoms creating secondary particle(s).
These particles are liberating valence
electrons along their travel through the
detector;

Along the path through the detector
about 6000 free electrons are created
per mm;

These electrons are moving to the
anode plane, while the much heavier
positive ions move relatively slow in
this field;

Together with the scintillation light
detected by the photo multipliers, the
track of the neutrino in the detector
can be reconstructed.

Anode wire planes:
LJ VoY

Liquid Argon TPC

m.lL.p. ionization:
6000 e/mm

Cathode
Plane

1‘7
Edlift ~ 500V/cm

@DUNE

time
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Detection principle

For this operational principle to function:

1.

2.
3.
4

Need of very pure argon to have a “long” free electron lifetime. “long” means milli-seconds,
which corresponds to an oxygen equivalent purity in the parts per trillion level,

Need to be able to put a HV field of 300 kV (500V/cm) over the sensitive argon volume;

The temperature gradient over the liquid argon volume shall be below 1 K;

Need of relatively long liquid argon bath and relative large argon surface perpendicular to the
neutrino beam (increase chance of interaction);

Trigger and exclusion systems are vital seen the large number of cosmic particles arriving at
the detector;

CERN building 156
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Cryostat Principle

Cryostat and Cryogenics collaborators were demanded

« To develop, prototype and build cryostats conform to the physics demands, and which also guarantee
the highest safety level for use in the underground caverns;

« To develop, prototype and construct a cryogenic system, which guarantees stable conditions in the
large liquid argon baths, and an argon purity level in ppt oxygen equivalent level

Seen the detector size and the underground installation: a

non-vacuum insulated cryostat option (membrane

cryostat) would be preferable:

1. No degradation possible by “vacuum rupture”, and no
continuous vacuum pumping needed,;

2. However: heat-load of about 7.5 W/mZ2, higher than in
case of vacuum insulated cryostats;

3. However: cryostat cold volume shall not go into an

0 Stainless steel primary membrane
9 Plywood board

9 Reinforced polyurethane foam

9 Secondary barrier

9 Reinforced polyurethane foam
@ Plywood board

0 Bearing mastic

@ Steel structure with moisture barrier

GTT intellectual property

under pressure;
4. Qualified technique used for liquid natural gas (111 K) Replaced by steel structure
transport by ship and land storage.
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Prototyping

Can the membrane cryostat principle fulfill the demands?

« Can a detector be mounted in such a structure?

 |Is heat load through insulation indeed < 7.5 W/m?2?

« What will be the long term temperature / pressure stability in cryostat volume?
« Can demanded purity levels be reached (> 3 ms of free electron life time)?

« Can the safety levels for use in the underground areas be guaranteed?

Prototyping!

1x1x3 ProtoDUNE ProtoDUNE
DP

35T Sp

4,104 mm

@Fermilab

CCCCCCC

26T 35T 740 T 740 T
Program Program Cool-down in June Cool-down in
finished finished 2018 December 2018
(CERN) (Fermilab) (NP04, CERN) (NPO2, CERN)
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2. ProtoDUNE




ProtoDUNE

At CERN a special building and its infrastructure have been put in place to test the two ProtoDUNE cryostats.
These cryostats have an internal argon volume of 8 x 8 x 8 m3 (external 10 x 10 x 10 m?3) and are equipped with
prototype detectors and cryogenic system. These prototypes shall also be used to check the mounting principle
of such a system (structural how to leak check successfully, how to install detectors,...)

The experimental area

NPO4 cryostat before detector integration

Neutrino
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Demands to cryogenic system

Cryogenic system requirements:

1. Keep liquid argon in cryostat (8 x 8 x 8 m3) in stable conditions, without any boiling within the sensitive detector
volume (6 x 6 x 6 m3);

2. Guarantee a max temperature gradient of 0.5 K between any two points in the liquid argon bath;

3. Guarantee a continuous operation of the cryogenic system, over a long period (years);

4. Guarantee a purity level of the liquid argon bath at the100’s ppt oxygen equivalent;

|

Purity rule: « argon should not see a warm surface before

entering the cryostat»

—> Continuous recirculation and purification in the liquid
and in the gas phases with the use of Molecular Sieve
(H,0O) and active Cu pellets (O,)

—> The liquid argon delivered to the experiments was
accepted on the following conditions:
O, < 2ppm; N, < 2 ppm; H,O < 1 ppm

Cw Neutrino
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ProtoDUNE Cryogenic system principles and REX

a) Cryostat safety valve, closes liquid
outlet in case predefined events take
place

b) Liquid argon circulation pump: used to
purify in liquid phase;

(3-5533?2«9) c) Phase separation of argon coming from

purification system. Liquid returned to
iy cryostat, at slightly higher temperature;

Removed after the experience
of ProtoDUNE-SP

LNo d condenser GNo

~10g/s

Series of filters:

- inlet mechanical filter,

- molecular sieve,

- Cu filters and

- outlet mechanical filter.

d) Gaseous argon condensed by nitrogen
evaporation via a shell and tube heat
exchanger, and brought to inlet

from chimneys circulation pump (purity!);

e) Signal chimney warm gas flow, caused
by argon vaporization in the cryostat

f) Argon cold gas evaporating from the
cryostat

major boil-off

~650 kg
(0.7 g of Oo/kg)

cold filters

ProtoDUNE cryostat

liquid pump  Protego valve

Thanks to F. Resnati
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ProtoDUNE operational results 2018-2020

Filling
800 tons to be delivered per cryostat, 20 to
40 tons per day. Argon coming from
Dortmund (Germany) area, delivered per
train and truck. Total time to fill one
cryostat takes about 5 full weeks.

l Thanks to D. Duchesneau

Principles validated for DUNE

@ DUNE:

17 kilo tons
Total filling time: approx. a year
Liquid produced underground

Neutrino
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Purity

1. Piston purge: gas displacement of 1.2
m/h (no turbulences and no back
diffusion): <1 ppm O2

2.  Whenfilling, liquid passed through
purification system: ~10 ppb O2

3. In stable state, after 5 volumes
recirculated reached electron lifetime
> 7 ms corr. < 40 ppt O2

Cryostat purity level in liquid argon

o
oo [ r_‘?z'*f‘q_/?i‘f\ _;(“‘"”‘: — . i 1
WY sl e e M.
T I - /
| | [ \ |
T R e D R T \__;‘ _________________
W
2 o o o : © °°°d1w°’°°® . ® » \‘veoﬂ ® o

l Thanks to F. Resnati

@ DUNE:
> 10 ms free electron lifetime
< 30 ppt O2

03/06/2024

Tamperature [K)

gr.ar

BT.318

BT.318 ==y

BT.314—

AT.313

Br.312

a7a11f=

B7.H

B7.309

B7.308 B

scaling up in size and complexity

Homogeneity
After several weeks of stable operation,

regulating the absolute argon gas layer
pressure, while circulating for purification.

T gradient (in height) over cryostat volume

] 7
Hpight trom botiom membrang {m)

l Thanks to F. Resnati

@ DUNE:
DT < 1K

TE-TM: Status of CERN-ATS/TE
contribution to the DUNE project
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DUNE cryogenic system overview (1/2)

FS Cryogenics Infrastructure Process Flow Diagram ——> US DOE
~> In-kind Contributions
- (installed by US DOE)
C Vent Header to Exhaust Dift - S C Vent Header o Exhaust DAf >
DRIFTS : | otlrv s UDRIFTS : ouhivns ‘ e |
BT g T R -, -
I | @ | iz :
= [ S T |
| 1 T =2l | ||=== | Conceptual Design developed by
| | —_|®e=):| | Fermilab
| i - based on the principles developed
| | " .. ||| atProtoDUNE and including the
i i — || return of experience
| g
i i ; i ;
i Ar Tanker i 31 N P ':EGE“E — : ! CRYOSTAT :
| i 1 L Sl == |
|_ GRYOGEN SUPPLY | 1. LIQUIDFILTRATION - FILL & CIRCULATION __ ' e |
SURFACE e, UTIUTY.CAVERN ... . : ) DETECTORCAVERN . . ...
31 04.05.23 David Montanari | LBNF and FS Cryogenics Overview TDR-2020

https://iopscience.iop.org/article/10.1088/1748-0221/15/08/T08009/pdf
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DUNE cryogenic system overview (2/2)

Selection of cryogenics parameters

Parameter _________|Vale ___________[Note

GAr Purge Flow rate 1,123 m3/hr From 1.2 m/hr

LAr filling flow rate 0.8/0.5kg/s 1st /27 Cryostats (w/ 3 LN2 refrigeration units)

LAr filling duration 257 / 436 days 1st /2nd Cryostats (w/ 3 LN2 refrigeration units)
Cryostat static heat leak 48.7 kW Each cryostat

Electronics heat load 23.7 kW Each cryostat

Total estimated heat load 87.1/98.2 kW Each cryostat (only) with 2/4 LAr pumps in operation
Condenser size (per cryostat) 6 x 50 kW = 300 kW 3 LN2 units for cryostats 1 & 2, 4th unit for 3 & 4

Maximum LAr circulation speed

3/ : :
e B e e 1.73 m3/min (40 kg/s) All 4 LAr pumps in operation

Nominal LAr circulation 0.43 m3/min (10 kg/s) Only 1 LAr pump in operation

FD-1: 100 ppt (~3.2 ms lifetime). O, equivalent contamination (O,, H,0).

Required LAr Purit e as
i i FD-2: 50 ppt (6 ms lifetime) ProtoDUNE achieved <10 ppt (30+ ms lifetime).

Cw Neutrino
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CERN/NP In the LBNF/DUNE Collaboration

The LBNF/DUNE vision is achieved by groundbreaking international partnerships DOE Project Scope — Far Site with
At the far site, the LBNF project scope CERN-N P

Far Site — SURF in Lead, SD Near Site — FNAL in Batavia, IL 2x I?etacto'r caverps:
Facility/Infrastructure and Far Detectors Facility/Infrastructure, Neutrino Beamline, 475'LX 65'W x 92'H Includes committed critical In-kind
145m L x 20m W x 28m H contributions from: pel’SO nn el

and Near Detectors
1 x Central Utllity Cavern (CUC):
624'Lx64'Wx 37'H
180mLx20m W x 1im H

Sanford
Underground
Research a0 mies
Facility 2 (1300 Wlor™

Fermilab

= CERN — Membrane cryostats and FD-1 =HD
portions of argon receiving facility
(tanks) FD-2 =VD

Brazil/lUNICAMP — Argon
purification and recirculation
systems

Switzerland/SERI - Argon FD-1=HD
condensing system 2018

Poland/WUST - Internal

DOE LBNF/DUNE-US Project %
cryogenics systems
+ Long Baseline Neutrino Facility — facilities with partner in-kind contributions LBNF I WBS/Subproject . scope | kit St banaiiad
131.FSCFEXC/ Project | y and final design, finfi g pre- collaboration, consortla,
2 . = S 5 = excavation systems, and excavation work to support 4 detector modules. and partners.
> DUNE'US i US Contnbunon to the Interna“onal DUNE expenment | - L A ™ 131.FSCFBSI/FSCF-Building & Site Project management, preliminary and final design, and construction of surface and ME .
. - . . . LA Ve - Infrastructure underground utilities, and infrastructure outfitting of spaces for detector modules. Tradlng of
« International DUNE - partner contributions to the international DUNE experiment o .
’ 131 FDC/Far Detectors and Far DUNE-US contributions to two DUNE detector modules; two cry & d liquid Thank you to all scope in
Site Cryogenic Infrastructure argon; cryogenic systems to support two detector dul 1l and for rt !
LBNF and DUNE-US are one DOE Order 413.3B Project two detector modules and cryogenic infrastructure otnpariiers progress
5 04.05.23 David Montanari | LBNF and FS Cryogenics Overview LBN FID‘_K\F 12 04.05.23 David Montanari | LBNF and FS Cryogenics Overview *Switzerland contribution is via CERN. 2024
Hnstll.x b Experiment-Facility Interface Group (EFIG)
FNAL Director
i f i
3 s LBNF Integration DUNE Joint Project Office (JPO)
Experiment-Facility Project Director/ Project Integration Director/South Spokespersons/Technical and Nk
Interface Group (EFIG) Project Manager Dakota Services Division (SDSD) Head Resource Coordinators
Bt e Eean
Deputy: D, Miadenov (10) Deputy: 3, Stewart (1) S )
< o Tedhnical . Kettell (TC)
pant et H e H Integration Office H  Coordination SEOMEESHE e - Zhis ()
Office {IPO) igpecKiice Project Office Documents Mansgement Ash Rivr Technical Support
Mechanical Integration < Hraban (1C)
3. Freitag (LBNF) C. Palmer (TC) Safety Assurance
= = - K. Zeug (TC) . Weiber (TC) Lead: M. Andrews (LBNF)
onventional | | Facility Support & Far Detector E. Seletskaya
Facilities E— [ Services (SDSD) [1  Production Pl sl
[ Cryogenics Electrical Integration Partner Agreements L ualics)
Beamline |- L] Far Site | Mear Detector \tnsn:y"rr‘é)) ot b ERpERSY RS SR
Installation Production QA Coordi 'g‘w o)
| Cryostat K. Fahey (LBNF) M. Nessi (10) Surface Facilities
E. James (TC) Lead: P. Weber (10)
U Near Site 5 T Fhances Togiailes Masiiger TDR 2020:
Installati % Dave (LBNI . . . -
Haen il ) J el s https://iopscience.iop.org/article/10.1088/1748-
0221/15/08/T08009/pdf
Figure 2.1. LBNF/DUNE organization. Figure 2.2. JPO global support functions and teams.
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CERN/NP in the LBNF/DUNE-US Project

10.3  Codes/standards equivalencies

DUNE will rely on significant contributions from international partners. In many cases, an inter-
national partner will contribute equipment for installation at Fermilab or SURF, built following
international standards. Fermilab has established a process under the international agreement
with CERN, detailed in FESHM [13] chapter 2110, 10 establish code equivalency between USA
and international engineering design codes and standards. This process allows the laboratory to
accept in-kind contributions from international partners or purchase equipment designed using
international standards while ensuring an equivalent level of safety.

LBNF/DUNE-US Project Organization

JOINT PROJECT OFFICE
PROJECT MGR K. Vetter
Assistant Project Mgr Y. Turner
Project Administrator M. McCollum
Administrative Assistant J. Campbell
Construction Counsel E. Chapelle
Risk Coordinator M. Elrafih
Documentation A. Heavey

LBNF/DUNE-US Project

C. Mossey
PROJECT DIRECTOR
Directorate Administrator C. Keaty

DEPUTY PROJECT DIRECTOR
DEPUTY PROIJECT DIRECTOR FOR FACILITIES
DEPUTY PROJECT DIRECTOR FOR FAR DETECTOR

Chapter 10, Environment, safety, and health

At the time of this writing, Fermilab has completed the following code equivalencies:

« pressure vessels designed using ENI3445;

PROJECT CONTROLS MGR K. Vetter (interim)
Deputy Project Controls Mgr M. Elrafih
Project Controls Specialists

A. Helander J. Rodriguez

G. Ewah R. Yumul

1. Rose P. Reeser

B. Wolfe C. Burk

1 position to be filled 5. Rao Gopalam
FINANCIAL MGR L. Ortega

Financial Analyst
ACQUISITION OFFICER

T. Stonehocker
S. Underwood

« structures designed using EN 1990, EN 1991, EN1993, EN 1999 (a subset of the Eurocodes), Procurement Mgrs C. Schmitz
and EN 14620; T. Lark
« CE-marked pressure piping systems designed using PED 97/23 EN 13480: Procurement Specialists
« CE-marked relief valves designed using PED 2014/68/EU EN 1SO 4126: K. Eichten J. Duncan
« CE-marked electrical equipment for measurement and control; and laboratory use designed B. Quinn E. Catton
using [EC 61010-1 and [EC 61010-2-030. R. Olliff 1. Eagleston
Asnecessary, the laboratory code eq process will be foll ) Documentation A. Wehrli
::;:gi;.r::r;uumnmc..ﬂmndnundunn “The current list of completed code equivalencies can be REVIEW OFFICE MGR M. Bishai
QUALITY ASSURANCE MGR K. Fahey
ialist J. Mateyack
Codes/standards ) Vatevack
equivalencies Beputy toH Mer D. Newhart
ESH Coordinators Z. Eivins
S. Pollard
SYSTEMS ENGINEERING MGR ). Fowler
Engineers J. Freitag
D. Mladenov

Neutrino
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PROJECT MANAGER

DEPUTY PROJECT DIRECTOR FOR NEAR DETECTOR

LBNF INTERNATIONAL COORDINATION

US/DOE
Brazil/FAPESP-UNICAMP
CERN

India/DAE/BARC

Poland/WUST
Switzerland/SERI
UK/UKRI-STFC

R. Ray ADVISORY COMMITTEES
M. Convery — = LBNF/DUNE-US Strategic Project Advisory Group . Yeck
M. Ness| LBNF/DUNE-US Project Management Group D. Glenzinski
S. Zeller
K. Vetter
————— FNAL SUPPORT
Dep Dir for S&T B. Fleming

DEPUTY PROJECT DIRECTOR FOR
FACILITIES
M. Convery

WBS 131.FSCFEXC
Subproject Mgr M. Gemelli
Design Mgr J. Willhite
Construction Mgr  J. Rickard

WBS 131.FSCFBSI

Subproject Mgr ). Willhite
Design Mgr S. De Vries
Construction Mgr  D. Bressler

WBS 131.NSCFB
Subproject Mgr M. Convery
Beamline J. Lewis
Conv Facilities (CF) T. Hamernik
CF Constr Mgr 1. Szott
CF Project Eng K. Hartsfield

DEPUTY PROJECT DIRECTQOR FOR
FAR DETECTOR
M. Nessi

WBS 131.FDC
Subproject Mgr 1. Macier
Deputy PM FD1/2 ). Bisho
Deputy PM Cryo  D. Montanari |

v

DEPUTY PROJECT DIRECTOR FOR
NEAR DETECTOR
5. Zeller

WBS 131.ND
Subproject Mgr N. Kurita
Lead Engineer F. Matichard

=  QOur main interface
=  Weekly meetings

= Ensures we comply with
LBNF/DUNE QA & Safety
= Participates to reviews

Particle Physics Div
Accelerators Div
Dep Dir for Operations
SD Services Div
EHS Div
Human Resources Div
Finance & Procurement Div
IT Div
Security & Emer Mgmt Div
Communications Div
General Counsel
Int’l Engagements
EDI
Chief Engineer

K. Burkett (interim)
A. Valishev (interim)
M. Michels (interim)
P. Weber

A. Kenney

A. Jain

S. Hansen (interim)
J. Bakken (interim)
S. Greene

D. Sebastian (interim)
J. Myer

H. Ramamoorthi

S. Charles

M. Wong-Squires

18 04.05.23

David Montanari | LBNF and FS Cryogenics Overview
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Perspectives towards DUNE proximity cryogenic system (1/3)

CERN Neutrino Platform (/TE-CRG-CL) is responsible for the design and production of Proximity Cryogenics Condensation
System (installation not included)

Scope Main functions

The argon condensers system. = To control a stable cryostat pressure AND to prevent GAr venting
Need (- to have a stable gas phase density):

To re-condense the cryostat boil-off Pressure stability: +/- 5 mbara; pressure: > 50 mbarg

in Cool-down, Filling and Steady State operation = To recover cryogenics heat loads in steady state: 100 kW @ 88K
and send it to the LAr purification system Complementary function

before returning it to cryostat (from higher level design choice)

= To fill: filling flow rate consistent with available cooling power 300 kW

| E _ = To send condensed liquid to purification

—— | i = T = To pass LAr through a phase separator before being injected in the

| ‘ a P 5 cryostat

Constraints

= Access shaft imposes assembly underground and limits size of
equipment

ROSS SHAFT

-> several similar units working in parallel

SURFACE

Neutrino
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Perspectives towards DUNE proximity cryogenic system (2/3)

This is how everything has to go down: personnel and material !

ROSS SHAFT AND SKIP COMPARTMENT UNDERSLUNG LOAD ENVELOPES™?:

MAX. WEIGHT LENGTH WIDTH HEIGHT
DIMENSIONS
MT LBS MM FT MM ET
ROSS SHAFT e it wier MAX VOLUME —
6.1 13500 3353 11.0 6854 2.5 | ey
MAX. LOAD ENVELOPE ; #h i % i f
’ 4’ S C
ROSS SOUTH SKIP I
10.0 22000 1606 5.3 1295 4.2 15000 49,2 — | N—
MAX. LOAD ENVELOPE s0s
~ &l
T == \é@ I I g
3 L L Flpescwr:(‘sr i Q. “@ q
E _T__ - mp. =i
I|:
E Height
anway 3 - ] 5175 H n H R—
i MM T » - B — \ﬂ
i * i Length ] w <
i [ s | | B 6;:;3 T o e MAX VOLUME
Tt LENGTH i - 1:10
1— 606 463 o1
| e ] Height R
) : ' y ) M b ﬁ%
S S Fro——=a—aFo oo jo b I’-/ e
| cage compartment South Skip Compt. North Skip Compt ,l 4 * I g LL\EZ T ﬂ
SHAFT LOAD ENVELOPE VIEW CAGE UNDERSLUNG LOAD ENVELOPE i“”: o s
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Perspectives towards DUNE proximity cryogenic system (3/3)

Condensers system block diagram

Equipment
= Batch 1: 6 identical tube-in-shell argon condensers
(50 KW each)

= Batch 2: 6 identical nitrogen phase separators

= Batch 3: 4 identical argon phase separators

= Batch 4: 6 identical argon pump boxes (500 g/s each)

= Batch 5: 6 identical distribution valve boxes and de-
superheating systems

= Batch 6: LN2 and LAr transfer-lines with diameters

ranging up to DN250, 700 m overall length

= Approx 135 cryogenic valves ranging DN40 to DN150

@ Condensers system 3D
on cryostat mezzanine

Cw Neutrino
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Conceptual Phase / Engineering status (1/2)

LBNF Argon Condensers System 1
Interface Control Table

MAX VOLUME

MAX VOLUME

T v
it

LBNF Interface Points on P&IDs F10028329 rev. K s = ) g, kg/s Connections
(psig) Rating, K
Drawing] Line N . . . .
# per P2ID Deseription location|  Type |Dismeter| PSS | Operating | DeSeR (Opemtin | Desten (ool Desizn e e b described as provided by ERA (TBD)
insulation Maximum | g | Range Maximum ‘Subcontractor'
Number |  inches
m2140 | 13 /A Vacuum Jacketed Insulation | D-11 | dBatt a NjA <20mrorr| ™! wa | 300 | wa nja | NPSsch.10 or equivalent, capped 4" NPS.sch. 10 with clamshell final weld
e vacuum (with vacuum break) by FRA(TBD)
Lar from Argon Condenser Pump to vacuum - 17 NP5 5ch_10 or equivalent, capped | 1" NP5 sch. 10 with butt weld by FRA
TP2145 | 13 | LAJGAr | Argon Condenser (A41).Thelineto | D-13 | Buttweld | 1 jacketed T) 21 | 10(45) | 88 | J1° | 084 | 065 |pipe (comes from Contractor pressure (ITBD) (pressure tested between isolation
prime Lar pump. TLO1-51019 2135 tested, or pressure tested on site) valves)
Clamshell
full 5" NPS sch. 10 or equivalent, capped  |3" NPS sch. 10 with clamshell final weld
Ti21a5 | 13 N/A Vacuum Jacketed Insulation | D-13 | dBatt 3 N/A <20 mTorr| NaA | 300 | NA T2 o v cappe
o wacuum (with vacuum break) by FRA(TBD)
e trom Argon Cond vacuum o 15" NS sch. 10 o7 equivalent, capped |15 NPS sch. 10 with butt weld by FRA
TP 2150 14 Lar riram Arean SONCENSErs PUMRS | p_7 | sutt wel 15 a1 10(145) 88 06 064 |pipe (comes from Contractor pressure  |(TBD) (pressure tested between isolation
(438) TP 2155 to Purification 310
ested, or pressure tested on site] valves)
clamshell full 3 h ival d 3 h. 10 with clamshell final weld
m21s0 | 18 /A Vacuum Jacketed Insulation D-7 | dsat 3 wa <20mmorr| M wa | 300 | wa nja | NPSsch.10 or equivalent, capped 3" NPS sch. 10 with clamshell final wel
Wed vacuum (with vacuum break) by FRA (TBD)
Lar from Argon Condensers pumps. Vacuum - 15" NPS sch. 10 o7 equivalent, capped | 15" NPS sch. 10 with buttwald by FRA
2155 | 14 Lar (138) to TP 2150, then to D-5 | Buttwe 15 jacketed 71 a1 | 10(es) | 88 | J10 | 084 | 065 |pipe(comes from Contractor pressure ITAD) (pressure tested between isolation
ior 2155 [tested, or pressure tested on site) [valves)
U wa O - 5oz || o . WA coommorr| Tl wa | so0 | wa \a  |¢NPSSEN. 10 0r cquivalent, capped |a” NPS sch_10 with clamshell final weld
e vacuum (with vacuum break) by FRA (TBD)
e from Argon Condenser (337) & acuum . 27NPS sch. 10 or equivalent, capped |2 NPS sch. 10 with butt weld by FRA
TP2160 | 14 Lar "’c"; :"" : ’"S(‘A’m ®| D9 | Buttweld 2 Jacketed T) 0016 | 10(145) 87 i | o8¢ 065 From Cor P B tested between isolation
neenser ump 2160 tested, or pressure tested on site) valves)
Clamshell
Ti2160 | 18 /A Vacuum Jacketed Insulation D-o | dBat a nA <20mtorr| ™! wa | 300 | A nja [ NPSsch.10 o equivalent, capped 4" NPS.sch. 10 with clamshell final weld
vacuum (with vacuum break) by FRA(TBD)
Weld
LAr from Argon Condenser Pump vacuum - 17 NPS 5ch_10 or equivalent, capped | 1" NP5 sch.10 with butt weld by FRA
P 2165 LAr/GAr | (AE) to Argon Condenser (A38). Line Butt weld Tacketed T) 10(145) pipe (comes from Contractor pressure  |(TBD) (pressure tested between isolation
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or pressure tested on site)

valves)

h. 10 or equivalent, capped
cuum break)

3" NPS sch. 10 with clamshell final weld
by FRA(TBD)

Serwoi v

sprayE balance

Fermilab cryo team performed Conceptual Design up to Procurement Readiness Review (July 2023)

e T
——
[ewr_[wer [wwr |x

T 7]
_-I".ﬁ_ —m ﬂi-m

[oms | mae | mow | wey | mew [m |

m_— _— _—_—_ _Elﬂ

Mass and energy

balance

CERN-NP contribution:
consultancy & participation to

reviews




Conceptual Phase / Engineering status (2/2)

CERN-NP (TE-CRG-CL), as collaboration member, takes owner-ship and responsibility for performance of design
—> reviews and iterates conceptual design Condensers system PFD

v" Analysed requirements

AN

Produced Functional analysis

0 Reviewing PFD/P&ID - iteration required due to new

technical design choices

O Producing Interface Sheets

O Preparing for desuperheater and condenser pump test

@ NP-04

i

bt

T TRANSFER LINES

In preparation for :

Market Survey

Technical Specification

PFD of new condenser pump configuration
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Conceptual Phase / Management actions status (1/2)

0 Management plan being developped v PBS

FUNCTION NAME LBNF Proximity Cryogenics Condensation System
PL - Neutrino Platform Project Leader Francesco LANNI PBS proposal #
N L. R Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 product name Comments
PCPL - Neutrino Platform Proximity Cryogenics | Johan BREMER
Project Leader project |sub-project| system sub family Product
. . level level level system
RO - Resp0n51ble Ofﬁcer Carohne FABRE FD 01 00 00 Common common components to the Far Detector 1
FD 01 CR 00 Common common components to the proximity CRyogenic system
D WO rkpac kag eS FD 01 CR 00 Common common components to the Condensation System
FD 01 CR LN Common common components to the Nitrogen transfer Lines
FD 01 CR LA Common common components to the Argon transfer Lines
FD 01 CR SN Common common components to the N2 phase Separator
WP 1 . CO ntraCtS C F E_J B R FD 01 CR PN N2 phase separator 1| |N2 phase separator system 1
- FD 01 CR PN N2 phase separator 2| |N2 phase separator system 2

00 00
00 00
cs 00
S 00
[ 00
cs 00
CcS 01
CcS 02
. H FD 01 CR cs PN 03 N2 phase separator 3| |N2 phase separator system 3
WP 2 . Q u al Ity C F E_\J B R FD 01 CR cs PN 04 N2 phase separator 4| |N2 phase separator system 4
. FD 01 CR cS PN 05 N2 ph tor 5| |N2 ph t tem 5
WP3: Project Management JBR-CFE > T o1 |G | & | PN [ 06 [Nzphueseparstor | [Nz phase separator systom
FD 01 CR cS SA 00 Common common components to the Ar phase Separator
WP4 . P roceSS C F E' X FD 01 CR cs DH 00 Commeon common componenents to the De-superHeater
WP 5 . I nstru m e nta“ O n C F E X FD 01 CR cs CA 00 Common common components to the Argon Condensers
R - FD 01 CR [ CA 01 Condenser 1 Condenser 1
FD 01 CR s CA 02 Condenser 2 Condenser 2
WP6_ Assembly LBN F—PCT FD 01 CR S CA 03 Condenser 3 Condenser 3
. . o . FD 01 CR s CA 04 Condenser 4 Condenser 4
WP7: Risks and availability Analysis CFE-JBR i [ ot [ | & | cA [0 | condensers | |condensers
FD 01 CR s CA 06 Condenser 6 Condenser 6
WP8 " Safety CFE_PCT FD 01 CR AC 00 00 Liquid argon circulation
' FD 01 CR AC MC 00 Main circulation box
AC CcC 00 Common common components to the Condenser Circulation boxes

WP9: Mechanical x -PCT [ o [Ta

(1.7 FTE from TE-CRG-CL)
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Conceptual Phase / Management actions status (2/2)

Budget
v Cost Estimate > Swiss in-kind contribution 2.3 mCHF (2018)

0 CERN — US-DOE negociations in progress:
- Trading of scope
- Financing

- Dedicated collaboration agreement
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Conceptual Phase / Management actions status (2/2)

Schedule
| 2024 2025 2026 2027 l 2028 2029 2030
Warm Structure Cryostat #2
‘ Mechanical Infrastructure in South Cavern
Installation Insulation Cryostat #2
Installation Detector Components on top of Cryostat #2
Installation Detector Components inside Cryostat #2
TCO Closure Cryostat #2 l
Cooling and filling Cryostat #2 l

Milestones = o ol S R B
Tender out : 01-02-2025 ‘

Contract signed: 01-06-2025

Shipment: 01-02-2027 pe | e

Delivery: 01-04-2027 = Schedule to be
e updated
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Perspectives towards DUNE first cryostat

CERN Neutrino Platform is responsible for the design, production and installation of 2 cryostats

The metal structure of the first

The cryostat components are being procured. cryostat at Horta Coslada

Status:

= Metal structure cryostat 1: production completed,
being transported to South Dakota (SD)

= Metal structure cryostat 2: in production. Delivered to
SD by the end of the year

= |Insulation and containment system (for both
cryostats): in negotiation phase, contract will soon be
signhed

= Contract for the construction of the metal structure
underground: soon in tendering phase

= Contract for the installation of the insulation: tendering
will start beginning of next year

Thanks to F. Resnati, D. Mladenov and in the harbour (&&=
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Conclusions
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The DUNE experiment will operate with four 17 KT
cryostats in an underground area. Prototyping of the
foreseen equipment has been performed,;

Two large volume liquid argon filled membrane
cryostats (0.8 kT) have been operational at CERN for
several years;

The developped principles have been validated,;

now: scaling up in size and complexity for DUNE

The first two cryostats are in production;

The proximity cryogenics condensation system will be
in tendering phase in Q1 2025; Delivery foreseen in
Q2 2027
The first cryostat cool-down and filling is foreseen to PRETHAENTR RPN Baniod Lud gl S SRRl

begin in Q2 2028. https://news.fnal.gov/2024/02/excavation-of-colossal-caverns-for-fermilabs-
dune-experiment-completed/
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