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The DUNE project

. - 5 z All potential Noble prize Objectives
DUNE Science Objectives 1 e

: Origin of matter. Investigate leptonic CP violation. Are neutrinos the reason the universe is
made of matter?
Neutron star and black hole formation. Ability to observe neutrinos from supernovae events
and perhaps watch formation of black holes in real time.

Unification of forces. Investigate nucleon decay, advance unified theory of energy ad matter
Supported by LBNF, DUNE will advance world class discovery science into the fundamental nature of malter

. ] Long-Basellng Neutrino Facility
International collaboration Souts Deliots She

to investigate on neutrino

oscillations

Ross Shaft
1.5 km to surface

4850 Level of
Sanford Underground
Research Facility

Deep Underground Neutrino Experiment

Fermi National
Accelerator Laboratory
Batavia, lllinois

Sanford Underground
Research Facility
Lead, South Dakota

North Dakota

f} ) Minnesota
}r South Dakota ¢ ‘
SURF [@-..._ azded

6\ Fermilab
|

J |
| Nlinois |

Neutrino beam from
Fermilab to Sandford lab

- straight through the earth,
no tunnel necessary -

Neutrinos from

Fermi National
Accelerator Laboratory
in lllinois

Facility
and cryogenic
support systems

One of four

detector modules of the
Deep Underground
Neutrino Experiment

Liquid argon-based detector
w 70 KT total argon mass

© LBNF-DUNE



ATS

Accelerators and

1st Accelerators Technology Sector Workshop @
Speaker: Caroline Fabre \
P e Technology Sector

Co-operation framework between CERN and US-DOE

The LBNF/DUNE vision is achieved by groundbreaking international partnerships

The CERN Neutrino Platform

Far Site — SURF in Lead, SD

_ NEUTRINO PROTOCOL I
prOJect: .
= To provide a test facility at THE DEPARTMENT OF ENERGY

OF THE UNITED STATES OF AMERICA (DOE)

CERN for large detector
prototypes and demonstrators

and

THE EUROPEAN ORGANIZATION

(p rotoDUN E) FOR NUCLEAR RESEARCH (CERN)
= To support activities related to to
: : International DUNE
the construction and operation THE CO-OPERATION AGREEMENT ; =
. Collaboration statistics
of the Fermilab SBN program concerning \ P ol
as of July
(I CAR U S ’ S B N D) SCIENTIFIC AND TECHNICAL CO-OPERATION

» 1,402 collaborators, 4 7%
U.S./53% non-US

+ 206 institutionsfrom 37
countries including CERN

LFermilab EEEIRG

IN NUCLEAR AND PARTICLE PHYSICS

= To contribute to the design,
construction and operation of

DUNE
") PLATFORM

edms: 1730038

as recommended by the 2013 European
Strateqy for Particle Physics
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Detection principle

Liquid Argon Time Projection Chamber:

= Neutrino interacts with argon atoms Anode wie lanes

v
Liquid Argon TPC

= Secondary particles liberate valence
e|eCtrOnS g{n}:}g;?:::i«:tlon

= Electrons are collected to the anode wires

Cathode

= Scintillation light is detected by photo- Plans
multipiers

- Reconstruct 3D image of the interaction

_. / Edrify ~ 300V/cm

time
e

© LBNF-DUNE
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Requirements

1. To guarantee a «long» free electron life-time : - Very pure argon : < 100 (30) ppt O2 equiv.

>3 (10) ms purity)

2. To puta 300 kV HV field — No boiling over the sensitive volume

3. To have a uniform reaction over the sensitive - A limited T° difference over the detection
volume volume < 1K
To preserve detector properties - Continuously operated over long periods

To guarantee highest safety levels for use Iin — Contain the argon under all circumstances
underground caverns

' 4 cryostats
LAr: 12 500 m3 — 17 kton
~CERN building 156 X 500 compared to ATLAS LAr calorimeter
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Developments for cryostat and cryogenics

The argon purification principle The shell and tube The membrane cryostat principle
heat-exchanger: developed from a qualified
circulation simple, robust and technique for LNG tankers
on active copper pellets o reliable
inherited 0 Stainless steel primary membrane
o 9 Plywood board
- e " - P — = 9 Reinforced polyurethane foam
] » ’ ‘ . ~ - - ol condenser 9 Secondary barrier
;A A ’. ‘ ."GNz » 6 Reinforced polyurethane foam
@Mﬁlmr@a?% Idaﬂ()?\ . - ~10g/s - @ Plywood board
~50 g's o 6 Bearing mastic
‘ Omg 226«:[.] ﬁoae %%) - gl % ~30 kg @ Steel stgructure with moisture barrier
» o o "* ‘ QP\ g S to outside 5(3‘59“02”‘9’ ‘
- ™ by ‘ "‘" A s 5 . Mark 11l concept
g ‘Rﬁ‘}’enerﬂon @ 420 K q ?T —.1.—.1‘ & GTT intellectual property
vr,QQU;*.tlon,w &ﬁﬁz.rn/(? g 1 -:
'- A = ~, “ % % E’ GAr pump
PR e o = - o s -
ProtoDUNE
liquid pump Protego valve Cl'yOStat
The p re-ODH al ar m S Credits: F. Resnati

The cryogenic system principle

NPO4 cryostat before detector integration
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Readiness

I uction
si iness
evi eview
by
Prototyp INg 11 .
esi| esi ess i
eview vie levie

LBNF cryogenics design developed by Fermilab ; |
TDR '
Desjgn / Prototype Fabricate Ship | Receive Process Install Operate

» pased on the principles developed at ProtoDUNE by NP

- InCIUdlng the Return of Experlence REX on technicai \ view process and timeline.

. . . 2 ) rg an iZ ati on a| & " .org/article/10.1088/1748-0221/15/08/T08009/pdf
safety aspects \

ProtoDUNE-\_/D' |

26T 35T . 740T 740 T
Program finished Program finished Cool-down in June 2018 Cool-down in Dec. 2018
(CERN) (Fermilab) (NPO4, CERN) (NP0O2, CERN)
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DOE Project Scope — Far Site

2 x Detector Caverns: At the far slite, the LBNF project scope

475'LX 65'W x 92' H Generator Room ~_ S0 Aee pore Includes committed critical In-kind
145m L x 20m W x 28m H \ contributions from:

Working in a collaboration | =

portions of
(tanks)

= 1sttime large scale delivery to a host lab
outside CERN via in-kind contribution

T - Internal
Concrete Supply Chamber I cryogenics systems

= Sh f ti tarted 2013 and the DUNE Infornational
are O eX p e r I S e S ar e 131 FSCFEXC/FSCF-Excavation Project management, preliminary and final design, reliability/infrastructure upgrades, pre- collaboration, consortla,

excavation systems, and excavation work to support 4 detector modules. and partners.

| 131.FSCFBSI/FSCF-Building & Site  Project management, preliminary and final design, and construction of surface and i (\ .
T B Infrastructure underground utilities, and infrastructure outfitting of spaces for detector modules. Tradi ng of
= Responsibilit - i i
131.FDC/Far Detectors and Far DUNE-US contributions to two DUNE detector modules; two cryostats & associated liquid Thank you to all scope in

Site Cryogenic Infrastructure argon; cryogenic systems to support two detector modules; installation and integration for

two detector modules and cryogenic infrastructure our partners!

[ ] What |S needed for the eqL”pment to be 04.05.23 David Montanari | LBNF and FS Cryogenics Overview *Switzerland contribution is via CERN.
accepted in a US-lab ? (see next slides)

FNAL Director

progress
2024

= How do we integrate into the project | . —
organization?

Office (JPO)

Figure 2.1. LBNF/DUNE organization. Source: DUNE TDR
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CERN/NP In the LBNF-DUNE-US Project

DUNE Collaboration

Deputy Project Director for Facilities

FSCF-EXC SP NSCF+B SP
PM PM

NSCF
Dep PM
FSCF-BSI SP

r Beamline

Dep PM

LBNF/DUNE-US Project

Project Director
Deputy Project Director
Deputy Project Director for Facilities
Deputy Project Director for Far Detectors
Deputy Project Director for Near Detectors
Project Manager

Deputy Project Director for Far Detectors

FDCSP

PM
Dep PM CD Readiness

Shared Technical Coordination Support

DUNE

Dep PM Cryo FD1TC FD2 TC

Dep PM FD1 & FD2

Compnt | Compnt
PMs PMs

A A A A A A

Our main interface
Weekly meetings
Ensures we comply with
LBNF/DUNE QA & Safety
Participates to reviews

LBNF/DUNE Joint Project Office

Deputy Project Director for
Near Detectors

ND SP
PM

Shared Tech Coord Support
DUNE ND TC
Components PMs
Install PM
Cryo Systems PM
Infrastructure PM
A A A A A

Source:

Codes/standards

equivalencies

edms 2795431
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= a set of vacuum insulated valve-boxes and interconnecting transfer-lines

* including instrumentation, filters, pumps, heat exchangers ...

Cryogenic systems

= for liquid argon and liquid nitrogen @ temperatures ranging from 80 K to 420 K

ProtoDUNE cryogenlcs @ CERN Sealling U T DUNE cryogenlcs @ SURF
insizeand | [ ile——"
From :
complexity
concept
© Fermilab
several similar units working in parallel
_Theinstalted c cryoi.nlc $ystem @ Eﬁ\li -:'a
= 22 valve boxes
> ii’:@“““%ﬁ " By ‘ = ~700 m transfer-lines
l : ' w diam. up to DN250
To = ~ 135 cryogenic valves
functional :
g rangmg DN40 to DN150 Condensers system 3D
eq ul p m ent on cryostat mezzanine
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From the definition to the execution

Conceptual ]\ Preliminary k Detailed/Final ]\ Fabrication ]\ Installation k Acceptance
Design Phase | Design Phase | Design Phase Phase | Phase | Phase
J J Purchase and Production

» Freedom to structure our sub-project

= Management and development plan based on standard
practices

= Builds on the team past experience on similar cryo projects

= Approach: adopt a methodology and a level of formalism
appropriate to efficiently deliver the cryogenic system, with the
allocated resources
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Engineering activities & methodology (1/2)

~
7

Block diagram / PFD

© Fermilab

MAX VOLUME

NP/LBNF joined P&ID review; HAZOP / FMECA

More than just a concept

ProtoDUNE REX: functional vs technical specs
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Engineering activities & methodology (2/2)

Technical specification
= NP responsibility S

Technical Specification
Design, manufacturing and installation of four cryogenic

CS-PRI-DINEM

for the Neutrino Platform proximity cryogenics

= PRR/spec committee e

= W participation of LBNF partners e

equipped for a specific ta
on and argonnitrogen distrit
gistributing liquid argon and liquid.
‘boxes, and the fiquid argon cr
installation 2nd test are

= Validate requirements = =

ienand -
REGULATORY REQUIREMENTS.
CERN Safs .

CERN Safit
b 5:

= Sets the ground for acceptance by LBNF

eptance Test (WAT) forall ransiee ines and valve
o b

) for all transfar lines and valy

Ready for industrial consultation
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Management activities

Management Plan for the
no Platform Proximity Cryoge

Management Plan for the

Neutrino Platform Proximity Cryogenics

Abstract

document describes the management plan for the Neutrino Platform Pr

Prepared by: Checked by: Approved by:

M. Chalifour TE-CRG-CI J. Bremer TE-CRG-CI, M. Nessi RCS-PRJ-DI

Distribution
Team members of the Neutrino Platform Pro: Cryogenics

Simple tools, sufficient to handle
sub-project of this scale

LBNF Proximity Cryogenics Condensation Syste! 2027

Tt T Warm Structure Cryostat 52
Mechanical Infrasiructure in South Cavern
Installato
Installation Detector Components on fop of Cryastat
Installation Detector Components inside Cryostal #2
TCO Closure Cryostat 82
Cooling and filling Cryostat 82

Milestones

Tender out : 01-02-2025
Contract signed: 01-06-2025
Shipment: 01-02-2027
Delivery: 01-04-2027 NPFD1-CS Project
WBS to be

updated

Condenser Circulation boxes

of the Neutrino

o - —
T I T S
oo T @ oo o] WP 4: Process WP Leader Roles and
The “Brocess” WP Leader s il
Control, Electrical-Cabling < . RESDOnSIblhtIeS

cabine She will be Responsible for the following activities.
Assembly, Integration and tests Review all Process Calculation notes:
EHNL ie- Thermodynamic, Hydraulic (Valves, Pipes, PSV._.), Thermal (Heat L.
- mly, Integration and tests Review Equipment Data Sheet and ensure that they comply with proc
m ;;r:: ”:nt; Avallabiliny Analysts ! Re\_ w PFD and PID and ensure that they cgmply with CERN _reqlmemems.
= Review PFD and ensure that they comply with process calculation.
— — Review Equipment Part List.
= Organize the HAZOP and SIL Study Reviews.
[ i1 wechonical | Maintain the Process IS up-to-date based on Contractor Data.
Perform Functional Analysis (Basis for PLC Program)
Ensure that the Performances as per culation Not:
Ensure that Technical Specification WP4 requirements
Ensure that relevant versi

She will provide support to the following activitie
- WP5: Provide support to review strategy with main control loops.
W Provide support to Operation for Process Diagnostic and Optimisation.
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Preliminary [ Detailed/Final ]l\ Fabrication l

Jesign Phase Design Phase Phase
l Purchase and Production
_J _

QA activities In contract execution

- 5.14  DOCUMENTATION: Classification Folders| . (I contrac
Project stages L PROJEC (J Contract 0O
- Project Management (Quality Plan, Project Ex J

Preliminary | Detailed | Purchase and TReporing
design design / production munication
Final design

- Configuration Management
. DEFINITION:

- Technical Notes

- Data Sheets

- Technical Specifications

- Bill of Materials

- Diagrams

- Drawings

- [&C Definition

(] Definition
(] Justifiction

» (] Manufacturing

A ®H W EBARKx | A e A e

PDR FDR; MRR; IRR; Delivery

on Conformance
EPL
ico

= Documentation deliverable at each

- Acceptance tests
MANUFACTURING & INSPECTION:

Milestone defined in specs e

- Manufacturing File
- Transport
- Installation

= Deviations requests: joined - oPERATON

- Operating Procedure
- Maintenance Plan

examination by NP/LBNF T

(] Quaity

= Reviews and acceptance tests are iy
Hold Points = verification of =
compliance w requirements

-------
meeting

3

+ Risk plan

« Quality plan
« Execution schedule

Review of all PDR deliverables:
2D, 3D CAD files
FEM, structural reports

design Hydraulic, thermal, safety calculations
List of procedures, tests
List of materials, standards, etc.
Updated execution schedule
YES y
- - Review of all FDR deliverables:
Final 2D, 3D CAD fies
Final FEM, structural reports
i Final Hydraulic, thermal, safety calculations
@ Final instrument/part list
YES Updated execution schedule

Testing
+ NDE of welds
+ Leak testin .
+ Pressure tafsting Witnessed
Inspection & control o)
YES - Cleanliness control NP/LBNF
+ Dimensional control
Reporting
« FAT report

As built 3D model

Installation, inspection, control
procedures

Cleanliness work plan

MIP for installation

Welding plan for installation

Helium leak test (from atm. to
vacuum)

Purge/flushing of pipes

Helium leak test + pressure test
(from process side to vacuum
@ MAWP: Tamb)
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Conclusion

Run medium size sub-project with:
» standard PM practices;

= methodology and level of formalism appropriate
to efficiently deliver the cryogenic system, with
the allocated resources;

= simple tools:

= continuous interactions within a collaboration
framework (both for including REx and for
acceptance by LBNF)

- Shaey, k
Photo: Matthew Kapust, Sanford Und

PR L

round Research Facility
s 2

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

and complete 1 year later, after argon delivery by 1000 road trucks !






ATS

Accelerators and
Technology Sector

Cryogenics expertlse for liquefied rare gases detectors

Cryogenics as active “medium” of detectors
for particles energy measurements
like Liquid lonization Chambers

Requirements

to maximize the number of events
-> alarge volume of a dense noble liquid

to have a uniform reaction over the sensitive volume
- a limited T° difference over the detection volume

to put a HV field over the sensitive argon volume
-> a subcooled bath to prevent bubbles

to guarantee a sufficiently long free electron lifetime
-> a pure liquid (oxygen equiv. purity)

to reduce the noise level (cosmic particles)
=> in underground areas

to preserve detector properties
-> continuously operated over long periods
Commonalities

DT <700 mK

2 kV field
2 mm drift gap

> 0,15 ns
<2 ppm

-100 m
@ CERN

Since 2005
17 years

Reconstructed
3D image of the
neutrino interaction

Time Projection Chambers

ProtoDUNE

560 m3 500 m3
LAr LAr

87.5K 87.5K
DT <500 mK

18 kV
3.6 m drift gap

>3nS
< 100 ppb

-1.4 km
@ LNGS

>3 ms
< 100 ppt

-10 m
@ CERN

2019 2024
1 year years
in size and complexit

DarkSide-20k

DUNE

4 x 12 000 m3

LAr

87.5K
DT <1K

300 kV
6 m drift gap

>10 ms
< 30 ppt

-1.5km
@ Sandford Lab

beg 2028
years
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Perspectives towards DUNE proximity cryogenic system

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

ROSS SHAFT AND SKIP COMPARTMENT UNDERSLUNG LOAD ENVELOPE

DIMENSIONS
_____

ROSS SHAFT
6.1 13500 3353 11.0 1422 4.7 6854 22.5
MAX. LOAD ENVELOPE ---- - - - -
ROSS SOUTH SKIP
22000 1606 1295 15000
MAX. LOAD ENVELOPE
P

Length
3353
MM

Height
6854

MAX VOLUME MM

' LOAD ENVELOPE VIEW CAGE UNDERSLUNG LOAD ENVELOPE

MAX VOLUME




ATS

Accelerators and
Technology Sector

1st Accelerator Technology Sector Workshop
Speaker: Caroline Fabre 7

22

Neutrino Platform Organization

DUNE RRB
(E. Benvenu

DUNE IB

_ SBND
(F. Resnati)
| ENUBET (NP06)
(F. Terranova)

ARIADNE

DUNE Technical Mgmt.
Boards (FD1 and FD2)

Technical Coordinator

Principal Engineer

Principal Scientist
R&D Manager

Compliance Office
Leader

Consortia Leaders

EDMS:
2733743



