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Meet the Cryostat Team

Fabrice Matichard, Cryostat L2 / CAM (LBNL)

● 14 years with LIGO (Laser Interferometer Gravitational-Wave 

Observatory)

● Lead Engineer for Advanced LIGO sub-systems and 

subsequent detector upgrades (Quantum Optics Squeezer) 

● Joined LBNL in 2021 as lead engineer for DUNE-ND

Peter Tennessen, Cryostat Lead Engineer (LBNL)

● 15 years at private sector energy projects (Tesla, Primus 

Power, Amber Kinetics)

● Joined LBNL in 2020 as lead engineer for ND Cryostat



2024-09 Tennessen, Matichard | ND-LAr Cryostat Introduction3

Meet the Cryostat Team

Joe Angelo, Mechanical Engineer (LBNL)

● LBNF Target Hall Shield Pile

● ALS-U, ALS

Joe Silber, Mechanical Engineer (LBNL)

● 14 years in LBNL composites group

● L2/CAM on DESI and CMB-S4 projects

● STAR-HFT, ATLAS, LuSEE-Night, Alpha AI, Spec-S5

Steve Hentschel, Mechanical Designer (FNAL)

● SBND CAD Assy Integration

● SBND Support Frame, Cryogenics Mezzanine and Piping Layout

Shishir Shetty, Mechanical Engineer (FNAL)

● SBND Support Frame

● SBND Roof Hangers
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Design Overview
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The Deep Underground Neutrino Experiment (DUNE) project will use two 
detectors separated by 1300 km to study neutrino oscillation

DUNE Near Detector (DUNE-ND)

The Near Detector (DUNE-ND) will record particle interactions near the source of the beam, at the Fermi National Accelerator 
Laboratory (FNAL) in Batavia, Illinois. A set of larger Far Detectors (DUNE-FD) will be installed at the Sanford Underground 
Research Facility (SURF) in Lead, South Dakota — 1,300 kilometers downstream of the source. These detectors will enable 
scientists to search for new subatomic phenomena and potentially transform our understanding of neutrinos and their role in the 
universe.
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The DUNE Near Detector is on Fermilab’s site in Batavia, Illinois USA 

S
B
N
D

SBND Building (GPS image predates SBND construction)DUNE-ND Complex

DUNE-ND Site PlanDUNE-ND Service Building

Shaft and Elevator 
provide Cavern Access

Charge # 1
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The DUNE-ND Cavern is 60m below the DUNE-ND Service Building, 
accessible by crane and elevator

Cavern crane covers ~60% of 
cavern length (blue)

Neutrino Beamline

System for 
on-Axis 
Neutrino 
Detection
(SAND)

The Muon 
Spectrometer 

(TMS)

Near Detector 
Liquid Argon 

(ND-LAr)

Weekly Movement During Operation

Weekly Movement During Operation

Surface crane drop 
zone limited by 
component clearance 
(orange)

Two detectors that 
move on and off beam 
axis

One stationary 
detector that 
monitors the beam

Charge # 1, 5
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The ND Cryostat holds the ND-LAr Detector Time Project Chambers (TPCs)

ND-LAr Detector and Cryostat designs 
driven by physics requirements

• Dimensions optimized to match DUNE FD
• PRISM rollers and energy chain allow 

detector to move off beam axis
• Muon window on downstream side 

minimizes muon energy loss between 
ND-LAr and TMS

ND Cryostat leverages SBND & 
ProtoDUNE experience

• Membrane cryostat construction
- Steel outer warm structure
- Corrugated stainless steel and 

polyurethane foam cold membrane liner
• Lid mounted detector (SBND)
• 196 m3 liquid argon

- vs 189 m3 SBND, 485 m3 ProtoDUNE

ND-LArTMS

Muon 
Window

18 m 
Ceiling

60 m 
Below 
Grade

Neutrino 
Beamline

Shaft to 
Surface

Charge # 5,a
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DUNE-ND and Short Baseline Near 
Detector (SBND) Cryostats share many 
design features

DUNE-ND SBND

Steel warm structure with GTT cold membrane ✔ ✔

Lid mounted detector ✔ ✔

FNAL installation with partner institution support ✔ ✔

Maximum gas pressure (mbar) 350 350
Liquid argon volume (m3) 196 189
Warm structure exterior dimensions, L x W x H (m) 11.0 x 7.8 x 6.9 9.4 x 7.6 x 7.4
Number of lid segments 9 4
PRISM detector movement system ✔ ✘

Muon window: high uniformity downstream wall ✔ ✘

Underground installation ✔ ✘

DUNE-ND Cryostat and ND-LAr Detector SBND Cryostat

Charge # 3, 4, 5
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Management
Design Integration
Installation Planning

TPC Mezzanine

Lid Sections (9X)

Warm Structure

Muon Window

Cold Membrane

Cryogenics 
Mezzanine

(outside this 
review)

(internal)

Charge 5, 6a

PRISM Subframe
(outside this review)

Cryostat scope includes the liquid argon tank for the ND-LArTPC detector, a subframe which 
connects to the PRISM movement system, and two mezzanines.  This review excludes the PRISM 
subframe and cryogenics mezzanine.
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DUNE-ND LAr Detector Overall Dimensions

Description
Weight 

(US tons)

Liquid Argon 321
Cryostat Warm Structure 157
Cryogenics Mezzanine (including 
Cryogenic Components) 80

Cryostat Lid 52
TPC Mezzanine (including TPC 
Electronics and Hardware) 43

Cryostat Cold Membrane 22
TPC Modules 23
Total 698

11.0 m

15.9 m
7.8 m

14.5 m

Charge #1
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Material selection follows SBND and ProtoDUNE precedent
● Our baseline plan is to use S460ML, a low temperature (-50°C) qualified steel with minimum σy = 460 MPa used in SBND and 

ProtoDUNE

● If this material presents procurement challenges in the U.S. we will qualify an ASTM A572-65 steel for low temperature

● To be conservative, the safety factors are evaluated against the slightly lower yield strength of A572-65, σy = 65 ksi [448 MPa]. 

Charge # 3
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Since 2022 we have met regularly with the SBND installation team to 
review lessons learned

● Used SBND cryostat installation experience to improve the ND cryostat schedule, leading to a major 

BCR in October 2023

● Refined cold membrane procurement and installation plans, informing subcontract and statement of 

work discussions with GTT

● Leveraged SBND experience to improve assembly process, lift plans, lid and mezzanine design

2023-Feb Visit: SBND Lid and Detector (background) 
Installation Preparation

BCR preparation using SBND actuals

Charge # 3
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In March 2024 we met with the CERN cryostat team to present the ND 
cryostat design and review lessons learned from DUNE FD, SBND and 
ProtoDUNE

30 pages of notes from two days of 

discussion!  Key takeaways include:

● Identify stakeholders and agree on 

validation plans early

● Define detector position 

tolerances in detail

● Our warm structure has lots of 

margin

● A lid with a thick lap weld (like 

SBND) can be serviced without 

major rework

Lid design details

SBND warm 
structure fabrication 

workshop

ProtoDUNE mezzanine panels

Charge # 3
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Documentation
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Key documents list is at EDMS 3161464

● Provides EDMS links to design 

documentation

● Based directly on DUNE PDR Deliverables, 

EDMS 2374096v1

● Also linked from PDR Indico page

● Drawing binder at EDMS 3165710

Charge # 1,5,6

https://edms.cern.ch/document/3161464
https://edms.cern.ch/document/2374096/1
https://indico.fnal.gov/event/64197/
https://edms.cern.ch/document/3165710
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Analysis Plan is at EDMS 3161164

● Global structural FEA model provides overall 

deflection, boundary conditions for detailed 

models, and interface loads for bolted joint 

calculations

● Detailed FEA models use finer mesh and more 

detailed geometry to evaluate peak stress

● Coupled thermal-structural lid FEA evaluates 

combined effects of cool down, pressure and 

gravity

● Thermal spreadsheet calculations provide heat 

leak estimates for overall Cryostat

Charge # 2, 6.e

https://edms.cern.ch/document/3161164
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Prototype and Test Plan is at EDMS 3161168

● 5 Module Row Pre-Production tests integration of TPC modules to lid during final design phase

● Integrated PRISM Test (currently under evaluation for inclusion in schedule) provides payload for 

PRISM validation and correlates FEA results to real world before cavern installation

● 250 mbar N2 pressure test after final cavern assembly as required by FESHM 5031.7

Charge # 2, 6.e

https://edms.cern.ch/document/3161168
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Procurement Plan is at EDMS 3161167 

Cold Membrane:
● Design by GTT
● Fab and install by GTT-licensed 

subcontractor

(internal)

Mezzanines:
● Design-build contracts with 

engineering, procurement and 
construction (EPC) firm

○ Cryostat team provides 
assembly drawings only

○ Detailed design by vendor
● Install by construction firm or ND 

team (TBD)

Lid:
● Fab by refrigeration or scientific 

equipment supplier
● Install by ND team

Warm structure, muon window, PRISM subframe:
● Fab by shipbuilding or heavy duty steel supplier
● Install by supplier or ND team (TBD)

Charge # 6.d, 7

https://edms.cern.ch/document/3161167
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Procurement Plan is at EDMS 3161167 
Charge # 6.d, 7

● Targeting same supplier for warm structure, muon window, PRISM frame and (as a stretch goal) lid

● Targeting same supplier for cryogenics and TPC mezzanines

● After LBNL finishes contract for cold membrane engineering study, all contracts are planned to run through FNAL procurement

https://edms.cern.ch/document/3161167
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Quality Assurance / Quality Control Plan is at EDMS 3161161

● Warm structure, muon window and PRISM subframe assembled (but not welded) at vendor for fit check and pre-shipment 

inspection

● Warm structure skin panels 100% bubble tested after welding in cavern

● Cold membrane primary containment 100% helium leak tested after welding in cavern

● Lids and lid interfaces surveyed to ensure compliance with detector position requirements.  Datum scheme and survey points 

coordinated with ND-LAr TPC team so lid survey data can be used to infer TPC positions after assembly.

Charge  # 6.e

https://edms.cern.ch/document/3161161
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Requirements
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Key physics-driven requirements are approved by the ND Technical Board.  
Process for formal requirements flow down and approval of engineering-driven 
requirements is being developed.

● The Cryostat team collaborated closely with the ND 

Technical Board to define physics-driven requirements 

for detector positioning and muon window geometry

Extended cryostat requirements list including 
engineering-driven items (EDMS 3158082)

Excerpt from standalone record of decision document 
for physics-driven requirements (EDMS 3153294)

Charge # 1

https://edms.cern.ch/document/3158082
https://edms.cern.ch/document/3153294
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Applicable codes flow down from FESHM

● Yield safety factor > 2 used for preliminary design FEAs, a conservative simplification of 600+ page AISC 360 code

● Illinois-licensed structural engineer performs analysis against AISC 360 code

○ Verifies that safety factor approach was successful

○ Structural engineer sign off required by FESHM 5100

International Building 
Code (IBC)

AISC 360 
Specification for 
Structural Steel 

Buildings

FESHM 5100 
Structural Safety

Analysis by IL 
Licensed Structural 

Engineer*

FESHM 5031.7 
Membrane Cryostats*

ND Cryostat:
safety factor > 2 on 

yield strength*

Charge # 1, 6.e, 6.f

*Engineering notes required
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Scope division between Cryostat team, Structural Engineer, vendor 
and FNAL ISD defined through close collaboration with FNAL ISD

● Preliminary Design

○ Cryostat team designs to safety factor >2 on yield 

strength

○ Cryostat team creates 3D models of all parts, 2D 

drawings of key assemblies

● Final Design

○ Illinois licensed structural engineer (SE) performs 

analysis against AISC 360 code

○ Cryostat team creates 2D drawings of all assemblies and 

subassemblies plus any key parts (SE reviews)

● Fabrication

○ Vendor creates shop drawings for individual I beams, 

plates, etc

○ Vendor helps us develop assembly procedures during 

dry build and integrated test

● Installation

○ ND team installs in cavern (no SE or vendor involvement)

○ ND team performs pressure test of final assembly 

(FESHM 5031.7 requirement)

Charge # 1, 6.e, 6.f
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Detector ground is isolated from facilities ground
Charge # 6.c

Rollers operate on facilities 
ground and are isolated from 
frame by insulating plates

Detector electronics are powered 
through an isolation transformer

Cryogenic 
piping uses 

dielectric breaks

Fiberglass spacers 
isolate cryogenics 

mezzanine from 
subframe
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Interfaces
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Cryostat has interfaces to ND-LAr, Cryogenics, Installation and 
Integration (I&I), Slow Controls, and PRISM (not in review scope)

Controlled versions of interface control documents (ICDs) are stored on EDMS at CERN-0000218521

DUNE-ND Systems Engineering team 
manages N2 diagram and identifies interfaces 

between ND subsystems

ND-LAr to Cryostat ICD Example

Charge # 1, 5, 6.a

https://edms.cern.ch/project/CERN-0000218521
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Interfaces with the ND-LAr TPC system include the TPC modules hanging 
from the lid and the electronics on the TPC mezzanine

● Like SBND, detector modules hang from the lid

● Unlike SBND, the 9 lid sections are installed individually rather than pre-assembled outside of the cryostat

Charge # 1, 5, 6.a
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Interfaces with the ND-LAr TPC system include the TPC modules hanging 
from the lid and the electronics on the TPC mezzanine

Charge # 1, 5, 6.a

Excerpt from TPC Mezzanine Interface 
Drawing (EDMS 2679314)

Excerpt from TPC Array Envelope Drawing 
(EDMS 3157916)

https://edms.cern.ch/document/2679314
https://edms.cern.ch/document/3157916
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Interfaces with the Cryogenics system include the LAr recirculation 
components on the cryogenics mezzanine and feedthrough connections 
on the lid

● Cryogenics system is broadly similar to SBND except that it moves with the detector on the PRISM rails

Charge # 1, 5, 6.a
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Interfaces with the PRISM system include the rollers under the Cryostat and 
the Energy Chain which provides power, data, gas and cryogen connections

● The PRISM system allows the ND-LAr and TMS detectors to move 28.5 m off of the neutrino beam center

Charge # 1, 5, 6.a
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PRISM accelerations and forces are low. Static loads from gas pressure, 
hydrostatic pressure and gravity drive Cryostat structural performance.

● Upper bounds on PRISM speed and deceleration rate are established

○ Max velocity with 28.5 m in 4 hours is 2 mm/s 

○ Shortest possible deceleration (hard stop) is estimated to be 0.1 s

○ Corresponding deceleration is 20 mm/s2 [2e-3 g]

○ Effects of lateral accelerations on the structure studied by FEA

● Maximum tilt angle induced by 12mm elevation change over 10m is 1.2 mRad 

○ Ran a structural FEA with lateral acceleration applied for the purpose of documenting results

● Liquid argon sloshing is negligible per Voirin CFD sloshing study EDMS 2737398

● PRISM tests will be performed to validate assumptions and conclusions

Charge # 1, 5, 6.a

https://edms.cern.ch/document/2737398
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Cryostat

● Camera output

● Cold membrane insulation 

temperature sensor output

Slow Controls

● Wiring from camera to DAQ, 

distribution of video

● Wiring from temperature sensors to 

DAQ, distribution of signals

Charge # 1, 5, 6.a
Interfaces with Slow Controls include camera and temperature sensor 
readouts
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Interfaces with Installation and Integration (I&I) define scope divisions for 
material handling and installation planning

Cryostat

● Labor to perform lift and assembly 

work in ND cavern

● Lift, assembly and test procedures

● Custom assembly fixtures

I&I

● Material handling from storage to 

ND cavern

● Cranes, forklifts, pallet jacks and 

rigging equipment used in ND 

cavern

● Coordination of install activity 

across ND subsystems

● Coordination of FNAL safety reviews

Charge #  6.b
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Interfaces with Facilities are managed by ND Installation and Integration (I&I)

2348 Underground crane Requirement NSCF shall provide an underground crane of 60 US ton capacity in the detector hall.  The hook height will be a 
minimum of 49 ft -4 in above the cavern floor invert. The bottom surface of the crane beam structure shall be a 
minimum of 49 ft above the floor surface. See interface drawing 2440425v2 for details. The underground crane is 
required to cover from the CL of the shaft to as close as reasonably possible to the beginning of the SAND alcove.  The 
hook should be able to lift items approx 5 ft (1.5 m) from each of the cavern walls  (side approach).

2350 Floor embedment 
locations and surface 
requirements

Requirement NSCF shall design, procure, and install rails for the PRISM system. 
Rail system specifications are provided in EDMS 2804572v1.
Rail system general layout shown in NSCF Drawing 6-15-12 Vol 1 - S-ND-108, at 100% Issued for Bid.

2351 Surface crane Requirement NSCF shall provide a crane in the surface building of 15 US ton capacity capable of reaching the underground hall 
invert.  Crane shall cover equipment staging areas and shaft according to interface drawing 2443706v2. 

2355 Main cavern 
dimensions

Requirement NSCF shall provide a cavern with minimum dimensions of 166 ft (50.6 m) x 63 ft (19.2 m).  The cavern height and 
spring line shall accommodate an overhead crane with a 43 ft (13.1 m) hook height. NSCF shall add an alcove at the 
south west corner of the cavern with minimum dimensions of 44' 8" (13.6 m) x 46' (14 m) x 34' 11" H (10.7 m)

2356 Access shaft 
dimensions 

Requirement NSCF shall provide a vertical shaft to the surface with a minimum diameter of 38 ft (11.6 m). A minimum shaft 
cross-sectional area as indicated in interface drawing 2443706v2 (Sections AL-AL and AN-AN) (26 feet from shaft 
septum to opposite shaft wall) shall be free of obstructions for lifting equipment. Shaft areas shall be reserved for 
scientific utility routing (data, electrical, cryogenics) as indicated in interface drawing 2443706v2 (Section AN-AN). 

2588 ND Cavern Ventilation 
duct routing

Requirement NSCF shall provide ventilation ducts that are routed according to interface drawing 2440425v2 and shall not encroach 
into detector space claims.

2606 ND Surface Building 
Main Rollup Door

Requirement NSCF shall provide a rollup door to surface building high-bay with minimum opening shown in interface drawing 
2443706v2. Minimum width shall permit standard truckbed width plus space to walk around. Height should be 
maximized to next horizontal beam (approx. 17 to 18 ft).

Charge #  6.b



2024-09 Tennessen, Matichard | ND-LAr Cryostat Introduction37

Interfaces with the Cold Membrane are internal to Cryostat but are treated 
like external interfaces because the cold membrane is vendor engineered

DUNE ND Cavern Characteristics Warm structure, lid and feedthrough 
dimensions

Scope division

● Interfaces are defined in the statement of 

work for GTT’s detailed engineering study

● Statement of work is at the final approval 

stage

Charge #  7
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Project Management
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Cryostat is at the end of the Preliminary Design Phase

Path to Final Design Completion

● Identify vendors, get feedback and quotes

● Process BCR to capture updated vendor quotes

● Complete detailed analyses, both in house and with structural engineer

● Perform TPC Row Prototype tests

● Complete detailed 3D models

● Create part drawings

Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Phase Preliminary Design Final 
Design

Procure-
ment 

Planning

Fabric-
ation

Testing & 
Shipment ND Installation

Charge # 6.g 
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Summary
● The materials presented here cover the preliminary design of the warm structure, cold membrane, lid sections and TPC mezzanine. They are 

designed to meet specifications and interface requirements for components outside of the scope of this review such as the PRISM structure. 

● Requirements flow down from physics have been thoroughly reviewed and approved by the ND Technical Board. Other engineering and safety 
requirements are detailed in the lower tier of Cryostat requirements.

● There is detailed interface documentation in place with ND-LAr, Cryogenics, PRISM and I&I, which can be navigated through the N2 matrix.

● Assembly and detail drawings are accessible through the drawing tree.

● Fruitful collaboration with the SBND and FD teams at FNAL and CERN made it possible to capture lessons learned from previous cryostat 
construction projects. Actions from previous recommendations are thoroughly documented.

● Grounding schemes are developed in close collaboration with the EE team at FNAL, under the purview of Integration and Installation.

● Installation plans are developed in close collaboration with the Integration and Installation team. An internal review was recently held with subject 
matter experts  at FNAL, and covered the details of the Cryostat installation.

● The cryostat is designed to meet engineering standards, structural codes, FESHM, and other ES&H requirements as indicated in the 
following presentations for each of the components.

● The procurement strategy, cost and schedule are developed under the purview of the ND project (no consortium). The plans and estimates 
incorporate the experience from the SBND cryostat recently deployed at FNAL.

● The next presentations detail out how the design meets the requirements and interface specifications.


