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These design parameters are achieved by the following characteristics:  
x bispectral beam extraction with optional polarizer to enable the large dynamic range and an ideal 

transmission for cold polarized neutrons, 
x total instrument length of 169.3 m resulting in a bandwidth of 'O<1.7Å, perfect for (i) dense 

coverage of the energy range of interest, (ii) reciprocal space coverage for single crystal studies and 
(iii) PA 

x neutron guide system with optimized brilliance transfer of above 85% and homogeneous beam and 
divergence profile for a 10 mm x 30 mm beam spot, 

x no direct line-of-sight by a curved neutron guide and a T0 chopper installed downstream the curved 
section, 

x versatile chopper system featuring fast counter rotating choppers (maximum frequency 406 Hz, 700 
mm diameter) for precise energy definition and the novel Fan chopper to adapt the recording time 
frames to the different initial wavelengths inherent to RRM, 

x a sample-to-detector distance of 3 m required to match the energy resolution of the primary 
spectrometer of 'E/E < 1 % for low energy, and coverage of a huge volume in reciprocal space at 
reasonable cost 

x highly efficient PA over the entire spectral range with a wide angle 3He filter cell with variable 
pressure  in  a  “magic  PASTIS”  magnetic  system. 

 
The performance of T-REX has been benchmarked against existing state-of-the-art TOF-spectrometers 

by ray tracing simulations for standard instrument configurations. The flux gain factors for T-REX at 
comparable energy resolution range between 5 comparing single pulses and 100 for maximal repetition rate 
multiplication, thus enabling entirely new scientific problems to be tackled:  

Instrument LET IN5 CNCS 4-SEASONS 
gain factor single pulse 25 9 5 5 
gain factor including RRM 60 100 80 35 

In summary, T-REX will cover a science case, where neutrons excel, namely in the field of quantum 
phenomena and correlated electron systems, and complement the endorsed chopper spectrometer suite 
(CSPEC, VOR, CAMEA) by optimization for the thermal energy range and for PA in the entire energy range 
from thermal to cold. T-REX will feature unprecedented four dimensional reciprocal space coverage, make 
PA for chopper spectrometer a standard tool and outperform existing instruments by a large margin in 
signal-to-noise-ratio. This is a safe bet for new scientific breakthroughs. 

 

Figure. Schematics of the neutron guide and chopper system together with a path-time-of-flight diagram of 
the proposed instrument T-REX. 
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T-REX unique with 5D mapping
Polychromatic experiments
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T-REX	layout

In-bunker + D03 building

Experimental cave overview

polarizers Primary collimator

NBOA BBGOA Heavy shutter
Bandwidth choppers
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Critical	path/MS	of	T-REX	project

TA New	expected
TG3 Apr	22 Oct 23
TG4 Dec	24 Dec 25
TG5	documentation Apr	25 Apr	26
TG5 Jun	25 Jun	26

TGs

Project MS
FZJ

CNR

Boundary conditions:

The	TGs	Milestones	are estimated assuming the following resources assigned/dedicated to the project for the
entire duration

FZJ

1	scientist
2	designers
2	project engineers (ZEA-1)
0.4	project engineer (JCNS)

YES
NO	(only 1)
NO	(only 1)
YES

CNR 1	scientist
1	project engineer

YES
NO
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T-REX	sub-projects	overview
Partner Design Manufacturing Installation

Background Chopper CNR tbd tbd tbd
NBOA FZJ S-DH S-DH ESS
Neutron guide inside bunker + BWI FZJ S-DH S-DH S-DH
BBGOA FZJ tender tender ESS
Collimators and slits CNR CNR tbd tbd
Neutron Guide Outside Bunker FZJ S-DH S-DH S-DH
Monitors CNR tbd tbd tbd
Beamline Shielding (calculations) FZJ n.a. n.a. n.a.
Beamline Shielding (actual shielding blocks) CNR tbd tbd tbd
Polarization Equipment FZJ FZJ FZJ tbd
Beam Shutter CNR CNR tbd tbd
Fast Choppers FZJ FZJ - ZEA FZJ - ZEA FZJ - ZEA
Secondary Collimator CNR tbd tbd tbd
Fan Chopper FZJ FZJ - JCNS FZJ - JCNS tbd
Experimental cave CNR tender tender tender
Detector Vessel FZJ FZJ – ZEA-1 tender FZJ
Beamstop CNR tbd tbd tbd
Neutron Detector FZJ ESS - DG ESS - DG ESS-DG
Prototype Detector Box FZJ FZJ – ZEA-1 KRESS tbd
Experimental Cave (infastructure) FZJ FZJ – ZEA-1 tender tender
Control Hutch & Sample Preparation Area FZJ tender tender tender
Sample Environment FZJ tender tender ESS - SAD
MCA FZJ FZJ - JCNS FZJ - JCNS FZJ - JCNS
Utilities distribution FZJ ESS ESS ESS
PSS FZJ ESS ESS ESS

Project MS
FZJ

CNR



Neutron guide
• NBOA: FAT in progress, reflectivity measurements done
• In bunker components:

• In-bunker guide: final engineering design in progress @ S-DH 
• Shutter: design completed by CNR
• Documentation for sTG3 in preparation

• Out-of-bunker guide: contract assigned to S-DH, kick-off on 01.04.2022
• Primary collimator: mechanical design in progress at CNR, complex interfaces

Project MS
FZJ

CNR

Choppers
• Fast choppers: designer to be assigned to the work-package
• FAN chopper: looking for a mechanical engineer to start the design

In progress:

Polarization
• Cold neutrons polarizer ready for CTV (vendor identified)
• Thermal neutron polarizer ready for IDR
• Laser lab ready for IDR
• Guide field: field calculations in progress
• Guide exchanger unit: ready for IDR
• Adiabatic spin rotation: calculations in progress
• PASTIS unstarted

3D of the
M-chopper
showing the
interface



Unstarted:

• Bandwidth choppers (common project?)

• Secondary collimator

• Sample environment

• Multi-GRID detector (?)

• Beamstop (and get-lost tube)

• Instrument hutch and sample preparation

• PSS (kick-off requested)

• Utilities

Project MS

FZJ

CNR

Detectors
• Detector vessel: procurement in progress (second tender) 

open from 01.04.2022 to 23.05.2022

• Detector box: manufacturing tender assigned to KRESS

raw material delivered to KRESS on 21.04.2022

(6+ m manufacturing)

Shielding
• Beamline shielding: collating offers, neutronics calculations ongoing

• Cave: design review in preparation

In progress:



Design highlight: polarization equipment

1. Thermal polarizer
2. Cold polarizer
3. Guide exchange unit
4. Guide field (spin holding) 
5. Adiabatic field (spin rotation)
6. PASTIS setup
7. Laser lab
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m

m=3

Top view

49.1 mm 46.1 mm

• 5  mirrors

• Mirrors lenght = 100 mm

• Borkron substrate 0.3 mm

• Fe/Si mirrors m=3

• Mirrors coated on both sides

• Mirrors 1 and 5 inclined by

0.092 deg in the horizontal 

plane

• Mirrors 2, 3 and 4 parallel

Tapered profile on the vertical plane

Tapering angle = 0.086 deg

38.9 mm 35.7 mm

1

2

3

4

5

parallel to the beam

Cold neutrons polarizer simulations



m

Top view

All mirrors are inclined by 0.62 
deg with respect to the parallel 
(red dashed line)

Mirrors 6, 7, 8, 27, 28 and 29
are shorter
to cope with the tapered profile

6 7 8

9 10 11

13 14

16 17

18 19 20

21 22 23

24 25 26

27 28 29

12

15

Example of tapered profile on 
the vertical plane 
(exagerated) for mirrors 9 and
11.
Tapering angle = 0.086 deg

0.62˚

119

1

2

3

4
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Cold neutrons polarizer simulations



mm=4

top view

• 2 mirrors
• Mirrors length = 100 mm
• Borkron substrate 0.3 mm
• Fe/Si mirrors m=438.9 mm 35.7 mm

Tapering angle = Top/bottom mirrors

Inclination angle  deg

30
31

Cold neutrons polarizer simulations



L 4V
60 0.46
50 0.56
45 0.62
40 0.70
30 0.93

Left-right sides Inner layers Top bottom
m=3 m=3 m=4

! [deg]

Cold neutrons polarizer simulations

m=5

m=5.5 Higher P at short
wavelenghts



Modelling the magnetic field components

5 Mandhala rings & 4 solenoids & 8 racetrack coils

racetrack coils configurations
for vertical and transverse field

Vertical Field

Bx

Bz



Measurements of field distortion by motors in the collimator

Primary collimator features various motors inside the field

Halbach rings



Project challenges:

1. Finding an engineer for the CNR work package
Status: talking to potential candidates, NSS is involved

2. FZJ engineering personnel re-assigned to other projects
Status: Designer (Oliver) starting again while finishing up the NBPI project

3. Changed Project Lead Engineer
Status: the project Lead Engineer changed already two times (training, handing-over, etc.)

4. Overrunning costs due to personnel and materials
Status: FZJ secured extra-funding from the BMBF to keep the project running. EAC still being 
monitored

5. Detector delivery agreement missing
Status: draft agreement circulated in Jul-21, waiting for reply from the ESS

6. Getting an offer for the common shielding
Status: needs to update the offer on ESS side

7. Detector vessel procurement restarted after 1+ year
Status: tender opened on 01.04.2022 till 23.05.2022



Technical challenges: 

1. Primary collimator interfaces with magnetic field and M-chopper are complex
Status: team of experts working close together
major challenges with the guide field concept and the guide alignment

2. Defining Vacuum tests for the Detector Vessel
Status: needs dedicated discussion with ICS-ESS

3. Magnetic requirements for the drive of the secondary collimator
Status: requires investigations on the vendor’s side, currently ongoing

4. HEIMDAL and T-REX are very close to each other in the first few meters of guide.
Status: working together on reducing dimensions, changing positions of the lifting points and lifting 
concept, S-DH working on this



Are	you	experiencing	any	delays	and	why?



Component Description When delay happened / for how long

Neutron guide

Procurement delayed by the ESS

Procurement delayed by FZJ

Documentation submitted on 27.05.2020 and approved on 
27.10.2020

Tender docs released in Apr.2021 (only in-bunker) and 
Jan.2022 (out-of-bunker)

Detector Vessel

Procurement delayed by the ESS

Tender failed

Discussion of magnetic requirements with the ESS

Discussion with suppliers

Doc submitted on 06.07.2018 and approved on 04.08.2020

First tender concluded in 2020
Published again in Feb 2022

From Oct.2020 to Sep.2021

From Aug 2020 to Feb 2022

Fast Choppers

Procurement delayed by the ESS

Procurement delayed by FZJ

Design delayed by FZJ

Doc submitted on 25.09.2019 and approved on 27.05.2020

Assigned to ZEA-1 in Sep.2021

ZEA-1 designer starting in May.2022

MG Detectors Undefined sub-project, timeline and specs Agreement missing (draft ready since July 2021)

CNR engineer The required professional profile is difficult to find in  
outsourcing

Jan-Dec 2021



Summary	of	installation	plan



Foreseen installation plan:

2022: 
NBOA.
Status: FAT in progress, reflectivity measurements done

2023: 
in-bunker components
• S-DH: neutron guide + support
• CNR: heavy shutter
Status: sTG3 scheduled in May-22

2024: 
Installations in D03/E02:
• S-DH: neutron guide
• CNR: shielding
The order of installation sis clear and agreed: (1) bottom parts of the shielding + support, (2) neutron guide, (3) upper 
parts of the shielding

Preinstallations at FZJ:
• Detector Vessel vacuum integration
• Mechanical integrations of collimators, gate valve, detector support structure, detector box.

2025: 
installations in E01 + choppers in D03/E02
The actual schedule will be more precise as we go More details provided in attachment



Project Risks

More details provided in attachment



Thank	you	for	your	attention


