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ENDURANCE
Setting the pace



Over the last decades neutron scattering in Europe has seen a big step 
forward both in capacity and capability.  Apart from new sources, 

progress has been primarily fuelled by technological improvements in neutron 
delivery and neutron detection combined with computer aided instrument 
optimization.  At the ILL this process has led to a series of ambitious upgrades 
managed under the Millennium and Endurance Programmes.  The Millennium 
M-0 phase has seen 14 projects completed by 2009 while the M-1 phase is 
entering its final stage with the commissioning of Wasp in 2018.  In total, the 
Millennium program saw 26 new or upgraded instruments with a financial 
volume (exclusive of in-house staff costs) of ~80 M€ over a period of 15 
years i.e. ~5 M€/year.  The return on this modest investment is never the 
less impressive and as a result the ILL can offer state-of-the-art experimental 
facilities to the users.  The constant high demand for beam time and 
concomitant high-quality publication output demonstrates the attractiveness 
of services provided. 

Modernisation of the ILL instrument suite and support infrastructure continues 
under the Endurance programme. It will be a considerable project challenge 
to make this 60 M€ investment in 8 years i.e. 7-8 M€/year while continuing to 
ensure a high level of availability of the scientific infrastructure at ILL.

This short brochure gives a brief overview of the Endurance programme at 
the time of the ILL-ESS User Meeting in October 2018. It collects together the 
posters prepared for the meeting, which describe the projects in more detail. 
We hope that you will be able to discuss the projects during the User Meeting 
and that this document will serve as a reference as the projects are delivered 
in the coming years.

And for the future, all new ideas for instrumentation, sample environment, 
data treatment, etc are welcome – please share them with us…
 
Charles Dewhurst - Endurance Coordinator - and the ILL directors

MILLENNIUM PROGRAMME: 2000 - 2018
The Millenium Programme delivered a large number of projects as shown below, with WASP currently 
being finished. This investment is essential to increase capability in order to address new scientific 
and societal challenges. and maintain our scientific output - bottom figure. (Note that the minimum in 
publication output was due to the renewal of the reactor vessel).

D4 0.6 M€ 

D17 0.5 M€ 

D20 0.7 M€ 

IN8 1.5 M€ + D16 0.3 M€ 

IN5 primary spec 1.5 M€ 

D11 collimation 0.6 M€

D22 SANS detector *(1) 

VIVALDI 0.6 M€

SALSA 2.6 M€ *(2) 

MINIBALL 0.5 M€

D7 1.0 M€

D2b 1.8 M€ *(3) 

D19 2 M€ *(4) 

D3 0.7 M€

TAS / Flat cone 0.4 M€

IN5 secondary    spectrometer 3.6 M€

IN16b 3.4 M€

GRANIT 1.2 M€

LADI III 0.8 M€ *(5) 

Figaro 2.8 M€

D11 1 M€

WASP Spin Echo 3.5 M€
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1995 ~ 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012   

M
ill

en
ni

um
 P

ro
gr

am
m

e 
M

0

[ [ [ [ [ [ [ [ [ [ [[ [[

] ] ] ] ] ] ] ] ] ] ]] ]]

U
FI

s

ro
gr

am
m

e 
M

1-

Millennium Programme - instruments and budgets 

*(1) 0.1 M€ comes from ENEA – Italy 

*(2) 2 M€ comes from EPSRC – UK 

*(3) 1 M€ comes from EPSRC – UK 
*(4) 1.4 M€ comes from EPSRC – UK 
*(5) 0.4 M€ comes from the EU 

[ [

IN20 0.4 M€

] ]

*(6) 0.5 M€ comes from Spain
*(7) 0.2 M€ comes from the ILL
*(8) 0.5 M€ comes from the ILL

*(9) 0.6 M€ comes from the ILL
*(10) 1 M€ comes from the ILL

*(11) 0.5 M€ comes from the ILL
THALES

IN12 1.6 M€

D33 4.2 M€

LAGRANGE 1.0 M€ *(6) 

Super ADAM 3.0 M€ *(7) 

*(9) 

*(8) 

D17 0.2 M€

IN4 0.4 M€
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Projet	 Description				    Delivery
FIPPS		  New fission product γ-ray spectrometer	 2016

FIPPS		  Anti-Compton detectors			   2018

RAINBOWS	 White-beam reflectometer option		  2017 (Proof of principle)

D17		  Guide & chopper upgrade			  2018

PANTHER	 Thermal neutron chopper spectrometer	 2019

H16/IN5		 Guide and beam focusing optics		  2019

SUPERSUN	 Next-generation ultra-cold neutron source	 2019

D3 liquids	 Wide angle detector & polarization analysis	 2019

H24		  Thermal neutron guide renewal		  2020

D10+		S  ingle cristal diffractometer		  2020

IN13+		  Backscattering spectrometer (CRG)		  2020

XtremeD	 New extreme condition powder & single	 2020

		  crystal diffractometer

H1-H2		  Beam tube renewal			   2020

IN20		  Velocity selector				    2020

NESSE		S  ample environment equipment		  2016 - 2019

BASTILLE	 Data treatment software			   2016 - 2019
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MILLENNIUM PROGRAMME: wasp ENDURANCE PHASE 1: 2016 - 2020
WASP, the Wide Angle Spin Echo spectrometer, is the last Millenium project. As
these photos show, installation is almost complete and commissioning can start
soon.

The original Endurance project was split in two phases. Phase 1 includes the projects 
listed below, with a focus on renewing the guide system H24 and its instruments. The 
budget of Endurance-1 is 22 M€. Additional ‘CPER’ funding of 4.3 M€ from the French 
state, region and city has enabled this part of the programme to be extended.



ENDURANCE PHASE 1: FIPPS

ENDURANCE PHASE 1: PANTHER

Gamma-ray spectrometer for thermal neutron 
induced nuclear reactions

A thermal neutron, time-of-flight spectrometer, 
replacing IN4
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ENDURANCE PHASE 2: 2019
Endurance-2 projects were initiated with an open call at the start of 
2017 and approximately 40 were received for a total budget of 60 M€. 
Following careful evaluation by the Instrument Sub-committee, the 
Scientific Council and the Steering Committee, two-thirds of the projects 
were retained for a budget of approximately 40 M€. This set of projects 
has been split into three parts, the first to be started in 2019 as detailed 
below.

D10+

ENDURANCE PHASE 1: H24
New thermal guide, a new powder and single-crystal diffractome-
ter – XTREMED – and upgraded instruments – D10+ and IN13+

D10+ IN13+ XtremeD CT2 Cyclops
+ Orient Xpress

8

Projet	 Description			   Delivery
D11		  Large area detector		  2021

D22++		  Wide angle detector		  2021

D16		  Wide angle detector		  2021

D20c		  Replacement detector		  2021

IN20		  Monochromator and 

		  multianalyser/detector		  2021

LADI-B		S  econd protein crystallography
		  station				    2019

IM2020	 -NeXT	 Public imaging beam line		  2020

H15		  Guide design			   2019

NESSE2		S ample environment equipment	 2019 - 2023

BASTILLE2	 Data treatment software		  2019 - 2023

XtremeD

IN13+



Detector chamber for XtremeD

5 out of 8 detector panels ready for PANTHER
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In the same way that the thermal guide H24 and its instruments are a 
key focus of Endurance-1, the cold guide H15 and its instruments are 
the cornerstone of Endurance-2. The guide which currently serves three 
instruments will have multiple branches serving up to six instruments, 
including two additional CRG instruments. This set of projects will be 
delivered by 2023.

The photos below show 2 detectors developed in Endurance Phase 1. In Phase 2 there will be major 
detector projects on D11, D22, D16, D20 and D19.

ENDURANCE PHASE 2: 2019 - Detectors ENDURANCE PHASE 2: H15

Projet	 Description			 
	
H15		  Guide renewal

D7+		  Primary spectrometer		

D11		  Beam collimation

RAMSES		 Primary spectrometer of SHARP (ex. IN6)

SAM		S  ANS instrument (CRG)

GAPS		  TAS instrument (CRG)
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ENDURANCE PHASE 2: 2020-2023

ENDURANCE performance gains

The remaining projects in Endurance-2 will be executed in the period 2020-2023. 
They are a set of projects which generally are not mature enough to start before 
2020. In any case, available resources for projects at ILL mean that there is a clear 
limit to the number of projects that can be conducted at any one time, as well as 
the amount of money that can be spent per year!

Endurance performance gains: Many factors contribute to instrument performance 
like flux at the sample, detector coverage, signal-to-noise ratio and also reliability. 
The performance of the experimental programme at the ILL is influenced by a 
broader range of factors, including sample environment and data treatment, both 
of which are the subject of Endurance projects.  

Many factors contribute to instrument performance like flux on sample, detector coverage, 
signal-to-noise ratio and also reliability.

Combining all these factors, the biggest gain is expected for PANTHER which should be 
60 times better than IN4. A gain factor of 30 is expected for D7+ by matching the primary 
spectrometer to the secondary, which was upgraded in the Millenium programme and gave 
a 100-fold improvement at the time. The case of D7 illustrates that big gains are possible, for 
a given source, by ensuring that the instruments are optimally coupled to the source.

A gain factor of 30 is also expected with the implementation of RAINBOWS demonstrating 
that new measuring techniques can give very significant improvements.

An apparently modest gain factor of 2 will result from the creation of a second measuring 
station for LADI. For a low throughput technique, like protein crystallography, with limited 
capacity world-wide, this will be a highly significant improvement in capacity.

On average, it is estimated that each project will lead to a factor 10 improvement on each 
instrument.

Performance gains can affect capacity (e.g. flux) and capability. The public imaging 
instrument, the first of its kind at ILL, which will be created by the IM2020-NeXT project, 
will provide new capability at ILL. The very high, continuous flux at the ILL will provide 
world-leading capability in imaging.

The performance of the experimental programme at the ILL is influenced by a broader range 
of factors, including sample environment and data treatment, both of which are the subject 
of Endurance projects, NESSE and BASTILLE respectively.  

Guide upgrades and focusing optics have, in the past, led to significant flux gains at the 
sample. H24 (thermal) and H15 (cold) guides and their instruments are the two, major guide 
projects in Endurance.

Projet	 Description				  
FIPPS		  Gas filled magnet: mass spectrometer

D19		  High count rate detector

RAINBOWS	 Implementation on D17/FIGARO

WASP		  Extra detectors & time-of-flight option		

LAASI311	 High-Q, Si311 analysers for IN16

MARMOT	 Multiplexing analyser and detector for ThALES
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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ENDURANCE POSTERS
Endurance phase 1

CPER package
Endurance phase 2 
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