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The instrument

23/09/2021 D4

Level C / H8 - Hot neutrons
Time sharing with IN1-Lagrange
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The team

23/09/2021 D4
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Some highlight characteristics

23/09/2021 D4

D4 is an evolving instrument

D4 (≥ 1973) ⇨ D4B (≥ 1983) ⇨ D4C (≥ 2000) ⇨ D4D (≥ 2030?)

● Hot source : 0.3 < 𝝺/Å < 1.05, standard 𝝺 = 0.5 Å for Qmax = 23.5 Å–1.
● Counting rate 106 (i.e. 0.1 % stats) per 0.125 in 3 hours.
● Overall counting-rate stability 10–4 over 3 days.
● Low background without parasitic peaks for all 𝝺 and detector positions.

⟹ Champion of experiments involving low-contrast (𝚫b < 0.5 fm) isotope substitution 
and/or very small samples.

● Q-resolution: 𝚫Q/Q ≲ 0.025 for 2𝜃  > 15° ⟹ RFWHM = 60 Å.
● R-resolution: for 𝝺 = 0.5 Å, 𝚫R = 3.79/(Qmax = 23.5 Å–1) = 0.16 Å.

⟹ Confirmed performance in PDF-analysis.
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The monochromator

23/09/2021 D4

Large double-focussing multi-face crystal monochromator supplying 
monochromatic beam in the intermediate and high neutron energy ranges 
(Cu) as well as in the lower energy range (Si), in operation since 2009.

Elastically bent Si111 
and Si311 reflections

Mosaic Cu220 and Cu331 crystal faces

D4 uses only the Cu faces for the typical 
wavelengths: 0.7 Å, 0.5 Å and 0.35 Å.

Collimator 𝝰1 ➞ Vacuum tube ➞ Shutter ➞ Filter ➞ Incident beam monitor  ➞ 
Diaphragm tube with horizontal+vertical slits.



6
THE EUROPEAN NEUTRON SOURCE

The sample chamber

23/09/2021 D4

● Cylindrical evacuated chamber of 50 cm diameter and about 50 cm height. 
● It houses all sample environments.
● Rotating omega plate.
● Adjustable vertical slits of high-density 10B4C.  
● The vacuum is about 10–6 mbar.
● Beamstop inside the bell jar
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The detector

23/09/2021 D4

In operation since 2000.

Between the bell jar and each of the 
detectors there is an evacuated 
collimation tube.

These collimation tubes eliminate 
air-scattering and also block the Al 
reflections coming from the bell jar exit.

The first detector has a mobile dedicated 
beamstop.
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The detector

23/09/2021 D4

● 9 microstrip detectors in a fan-like array.
● Detection plane at 1.146 m from the sample position. 
● Each detector has 64 microstrip detector cells.
● Detector cell 100 mm high and 2.5 mm wide, thus subtending 0.125° in 2𝜃 per cell.
● Angular range: 8° per detector, with an angular gap of 7° between detectors. 
● Useful angular range: 1.5° to 139° in 2𝜃. 
● Detection efficiency of about 81% at 0.5 Å.
● Detection depth of 30 mm for the 3He detection gas at 15 bar.
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Complementarity with D3

23/09/2021 D4

● 4 rows of 56 detectors 
(square section tubes)

● 15 atm of 3He 
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Complementarity with D3

23/09/2021 D4

● New 1-D detector covering 20° in 2𝚹 (only 2° before).
● About 6 times faster than the previous configuration.
● Polarisation analysis.
● Allows a direct measurement of the spin incoherent scattering. 
● Useful for hydrogenated materials.
● Could help with about 10% of the proposals done at D4.

● Not yet commissioned.
● Worse Q-resolution than D4.
● Longer counting times than D4.
● Data analysis more tricky.
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Available sample environments

23/09/2021 D4

Ambient:  In belljar under vacuum. If needed, possibility of having Ar or He atmosphere.

Furnace (F1):  Vanadium heating element, Tmax ~ 1300 C when using Ar leak at ~ 10-4 mbar.

Cryofurnace:   2 K < T < 550 K, T-control and heating above and below sample in calorimeter.

ILL-standard pressure cells (clamp or gas loaded):  Two TiZr cells.

Paris-Edinburgh press:  (see later slides).

Aerodynamic levitation with laser heating:  (see later slides).

Dilution inserts: Never used but compatible with our cryofurnace.

Custom/user-supplied sample environments:  
Inserted into bell jar (about 500 mm diameter) or cryofurnace (50 mm diameter).
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Software

23/09/2021 D4

Data reduction

Data correction/analysis

Plotting

● d4creg: regroups several runs (numors) in a single diffractogram
● d4opr: performs simple operations between regrouped files
● d4eff: produces a relative efficiency file
● d4nifit: fits a Ni diffractogram varying the wavelength and the zero angle 
● d4cget: extracts parameters registered in numor files

● correct: performs corrections of attenuation, multiple scattering and normalisation
● polyfit: performs inelasticity corrections fitting a polynomial
● lorgaun: performs inelasticity corrections fitting a Lorentzian-Gaussian function
● d4fou: performs a sine Fourier transform of the structure factor 
● d4soq: produce a variety of useful Q-space functions

● gnuplot: a portable command-line driven graphing utility

MANTID (for the near future)
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Recent upgrades

23/09/2021 D4

Only the past 5 years

● New vanadium tail for the D4-specific cryofurnace (2016).

● 𝛂1 incident beam collimation in place and tested successfully (2016).

● Isostatic mechanical support for the air-pad system under the detector block (2017).

● Rewiring of the instrument: detector and motor cables principally (2017).

● New FPGA detector signal processing, installed under the detectors (2017).

● Successful first ASI/DSI texts and certification of the instrument (spring 2018).

● Updates+improvements to the D4-version of the data-analysis program correct, making it much more 

user-friendly and efficient, remaining of course command-line/script driven (2019).

● Start including D4 data treatment into MANTID (2020).
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Risks

23/09/2021 D4

Low manpower

ILL-internal risks

Quite small team dedicated to the study of the structure of disordered materials

● Brainstorming ideas (see discussion later)

● Re-siting of D4: As in the case of IN1-Lagrange, D4 could make use of more beam time. 
But the low and stable background that we have at the present position would not be 
available elsewhere on Level C. The best option for having a 100% instrument is to 
remain at the H8 beam tube, but that seriously disadvantages the partner instrument.  
All things considered, for D4 it is much preferable to remain a 50% instrument at H8 
rather than being a 100% instrument elsewhere.

Technical risks
● Microstrip detectors (9 individual detectors + 1 spare)
● Incident beam monitor
● Linear motor of beamstop
● Special materials (high-density 10B4C, for example) 

SCIENTISTS
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Future developments

23/09/2021 D4

● Incident beam collimation
● Sample changers

● Migration of D4-software to MANTID

● Levitation environment
The SANE group has part or even all the equipment to develop the aerodynamic 
levitation with laser-heating. With a relative small effort, this group could make 
again levitation experiments possible, for D4 and other instruments.
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We pass the floor to Henry ...

23/09/2021 D4



17
THE EUROPEAN NEUTRON SOURCE

Comparison with other instruments - SNS

23/09/2021 D4

NOMAD: Nanoscale-Ordered 
Materials Diffractometer
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Comparison with other instruments - ISIS

23/09/2021 D4

SANDALS

GEM

NIMROD
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Comparison with other S(Q) instruments: C-number

23/09/2021 D4

The high-Q upturn in 
D4’s counting rate is 
due to “Q compression” 
of Q = 4𝜋/𝜆 * sin(𝜗) as 
sin(𝜗) -> 1 at 90 deg.

The shape of the curves 
for spallation source 
instruments is a function 
of the incident spectrum 
and detector coverage.
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Comparison with other instruments: Q-resolution

23/09/2021 D4

D4’s Q-resolution at 
0.5 A is improved 
with higher takeoff 
angle and with the 𝛼1 
collimation, but 
naturally at the cost 
of reduced flux.

NB: D4’s upturn at 
low Q does not    
here include the 
“umbrella effect”.
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Comparison with other S(Q) instruments: Detector counting 
rate stability 𝜎 and instrument background counts

Recall that Fourier techniques in diffraction require very clean data, normalized to barns/str/atom, 
corrected for attenuation and multiple scattering, and as free from systematic errors as possible.
NDIS in particular requires high reproducibility of diffraction patterns, and therefore high stability in 
detector (and monitor) counting rate, as well as low and stable background counts.  The latter however 
is difficult to define/measure, but is rather learned from experience with the instrument. 

D4c:  measured 𝜎 = 1 x 10–4 over a few days (microstrip detectors).
NOMAD:  measured 𝜎 = 1 x 10–4 over at least 4 hours.
NIMROD:  nominally 𝜎 < 5 x 10–3 over several hours.
GEM:  𝜎 probably comparable to NIMROD.
SANDALS:  𝜎 estimated to be no better than 1% over a few hours (still so?).

As for background counts, NOMAD@SNS had some bad luck:  the neighboring instrument has a 
monochromator (on a spallation source!) that is only a couple meters from the NOMAD sample.
In general it is more difficult on a spallation source to have background counts that are low (e.g. from 
epithermal neutrons getting past the T0 chopper) and stable (ring current, pulse reproducibilities).
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Stability over 2.6 days of 
the total counts of the 
D4c prototype detector 
and detector 1 of D4b, 
counting simultaneously 
on the same V sample, 
and here plotted after 
correction for monitor 
deadtime and averaging 
to 1-hour time intervals.

(from the ILL Report on 
the D4c prototype, No. 
ILL98FI15T, Nov 1998)
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Science served by the instrument (highlights)

23/09/2021 D4

Traditional:  Structure of liquids and glasses.

Opportunistic:  Structure of neutron-absorbing materials (Cd, B, Gd, Sm, 
Eu, other REs), including magnetic systems.

Recent:  Structure of disordered crystals or nano-structured materials, 
sometimes still referred to as “PDF-analysis”.

New:  Magnetic PDF-analysis, a probe of static and dynamic spin-spin 
correlations through Fourier transform of (diffuse) magnetic scattering.
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Aerodynamic 
levitation with 
laser-heating

23/09/2021 D4
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A double-difference NDIS 
(Ca-isotope substitution) 
experiment on CaAl2O4 at 
2000 C using aerodynamic 
levitation with laser heating.

Sample diameter ~ 2.5 mm.
Scattering length contrast: 
b(natCa) - b(44Ca) = 
4.70 fm - 1.42 fm = 3.28 fm. 

=> Low+stable background 
counts are essential!
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Very low contrast NDIS expt 
on D2O and H2O (ambient).

b(18O) - b(natO) ~ 0.2 fm,
as measured at S18 using 
neutron interferometry.

=> Low+stable background 
counts are again essential, 
and also ulta-stable monitor 
and detector counting rates 
(dependent on the ambient 
temperature of Niveau C).

Ambient NDIS:
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Use Path-Integral Molecular 
Dynamics (PIMD) simulations 
to tease out the QM effects.

Recall: Egelstaff pointed out 
that for pair-wise additive 
potentials u(r) in an ergodic 
system (e.g. a liquid), the 
equilibrium structure as 
measured by diffraction g(r) 
is independent of atomic 
mass.

For example, any difference 
in x-ray diffraction data for 
H2O vs D2O at the same T,P 
is necessarily due to QM 
effects, as is their difference 
in freezing and boiling points.
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PE press may 
be used under 
ambient T,P or 
with heated 
anvils (~200 C).
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NDIS on GeSe2 in 
PE press at D4c 
(ambient).

bnatGe = 8.185 fm.
b70Ge = 10.0 fm.
b73Ge = 5.09 fm.
bnatSe = 7.97 fm.
b76Se = 12.2 fm.

Wezka et al., 
PRB 2014.
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Same publication on GeSe2:  Only the total structure factor 
(i.e. no NDIS) seems to have been measurable on PEARL.
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The 3 preceding 
NDIS experiments 
would not have 
been possible, 
even at the ILL 
with its intense 
and stable reactor 
source, if D4c 
were located 
elsewhere on 
Niveau C.
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H/D substitution at D4c on 
aqueous solutions having 
applications to biological 
systems.

This team has performed 
other such “biology” 
experiments at D4, their 
S(Q) instrument of choice.
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Even for a sample can 
diameter of only 5 mm, 
the mean transmission 
of the natSmN sample at 
0.7 Å is only ~ 6 %.

It’s diffraction intensity 
seem close to the same 
level as for 10B powder, 
and considerably less 
that than of the empty 
container.

An “opportunistic” 
experiment example:
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But after subtraction of the 
measured backgrounds, 
the final counting statistics 
are quite good after a 
couple hours counting.
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First D4 results 
using “standard” 
atomic/nuclear 
PDF-analysis.

Here with 0.7 Å 
(Qmax ~ 17 Å-1) 
instead of the 
now usual 0.5 Å 
(Qmax ~ 24 A-1).
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Despite Vegard’s 
Law, one can show 
that big atoms take 
up more space 
than small atoms !!

Such an effect 
cannot be seen 
with Rietveld that 
reveals structure 
only as averaged 
over space+time.
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 time
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0.5 Å @ D4c
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Magnetic PDF-analysis (mPDF):

A pedagogical descriptive of magnetic PDF-analysis, along with examples of D4c data and 
preliminary results, can be found here:

https://www.ill.eu/fileadmin/user_upload/ILL/2_News_Press_Events/SciCo/Sci-Co-Public-Talks/
SciCo101_Fischer_2019-11-08.pdf
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Statistics

23/09/2021 D4

Beamtime Proposals:

User base:

Quite balanced in nationality (de-anglosaxonized).
New/casual/inexperienced users, and increased 
EASY+DDT time, has lead to a bottleneck in the 
proposal/expt/data-analysis/publication pipeline.
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Statistics

D4’s present H-index = 69, or ~98 when scaled to a 
full-time instrument (the highest at the ILL in 2017!), 
and D4’s 10-year M-index = 2.83 (6th at ILL).

5-year impact factor of 3.4 (170 cites / 50 articles).

Publications and citations
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Brainstorming ideas

23/09/2021 D4

In the past, such ideas have generally not been motivated to improve D4’s performance, but rather had 
other priorities and consequences that would have been very detrimental to D4’s operation:  

● (2002): Discussion of combining D4 with D9 as some kind of general-purpose hot-neutron 
diffractometer - it was never very clear what that meant in practice.

● (2005): A push by the Direction to consider moving D4 to the IH2 inclined beam tube. 
● (2008): Overly imaginative+enthusiastic discussion of replacing the D4c microstrip detectors with a 

stretched-wire banana-geometry detector, which would have far less counting-rate stability.
● (2010): Consideration of returning to beam-sharing mode with IN1, which had been discarded in 1983 

due to catastrophic background counts.
● (2006 - 2010): Promotion of the HiQ proposal for a PDF-analysis instrument on the IH2 inclined beam 

tube that would eventually replace D4.
● (2015): A brief/vague consideration of moving D4 to IH3 (or IH2?) once Brisp was dismounted.
● (2017): Proposal of a 3rd cold source that would remove the hot source as the first step.

Fortunately for D4, all of these ideas were unsuccessful in making it to the execution stage, perhaps 
because the instrument responsables of the hot-source instruments were not adequately consulted.
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Source:  Charles Dewhurst’s 
presentation to the ILL Scientific 
Council in spring 2017.
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Why not a 2nd hot source for the ILL?
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HS #1

HS #2
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Or a 3He-tubes detector à la 7C2 with
narrower tubes for better 2𝜃-definition?
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New high-temperature gas flow cell 

Brainstorming ideas (cont’d) 

A new “banana-like” detector could allow in situ experiments 
as those performed with this kind of reaction cells



53
THE EUROPEAN NEUTRON SOURCE

53
THE EUROPEAN NEUTRON SOURCE

INSTITUT LAUE LANGEVIN

Many thanks for your attention!

23/09/2021 D4
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APPENDICES
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• For decades, D4 has seen a continued turnover of new, good science, and new users.
• Frequently new, unanticipated applications of total scattering techniques.  
• The high counting rate and superb stability in background counts.
• The impressively increasing fraction of PDF-analysis experiments (nano/disordered crystals).
• In particular over the past 5 years, Magnetic PDF-analysis has developed a lot at D4.

SUMMARY OF SCIENTIFIC ACTIVITY 
Strengths and weaknesses of the science program and user base + 2 highlights from 2020

03/05/2021 D4

• Increasing number of new/inexperienced users requiring very much time+help+effort.
• Much more administrative workload (e.g. PhD recruitment, sending samples, contracts, etc).
• New, stricter safety rules, further consuming the time of instrument responsibles.
• More EASY/DIR experiments, and now doing the experiments alone during Covid.

• Magnetic PDF-analysis on the magnetically non-ordering NaYbO2, showing very interesting 
results for the dynamic local spin-spin correlations between Yb ions.

• Total scattering on amorphous materials (PhSn)4S6 exhibiting white light emission. This 
emitted light is highly directional and has a brilliance comparable to a Laser.
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STATISTICS
Overload factors, experiments performed and publication output for the last 5 years 

03/05/2021 D4

H-index = 69 – highest 
at ILL, when corrected 
for D4 as ½-time instr.
Average cites/pub = 34
5-yr impact factor = 3.4
Average pubs/y = 10
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• Lack of sufficient scientific man-hours competent in doing experiments at D4 and in 
analysing the Total-Scattering data using Fourier techniques: 

The Graduate School takes up ~50% of Henry’s time, Gabriel as the only other scientist competent 
to do PDF-analysis also does many experiments at other ILL instruments, and the increasing, now 
majority, fraction of new or inexperienced users at D4 (see written report) requires very much 
time/effort/help from Henry+Gabriel.  Finally, new/inexperienced users also tend to publish less, 
largely due to lack of familiarity or sufficient confidence with Fourier techniques in diffraction. 

• Up until ~ 4 years ago, D4 could claim the following publication pipeline throughput:
~ 95% of D4 experiments are successful, i.e. produce good raw data.
~ 85% of the raw data are fully analyzed (normalization, MS+attenuation corrections, etc).
~ 85% of the fully analyzed data are finally submitted for publication (~ all finally accepted).
Thus 0.95 * 0.85 * 0.85 = ~70% of D4 experiments are finally published (Δt_pipeline = 3+ years).
The present lack of D4-scientist man-hours has strongly reduced the first 0.85 factor !!!

FAILED EXPERIMENTS or UNPUBLISHED DATA
Number of and reasons for failures and bottlenecks for scientific output

03/05/2021 D4
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• New vanadium tail (from UK) for the D4-specific cryofurnace (2016).
• Alpha1 incident beam collimation in place and tested successfully (2016).
• Isostatic mechanical support for the air-pad system under the detector bloc 

(2017).
• Rewiring of the instrument: detector and motor cables principally (2017).
• New FPGA detector signal processing, installed under the detectors (2017).
• Successful first ASI/DSI texts and certification of instrument (spring 2018).
• Updates+improvements to the D4-version of the data-analysis program 

CORRECT, making it much more user-friendly and efficient, remaining of course 
command-line/script driven (2019).

• Start including D4 data treatment into MANTID (2020).

SUMMARY OF RECENT TECHNICAL DEVELOPMENTS 
Improvements/upgrades - sample environment, instrument control, data treatment, etc

03/05/2021 D4
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• 2022:  Design and installation of an incident beam collimation for the sample bell jar, similar 
to that which was successfully done for the D4 cryofurnace, thus reducing background and 
also allowing a lower Qmin by a factor of 1.5 or so. Depending on the cost, the opening of this 
collimator could be motorised.

• 2022: Design and installation of a sample changer for our cryofurnace, based on the idea of 
that developed for IN1 by Alain Bertoni. For D4 the system could be simpler, because we 
plan to have 4 to 6 positions only. This simplifies the geometrical constraints.

• 2022: Design of a sample changer for ambient conditions (i.e., room temperature and 
vacuum). The idea is to have a sample changer with 4 to 6 positions, adapted to a new 
cover plate (i.e. bell-jar lid). This will allow interchanging with the present lid for delicate 
experiments where small changes in the background could be annoying.

If Alain has not enough time for the three projects, the third one could be delayed to 2023. 
We remind you that, in the best case, D4 obtains at most 50% of Alain’s working time. 

FUTURE DEVELOPMENTS, UPGRADES
Projects that do not fit into the operation budget of the instrument or Endurance

03/05/2021 D4
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Brainstorming ideas

23/09/2021 D4

New multidetector


