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50 Years of Neutron Backscattering Spectroscopy

The Pathway of Neutron Backscattering: 

from Garching to Grenoble

Dedicated to Toni Heidemann
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Backscattering for pedestrians

A standing wave pattern with a splitting of the dispersion relation at the BZ 
develops for any wave propagating in a medium with a periodic susceptibility 
under condition that the projected wavelength :Bragg diffraction. 

The width of the band gap 2y represents the interaction strength of the wave 
with the medium (energy resolution) :

~ eV for electrons (insulators or semiconductors)
~ meV for X-rays
~ µeV for neutrons

The Eigenstates develop for a sufficient length extinction length (crystal 
quality).

The width of the band gap is expressed by the crystallographic structure factor 
of a reflection
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Extinction limited reflection profile
Darwin profile
Dynamical linewidth
Range of total reflection of a Bragg peak 

Backscattering for pedestrians
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Reflection ΔG111/G111 ΔE FWHM (2y) 

[µeV]

Si 111 18.6·10-6 0.077

For θ = 90°:



First backscattering experiment

B. Alefeld, Bayer. Akademie der Wissenschaften, 
Mathematisch-Naturwissenschaftliche Klasse, 11, 109 
(1966):
„Rückstreuversuche hoher Auflösung mit Neutronen“

First Si 111 crystal
(Ø = 50 mm, d = 20 mm)

Second Si 111 crystal, temperature 
controlled

Bragg angle θ = 89° ± 0.5°

Vertical guide with height of 3.8 m

B. Alefeld



First backscattering experiment

Resolution = 1.2 µeV / crystal 
(not ideal BS)

Offset = 0.38 µeV (≡ 3.8 m)

Signal: 0.7 cts/s

Proof of principle of backscattering

1,10-1,1 ΔE [µeV]



First BS-spectrometer (at FRM)

B. Alefeld, M. Birr, A. Heidemann, Proceedings of 4th IAEA symposium, 
Copenhagen (1968)

& Naturwissenschaften, Heft 8, 410-412 (1969) / first results shown
& NIM, vol 95, 435-439 (1971)

Neutron switch

Focusing trumpet with Ni-coating

Energy variation by Doppler or temperature

1 analyser at θ = 90°, radius 1.25 m

Bent Si 111 crystals, surface = 0.60 m2

Sample-analyser flight path with He gas

Nota: Sample is 1 cm from primary beam, 107 n/s

Background 1.5 cts/m

Expected signal between 1 and 10 cts/m

B. Alefeld, A. Heidemann, M. Birr



Energy resolution: 0.6 meV FWHM

Energy transfer range: ± 4 meV

Momentum transfer (fixed): 1.4 ± 0.25 Å
-1

Solid angle: 4%

Flux: 30 n/s/cm2

First BS-spectrometer (at FRM)



First experiments (1969)

QENS in Glycerol : Glass transition
(M. Birr)

Hyperfine splitting in V2O3

(A. Heidemann)

Backscattering spectroscopy works!

Neutrons / channel 505 h  (= 3 weeks)

0.5 cts signal/s in peak



Essential improvements:

Graphite deflector

Exact BS 

Energy range ± 8 µeV

4 detectors 

Momentum range 0.1 … 2.0 Å
-1

Cold Source

Flux 3·103 n/s/cm2 (gain factor 100) 

Two setups:

Polished Si crystal with ΔE = 0.3 µeV

As-cut Si crystals with ΔE = 0.7 µeV

(~3 times higher flux)

π-spectrometer at FRJ-2

B. Alefeld, 1972, Kerntechnik, (1972) 14, pp 15 – 17

Started operation in 1971

B. Alefeld



1972: The backscattering spectrometer IN10 is being built as part of the 
second instrument generation of the ILL.

Instrument concept similar to the π-spectrometer at Jülich, 
Faster Doppler drive
Larger analyser surface
10 * increased flux

Ready to serve in 1974!

IN 10 was the working horse
of backscattering 
for decades -
(and is still alive today) 

Beginning of backscattering at ILL
A. Heidemann



First analyer housing with manhole

IN10 at ILL

Upgraded version

Doppler

Thermal



Related developments

Thermal monochromators IN10B (A. Heidemann, J. Cook, M. Prager):
High resolution windows for inelastic scattering 

Roton minimum in He4 

Thermal neutron backscattering IN13 (A. Heidemann, I. S. Anderson,W. Petry):
High Q version (5.5 Å-1), since 1978

Rotational structure factors of NO2-CH3 (1982) and of CH4 (1983)

X-ray backscattering (E. Burkel, B. Dorner, J. Peisl): 1989
Inelastic x-ray scattering (phonons, magnons, etc.)

Phonons in Be and diamond



IN16: Programme 2eme souffle (1996) 

Second generation of BS-spectrometer

 Large primary guide cross section

 Comprehensive beam focussing

(crystal optics, supermirror guides)

 Open instrument architecture

 Exact backscattering

 Flux increase ~4

A. Heidemann, A. Magerl, B. Frick

Sample-detector distance to 2.5 m



J.Schelten, B.Alefeld, Jül-1954, 378-389 (1984)

Phase space transformation

Matching the Q-resolutions between primary and secondary spectrometer (1D)

Doppler energy tranfer at a moving mosaic crystal (from ‚white‘ to ‚wide‘)

Estimated gain factors 10 - 18 

First application at the HFBS at NIST (2000)

3rd generation spectrometer



Today‘s spectrometers

EMU at ANSTO (2016)

SPHERES at FRM II (2008)

HFBS at NCNR (2000) 

IN16B at ILL (2013)



Figures of performance:

FRM
Present day

(e. g. IN16B)

Progress

factor

Vanadium count rate [c/s] 0.0083 1050 125,000

Flux at sample [n/cm2/s] 30 6·105 20,000

Analyser solid angle [%] 4 24 6

Vanadium signal/background 1.2 2,000 1,700

Energy range [µeV] ± 4 ± 32 8

Energy resolution [µeV] 0.62 0.75 ~ 1

Today‘s spectrometers



The future?

Future developments for reactor-based backscattering may in 
addition focus on:

 extended energy range
 sharper energy resolution

Over the last 50 years the progress in backscattering spectroscopy 
was primarily through a dramatic progress in the count rate



The future: BATS-option for IN16B

M. Appel, B. Frick, A. Magerl

Inverted ToF spectrometer (very fast choppers)

 Increasing energy transfer range to ± 250 μeV (movable)

 Offering readily adjustable energy resolution: 1.5 … 8 μeV



The future: GaAs-option for IN16B
K. Kuhlmann, M. Appel, B. Frick, A. Magerl

Two-crystal reflectivity (IN10, 2016)

Enhanced energy resolution ~ 0.05 µeV

Crystal properties tested in a 
dispersion-free 2-crystal setup on IN10:

 intrinsic line width 
 variation of lattice parameter
 influence of defect structure
 mechanical treatments
 gravity compensation

Reflection ΔG/G ΔE [µeV] Qmax [Å
-1

]

Si 111 18.6·10-6 0.077 1.9

GaAs 200 1.57·10-6 0.008 2.2

First spectrum before end of 2016


