
















































































































































































































































































With the coming of the ESRF, EMBL saw an excellent opportunity to 
extend its facilities at Grenoble and become a major international focus for 
the application of both neutron and X-ray diffraction to structural biology. In 
keeping with its philosophy towards the ILL however, EMBL wishes to do 
more than just provide wet biochemical facilities for visitors to the ESRF; it 
wishes for a direct involvement in the design, construction and running of 
dedicated beamlines for structural biology. In addition there should be in
house research programmes orientated towards use of synchrotron radiation 
in biology. The experience at the Hamburg Outstation of EMBL has shown 
that such an approach is a good basis for the provision of forefront 
synchrotron facilities for the benefit of scientists all over Europe. It should 
be stressed that EMBL is by no means seeking a monopoly on structural 
biology at the ESRF. Indeed it sees colloboration with other interests (e.g. the 
French Institut de Biologie Structurale (IBS), the various national CRGs and of 
course any biologists at the ESRF) as vital for the success of the effort in 
Grenoble. However being an international laboratory it can have a special 
role in representing the interests of the large European biological 
synchrotron radiation user community. 

To these ends, EMBL has proposed the following, as the basis of a 
collaboration with the ESRF: 
Ca) Appoint a scientist to be responsible for the design of a bending magnet 
beamline dedicated for anomalous scattering in protein crystallography 
(BL 19). Construction would be in collaboration with the ESRF. Andrew 
Thompson has been appointed to this position (see his contribution). 
(b) Appoint a scientist to be responsible for the protein crystallography 
station on the ESRF undulator BL4 which is currently shared with small angle 
scattering. This is to ensure the optimal set up for measurement of weakly 
diffracting macromolecular crystals (e.g. large unit cells, frozen micro
crystals). 
(c) Work with the ESRF on the design and construction of a dedicated 
undulator beamline (BL20) to replace BL4. 
(d) Prepare a proposal for an EMBL-funded beam line (CRG). 
(e) Appoint initially 2 engineers/technicians and 3 scientists to aid in design, 
construction and running of the beamlines. 
Cf) Provide biochemical laboratory facilities for short and long term ESRF 
visitors. 
(g) Establish a biophysics group to develop applications of intense 
synchrotron beams (e.g. Laue, time-resolved studies and MAD). 
(h) These expanded facilities will be housed in an extension of about 850 m2 

to the current Outstation building. 
These proposal are the basis of the draft agreement signed by the 

Director Generals of EMBL and ESRF in October 1991. 



BEAMLINE 4 OF THE ESRF: A HIGH-BRILLIANCE BEAMLINE FOR 
MACROMOLECULAR CRYSTALLOGRAPHY AND SMALL-ANGLE X-RAY 

SCATTERING 

Peter Bosecke, ESRF, B.P. 220, F-38043 Grenoble Cedex 

The ESRF Beamline is an undulator beamline at a high-13 section of the storage ring (Table 1). 

The beamline is dedicated to X-ray studies on macromolecular structures with large internal 

dimensions (unit cells): a) Time resolved small angle X-ray scattering (SAXS), b) biological 

macromolecular crystallography. It will be available in the course of the year 1994 (see also 

[1]). 

The beamline will provide high flux of monochromatic photons with low divergence through a 

sample cross section of typically 100 Ilm x 300 Ilm. It will preferably be used around 0.1 nm 

wavelength (12keV). Three insertion device segments of each 1.6 m length can be installed. At 

the beginning only one undulator segment with 46 mm period will be installed. A second 

segment with 26 mm period is proposed (Table 2). Only the 46 mm type will be mentioned 

here. A 500Jlm thick cooled Be-window at the interface between the storage ring and the 

beamline will absorb wavelengths longer than 0.25 nm. In the central radiation cone the 

remaining power density is 20W/mm2. The total beam power will be in the order of 100 W. A 

cryogenic ally cooled silicon monochromator can withstand this power load without severe 

broadening of the rocking curve [2]. The optics will therefore consists of a Si(111) double 

crystal monochromator followed by a double focusing mirror with total reflection for 

wavelengths longer than 0.73 nm (Table 3). It must be removed for work at smaller 

wavelengths. Because of the small beam divergencies the focusing parameters (curvature) are 

fixed. The expected parameters of the beam at the source at 65 m are listed in Table 4. The 

experiments hutch is devided into two pans (Fig. 1). One part between 50 m and 55 m from 

the source will be used for crystallographic experiments .In this distance the beam has its 

smallest size (Fig. 2). The small-angle X-ray scattering hutch follows immediately afterwards 

(55 m - 71 m). The sample is always located at 57 m. The range of scattering angles can be 

chosen by changing the distance between detector and sample. A sample-detector distance of 

about 10 m should give the best small-angle scattering-resolution (vertically about 1000 nm). 

No refocusing of the beam to the new detector position will be necessary. The expected beam 

size at the sample position is shown in Table 5. 
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Because the ideal detector does not exist yet different types of detectors will be available. The 

crystallography experiment will be equipped with a goniometer and an image plate system. 

Figures 

, : I : $recw~ocuum pipe 

~ t t----lO.Om ---..... 
sample sannple 

Crystallography Small Angle Scattering Hutch 
Hutch 

Fig. 1: Experiments Hutches 

1.5 ---. 
I 

--J 
I 
r 
I 

j 

i 
~ horizontal 

crystallography 
sample O'BS=100" " , 

r 
r 

-I 

! e 1.0 - ! 

8 --1 
.......... I , 

~ I 
== ~ ~ 0.5 

0.0 

I 

I 

I 
~ 

40 

vertical 

I I I , 

SAXS 
sample 

~ 
- - - - -

- - -

" 

- - - - --
experiments hutches - --

45 50 55 60 65 
Distance from source [m] 

Fig. 2: Beamsize along the experiments hutch of the High-brilliance 

I I 

70 

beamline: full line: including slope errors (O'&;: sagittal RMS slope error, O'~M: 
meridional RMS slope error), dashed line: ideal mirror without slope errors. 

- 2-



Table 1 

Electron beam parameters of the high-p section of the ESRF storage ring at which the insenion 

device of the beamline will be installed (x: horizontal, z: venical direction). 

Ee (electron energy): 

le (electron current): 

~x (horizontal p-function): 

Ex (horizontal emittance): 

~z (vertical ~function): 

£z (vertical emittance): 

Table 2 

6GeV 

IOOmA 

27m 

7.10-9 m·rad 

llm 

7.10-10 m·rad 

Parameters of the undulators. Three undulator segments of 1.6 m length can be installed. 

Initially only segment A will be available. 

Br (remanent magnetic field): 

dg (gap width): 

Lu (undulator length): 

segment A 

X-ray wavelength range 

Au (undulator period): 

segmentB 

X-ray wavelength range 

AU (undulator period): 
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1.IT 

2:20 mm 

l.6 m 

AS 0.25 nm 

46 mm 

0.1 nm 

26 mm 



Table 3 

Optical setup of the ESRF High-brilliance Beamline (BL 4) 

Position 

Om 

24m 

29.6 m 

32.5 m 

50m- 55m 

53m 

53 m- 55m 

55m-71 m 

57m 

57.5 m - 67.5 m 

71 m 

Device 

insertion device (Table 2) 

cooled beryllium window (500 ~ thick) 

Si( 111) double-monochromator (50 mm 

vertical displacement, first crystal 

cryogenically cooled) 

-4-

toroidal mirror 

(Rh-coated, length 400mm, vertical 

reflection angle ~=3.9 mrad, A. ~ 

0.073 nm) 

crystallography hutch 

goniometer 

image-plate detector 

small-angle scattering hutch 

sample stage 

2d-detector 

end of hutch 



Table 4 

Properties of the beam at 12 keY (absolute flux values of the source calculated with RADIA 

[3], focus parameters calculated with SHADOW [4] for an ideal mirror). 

position at the source (0 m) 

(central undulator cone) 

flux characteristics 1.42.1017 

Ph/s/O.l %/mm2/mraJi2 

FWHMx 1.03 mm 

FWHMx' 0.043 mrad 

FWHMz 0.21 mm 

FWHMz' 0.027 mrad 

Table 5 

Beam sizes around the sample position (55m, 12keV). 

unfocused 

focused (ideal mirror) 

focused (0.6" RMS-slope error 

) 

FWHMx (horizontal size) 

2.6 mm 

0.6 mm 

0.7 mm 

References 

at 65m 

M!!E=2·104 

8.1012 

PhIs 

0.95 mm 

0.069 mrad 

0.21 mm 

0.025 mrad 

fWHMz (vertical size) 

1.3 mm 

0.2 mm 

0.4 mm 

[1] Peter Bosecke, The High-flux Beamline at the ESRF, to be published in Rev. 
Sci. Instrum . .6.3. (1992), 

[2] G. Marot, et aI., Cryogenic Cooling o/X-ray Monochromators, to be published 
in Rev. Sci. Instrum. 63 (1992), 

[3] P. Elleaume, RADIA ESRF, Grenoble 1989 

[4] F. Cerrina, B. Lai, F. Cerrina, SHADOW, Nucl. Instr. and Meth. A246 
(1986), pp. 337. 
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The ESRF MAD Beamline . 

Andy Thompson (EMBL Grenoble) 

An ESRF beam line for MAD is to be built on a bending magnet in 
collaboration with the EMBL. Some initial design considerations are 
presented. These are the basis for di~cussion amongst the PX 
community, and a workshop for this purpose is to be organised in 
Feb/Mar 92 . 

1. The ESRF Bending Magnets as a Source for PX, 
Even with the predicted beam size increase (due to 'mechanical 

instabilities') of 30% vertical, 9% horizontal [1] , the source size 
(0.14 x 0.13 mm sigma), critical wavelength (0.6 A) and 
collimation of the source is extremely attractive for 
macromolecular crystallography. The intensity gain over station 9.5 
of the Daresbury SRS varies between 32 and 40 (see table 1) 
covering the wavelength range over which the Daresbury mirror 
reflects well. Clearly several points have to be borne in mind with 
this type of comparison :-
a) The ESRF is a new machine, and may not achieve high currents 
initially. Currents of > 300 mA are regularly achieved at Daresbury, 
whereas 100 mA is initially expected at ESRF. 
b) Longer mirrors ,and hence larger vertical acceptances, can be 
considered at the ESRF as there are no space limitations. 
c) The ESRF gains at wavelengths lower than 0.6A are 
much larger . The choice of mirror grazing angle is also imporatnt 
here. 

2. ExplOitation of the Properties of the ESRF for MAD. 
The experimental requirements for MAD are well documented (see 

for example [2] and [3]), and can be summarised as:-
Narrow (10e-4) bandpass, wide wavelength range, rapidly tuneable, 

stable beam conditions, 'full' goniometry, sample cooling, automated 
data acquisition. 

In addition, 'typical' samples which are candidates for the MAD 
technique will have neither an extremely large unit cell, nor an 
extremely small physical size . Taking these factors and the ESRF 
source parameters into consideration one can say that:-



a) There is no real requirement for either a very tiny focal spot size 
or extremely good collimation (though the possibility of the latter 
should be preserved if possible). The option of using the optical 
system focussed or slightly defocussed (in order to de - emphasise 
possible source movements) should be left open. 
b) The monochromator is the 'work horse' on which the success of 
the station depends. The accuracy of angular positioning of the 
monochromator can be regarded as a solved problem with modern 
encoder/feedback systems, but the additional complications to the 
design (such as constant beam output height, offset of harmonics 
and sagittal focussing) should be approached with caution given the 
extreme reproducibility required. 
c) The vertical collimation of the source makes a long mirror (or a 
segmented mirror?) attractive. 
d) The grazing angle of the mirror can be chosen to reflect the hard 
wavelengths, to give a range of (say) 0.3 - 2 Angstrom. 

3. Data Collection Protocol. 
The choice of a data collection protocol is closely tied to the 

station design. Typically (in order to avoid temporal errors in beam 
and radiation damage) data are recorded for 4 wavelengths 
sequentially in narrow angular ranges (a few degrees). Three of 
these wavelengths are in the immediate vicinity of the absorption 
edge, the fourth is generally removed by 0.1 - 0.3 A to the harder 
side of the edge (to reduce radiation damage). The adoption of this 
protocol makes the choice of a sagitally focussing monochromator 
inadvisable, as the collection of the 4th wavelength will require the 
reoptimisation of the sagittal focus and the beam position (figs 1 
and 2) - both mechanical operations prone to backlash and similar 
positioning error. If the requirement for collecting all 4 
wavelengths simultaneously is relaxed, then careful reoptimisation 
for the collection of all the off edge data is a sensible option. (Here 
it should be borne in mind that a monochromator for MAD is NOT 
continuously scanning as , for example, an EXAFS monochromator -
the rapid jumping from one wavelength to another makes things 
more difficult, not eaSier!) 

4. Data Collection. 
The detector is, of course, another crucial element of the whole 



station. Indeed, it is only recent improvements in detector 
technology (notably the ip with its high dynamic range) that have 
made the MAD technique more tractable. The quality of MAD data 
coming out of facilities using ip systems should be carefully 
evaluated. In addition, the repetitive nature of the experiment makes 
it an ideal 'target' for automation ie computerised detector readout, 
crystal positioning, wavelength adjustment etc. As data is 
collected, there is a clear requirement for 'on line' evaluation - any 
poor quality data can then be recollected with the same sample , 
difficulties due to beam or optical instability (or poor sample!) will 
be immediately apparent. The minimum requirement for data storage 
and (realistic) on - line data evaluation should be considered part of 
the station development. 

5. Conclusions. 
The ESRF bending magnet offers an opportunity to build a MAD 

station with extended wavelength range into higher energies (Iodine 
K edge) whilst preserving good intensity and collimation in the focal 
spot. Two popular designs for achieving this exist (cylindrical 
mirror/sagittal focussing monochromator, toroidal mirror/channel 
cut or constant output height monochromator) - either can produce a 
small focal spot size, and both produce satisfactory resolution. The 
choice of one or the other is dependent on data collection protocol. 
Additional complications to the monochromator should be avoided IF 
POSSIBLE - for example harmonic rejection can be easily achieved 
with a post - mirror. The existing image plate systems are likely to 
prove satisfactory detector elements, but this should not preclude 
efforts to develop detectors specifically for MAD work. The 
requirement for on line data processing is a neccessary part of the 
station design. 

TABLE 1 
Wavelength (A) Gain (BL 19/9.5) 

1.5 32 - 44 
0.9 38 - 52 
0.6 43 - 58 
0.3 Not reflected by 9.5 mirror> 200 

Note - The comparison is for a 75 cm Pt coated mirror, graze angle 
3mr object distance 18m for the SRS (1.3:1 focussing); graze angle 
2mr object distance 23.5m for the ESRF(1:1 focussing). The range of 



gain covers zero beam blow up to predicted beam blow up. The 
comparison is on the basis of photonslsec/mm**2/mrad 
horizlmAlO.01 % bw vert. integrated into the mirror acceptance. 

REFERENCES 
1. P. Ellaume - ESRF User Meeting Handbook (July 91) P 6. 
2. R. Fourme - Synchrotron Radiation for X Ray Crystallography 
(Notes of International School of Crystallography, Erice 1986) 
3. W. Hendrickson and R. Fourme - in Synchrotron Radiation and 
Biophysics (ed Hasnain) J. WiJey 1991. 
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The Swiss-Norwegian Beam Line at the ESRF 

by 

P. Pattison and H.-P.Weber, Institut de Cristallographie, Universite de Lausanne, 
CH-101S Lausanne, Switzerland 

The Swiss-Norwegian Beam Line will be an independent experimental facility 
operating within the European Synchrotron Radiation Facility (ESRF) in 
Grenoble. It will take the synchrotron radiation supplied by an ESRF bending 
magnet source and, using various optical elements for energy selection and beam 
focussing, it will deliver the beam beam onto a number of different types of 
experimental equipment. These include apparatus for materials science and 
macromolecular studies on single crystals, a powder diffractometer, an EXAFS 
rig and a white beam topography camera. 

The synchrotron radiation beam provided by the ESRF will emerge in a 6mrad 
horizontal fan through a Be window and shield wall about 23m from the bending 
magnet source (Dipole 1). The resulting beam cross section is approximately 
140mm wide and 3mm high. An arrangement of cooled slits and absorbers will 
split the beam into two parts immediately after the shield wall. A vacuum pipe 
will deliver a 1mrad fan of radiation directly into an experimental hutch 
(Station B) situated about 10m further downstream. A water-cooled flat double 
crystal monochromator will select the appropriate wavelength for either a 
powder diffractometer or absorption (EXAFS) spectrometer. Both instruments 
can be permanently installed within the hutch. A camera for white-beam 
topography can also be installed in this area, in which case the monochromator 
would be driven out of the beam. 

On the other side of the beamline, a 2.5mrad fan will first be vertically 
collimated by a primary mirror. This will produce a highly parallel beam 
incident on a double crystal tnonochromator, enabling both high through-put and 
narrow energy resolution to be achieved. The first crystal of the monochromator 
will be water-cooled, while the second crystal will be sagittally bent for 
horizontal focussing. Finally a secondary mirror will provide vertical focus sing, 
resulting in a point-to-point focus. The focus will be inside a second hutch 
(Station A), in which a single crystal diffractometer will be installed. The 
mirrors, the monochromator and the beam pipe will all be under high vacuum. 
A control system will be developed to monitor and control the beamline vacuum, 
beam shutters, valves etc, as well as the movement of the optical components and 
the acquisition of data. The second hutch will be equipped both for high 
resolution single crystal diffraction (for measurements on inorganic or small 
molecule crystals) and with an area detector suitable for macromolecular 
crystallography. Sufficient space will be provided in the hutch to allow non
standard equipment to be installed behind the diffractometer, for other 
experiments which may later take advantage of the focussed synchrotron 
radiation beam. 
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. THE INSTITUT DE BIOLOGIE STRUcrURALE (IBS) AND THE CRG/D2AM BEAM-LINE 

IN GRENOBLE, FRANCE. 

by M.ROTH, DSV/DIEP/LCCP, Centre d'Etudes Nucleaires, BP85X, 38041 Grenoble. 

The IBS, a French Institute supponedjointly by the CEA (Commissariat a l'Energie Atomique) 

and the CNRS (Centre National de la Recherche Scientifique), Director Professor J.P.Ebel, is 

going to regroup about ten groups or laboratories specialised in different domains of structural 

biology: structural enzymology, protein folding, protein-protein assembly, protein-nucleic acid 

interaction, cytoskelet proteins, protein engineering. Most of the technics currently used in 

structural biology are going to be represented at IBS: macromolecular X ray crystallography, 

nuclear magnetic resonance (400 and 600 Mhz), electron microscopy, analytical biochemistry and 

peptide synthesis, mass spectrometry, and other structural biophysics techniques. 

The IBS will open the ~oors in 1992, in a new building of nearly 5000m2 (3500m2 

laboratories), located next to the ESRFJILL ground. About 1000 m2 will be available for X ray 

crystallography and crystal growth biochemistry. 

The main activity of the IBS will be in house research, but an additional function will be also 

the welcoming and assistance to future ESRF and ILL beam-line users or user groups. 

The current involvement of the IBS with respect to ESRF, is first its contribution to the 

construction of the D2AM beam-line at the ESRF (O.8T bending magnet), as a member of the 

French Collective Research Group (CRG) D2AM. This task has been undenaken since I and 1/2 

year now by the "Synchrotron Group" of one (CEA) of the two X ray crystallography groups 

which are going to join the IBS in 1992. 

Beside the D2AM beam line construction work, software for the treatment of the anomalous 

diffraction data, is currently developped, following the W.A.Hendrickson methodology, and the 

user interface of this software on Workstation, as well. 

In a completely different domain, an experimental setting for LAUE diffraction experiments is 

currently in preparation, in the same group, for using the future ESRF LAUE diffraction station 

which will be available rather soon for test experiments. 

Description of the D2AM beam line. 

The beam-line is designed according to the following characteristics: 

1. Point focusing of the beam on the crystal at fixed sample position, 

2. High energy resolution: 2 - 5 eV 



I 
./ 
i 3. High Q resolution: 

4. Accessible wavelength range: 

5. High rate of hannonic rejection: 

210-3 A-I 

0.5 - 2.5 A i.e.25 - 5 ke V 

10-4 

The optics will be constituted by a two crystals monochromator between two symmetrical 

cylindrical parabolic mirrors in a compact arrangement, with double focusing. This design should 

provide maximum intensity and great flexibility in use. 

Bending magnet beam characteristics are: 
* intensity at the source - 1013 photons/sec.mrad-of-horiz.-divergence.O.1 %BE/E 
* vertical size of the source: crv = 0.13 mm i.e. FWHM =0.3 mm, 

* vertical divergence at the source(FWHM) between 0.11 mrad and 0.25 mrad 

* horizontal divergence used: 3 mrad (out of 6 mrad available), 

According to SHADOW simulations, the beam at sample position will have: resolution: 2.5 e V 

at 12.5keV (Si[lll]) i.e. B')J'A. - 2 10-4, intensity - 1012 photons/sec/mrad, size - O.3xO.3 

mm2. 

The different elements of the beam-line are now defined, and their realisation (detailed studies 

and construction by private companies) will begin in early 92. The beam-line will be constructed 

on the ESRF site during the first half of 93, including the installation of the main optical elements. 

The second half of 93 will be devoted to tests and alignements. The line will be open for public 

use in July 94. 

A (relatively) small X ray crystallography lab (- 40m2) will be installed on the site, behind the 

experimental SR station, for crystal preparation, tests and pre-alignement. In this lab, the beam

line users will also find extensive computing facilities for data evaluation. 



Synchrotron radiation from PETRA 11, 

the electron booster storage ring of HERA 

Jochen R. Schneider 

Hamburger Synchrotronstrahlungslabor HASYLAB at 

Oeutsches Elektronen-Synchrotron OESY 

Notkestr. 85, 0-2000 Hamburg 52, FRG 

Recently the storage ring PETRA has been reconstructed to an electron and proton 

booster storage ring for HERA, the new superconducting hadron electron storage 

ring at OESY. The expected 1 ifetime in HERA is 3 hours for electrons, and 12 hours 

for protons. Between injections PETRA II could be used effectively as a storage 

ring for the production of synchrotron radiation without deterioration of its 

qua 1 ity as a booster for HERA. 

For synchrotron radiation users an electron beam of 10 to 15 GeV and undulators 

with a length of about 5 m would be desireable. To fulfil the magnetic require

ments for this scenario the undulators have to be closed to a gap of 10 to 15 mm. 

However, the protons need a vacuum aperture of 30 to 40 mm. In order to make these 

different requirements compatible a bypass for synchrotron radiation experi

ments at PETRA II has been suggested (W. Brefeld and P. GUrtler, Proccedings of 

the Part ic 7e Acce 7arator Conference, Stanford, 1991). 

At 13 GeV the existing electron booster optics of PETRA II provides an emittance 

of 79 nmrad. The photon beam divergence would be Ox' = 0.053 mrad horizontal and 

oz, = 0.012 mrad vertical, the source size would be of the order of CJ x - 1.5 mm hori

zonal and Oz - 0.25 mm vertical. At the experiment, in a distance of 100 m from the 

undulator, the beam dimensions would be 12 x 2.7 mm2• Fig.1 shows the spectral 

brightness calculated for an undulator in hybrid technology with a period of 3.35 

cm and a gap height of 11 mm, operated at an electron energy of 14 GeV. By opening 

the gap the energy of the photons from the fundamenta 1 can be tuned between 20 and 

40 keV with almost constant intensity. Including third and fifth harmonic the 

energy range from 20 to 200 keV is covered by one dev i ce. 

The total radiation power emitted by the proposed undulator is 13.7 kW and 

extreme heat load problems are expected at first glance. However, the spectral 

power distribution of the proposed undulator, shown in Fig.2, demonstrates, that 

in the energy range up to 5 keV only 130 Ware emitted, in the range up to 15 keV the 

emitted power is 880 W. Therefore the heat load problem can be solved by applying 

proper absorber systems. 



Compared to DORIS Ill, for X-rays with energies above 20 keV the gain in bright

ness is tremendous. With respect to the design values of the ESRF gain factors 

between 10 and 1000 can be expected. The longer term prospects of PETRA II are 

even better, because the electron optics can be improved to provide an emittance 

of approximately 10 nmrad at 14 GeV electron energy. Synchrotron radiation from 

undulators installed in a PETRA II bypass will open exciting new fields in 

research, including structural biology, inelastic scattering experiments with 

5 meV resolution, MoBbauer spectroscopy, and high energy photon scattering. 

Fig.1 

Fig.2 
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