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Thermal Neutrons, 8 keV X-Rays & Low Energy
Electrons:- Absorption by Matter
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How a Synchrotron Works

; 5. Focusing the Beam
4. Storage Ring ) ) Keeping the electron beam absolutely true is vital when
The booster ring feeds electrons into the storage ring, a many-sided donut-shaped tube. The tube is the material you re studying is measured in billionths of
maintained under vacuum, as free as possible of air or ather stray atoms that could deflect the a metre. This precise control is accomplished with

electron beam. Computer-controlled magnets keep the beam absolutely true.

Synchrotron fight is produced when the bending magnets deflect the ﬂn'ecf.rm beam; each set of
bending magnets is connected to an experimental station or beamﬁna. fachi
othenwise manipulate the light at each beamiine to gﬂﬂfm hit chi

computer-controfled quadrupole (four pofe) and
sa:dupala (six pole) magnets. Small adjustments with
__-ta focus the electron beam.

Synchrotron light starts with an
EWM" : i electron gun. A heated element, or
3 ?h’; linac feeds ; ' p cathode, produces free electrons
wihich uses magn : which are pulled through a hole in the
glectrons to travel in a end of the gun by a powerful electric

waves are used to add even m - field. This produces an electron

speed. The booster ring ramps up the microwaves and radio waves chop the itr?am AEOGK B0 It O A
energy in the electron stream to stream into bunches, or pulses. The e

between 1.5 and 2.9 gigaelectron volts electrons also pick up speed by "catching’

{GeV). This is enough energy to produce the microwaves and radio waves, When

synchrotron light in the infrared to hard they exit the finac, the electrons are

X-ray range. travelling at 99.99986 per cent of the speed of Source: University of Saskatchewan /

light and carry about 300 million electron Paradigm Media Group Inc.
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I l."l:"-..T} undulator line spectrum
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fundamental wavelengih:
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Applications of Ferroelectric Single Crystals in Navy Sonar
Harold C. Robinson' and James M. Powers”
'Naval Undersea Warfare Center (NUWC) Division Newport, Newport, RI
‘EDO Western Corporation, Salt Lake City, UT

Projector FOM Sensor FOMs

Coupling |Dielectrie| Strain Energy Density g g*d/tan &
Factor Loss (dB re PLT-8) (dB re PZT-5H)| (dB re PZT-5H)

ceramic| 33 (.62 0.003 (.0 -3.3 4.9
ceramic| 33 (.75 0.020 6.8 0.0 0.0
ceramic| 15 0.68 0.020 6.0 28 2.8
ceramic| 33 .71 0.004 2.1 -1.8 5.2
PZT-4 \ [ceramic] 15 0.72 0.004 2.2 1.6 9.6
PMN-PT J]erystal| 33 0.92 0.003 1.1 0.5 14.7
PZN-8"% crystal| 15 (.94 0.003 12.1 12.4 18.4
crystal| 15 .97 (L0035 16.1 16.0 220
Table 1. Comparison of sensor and projector material properties.




Fiz. 1. TemEeEcratures depeermnpdencess of i cleciric peermittivicy = andad baoss = ol
PrRATT =mingle cry=tanl ar wvarnowus freguencicss. The numib=srs near curees denokes thie
Freqgueesreey in He







rmnl00_1.084

Digital Instruments NanoScope
Scan size 1.000 pm
Scan rate 0.6013 H=z
Number of samples 256
Image Data Aux C
Data scale 2.000V
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PMN, HFBS, O=(100)

W) T=700 K

o'

c) T=300 K

A

dj T=100K

Intensity {4rb. Units)
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200 400 6 a
Temperature (Kelvin) Ei peV)

FI1G. 70 (a) Contour plot of the scattoring intensity as a fune-
tion of energy transfer and temperature. Contours are shown
on a linear intensity scale; dashed lines indicate the full-widch
at half-maximum ( FWHM) of the peak linewidth at each tem-
perature, The data were cbtained from an integration over
detoctors 10-16 as illustrated in Fig. 6. Panels (b, (¢}, and
{d) show inelastic scans at TOO I, 300K, and 1001, The haor-
izontal bar in panel (c) represents the FWHM elastic energy
resolution (26E) of tha spectrometer.

The energy dependence of the diffuse scattering as a
funetion of temperature is illustrated in Fig. 7. Panel (a)
shows a color contour plot of the peak linewidth in energy

PMN, Diffuse Intensity

‘ a) H'FBS,
(0E =5 pneV)

(Arbitrary Units)

b) SPINS,
(3E =120 ueV)

‘@
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200 400 600
Temperature (Kelvin)

FIG. &: (a) Temperature dependence of the diffuse scattering
in PMN measured on the HFBS; data are integrated in energy
from £ 5 pel’ and in ¢ over detectors 10-16 as illustrated in
Fig. 6. (b} Temperature dependenca of the diffuse scattering
mtensity in PMN measured on SPINGS at @ = (1.05, 0.85,0) by
Hiraka et al™ The SPINS energy resolution of 6E=120peV
HWHM provided the enorgy integration,
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Figure 6. The experimental two-dimensional spectra of neutron scattering intensity in NBT

near the point (1.5, 0.5, 0.5) for scans of (a) (Q,| [310], @,/ [001]) and (b} (Q,/| [301], @,/ [010]).
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I, arb. units

PMN film (0.25 2 0) "large" tilt (inside film?)
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Model: Lorentz
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wi 291629 10.2043
Al 0.00055 10.00004
xc2 -0.013 +0.01417
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y0 6.082E-6 10

xc1 0.01583 +0.03733
wi 2.56161 +0.10416
A1 0.00133 +0.00004
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PBMN 600C (0.2520) dQ = (0.007 0.07 0.45) horizontal slit opened
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4.2.2. TIlpocrpancrBeHHAS KOTEPEHTHOCThE M MAOHIAAE KOTEDEHTHOCTH

Teneps paccMoTpHM BEPATIE HATEpheperMoNELIR SKeneDHMEET THIE ONBTR FHM, 1enoabiys KBainMOoH0-
APAMATHHECKMA CRET OT NPOTSHEHHONO wcrodduks o (puc. 4.2). [pejnosomuam, wo o opeacrasaser cobofd
mEnaoaod HCTOMHNE, Taxofl, KAK DACKATEHHCE RENECTEC WM rasoswmfl paspey, Jas npOCTOTH DACCMOTPSM
MMETPHURYI0 CXBMY € WCTodMHMxCM ® opwe knanpata co croposol As. Eenw orseporus Py uw By pac-
DOIOMEHL] JOCTATOMHC DANIK0 X OCH CHMMeTPHE, BOIWIH peHTPAThHON To4xH P B naccxkoeTs mabmoméuis
# Synyr HalAaATRCH HHTEpQEpeHINOHHEE Moaocs. BOIHRKHOBENNE DO HRARCTCH, KAK [OBODHT, NpOaR-
MHHEM APOCMEIHCMACH WM KOSepeNmNGCTIG MERLY aRYsE NYYKAMH, NPHXOARIMIHMA B TOYMRKY F ot JABYE OT-
sepeTHAl Fy m o, nockOapky KOHTPACT MEAY (MUIOCAMH 3ABHCHT OT PBCCTURHHS MEMIY STHMH OTBEPCTHS-
uH (paccrondie P P:). DRCIEPHMEHTANLHD FCTAHOBIEAD, YTO NPH SOCTATO4UMO DOILILOM DACCTORHMH MEMLy
HETOMMHKOM H IUIOCKOCTHIO &, A KOTOPOR PACIHTNe-

il OTREDCTHA, HHTeDGepeHIIHOHERE Noaocs Biaaau -
P byayr HaDAIOJATLCR B TOM COYHAES, BCIH |
AfAs < X, (4.2.5) e Py
ree Af — yran, nog KOTophiM BAARH oTpeaox P Py wa | /’I%I.-_':?i, é
HoTOMHEHEE, B A = ofi — Cpeiisin L Hna pns. Ecian ":"‘Il:_ B Q P
neped JI oBooHauHTh PRCCTOHMHE MEMLY RCTOYHHKDM 2
H GAGCKCCTLED, B KOTOPO PECIUHELSems aTHepoTHRA,
TO ONAIRBAETCH, 9T 208 HADDOICHEA 000 REANEH Hy
F orpepcTHA awoKnkl BulTh PACOIOICOHKEHEI HA [L0C-
KOCTH & B Npelesax 00AACTH C© IEHTPOM B TO4YKe (} 1 o |
MMM LR B &
Pae. 4.2, [TpocrpascT e HEAS KOMEDERTHRO T, RULIDOET PEy-
REAE amasu uHTEphEPeHUMOHMEM i ToM Hura s caera or Ten-
AA ~ (RART ~ | (4.2.6) nmomoro AcToG ¢

5

rae 8 = (As)? — nonmaes wemirEsR 3R OfAACTE WEAKRAPTCH TMAMGANN ENZEREHITHOCTIN CHETA B IWIOCKOCTH
& nliiman Toaxd @, & KBRIPETHWA KOPEHL OT IJIEALH KOPEEHTHOCTH HHOTEL NaSRBaoT fnonepesnot daunod
gogepenmsacmt Caeayer oTuetdats 9o cnraacna (4.2.6) nameadn korepertROCTH Byaer TeM Bonkme, 4em



For classical X-ray scattering experiments, the diffraction of
large beams with many coherence volumes is observed. In
each coherence volume D,, a wave A,(q) is diffracted. Only an
incoherent sum of the intensities over a large number of
domains N is measured:

I(q) = |A(q)I. (1)

=N

With the new synchrotron sources, the high brilliance and the
small source size open the possibility of obtaining coherent
X-ray beams of reasonable intensity and of nearly macro-
scopic spatial extension. As the X-ray source is not coherent,
the method consists in selecting, in the two transverse direc-
tions, a part of the incoherent beam which fulfils the condi-
tions for diffraction:

oo’ = ) /4m, (2)

where o' is the r.m.s. divergence of the beam and o is the r.m.s.
beam size. The equality in equation (2) corresponds to fully
coherent Gaussian beams. Equation (2) is in fact another
version of the Heisenberg equation, if one estimates
Ap = 2mhe’ /i and Ax = o. In practice, owing to optics,
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Along the longitudinal direction, the diffracted waves can
interfere if the FWHM path-length distribution of the waves in
the irradiated sample AL fulfils

AL < A =27/280, (4)

where A, is the longitudinal (temporal) coherence length. The
optics determines the experiment monochromaticity dA. One
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Fig. I. Experimental set-up at the EDR-beamline at BESSY I1. Fig. 3. Normalized diffracted intensity as a function of energy
and the distance from the optical axis.

W. Leitenberger et al. | Physica B 336 (2003) 63-67
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Fig. 4. Normalized interference fringes obtained with the double pinhole at three different energies (a)-(c) 6 keV, 10keV and 14keV.
The squares indicate the measured data from Fig. 3 and the lines indicate the results of the best fit of Eq.(1).

W. Leitenberger et al. | Physica B 336 (2003) 63-67
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pixels at 2 m (unpublizhed results from the D10 beamline of ESEF).
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Simplified (Following R.Z.Tai et al., PRL 89,257602 (2002))
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FIG. 1. A schematic picture of a bundle of chrysetile asbestos
fibers.
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FIG. 2. The elashc scattering intensity measured m the fixed-
window mode as a function of temperature and summed up over all
O waloes. Open circles: “D-parallel” orentation. Filled circles:
“{-perpendicular” orientzfion. An arbimary vertical offset of the
baselmes 13 applied for clarity. The inerease m the elastic scattening
at about T=237 K 15 due to the freezing of water in the fibers.
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FIG. 3. The scattering mtensities measured in the energy space
at the 907 detector (O=1.42 A™Y. The elastic peaks at zeTo energy
transfer are tnmcated to better demonstrate the guasielastic signal
The 100 K data nsed as a resclution fimetion are plotted on every
graph and shown with squares. Open symbols: “{-parallel” orien-
tation. Filled symbels: “0-perpendicular”™ orientation.

= @ @m O o R &

i) [ue\]

1.0 1.5
o (A

FIG. 4. The O dependence of the parameter I'{{Y) obtamed from
fitting the data using Eqs. (1) and (2) and its fit with Eq. (3). Open
circle data points and dashed line fitting curves: “{-parallel” oren-
tation. Filled circle data points and solid line fitting curves:
“(-perpendicular” onentation.
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Fig. 2. Diffraction patterns measured with the scattering vector aligned nearly
parallel and perpendicular to the long axis of the chrysotile asbestos fiber.
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Fig. . Symbols: Inelasric x-ray scattering spectra measured wirth the scatrering
wvector aligned along [1 0 0] direccion of the reciprocal lactice { chat is, nearly parallel
ta the long axis of the chrvsotile asbestos fiber, which coincides with [1 O O]
direcrion of the direcrt lattice). Lines: Fits with Eqgs. (1) and (2]} (for the Four lowese

(] values ). The spectra are normalized to havre the same height of the elastic peak at
(=58
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S#1 200K a3=8 (along Ki) Cu220
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Figure 1

The frequency-scattering vector domains of available technigques for
dynamic studies [adapted from Gritbel & Zontone (2004 )] The XPCS
domain can be extended down to g =3 % 1072 A~" and v 10~ He,
overlapping with [DLS The other techniques are inelasbic neutron
scattering (IMS), melastic X-ray scattering (IX5) and nuclear forward
scattering (NF5).




