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Some properties of the synchrotron radiation (SR) - such as its excessive spectral brightness and the inherent amplitude
modulation ~ give nse 10 a4 hope on the feasibiity of the direct excitation of low-lying (Mossbauer) nuclear states and
on performance of a series of ume-resolving experiments The main ditficuity 1 performing these experiments hes in the
selection of the small rate of resonant quanta i1n the gross SR beam flux For instance. /,4/1,,, for the intnnsic width
of the ¥’MF¢ Mossbauer level 1s of the order of 10 !4

In the present paper an expernimental arrangement s proposced and investigated which provides
- preliminary monochromatization of SR by Ge monocrystals,
- suppression of the coherent background using a purcly nuclear reflection at hematite single crystal 2-*"Fe, Oy
- suppression of the coherent and non-coherent background resulting from both SR beam high-cxtent polarization and

the usc of reflection angles on hematite close to 20 =90,
- reduction of the non-coherent background by means ol analyzing crystal upstrcam the detector

Flectronic units apphed provided selection of the cnergy spectrum range needed, measurement of the Mossbauer spec-
trum and time distribution

Prehiminary results of thc measurements are presented

The properties of the synchrotron radiation (SR) give nise to a hope on feasibility of the dircct excitation of low-lying
(Mossbauer) nuclear levels and hence on performance of 4 senes ol rather interesting experiments on investigation of the
ume dependance of the resonant diffraction To perform such an eaperiment without SR one huas to design ultra-rapid
choppers* and superintense sources For instance the SR bcam brighiness on existing clectron storage rings im quantum
cnergy range of 10-30 keV in the bandwidin cqual to that of a Mossbauer level amounts to == 10'! phoions/cm? sec srt),
while under the same conditions brightness of the most powerfull source (=01 Ci/mm?) 15 2x 10? pkotons/cm? sec sr
To carry out a ume-resolving experiment with a converntional source chopping of the quantum flux 1s needed thus re-
ducing the mean brightness by a tactor of =100 In contrast 10 that the ume distribution of the SR intensity in storage
nngs (e g 1 nscc pulscs spaced by 0 1-1 usec intervals) fortunately suits these experiments** *“Fe scems to bc an op-

timum Mossbaucr isotope with respect 10 a sum of charactenstics for {irst experiments

1. The experimental arrangement ;

estimates relevant

The work was carried out on the VEPP-3 stor-
age rnng SR beam line (electron energy up to
2 2 GeV, bending radius 1s 6 15 m, current up to
100 mA) Total flux of quanta of all energies per
mulliradian of horizontal angle nterval 1s = 10'¢
photons/sec mrad Flux of quanta with the energy
of 14 4 keV 1n the energy range equal 10 the In-
tinsic width of *"™Fe level (JE=45x10 °%eV)
amounts to 10? photons/sec mrad Thus the con-
tent of resonant quanta in the gross SR beam 1s

* Possible realizauion of such choppers (¢ g a vibrating quartz

plate or a resonant absorber) arc now under development
by thc authors

** Other possible applications of SR in Mossbauer experi-
ments and nuclear spectroscopy are discussed n'2)

about 10-'* thereforc measurements n the direct
beam are obviously impossiblc

In the present paper an experimental configura-
tion 15 proposed shown in fig la To rcducc the
quantum flux incident on the crystal which con-
tains Mossbauer nuclet a preliminary monochro-
matization of the SR beam is envisaged A mono-
chromator consists of two perfect Ge crystals po-
sittoned so as to achicve maximum dispersion
The double crystal monochromator of this type 1s
necessary for stablc sclection of required wave-
length from the SR beam and besides tfor reduc-
tion of the diffuse background The monochro-
matization 1s effected in the vertical plane

Downstream the monochromator the quanta
strike a hematite single crystal positioned for pure-
ly nuclear Bragg reflection so as to reduce consid-
erably the coherent non-resonant background pro-
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duced by electronic diffraction. A forbiddenness
factor (1.e the intensity ratio of non-resonant y-
rays reflection on electrons and nucler in the for-
bidden reflection (777) to that in the allowed (666)
reflection) 1s K, <107°, as determined from the
curve of purely nuclear reflection?®).

A goniometer bearing the hematte crystal is po-
sitioned tn the plane parallel to the direction of
the y-ray beam reflected the monochromator This
together with making use of the high extent of SR
beam polanzation (e.g at E=22GeV and
A =0.86 A the average polanzation p =90% thus
the ntensity ratio of =m to o components
1./71,=5x10"?) and choosing the angle of pure-
ly nuclear Bragg reflection close to 90° (263" = 82°
and the reflected y-ray beam travels along the
electric field vector 1n the incident wave) provide
further reduction of both the flux of the coherent
nonresonant quanta and non-coherent diffuse
background

The higher-order harmonics are suppressed by a
combination of the planes (lI[)Ge and
(777) 2*" Fe,0, 1, =086 A (E=144keV) past
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the monochromator (8 = 7°30") 1s used for the ex-
periment on the search for the purely nuclear re-
flection at .,, the reflection due to the electronic
diffraction on the hematite 1s forbidden, ~,/2 1s
eliminated by (222) Ge plane array, 4,/3 can pass
the monochromator but 1s not reflected on the
hematite as cancelled by (21 21 21) plane array,
/y/4 penetrates the monochromator and can be
reflected on the hematite. By estimates its contri-
bution to the intensity on the detector 1s small
(I,:4/1;,=3x10 ") and 1s readily eliminated by
means of energy amplitude analysis

A scintillator counter (Nal with the photomult-
plier FEU-85) was used as a detector

A Mossbauer absorber placed upstream the
monochromator was made of polycrystal hematite
(15 mg/cm? of *"Fe). Its thickness provides a total
absorption of the resonant quanta at V., =0

Let us make an estimate for background condi-
tions and a value of effect, 1e. a change in the
counting rate for two velocities of the absorber
Ve =0and V. = « (actually V>3 cm/sec) in the
experiment configuration above described.

8,5 70’
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Fig 1 a) Layout of the experiment on *’™Fe¢ Mossbauer level excitation by the synchrotron radiation, b) The monochroma-

tor schematic view
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The background conditions are primarly deter-
mined by the coherent electronic (but not nuclear
resonance) scattering 1in the hematite monocrystal

NS(;,)(A—}) K. Kapes0, 40K K,
VAN

where I ., 1s the intensity on the detector result-
ing from the coherent background; S is the polar-
1zation index of the SR beam, N*(.) 1s the SR
spectral intensity on the detector for a given po-
lanzation, (44i/.), =2x10~* 1s the transmission
bandwidth of the double crystal monochromator;
K¢ =0.6 and K ,;..o, = 3x 1077 are the X-ray re-
flectances within the rocking curves on Ge(Ill) and
hematite @ >’ Fe,O, (666) monocrystals respectively
(measured on a double crystal X-ray spectrometer
with Mo K, radiauon), K; <10 * 1s the forbidde-
ness factor of X-ray reflection on the hematite
single crystal, d¢ =2x10 * 1s the hematite mo-
satc structure factor which determines the usable
SR beam honzontal angular range, K, 1s the rauo
of the polarization factors of the hematite mono-
crystal (666) to (777) reflections; Z* 1s a factor ac-
counting for the convolution of the SR intensity
distmbution over 4 and the vertical angle 8 with
the rocking curves of the Ge monochromator crys-
tals, ¢ = 2 1s the non-resonant attenuation in the
Mossbauer absorber.

The intensity of the resonant quanta may be
written as follows
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here 1s addition to eq. (1) /%, stands for the in-
tensity on the detector caused by the nuclear res-
onant diffraction; dE/E C"™Fe)=32x 10" " 15 the
intrinsic width of the “Fe Mdssbauer level at
14 4keV; L =20 is a factor accounting for the hy-
perfine splitting and for the resonant hine broaden-
ing 1n the nuclear diffraction on the 2 3Fe,0,
crystal.

The estimates of I, and /5 arc summarized
in the table 1n which one can see that the effect
over background ratio ¢ =/ /[, (at the count-
ing rate of =10 photons/sec) amounts to =7%
It 1s essential that the estimation was effected for
a continuous measurement. The detector gating
accounting of the radically different de-excitation
time for quanta scattered on electrons and on nu-
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clear may greatly improve the conditions of the
experiment.

2. Monochromatization
of the synchrotron radiation

The monchromator schematic view 1s shown in
fig 1b. The Ist crystal was placed 1in the center of
a disk rotated around SR beam stepwise by 3”.
The rotation axis of the 2nd crystal was placed on
the same disk The 2nd crystal was mounted so
that its rotation axis, its center and the axis of the
disk should stay 1n an 1sosceles triangle vertices
It is important that this configuration persisted
while the angle between the two crystals was var-
ied The 2nd crystal could be rotated with respect
to the Ist one by 5" steps The monochromator
design provided a total scattered SR shielding
which was very important for the background con-
siderations The adjustments of the monochroma-
tor were provided by shifts with respect to the SR
beam line

Use was made of Ge monocrystals (30 mm 1n

8 T T
E
[12]
8 ~ /76u1
w <IF °e J 52
> - 74 D
4 74
3 z
© @
z
g
z 1 4z
o T T °
@ “
310° -
0,
o
L]
[
v 210 ~
>-
Ly
v (3
w
> &
T b
3 Z 10" ~ -~
s
25
< s
I._
g 3 :
®x = oL —
| |
o 10 20 30

STORAGE RING CURRENT, ~A

Fig 2 The SR beam thermal effect in the monochromator
Above the dependence of the reflection angle for radiation
outgoing the monochromator on the 3rd Ge crystal position
Below  the reflection intensity vs electron current in the stor-
agering
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diameter, =300 um thick), the rocking curve
width was = 15" (Mo K, $10,{2022]. without dis-
persion correction) with the reflectance of =06
within the rocking curve The crystals were fixed
on the flat metal surface of the arm support with
an o1l drop
The fine adjustment of the monochromator at
the nceded y energy was made with the radiation
of the Mdssbauer source *"Co (02 Ci) After ad-
justment the monochromator was mounted on the
SR becam hne The transmission bandwidth of
= 30" was observed when rotating the mono-
chromator assembly with respect to the SR beam
As the power 1n the direct SR beam was as high
as =2 W/mm? the iesting of the monochromator
stability on the SR beam was needed To this end
thc beam outgoing thc monochromator was ana-
lysed by a 3rd Ge crystal put in the place of the
hematite crystal on the goniometer The beam
went in collimated (two O 1 mm shits spaced 1 5m
apart) The 3rd crystal rotation was driven by a
synchronous motor The detector output was fed
to a multichennel analyzer switched on the *‘scal-
cr’” operation mode Figs 2a and 2b show the
slope of the rocking curve and 1ts intensity respec-
tively vs the electron current 1n the storage ring
The persistence of the slope position 18 an evi-
dence that there are no shift in the monochro-
mator transmisston band (the errors are cvaluated
from spread in the slope positions as seen in re-
petiiive rocking curve scans at fixed current) The
linear growth of the intensity indicates the persis-
tence of the Ge crystals reflectance
Thus for the regime undcr which the storage
ring was operated there was no thermal cltect
This scems to be due to the Mossbauer absorber
in the SR beam acting as a thermal filter 1t re-
duces the heat flux incident the 1st monochro-
mator crystal by an order of magmitude while only
2 times attenuating 14 4 keV radiation Besides the
crystal supports are designed for an effective heat
removal off the thin monochromator crystals
Utilization of grcater electron currents or ener-
gies 1n a storage ring or of monochromators with
a more narrow rocking curves may require either

Fig 3 Reflection of the monochromatized SR bcam at the
kematite (sce tig 1a) Nal crystal (0 1 mm thick. 17 mm in di-
ameter) as 4 detector a The hematite rocking curves for the
allowed (666) rctlecuon and in the vicinity of the forbidden
(777) reflecuon by The energy (amplitude) spectra measured 1n
the allowed (666) and (888) reflections und 1n the vicinity of
the forbidden (777) one
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an effective forced cooling or more elaborate filters
with total external reflection (thus cutting-off the
short wave radiation and at the same time sup-
pressing the higher-order harmonics) as well as ab-
sorbers with properly chosen K-edge positions

3. Reflection of the

monochromatized synchrotron radiation

at the hematite monocrystal

A hematite z-Fe,0; (85% of *"Fe) single crystal
was used with dimensions of 7x4 mm?, mosaic
structure angle of ~40" and X-ray retlectance of
3x 10-? within the rocking curve Fig 3 (right)
shows the hematite rocking curves in the mono-
chromatized SR beam for the allowed (666) reflection
and in the vicinity of the forbhdden (777) one (see
the experiment schematic 1n fig la) The angular
width of the peak of 3’ matches to the horizontal
divergence of the SR bcam striking the hematite
Two humps on top were caused by the presence
on the reflecting spot of two large grains in the
hematite monocrystal Similar curves were ob-
served for some other allowed reflections No peak
could be secn 1n the vicimity of the forbidden (777)
reflection

To determine the energy spectrum of the radi-
ation the amplitude spectra of (666), (888) reflec-
tions and of the forbidden (777) reflection vicinty
were measured (sce fig 3a) The spectrum of the
strong (666) reflection consisted of the single
14 4 keV peak due to the diffracted radiation at
7,=086A. In the amphtude spectrum of the
(888) reflection the coherent reflection was consid-
erably suppressed (because the incident SR beam
was polarized and 2 85 (888) = 98¢ which was close
to 90°) therefore the hematite 1ron characteristic
fluorescence was displayed at £ =6 3 keV (fig 3b)
The intensity of this 1sotropic radiation 1n the
(777) reflection vicinity (26 = 82°) was much
greater than that of the diffuse background at
14 4 keV

TABLE 1

37TmbFc MOSSBAUER LEVEL EXCITATION
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Thus the background was suppressed so well in
the chosen configuration that the relatively feeble
fluorescence became dominant. The further back-
ground reduction (besides gating) 1s possible via
the scintillator size diminution (as the collimated
beam area of 6 mm? 1s much less than that of the
utilized Nal crystal 17 mm in diameter) or via in-
stallation of low-Z filters and an analyzing crystal
upstream the detector or by an amplitude discrim-
ination. Moreover the analyzing crystal reduces
the elastic diffuse background by the ratio of its
acceptance angle 1o the solhid angle of the hematite
as seen from the detector The latter measurement
1s also performed in our experiment

The estimated intensities and the measured quan-
tities corresponding to the storage ring operation
parameters are summarized in table 1 One can
see that the disagreement 1n intensity is not great-
er than by an order of magnitude for both al-
lowed and forbidden reflections. Such agreement
should be thought of as a sausfactory one because
the estimates for intensity do not seem to be too
precise

4. Time measurements

A block diagram of electronics 1s presented in
fig 4 It comprises a reference pulse former, a -
detection channel, a time to amphtude convertor
and an amphtude analyzer The electronics is real-
1zed on the basis of unuts described 1n refs 6 and
7

Time measurements were carried out in the
configuration shown in fig la The feeble (444)
reflection 6, = 22° of hemaute was used with the
structure factor F,,, =006 related to one 1ron
atom In addition to the configuration of fig la an
analyzing crystal of pyrolitic graphite was installed
downstrcam the hematite We believe these con-
ditions to simuitate most closely a low counting
rate and a low diffuse scatiering background ex-
pected 1n the experiment. The instantancous dif-

The companison of calculated and mecasured data for storage ring parameters being used (£, - 20GeV, /, - 10 mA)

N /* B eon (666) P.on (77 B (T77)
(photons/scc) (photons/sec) (photons/scc)
nonres res cale exp calc exp calc
G 6 3 43%108 . 12 2x10-2
x 15 7 Laxioe  86x10 18 03 2% 1074
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Fig 4 The block diagram of clectronics employed

fraction peak and background of random coinci-
dences of SR pulses are shown 1n fig S The peak
full width at half maximum 1s 9 nsec. The peak to
background ratio amounts to ~17x10° To sub-
tract the electronics noise contribution a test was
made at the same conditions but the scinullator
was removed There was no noise (1 count per
103 sec) The resolution and peak-to-background
ratio now achieved make 1t possible to measure in-
tensities 10? times smaller than that of the instan-
taneous scattering 1n 25 nsec past SR flash

5. Discussion and further development

In the experiment configuration presented above
the major difficulty in Mossbauer experiments
with the synchrotron radiation appears to have
been overcome The conditions are found at which
the background resulting from the instantaneous
electronic diffraction of the huge SR quantum flux
1s suppressed. The results obtained make 1t possi-
ble to excite experimentally the **"Fe Mossbauer
level

The VEPP-3 storage ring operation parameters
that were available (£ =2 GeV, /=30 mA) were
not high enough for these experiments to be per-
formed within the scheduled time quota. The
work 1s to be continued 1n 1978 The further im-
provement to enhance the resonant quanta flux
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will result from mounting of the apparatus on the
SR beam line of the VEPP-4 damping magnet®)
At a given value of current VEPP-4 at 4.5-5 GeV
will yield 150 times more resonant quanta than
VEPP-3 at £ =2.2 GeV Later on the experiments
may be continued on the SR beam line of a su-
perconductive wiggler to be installed on VEPP-3,
there the resonant quanta flux 1s to be 100 umes
higher than on the existing beam line.

It 1s worth mentioning that by means of the
“nuclear Bragg monochromatization™, of which
the virtues and the problems in realization are dis-
cussed 1n'), one can separate from the SR beam a
v-ray beam with the following properties-

- provisions to perform a Mossbauer experniment
on whatever nucleus;

- availability of an intense quantum flux in a nar-
row solid angle,

- inherent amplitude modulation of radiation with
characteristic ume of 0 1-1 0 nsec;

— the radiation 1s naturally polarized

This quantum beam 1s to become a perfect
Mossbauer sources for various fields where the

Vil
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Mossbauer effect 1s widely applied (e g Mdossbauer
spectroscopy, pure and applied studies on Moss-
bauer diffraction, investigations of hyperfine cou-
pling 1n solids, etc)

The authors are grateful to V. E. Dmitriev, Yu.
Kogan, N A Chernoplekov, E V Shuryak, M 1|
Stockman for helpful discussions and to K. P.
Aleshin and A N. Dubrovin for their assistance n
experiments.
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