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Some propert ies of  the  synch ro t ron  rad tahon (SR) - such  as its excess ive  spectral b r igh tness  and the  inheren t  a m p h t u d e  
modu la t i on  - g~ve r~se to a hope on the  feastbdtty of  the  direct exci ta t ion of low-lying (Mossbauer)  nuclear  s ta tes  and  
on pe r fo rmancc  of  a series o f  tmac- reso lvmg e x p e r i m e n t s  ] h e  mare  dllf iculty m per fo rming  thcsc  c x p c n m e n t s  hes  m the 
select ion of  the smal l  rate o f  resonan t  quan t a  ~n t.~,e gross  SR beam flux For ms tance .  /res/lto t lot the  intr insic  ~Jdth  
01 the  57ml'e Mossbaue r  level is of  the  order of  10 14 

In the  present  paper an exper imenta l  a r r angemen t  ~s proposed and inves t igated  which provides  
- p r e h m m a r y  monochromat t za t Jon  of  SR by Ge m o n o c r y s t a l s ,  
- suppres s ion  of  thc  coheren t  background  u s i ng  a purel)  nuclear  reflection ~tt hemat i t e  single cr)s ta l  2-¢'7Fe203 . 
- suppres s ion  o f  the  coheren t  and  non -cohe ren t  background  resu l t ing  from both SR beana h~gh-extcnt  polarization and  

thc  usc  o f  reflection angles  on hcmat t t e  c lose to 2 0 = 9 0 .  
- reduct ion  o f  the  n o n - c o h e r e n t  background  by m e a n s  o f  ana lyz ing  crystal  ups t r eam the  detector  

Elec t romc u m t s  apphed provided select~on of  the  cncrg  3 s p e c t r u m  range needed,  m e a s u r e m e n t  o f  the Mossbauc r  spec- 
t r um and tm~e d is t r ibut ion  

P r e h m m a r y  resul ts  of  the  m e a s u r e m e n t s  are presented  
] h e  properties of  the  synch ro t ron  radmtton (SR) gree rise to a hope on feas~btht~ of  the  d~rect exc t t ahon  of  I o ~ - I ) m g  

(Mossbauer )  nuclear  levels and hence  on pe r fo rmance  o f  a ser ies  of  ra ther  mtcrcs~mg expe r imen t s  on  inves t iga t ion  of  the  
tmae dependance  of  the  r e sonan t  diffraction 1o  perform such  an ~ .xpenment  ~ t h o u t  SR one  has  to des ign  uhra-rap~d 
choppers  ~ and s u p e r m t c n s c  sources  For ins tance  the  SR bcam br~ghmess  on exis t ing electron s torage r ings m q u a n t u m  
energy range  of  10-30 ke~, m the  bandwid th  equal  to that  of  a * l o s s b a u c r  level a m o u n t s  to :-- 1011 p h o t o n s / e r a  2 sec sr:  ), 
wh~le unde r  thc s ame  cond i t ions  br~ghmess  of  the  mos t  powerfull  source  ( ~ 0  1 C ~ / m m  z) ~s 2 x 109 p h o t 3 n s / c m  2 sec sr 
T o  carry out  a t m ~ e - r e s o h m g  expe rm]en t  ~~th a conven t iona l  source  chopp ing  o f  the  q u a n t u m  flux ~s needed t h u s  re- 
duc ing  the  mean  b r igh tnes s  b) a factor of  .~100 In contrast  to that  the  tmae d~stnbut~on of  the  SR in tens i ty  m storage 
n n g s  (e g 1 nscc pu lses  spaced by 0 1-1 /zsec intervals)  for tunate ly  su~ts these  e x p e r i m e n t s  ~ 5"[-e s e e m s  to bc an op- 
t m m m  M o s s b a u e r  isotope ~~th respect  to a s u m  of  character is t ics  Ibr first expe r imen t s  

1. The experimental arrangement; 
estimales relevant 
The work was carried out on the VEPP-3 stor- 

age ring SR beam hne (electron energy up to 
2 2 GeV, bending radius ts 6 15 m, current up to 
100 mA) Total flux of quanta of all energies per 
mtlhradtan of horizontal angle interval ~s ~ 10 jr' 
photons/sec  mrad Flux of quanta w~th the energy 
of 14 4 keV m the energy range equal to the in- 
trinsic width of ~'mFc level ( z J E = 4 5 × I 0 g e V )  
amounts to 102 photons /secmrad Thus the con- 
tent or resonant quanta m the gross SR beam ts 

~ Possible  reahza t |on  o f  such  choppers  (e g a v t b r a t m g q u a r t z  
plate or a r e sonan t  absorber)  are now u n d e r  d c v e l o p m e n t  
by the a u t h o r s  

"" Other  possible  apphca t tons  o f  SR m M o s s b a u e r  expert .  
m e n t s  and  nuclear  spec t roscopy are d i s cus sed  In 1,2) 

about 10 -~a therefore measurements tn the direct 
beam are obvtously impossible 

In the present paper an experimental configura- 
tion ~s proposed shown m fig la To reduce the 
quantum flux lnctdent on the crystal which con- 
tams Mossbauer nuclei a prehmmary monochro- 
mattzatton of the SR beam ts envisaged A mono- 
chromator conststs of two perfect Ge crystals po- 
stuoned so as to achieve maximum dispersion 
The double crystal monochromator of this type ts 
necessary for stable selecuon of rcqmred wave- 
length from the SR beam and bestdes for reduc- 
tion of the diffuse background The monochro- 
mattzat~on ts effected tn the vertical plane 

Downstream the monochromator the quanta 
strike a hematite smgle crystal posltmned 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 diffractton. A forbiddenness  
factor (t.e the intensi ty ratto of  non-resonant  7- 
rays reflection on electrons and nucle~ m the for- 
bidden reflection (777) to that m the allowed (666) 
reflection) ~s Kf<~10 --~, as de t e rmmed  from the 
curve of  purely nuclear reflectton3), 

A goniometer  bearing the hemau te  crystal ~s po- 
stt toned m the plane parallel to the dtrectmn of  
the y-ray beam reflected the monoch roma to r  Thts 
together  wtth making use of  the h~gh extent  of SR 
beam polar]zatton (e.g at E =  2 . 2 G e V  and 
2. = 0.86 ,~, the average polartzatlon p = 90% thus 
the mtenst ty  rauo of  n to o componen t s  
I~/1,, = 5 x  10- 2) and choosmg the angle of  pure- 
|y nuclear Bragg reflection close to 90 ° (2 01~ 77 ~- 82 ° 
and the reflected ~'-ray beam travels along the 
electric field vector  m the me,dent  wave) provide 
fur ther  reductton of  both the flux of  the coherent  
nonresonan t  quanta  and non-coheren t  diffuse 
background 

The  htgher-order  harmomcs  are suppressed by a 
combmat ion  of  the planes (1II) Ge and 
(777) o:. 57 Fe~O3 ;to = 0.86 ~ (E = 14 4 keV) past 

S Y N C H R O T R O N  

P A D I A T I O N  

the monochroma to r  (0B = 7030 ') ~s used for the ex- 
per iment  on the search for the purely nuclear re- 
flectton at ;-0, the ref lecuon due  to the electromc 
dfffracuon on the hemat t te  ts forbidden,  ),i,/2 ts 
ehmmated  by (222)Ge plane array,  ,;!,0/3 can pass 
the monochroma to r  but ts not reflected on the 
h em au te  as cancelled by (21 21 21) plane array,  
;,0/4 penetrates the monochroma to r  and can be 
reflected on the hematt te .  By est tmates  its contrt- 
but ton to the intensi ty on the detector  ~s small 
(I~o,4/I~.o=3×10-') and Is readdy ehmmated  by 
means  of  energy ampli tude analys~s 

A scintillator counter  (Nal wtth the photomult t -  
pher FEU-85) was used as a detector  

A Mossbauer  absorber placed upstream the 
monochroma to r  was made of  polycrystal hemat i te  
(15 m g / c m  2 of  5~Fe). Its thickness provides a total 
absorption of  the resonant  quanta  at V~e ~ = 0 

Let us make an est imate for background condt- 
t~ons and a value of  effect,  l e. a change m the 
count ing rate for two velocmes of  the absorber 
V,~, = 0 and Vr~ ~ = ¢~ (actually V >5  cm/sec )  ]n the 
exper iment  conf igurauon above described. 

a- -='F,=O~ 
POL YC RYSTA/ 

MOS'~$ B A U=E p 
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R~ 

Fig 1 a) Layout of  the exper iment  on sTraFe Mossbauer  level excitation by the synchro t ron  radiat ion,  b) The monochroma-  
for schemat ic  view 
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The  background condit ions are primarily deter- 
mined by the coherent  electronic (but not nuclear 
resonance) scattering in the hemat i te  monocrysta l  

/q~(;-)(~-~) K~c K~,Fc2os A(pKr K, 
, (1) 

Z~q 
where 15~co, is the intensi ty on the detector  result- 
lng from the coheren t  background;  S is the polar- 
izatlon index of  the SR beam,  N ' (2 )  is the SR 
spectral intensity on the detector  for a gwen  po- 
larization, (A2/),)m = 2 x  10-~ is the t ransmission 
bandwidth of  the double crystal m o n o c h r o m a t o r ;  
Ko, = 0 . 6  and K,v~:o~ = 3 x  10 -2 are the X-ray re- 
flectances within the rocking curves on Ge(III)  and 
hemat i te  oc S;Fe203 (666) monocrysta ls  respectively 
(measured on a double  crystal X-ray spec t rometer  
with Mo K~ radlauon) ,  K f <  10 s IS the forbldde- 
ness factor of  X-ray reflection on the hemat i te  
single crystal ,  zl~0= 2×  10 4 IS the hemat i te  mo- 
saic s t ructure  factor whtch de te rmines  the usable 
SR beam horizontal  angular  range,  K5 ~s the ratio 
of  the polarization factors of  the hemat i t e  mono-  
crystal (666) to (777) reflect ions;  Z ~ is a factor ac- 
count ing for the convolu t ion  of  the SR intensi ty 
distribution over  2 and the vertical angle 0 w~th 
the rocking curves of  the Ge  monoch roma to r  crys- 
tals, q = 2 is the non- resonant  a t tenuat ion  in the 
Mossbauer  absorber. 

The  intensi ty  o f  the resonant  quanta  may be 
writ ten as follows 

AE 
/9"(2) T (57"Fe) K~, K,v,,o," L 

I~,, = (2) 
Z'q 

here is addit ion to eq. (1 )  I'~, s tands for the in- 
tensi ty on the detec tor  caused by the nuclear res- 
onant  diffraction;  AE/E(57mFe)= 3 2×  10 ~3 is the 
intrinsic width of  the 57Fe M6ssbauer  level at 
14 4 keV ; L = 20 is a factor account ing for the hy- 
perfine splitting and for the resonant  line broaden-  
ing in the nuclear  diffraction on the ~ 57Fe203 
crystal. 

The  est imates  o f  l~coh and 1~¢~ are summar ized  
in the table in which one  can see that the effect 
over  background ratio e = l,~/l¢~oh (at the count-  
Ing rate of  -~ 10 pho tons / sec )  amoun t s  to -~7% 
It ts essential that the e snma t lon  was effected for 
a con t inuous  measuremen t .  The  detector  gating 
account ing of  the radically different  de-exci tat ion 
t ime for quanta  scat tered on electrons and on nu-  

clear may  greatly Improve the condit ions of  the 
exper iment .  

2. Monochromat izat ion 
of the synchrotron radiation 

The  m o n ch ro m a to r  schematic  view is shown in 
fig lb. The  1st crystal was placed in the center  of  
a disk rotated around SR beam stepwlse by 3". 
The  rotation axis of  the 2nd crystal was placed on 
the same disk The  2nd crystal was moun ted  so 
that its rotation axis, its center  and the axis of  the 
disk should stay in an isosceles triangle vertices 
It is impor tant  that this configurat ion persisted 
while the angle between the two crystals was vat-  
ted The  2nd crystal could be rotated with respect 
to the 1st one by 5" steps The  m o n o ch ro m a to r  
design provided a total scattered SR shielding 
which was very impor tant  for the background con- 
slderatlons The  ad jus tments  of  the monochroma-  
tot  were provided by shifts with respect to the SR 
beam line 

Use was made  of  Ge monocrysta ls  (30 m m  in 
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F~g 2 lhe SR beam thermal effect m thc monochromator 
Above  the dependence  of the  ref lect ion angle  tbr radmt~on 
o u t g o m g  the m o n o c h r o m a t o r  on the 3rcl Gc crystal  p o s m o n  
Bclow the reflcct]on mtens~ty vs e lec t ron  cur ren t  Ln the  stor-  
age n n g  
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d iameter ,  ~-300 # m  thick), the rocking curve  
width was = 15" (Mo K , ,  SIO212022], wi thout  dis- 
persion correction) with the ref lectance of  = 0 6  
within the rocking curve  The  crystals were fixed 2°°°i 
on the flat metal  surface of  the a rm support  with 
an oil drop 

The  fine ad ju s tmen t  of  the m o n o c h r o m a t o r  at ,oo0 
the needcd 7 energy was made  with the radiation 
of  the Mossbaucr  source <~Co (0 2 C~) After  ad- 
j u s t m e n t  the m o n o c h r o m a t o r  was m o u n t e d  on the o 

SR beam line The  t ransmiss ion  bandwid th  of  looo 
~ 3 0 "  was observcd  when  rotat ing the m o n o -  
c h r o m a t o r  a s sembly  with respect to the SR beam 

As the power in the  direct SR beam was as high soo 

as ,~2 W / r a m  2 the testing of  the m o n o c h r o m a t o r  
stability on the SR beam was needed To th~s end 
the beam outgoing  the m o n o c h r o m a t o r  was ana-  

0 

lysed by a 3rd Ge  crystal put in the place of  the 
hemat i t e  crystal on the gon iome te r  The  beam 
went  ~n coll imated (two 0 1 m m  shts spaced 1 5 m 
apart) The  3rd crystal rotat ion was driven by a 
synch ronous  moto r  The  detector  ou tput  was fed 5oo 
to a m u l u c h a n n e l  analyzer  s~v~tched on the "sca l -  
er'" operat ion mode  Figs 2a and 2b show the 
slope of  the rocking curve  and its intensi ty  respec- o 

t ively vs the electron current  in the storage ring 
The  pers is tence of  the slope position ~s an evi- 

dence thal  there are no shift m the monochro -  
ma to r  t ransmiss ion  band (the errors are eva lua ted  
f rom spread in the slope posit ions as seen in re- 
pett t ive rocking curve  scans at fixed current)  The  

10' l inear growth of  the intensi ty  indicates the persis- 
tence of  the Ge  crystals reflectance 

T h u s  for the regime under  which the storage 
ring was operated there was no thermal  effect 
This  s eems  to be due to the Mossbauer  absorber  s l o '  
in the SR beam acting as a the rmal  filter ~t re- 
duces  the heat  flux me,dent  lhe  1st monochro -  
ma to r  crystal by an order of  magn i tude  while only  
2 tmaes a t t enua t ing  14 4 keV radiation Bes=des the 

o 
crystal suppor ts  are designed for an ef fec twe heat 
removal  of f  the thin m o n o c h r o m a t o r  crystals 

Utlhzat~on of  greater  electron currents  or ener-  
gins in a storage ring or or  m o n o c h r o m a t o r s  w~th 
a more  narrow rocMng curves  may  require e i ther  

Fig 3 Relle~tlon of  the m o n o c h r o m a t l z e d  SR beam at the 
hemat i te(see fig la) Nal crystal (0 1 mm thick. 17mm in di- 
ameter) as a detector  a The  hema t i t e  rocking curves  tor the  
al lowed (666) reflection and  in the vicinity of  the  forbidden 
(777) ref lcctmn b) The  energy, ( amph tudc )  spectra  measu red  m 
the  allowed (656) and (888) ref lect ions and in the  ' , lc imty of  
the  forbidden ( 7 7 7 ) o n e  
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an effective forced cooling or more elaborate fihers 
with total external reflection (thus cutting-off the 
short wave radiation and at the same time sup- 
pressing the h~gher-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-Fe203 (85% of 57Fe) single crystal 
was used w~th dimensions of 7×4  mm 2, mosaic 
structure angle of ~40" and X-ray reflectance of 
3× 10-2 within the rocking curve Fig 3 (right) 
shows the hematite rocking curves in the mono- 
chromatlzed SR beam for the allowed (666) reflecuon 
and m the ViCinity of the forbidden (777) one (see 
the experiment schematic in fig la) The angular 
w~dth of the peak of 3' matchcs to the horizontal 
divergence of the SR beam striking the hematite 
Two humps on top were caused by the presence 
on the reflecting spot of two large grams in the 
hematite monocrystal Similar curves were ob- 
served for some other allowed rcflectlons No peak 
could be seen m the VtClmty of the forbidden (777) 
reflection 

To determine the energy spectrum of the radi- 
ation the amphtude spectra of (666), (888) rcflec- 
ttons and of the forbidden (777) reflection vicinity 
were measured (see fig 3a) The spectrum of the 
strong (666) reflection consisted of  the single 
14 4 keV peak due to the diffracted radmt~on at 
,:-0 : 0.86 A. In the amphtude spectrum of the 
(888) rcflectlon the coherent reflection was consid- 
erably suppressed (because the incident SR beam 
was polarized and 2 0B (888):-98 ° which was close 
to 90:) therefore the hematite ~ron characteristic 
fluorescence was displayed at E = 6 3 kcV (fig 3b) 
The intensity of this lsotroplc radiation in the 
(777) reflection v~cmtty (20B =82  ~') was much 
greater than that of the diffuse background at 
14 4 keV 

Thus the background was suppressed so well in 
the chosen configuration that the relatively feeble 
fluorescence became dominant.  The further back- 
ground reducuon (besides gating) is possible via 
the scintillator s~ze diminution (as the collimated 
beam area of 6 mm 2 is much less than that of the 
utilized NaI 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 to the sohd angle of the hematite 
as seen from the detector The latter measurement 
ts also performed in our experiment 

The estimated lntensmes and the measured quan- 
tities corresponding to the storage ring operation 
parameters are summarized m table I One can 
see that the disagreement in mtenslty ts not great- 
er than by an order of magmtude for both al- 
lowed and forbidden reflec:lons. 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 is presented in 

fig 4 It comprises a reference pulse former, a 7- 
detection channel, a time to amplitude convertor 
and an amphtude analyzer The electronics is real- 
ized on the basis of  units described in refs 6 and 
7 

Time measurements were carried out in the 
configuration shown in fig la The feeble (444) 
reflection 01~ = 22 ° of hematite was used w~th the 
structure factor F444 = 0 06 related to one ~ron 
atom In addltton to the configuration of fig la an 
analyzing crystal of pyrohtlc graphite was installed 
downstream the hematite We believe these con- 
dltlOnS to stmultate most closely a low counting 
rate and a low diffuse scattering background ex- 
pected in the experiment. The instantaneous dlf- 

TABLE l 

The compar i son  of  calculated and  m c a s u r e d  data for s torage n n g  paranacters being used (£e " 2 0 G e V ,  / e - l0 m A )  

S Z'.s l~¢oh (666) /~oh (777) /Ire s (777) 
( pho tons / I ce )  ( p h o t o n s / s e c )  ( pho tons / s ec )  

non re s  res ta lc  exp calc exp calc 

a 6 3 4 3 × 1 0 5  I 2 0 3  2 × 1 0 - 2  
n 15 7 1 4 × 1 0 4  6 6 × 1 0 4  18  2 × 1 0  -4  
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fractton peak and background  of  r andom  coinci- 
dences  of  SR pulses are shown  in fig 5 T h e  peak 
full wtdth at half  m a x i m u m  ts 9 nsec. The  peak to 
background  ratio a m o u n t s  to ~ 1 7 ×  103 To sub- 
tract the  e lec t romcs noise cont r ibut ion  a test  was 
made  at the s ame  cond~ttons but the  scmtd la tor  
was r e m o v e d  There  was no no~se (1 count  per 
103sec) The  resolut ion and peak- to -background  
ratio now achieved m a k e  it possible to measu re  in- 
tensit ies 10 3 t~mes smal ler  than  that  o f  the instan-  
t aneous  sca t te rmg m 25 nsec past SR flash 

iO ~, 

10" 

5. Discussion and further development ,o, 
In the expe r imen t  conf igurat ion presented  above  

the major  difficulty in M~3ssbauer expe r imen t s  
with the synchro t ron  radiat ion appears  to have  
been ove rcome  The  condi t ions are found at whtch 

10 ~ the background  resul t ing f rom the ins t an taneous  
e lec t romc dfffractton of  the  huge SR q u a n t u m  flux 
~s suppressed .  The  results  ob ta ined  make  it possi- 
ble to excite exper imenta l ly  the 57mFe Mossbauer  
level 

lO 
The  VEPP-3 storage ring operat ion paramete rs  

that  were available (E = 2 G e V ,  I = 30 m A )  were 
not htgh enough  for these  expe r imen t s  to be per-  
fo rmed  w~thm the scheduled  t tme quota.  T h e  
work ~s to be con t inued  m 1978 T h e  fur ther  ~m- 
p r o v e m e n t  to enhance  the resonant  quan ta  flux 
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Ftg 5 The  t tme dlstr lbutaon of  scat tered quan t a  on the b, al 
de tcc tor  Thc  w~dth of  the  peak is due  to tffne resolut ion of 
the de tec tor  and elcctron~cs and cquals  to 9 nsec 
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will result from mounting of the apparatus on the 
SR beam line of the VEPP-4 damping magnet 8) 
At a given value of current VEPP-4 at 4.5-5 GeV 
will yield 150 times more resonant quanta than 
VEPP-3 at E =  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 is to be 100 times 
higher than on the existing beam line. 

It is worth mentioning that by means of the 
"nuclear  Bragg monochromatlzat lon",  of which 
the virtues and the problems in realization are dis- 
cussed in~), one can separate from the SR beam a 
y-ray beam with the following properties" 
- provisions to perform a Mossbauer experiment 

on whatever nucleus; 
- avallablhty of an intense quantum flux in a nar- 

row solid angle, 
- inherent amplitude modulation of radmtlon with 

characteristic ume of 0 1-1 0 nsec; 
- the radiation is naturally polarized 

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

Mossbauer effect is wtdely applied (e g M6ssbauer 
spectroscopy, pure and applied studies on Moss- 
bauer diffraction, investigations of hyperfine cou- 
pling in solids, etc ) 

The authors are grateful to V E. Dmltrlev, Yu. 
Kogan, N A Chernoplekov, E V Shuryak, M I 
Stockman for helpful discussions and to K. P. 
Aleshin and A N. Dubrovin for their asststance in 
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