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hlecegliaencd 100-meTmo co AHA poXXAeHUS
depoepa JisBoBnya Wannpo

Dedicated to the 100" anniversary of
Fyodor LL’vovich Shapiro

» Fyodor L'vovich Shapiro always supported us, the young
enthusiasts, since he was also young and enthusiastic !

 F.L. Shapiro was always interested in nontrivial experiments !

He said, that the experiments (on the Mossbauer effect) performed
in Dubna should be once which could not be performed elsewhere !

o  ®epnop JlbBoBMY LLlannpo Bcerga nogaepxmears Hac, MonoabiX
9HTY3MacToB, T.K. OH caM OblfT MONOAbLIM U 3HTY3MacToOM !

o LUanmpo nposiBnsin MHTEPEC K HETPUBUATBbHBIM 3KCNEPUMEHTaM !
OH rosopwun, 4to B [lybHe no meccbayapoBCKOW TeMaTUKe HAO0
genatb TO, YTO B APYrMx Mectax He MOryT caenaTtb



First meeting F.L.. Shapiro in early 60s in Dubna

At the beginning of the new 1960 year | arrived in
Dubna, with my family, to start working at the
Laboratory of Neutron Physics (at JINR). There
was a real Russian winter in Dubna. While in

Bulgaria, | had learned from people working in the

same Lab, that Dr. Shapiro is a very talented
physicist who directs most of the experimental
research in the Lab, and so my first goal was to
meet him ... In that winter morning, there was a
seminar scheduled in the Neutron Lab, and just
before it started, there was a middle-aged man in
the hallway who was walking towards me. It
seemed like someone had informed Dr. Shapiro of
my arrival. He came close to me, shook my hand,
and introduced himself. | was immediately
impressed by his welcoming nature, which had
about it a friendliness, and so my previous
apprehension immediately disappeared. |
rememeber, the speaker was Zhora Samosvat who
was smiling all the time! After the seminar Dir.
Shapiro invited me to his office, where we have
discussed in detail what | had been working on in

Bulgaria, and what | would like to study in Dubna.

B nauane 1960 roma st mpu6su1 B JIyOHY, BMEcCTe ¢
CeMbEH, U TTOCTYNWI Ha padboty B JlabopaTopuro
HeWTpoHHOU (u3uku, B JlyOHe Oblia HacTosmas
pycckas 3uma. Emie B bonrapuu MHe roBopuiu,
yto [llanmupo 310 TOT YeNOBEK, KOTOPHIN
HEIMOCPEJICBTBEHO PYKOBOJIUT
IKCTIEpUMEHTAIbHOM padoToit B JIH® u nmepBeim
MOUM JIEJIOM OBLIO BCTPETUTHCS C HUM...B 31O
sumMHee yTpo, B JIH® nomxen Ob1 mpoxoauTh
CEMHHAp, U HE3aJ0JIT0 JI0 €r0 Havalia sl yBUJET B
KOPHUA0PE YETOBEKAa CPEAHETO BO3PACTA, KOTOPBIM
HarpaBisuics ko MHe. [Toxoxe, 4To KTO-TO cKa3ai
[ITanupo o moem nipuesae. OH nmogan MHE pyKy U
npeacrtasuics. Ha mens cpa3y npoussen
BIIEUATIIEHUE €TI0 OTKPBITBIN B3IVISIM, U B TO XK€
BpeMs sl IOYYCTBOBAJ 100POKENATEIBHOCTD C €T0
cTtopoHbl. [IoMHIO, Ha cEMUHApe C JOKIA0M
BbIcTynan XKopa Camocsar, nmpudem roBops, OH
Bce BpeMs ynbiOancs. [locne cemunapa Ilanupo
IpPUITIACKII MEHS K cebe, B ero KOMHAre, /e
O00CTOMHO TOBOPHIIUA O TOM, YEM 51 3aHUMAJICS B
Bonrapuu 1 yem xorten Obl 3aHUMAaThCs B JlyOHEe.



IMeeting Shapiro and his group members

Shapiro told me that here in Dubna they are still
far from obtaining polarized neutrons, and he
suggested sending me to the Institute for
Theoretical and Experimental Physics (ITEP) in
Moscow, where they had already been working
with a polarized neutron beam. In that
conversation, as | remember, he asked me what
foreign languages | knew, besides Russian? |
answered: English and French.

It is evident that Dr. Shapiro had great memory:
one year later, when | came back from Moscow
to join the Dubna Mossbauer group, he asked me
to translate from French one review paper on the
Mossbauer effect, written by Anatole Abragam.

At the end of the talk Dr. Shapiro suggested that
| take a tour of the Neutron Lab so that | can get
acquainted, see who is doing what, and only then
give him my final decision. My guide to the Lab
was Slava Lushchikov. Going from one
laboratory room to another we finally ran into
Yurii Ostanevich,

B cBsi3u ¢ MOUM KETaHUEM 3aHUMAThCS
MOJIIPU30BaHHBIMU HEUTpOoHamu, [1lanupo
ckazain, uyto B JlyOHe, Toka, Jalieko OT UX
MOJIYYEHHUSI, U MPEIJIOKUIT KOMAHIUPOBATH
meHs B UTO®, B MockBy, r71e y»ke ObUT Iy4OK
MOJISIPU30BAHHBIX HEUTPOHOB. OH TaKke
CIIPOCHJI MEHSI KAKUMHU MHOCTPAaHHBIMU
S3bIKaMH, KpPOME PYCCKOTO 5 BJIAJICI0, HA YTO I
OTBETWJI: (PpAHITyCKUI U aHTITHMHCKUH.

SIBHO y HEero OblIa XOpOoIIasi MaMsITh, IOTOMY
4TO TOJI CITyCTs, KOT/a s BepHyJcs B [lyOHy u
neperes B MeccOaydpOBCKYIO TPYIIITY, OH
TIOTIPOCHII MEHS TIEPEBECTH C (PAHITYCKOTO
OompIyio cTaThio 00 3pdexte Meccbayspa
Amnarons Abparama.

B xonue pasrosopa, @enop JIbBoBUu Benen
MTO3HAKOMUTBH MEHS CO BCEM, UTO JICJIAECTCS
JIH®. Moum rusiom 6su1 CriaBa JlymmkoB. Mbl
NEePEXOJIUIU OT OAHOTO (PU3HUKA K APYTOMY U
nonainy B KoHIE K FOpuro OctaneBuyy.



First meeting with Yura Ostanevich

(about the Mossbauer effect)

Yurii Ostanevich showed me the Mossbauer
experiment. In the course of our conversation, he
happened to mention that the gamma emission
and absorption lines are "shifted" out from each
other, and owing to the thermal vibrations of the
atoms the resonance absorption does not occur. |
then asked, "And why aren't the nuclei frozen?"
He answered, "Well, that's how Mossbauer
proceeded," and pointed to the cryostat.

Later in my ruminations | returned several times
to this conversation, and I found it strange that
without understanding the complete picture of this
phenomenon, | had followed the right track...

FOpuit OcraneBUY MO3HAKOMUII MEHSI C
MeccOay?pOBCKUM dKcriepuMeHToM. B xone
Oecennl OH KaK-TO OOMOJIBUJICS, YTO raMMa-
JUHUM (MCIYCKAaHUS Y MOTJIOIICHUSA )
“cIBUTAIOTCA” APYT OTHOCUTEIBHO JpyTra, U
KpOME TOTO YIITUPSIOTCS B PE3YJIbTaTe TEIMIOBBIX
KOJIeOAHUM aTOMOB, TaK YTO PE30HAHCHOE
nomioleHrne He mporucxoauT. Toraa st cpoCHi:
"A nouyemy siipa He 3aMopo3uTh?". OH MHE
oTBeTHJI: "A BOT Tak Meccbayap u nmoctynuia", -
- U MaJIblIeM yKa3aJl Ha KpUoCTar. ...

ITo3:xe, B CBOMX Pa3MBIIUICHUSX I HECKOJIBKO
pa3 BO3BpAIIAICS K 3TOMY Pa3roBOpPYy U KaK-TO
MHE OBLJIO CTPaHHO, YTO TOTJIa, HE TTOHUMAS
MOJTHOM KapTHUHBI 3TOTO SIBJICHUS, TTONAJ Ha
BEPHBIU CIIEL...



New Ideas In Barit, Podgoretskil, & Shapiro paper

N.A. baput, M.U. Noaropeuknia, ®.J1. Lanupo, KITP 38, 301 (1960), November 4, 1959
[Soviet Phys. JETP 11, 218 (1960)]

Equivalence principle & Gravity frequency shift
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Nuclear Zeeman effect
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gy Exploring the nuclear Zeeman effect may
;\b; . rB e‘r L afford the possibility of investigating the
gamma transitions of polarized
nuclei and the interactions with
S Vl polarized gamma quanta.
s Just this possibility have been used by us
4 g Second order Doppler shift: in the experiment on Searching of the
(clock time delay viewed by A) Photon’s Electric Dipole moment
(see below). In this case, for the
A \VE nuclear polarization there is no need for
i Av A=V, —é very low temperatures or large
C magnetic fields.




Conference in Moscow: July 1960: the talks of

Shapiro, Maossbauer, and Paund

7, Shapiro -- Uspekhi Fiz. Nauk
X(t)/ : 1} e Classical Theory of the Mossbauer effect
° S
\H o u(t) e Other Mossb. Exp. in the USSR
"
X=c/ @, 2 e 67Zn experiment of S.I. Aksenov et al.
fow = eXp(__z -
Recoiless fraction: A Mossbauer -- Uspekhi Fiz. Nauk

* Review of Mossb. effect experiments
Coincides with Quantum Mechanics !!

e Determine Magnetic & Quadrupole
moment of nuclei

67Zn experiment of Aksenov, Alfimenkov, « 13 Mossb. isotops observed so far !

Lushchikov, Ostanevich, Shapiro, Yen Wu-Kuang

- Resonance tunned via magnetic field o
- Zn metal, 33% enriched, Paund -- Uspekhi Fiz. Nauk

_Small effect: 2.6 102 % * Observe gravity red shift with 5’Fe,
o ) on a base of 22 meters, 4% accuracy

67Zn experiment of Craig et al.

- Resonance tunned via magnetic field
-ZnO (S+A), A: 92.4% enriched,

- 10 times bigger effect: ~ 0.3 %
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Dubna breakthrough: first °’Zn resonance spectrum

and the

nossibility to measure small energy shifts

B.M. AadumeHkos, H0.M. OctaHeBuuy, T. PycKkos, A.B. Ctpenkos, ®./1. Llanupo, EHb Y lNyaH
HITP 1.42, 1029 (1962), December 9, 1961
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[Soviet Phys. JETP 15, 713 (1962)]

67Zn experiment of Alfimenkov et al.
¢ Resonance via Doppler modulation

( natural LW/93 keV= § =5 1016

*ZnO (S + A), A:33% enriched
e Max resonance effect: 0.2 %
(Linewidth is about 10 times the natural LW)

* Observe resonance structure: evidence of
spin-1/2 excited state & Quadrupole splitting

e Estimate f’ = 0.02 (of absorption)
¢ Estimate Debye Temperature of 300K (ZnO)

67Zn experiment of Alfimenkov et al. — Impact on Theory !!!
D.A. Kirzhnits and V.A. Chechin, Yadernaya Fizika 1968 estimated

elementary length

L ~10cm

of Quantized Space !

Theories with elementary length “L” were developed by
Yu.A. Gol’fand (1959) and V.G. Kadyshevskii (1961)



Tthe Dubna Maossbauer group in early 1961

From left to right: Alexander Strelkov, Viktor Alfimenkov (the group leader),
Yen Wu-Kuang, Todor Ruskov, Yurii Ostanevich



199Sm: Dubna first observation of resonance

spectrum and determination of level scheme

B.M. ArdumeHkKos, HO.M. OcraHeBuy, T. Pyckos, A.B. Ctpenkos, ®.J1. LUanupo, EHb Y lyaH
HITP 1.42, 1036 (1962), December 9, 1961 [Soviet Phys. JETP 15, 718 (1962)]

Source

' Absorber 1496m experiment of Alfimenkov et al.
e Resonance via Doppler modulation

Estimated natural Line Width < 6 107 eV

| e g
Nal

| FEU

e Source: Sm,0; + 1%%Eu,0,

e Absorber: Sm,0; on microphone membrane
¢ natural abundance
¢ Max resonance effect: 1%

V, cm/sec

14 ..
6 2 4 ¢ & 10 12V | e Observed Mossbauer Effect => a transition to

the Ground State (YES-NO experiment)

- 22 keV 22 keV
i No: ME
- S5 GS ? :
r ¥ 47 3 \\ No: GS
| N
7 Yes: ME 77 77877
12,192 Yes: GS



155H0; Sofia, Bulgaria: first observation of

resonance Mossbauer spectrum in 1963

In 1963 | returned to Bulgaria
and decided to continue
the Mossbauer studies
begun in Dubna.

Our experimental nuclear
reactor IRT 1000 have been
just started and there were
a possibility to observe (in
principle) the Mossbauer
effect in nuclei, where the
parent isotope can be
obtained via neutron
capture.

| focused on '%°Ho 94.7 keV g-
transition, obtained from
the beta-decay of 165Dy
(139 min half-life).

165Dy obtained via n-capture of 1¢4Dy. Our Lab
was few ten meters from the reactor



5H0: Sofia, Bulgaria: first observation of

resonance IMossbauer spectrum in 1966

T. Pyckos, T. Tomos, X. Monos, Aloknaabl bonrapckoit Akagemum Hayk, 1.19, 701 (1966)
[Comptes rendus de ’Academie Bulgare des Sciances, 19, 701 (1966)]

_ System of two cryostates (77 K) is used:
-1|}-- e Absorber cryostate is waiting ready

‘ ~J
“|ll-lL~"  * Sourceis mounted fast, since initial Ve = 30CM / seC
11= activity was few tens mCi ! p

= 2. Elastic stainless
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165Ho experiment of Ruskov et al.
5. Source Dy,0; e Resonance via Doppler modulation
Measured Line Width = 2.2 10° eV — one of the largest

\_ﬁ e Source: Dy,0,

° . : -
7. Detector Absorber: Ho,O; on a seismo-sensor

6. Abs: Ho,O



Diffusion mechanism in solids and °’Fe Mossbauer

experiment at high temperatures (1030 °C)

S. Asenov, T. Ruskov, T. Tomov, I. Spirov, Physics Letters 79A, 349 (1980)

MOVING LEAD SHIELD
ABSORBER . A
N
o
ACTIVE 5
SPOT -
! SAMPLE -— N ’
PROPORTIONAL
>’Fe(%’Co) Cu COUNTER

Special rotating furnace/holder
Cu single crystal X-axis [100]

Angle @ between } - direction
and X-axis
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Vacancy diffusional mechanism Interstitial mechanism
Angular dependence on No angular dependence

jump direction & distances

Diffusion mechanism in solids theoretically predicted
e M.A. Krovoglaz (1961) (see also Singwi & Sjolander)

e Our choice: 57Fe(57Co) in cubic Cu single-crystal.

Hard, non-trivial experiment at T= 1030 °C
(only 30 °C below the melting point !)



First direct observation of the diffusion mechanism

In solids with °“Fe at high temperatures (1030 °C)

S _ S. Asenov, T. Ruskov, T. Tomov, I. Spirov, Physics Letters 79A, 349 (1980)
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High-temp. Mossbauer furnace
with rotating sample-holder

>’Fe experiment of T. Ruskov et al.
e Resonance via Doppler modulation
1 |

e Source: °>’Fe(>’Co) Cu o e
* Absorber: Na,Fe(CN); 10H,0 Angular dependent diffusional broadening vs. Theory




Reaching the limit of natural line width with ¢’Zn

for measuring extremely small energy shifts

Previous improvement of 7Zn technique and ours

15
ﬁ 2 e de Waard&Perlow essentially repeat us 8 years later (1970) !
t HHII !\ * Helisto et al reach energy sensitivity of 3 10-12 (1984);
s i et gravity red shift accuracy not improved on base of 1 meter (1981)
[
"+ . e T Ruskov et al use quartz drive, w. better frequency spectrum
reaching similar energy sensitivity

* T Ruskov et al use a compact PZT w. displacement sensor (1985-86)
Displacement accuracy: 4 1012 m; use monocryst. ZnO (S+A);

. o *T Ruskov et al uses reaction ¢’Zn(d,n)%’Ga; irradiation damage
T \e \e prevented via cooling the target of ZnO mono-crystal (1988-89)

Piezoceramic drive: parallel

T

3 quartz plates(6),piezoceramic
: cylinder (7), sensor, piezo-

0 washer (10), silvered

Drive with quartz
piezo-motor (2); 6 1
tension distributed via

beryllium bronze (14) _f \_k
1 \2 \2

electrodes (12)




Searching photon’s electric dipole moment with ¢’Zn

Classical energy change of a Dipole E.D.M. of a particle => CP violation, Landau (1957)
oE e Dyson&Fremlin did not see effect with >’Fe in Electromagn
z1 — -10
SE = 3 dz aZz dz = dz (E2 _ El) resonator => upper bound on E.D.M. of d <10%°e.cm
* T Ruskov et al use the Electric field of 6’Zn nucleus

(emitter & absorber), via final state interaction

i !
67Zn Ground State Quadrupole with the Photon !

deformation => Field change

Source & Absorber single- Corresponding transitions in S & A:
¢ +% ¢ .3 crystal, natural abundance Nuclei are aligned, NO NEED of
- — J @ S nuclear polarization !!
—A— CHK‘
ci' th
. A/ A

Iclic k llc Lc

4 " ._}: : 1 A/

\ 3G Ne re -'_-!ﬁ'2

C] 1.%

=

i/

= i
c: ' t'l{
Absorber nucleus \ / 2

: 67
rotates with the crystal In m




Observing photon’s E.D.M. with 7Zn

03]

T. Ruskov, R. Ruskov, I. Spirov, A. Kirov, T. Tomoyv, S. Asenov, Nucl. Inst. Methods, B36, 82 (1989)

Positions change
each run (due to
different Source
isomer shift.

Quadrupole

splitting FWHM - However, the
change A=P, —P
+ . o L
0.49£0.04um/s is positive & same
S 3 2 0 7 2 3 L Sumg

S: ZnO single-crystal; A: ZnO

polycryst, %92 enriched

Estimated EDM

d ~ A
*~ (516)AE,, + (1/ 6)AE,,
~1.3x10%e.cm

Alternatives via different Quadrupole
splitting in S & A, or via Interference
of nuclear/atomic processes cannot
explain the data.

RELATIVE ABSORPTION (%)

0

k,llcllic

- (287

- 0194 0 0194 0287
VELOCITY (umy/s)

Average shift
A =0.0098+0.0048 um/ s




HECKONMBKO 3aKIIIOUNTEILHBIX CIIOB O

dejope JIbBoprue [lamipo

3aKaHuMBasA, XOTEJIOCh Obl CKa3aTh HECKOJILKO 3aKIIOUUTENIBHBIX CJIOB 0 Denope
JIrBoBHue lanupo. OH ObLT 4EJIOBEKOM, KOTOPBIN B HAYKE BCET/1a UCKAJl U3IOMUHKY.
HoByto uzeto cxBatbiBai ObIcTpo. [0 Menoyam He pazOpachiBajics, HO 3TO HE
03Ha4yajo, YTo MOAPOOHOCTH, MHOTa BeChMa CYIIECTBEHHbIC JJIs JIe1a, YCKOJIb3alld OT
Hero. [TomHnto, B JIyOne Obuta nexuus [1anesckoro, u [lanupo nepeBoaui ¢
aHriuiickoro. [lepeBoj ObUT HACTONBKO TIHIATEIBLHBIM U MOAPOOHBIM, YTO JaXKE
ocTaBaJioch omryiieHue, uro llanupo go06aBsst 4TO-TO OT CcEOsl.

K HaM, MOJIOJIbIM, OH OTHOCHJICSI OY€HBb TOJIEPAHTHO U 01arocKJIoHHO. K HEMy MOXKHO
OBLIIO TTOJIONTH C JIFOOBIM BOIIPOCOM, B JIF0OOE BpeMmsi, Ha padoTe, B ANEKTPUIKE U T.J.
Ecnu He MOT OTBETUTH Ha 3aJJaHHBIN BOIIPOC Cpa3y, OH pa3OUpaJICs caM M Yepe3 Jac-
JIBa WUTM Y€pe3 JICHb-APYTOM J1aBajl OTBET.

Bo Bpemsi HOUHBIX U3MEPEHMII, a UX XBaTajl0, MOKHO ObLIO MOCMATh HEMHOXKKO B €r0
KOMHAaTe Ha JMBaHe, U, BOOOIIIe, Korjia oH ObiBaj B MOCKBe, OH Ipejjiarai Ham CBOIO
KOMHATY I 3aHATUN.



Some concluding words about

Fyodor L’vovich Shapiro

| would like to conclude by saying a few words about Fedor L'vovich Shapiro. Shapiro
was a man who always sought the gems in science. He grasped a new idea quickly. He
did not worry about details, but this does not mean that the details, sometimes very
important for the work, escaped him. | remember a lecture given at Dubna by
Palevsky which Shapiro translated from English. The translation was so careful and
detailed that one even had the feeling that Shapiro had added something himself.

He was very tolerant and well-disposed to us young people. One could go to him with any
guestion at any time, during work, on the train, and so on. If he couldn't answer a
question immediately, he thought about it and gave the answer in an hour or two or in
a day or two. During night measurements, of which there were certainly enough, one
could take a nap on the sofa in his room and, in general, when he was in Moscow he
let us use his room as a quiet place to work.

If | had to characterize him briefly, | would say that he was a pragmatic enthusiast. His
enthusiasm always had a forward thrust, and his pragmatism was manifested in the

fact that he did everything possible under the conditions which society imposed upon
him.



BvecTo BarirodcHs: B nerckoM caarke, /yoHa
1960x 1 oymyiice Poccrm
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