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IN MEMORIAM OF F. L. SHAPIRO
(April 6, 1915-January 30, 1973)

» Shapiro was born in Vitebsk on April 6, 1915;

e Graduated from school at 15 years of age and entered an
electro technical school;

» Being only 19 years old, he proposed an original method for
converting thermal energy into electric energy by changing
the magnetic flux generated by controlled variations in the
temperature of a ferromagnetic core near the Curie point;

e In1936, Shapiro entered the Faculty of Physics at Moscow
State University. In 1941, he graduated with honors;

» Inthe same year, he joined the army as a volunteer and was
seriously wounded;



o After the war, Shapiro became a postgraduate student of I. M. Frank at the Institute of
Physics (USSR Academy of Sciences, Moscow) and, from then on, remained a close

associate of his teacher;

« After finishing his postgraduate studies, Shapiro — together with E.L. Feinberg, L.E.
Lazarev, L.V. Groshev, and I.V. Shtranikh — embarked on investigations into subcritical

uranium—graphite systems;

e Inthe early 1950s, Shapiro’s group developed the method of neutron spectroscopy by the
moderation time in lead. This spectrometer was used in an extensive series of experiments
that studied neutron—nucleus interactions and which showed, among other things, that the
cross section for neutron capture by nuclei can deviate from the 1/v law (an explanation of

this phenomenon was also given in Shapiro’s studies);

e Along with research work, Shapiro delivered lectures on neutron physics at the Faculty of
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In 1958, Shapiro became a deputy director of the Laboratory of Neutron Physics (headed
by I. M. Frank) at the Joint Institute for Nuclear Research. In 1960, a pulsed fast-neutron
reactor was commissioned at this laboratory, and Shapiro was among those who evolved

the program of scientific investigations for this reactor;

While continuing his studies in neutron physics, Shapiro took part in investigations of the
Mossbauer effect. As a matter of fact, Shapiro became the pioneer of this new method of
gamma spectroscopy in the Soviet Union. He developed the classical theory of the
Mossbauer effect. Together with I.Ya. Barit and M.l. Podgoretsky, he indicated for the first
time that, with the aid of the MAssbauer effect, an experiment aimed at testing the
implications of the general theory of relativity could be implemented on the Earth. In the
course of this experiment, it proved possible to observe the shift of the photon frequency in
gravitational and inertial fields. For this, Shapiro proposed using narrow gamma lines as a
source of photons. As a result, a velocity sweep of the 92-keV gamma-line resonance in
the 67Zn nucleus was obtained for the first time with a relative energy resolution of about

10-15, which still remains a record value.



3
dﬂ.ll P d¢
ﬁ;.x dT‘

TN

- |

In 1961, Shapiro indicated that slow neutrons from pulsed fast-neutron reactors could be
employed in investigations into condensed-matter physics. He developed a highly
sensitive method of inverse geometry. This method made it possible to study thermal
vibrations of atoms in solid bodies and liquids and to measure self-diffusion coefficients in
the critical state of liquid—vapor systems. Together with the Polish physicist B. Buras,
Shapiro substantiated the application of the neutron-time-of-flight method to diffraction
investigations. In addition, the method of neutron diffraction at magnetic structures in

strong pulsed fields was implemented under his supervision;

In April 1968, Shapiro proposed using Ultracold neutrons in a device for seeking the
electric dipole moment of the neutron (such searches are of great importance for testing
the conservation of T invariance). In the summer of the same year, a group of
experimentalists headed by Shapiro observed for the first time ultracold neutrons (gas of
elementary particles, neutrons) from IBR pulsed fast-neutron reactor installed at the
Laboratory of Neutron Physics. After that, Shapiro initiated experiments with ultracold
neutrons at more powerful stationary reactors at the Kurchatov Institute of Atomic Energy
(Moscow), Research Institute for Atomic Reactors (Dmitrovgrad), and Institute of Nuclear

Physics (KazakbsSSRAcademy of Sciences; AlmasAdal)



Shapiro fell seriously ill in 1971 and passed away
on January 30, 1973 three months before his 58th
birthday
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Neutron Spectroscopy (Neutron
Slowing Down Spectrometry)
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FIG. 10. Dependence of averaged radiative
capture cross section of neutrons on mass num-
° 1 ber A of target nuclei, for odd Z (E = 30 keV);
o —data obtained with the Pb slowing-down
a spectrometer, x —data of ['], A—["‘f o—Le],
v=[2], v_[7], g [2] 4[], s [m]
w—[*], The resuits of measurements with an
e antimony-beryllium source (E = 24 keV), when
extrapolated to E = 30 keV, gave a curve paral-
lel to the measured curve. The point o for Rb*"
is the upper limit of the cross section (~0.05
barn) obtained in our it:
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Neutron Spectroscopy (Neutron
Slowing Down Spectrometry)

First Measurement:
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Neutron Spectroscopy at IBR

-~ - Total and partial cross-sections;

 Measurements of the spins and magnetic

moments of the compound nuclel;

e Development of the method for neutron
polarization in energy range from eV to tens keV,

e Application of the pulsed neutron source for
condensed matter studies, development of the

TI“ (13 7
- Inverse geometry” method,;
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Neutron Spin Filter Based on DNP

Let’s consider unpolarized neutron beam as mixture of two completely

polarized with intensities Cg and Cg and O, , Gpcorresponding
cross-sections

If O, # O, than after transition through polarized nuclear target

P :
beam becomes polarized ( )
n, —n .
Nuclear polarization (1=1/2) | fy Zm , n,,n_| - number of nuclei
Neutron transmission through polarized target could be described with

transmission coefficients: T, = €XP [‘ (n+0p + n_Ua)J T, =exp l‘ (”—Gp +N, 0, )J

Having in mind definition of the polarization and fact that nuclear density in
polarized target is |Nn =N, + N, one can obtain an expression for neutron
polarization:

Gp ;Ga with Gpol — | (G+ o G—)

21 +1

foo —th(f nZp” O'aj , one can substitute
n N

here o, _and _o_ are cross-sections for J =1 i% spin channels.

o resen — 16, 7bn



In 1961 Shapiro proposed construction of such

polarizer and since 1964 experiments started
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NEUTRON PUOLAR!ZATION BY TRANSMIS88ION THRGCUGH
A POLARIZED PROTON TARGET

B. DRAGHICESCU, V. L LUSHCHIKOYV, V. G. NIKOLENKO,
YU.V.TARAN and F, L. SHAPIRO
Joint Institute for Nuclear Reszarck, Moscow

Received 4 Septen.ber 1564

Volume 12, number 4 PEYSBICS LETTERS
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165Ho Resonances Spins Measurements —
Spin Dependence of Neutron Strength
Function
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Nuclear Instruments and Methods in Physics Research A 754 (2014) 10-14

Contents lists available at ScienceDirect = NUCLEAR
Nuclear Instruments and Methodsin . S,
Physics Research A -
journal homepage: www.elsevier.com/locate/nima R
Proton polarization above 70% by DNP using photo-excited triplet ®CMk

states, a first step towards a broadband neutron spin filter

T.R. Eichhorn®P", N. Niketic?, B. van den Brandt?, U. Filges?, T. Panzner?, E. Rantsiou?,
W.Th. Wenckebach®, P. Hautle **

4 Laboratory for Developments and Methods (LDM), Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland
Y Laboratory of Functional and Metabolic Imaging, Ecole Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland

Shapiro and coworkers demonstrated that dynamically polarized
proton spins offer an attractive possibility to realize a broad band
neutron spin filter, as the spin-dependent neutron-proton cross-
section is large in a broad wavelength range [8]. But so far an actual
implementation of a polarized proton spin filter has been restricted
to a few special cases |[9-12]. This is most probably due to the
necessary cryogenics and magnets needed for a classical DNP system.

[8] V.L LushchikJov, Yu.V. Taran, F.\L. Shellpiro,rSoviet Journal of Nuclear Physics 10
(1970) 6609.
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First Neutron Scattering Experiments at
Pulsed Neutron Source

Puc.l. Cxema ycTaHOBKM JUIS W3MEPEHHH C  XOJOAHBIMH HCHTPOHAMM:
] — aKkTHBHas 30Ha peaKTopa; 2 — 3aMeTuTeNt; 3 — Gepuinuesblii GUILTP;
4 — obpasew; 5 ¥ 7 — 3ammnTa; 6 — BaKyyMHBI# HEHTPOHOBOX; § — JETEK-
Top; 9 — mubep

Puc.3. Cxesa yoranoskn U HOCICIOBANIME XMAKOCTCH M TBCRIMX TC METOR0M «00paTHoR

reomerpums: / AXTHBIAR J0Na peaxTopa, 2 yamemrens, 3 BAKYYMHME HCHTPOMO
s, 4 — xonansaropu; 5 — obpaseu; 6 AUNTA; 7 — 2I0TOHPOROA; § — JICKTPONNKS
acrextopa; 9 — Gepwianesuit huantp; /0 — acrexyop

First experimental setup
to study inelastic
scattering of the cold
neutrons on water
samples with energy
resolution one order of
magnitude better than for
existing at that time
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Puc.2. TemneparypHas 3aBMCHMOCTh MOTYHIHPHHEL KBA3ZUYNPYrore 1mMKa
I = AE nns Bont. Crulounias Kpupas — 9KCIEPHMEHTATLHAIE TAHHBIE; LITPH-
X0Bag — pacyeT 1o opMyne nenpepriBHOH Inddy3HH Ha OCHOBE JKCIEPH-
MEHTANLHBIX 3HAYeHUuH D



[Wwectrometers at IBR-2

Beam stop
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Background
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UCN Discovery and Physics
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Pue. 132. Basucumocts dora N, o (remmbie KpysxKu) n odderra N, (cBeTaHe KPYHKKA) — pas-

HocTit cueTos 6e3 mMTOPKH M CO IITOPKOI OT BPEMEHH BaNasfHBAHEA ¢ (cex) OTHOCHTENHHO
BCIIHIIKH PeaKTopa

TIo ocu opaMHAT OTJIOHKEHO IMCIO0 orcueroB 3a 100 cex

Pue. 133, 3aBECEMOCTE CKOPOCTH CYeTa YJbTPAaXOTONEEIX Heiirporos N (orcueros 3a 1000 cex)
. .
OT naBieEna reana B Tpybe P (mm pm. cm.

N opu P =0
TeopeTieckas KpuBas HOPMADOBAHA K PKCIEDUMEHTANLHOMY SHAUCHIIO N OP



Neutron lifetime (8)

*He injection
volume

Central LHe volume
(~1000 liters)

urement cell/electrode
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International
Seminar
on Interacti

of Neutro e e ,
Wl'l'h NUCIGl \ =7 ; etter,late—than never...

ISINN-23 (1-st circular) iAbout

Dubna, Russia, May 25 — 29, 2015 @ The Frank Laboratory of Neutron Physics (FLNP)

dedicated to the centenary of the birth of of the Joint Institute for Nuclear Research (JINR) :
Fyodor L. Shapiro (1915 — 1973) : in Dubna, Russia organize the Intemnational Seminar on Interaction of :

Neutrons with Nuclei: Neutron Spectroscopy, Nuclear Structure,
Related Topics (ISINN).

; It's the traditional FLNP annual workshop in the field.

& The Seminar language is ENGLISH.

Registration is available HERE

iProgram profile

& Proposals of experiments for the PIK reactor;

& Fundamental properties of the neutron;

& Fundamental interactions & symmetries in neutron induced reactions;
& Properties of compound states, nuclear structure;

 Intermediate and fast neutron induced reactions:

5 Gamma-decay of excited states:

& Nuclear fission;

& Neutron data for applied and scientific purposes:

& Methodical aspects:

B Physics of ultracold neutrons (UCN);

i B Nuclear and related analytical techniques in the environmental and
: material sciences;

| © ADS studies;

117th Session of the JINR Scientific Council, Dubna, December 20, 2015



