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Alexey Alexeevich
Vorobyev (1931 – 2021)

• Experimental physicist (Nuclear and Particle Physics)

• Corresponding member of Russian Academy of 
Science

• Head of High Energy Physics Division of PNPI

• Former director of LNPI (1986 – 1992)

• Doctor of Science

• Professor / Teacher

In this contribution I’ll try to show his scientific path

Many thanks to Margarita F. Sobolevskay for materials 
she provided, as well as to my students Maria and 
Vladimir, who were searching for electronic copies of 
papers of Prof. Vorobyev 
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Map

Selizharovo – an urban-type 
settlement in Kalinin Olast (now Tver)

Gatchina (Leningrad Olast) - PNPI

Moscow

Leningrad (now Saint-Petersburg)

• Alexey Vorobyev was born 20th of 
December 1931 in Selizharovo

• Graduated in 1955 (Leningrad 
Polytechnic Institute) 

• Work in Ioffe Physical-Technical 
Institute (1955-1971)

• From 1971 in Leningrad Nuclear 
Physics Institute (now PNPI NRC KI)
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Selizharovo, where Alexey was born in 1931

Photo of 1903 (more)4

https://en.wikipedia.org/wiki/Selizharovo


Selizharovo

• Selizharovo at Volga river was first mentioned in 1504 (Trinity 
Monastery)

• In 1547 Tsar Ivan the Terrible gave it to the Simonov Monastery which 
was located in Moscow

• 1908  city school / 1916 railway

• Population of around 4000 citizens in 1930.

• Occupied in winter 1941-42. Largely destroyed.

• Nowadays population of Selizharovo is around 5000
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Leningrad Polytechnic 
Institute

• Now called as Peter the Great St. 
Petersburg Polytechnic University

• Founded in 1899

• Physics and mechanics faculty was 
founded in 1919

• In 1955 Alexey Vorobyev graduated with 
honors LPI

6



Ioffe Physical-Technical 
Institute of the Russian 
Academy of Sciences

Laboratory of X- and 
gamma rays

7



Anton P. Komar (1904 – 1985)

• The first scientific works of Prof. Komar were 
related to the physics of metals

• In Sverdlovsk in 1946 A.P. Komar, together 
with its employees, launched the first 
betatron in USSRy. At the end of the 1940s, 
together with V.I. Veksler, he participated in 
the creation of electron accelerators.

• The laboratory of X-rays and gamma rays, 
organized by him, has become one of the 
leading laboratories in the country for the 
study of photonuclear reactions.

• 1950 - 1957 - was the director of the Physico-
Technical Institute and from 1957 to 1963 the 
head of the X-ray and gamma-ray laboratory. 
From 1963 he worked in Gatchina.

• Supervisor of Alexey Vorbyev thesis
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PhD theses of Alexey 
Vorobyev

• “Development and use for 
physical measurements of an 
ionization α-spectrometer” / 
Leningrad, 1960

• Supervised by Anton Komar

•Defended in 1961
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Ionization chamber for 
α-spectrometry
• Goal of the work was to make a high-

precision α-spectrometer on a base of 
ionization chamber
• Increase energy resolution

• α-γ correlations (including angular)

• Go to higher rates

• Before FWHM for α-line for these type 
of detectors was 28-30 keV

• Actually, this type of chamber will be 
used for AMBER PRM studies

Simple ionization chamber

Additional grid allows 
screening of the signal from 
positive ions

Potential between 
electrodes 
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Results
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Physics

• Precise measurements of 
alpha-lines (JETP, 1961, 70)

• Internal Conversion coefficient 
of the 53 keV Gamma-Radiation 
on the L shell of 230Th (JETP, 
1957, 623)

• Alpha spectrum of the natural 
samarium isotope mixture 
(JETP, 1960, 546)
• Estimation of the upper limit of 

146Sm abundance in natural 
mixture

Alpha from 234U at IC
Gamma in coincidence (using NaI)
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LNPI as a branch of 
Ioffe Institute

• Reactor and accelerator lab in Gatchina

• 5 years to build and run WWR-M reactor from the scratch

• 1000 MeV proton accelerator commissioned in 1970

• To organize research at the synchrocyclotron, the 
Laboratory of High Energy Physics was established in 1963, 
the basis of which was the team of the laboratory of X-rays 
and gamma rays of the Leningrad Physics Institute 

• Just 15 people

• The following scientific subdivisions were formed:
• "Mesons and Mesoatoms“

• "Nucleus Structures" - Head of Sector A.A. Vorobyov,

• "Deep Fission Nucleus Spectroscopy“

• "Mesonuclear reactions“

• “Direct nuclear interactions " 
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Reactor WWR-M
• The reactor was intended for the production of

isotopes, research in neutron physics and radiation 
materials science 

• A cycle of experiments to investigate the ternary 
(triple) fission of 233U, 235U, 239Pu, 242mAm on 
thermal neutrons

• Spontaneous ternary fission of 252Cf. 

• A large number of ternary fission channels with the 
emission of light nuclei from hydrogen isotopes to 
20O have been discovered. 

• A detailed study of these fission channels made 
possible to draw a conclusion about the 
nonequilibrium nature of descent from the saddle 
point (one of fundamentals for constructing a 
theory of nuclear fission). 

• The main measurements were carried out at the 
WWR-M reactor using a specially designed mass 
spectrometer with record sensitivity. 

14



Ternary fission / PLB 40, 102
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SC-1000
• November 5, 1967 at the branch of 

the P.I. A.F. Ioffe (now NRC 
"Kurchatov Institute" - PNPI) 
performed the physical launch of 
the 1000 MeV proton accelerator

• Still, this is the world's largest 
accelerator facility of this class. 

• At SC-1000, outstanding scientific 
results have been obtained that 
have enriched world science: 
• studies of small-angle scattering 

(IKAR), 
• diffraction and quasi-elastic scattering 

by nuclei; 
• research into exotic atoms; 
• meson lifetime studies.
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Main results

• Alexey Vorobyev succeed to make his doctor 
habilitation in 1976

• Main results on pA-scattering were obtained in 
PNPI and Saclay (France)

• Differential cross sections for pA scattering at an 
energy of 1 GeV were measured in a wide range 
of nuclear masses from 3He to 208Pb. 

• It is shown that the experimental data are well 
described by the Glauber-Sitenko theory.

• As a result, precision data were obtained on the 
spatial distribution of nucleons in nuclei.
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Experimental setup



Proton and neutron distribution in nuclei
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Larger effect 
wrt. eA-
scattering



Another experimental 
method
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Recent results obtained with IKAR in GSI
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Small angle scattering 
of pions and protons
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pp-scattering

• Proton-proton scattering in a region 
of interference of Coulomb and 
strong scattering allows to study 
precisely amplitudes of scattering

• Decelerating of 1GeV protons from 
SC-1000 using copper plates

• Resolving puzzle with ReApp / ImApp

spin-dependent amplitude

• It has been shown that spin-spin 
amplitude is negligibly small at 
Tp=1GeV

LNPI results in 
agreement with 
theoretical predictions 

In contrast with the 
previous one from 
another group
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CERN

In the late 1960s, Aleksey Alekseevich, as 
part of a PNPI delegation, visited the Niels 
Bohr Institute in Copenhagen and the 
European Center for Nuclear Research in 
Geneva (CERN).

As a result of these visits, an agreement 
was signed to conduct joint research at 
the synchrocyclotrons of PNPI and CERN. 

They laid the foundation for a series of 
international experiments. 

One of such projects was experiments on 
elastic scattering of elementary particles 
at small angles.
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Work in CERN

• A high-precision method for studying the scattering 
of high-energy hadrons in the region of Coulomb-
nuclear interference has been developed.

• Investigations of πp and pp scattering in the range 1-
400 GeV have been carried out at the accelerators of 
PNPI, IHEP, CERN (experiments WA9 and NA8). 

• The validity of the dispersion relations in the studied 
energy range is proved. It is concluded that the total 
πp-interaction cross section increases in the energy 
range up to 2000 GeV. 

• A conclusion is drawn about the universal character 
of the shrinkage of the diffraction cone in hadron 
scattering. 

• The results were included in a series of works 
marked by the State Prize for 1983
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• An effective method for studying dd and dt fusion has been developed.
• A series of experiments was carried out at the PNPI and PSI accelerators 
• Practically all the main parameters of dd synthesis have been measured with high 

accuracy, which now constitute the main database for comparison with the theory 
of mesocatalysis. 

• The probability of muon sticking in dt fusion has been measured, which is a critical 
parameter in assessing the total energy released in the mesocatalytic cycle.

• An epithermal mechanism for the formation of dt-molecules in a ternary H / D / T 
mixture was discovered, which provides an extremely high rate of dt fusion at 
normal temperature. 
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Pioneers of muon capture experiments (related 
to pseudoscalar form factor of nucleon)
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Dubna 1973, gP = 9 ± 7
Saclay 1981, gP = 8,7 ± 1,9
ChPT predictions 2000s, gP = 8,06 ± 0,23

Pioneers of muon capture experiments (related 
to pseudoscalar form factor of nucleon)
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Muon capture experiment in PSI 
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Muon capture experiment in PSI 
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Muon capture experiment in PSI 

31



Experiments in Fermilab

• Experiments E715 and E761 (spokesman A.A. Vorobyov) 
were performed at the Fermi National (FNAL, USA) at the 
suggestion of PNPI. The main task was to elucidate the 
reasons for the widely discussed discrepancies in 
experimental results in the study of beta decay of Σ- -
hyperon and radiative decay Σ+-hyperon with theoretical 
concepts. 

• The measurements were performed at a qualitatively new 
level thanks to the use of a transition radiation detector 
developed at PNPI. 

• The early 1980s saw the height of the Cold War between 
the USSR and the United States. Therefore, joint 
experiments took place in unusually difficult political 
conditions and were one of the last threads that 
personified cooperation between physicists of the two 
countries.
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Experiments in Fermilab

• The asymmetry in beta decay of Σ- -hyperon was measured 
with high accuracy. In contrast to the previously available 
data, the new result turned out to be in exact agreement 
with the predictions of the SU3 Cabibbo model.

• New measurements have reliably established the asymmetry 
in the radiative decay of the Σ+-hyperon, which has not yet 
found a rigorous theoretical explanation. In the same 
experiments, the magnetic moments of Σ-, Σ+, Σ--bar, Ξ-

hyperons were measured with high accuracy. 

• The polarization of anti-hyperons produced in proton-
nuclear collisions has been discovered, which forces us to 
reconsider the existing understanding of the polarization 
process.
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A bit of 
biography

• In 1971, he was elected head of LHEP (now it 
is institute division).

• In 1977 he defended his doctoral dissertation.

• In 1979 he was awarded the academic title of 
professor.

• From 1986 to 1992 - Director of the St. 
Petersburg Institute of Nuclear Physics named 
after B. P. Konstantinov of the Academy of 
Sciences of the USSR, made a great 
contribution to the creation of the high-flux 
nuclear reactor PIK.

• In 1991 - was elected a corresponding member 
of the Russian Academy of Sciences
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Reactor PIK
• The construction of the complex began in 1976.

• By 1986, the buildings were completed, a 
significant part of the installation work was 
completed, the adjustment of individual 
systems began, the reactor complex was more 
than half ready.

• However, after the accident at the Chernobyl 
nuclear power plant (1986), the standards for 
the safety of nuclear reactors were tightened 
[and construction work was stopped.

• In 1988, the construction of the reactor was 
resumed. 

• In private communication Prof. Vorobyev told 
me that this requires a lot of his efforts.
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Large experiments

• Alexey Vorobyev: “All accelerators in the world should be our facilities”

• Since 1986, HEPD has been actively involved in research at high-energy 
particle colliders, making a significant contribution to the creation of detector 
facilities, to the operation of these facilities, and to the analysis of 
experimental data. 

• 1986 - 2000 - Experiment L3 at the LEP electron-positron collider at CERN. 

• 1996 - 2013 - Experiment D0 at the Tevatron proton-antiproton collider at the 
National Laboratory. E. Fermi (FNAL, USA). 

• Since 1998 - PHENIX experiment at the RHIC relativistic nucleus collider at 
Brookhaven National Laboratory (BNL, USA). 

• Since 1997 - Experiments ATLAS, CMS, LHCb, ALICE at the Large Hadron 
Collider (LHC) at CERN.
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Large experiments

• Thus, PNPI was contributing to all discoveries done at these 
facilities

• Prove of SM at electron-positron collisions (L3)

• Study a top quark (D0)

• Quark-gluon plasma discovery (PHENIX)

• Higgs boson discovery (ATLAS and CMS)

• Around 50 new hadronic states discovered by LHCb
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• Prof. Vorobyev was one of fathers 
of LHCb spectrometer – dedicated 
experiment for beauty and charm 
physics at LHC.

• The concept of the muon system 
of the LHCb detector was 
formulated thanks to the ideas of 
Aleksey Alekseevich.

• The design of the muon chambers 
of the LHCb experiment was 
developed and more than 600 
muon chambers were 
manufactured at PNPI.

• 70% of LHCb papers (including 
famous lepton universality ones) 
relays to muon measurements
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Physics with muons

• Very rare Bs
0→ μ+μ- decay. The measured 

branching fraction (3.09+0.46
-0.43

+0.15
-0.11)x10-9 is in 

agreement with the Standard Model (SM) 
prediction of (3.66±0.14)x10-9. It is the most 
precise single experiment measurement to date.

• The analysis is performed in the range 
1.1<q2<6.0 GeV2, where q2 is the invariant mass 
of the μ+μ- or e+e- pair. The value of RK is 
measured to be 0.846+0.044

-0.041, and is shown in 
the figure to the left as a black point with error 
bars. This is the most precise measurement to 
date and is 3.1σ (3.1 standard deviations) away 
from the SM prediction, providing evidence for 
the violation of lepton universality. A lot of other 
channels demonstrate same pattern.
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It was an honor for me to work on this paper 
together with Prof. Vorobyev. 42



Proton therapy

The proton beam of the PNPI 
synchrocyclotron with an energy of 1GeV 
turned out to be successful for performing 
neurosurgical operations.

Developed at PNPI, with the active 
participation of Aleksei Alekseevich, 
together with the CRIRR , the method of 
proton therapy, which is now called the 
"Gatchina Method", has been successfully 
used for 38 years to treat the most 
complex brain diseases.

1975 to 2013 1394 patients underwent 
proton therapy at PNPI.
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Alexey A. Vorobyev

• USSR State Prize in 1983  for his work "The 
diffraction scattering of protons at high energies."

• In 2003, A.A.Vorobyov was rewarded with an Ioffe
Prize for the achievements in the field of physics 
and mathematics. 

• Grant of the President of the Russian Federation 
for state support of the St. Petersburg school 
Experimental High Energy Physics. "Investigation of 
the structure of nuclei and elementary particle 
physics using accelerators."



Scientific path

• Enormous scientific path of 
Prof. Vorobyev, which cover all 
the aspects of Nuclear and 
Particle physics

• The last five years Alexey 
Alexeevich was developing 
experiments to solve proton 
radius puzzle.

• We must successfully finish 
these measurements, which 
will be our best contribution 
to the memory of this great 
scientist.
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