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Saudatio

Director General al Institutului Unificat de Cercetari Nucleare Dubna, Rusia

Academicianul Victor A. Matveev este una dintre cele mai proeminente si
remarcabile personalititi ale Fizicii contemporane, activititile domniei sale
avand un impact substantial in dezvoltarea Fizicii particulelor elementare, a
Fizicii energiilor inalte, a teoriei cuantice a campului, atat in Federatia Rusa, cét
siin lume.

Academicianul Victor A. Matveev a obtinut titlul de doctor in Fizica (Candidat
in Stiinte) in 1967, la Institutul Unificat de Cercetiri Nucleare (IUCN) din
Dubna. In 1972, el a obtinut titlul de doctor docent la acelasi institut.

In 1965, dupa absolvirea Facultitii de Fizici a Universititii de Stat din Leningrad,
a devenit cercetitor stiintific la Institutul Unificat de Cercetéri Nucleare din
Dubna. Dupd obtinerea titlului de doctor docent (1972), acad. Victor A. Matveev
a fost — in perioada 1976-1977 - conducétorul grupului de fizicieni IUCN la
Fermilab (Batavia, Illinois, SUA), activand in domeniile sale de interes.

Din 1978, acad. Victor A. Matveev a fost ales director adjunct al Institutului de
Cercetiri Nucleare al Academiei de Stiinte a URSS, iar in 1987 a devenit director
al acestui institut (din 1992, Academia Rusa de Stiinte).

In 1991 a fost ales membru corespondent al Academiei de Stiinte a URSS (din
1992, Academia Rusd de Stiinte) si, din 1994, membru titular al Academiei
Ruse de Stiinte. Intre 2008 si 2014, acad. Victor A. Matveev a fost secretarul
Departamentului de Fizica al Academiei Ruse de Stiinte.

Din 2011, acad. Victor A. Matveev este director al Institutului Unificat de
Cercetari Nucleare Dubna.

Este esential s3 accentudm cd directiile de bazi ale activitatilor domnului acad.
Victor A. Matveev au vizat dezvoltarea metodelor teoriei cuantice de camp
in modelele relativiste de cuarci, de cautarea simetriilor dinamice aplicate la



interactiile particulelor elementare in Fizica Energiilor Inalte. De la inceputul
activitatilor sale de cercetare si a carierei la Institutul Unificat de Cercetari
Nucleare din Dubna, acad. Victor A. Matveev - in colaborare cu B. Struminsky si
A. Tavkhelidze - a publicat cateva lucréri care au evidentiat aspecte cu rol cheie
in fundamentarea teoriei cuarcilor a hadronilor. In seriile de lucriri publicate de
acad. Victor A. Matveev in colaborare cu R. Muradian si A. Tavkhelidze, a fost
formulat principiul automodelitatii in Fizica energiilor inalte. Acesta permite
dezvoltarea abordarii unice a descrierii fenomenului de comportare invariant
la scald a proceselor de ciocnire adanc inelastice si inclusive la energii inalte.
Acad. Victor A. Matveev a exprimat conceptul de culoare ascunsé in nuclee si
a specificat importanta principiului gradelor de libertate ale cuarcilor pentru
intelegerea structurii nucleelor pe distante scurte. Contributia acad. Victor A.
Matveev la dezvoltarea teoriei de culoare a cuarcilor, a structurii de cuarci a
hadronilor si nucleelor a fost recompensatd, aldturi de colegii séi, cu premiul
Lenin in 1987.

Acad. Victor A. Matveev a contribuit semnificativ la crearea si dezvoltarea multor
infrastructuri de cercetare la Institutul de Cercetari Nucleare al Academiei Ruse de
Stiinte. Putem mentiona aici acceleratorul de mare intensitate si putere si complexul
experimental al fabricii de mezoni de la Moscova, telescoapele de neutrini,
observatorul de neutrini de la Baksan, telescopul de mare adancime de neutrini din
lacul Baikal, complexul experimental numit ,,Troitsk-nu-mass” etc. Sub conducerea
Acad. Victor A. Matveev au fost create facilititi experimentale unice in lume - sursa
pulsati de neutroni, care a fost pusi in functiune cu succes in 1978.

Importanta contributiei stiintifice a Acad. Victor A. Matveev la Fizica
hadronilor si la Modelul Standard al interactiilor particulelor elementare sunt
legate de cercetirile experimentale realizate la Tevatron (Fermilab, SUA) si la
Large Hadron Collider - LHC (CERN, Elvetia). El este presedintele consiliului
de conducere al Colaborarii ,,Rusia si statele membre Dubna” in experimentul
Compact Muon Solenoid de la CERN (RDMS CMS).

Ca director al Institutului Unificat de Cercetdri Nucleare, acad. Victor A.
Matveev a depus eforturi uriase pentru a realiza mega-proiectul de cercetare
stiintifici de la IUCN - Nuclotronul bazat pe collider-ul de ioni (NICA) -
capabil sa identifice procese rare fundamentale produse in conditii extreme la
dimensiuni foarte mici care ne permit sd intelegem originea Universului. De
asemenea, acad. Victor Matveev a reusit sd transforme IUCN intr-un centru
stiintific international deschis unei largi cooperari cu alte centre nationale si
internationale, precum si dezvoltdrii unei noi generatii de fizicieni si specialisti.

Acad. Victor A. Matveev a fost ales membru de onoare al unor Academii



Nationale de Stiinte, precum Academia Bulgard de Stiinte, Academia Georgiand
de Stiinte si altele. El a fost, de asemenea, recompensat cu titlul de Doctor
Honoris Causa al unor universitati din statele membre ale TUCN.

Totodatd, acad. Victor A. Matveev a contribuit semnificativ la dezvoltarea si
testarea experimentala a Modelului Standard, precum si a altor idei si teorii din
Fizica particulelor elementare si Fizica energiilor inalte, contribuind semnificativ
la succesul acestui model in descrierea structurii subnucleare.

Activitatea stiintifici a acad. Victor A. Matveev este evidentiatd si de articolele
publicate in multe reviste prestigioase de Fizica. P4nd in acest moment, acad.
Victor A. Matveev a publicat peste 400 lucrdri stiintifice in reviste cotate ISI,
avand mii de citari. Prin urmare, acad. Victor A. Matveev este una dintre cele mai
productive personalitati din lume in domeniile Fizicii particulelor elementare, a
Fizicii energiilor inalte si a teoriei cuantice de cAmp.

Acad. Victor A. Matveev a fost, in intreaga sa cariera stiintificd, un participant
activ in rezolvarea problemelor comunitatii stiintifice. Prin urmare, el a fost ales
in diferite pozitii in asociatii internationale ale fizicienilor.

De-a lungul timpului, acad. Victor A. Matveev a colaborat in cadrul diferitelor
experimente cu fizicieni romani, incluzdnd marile experimente de la IUCN si
CERN. In aceste colaboriri, au fost implicati fizicienii de la Institutul National
de Fizica si Inginerie Nucleara ,,Horia Hulubei” si de la Facultatea de Fizicd
a Universitatii din Bucuresti, iar un numar mare de articole stiintifice au fost
publicate in reviste prestigioase de Fizica.

Acad. Victor A. Matveev a sustinut permanent cercetarea in Fizica Nucleard
si a Particulelor Elementare din Roménia. Ca membru important al catorva
colabordri internationale, ca director adjunct si apoi ca director general al
Institutului de Cercetari Nucleare al Academiei de Stiinte a URSS, precum
si ca director general al IUCN Dubna, Acad. Victor A. Matveev a incurajat
permanent prezenta fizicienilor roméni in aceste colaborari si institute. Prin
urmare, fizicienii, cercetatorii si profesorii romani au vizitat, au efectuat stagii
de lucru si au tinut seminarii. In plus, de-a lungul timpului, un mare numar
doctoranzi au lucrat si lucreazd in cadrul diferitelor colaboriri cu aceste institute.
Acad. Victor A. Matveev si grupul sau au contribuit activ, de-a lungul timpului,
la organizarea de scoli de vara si de conferinte in domeniul Fizicii Nucleare si a
Particulelor Elementare, caracterizate printr-o inalta calitate a lectorilor invitati
si a lucrarilor stiintifice si prin uriasul prestigiu stiintific al participantilor.

Este important sd mentiondm ca, prin acordarea acestui titlu, se doreste si se
sublinieze colaboririle academice si stiintifice semnificative dintre laboratoarele



de la TUCN Dubna si catedrele de la Facultatea de Fizica a Universitétii din
Bucuresti in cei 60 de ani de existentd a institutului, precum si faptul ca unul
dintre membrii fondatori ai IUCN Dubna a fost Catedra de Structura Materiei
a Facultatii de Fizica a UB, prin marea personalitate a acad. prof. univ. dr. Horia
Hulubei, seful catedrei la momentul respectiv.

Intreaga activitate stiintificd si administrativd a acad. Victor A. Matveev este
caracterizatd de o mare si profunda creativitate, de intuitie stiintifica permanent
concentrata pe concepte fundamentale, simple, dar esentiale pentru intelegerea
fenomenelor si proceselor fizice. Contributia sa fundamentald si profundd la
dezvoltarea Fizicii Particulelor Elementare si a Fizicii Energiilor Inalte este legati
de combinatia unicé dintre adanca intelegere teoreticd si remarcabila intuitie cu
abilitatile experimentale.

Acordarea titlului de Doctor Honoris Causa al Universititii din Bucuresti
domnului academician Victor A. Matveev reprezintd o recunoastere simbolicd a
marilor sale merite stiintifice si un pas inainte in directia cresterii colaborarilor
stiintifice si educationale dintre Universitatea din Bucuresti, universitatile ruse
si IUCN Dubna, dintre oamenii de stiintd din Roménia si Rusia, precum si din
Roménia si din intreaga lume.

Prof.univ.dr. Stefan Antohe



Saudatio

General Director of the Joint Institute for Nuclear Research Dubna, Russia

Academician Victor A. Matveev is one of the most prominent and remarkable
personalities of the contemporary Physics, his activities having a substantial
impact, through his prestigious results and major contributions, to the
development of Elementary Particle Physics, High Energy Physics, Quantum
Field Theory, both in the Russian Federation and in the world.

Academician Victor A. Matveev has obtained the title of Doctor in Physics (Candidate
of Sciences) in 1967, at the Joint Institute of Nuclear Research Dubna. In 1972, he
obtained the title of Doctor of Sciences (Doctor Docent) at the same institute.

In 1965, after graduation of the Faculty of Physics of the Leningrad State University
he became, research scientist at the Joint Institute for Nuclear Research. After
obtaining the title of doctor in Sciences (1972), acad. Victor A. Matveev was — in
the period 1976-1977 - head of the group of the JINR physicists in Fermilab
(Batavia, Illinois, USA), working in his areas of interest.

From 1978 Acad. Victor A. Matveev was elected deputy director of the Institute
for Nuclear Research of the Academy of Sciences of the USSR, and, in 1987, he
became Director of this institute (since 1992, The Russian Academy of Sciences).

In 1991 he was elected Corresponding member of the Academy of Sciences of
USSR (since 1992, The Russian Academy of Sciences), and, since 1994, full
member of the Russian Academy of Sciences. Between 2008 and 2014, acad. Victor
A. Matveev was secretary of Physics Department of Russian Academy of Sciences.

Since 2011, acad. Victor A. Matveev is director of the Joint Institute for Nuclear
Research Dubna.

It is essential to stress that the basic directions in the work of acad. Victor A.
Matveev are related to the development of methods of quantum field theory
in the relativistic quark models, the search for dynamical symmetries in High



Energy Physics applied to the interactions of elementary particles. From the
beginning of his research activities and the start of his career at the Joint Institute
of Nuclear Research Dubna, acad. Victor A. Matveev - in collaboration with B.
Struminsky and A. Tavkhelidze — published several papers which evidenced a
number of aspects with key roles in establishing the quark theory of hadrons.
In a series of papers, acad. Victor A. Matveev in collaboration with R. Muradian
and A. Tavkhelidze, formulated the automodelity principle in High Energy
Physics. This allowed the development of the unified approach in the description
of the phenomenon of scale-invariant behavior of deep-inelastic and inclusive
processes at high energies. Acad. Victor A. Matveev has expressed the concept
of hidden color in nuclei and has specified the principle importance of quark
degrees of freedom for understanding the structure of nuclei at short distances.
For his contribution to the development of the color quark theory and to the
quark structure of hadrons and nuclei, acad. Victor A. Matveev has been awarded,
together with his colleagues, with the Lenin's Prize in 1987.

Acad. Victor A. Matveev contributed significantly to the creation and
development of many research infrastructure in the Institute of Nuclear Research
of the Russian Academy of Sciences. We can mention here the high current and
power accelerator and the experimental complex of Moscow meson factory, the
neutrino telescopes, the Baksan neutrino observatory, the deep underground
neutrino telescope on Baikal Lake, the experimental complex named as ,, Troitsk-
nu-mass” etc. Under the leadership of acad. Victor A. Matveev, there were created
the unique experimental facility of the world class - the pulsed neutron source
which has been successfully put in operation in 1978.

The importance of the scientific contributions brought by acad. Victor A.
Matveev to the hadron Physics and to the Standard Model of elementary particle
interactions are related to the experimental search realized at the Tevatron
(Fermilab, USA) and at the Large Hadron Collider (CERN, Switzerland). He is
the chairman of the Collaboration board ,,Russia and Dubna member-states” in
the experiment Compact Muon Solenoid at CERN (RDMS CMS).

As director of the Joint Institute for Nuclear Research, acad. Victor A. Matveev
does great efforts to realize the mega-science project at JINR - the Nuclotron-
based Ion Collider fAcility (NICA) - to search for rare fundamental processes
held in extreme conditions in the micro-world, which will allow to understand
the origin of Universe. Also, acad. Victor Matveev succeeded in transforming
JINR in an open international scientific center for a wider cooperation with the
national and international scientific centers, and the training of young generations
of physicists and specialists.



Acad. Victor A. Matveev has been elected as foreign member of several National
Academy of Sciences, e.g. the Bulgarian Academy of Sciences, the Georgian
Academy of Sciences and others. He was also awarded the title of Doctor Honoris
Causa of different universities in the member-states of JINR.

Acad. Victor A. Matveev has contributed significantly to the development and
experimental testing of the Standard Model, as well as to other modern perspectives
and theories in Particle Physics and High Energy Physics, meaningfully contributing
to the success of this model in the description of the subnuclear structure.

The scientific activity of acad. Victor A. Matveev has been published in many
prestigious Physics journals. Until now; acad. Victor A. Matveev published over
400 papers in ISI quoted journals, having thousands of citations. Therefore, acad.
Victor A. Matveev is one of the most productive personalities in the Particle
Physics, High Energy Physics and Quantum filed theory domains in the world.

Acad. Victor A. Matveev was, during his entire scientific career, an active
participant in solving the problems of the scientific community. Therefore, he
was elected in different positions in the international associations of physicists.

Over the years, acad. Victor A. Matveev collaborated in the frame of different
experiments with Romanian physicists, including large experiments from JINR
and CERN. These collaborations with Romanian physicists from the “Horia
Hulubei” National Institute for Nuclear Physics and Engineering and the Faculty
of Physics of the University of Bucharest resulted in a large number of papers,
published in prestigious Physics journals.

Acad. Victor A. Matveev permanently sustained the Nuclear and Particle Physics
research in Romania. As an important member of numerous international
collaborations, as deputy director and general director of the Institute for Nuclear
Research of the Academy of Sciences of the USSR, as well as general director of
the JINR Dubna, acad. Victor A. Matveev permanently encouraged the presence
of the Romanian physicists in these collaborations and institutes. Therefore,
Romanian physicists, researchers and professors, visited, had work stages and
presented seminars here. Over time, a number of PhD students worked and
still work in the frame of different collaborations from these institutes. Acad.
Victor A. Matveev and his groups have contributed actively, over the years, to the
organization of summer schools and conferences in Nuclear and Particle Physics
field, events characterized by the high quality of the invited lectures and works
and by the scientific prestige of the participants.

The awarding of this title to acad. Victor A. Matveev is meant to underline the
significant scientific and academic collaborations among the laboratories from



JINR Dubna and the chairs from the Faculty of Physics of the University of
Bucharest in the 60 years of existence of the institute, as well as the fact that the
Chair of the Structure of Matter from the Faculty of Physics of the University
of Bucharest was a founding member of the JINR Dubna through the great
personality of acad. PhD Prof. Horia Hulubei, head of the chair at that moment.

The entire scientific and administrative activity of academician Victor A. Matveev
is characterized by a greatand profound creativity, scientific intuition, permanently
focus on fundamental - simple, but essential - concepts for understanding the
physical phenomena and processes. His fundamental and profound contribution
at the development of the Particle Physics and High Energy Physics is related
to the unique combination of deeply theoretical understanding and remarkable
intuition with experimental skills.

The awarding of the title of Doctor Honoris Causa of the University of Bucharest
to the academician Victor A. Matveev represents a symbolic recognition of
his great scientific merits and a step forward in the direction of increasing the
scientific and teaching collaborations between the University of Bucharest, the
Russian Universities and JINR Dubna, between scientists from Romania and
Russia, as well as from Romania and from the entire world.

PhD Prof. Stefan Antohe
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Currieulum vitae
Vector A ) atacen

Date of birth: 11 December 1941
Place of birth: ~ Taiga, Novosibirsk region, USSR

Nationality: Russian
Profession: Physicist
Affiliation: Joint Institute for Nuclear Research (JINR)

Occupation: Director of JINR
Mailing address: No 6. Joliot-Curie Street, 141980 Dubna, Moscow Region, Russia

Telephone: (+7-496 21) 65989;
Fax: (+7-496 21) 65916
E-mail: director@jinr.ru
Details of education:

1949-1959 Secondary School N28, Vladivostok, USSR, Russia

1959-1960 Student, Physics and Mathematics Faculty, Far East State University,
Vladivostok

1960-1964 Student, Physics Faculty, Leningrad State University, Sankt-Petersburg

1964 Graduation Diploma, Physics Faculty, Leningrad State University, Sankt-
Petersburg Professional appointments

1965 Starts his career at the Joint Institute for Nuclear Research, Dubna, Russia
1967 PhD, Candidate of Sciences (Physics and Mathematics) JINR, Dubna, Russia
1972 Dr. Sci., Doctor of Sciences (Physics and Mathematics)

JINR, Dubna, Russia
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1976-1977 Head of group of JINR physicists in Fermilab (Batavia, IL, USA)

1978-1987 Deputy Director of the Institute for Nuclear Research of the Academy
of Sciences of the USSR

1987-2014 Director of the Institute for Nuclear Research of the Academy of
Sciences of the USSR (since 1992, the Russian Academy of Sciences)

1991 Corresponding member of the Academy of Sciences of the USSR (since
1992, the Russian Academy of Sciences)

1994 Full member of the Russian Academy of Sciences,
1996 Member of Presidium of the Russian Academy of Sciences

2008-2014 Academician-secretary of Physics Department of the Russian
Academy of Sciences

2008-2012 Member of the Scientific Council at the President of Russian Federation
Since 2011 Director of the Joint Institute for Nuclear Research (Dubna)

V. Matveev is a world well-known scientist in the field of elementary particle
physics, theoretical and mathematical physics, and author of more than 400
scientific works.

The basic directions of the work of V. Matveev are the development of methods
of quantum field theory in the relativistic quark models, the search for dynamical
symmetries in high energy physics applied to the interactions of elementary
particles.

Between 1965 and 1966, V. Matveev, in collaboration with B. Struminsky and
Tavkhelidze, published papers that clarified the key roles in establishing the
quark theory of hadrons. In the series of papers, V. Matveev, in collaboration
with R. Muradian and A. Tavkhelidze, formulated the auto-modelity principle in
high energy physics, model that allowed to develop the unified approach in the
description of the phenomenon of scale-invariant behavior of deep-inelastic and
inclusive processes at high energies.

V. Matveev has expressed the concept of hidden color in nuclei and has specified
the principle importance of quark degrees of freedom for understanding the
structure of nuclei at short distances. The contribution of V. Matveev and his
colleagues to the development of the color quark theory, the quark structure of
hadrons and nuclei has been awarded with the Lenin's prize in 1987.

V. Matveev has done a great contribution to the creation and development of

12



research infrastructure in the Institute of Nuclear Research of the Russian Academy
of Sciences - the high current and power accelerator and the experimental
complex of Moscow meson factory, the neutrino telescopes, the Baksan neutrino
observatory, the deep underground neutrino telescope on Baikal lake, the
experimental complex named as «Troitsk-nu-mass». Under the leadership of V.
Matveev there were created the unique experimental facility of world class - the
pulsed neutron source which has been successfully put in operation in 1978.

The importance of the scientific contributions of V. Matveev to hadron physics
and to the Standard Model of elementary particle interactions are related to the
experimental search realized at the Tevatron (Fermilab, USA) and at the Large
Hadron Collider (CERN, Switzerland). He is the chairman of the Collaboration
board «Russia and Dubna member-states» in the experiment Compact Muon
Solenoid at CERN (RDMS CMS).

Being the director of the Joint Institute for Nuclear Research, V. Matveev does
great efforts to realize the mega-science project at JINR - the Nuclotron based Ion
Collider fAcility (NICA) - to search for rare fundamental processes held at extreme
conditions in the micro-world that will allow to understand more about the origin
of the creation of the Universe. Acad. Victor Matveev succeeded in transforming
JINR in an open international scientific center for a wider cooperation with the
national and international scientific centers, and the training of young generations
of physicists and specialists.

V. Matveev has been elected as foreign member of some National Academy of
Sciences, in particular, the Bulgarian Academy of Sciences, the Georgian Academy
of Sciences and others. He was also awarded the title of Doctor Honoris Causa of
several universities in the member-states of JINR.

Publications

V. Matveev is the author of more than 400 scientific papers in the fields of quantum
field theory, high energy particle physics, theoretical and mathematical physics.
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Selected recent ]?ué[icafimzs

2000

1. Search for standard Higgs boson at supercolliders — Krasnikov N.V., Matveev V.A.
(Moscow, INR), Sep 1999.70pp — Phys.Part.Nucl.31:255-281, 2000, Fiz.Elem.Chast.Atom.
Yadra 31:525-575, 2000. E-Print Archive: hep-ph/9909490

2. The Challenge of light front quantization: recent results — Victor T.Kim (St.Peterburg,
INR&CERN), Victor A.Matveev, Grigori B.Pivovarov (Moscow, INR), James P.Vary (Iowa
State U.), CERN-TH-2000-341, IITAP-2000-007, Nov 2000, 17pp. Lectures given at 341
Annual Winter Scool on Nuclear and Particle Physics (PNPI 2000), Gatchina, Russia,
14-20 Feb 2000, e-Print Archive:hep-th/0011272

3.N.N. Bogolyubov and modern particle physics. Matveev V.A. (Moscow, INR), Tavkhelidze
AN. (Tbilisi, Inst.Phys.). JINR-D2-99-289, Jan 2000, 6pp.

Prepared for International Bogolubov Conference on Problems of Theoretical and
Mathematical Physics, Moscow, Russia and Kiev, Ukraine, 27 Sep-6 Oct 1999.

2001

1. Hydro-acoustic detection of ultra-high and extremely high energy neutrinos / Collabor.:
Karaevsky S.Kh., Mironovich A.A., Zheleznykh .M. et al. // International Conference on
Ray Cosmic, Copernicus Gesellschaft, 2001.

2. On the Possibility of Direct Investigations of Neutron-Neutron Scattering at LHC Beam
Dump . Collabor.: Dementiev A.V., Dementiev D.V., Kazarnovsky, V.A.Matveev et al. KEK-
Proceedings-2000-22, Mar, 2001. International Collabor. on Advanced Neutron Sources
ICANS-XV: Proc. of the Fifteenth Meeting, Tsukuba, Japan, 6-9 November, 2000. 2.
Tsukuba, Japan, 2000, Advanced neutron sources, vol.2, p.1019-1025.

3.The RADEX facility as a tool for studies of radiation damage under proton and spallation
neutron irradiation / Collabor.: Koptelov E.A., Lebedev S.G., Sobolevsky N.M. et al. //
International Collabor. on Advanced Neutron Sources ICANS — XV: Proc. of the Fifteenth
Meeting, Tsukuba, Japan, 6-9 November, 2000., V. 2. — Tsukuba, Japan, 2001. - P. 1222-1241.
4. Status of Neutron Complex of INR RAS / Collabor.: Grachev M.I., Koptelov E.A.,
Kravchuk L.V, Perekrestenko A.D. et al. // International Collabor. on Advanced Neutron
Sources ICANS-XV: Proc. of the Fifteenth Meeting, Tsukuba, Japan, 6-9 November, 2000,
V.1. - Tsukuba, Japan, 2001. - P. 71-83.

5. BO3MO>KHOCTM CO3/jaHyisI IIeHTpa IIPOTOHHON Teparyy Ha 6a3e MOCKOBCKOI Me30OHHOI
¢dabpukn / Coasr.: Banos I'H., Kpasuyk JI.B., Ipaues M.JL. u mp. — M., 2001. - 10 c. -
[MpenpunTt VAN - 1056/2001.

6. Status report on the OPERA experiment - OPERA Collaboration (M.Guler, V.A.Matveey,
O.G. Ryazhskaya et al) - CERN-SPSC-2001-025, CERN-SPSC-M-668, LINGS-EXP-30-
2001-ADD-1, Aug 2001, 57pp.
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7. Hydro-acoustic detection of ultra-high and extremely high energy neutrinos. A. Capone
etal.. Aug 2001. 3pp. Prepared for 27" International Cosmic Ray Conference (ICRC 2001),
Hamburg, Germany, 7-15 Aug 2001. Published in *Hamburg 2001, Cosmic ray* 1264-1266

8. CAST status report: a solar axion search using a decommissioned LHC test magnet. G.
Fanourakis et al.. CERN-SPSC-2001-020, CERN-SPSC-M-666, May 2001. 8pp.

9. Pulsed and quasistationary neutron sources based on proton beams of Moscow meson
factory. M.I. Grachev et al.. Oct 1990. Prepared for 11" Meeting of the International
Collaboration on Advanced Neutron Sources, Tsukuba Japan, 22-26 Oct 1990. Published
in *Tsukuba 1990, Advanced neutron sources ICANS-XI, vol. 1* 454-462
10. Canonical formulation of light-front gluodynamics and quantization of non-Abelian plane
waves / Collabor.: V.T. Kim, G.B. Pivovarov, J.P. Vary — Phys. Rev. D. - 2001.-V. 63. - P. 054009

2002

1. Probing lepton flavor violation in muon-neutrino + n ---> tau + ... scattering and mu
---> tau conversion on nucleons. By S.N. Gninenko, M.M. Kirsanov, N.V. Krasnikov, V.A.
Matveev (Moscow, INR),. INR-RAS-2001-024, Jun 2001. 13pp. Published in Mod.Phys.
Lett.A17:1407, 2002 e-Print Archive: hep-ph/0106302

2. The search for new physics at the LHC. Krasnikov N.V,, Matveev V.A.(Moscow, INR),
2002 Phys.Usp.47:643-670, 2004, Usp.Fiz.Nauk, 174:697-725, 2004 e-Print Archive: hep-
ph/0309200

3. Relativistic Quark models in the quasipotential approach. Matveev V.A., Tavkhelidze
(Moscow, INR), Savrin (Moscow State U.), Sisakian A.N. (Dubna, JINR), 2002. Theor.Math.
Phys.132:1119-1136,2002, Teor.Mat.Fiz.132:267-287, 2002.

4. The CERN Axion Solar Telescope (CAST). Gninenko S.N, Golubev N.A., Krasnikov
N.V,, Nucl.Phys.Proc.Suppl.110:85-87, 2002 - Faro 2002, New worlds in astroparticle
physics, 103-109.

5. Computer and experimental modeling of target performance in particle beams and
fusion or fission environments / Collabor.: E.A. Koptelov, S.G. Lebedev, V.A. Matveev, N.M.
Sobolevsky, Yu.S. Strebkov, A.V. Subbotin - Nucl. Inst. Meth. A. 2002. V.480. P. 137-155.
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We report the first results on a direct search for a new 16.7 MeV boson (X) which could explain the
anomalous excess of e e~ pairs observed in the excited *Be’ nucleus decays. B of its coupling to
electrons, the X could be produced in the bremsstrahlung reaction e~Z — e~ ZX by a 100 GeV ¢~ beam
incident on an active target in the NA64 experiment at the CERN Super Proton Synchrotron and observed
through the subsequent decay into a e*e™ pair. With 5.4 x 10'? electrons on target, no evidence for such

decays was found, allowing us to set first limits on the X — e~ coupling in the range 1.3x 10 Z¢, <

4.2 x 107 excluding part of the allowed parameter space. We also set new bounds on the mixing strength
of photons with dark photons (A") from nonobservation of the decay A’ — ¢* ¢~ of the bremsstrahlung A’
with a mass <23 MeV.

DOL: 10.1103/PhysRevLett.120.231802

The ATOMKI experiment of Krasznahorkay et al. [1]
has reported the observation of a 6.85 excess of events in
the invariant mass distributions of e* e~ pairs produced in
the nuclear transitions of excited *Be* to its ground state via
internal pair creation. This anomaly can be interpreted as

Published by the American Physical Society under the terms of
the Creative C Attribution 4.0 Inter [ license.
Further distribution of this work must maintain anribution to
the author(s) and the published article’s title, journal citation,
and DOL. Funded by SCOAP’,

the emission of a new protophobic gauge X boson with a
mass of 16.7 MeV followed by its X — e*e¢™ decay
assuming that the X has nonuniversal coupling to quarks,
coupling to electrons in the range 2 x 107* < ¢, < 1.4 x
10~3 and the lifetime 10" <7y <1072 5 [2,3]. Tt has
motivated worldwide theoretical and experimental efforts
towards light and weakly coupled vector bosons; see, e.g.,
Refs. [4-12].

Another strong motivation in the search for a new light
boson decaying into an e*e™ pair is provided by the dark
matter puzzle. An intriguing possibility is that in addition to
gravity a new effective force between the dark sector and
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visible matter, transmitted by a new vector boson A’ (dark
photon) might exist [13,14]. Such A" could have a mass
my =1 GeV, associated with a spontaneously broken
gauged U{ 1), symmetry, and would couple to the standard
model through kinetic mixing with the ordinary photon,
—ler, A", parametrized by the mixing strength ¢ << |
[15-17]. For a review see, e.g., Refs. [4,18,19]. A number
of previous beam dump [20-34], fixed target [35-37],
collider [38-40], and rare particle decay [41-53] experi-
ments have already put stringent constraints on the mass
my and € of such dark photons excluding, in particular, the
parameter space region favored by the g, —2 anomaly.
However, the range of mixing strengths 107* < e < 1077
corresponding to a short-lived A" still remains unexplored.
In this Letter we report the first results from the NA64
experiment specifically designed for a direct search of the
e e~ decays of new short-lived particles in the sub-GeV
mass range at the CERN Super Proton Synchrotron (SPS)
[54-57].

The method of the search for A" — "¢ decays is
described in Refs. [54,55]. Its application to the case of the
X — ¢ ¢ decay is straightforward. Briefly, a high-energy
electron beam is sent into an electromagnetic (e.m.)
calorimeter that serves as an active beam dump.
Typically the beam electron loses all its shower energy
in the dump. If the A" exists, due to the A'(X) — ¢” coupling
it would occasionally be produced by a shower electron (or
positron) in its scattering off a nuclei of the dump:

e+ L —=e +Z+AX) AX) = eTe. (1)
Since the A" is penetrating and longer lived, it would escape
the beam dump, and subsequently decays into an e e~ pair
in a downstream set of detectors. The pair energy would be
equal to the energy missing from the dump. The apparatus
is designed to identify and measure the energy of the ¢” e
pair in another calorimeter (ECAL). Thus, the signature of
the A'(X) — e"e™ decay is an event with two e.m.-like
showers in the detector: one shower in the dump, and
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another one in the ECAL with the sum energy equal to the
beam energy.

The NAG64 setup is schematically shown in Fig. 1. The
experiment employs the optimized 100 GeV electron beam
from the H4 beam line in the North Area (NA) of the CERN
SPS. Two scintillation counters, S1 and S2, were used for
the beam definition, while the other two, §3 and $4, were
used to detect the e™e™ pairs. The detector was equipped
with two dipole magnets and a tracker, which was a set of
four upstream Micromegas (MM) chambers (T'1, T2) for
the incoming ¢~ angle selection and two sets of down-
stream MM, gas electron multiplier (GEM) stations, and
scintillator hodoscopes (73, T4) for measurements of the
outgoing tracks [58,59]. To enhance the electron identi-
fication, the synchrotron radiation (SR) emitted by elec-
trons was used for their tagging allowing us to suppress the
initial hadron contamination in the beam x/e” =~ 1072
down to the level ~10-¢ [57,60]. The use of SR detectors
(SRD) was a key point for the improvement of the
sensitivity compared to the previous electron beam dump
searches [24,25]. The dump was a compact e.m. calorim-
eter WCAL made as short as possible to maximize the
sensitivity to short lifetimes while keeping the leakage of
particles at a small level. It was followed by the ECAL to
measure the energy of the decay e e™ pair, which was a
matrix of 6 x 6 shashlik-type modules [57]. The ECAL has
=) radiation lengths (Xg) and is located at a distance
~3.5 m from the WCAL. Downstream of the ECAL the
detector was equipped with a high-efficiency veto counter,
V3, and a hermetic hadron calorimeter (HCAL) [57] used
as a hadron veto and for muon identification with a help of
four muon counters, MUI-MU4, located between the
HCAL modules. The results reported here were obtained
from data samples in which 2.4 x 10" electrons on target
(EOT) and 3 x 10" EOT were collected with the WCAL of
40 X, (with a length of 290 mm) and of 30 X;; (220 mm),
respectively. The events were collected with a hardware
trigger requiring in-time energy deposition in the WCAL
and Ewca =70 GeV. Data of these two runs (hereafter
called the 40 X, and 30 X;; run) were analyzed with similar

illustration of the NA64 setup to search for the A", X — ¢*e™ decays.



selection criteria and finally summed up, taking into
account the corresponding normalization factors. For the
mass range | < my < 25 MeV and energy Ey = 20 GeV,
the opening angle @+ - = 2m/E, = 2 mrad of the decay
e’ e” pair is too small to be resolved in the racker T3-T4,
and the pairs are mostly detected as a single-track e.m.
shower in the ECAL.

The candidate events were selected with the following
criteria chosen to maximize the signal acceptance and
minimize background, using both GEANT4[61,62] based
simulations and data. (i) There should be only one track
entering the dump. No cuts on reconstructed outgoing
tracks were used. (ii) No energy deposition in the V2
counter exceeding about half of the energy deposited by
the minimum ionizing particle (MIP). (iii) The signal in the
decay counter §4 is consistent with two MIPs. (iv) The
sum of energies deposited in the WCAL and ECAL,
E = Ewcar + Egcaps is equal to the beam energy within
the energy resolution of these detectors. According to
simulations, at least 30% of the total energy should be
deposited in the ECAL [63.64]. (v) The showers in the
WCAL and ECAL should start to develop within a few first
Xg. (vi) The lateral and longitudinal shape of the shower in
the ECAL are consistent with a single e.m. one. However,
for A’s with the energy <5 GeV, the ECAL shower is
poorly described by the single shower shape; hence, the
additional cut Egcay > 5 GeV was applied. (vii) No sig-
nificant energy deposited in the V3 and/or HCAL. These
cuts were used for rejection of events with hadrons in the
final state. As in the previous analyses [56.57], a clean
sample of =107 rare 5~ events produced in the dump was
used for the efficiency corrections in the simulations, which
do not exceed 20%. A blind analysis of data was
performed, with the signal box defined as 90 < £, <
110 GeV and by using 20% (100%) of the data for the
selection criteria optimization (background estimate).

There are several processes that can fake the A" — ete™
signal. Among them, the two most important were expected
either from decay chain K§ — 22% 2% — ye'e of KY
produced in the WCAL or from the y — "¢~ conversion
of photons from K — 72" — 2" — yy decays in the T3
plane or earlier in the beam line. Another background could
come from the K — 77~ hadronic decays that could be
misidentified as an e.m. event in the ECAL at the level
<25 % 1075 evaluated from the measurements with the
pion beam. The leading K” can be produced in the dump
either by misidentified beam x~, K~ or directly by
electrons. The background from the K9 decay chain was
estimated by using the direct measurements of the K% flux
from the dump with the following method. Ttis well known
that the K" produced in hadronic reactions is a linear
combination of the short- and long-lived components
[K%) = (|KY) + |KY))/+/2. The flux of K¥ was evaluated
from the measured ECAL + HCAL energy spectrum of

long-lived neutral hadrons selected with the requirement of
no signal in V2 and §4, taking into account corrections due
to the K decays in flight. The main fraction of 2¢10% events
observed in the HCAL were neutrons produced in the same
processes as K” in the WCAL. According 1o simulations,
=10% of them were predicted to be other neutral hadrons,
i.e. A and K”, that were also included in the data sample.
The conservative assumption that =100 K" were produced
allows us to calculate the number of K from the dump and
simulate the corresponding background from the K% —
a'a” and KY — 7"2"; 1" — ye'e decay chain, which
was found to be <0.04 events per 5.4 x 10" EOT. To
cross-check this result, another estimate of this background
was used. The true neutral e.m. events, which are presum-
ably photons, were selected with requirements of no
charged tracks, i.e., no signals in V2 and 54 counters,
plus a single e.m.-like shower in the ECAL defined by cuts
(v)—{(vii). Three such events were found in the signal box as
shown in Fig. 2. Using simulations we calculated that there
were =150 leading K" produced in the dump, which is in
reasonable agreement with the previous estimate resulting
in a conservative K‘;’ background of 0.06 events. The g, .
and K mistakenly tagged as ¢”'s [60] could also interact in
the dump though the pZ — uZy or a, K charge-exchange
reactions, accompanied by the poorly detected scattered g,
or secondary hadrons. The misidentified pion could mimic
the signal either directly (small fraction of showers that
look like an e.m. one) or by emitting a hard bremsstrahlung
photon in the last layer of the dump, which then produces
an e.m. shower in the ECAL, accompanied by the scattered
pion track. Another background can appear from the beam
& — ev decays downstream of the WCAL. The latter two
backgrounds can pass the selection only due to the V2
inefficiency (=10""), which makes them negligible. The
charge-exchange  reaction a7 p— (= 1)a"+n+ .-,
which can occur in the last layers of the WCAL with
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FIG. 2. Distribution of selected e.m. neutral (presumably
photon) and signal events in the (Ewea s Epca) plane from
the combined 30 X, and 40 X; runs. Neutral e.m. events are
shown as blue squares. The only signal-like event is shown as a
red square. The dashed band represents the signal box.
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TABLE 1. Expected numbers of background events in the
signal box estimated for 5.4 % 10" EOT.

Source of background Events
e’ e pair production by punchthrough y < 0.001
K=22"% 2 s petemip—etem K= ntam 00640034

aN = (z1)a+n+0 2’ = pete iy —ete 001 £0.004

a~ bremsstrahlung in the WCAL, y — ¢*e™ = 0.0001
7 K = ev, K decays < 0.001
eZ = efptpT pE = e < 0,001
Punchthrough & < 0.003
Total 0.07 £ 0.035

decay photons escaping the dump without interactions and
accompanied by poorly detected secondaries, is another
source of fake signal. To evaluate this background we used
the extrapolation of the charge-exchange cross sections,
o ~ 23 measured on different nuclei [65]. The contribution
from the beam kaon decays in flight, K~ — e~va™a=(K,y),
and dimuon production in the dump e=Z — ¢~ Zu' p~ with
either #*#~ or u* p~ pairs misidentified as e.m. event in the
ECAL was found to be negligible.

Table I summarizes the conservatively estimated back-
ground inside the signal box, which is expected to be
0.07 +0.034 cvents per 5.4 x 10" EOT. The dominant
contribution to background is 0.06 events from the K
decays, with the uncertainty dominated by the statistical
error, In Fig. 2, the final distributions of e.m. neutral events,
which are presumably photons, and signal candidate events
that passed the selection criteria (i}(iii) and (v)—(vii) are
shown in the (Egear: Ewear) plane. No candidates are
found in the signal box. The conclusion that the back-
ground is small is confirmed by the data.

The combined 90% confidence level (C.L.) upper limits
for the mixing strength ¢ were obtained from the corre-
sponding limit for the expected number of signal events,
Na‘m@ by using the modified frequentist approach, taking
the profile likelihood as a test statistic [66-68]. The N
value is given by the sum

2 2
Ny =D Ny =D nhorcianly(e.my).  (2)
i=1 i=1

where €, is the signal efficiency in the run i (30 X, or 40
Xg), and n', (€. m, ) is the number of the A" — ¢* e~ decays
in the decay volume with energy E, > 30 GeV per EOT,
calculated under the assumption that this decay mode is
predominant; see, e.g., Eq. (3.7) in Ref. [55]. Each ith entry
in this sum was calculated by simulating signal events for
the corresponding beam running conditions and processing
them through the reconstruction program with the same
selection criteria and efficiency corrections as for the data
sample from the run i. The A" efficiency and its systematic
error  were  determined to stem  from the overall
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normalization, A" yield, and decay probability, which were
the A" mass dependent, and also from efficiencies and
their uncertainties in the primary e (0.85+0.02),
WCAL{(.934+0.03), V5(0.96+0.03), ECAL{0.93£0.05),
V3(0.95 £ 0.04), and HCAL({0.98 £ 0.02) event detection.
The latter, shown as example values for the 40 X, run, were
determined from measurements with the ¢~ beam cross-
checked with simulations. A detailed simulation of the e.m.
shower in the dump [63] with A’ cross sections was used to
calculate the A" yield [64,69,70]. The =10% difference
between the calculations in Ref, [64] and Refs, [69,70] was
accounted for as a systematic uncertainty in ny (e, my ). In
the overall signal efficiency for each run, the acceptance loss
due to pileup (=7% for 40 X, and =10% for 30 X, runs) was
taken into account and cross-checked using reconstructed
dimuon events [57]. The dimuon efficiency corrections
(=20%) were obtained with uncertainty of 10% and 15%,
for the 40 X, and 30 X, runs, respectively. The total
systematic uncertainty on Ny calculated by adding all
errors in quadrature did not exceed 25% for both runs.
The combined Y% C.L. exclusion limits on the mixing € as
a function of the A" mass is shown in Fig. 3 together with the
current constraints from other experiments. Our results
exclude the X boson as an explanation for the *Be anomaly
for the X — ¢~ coupling e, < 4.2 % 10~ and mass value of

w*

10!

m e, Gel

FIG.3. The 90% C.L. exclusion arcas in the (my; ¢) plane from
the NAG4 experiment (blue area). For the mass of 16.7 MeV, the
X — ¢ coupling region excluded by NA64 is 1.3x= 107 <
€, =42 % 107*, The allowed range of ¢, explaining the *Be
anomaly (red area) [2.3], constraints on the mixing e from the
experiments E141 [22], ET74 [25], BABAR [40], KLOE [45],
HADES [47], PHENIX [48], NA48 [50], and bounds from the
electron anomalous magnetic moment (g—2), [T1] are also
shown.



16.7 MeV, leaving the still unexplored region 4.2 x 10~* <
€, < 1.4 % 107 as quite an exciting prospect for further
searches.
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