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PHOTO-ABSORPTION SUM RULES σ−1

IN DIFFERENT ENVIRONMENTS
(ATOMS, NUCLEI, NUCLEONS)

S. B. Gerasimov ∗

Joint Institute for Nuclear Research, Dubna

Combining the spin-dependent dispersion GDH sum rule, the isotopic-spin-dependent
CabibboÄRadicati sum rule, and the relativistic dipole-moment-�uctuation (i. e. general-
ized Gottfried) sum rule with the three valence quark conˇguration of nucleons taken
into account for the composition of the ground and the excited states of the nucleon,
the relevant moments of the distribution and correlation functions of the quark electric
dipole moment operators in the nucleon ground state are expressed via the experimentally
measurable nucleon resonance photo-excitation amplitudes. These functions are of interest
for checking detailed quark-conˇguration structure of the nucleon state vector. Within the
non-relativistic approach to photo-absorption sum rules for the 3N-nuclei a new σ−1 sum
rule is proposed which is based on general charge-symmetry (CS) consequences for the
©CS-conjugatedª triton and 3He.

‘ ¶μ³μÐÓÕ ¤¨¸¶¥·¸¨μ´´μ£μ ¸¶¨´μ¢μ£μ ¶· ¢¨²  ¸Ê³³ ƒ„•, ¶· ¢¨²  ¸Ê³³
Š ¡¨¡¡μÄ� ¤¨± É¨ ¨§μ¸¶¨´μ¢μ°  ²£¥¡·Ò Éμ±μ¢ ¨ ·¥²ÖÉ¨¢¨¸É¸±μ£μ ¶· ¢¨²  ¸Ê³³ ¤²Ö
Ë²Ê±ÉÊ Í¨¨ μ¶¥· Éμ·  ¤¨¶μ²Ó´μ£μ ³μ³¥´É , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ μ¡μ¡Ð¥´¨Õ ¶· ¢¨² 
¸Ê³³ ƒμÉÉË·¨¤ , ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° ³μ¤¥²¨ É·¥Ì±¢ ·±μ¢μ° ¸É·Ê±ÉÊ·Ò μ¸´μ¢´μ£μ ¸μ¸Éμ-
Ö´¨Ö ´Ê±²μ´  ¶μ²ÊÎ¥´Ò ¶ ·´Ò¥ ±μ··¥²ÖÍ¨μ´´Ò¥ ËÊ´±Í¨¨ ¢¥±Éμ·μ¢ ±¢ ·±μ¢ÒÌ Éμ±μ¢,
¶·¥¤¸É ¢²ÖÕÐ¨¥ ¨´É¥·¥¸ ¤²Ö μ¶·¥¤¥²¥´¨Ö ±μ´Ë¨£Ê· Í¨μ´´μ° ±¢ ·±μ¢μ° ¸É·Ê±ÉÊ·Ò
¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ´Ê±²μ´ . ‚ ´¥·¥²ÖÉ¨¢¨¸É¸±μ³ μ¶¨¸ ´¨¨ ¶· ¢¨² ¸Ê³³ σ−1 ¤²Ö ¸¥-
Î¥´¨° ËμÉμ¶μ£²μÐ¥´¨Ö É·¥Ì´Ê±²μ´´Ò³¨ Ö¤· ³¨ ¶μ²ÊÎ¥´Ò ´μ¢Ò¥ ¸μμÉ´μÏ¥´¨Ö ¸²¥¤-
¸É¢¨° § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ ¤²Ö ®§ ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´μ°¯ ¶ ·Ò Ö¤¥· É·¨Éμ´  ¨ 3He.

PACS: 11.55.Hx; 25.20.-x
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COMPARISON BETWEEN ūu AND d̄d PRODUCTIONS
BY THE γp → π−Δ++ AND π+Δ0 REACTIONS AT

FORWARD π ANGLES AT Eγ = 1.5−3.0 GeV
H.Kohri ∗ for LEPS collaboration

Research Center for Nuclear Physics, Osaka University, Osaka, Japan

Photoproduction reactions are dominated by isospin rules. In the case of πΔ pho-
toproduction on the proton at forward π angles, the exchange of isospin= 1 meson (π
or ρ) in the t-channel is the most dominant reaction mechanism, which is considered
to give a cross section ratio σ(π+Δ0)/σ(π−Δ++) of 1/3. The cross section ratio has
not been measured precisely experimentally. We present preliminary results for the cross
section ratio at Eγ = 1.5−3.0 GeV. Larger ratios than 1/3 measured by our experiment
at LEPS/SPring-8 suggest that the d̄d productions are enhanced compared with the ūu
productions in the photoproduction reactions on the proton.

�¥ ±Í¨¨ ËμÉμ·μ¦¤¥´¨Ö ¶μ¤Î¨´ÖÕÉ¸Ö, ¢ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢, ¨§μ¸¶¨´μ¢Ò³ ¶· -
¢¨² ³. ‚ ¸²ÊÎ ¥ πΔ-ËμÉμ·μ¦¤¥´¨Ö ´  ¶·μÉμ´¥ ¶·¨ · ¸¸¥Ö´¨¨ π ¢¶¥·¥¤ μ¡³¥´ ³¥-
§μ´μ³ (π ¨²¨ ρ) ¸ ¨§μ¸¶¨´μ³ 1 ¢ t-± ´ ²¥ Ö¢²Ö¥É¸Ö ¤μ³¨´¨·ÊÕÐ¨³ ³¥Ì ´¨§³μ³ ·¥-
 ±Í¨¨, ±μÉμ·Ò°, ± ± ¸Î¨É ¥É¸Ö, ¶·¨¢μ¤¨É ± §´ Î¥´¨Õ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö
σ(π+Δ0)/σ(π−Δ++), · ¢´μ³Ê 1/3. �Éμ μÉ´μÏ¥´¨¥ ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö ´¥ ¡Ò²μ ÉμÎ´μ
¨§³¥·¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²Ó-
É ÉÒ ¨§³¥·¥´¨Ö ÔÉμ£μ μÉ´μÏ¥´¨Ö ¶·¨ Eγ = 1,5−3,0 ƒÔ‚. �μ²ÊÎ¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥
LEPS/SPring-8 §´ Î¥´¨Ö ¶·¥¢ÒÏ ÕÉ 1/3, ÎÉμ ³μ¦¥É μ§´ Î ÉÓ, ÎÉμ ¢ ·¥ ±Í¨ÖÌ ËμÉμ·μ-
¦¤¥´¨Ö ´  ¶·μÉμ´¥ ±μ²¨Î¥¸É¢μ ·μ¦¤¥´´ÒÌ ¶ · d̄d ¶·¥¢ÒÏ ¥É ±μ²¨Î¥¸É¢μ ¶ · ūu.

PACS: 13.60.Le

∗E-mail: kohrircnp.osaka-u.ac.jp
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STUDY OF PHOTON ELECTROPRODUCTION ON
THE NUCLEON AT HIGH AND LOW ENERGY BY

VIRTUAL COMPTON SCATTERING
M.Benali 1, 2,∗, M.Mazouz 2, H. Fonvieille 1

for the Hall A DVCS and MAMI-A1 collaborations
1 Laboratoire de Physique Corpusculaire Clermont-Ferrand, France

2 Facult�e des Sciences de Monastir, Tunisia

Virtual Compton Scattering (VCS) and Deeply Virtual Compton Scattering (DVCS) on
the nucleon are two processes accessed via the photon electroproduction reaction (eN →
eγN). In the ˇrst part of this paper we are interested in the DVCS on the neutron. We
measured the (D(e, eγ)X − H(e, e′γ)X) unpolarized cross section and we extracted, for
the ˇrst time, a non-zero contribution of (neutron-DVCS+ coherent-deuteron-DVCS) at
Q2 = 1.75 GeV2 and xB = 0.36 from Jefferson Lab experiment E08-025.

VCS on the proton has been studied at the Mainz Microtron MAMI at the four-
momentum transfer squared Q2 = 0.5 GeV2, below the pion production threshold. In
the second part of this paper we present our preliminary results of the structure functions
(PLL − (PTT /ε)) and PLT , and the electric and magnetic generalized polarizabilities
αE(Q2) and βM (Q2) extracted from this experiment.

‚¨·ÉÊ ²Ó´μ¥ ±μ³¶Éμ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥ (‚Š�) ¨ £²Ê¡μ±μ ¢¨·ÉÊ ²Ó´μ¥ ±μ³¶Éμ´μ¢-
¸±μ¥ · ¸¸¥Ö´¨¥ (ƒ‚Š�) ´  ´Ê±²μ´¥ Å ¤¢  ¶·μÍ¥¸¸ , ±μÉμ·Ò¥ ³μ¦´μ ¨¸¸²¥¤μ¢ ÉÓ ¢
·¥ ±Í¨¨ Ô²¥±É·μ·μ¦¤¥´¨Ö ËμÉμ´  (eN → eγN). ‚ ¶¥·¢μ° Î ¸É¨ ¸É ÉÓ¨ ¶·¥¤¸É ¢²¥´μ
¨¸¸²¥¤μ¢ ´¨¥ ƒ‚Š� ´  ´¥°É·μ´¥. „²Ö ÔÉμ£μ ¨§³¥·Ö¥É¸Ö ´¥¶μ²Ö·¨§μ¢ ´´μ¥ ¸¥Î¥´¨¥
· ¸¸¥Ö´¨Ö (D(e, eγ)X −H(e, e′)X) ¨ ¢¶¥·¢Ò¥ ¨§¢²¥± ¥É¸Ö ´¥´Ê²¥¢μ° ¢±² ¤ (´¥°É·μ´-
ƒ‚Š�+ ±μ£¥·¥´É´Ò° ¤¥°É·μ´-‚Š�) ¶·¨ Q2 = 1,75 ƒÔ‚2 ¨ xB = 0,36 ¢ Ô±¸¶¥·¨³¥´É¥
JLAB …08-025.

‚Š� ´  ¶·μÉμ´¥ ¨§ÊÎ ²μ¸Ó ´  ³¨±·μÉ·μ´¥ MAMI ¢ Œ °´Í¥ ¶·¨ ¶¥·¥¤ ´´μ³
¨³¶Ê²Ó¸¥ Q2 = 0,5 ƒÔ‚2, ´¨¦¥ ¶μ·μ£  ·μ¦¤¥´¨Ö ¶¨μ´ . ‚μ ¢Éμ·μ° Î ¸É¨ ¸É ÉÓ¨
¶·¥¤¸É ¢²¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° (PLL−(PTT /ε))
¨ PLT ¨ Ô²¥±É·¨Î¥¸±μ° αE(Q2) ¨ ³ £´¨É´μ° βM (Q2) μ¡μ¡Ð¥´´ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥°,
¨§¢²¥Î¥´´ÒÌ ¨§ ÔÉμ£μ Ô±¸¶¥·¨³¥´É .

PACS: 13.60.Fz

∗E-mail: benali@clermont.in2p3.fr
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PHOTONEUTRON REACTIONS IN THE RANGE OF
GIANT DIPOLE RESONANCE

B. S. Ishkhanov 1, 2, V. N.Orlin 1, N. N. Peskov 1, V. V. Varlamov 1,∗

1 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow
2 Physics Faculty, Lomonosov Moscow State University, Moscow

Systematic disagreements in photoneutron cross section data obtained in experiments
with quasimonoenergetic annihilation photons and bremsstrahlung photons were investi-
gated using objective physical criteria of data reliability. It was shown that plenty of
the data are not reliable due to signiˇcant systematic uncertainties of the photoneutron
multiplicity sorting techniques used. The experimentalÄtheoretical method for evaluation
of reliable partial reaction cross sections was proposed and many new data were obtained.

‘¨¸É¥³ É¨Î¥¸±¨¥ · ¸Ìμ¦¤¥´¨Ö ¤ ´´ÒÌ ¶μ ¸¥Î¥´¨Ö³ ¶ ·Í¨ ²Ó´ÒÌ ËμÉμ´¥°É·μ´-
´ÒÌ ·¥ ±Í¨°, ¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ ±¢ §¨³μ´μÔ´¥·£¥É¨Î¥¸±¨³¨  ´´¨£¨²Ö-
Í¨μ´´Ò³¨ ËμÉμ´ ³¨ ¨ Éμ·³μ§´Ò³ γ-¨§²ÊÎ¥´¨¥³, ¨¸¸²¥¤μ¢ ´Ò ¸ ¶μ³μÐÓÕ μ¡Ñ¥±É¨¢-
´ÒÌ Ë¨§¨Î¥¸±¨Ì ±·¨É¥·¨¥¢ ¤μ¸Éμ¢¥·´μ¸É¨ ¤ ´´ÒÌ. �μ± § ´μ, ÎÉμ ³´μ£¨¥ ¤ ´´Ò¥ ´¥
Ö¢²ÖÕÉ¸Ö ¤μ¸Éμ¢¥·´Ò³¨ ¢¸²¥¤¸É¢¨¥ §´ Î¨É¥²Ó´ÒÌ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥° ¨¸-
¶μ²Ó§μ¢ ´´ÒÌ ³¥Éμ¤μ¢ · §¤¥²¥´¨Ö ËμÉμ´¥°É·μ´μ¢ ¶μ ³´μ¦¥¸É¢¥´´μ¸É¨. �·¥¤²μ¦¥´
Ô±¸¶¥·¨³¥´É ²Ó´μ-É¥μ·¥É¨Î¥¸±¨° ³¥Éμ¤ μÍ¥´±¨ ¤μ¸Éμ¢¥·´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨° ·¥ ±-
Í¨°, ¶μ²ÊÎ¥´μ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ´μ¢ÒÌ ¤ ´´ÒÌ.

PACS: 25.20.-x

∗E-mail: varlamov@depni.sinp.msu.ru
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DESCRIPTION OF RESONANT STATES IN
THE SHELL MODEL

I. A. Mazur 1,∗, A. M. Shirokov 1, 2, 3, A. I. Mazur 1, J. P. Vary 3

1 Paciˇc National University, Khabarovsk, Russia

2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow

3 Department of Physics and Astronomy, Iowa State University of Science

and Technology, Ames, IA, USA

A technique for describing scattering states within the nuclear shell model is proposed.
This technique is applied to scattering of nucleons by α particles based on ab initio No-
Core Shell Model calculations of 5He and 5Li nuclei with JISP16 NN interaction.

�·¥¤²μ¦¥´ ³¥Éμ¤ μ¶¨¸ ´¨Ö ·¥§μ´ ´¸´ÒÌ ¸μ¸ÉμÖ´¨° ¢ · ³± Ì Ö¤¥·´μ° ³μ¤¥²¨
μ¡μ²μÎ¥±. �ÉμÉ ³¥Éμ¤ ¶·¨³¥´¥´ ± μ¶¨¸ ´¨Õ · ¸¸¥Ö´¨Ö ´Ê±²μ´μ¢ ´  α-Î ¸É¨Í¥ ´ 
μ¸´μ¢¥ · ¸Î¥Éμ¢ ab initio ¢ ³μ¤¥²¨ μ¡μ²μÎ¥± ¡¥§ ¨´¥·É´μ£μ ±μ·  Ö¤¥· 5He ¨ 5Li
¸ NN-¢§ ¨³μ¤¥°¸É¢¨¥³ JISP16.

PACS: 21.60.Cs; 25.40.Dn; 25.40.Cm

∗E-mail: mazuri@mail.ru
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INFLUENCE OF SURFACE TENSION ON
NUCLEAR COLLECTIVE PROPERTIES

N. G.Goncharova ∗

Faculty of Physics, Lomonosov Moscow State University, Moscow

Rigidities of evenÄeven nuclei were estimated and compared with nuclear charge
radii. Correlation of maximal nuclear rigidities with minimal values of r0 parameters was
revealed. In�uence of effective surface tension on nuclear properties was discussed.

‚Ò¶μ²´¥´  μÍ¥´±  ¦¥¸É±μ¸É¥° ¤²Ö Î¥É´μ-Î¥É´ÒÌ Ö¤¥·. �·¨ ¸· ¢´¥´¨¨ ¶μ²ÊÎ¥´-
´ÒÌ ¦¥¸É±μ¸É¥° ¸ § ·Ö¤μ¢Ò³¨ · ¤¨Ê¸ ³¨ Ö¤¥· ¢ÒÖ¢²¥´  ±μ··¥²ÖÍ¨Ö ³ ±¸¨³Ê³μ¢ ¦¥¸É-
±μ¸É¨ ¨ ³¨´¨³Ê³μ¢ ¶ · ³¥É·  r0. � ¸¸³μÉ·¥´μ ¢²¨Ö´¨¥ ¶μ¢¥·Ì´μ¸É´μ£μ ´ ÉÖ¦¥´¨Ö
´  ¸¢μ°¸É¢  Ö¤¥·.

PACS: 21.60.-n

∗E-mail: n.g.goncharova@gmail.com
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FRAGMENTATION OF LIGHT NUCLEI BY
INTERMEDIATE ENERGY PHOTONS

A. A. Turinge ∗, A. M. Lapik, A. N.Mushkarenkov,
V. G. Nedorezov, N. V. Rudnev
for the GRAAL collaboration

Institute for Nuclear Research of the Russian Academy of Sciences, Moscow

New data on the fragmentation of carbon nuclei by photons with energies from 800
to 1500 MeV, obtained in the collaboration GRAAL, are presented. These data include
the yields of heavier fragments than nucleons. Comparison of new results with literature
data, obtained with real and virtual photons in reactions with electrons and relativistic
ions (Coulomb dissociation), is done using a general approach in the framework of the
WeizséackerÄWilliams model. Possible reasons for the observed differences between them
are discussed.

�·¨¢¥¤¥´Ò ´μ¢Ò¥ ¤ ´´Ò¥ ¶μ Ë· £³¥´É Í¨¨ Ö¤¥· Ê£²¥·μ¤  ËμÉμ´ ³¨ ¸ Ô´¥·£¨¥°
μÉ 800 ¤μ 1500 ŒÔ‚, ¶μ²ÊÎ¥´´Ò¥ ¢ ±μ²² ¡μ· Í¨¨ GRAAL. �É¨ ¤ ´´Ò¥ ¢±²ÕÎ ÕÉ
¢ ¸¥¡Ö ¢ÒÌμ¤Ò ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ë· £³¥´Éμ¢, Î¥³ ´Ê±²μ´Ò. ‚ · ³± Ì ¥¤¨´μ£μ ¶μ¤Ìμ¤ ,
μ¸´μ¢ ´´μ£μ ´  ³μ¤¥²Ó´ÒÌ · ¸Î¥É Ì ¸¶¥±É·μ¢ ·¥ ²Ó´ÒÌ Éμ·³μ§´ÒÌ ¨ ¢¨·ÉÊ ²Ó´ÒÌ
ËμÉμ´μ¢ ¶μ ³μ¤¥²¨ ‚ °Í§¥±±¥· Ä‚¨²ÓÖ³¸ , ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ
¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ´  ¶ÊÎ± Ì Ô²¥±É·μ´μ¢ ¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
Ö¤¥· (±Ê²μ´μ¢¸± Ö ¤¨¸¸μÍ¨ Í¨Ö). �¡¸Ê¦¤ ÕÉ¸Ö ¢μ§³μ¦´Ò¥ ¶·¨Î¨´Ò ´ ¡²Õ¤ ¥³ÒÌ
³¥¦¤Ê ´¨³¨ · §²¨Î¨°.

PACS: 21.65.Jk

∗E-mail: turinge56@mail.ru
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TENSOR OBSERVABLES IN ELECTRO- AND
PHOTOREACTIONS ON THE DEUTERON
D.M. Nikolenko 1,∗, A. V. Gramolin 1, S. I. Mishnev 1,
I. A. Rachek 1, Yu. V. Shestakov 1, Yu. A. Tikhonov 1, 2,

D. K. Toporkov 1, 2, S. A. Zevakov 1

1 Budker Institute of Nuclear Physics, Novosibirsk, Russia

2 Novosibirsk State University, Novosibirsk, Russia

The study of polarization effects in reactions with a simplest nucleus, deuteron, plays
an important role for the investigation of deuteron structure as well as for the research
of the properties of the strong interaction. However, data on the tensor observables in
the electro- and photoreactions with deuteron appeared not so long ago. We present
here a brief overview of the experiments on three such reactions with a deuteron: elastic
scattering, photodisintegration and coherent photoproduction of the neutral pion.

ˆ§ÊÎ¥´¨¥ ¶μ²Ö·¨§ Í¨μ´´ÒÌ ÔËË¥±Éμ¢ ¢ ·¥ ±Í¨ÖÌ ¸ ¶·μ¸É¥°Ï¨³ Ö¤·μ³, ¤¥°É·μ-
´μ³, ¨£· ¥É ¢ ¦´ÊÕ ·μ²Ó ± ± ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¥£μ ¸É·Ê±ÉÊ·Ò, É ± ¨ ¤²Ö μ¶·¥¤¥²¥-
´¨Ö ¸¢μ°¸É¢ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. �¤´ ±μ ¤ ´´Ò¥ ¶μ É¥´§μ·´Ò³ ´ ¡²Õ¤ ¥³Ò³
¢ Ô²¥±É·μ- ¨ ËμÉμ·¥ ±Í¨ÖÌ ´  ¤¥°É·μ´¥ ¶μÖ¢¨²¨¸Ó ´¥ É ± ¤ ¢´μ. �·¨¢μ¤¨É¸Ö ±· É-
±¨° μ¡§μ· Ô±¸¶¥·¨³¥´Éμ¢ ¶μ É ±¨³ ·¥ ±Í¨Ö³ ´  ¤¥°É·μ´¥, ± ± Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥,
ËμÉμ¤¥§¨´É¥£· Í¨Ö ¨ ±μ£¥·¥´É´μ¥ ËμÉμ·μ¦¤¥´¨¥ ´¥°É· ²Ó´μ£μ ¶¨μ´ .

PACS: 25.30.Bf; 29.20.db; 29.25.Pj; 29.40.Vj

∗E-mail: D.M.Nikolenko@inp.nsk.su
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MEASUREMENT OF THE PROTON SPIN
POLARIZABILITIES AT MAMI

G. M.Gurevich ∗, V. P. Lisin
(A2 collaboration)

Institute for Nuclear Research of the Russian Academy of Sciences, Moscow

The spin polarizabilities of the nucleon are fundamental structure constants which
describe the response of the nucleon spin to an incident polarized photon. The most model-
independent way to measure the nucleon spin polarizabilities is the Compton scattering
with polarization degrees of freedom. Three Compton scattering asymmetries on the
proton were measured in the Δ(1232) region using a polarized incident photon beam
and a polarized (or unpolarized) proton target at the Mainz Microtron (MAMI). These
asymmetries are sensitive to values of the spin polarizabilities. Fits to asymmetry data
were performed using a dispersion model calculation, and a separation of all four proton
spin-polarizabilities in the multipole basis was achieved. The values of the proton spin
polarizabilities are presented.

‘¶¨´μ¢Ò¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ ´Ê±²μ´  Å ËÊ´¤ ³¥´É ²Ó´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ±μ´¸É ´ÉÒ,
±μÉμ·Ò¥ μ¶¨¸Ò¢ ÕÉ μÉ±²¨± ¸¶¨´  ´Ê±²μ´  ´  ¢μ§¤¥°¸É¢¨¥ ´ ²¥É ÕÐ¥£μ ¶μ²Ö·¨§μ-
¢ ´´μ£μ ËμÉμ´ . � ¨¡μ²¥¥ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò³ ³¥Éμ¤μ³ ¨§³¥·¥´¨Ö ¸¶¨´μ¢ÒÌ ¶μ-
²Ö·¨§Ê¥³μ¸É¥° ´Ê±²μ´  Ö¢²Ö¥É¸Ö ±μ³¶Éμ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥ ¸ ¶μ²Ö·¨§ Í¨μ´´Ò³¨ ¸É¥-
¶¥´Ö³¨ ¸¢μ¡μ¤Ò. ’·¨  ¸¨³³¥É·¨¨ ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´  ¶·μÉμ´¥ ¢ μ¡² ¸É¨
Δ(1232)-·¥§μ´ ´¸  ¡Ò²¨ ¨§³¥·¥´Ò ´  Ê¸±μ·¨É¥²¥ MAMI (Œ °´Í) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¶μ²Ö·¨§μ¢ ´´μ£μ ¶ÊÎ±  ËμÉμ´μ¢ ¨ ¶μ²Ö·¨§μ¢ ´´μ° (¨²¨ ´¥¶μ²Ö·¨§μ¢ ´´μ°) ¶·μÉμ´-
´μ° ³¨Ï¥´¨. �É¨  ¸¨³³¥É·¨¨ ÎÊ¢¸É¢¨É¥²Ó´Ò ± §´ Î¥´¨Ö³ ¸¶¨´μ¢ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥°.
‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ ¶μ  ¸¨³³¥É·¨Ö³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¸Î¥Éμ¢ ¶μ ¤¨¸¶¥-
·¸¨μ´´μ° ³μ¤¥²¨ ¡Ò²¨ μ¶·¥¤¥²¥´Ò ¢¸¥ Î¥ÉÒ·¥ ¸¶¨´μ¢Ò¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ ¶·μÉμ´ ,
§´ Î¥´¨Ö ±μÉμ·ÒÌ ¶·¨¢μ¤ÖÉ¸Ö.

PACS: 13.40.-f; 13.60.Fz; 13.88.+e; 14.20.Dh; 24.70.+s

∗E-mail: gurevich@inr.ru



”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2017. ’. 48. ‚›�. 1. ‘. 16

DIPOLE POLARIZABILITIES OF CHARGED PIONS
L. V. Fil'kov 1,∗, V. L. Kashevarov 1, 2

1 Lebedev Physical Institute of the Russian Academy of Sciences, Moscow

2 Institut f éur Kernphysik, Johannes Gutenberg-Universitéat Mainz, Mainz, Germany

We discuss main experimental works where dipole polarizabilities of charged pions
have been determined. Possible reasons for the differences between the experimental
data are discussed. In particular, it is shown that the account of the σ-meson gives
a signiˇcant correction to the value of the polarizability obtained in the latest experiment
of the COMPASS collaboration.

� ¸¸³ É·¨¢ ÕÉ¸Ö ¢¥¤ÊÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¡μÉÒ, ¢ ±μÉμ·ÒÌ ¨§³¥·ÖÕÉ¸Ö ¤¨-
¶μ²Ó´Ò¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢. �¡¸Ê¦¤ ÕÉ¸Ö ¢μ§³μ¦´Ò¥ ¶·¨Î¨´Ò · §-
²¨Î¨° ¶μ²ÊÎ¥´´ÒÌ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¤ ´´ÒÌ. ‚ Î ¸É´μ¸É¨, ¶μ± § ´μ, ÎÉμ ÊÎ¥É
σ-³¥§μ´  ¢´μ¸¨É §´ Î¨É¥²Ó´ÊÕ ¶μ¶· ¢±Ê ¢ §´ Î¥´¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨, ¶μ²ÊÎ¥´´μ¥ ¢ ´μ-
¢¥°Ï¥³ ¨§ Ô±¸¶¥·¨³¥´Éμ¢, ¶·μ¢¥¤¥´´μ³ ±μ²² ¡μ· Í¨¥° COMPASS.

PACS: 13.40.-f; 11.55.Fv; 11.55.Hx; 12.39.Fe; 14.40.-n

∗E-mail: ˇlkov@sci.lebedev.ru



”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2017. ’. 48. ‚›�. 1. ‘. 17

PRODUCTION OF MEDICAL 99mTc ISOTOPE VIA
PHOTONUCLEAR REACTION

M. Fujiwara 1, 2,∗, K. Nakai 1, N. Takahashi 3, T. Hayakawa 2,
T. Shizuma 2, S. Miyamoto 4, G. T. Fan 4, A. Takemoto 4,

M. Yamaguchi 4, M. Nishimura 5

1 Research Center for Nuclear Physics, Osaka University, Osaka, Japan
2 Japan Atomic Energy Agency, Tokai, Ibaraki, Japan

3 Department of Chemistry, Graduate School of Science, Osaka University, Osaka, Japan
4 University of Hyogo, Hyogo, Japan

5 R&D Center Kagoshima, Kyocera Corporation, Kirishima, Kagoshima, Japan

99mTc with a 6 hour half-life is one of the most important medical isotopes used
for the Single-Photon Emission Computed Tomography (SPECT) inspection in hospitals
of USA, Canada, Europe and Japan. 99mTc isotopes are extracted by the milking method
from parent 99Mo isotopes with a 66 hour half-life. The supply of 99Mo isotopes now
encounters a serious crisis. Hospitals may not suitably receive 99Mo medical isotopes
in the near future, due to difˇculties in production by research nuclear reactors. Many
countries are now looking for alternative ways to generate 99Mo isotopes other than those
with research reactors. We discuss a sustained availability of 99mTc isotopes via the
natMo(γ, n) photonuclear reaction, and discuss to solve technical problems for extracting
pure 99mTc isotopes from other output materials of photonuclear reactions.

99mTc ¸ ¶¥·¨μ¤μ³ ¶μ²Ê· ¸¶ ¤  6 Î Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¢ ¦´ÒÌ ³¥¤¨-
Í¨´¸±¨Ì ¨§μÉμ¶μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö μ¡¸²¥¤μ¢ ´¨° ¸ ¶μ³μÐÓÕ ³¥Éμ¤  μ¤´μËμÉμ´-
´μ° Ô³¨¸¸¨μ´´μ° ±μ³¶ÓÕÉ¥·´μ° Éμ³μ£· Ë¨¨ ¢ ±²¨´¨± Ì ‘˜�, Š ´ ¤Ò, Ÿ¶μ´¨¨ ¨
…¢·μ¶Ò. ˆ§μÉμ¶Ò 99mTc ¶μ²ÊÎ ÕÉ ³¥Éμ¤μ³ ¢Ò¦¨³±¨ ¨§ ·μ¤¨É¥²Ó¸±¨Ì ¨§μÉμ¶μ¢ 99Mo,
¨³¥ÕÐ¨Ì ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  66 Î. „μ¸ÉÊ¶´μ¸ÉÓ ¨§μÉμ¶μ¢ 99Mo Ö¢²Ö¥É¸Ö ¸¥·Ó¥§´μ°
¶·μ¡²¥³μ° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö. ‚ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³ ±²¨´¨±¨ ³μ£ÊÉ ¸Éμ²±´ÊÉÓ¸Ö
¸ ¤¥Ë¨Í¨Éμ³ ³¥¤¨Í¨´¸±¨Ì ¨§μÉμ¶μ¢ 99Mo ¨§-§  ¶·μ¡²¥³ ¸ ¨Ì ¶·μ¨§¢μ¤¸É¢μ³ ¢ ¨¸-
¸²¥¤μ¢ É¥²Ó¸±¨Ì Ö¤¥·´ÒÌ ·¥ ±Éμ· Ì. �μ ÔÉμ° ¶·¨Î¨´¥ ³´μ£¨¥ ¸É· ´Ò ¨ÐÊÉ  ²ÓÉ¥·´ -
É¨¢´Ò¥ ¸¶μ¸μ¡Ò ¶μ²ÊÎ¥´¨Ö ¨§μÉμ¶μ¢ 99Mo. �¡¸Ê¦¤ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö
¨§μÉμ¶μ¢ 99Tc, ±μÉμ·Ò¥ ³μ¦´μ ¶μ²ÊÎ ÉÓ ¶μ¸ÉμÖ´´μ ¢ ·¥§Ê²ÓÉ É¥ ËμÉμÖ¤¥·´μ° ·¥ ±Í¨¨
natMo(γ, n). „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ ¶·μ¡²¥³Ê μÉ¤¥²¥´¨Ö Î¨¸ÉÒÌ ¨§μÉμ¶μ¢ 99Tc
μÉ ¤·Ê£¨Ì ¶·μ¤Ê±Éμ¢ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨°.

PACS: 87.57.uh; 25.20.Lj; 23.35.+g
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FUTURE PROSPECTS OF NUCLEAR REACTIONS
INDUCED BY GAMMA-RAY BEAMS AT ELI-NP

D. Filipescu 1,∗, D. L. Balabanski 1 , F. Camera 2, 3, I. Gheorghe 1, 4,
D.Ghita 1, T. Glodariu 1, J. Kaur 1, C. A. Ur 1,

H.Utsunomiya 5, 6, V. V. Varlamov 7

1 Extreme Light Infrastructure Ä Nuclear Physics (ELI-NP) / Horia Hulubei National

Institute for R&D in Physics and Nuclear Engineering (IFIN-HH),

Bucharest-Magurele, Romania

2 Department of Physics, University of Milan, Milan, Italy

3 INFN section of Milan, Milan, Italy

4 University of Bucharest, Bucharest-Magurele, Romania

5 Department of Physics, Konan University, Kobe, Japan

6 Center for Nuclear Study, University of Tokyo, Wako, Saitama, Japan

7 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow

The future prospects of photonuclear reactions studies at the new Extreme Light
Infrastructure ÄNuclear Physics (ELI-NP) facility are discussed in view of the pursuit of
investigating the electromagnetic response of nuclei using γ-ray beams of unprecedented
energy resolution and intensity characteristics. We present here the features of the γ-ray
beam source, the emerging ELI-NP experimental program involving photonuclear reactions
cross section measurements and spectroscopy and angular measurements of γ rays and
neutrons along with the detection arrays currently under implementation.

�¡¸Ê¦¤ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò ¨¸¸²¥¤μ¢ ´¨° ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ´  ´μ¢μ° Ê¸É -
´μ¢±¥ ®ˆ´Ë· ¸É·Ê±ÉÊ·  Ô±¸É·¥³ ²Ó´μ£μ ¸¢¥É  Ä Ö¤¥·´ Ö Ë¨§¨± ¯ (ˆ�‘-Ÿ”). –¥²ÓÕ
¶·μ¥±É  Ö¢²Ö¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ Ö¤¥·´μ£μ Ô²¥±É·μ³ £´¨É´μ£μ μÉ±²¨±  ¸ ¶μ³μÐÓÕ ¶ÊÎ-
±μ¢ γ-²ÊÎ¥° ¸ ¡¥¸¶·¥Í¥¤¥´É´Ò³¨ · §·¥Ï¥´¨¥³ ¶μ Ô´¥·£¨¨ ¨ ¢¥²¨Î¨´μ° ¨´É¥´¸¨¢´μ¸É¨.
� ¸¸³ É·¨¢ ÕÉ¸Ö Ì · ±É¥·¨¸É¨±¨ ¨¸ÉμÎ´¨±  ¶ÊÎ±  γ-²ÊÎ¥°, · §¢¨É¨¥ Ô±¸¶¥·¨³¥´É ²Ó-
´μ° ¶·μ£· ³³Ò ˆ�‘-Ÿ”, ¢±²ÕÎ Ö ¨§³¥·¥´¨¥ ¸¥Î¥´¨° ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨°, ¸¶¥±-
É·μ¸±μ¶¨Õ ¨ Ê£²μ¢Ò¥ ¨§³¥·¥´¨Ö γ-²ÊÎ¥° ¨ ´¥°É·μ´μ¢,   É ±¦¥ É¥±ÊÐ Ö ¸¨ÉÊ Í¨Ö ¶μ
Ê¸É ´μ¢±¥ ¤¥É¥±É¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò.

PACS: 25.20.Dc; 25.20.Lj; 24.60.Dr
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SEPARATION OF CONTRIBUTIONS FROM
ISOVECTOR E2 AND E1 GIANT RESONANCES IN
DIRECT AND INVERSE REACTIONS WITH REAL

AND VIRTUAL PHOTONS
L. Z.Dzhilavyan ∗, A. M. Lapik, V. G.Nedorezov, B. A. Tulupov

Institute for Nuclear Research of the Russian Academy of Sciences, Moscow

We give a brief overview of ways for separation of contributions from isovector
electric quadrupole (E2) and prevailing isovector electric dipole (E1) giant resonances in
atomic nuclei, excited in direct and inverse reactions with photons (real and virtual). We
also present the main parameters of the isovector E2 giant resonance, estimated to date
using some of these ways for 208Pb.

�·¥¤¸É ¢²¥´ ±· É±¨° μ¡§μ· ¸¶μ¸μ¡μ¢ ¢Ò¤¥²¥´¨Ö ¢±² ¤μ¢ ¨§μ¢¥±Éμ·´ÒÌ Ô²¥±É·¨-
Î¥¸±¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ (E2) ´  Ëμ´¥ ¶·¥¢ ²¨·ÊÕÐ¨Ì ¤¨¶μ²Ó´ÒÌ (E1) £¨£ ´É¸±¨Ì ·¥-
§μ´ ´¸μ¢ ¢  Éμ³´ÒÌ Ö¤· Ì, ¢μ§¡Ê¦¤ ¥³ÒÌ ¢ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ ·¥ ±Í¨ÖÌ ¸ ËμÉμ´ ³¨
(·¥ ²Ó´Ò³¨ ¨ ¢¨·ÉÊ ²Ó´Ò³¨). ’ ±¦¥ ¶·¨¢μ¤ÖÉ¸Ö μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¨§μ¢¥±Éμ·´μ£μ
E2 £¨£ ´É¸±μ£μ ·¥§μ´ ´¸ , § Ö¢²¥´´Ò¥ ´  μ¸´μ¢ ´¨¨ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ´¥±μÉμ·ÒÌ ¨§ ÔÉ¨Ì ¸¶μ¸μ¡μ¢ ¤²Ö 208Pb.

PACS: 24.30.Cz; 25.20.-x
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UNSTABLE NUCLEI IN DISSOCIATION
OF LIGHT STABLE AND RADIOACTIVE NUCLEI

IN NUCLEAR TRACK EMULSION
D.A. Artemenkov 1, A. A. Zaitsev 1, 2, P. I. Zarubin 1, 2,∗

1 Joint Institute for Nuclear Research, Dubna
2 Lebedev Physical Institute of the Russian Academy of Sciences, Moscow

A role of the unstable nuclei 6Be, 8Be and 9B in the dissociation of relativistic nuclei
7,9Be, 10B and 10,11C is under study on the basis of nuclear track emulsion exposed to
secondary beams of the JINR Nuclotron. Contribution of the conˇguration 6Be +n to the
7Be nucleus structure is (8 ± 1)%, which is near the value for the conˇguration 6Li + p.
Distributions over the opening angle of α-particle pairs indicate a simultaneous presence
of virtual 8Beg.s and 8Be2+ states in the ground states of the 9Be and 10C nuclei. The core
9B manifests itself in the 10C nucleus with a probability of (30 ± 4)%. Selection of the
10C ©whiteª stars accompanied by 8Beg.s (9B) leads to appearance of a distinct peak with
a maximum at (4.1 ± 0.3) MeV in the excitation energy distribution of 2α2p ©quartetsª.
8Beg.s decays are present in (24±7)% of 2He + 2H events of the 11C coherent dissociation
and in (27±11)% of the 3He ones. The channel 9B+ H amounts to (14±3)%. The 8Bg.s

nucleus manifests itself in the coherent dissociation 10B → 2He+H with a probability of
(25 ± 5)% including (14 ± 3)% of 9B decays. A probability ratio of the mirror channels
9B +n and 9Be + p is estimated to be 6 ± 1.

�  μ¸´μ¢¥ Ö¤¥·´μ° Ô³Ê²Ó¸¨¨, μ¡²ÊÎ¥´´μ° ´  ´Ê±²μÉ·μ´¥ �ˆŸˆ, ¨§ÊÎ ¥É¸Ö ·μ²Ó
´¥¸É ¡¨²Ó´ÒÌ Ö¤¥· 6Be, 8Be ¨ 9B ¢ ¤¨¸¸μÍ¨ Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· 7,9Be, 10B ¨
10,11C. ‚±² ¤ ±μ´Ë¨£Ê· Í¨¨ 6Be + n ¢ ¸É·Ê±ÉÊ·Ê Ö¤·  7Be ¸μ¸É ¢²Ö¥É (8 ± 1) %, ÎÉμ
¡²¨§±μ ± §´ Î¥´¨Õ ¤²Ö 6Li + p. � ¸¶·¥¤¥²¥´¨¥ ¶μ Ê£²Ê · §²¥É  ¶ · α-Î ¸É¨Í Ê± §Ò¢ ¥É
´  μ¤´μ¢·¥³¥´´μ¥ ¶·¨¸ÊÉ¸É¢¨¥ ¢¨·ÉÊ ²Ó´ÒÌ ¸μ¸ÉμÖ´¨° 8Beg.s ¨ 8Be2+ ¢ Ö¤· Ì 9Be ¨
10C. �¸´μ¢  9B ¶·μÖ¢²Ö¥É¸Ö ¢ Ö¤·¥ 10C ¸ ¢¥·μÖÉ´μ¸ÉÓÕ (30 ± 4)%. �É¡μ· ®¡¥²ÒÌ¯
§¢¥§¤ 10C, ¸μ¶·μ¢μ¦¤ ¥³ÒÌ 8Beg.s (9B), ¢¥¤¥É ± ¶μÖ¢²¥´¨Õ ¢ · ¸¶·¥¤¥²¥´¨¨ ¶μ Ô´¥·£¨¨
¢μ§¡Ê¦¤¥´¨Ö ®±¢ ·É¥Éμ¢¯ 2α2p μÉÎ¥É²¨¢μ£μ ¶¨±  ¸ ³ ±¸¨³Ê³μ³ ¶·¨ (4,1± 0,3) ŒÔ‚.
� ¸¶ ¤Ò 8Beg.s ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢ (24 ± 7) % ¸μ¡ÒÉ¨° ±μ£¥·¥´É´μ° ¤¨¸¸μÍ¨ Í¨¨ 11C,
  ¢ ± ´ ²¥ 3He ¢ (27 ± 11) %. Š ´ ² 9B+ H ¸μ¸É ¢²Ö¥É (14 ± 3) %. Ÿ¤·μ 8Bg.s

¶·μÖ¢²Ö¥É¸Ö ¢ ±μ£¥·¥´É´μ° ¤¨¸¸μÍ¨ Í¨¨ 10B→ 2He +H ¸ ¢¥·μÖÉ´μ¸ÉÓÕ (25 ± 5) %,
¢±²ÕÎ Ö (14 ± 3) % μÉ · ¸¶ ¤μ¢ 9B. �É´μÏ¥´¨¥ ¢¥·μÖÉ´μ¸É¥° §¥·± ²Ó´ÒÌ ± ´ ²μ¢
9B +n ¨ 9Be + p μÍ¥´¨¢ ¥É¸Ö · ¢´Ò³ 6 ± 1.

PACS: 21.60.Gx; 25.60.-t; 25.70.Jj; 29.20.db
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