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The v decay of the resonance-like structure (RLS), observed in the 2> Mg(p, v)?° Al in the region of excitation energies

of 7.9 MeV was studied. The excitation function of the > Mg(p, v)?% Al reaction was measured. The resonance

strengths in the accelerated proton energy range of E, = 1.4...2.0 MeV were determined. The obtained distributions

of the strength of M1 transitions between the resonance states and the low-lying bound states in ?° Al have resonance

character. The position of the center of gravity of the magnetic dipole resonance (MDR) on the ground state is equal
to 7.92 MeV. Total strength MDR in 26 Al is equal to 5.7 MeV 3.

PACS: 25.85.1g, 27.90.+b, 25.30.Fj, 27.10.+h
1. INTRODUCTION

In recent years, reactions of inelastic scattering and
radiative capture of protons have been actively used
to study the giant multipole (M1, E2, octupole)
resonances in the region of low excitation energies
and, therefore, falling in the range of discrete nuclear
states [1,2]. Among the low-lying giant resonances,
M1 is one of the most interesting because M1 tran-
sitions carry the most complete information about
the spin and isospin dependences of nuclear forces
[2]. In real nuclei, the M1 strength is distributed
over neighboring states; this circumstance makes it
possible to study the relationship between the single-
particle and collective motion. For sd shell nuclei,
the role of collective motion is insignificant; there-
fore, the M1 resonance clearly manifests itself in
these nuclei. To date, the position and fine structure
of the magnetic dipole resonance (MDR) in even-
even (4N and 4N + 2n) sd shell nuclei have been
sufficiently well studied [3,4]. It has also been es-
tablished that the main mechanism responsible for
the MDR excitation is the transitions between spin-
orbit partners [2]. To explain the reduction in the
total strength and MDR fragmentation in these nu-
clei, the Nilsson model [4], the configuration- mixing
shell model [3], and the Hartree-Fock method [5]
were successfully used. Consideration of the effect
of pairing correlations on the position and energy-
weighted strength of giant multipole resonances leads
to more complete agreement between the predictions
of different theoretical models and experimental data
[6,7]. Behavior of the MDR total strength in odd sd
shell nuclei corresponds to that of the total strength,
which follows from the Kurath sum rule [8]. Analysis
of the MDR total strength in even-even (4N and
4N +2n) sd shell nuclei indicates that the valence nn

and pp pairs play a key role in the MDR formation
in this nuclei [9]. Analysis of the MDR total strength
in odd-odd (4N + np) sd shell nuclei can also give
information about the effect of pairing influence. on
the MDR properties.

2. EXPERIMENTAL RESULTS AND
DISCUSSION

For experimental determination the center of gravity
(Eeog = > ExBr(M1)/ 3", Br(M1) and the total
strength (Sp4 = >, ExBj(M1) 1) of the MDR ob-
served in the radiative proton capture reaction, it is
necessary to know resonance strengths for the current
reaction (S = (2I +1)I',I'y/I"), since
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here ¢ is the initial (resonance) state; f is the ter-
minal state; b;; is the branching ratio for transition
between the initial and the terminal states; S; rep-
resents resonance state strengths; § is the ratio of
mixing by multipolarities for v transitions between
the initial and the terminal states; I is the state
spin; is the energy of ~ transition between the ini-
tial and the terminal states; FE;; is the energy of
v transition between the initial and the terminal
states; B(M1)fi is the reduced probability of the
M1 transition from the final to the initial state:
(B(ML);; = (21 + 1)/(21; + 1)B(M1);y). K is
of the MDR states. Expression (1) below the binding
energy for proton as follows:
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where ,,,; is the average lifetime of the excited state.

The resonance strengths within the accelerated
proton energy range with F, < 1 MeV are generally
well known, and it is therefore convenient to deter-
mine the resonance strengths being investigated for
the first time on the basis of relative measurements. If
we compare the yield of  lines within the spectrum of
the resonance investigated to the ones within a spec-
trum of known resonance (with well - known strength
and decay patterns), we can obtain the strength
value for the investigated resonance. The method
for determining resonance strength for thin targets
is described in detail in [10, 11]. We measured the
excitation function for the 2°Mg(p, )26 Al reaction
in the range of proton energies £, = 1.4...2.0 MeV
(Fig.1). The measurements were performed on the
ESU-5 accelerator at the National Scientific Cen-
ter Kharkov Institute of Physics and Technology. A
Ge(Li) detector with volume of 60 cm? and resolution
of 3.2keV for E, = 1332keV was used to measure
the v spectra. The detector was placed at a distance
of 2 cm from the target at an angle of 55°. The target
was prepared by knocking ions directly into a tan-
talum substrate in the electromagnetic separator. A
target prepared in this manner is convenient for long-
lasting experiments, since it is capable of sustaining
high current densities for many hours of operation.
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Fig.1. Excitation function of the 2Mg(p, v)?0 Al
reaction. -y photons with E, > 2.6 M eV was detected

The resonance strengths in the (p, v) reactions
are determined as in [10]:
(2 +1)eN,
CATINZEN,pW (0)
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where € is the target’s deceleration capability mea-
sured in energy units and multiplied by em?/atom;
N, is the v quantum yield for the current energy; &
is the target thickness measured in energy units; NV,
is the number of protons that fell on the target; b is

the branching ratio; n is the detector’s absolute ef-
ficiency; and W(0) is a coefficient used to consider
the angular distribution effect. The target thickness
¢ may be expressed through deceleration capability
of the target substance

(4)

where n is the number of atoms per 1 g of the target
substance and tj; is the target thickness measured
in gem™2. Measurements over the energy range were
performed under the same experimental conditions,
making it possible to exclude the dependence on the
number of protons that fall on the target and target
thickness:
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where and are N, N,, quantum yields (the area un-
der the ~y line) for the first and the second resonances
respectively; and are the resonance energies of pro-
tons in the laboratory system; b; and by are branch-
ing ratios of the « transitions under study; n; and
12 represent the detector’s absolute efficiency with
respect to v quanta detected in the first and in the
second resonances, respectively. The results of these
measurements are listed in the Table 1.

In this study, the strengths of the resonances
forming the resonance-like structure observed in the
reaction of proton radiative capture 2°Mg(p, v)?¢ Al
were determined from comparison of the intensities
of the v lines formed during decay of the resonance
levels under study with the intensity of the ~ line
at FE, = 5153 keV, corresponding to the transition
from the resonance level with E, = 953 keV (whose
strength and decay scheme are well known) to the
state at 2069 keV .

We also measured the spectra and angu-
lar distributions of ~ rays formed at the de-
cay of the most intensive resonances with
E, =953, 1375, 1587, 1649, 1699, 1714 keV . The
Ge(Li) detector was located at a distance of 7em
from the target. The target was situated in the ro-
tation center at an angle of 45° to the proton beam
direction. Measurements were performed at angles
of 0°, 30°, 45°, 60° and 90°. Corrections taking into
account the finite dimensions of the detector were
chosen from the tables. A scintillation detector with
a Nal(Tl) crystal served as a monitor. The same
detector was used to measure the excitation function
of the 2°Mg(p, 7)?6 Al reaction. The measurement
results as the expansion coefficients (ay) in Legendre
polynomials are given in Table 2.

The coefficients a; were determined by least-
squares fitting of the experimental data and using
the expression:

W(0) = Ag[l4azPs(cos 0)+asPy(cos 0)+ag Ps(cos 0)] .
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Table 1. Resonance strengths in the 2> Mg(p, v)?¢ Al reaction

E, keV | EykeV | S, eV | S, eV [12] | S, eV [13] | < § >, eV
1375 7628 21+7 14.6+1.2 942
1587 7832 6.3£1.5 8.2+1.0 6.6+£1.0 7.2+0.5
1649 7891 3019 35.£3 32.£6 34+0.5
1699 7939 1845 1142 20+4 13.4+1.5
1714 1953 4249 3845 57+ 43.1£2.6
1744 7982 2.7+1 14.8+1.5 - 6.443.1
1748 7987 1.7£0.7 - - -
1763 8001 1.54+0.6 1.14+0.2 - 1.14+0.11
1771 8008 - 2.3+0.4 - -
1774 8011 3.6+1.2 2.4+0.8 - 2.77+0.46
1776 8013 0.8+0.3 - - -
1800 8036 - 0.18+0.03 - -
1811 8047 0.3£0.2 0.9+0.2 - 0.6+0.2
1829 8064 0.6+0.3 7.6+0.5 - 2.45+1.59
1833 8067 1.84+0.7 2.7+0.7 - 20.5+0.7
1899 8131 2.240.9 - - -
1998 8227 3.8£1.5 - - -

Table 2. Results

of the measurements of v ray angular distributions in the 2> Mg(p, v)?¢ Al reaction

Ey, keV | Ef — EtkeV as ay ag oin é
953 722—2069 -0.214+0.03 | -0.11£0.03 | 0.03+0.04 0.7 0.24+0.02
1375 7628—4205 | -0.03+0.03 | -0.0840.04 | 0.03£0.05 0.5 0.22+0.05
1587 7832—0 0.28+0.08 | -0.24+0.09 | 0.07£0.09 0.6 | -0.39£0.07
1649 7891—0 -0.13+0.03 | -0.054+0.04 | 0.01+0.04 1.2 0.38+0.08
1699 7939—2069 0.28+0.05 | -0.16+0.05 | -0.01+0.05 | 0.4 | -0.40+0.07
1714 7953—0 -0.114+0.01 | -0.044+0.01 | 0.0240.02 0.6 0.21£0.05
Further analysis of the angular distributions was
to find the spins of resonant states and v ray multi-
larity mixing ratios d by minimizing the quantit 3 “re e
p(2) arl y y Yy £~ 0L o 1375 1587‘ /1699
X : 0 (W] I ‘ L
025 b te49 1714
) AgWtheor(9,) — wer(9,)]? w0 1 il b
X Z AWerp(f),,) (6 < 06f C 953 -1699
" ” =4 Sl
& a :
3L a -1375
where Wtheor(e) = Zk Qrpro Fr(J1,J2,L,0)Py is Fie.9 ?i ‘
the theoretical angular distribution of ~ rays for the &7 0 : ‘ ull L .
transition between the initial and final states with E, MeV
spins J; and Jp, WeP(6) and AW®*P(0) are experi- Fig.2.  Decay of the resonance-like structure

mental data with the corresponding statistical errors,
Ap is a normalization constant, () is the coefficient
taking into account the finite size of the detector were
chosen from the tables, py, is the element of the sta-
tistical tensor, and n is the number of experimental
points (angles).

results illustrated in

The measurement are
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from the 2>Mg(p, v)?° Al reaction: a — resonance
strengths, b — reduced probabilities of ~ transitions
to the ground state of 25Al, ¢ — reduced probabilities
of 7 transitions to the 2069 keV state, d — sum
of reduced transition probabilities to the states of
energies 3963...5726 keV



The obtained distribution of resonance strengths
made it easier to identify a resonance-like structure
(RLS) similar to those investigated earlier for the
nuclei of the sd shell [8,9]. This the resonance-like
structures is of a complex structure; i.e, they con-
sisted of states belonging both to the M1 resonance of
the ground state and to the M1 resonance of excited
states [8,9]. The obtained probability distributions of
magnetic dipole v transitions have a resonance char-
acter and allow us to conclude that the resonances
that form the RLS belong to states of the M1 reso-
nance on the ground and excited states of the 26 Al
nucleus (Figs.2,b, ¢, d).

The position of the center of gravity of the MDR
on the ground state in 26 Al is equal to 7.92 MeV'.
Total strength MDR in 26 Al is equal to 5.7 MeV pu3.
The center of gravity of the MDR in 4N + np nu-
clei lies on the average 3 MeV lower in the excitation
energy than that in 4N nuclei.

This difference can be explained by assuming the
existence of the neutron-proton pairing between the
odd neutron and proton being in the same orbit [9].

The analysis of the experimental data [9-17] al-
lowed us to obtain distributions of the M 1-transition
probabilities for the ground state in the ?2Na, 3°P,
34C1 nuclei (Fig.3).
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Fig.3. Magnetic dipole resonance in odd-odd

(4N + np) sd-shell nuclei

The behavior of the MDR total strength in odd-
odd (4N + np) sd shell nuclei (Fig.4) differs from
that of the following from the Kurath sum rule. To
elucidate the reasons for this behavior of the total
strength of MDR in odd-odd nuclei of the sd shell,
further investigations are required.

3. CONCLUSIONS

In this paper, we studied the decay of the resonance-
like structure observed in the 2°Mg(p, 7)?6Al re-
action in the accelerated proton energy range
E, = 14..20MeV. We also measured the exci-
tation function, spectra and angular distributions of

v rays formed at the decay of the most intensive res-
onances with E, = 953, 1375, 1587, 1649, 1699 and
1714 keV. From the analysis of the excitation func-
tion of this reaction and the angular distributions
of v quanta, the resonance forces and the mixing
coefficients for the multipolarities of the v radiation
are determined. The obtained probability distribu-
tions of magnetic dipole transitions on the ground
and excited states of the 26 Al nucleus, which have a
resonance character. The MDR was identified on the
ground state in 2Al. The position of the center of
gravity of the MDR was found to be 7.92 MeV. The
total strength of the MDR is found to be 5.7 MeV
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Fig.4. Dependence of the total MDR strength of
A for sd shell nuclei. The solid line is the Kurath
sum rule [6,16]. Blacksquare — 4N nuclei (60,
2Ne, MMg, 28i, 328, 30Ar, 9Ca) [3, 4, 14, 15];
O — 4N + 2n nuclei (*80, 22Ne, Mg, 39Si, 315)
[3,4,15]; x —4N +np nuclei (**Na, 2°Al, 3P,
34C1) — our results
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PE30OHAHCHOIIO/IOBHA S CTPYKTYPA, HABJIIOJIAEMA Y B PEAKIIUN
2 Mg(p, v)* Al

A.C. Kawan, U. B. Kypeys, B. M. Muwenxo, C. H. ¥Ymenxos

Wsyden v-pacias pesoHancHonono6noit crpykrypst (PIIC), mabmogaemoit B peaxmmn 2° M g(p, )26 Al B paii-
oHe 3Hepruil Bo3oykaenus 7...9 MaB. IIpoBenensr usmepenus pyHKiuu Bo30yKaeHus JaHHoi peakiuu. Cu-
JIbI Pe30HAHCHBIX COCTOAHMI OIpefie/leHbl B HHTepBaJie SHepIuil yCKOPeHHbIX IPOTOHOB Iy = 1,4...2, 0 MaB.
ITonyuennsie pacupenenenns cunabl M1 mepexomsos MexK 1y Pe30HAHCHBIMU COCTOSHUSIMYU U HU3KOJIE2KAITUMHE
CBA3AHHBIME B 20 Al MMeIOT pe30HAHCHBIH XapakTep. 1looiKeHne IEeHTPa, TAKECTH MATHUTHOIO JIUIOIBHOTO
pesonanca (MJIP) na ocuoBHOM cocrostiuu pasao 7,92 MsB. Tonnasa cuna MJIP pasua 5,7 MaB ,u?\,.

PE30OHAHCHOIIOIIBHA CTPYKTVPA, IIIO CIIOCTEPITAETHCSI B PEAKIIIT
25M 26
g(p, ) Al

0. C. Kawan, I. B. Kypeys, B. M. Miwenxo, C. M. Ymenxos

Bupueno y-posnaj pesonancronofioroi crpyktypu (PIIC), mo crnocrepiraethest B peaxtii 2° Mg(p, )26 Al
B paiioni enepriii 30ymkenns 7...9 MeB. Tlposeneno sumiproBantst QyHKINT 30ymKennst gaunol peaxiii. Cuan
Pe30HAHCHUX CTaHiB BU3HAUEeHI B iHTepBaJii eHepriit mpuckopernx npotoris E, = 1,4...2,0 MeB. Orpumani
po3moxninu cunu M1 nepexozniB Mizk Pe3OHAHCHUME CTAHAMHE i HI3LKOJIEKAMHMHE 0B sI3aHIME B 20 Al MaoTh
pezonancuuil xapakrep. [losoxkenHs nenTpa Baru MaruirHoro aunosabHoro pesonauncy (MJIIP) na ocaoBaomy
crani popisuioe 7,92 MeB. Iosna cuna MIP nopismioe 5,7 MeB p%.
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