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Possible coexistence of principal and tilted axis rotation in'%Ag

P. Datta, S. Chattopadhyay, P. Banerjee, S. Bhattacharya, J. Chatterjee, B. Dasmahapatra, C. C. Dey, T. K. Ghosh,
A. Goswami, S. Pal, I. Ray, M. Saha Sarkar, and S. Sen
Saha Institute of Nuclear Physics, 1/AF Bidhan Nagar, Kolkata 700 064, India

H. C. Jain and P. K. Joshi
Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400 005, India

Amita
Department of Physics, RBS College, Agra 282 002, India
(Received 26 June 2002; published 31 January 003

The high spin states of°Ag have been populated through tH&Ge(°Cl,a4ny)*%Ag reaction using
132-MeV 3°Cl| beam. The presence of a positive parity ground state band and two negative parity bands
decaying predominantly by 1 transitions in'°Ag has been confirmed. In addition, seven new crossB@er
transitions have been observed in the negative parity bands. The experirBéhal)/B(E2) ratios are
compared with the values obtained from thena geometric formula for the negative parity bands based on
single particle configurations assigned from signature arguments. These ratios are also compared to those
obtained from the hybrid version of tilted axis cranking. A systematic study of odd-Ag isotopes seems to
indicate that the signature symmetry is retained%hg due to the shallow tilted minimum.
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. INTRODUCTION of %Ag by Treherneet al. [7], two negative parityM 1

. . ands were reported—one of them exhibits a regular increase
In recent years, several bands decaying predominantly b M1 transition energy with increasing spin while the other

M1 transitions/1] hgve been reported n ‘QZ_SSO andN band shows an energy staggering. Furthermore, the states of
>50 mass range witB(M1)/B(E2) ratio varying between ¢5me spins in these two bands are separated b§0 keV

10 and 50 fy/eb)?. The theoretical explanation for this only. In the present work!®Ag has been revisited with the
observation has been provided by the tilted axis crankingbjective to investigate the structures of these two negative
(TAC) [2,3] model. This model predicts a nonprincipal axis parity bands.

rotation in nuclei with small deformation where a

deformation-coupled quasiprotéquasineutroncouples to a Il. EXPERIMENT

high-j rotation-coupled quasineutraguasiprotoh and the 1037g was produced at high angular momentum through
angular momentum is generated by gradual alignment Ofﬁee(35C|,a4ny)1°3Ag reaction using 132-Me\*°C| beam
spins of the quasiparticles in the direction of the total angulafrom the 14-UD Pelletron at TIFR. The target was prepared
momentum. It is to be noted that the signature symmetry iy evaporating~700 wg/cn? of 99.8% enriched®Ge on a
violated due to nonprincipal axis rotation and a regular in-10 mg/cnt thick Au foil. y rays were detected by an array
crease in theM1 transition energies is predicted by the consisting of eight Compton suppressed Clover dete¢&rs
model. Each Clover detector, in the addback mode, has 35% more

However, similar bands if°%1%Cd have been reported to photopeak efficiency around 1 MeV compared to that of four
exhibit staggering itM 1 transition energieft,5] which isin  standard 110 cthhHPGe crystal. Detectors were placed at
contrast to a regular increase as observed in dthkrbands 60°, 90°, 120°, 150°, 215°, 255°, 285°, and 325° with
[1,6]. Such energy staggering is generally associated witlhespect to the beam direction. The directional correlation ori-
signature splitting which can only be accommodated in thesntation(DCO) ratios of they rays were obtained from the
framework of principal axis cranking. In the previous study following definition:

| (observed at 150°, 215°, and 325°, gate on 90°, 255°, and)285°
| (observed at 90°, 255°, and 285°, gate on 150°, 215°, and)325°

@

DCO™

Altogether 200x 10° threefold coincidences were col- time gate of 100 ns. The conventional symmetrized matrix
lected. TwoE ,-E,, matrices were formed by unfolding each was used to generate the background subtracted gated spec-
threefold coincidence event into three twofold events with atra, while the asymmetric matrix was used for extracting the
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to 9/2") gate. But the 362-keV gategl spectrum shows a
362-keV y peak presumably due to the 362-keV transition
deexciting the 23/2 state in band 2. This transition was
reported by Trehernet al.[7]. Thus, the intensity of each of
the 362-keV transition is smaller than the intensity of the
415-keV y ray and justifies the proposed intercharigable

I). This was further supported by the observation of the new
crossoverE2 transitions with energies of 725 and 878 keV
as shown in spectra with 235- and 823-keV gdfég. 2). It
should be further noted that the intensities of the 362-keV
and the 415-ke\y rays are comparable even in the 235-keV
gated spectrunFig. 2), which excludes the second 362-keV
(23/2" to 21/2") transition. In addition, the 975-keV transi-
tion (band 2 deexciting the 21/2 level (which is fed by the
second 362-keV transitigras an intensity of 3:50.3. This

is much smaller compared to 6:8.6, which is the self-
gated intensity of the 362-keV transition. Both of these ob-
servations support the possibility of a third 362-keV transi-
tion which is in coincidence with the 235- and 362-keV
rays. Therefore, a third 362-keV transition has been tenta-
tively placed between the 3172evel of band 1 and 2972
level of band 2. However, no other interband transitions have
been found between bands 1 and 2.

IV. DISCUSSIONS

The band structure if%Ag is governed by thgg, proton

FIG. 1. Partial level scheme df°Ag. The y transition energies orbital andds;,, 972, andhyy, neutron orbitals. The positive
are in keV. parity ground state band if*°Ag has been reasonably well

understood within the framework of the particle rotor model
DCO ratios. These matrices were analyzed usisgLer  With variable moment of inerti47,10]. In this model, the

SLICE, andGE3 programs ofRADWARE [9] 7T(gg/2.)_l hO!e is Coupl(_ad to an axial rotor COI‘F—) 6?4Cd A
negative parity band with large band head spin, on the other
Il RESULTS hand, can originate only from the excitation of one neutron

to hy4 orbital, from ds,, or g, orbitals since it is quite

The partial level scheme fot?®Ag is shown in Fig. 1, improbable to excite the last proton to the,, orbital across
which was constructed from the symmetrizegtE,, matrix.  the largeN=50 shell gap. This is shown in Fig. 3 where the
Care was taken to avoid contaminations from other strongingle particle orbitals for this mass range have been plotted
reaction channels present in tH&Cl+ ®Ge reaction. The as a function of quadrupole deformatios,). It is also ob-
intensities and the DCO ratios of therays were extracted served from this figure that the = 3/2 of ds;, and(Q) = 1/2 of
from the spectra generated with gates on the 235-, 337-, argl,, orbitals cross each other at arouag=0.13. Therefore,
823-keV transitions. The values obtained are listed in Tablet this deformation, the last pair of the 56 neutrons9tAg
I. The positive parity ground stat&S) band has been found can occupy either of these two orbitals. In a previous calcu-
to be in good agreement with the level scheme given byation, Crowellet al.[11] reported a quadrupole deformation
Treherneet al.[7]. The parities of bands 1 and 2 were deter-of 0.14 for the above-mentioned configuration #Ag.
mined in the previous work through the linear polarizationThus, if bands 1 and 2 originate due to neutron excitation
measuremerit7]. Besides the reconfirmation 811 transi-  from Q= 3/2 of ds;, andQ=1/2 of g-,, then the band head
tions reported earlier, four new crosso? transitions with  energies are expected to be very close to each other. In ad-
energies 774, 949, 1033, and 1088 keV have been identifiedition, as the high- configurations of the twd1 bands are
in band 1. These transitions are shown in the 337- and 823ame(viz., mgq,® vh,;,0), the gross behaviors of bands 1
keV gated spectréFig. 2). The spectra with gates od 1 and 2, are expected to be similar.
transitions in band 2 show a 502-kewransition, which has Even though the similarity in configurations has been em-
been tentatively placed above the 29/Rvel. In addition, phasized above, a closer look shows very distinct properties
three weak crossové&2 transitions have also been identified for both the negative parity bands. This is shown in Figs. 4
in band 2. In a significant modification of the earlier level and 5 where th&(M1)/B(E2) ratios and the level energy
scheme, the positions of 362- and 415-keV transitions haveifferencesE(l) —E(l1 —1) are plotted as a function of angu-
been interchanged in band 2. This was suggested from tHar momentum. It is evident from Fig. 4 that both the bands
observation that the intensity of the 362-keMray is com-  have large values d(M1)/B(E2) ratios but the values for
parable to that of the 415-key ray in the 823-keV (13/2  band 1 are twice as large as those of band 2 at all spins. It is
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TABLE I. Relative intensities, DCO ratios, andenergiesE,, for transitions deexciting energy leveis
in 1%Ag. Unless otherwise mentioned, the values in columns 5 and 6 are obtained from gates on the pure
235-keV dipole(D) transition and 823-keV pure quadrupa@l@) transition, respectively.

E, E; [T—17 Relative intensity Rpco(D) Rpco(@Q)
(keV) (keV)

160 3599 23/2—21/2 28.01.2 0.54(0.092
217 3339 21/2—19/2" 6.000.4)

235 3357 21/2—19/2" 19.00.7) 0.5600.09%
241 3599 23/2—21/Z 5.50.5

253 3122 19/2—-17/2" 7.900.6) 1.0600.16

260 851 13/2 —11/2* 63.02.1) 0.920.12

291 2830 21/2—19/2° 8.0(0.5

309 3667 23/2—21/Z 23.01.0 1.0000.10

317 3439 21/2—19/2" 9.2(0.5

331 1830 17/2—15/2" 36.01.2 0.96(0.149 0.670.08
337 3936 25/2—23/2" 44.01.6) 0.650.07)2
362 3667 23/2—21/Z 3.50.3

362 4444 27/12—25/2" 13.711.0 0.930.11)

362 5322 31/2—29/2" 3.30.5

415 4082 25/2—23/2" 19.51.0 0.930.149

419 4793 29/2 2712 27.000.7) 0.680.10
437 4373 27/12— 2512 35.00.7) 0.700.112
490 2820 21/2—-19/2" 15.00.8 0.600.10%
501 3321 23/2-21/2" 12.00.7) 0.750.13
503 5825 33/2—31/2" 10.50.5 0.71(0.12
509 2330 19/2—17/2" 47.01.3

516 4960 29/2 2712 10.40.5 0.950.16

530 5323 31/2—29/Z 19.000.89 0.670.10
541 3862 25/2 —23/2" 11.81.0 0.6000.10
563 501 11/2 —9/2" 87.03.4) 1.070.14

585 6411 35/2—33/2" 8.0(0.5

634 4496 27/2—25/2" 10.60.7)

640 1491 15/2—13/2" 67.02.0) 0.890.15

707 2529 19/2—17/2" 19.50.9 0.640.11
725 4082 25/2—21/Z° 4.6(0.3

774 4373 2712—23/2 3.00.2

778 4444 2712—23/Z 6.3(0.4)

779 3599 23/2—-21/2" 15.01.2 1.080.16
823 851 13/2 —9/2* 104.04.1) 1.520.2)) 1.0000.12
840 2230 19/2—15/2" 15.41.0)

857 4793 29/2—25/2° 5.0(0.3

878 4960 29/2—25/2" 6.30.4)

900 1491 15/2—-11/2" 15.01.0

910 3439 21/2—19/Z 7.50.6)

949 5323 31/2—27/2 3.20.3

971 1822 17/2—13/2" 77.03.0 1.5600.24) 1.070.12
975 3304 21/2—19/2" 3.50.3

991 3321 23/2—-19/2" 15.80.9

998 2820 21/2—17/2F 26.01.1)

1033 5825 33/2—29/2" 3.30.2

1042 3862 25/2—21/2" 5.000.7)

1088 6411 35/2—31/2 3.6(0.3

1109 3439 21/2—19/2" 14.00.9

1300 3122 19/2—17/2* 20.00.9 0.92(0.12 0.580.10
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TABLE I. (Continued)

E, E; I7—I17 Relative intensity Rpco(D) Rpco(Q)
(keV) (keV)

1379 2869 17/2—15/2* 8.8(0.6)

1400 3222 19/2—17/2* 10.30.7)

8Rpco from gate on 971-keV transition.

also observed from Fig. 5 that both the bands exhibit a stagsomparing the experimental level energies and electromag-
gering in theM 1 transition energies, but the phase of stag-netic transitions with the calculated values from the interact-
gering is opposite. It should be recalled that the staggeringn@ boson fermion plus broken pair model.

appeared due to an interchange in positions of 415- and 362- As  pointed out earlier, similar M1 bands
keV transitions in band 2. This observation has been used iB(M1)/B(E2)~30(uy/eb)*] with staggering irM1 tran-
assign specific configurations to bands 1 and 2 as discuss&Hion energy, have been observed in this mass region. The

below. configurations for these bands can also be assigned through
The favored signature for a single particle configuration is>iMilar signature arguments. For example, the positive parity
defined by[12] band 2 of 19Cd [4] was proposed to originate fromgg;
® vh?,,, configuration for which the favored signatureds
;=125 (—1)ii~172 @) =0. It is indeed observed from the level scheme that even
= i )
1

spin states are lower in energy.

In order to further establish the configurations for bands 1
where the summation runs over all unpaired neutrons anglnd 2, theB(M1) transition rates were estimated with the
protons. Thus, the favored signature for thgg,® vds,  geometric formula by Dwau[14]. This model assumes a
® vhyy, configuration isay=1/2 and that formgge,® vg7,  fixed K value and the alignments are perpendicular to the
® vhyqp configuration is— 1/2. This explains the observation symmetry axisB(M1) values for bands with no signature
that the phase of staggering is opposite in the two bandsplitting are given by
Therefore, from the signature argument, the configuration for
band 1 can be suggested to bgg,»® vds,H® vhyy,, While
that for band 2 to berge,® vg;,® vhyy,. It may be noted
that theas=1/2 negative parity band it®!Ag had also been .
assigned 13] the configuration ofmge,® vds,® vhyy, by —(g®@-gri?1? ()

3 K? .
B(M1)= g 51(gW~gr) (VIZ=k*=ii0)
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FIG. 3. The single particle levels in a deformed Woods-Saxon
potential for'1%Ag as a function of quadrupole deformatien[16].

The Q=3/2 of dg;, and Q=1/2 of g;, levels have been high-
lighted.

FIG. 5. Observed energy differencé¢l)—E(I —1) as a func-
tion of angular momentuntl) in two negative parity bands of
103Ag.

) . whereQ,; andQ, are and$ for band 1 and and 3 for
where the superscriptd) and (2) refer to the deformation- . ~1"5 lrespectzively. 2Thg(2§ values. in thedi)reser?t case

aligned and rotation-aligned configurations, respectively . : _
. . . were estimated by assuming(vhq,0)=—0.21, g(vd
[15]. The rotational aligned factor (g‘?) is calculated from — 033, andg(vg);,2)=0.21 [16] l'l}ﬁ)e rotationa%( fag{é)r

(gr) was assumed to be/A.

Q(Z)K(z):9£1191+99292 (4) The effect of signature splitting is incorporated in this
model by multiplying the unfavored signature sequence by
and (1—-Ael/w) whereAe is the difference in the values of the
experimental Routhians for the two signature sequelicAs
K(2)=01+Qz, (5) In the case of bands 1 and 2, 'Fhe value\ef i_s very close to
zero because the observed signature splitting is very small.
. , , , , Thus, the correction due to signature splitting has been ne-
= Band 2 glected for the calculation of th&(M1) rates in bands
o | *Band 1 | 1 and 2.
;’_}C,Bandz The B(E2) values are given by
—-— D-F, Bandl
0 B(E2,| —1—2)
)
iz e 1 5 3(I=-K)(I=K-1)(I+K)(I+K-1) ,
5 16w (21-2)(21-1)1(21+1) 0
£ | (©)
e
-]

nr wherel is the initial spin anK is the projection of angular

momentum on the symmetry axi5].
] Various parameters used to calculate B{&11) rates for
x both the configurations mentioned above are listed in Table
II. The value ofi{") was extracted from the alignment value
of the GS band. The reference parameters for the aligned
Spin[h] angular momentum were assumed tdige: 7.04.%/MeV and

FIG. 4. Observe®(M1)/B(E2) values as a function of angular J1= 15'964/_'(\4?\/3 [15]. Th? values Of£<2) were estimated by
momentum in the two negative parity bands 8#Ag. The dotted ~ Subtracting,;’ from the alignment values of bands 1 and 2.
and dot-dashed lines represent the calculated values from the geo- 1The B(M1)/B(E2) values were calculated foQq
metric formula by Doau and FrauendrofDF) for 7gg,® vy, =1.5eb corresponding te,~0.13. The values obtained for
®vhyy» (band 2 and wgg,® vds,® vhyy, (band 2 configurations, bands 1 and 2 are shown in Fig. 4 by the dot-dashed and
respectively. The solid line represents the calculated values from thdotted lines, respectively. It is observed from this figure that
TAC calculations at9=70°. the calculated ratios are higher than the experimental values.

10

21/2 25/2 29/2 332 3712
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TABLE Il. Parameters used in the calculation®fM 1) transition rates.
Band K DAL configuration i{(#) g RAL configuration i(h) g®
1 9 7, 1 3
> 77[413]5 15 +1.27 (,,[550]5—@) ,,[422]§+) 6.5 —0.39
2 2 413 L 15 1.27 1 L, 6.5 0
5 m413]; : +1. 5505~ @ »[420]5 :

However, the calculated values for band 1 are clearly largecalculations. It is to be noted that the two configurations,
than those for band 2, which is in agreement with the experiviz., wgg,»® vds,® vhqq, and mgge,® vg7,® vhyy,, cannot
mental observation. This is primarily due to the fact thatbe treated separately in the present modef) as not a good
g®=-0.39 for band 1, while it is zero for band 2. These quantum number in the TAC whereas parity remains con-
calculations are reasonably insensitive to valuesi;)((?df. If served. The gap parametdr was chosen as 80% of the
the value ofi{?) for band 2 is changed from @i50 8%, then ~ odd-even mass differend, for protons and neutrons. The
the B(M1) values change by 10%. Therefore, the oppositedoe Was calculated using the expressions given in R
phase of the staggering i1 transition energies and the with the binding energies taken from the atomic mass table
larger values ofB(M1)/B(E2) ratios for band 1 are well [20]. The chemical potential\) was properly chosen to re-
understood by assumingg,® rds,® rhy,, configuration ~ produce the correct particle number. The equilibrium tilt

for band 1 andrgg,® rg-,® vhy,, configuration for band angle (¢;) was calculated by using the condition that the
2. expectation values of the total angular momentum and angu-

In order to explore this situation further, the lar velocity are paralle]21]. That is
B(M1)/B(E2) ratios were also calculated within the frame-
work of the hybrid version of the TAC18]. In this model, _ ﬂ:ﬂ 7
the spherical part of the single particle energies is taken from w3z J3

the spherical Woods-Saxon potential and combined with the

deformed part of the anisotropic harmonic oscillator poten¥hereJ; andJ; are the components of total angular momen-
tial. This approximation has the advantage of using a realisti€m ! along the 1 axis and 3 axis, respectively. Its value was
flat bottom potential. In addition, the coupling between thefound to be 70° for Ag atfiw=0.3 MeV. The equilibrium
oscillator shells is taken into account in a simple way. Invalues for the deformation parametgrandy were obtained
accordance with the previous discussion, thege, by minimizing total Routhian with respect to the deformation

® v(g7,,ds) 1@ vhyy, configuration has been chosen for our

, . . . 380 “ag @ ]
—— TAC Calculation
o—— Band 2 L J
= Band 1 3.60
6 _
3-40 L 1 1 1 1
_ — 4,70 mSAg ®) T
2 >
=57 . 2
= E 4.50 - 7
o
st : 430 1 Z Z Z i
6.60 - 1"‘IAg (C) ]
3 y y - 6.40 B
10 12 14 16 18
1[h]
FIG. 6. Level energie& vs the total angular momentuinfor 6'2030 4‘0 5|0 6|0 7|0 slo 9
193g. Rectangles and circles are the experimental data for bands 1 6[deq]

and 2, respectively. The solid line represents the calculated values

which have been normalized &&21/2h. The experimental fre- FIG. 7. The total quasiparticle Routhians?ab=0.3 MeV for
quency is extracted from the measurnednergies using the relation (a) 1%Ag, (b) %°Ag, and(c) 1°7Ag as a function of tilt angle for
hw(l ) = Ey: E(l ) - E(l - 1) ‘7ng/2® V(g7/2d5/2)l® Vhll/Z Conﬁguration.
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parameters €,,v) [21] at Aw=0.3 MeV and the values sibility of a coexistence of the tilted and principal axis rota-
were found to be 0.13 and 28°, respectively. tion with 6=90°.

The results of the TAC calculations are shown in Fig. 6 In order to check this conjecture, the behavior of the
where the experimental and calculated level energies haveegative parity bands if?°Ag [22] and 9’Ag [23] have also
been plotted as a function of total angular momentum. Thdeen investigated. Figure 8 shows that the negative parity
calculated values were normalized to the experimental valugsands in'%Ag and °/Ag exhibit a regular increase N1
atl=21/24. It is observed from Fig. 6 that the calculations transition energies with increasing spin upte=31/2%,
are able to reproduce the experimental slope reasonably welvhich is in contrast to the observed staggering%\g. The
This supports the choice of configuration and deformatiorcalculated equilibrium tilt angle and the corresponding defor-
values associated with the negative parity bapdé"ﬁfmg. mation parameters dtw=0.3 MeV for 7ge,® ¥(g7ds)

The calculated values dB(M1)/B(E2) ratios forQo @ vh,,, configuration for'?19%19Ag are listed in Table III.
=1.5eb are shown in Fig. 4 by the solid line. Itis seen from The calculations were performed following the prescription
the figure that the magnitude of tB{M 1)/B(E2) ratios has  gjyen in Ref.[21]. It is seen from the table that all the three

been better reproduced by the TAC calculations as comparég|,cie; are predicted to be triaxial with increasing quadrupole
to the geometrical model. It is also to be noted that the calyeformation €,) from 1%Ag to 197Ag. The increase i, is

culated values lie between the observed values for bands J,e to the increased occupation of thg,, orbital by the

and 2. This is probably due to the fact that the TAC calculangytrons with increase in neutron number. The tilted minima
tion was L performed for the —configurationmge,  for 105107%g show an increase both in tilt angle and depth of
®v(g7ds2)"® vhyyp, which has admixtures from the two e minima in the plots for total quasiparticle Routhians vs

specific configurations for these bands, nametyge.  the tilt angle (Fig. 7). Thus, the energy difference of total
®Vd5/2® Vhll/2 and TJ9/2Q 1J7/2Q Vhll/Z- It, therefore,

looks that the signature symmetry is required to explain the i .
observed staggering, whereas the tilted axis rotation is 'ABLE "ibsgg‘fgmat'on parameters and values of the equilib-
needed to explain the experimenB{M1)/B(E2) ratios for ~ "um tilt for 727 Ag.

the negative parity bands it’3Ag. These observations are

understood by noting that the tilted minimum fé%Ag is Nucleus € 14 b0 (&o-so=(Bo=y, keV)
quite broad and shallow as seen from the plot of total quasi- 1%ag 0.13 28 70° 90
particle Routhians as a function of the tilt anglé) (for 1057g 0.19 24° 63° 180
fiw=0.3 in Fig. 7a). This curve shows an energy difference  107pg 0.24 20° 52° 320

of only 90 keV at 70° and 89°, thereby suggesting the pos
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guasiparticle Routhian &, and 89° increases substantially ever, larger than the experimental values for both the bands.
from 1%Ag to °7Ag as shown in Table IIl. It, therefore, On the other handB(M1)/B(E2) values calculated using

suggests that a small tilt angle and the shallow minimunthe TAC show better agreement and they lie between the
allow a coexistence of principal and tilted axis rotation in experimental ratios for the two bands. This is indeed to be
1037g, whereas larger tilt angle and deeper minima lead onlyexpected since the TAC calculations assume admixture of

to tilted axis rotation in'®>19Ag. both the configurations. The signature symmetry for both the
bands is, however, retained due to the fact that the tilted
V. CONCLUSIONS minimum for 1%%Ag is shallow.

The present experimental data have established the pres-
ence of nearly degenerate negative parity band$®Mg,
which exhibit staggering iM 1 transition energies with op-
posite phases. The experimentally observed signature split- The Clover array was set up at TIFR Pelletron jointly by
ting has been used to assign the configuratios, mgg,  TIFR, Mumbai; SINP, Kolkata; IUC-DAEF, Kolkata; and
® vds,® vhyyp and wggp® vg7,@ vhyy) to bands 1 and 2, NSC, New Delhi. The authors would like to thank all the
respectively. TheB(M1)/B(E2) ratios obtained from the participants in this joint National effort. The authors would
geometrical model of Dwau and Frauendorf show higher also like to thank Dr. S.D. Paul for his participation during
values for band 1 compared to band 2 in agreement with théhe data collection and all the technical staff of Pelletron for
experimental observations. The calculated values are, hovemooth operation of the machine.
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