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Study of analogue states in 52Cr through proton capture by 5*V
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Abstract. y-Ray yield function has been studied for.the proton capture by Yanadium
in the proton energy range 720-1300 keV. Isobaric analogues of low lying stagcs
in 52V have been identified. At two resonances the y-decay and y-ray angular dis-
tributions have been obtained and the branching ratios and the multipole mixing
ratios have been deduced. The analogue-antianalogue M1 transition in®Cr is found
to be strongly hindered as in other f7)2 nuclei. The Q-value obtained for thisreaction
is (10500 =+ 2-8) keV and the Coulomb displacement energy is (8:06 4= 0-01) MeV.
An upper limit of 2 meV has been obtained for the a- decay strength of the 11395
MeV state in 52Cr.

Keywords. Ge (Li) detector; nuclear levels; resonance strengths; gamma
spectrum; branching ratios; isobaric analogue states.

1. Imtroduction

Isobaric analogue states (IAS) often appear as strong resonances in (p, y) reactions
because both I’y and I’y are large in such reactions. This reaction is particularly
useful for location of IAS in the energy region below 2 MeV where proton pene-
trabilities are so low that the observation of resonance proton scattering is not
readily achieved. This paper reports the study of resomant capture of protons
by 'V in the proton energy interval 720-1300 keV. Preliminary results in the
range 720-950 keV have already been reported (Iyengar er al 1973). This reac-
tion has been previously studied in this energy region by Teranishi and Furubayashi
(1966) and Ahmed ez al (1972) who determined the resonance energies only. The
present experiment was conducted with better beam resolution to determine the
resonance energies more accurately. The y-decay of two analogue states have
also been studied. During the course of this experiment Faini etal (1973)
reported an investigation of this reaction in the energy range 745-820 keV. The
resor}ance energies assigned by them correspond closely to our assignments.
Pr'ev1.ous studies of electromagnetic transition in the 1f,,, nuclei (Vingiani and
Ricei 1971) have failed to reveal strong M1 transitions between analogue-

antianalogue states; present results jndicate that such strong M1 transitions are
also lacking in %2Cr.
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2. Experimentad details

Dbl errgy o andd feec oo The experiment wus

performed with a proton
beam of Vo e At the

PAIY Cockrolt-Walton accelerator at this Institute in
the eneryy ten 09 BeN and with the mass-3 (H,HY) beam of 0-6 pA from
S8 MY Vaode Gossttsovelenater ar BARC, Bombay, in the proton energy range
9 1A bed Voopredon current from this Van de Graafl accelerator at these
enersies was Do Lo tot paeunt of experimental investigations we resorted to the
e o medecnhn beares The mass-3 beam (at thrice the desired proton energy)
Was Prete ‘~zmi ter the neess 0 CHL ) beamn (at twice the energy) as it was more abun-
dant,  The eovies recdution me the lower energy region was about [+5 keV at
I M

The et vere prepared by evapording in vacuum,  turnings of natural
catnadnne o et chivmneal punty 2990957 from a heated tungsten filament on to
pltceonn sl leaned tintalume backings. The beam was focussed 1o a spot of
Croe Moo “ronowath the help ol negaetic quadrupole lenses. No cooling of
the Gareet s boamd pecessary This also helped to keep the carbon deposition
o the Lireet o0 0 nungngm

Ittt proton enerey tanse 700 950 ke, the peray yield function was obtained
with e bl ot oo N D detectors one 1022 eme by 10-2 em and the other
B0 b 10T v plhaved e cither side ol the target tube at 907 to the direction
of entent b The entie oeenbly wan surrounded by a plastic scintillation
detectd whach wao swesed by donr fast 1207 em dia, photomultipliers.  The
pubar Toms e taae SadtTH detectors were mixed in a summing circuit and were
antrotn nden eabed By e plee semtitlator: pulses. The assembly is shown
oheniatnodiv e feeane b The anticnincidence assembly (used for obtaining the
vield tunctiong helped 1o seduce the background  in the y-ray cnergy range
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Figure 1. Nalt Th-plastic scintillator anticoincidence assembly used for obtaining
yeray yield functions.
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a factor of five. The yield function was also obtained with p-rays in
13 MeV. Both thin (~3 keV) and thick (~15keV) targets
were used under identical detector conditions and the target thickness for the thin
tarset was determined from the ratio of the area under the thin target yield to
thebstep in the thick target yield (Gove 1959). The accelerator energy was cali-
brated with the help of resonances in Al(p, y)2Si reaction at 633, 774 and

923 keV and the 872 keV resonance in E(p, ay)!®O reaction.
The yield function in the proton energy range 900-1300 keV was obtained

with a single 127 cm by 12-7 cm Nal(Tl) detector surrounded by 5 cm thick lead
shielding. The detector was placed at an angle of 90° to the direction of incident
beam at a distance of 5 cm from the target. The target thickness was about
10 keV. The accelerator energy was calibrated with the resonance at 992 keV in

2Al (p, v) *Si reaction.

3-13 MeV by
the energy interval 8-

2.1.2. Identification of analogue states—The energy required for the proton
to excite the ground state analogue is given by the relation
Q,+ E,(cm) = AE + Eg — 0:782 in MeV

where AE, is the Coulomb energy difference, £, the end point energy for g-decay
of the parent analogue state and 0, the Q-value for the reaction. The value 0-782
MeV is the mass difference between the neutron and the hydrogen atom. Since
Coulomb forces are of long range nature, they are not very sensitive to the details
of nuclear structure. Thus, we expect AE, to be nearly the same for all pairs
of analogue states in the nuclei under consideration. This is a great aid in the
identification of the analogue states. Also because of their large I', and Iy values
they would appear as quite strong resonances in the yield function.

2.2, y-decay of analogue states

A Ge (Li) detector of 27 cm?® active volume was used to obtain the p-spectra at the
resonances. The spectra were taken at 90° to eliminate Doppler shifts. A com-
puter program was used to calculate the centroids of the y-ray peaks in the spectra
and the area under each peak. y-rays from radioactive sources and from the decay
of the 992 keV resonance in *Al(p, y)®Si were used for the energy calibration
of the 4096 channel pulse height analyser. The relative efficiency of this detector
was also determined with the help of y-rays from the same resonance. For the
measurement of the thick target yield of the 912 keV resonance and tl.le y-deca

at 55° another Ge(Li) detector of 20 cm?® active volume was used whose absoluﬁty
efficiency was determined by comparison with a 7°6 cm X 76 cm Nal(Tl) detecto:

2.3. Angular distribution of y-rays

Since the y-ray intensities were very poor, angular distributions were obtained
only for the strongest y-ray transition at two resonances. The data were colla mte
at 0°, 31°, 55°, 70° and 90°, with the detector set at a distance of 8 cm fro - eCj
target. The data were accumulated at each angle for a total period of 12nl1 '“?L
ilrge6sub-runs7 oéf 4 hr each. The collected charge for each angle was = 0'“1 1(,I‘1
"6 cm X 76 cm Nal(Tl) detector at 90° ; tor the | ion
yield during the angular distribution measurevgfesntteqﬂilz Ic]il'?tmtor e TCHCUQH
the theoretical expression (Erne 1966) A were fitied with
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whete {, are the correlation coetlivients tnvolving the multipole mixing ratio & and
soare the sttntical temsors mvalving the channel spin mixing ratio 8, and the
orbital mxiy atio o Poare the Leyendre polynomials and o uresthe solid
anple cotrection factors, The (), were tken from Rov and lyengar (1974). For
the VEY eV recmance the snprular disteibution of (he ;‘uscudc p-ray fOllOWing the
Primary u;nm!mnlw;m Al obtnned so s o determine the mixing ratio uniquely.
Fhe e vatne Tor the viewade p-tramsition and the J7 vadues of the bound states
were Lthen troan Rapaport (19300 Far an assumed spin of the resonant state
At v remented ansteps of 1 over the range D0 to ] 90 Luo/Leo was
treated e w pataneter and for cach assumed vadue of ZuofCope the angular distri-
button ol the promey and the cascade perays was fitted simultaneously,  The
gquabty ot cavh bt owas sumnuirised by

i i
. boroye S
s N E (Yurg By Oy ) (2)
13
where Toamd Horepresent the experimental and theoretical yields respectively,
DY the error ay the expernnental yield and 2 the number of degrees of freedom.
The mummum of ¢4 vrelded the required values of o and €aof/Cas.

D4 a dfeany

Prue b the Lrrge Coulomb barnerand the isospin torbiddenness, the a~decay width
tvoespedted to be overy smalls Recent experiments (Szabo eral 1972, Somogyi
ctal 190%) have proved the usetulness of plastic truck detectors for the measure-
ment of low yield reactions, Plastic track detector (cellulose nitrate) was used
Lo detect the a-decay ol the analogue state at 11395 MeV. A thick target of V
( ~ 15 heV) on carbon backing was employed tor this purpose. The plastic detec-
tor an the shape of a rectangular strip was made to cover an angular region
A0 Y g a destanee of 1O em from the target. The plastic was etched in an
ctehing salution (1M g NaOF 3 120 g KOH 5 45 g KMnOgin 900 ml H,0) at
st ¢ tor aboutf 40 s, The strength of the solution and the time required for
the ctvhiy were optimised o bring out the eteh pits due to «'s prominently by
developig the tracks due to a-particles from the reaction YF(p, «)1%0 at 872

keV proton cnergy.

3. Results and discussion

AL Kewnance caergices

The yield curves for y-rays in the energy range 3-13 MeV obtained in this experi-
ment are shown in figure 2. The peaks seen in the yield function are labelled by
the numbers in parenthesis along  with corresponding proton energies. The
vield function for y-rays in the energy range 8-13 MeV shows similar structures.
The peaks at 784, 912 and 1210 keV can be clearly identified as analogues of the
second, fourth and 1ith excited states of "V respectively from the constant energy
difference hetween these and the corresponding analogues.  For the ground state
analogue we have two candidates in peaks seen at 766 keV and 773 keV. Faini
eral (1973) have identificd the peak at 773 keV as the ground state analogue by
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Figure 2. y-ray yield function for the 51V (p, y)*2Cr reaction. The abscissa in the
720-950keV region is the magnetic field measured with a rotating coil gaussmeter.
In the 900-1300 keV region it is the NMR frequency corresponding to the proton
signalused for measuring the magnetic field. The peaks due to **F in the background
run occur at a lower energy than in the run with the V target. The reason for this
is the different amounts of F present as contaminant in the two runs. Peaks are
shifted from their actual position to the higher energy side by half the target thick-
ness in case of thin targets (Gove 1959),
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fable 1 Rewvuanee. ohoersed i the S, 59#Croreaction. ‘The  energies assigned to the

[QUETRES T R3 TN SN S N wildatle s ° ‘»‘L‘\‘. I ar [h(- c\ciuu‘iun encryies i 50 e
) ’ gles in 5=Cr, the -
reaction is wosunted o o Bt eV i Q-value for the

a————

19:::?::: §oilabye £l Fein #Cr ;(;(;‘;:fi?;_g %&fﬁgﬁ:ﬁ
(wnsthey hed had Mey IAS in (2J-1-1) T, Ty T
Provn Uy aty eV

1 7y 11-225 0-03--0-01
' Ak 11241
: Tedd 11-247
3 e T 11252 L8, 0-05:4-0-02
’ B 11284 0-06:1:0-01
\ R 7 F1e 269 0-023 0-13:1.0-03
g wtH1 <t 11286 0-06:-0-02
N 113
g 4% 11-313
fes 441 P1-33A
i1 RA 11378
[ M 1 384
14 iy gl 11395 (- 148 0-584:0-10
14 G 11-051 0-84.1:0-24
1 [ L 110 [1-06RY 0-437 3:01:40-78
1o P {1708 0-56:4:0-16
17 1044 [1-720 1-184-0-34
15 120 11-741 1:524-0-43

vt Present espetuient.
L fetanabis amd Farubasashs (1966, Ahmed ez al (1973), Faini eral (1973).

compatipe the o part of the M1 decay with the /7 value of the Gamow-Teller part
of the Taderay of the parent state. The resonances observed in this experiment
alomye with thew strength functions are presented in table 1.

3.2 Devay schemes and O-value

3,01 Ihe resananee ut W12 kedV -—-Four y-rays have been identified to arise
from the Jdecas ot the analogue state formed at the proton energy of 912 keV to
Boumd eten a0 A partial spectrum showing the regions where peaks due
to v tave Lappedr e shown i tigure 31 The resonant level is found to have the
stronrent decas B the 20370 MeV (4) Jevel. Two weaker transitions could also
be f.'.i.'hﬂ\a rdentifiod to lead to the 3414 MeV (37, 47) level and the 3:-617 MeV (5%)
level.  The other otrong transition has heen assigned to lead t? a level at 5-563
MeV by matching the excitation energy of the resonant state with the sum of the
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energies of primary and secondary y-rays.  Although many levels are known to
exint in *Cr in the neighbourhood of this energy (Rapaport 1970), it is difficult
to identify it with any of them. The decay scheme along with the branching
tios obtained at 35 is shown in tigure 4. The excitation energy for this state is
determined to he 11395 MeV from the y-ray energies. From this value and
the proton energy in the centre of mass system corresponding to the resonance
we deduve the O-value for this reaction to be 10500 L 2-8 keV. This result is in
agreement with the value 10500-8 ; 3-8 keV appearing in the 1964 mass tables
(Mattuch eral  1963).

)
; 2 A2 A “
(a4 L g c g 4 g ——— 11-395
LAt
o 100500
Sly+p
86 1343
13 2215
ool 5563
{ )4 i SUURPETO R S 3.414
(2% IR S SUUPR A% 2965
4% - . e b e s L 2.768
4t - e 2370
¥ n e 1434
) B SPE PR SRR (o]

Figure 4 Decay seheme for the 912 keV resonance indicating y-ray energies and
branching ratios,  Only the cancade y-rays observed in this study are shown, The
valites assigned Tor the energy of the y-rays is accurate to . 2 keV, Theenergy of the
hound states 1 “fC1 and their J7 values are taken from Rapaport (1970).
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3.2.2. The resonance at 1210 keV.—Six y-rays can be identified to arise from
the decay of the analogue state formed at the proton energy of 1210 keV. The
strongest y-ray having about 54%; of the branching is due to the transition to the
1:434 MeV (2,%) level. Other weaker transitions lead to the 2:370 MeV (4;%),
2-965 MeV (2;%), 4742 MeV (0™) levels. Previous reports (Rapaport 1970) indi-
cate a J™ value of (2, 3+) for the parent analogue state. Since we observe the
decay of the resonant state to the 4-742 MeV (0%) level the J™ value of 2+ is more
likely. Two new levels at 5-054 MeV and 5-446 MeV need to be assigned to account

]

o
LS EP
Q R A by @ .
+ N D e O ©
(2*) Il 689
IAS

10- 500

5444 7:3 | 1333 Syt p !

"

132 8

8*2 542 E
- 5446

5054 !
O+ 4742

i
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24 3 w 1434
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Figure 5. Decay scheme for the 1210 keV resonance with y-ray energiesand branchin g
ratios. Only the cascade y-rays observed in this study arc shown.
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for th.e observed y-rays. For each of the primary y-rays, cascade y-rays have been
dentified. The decay scheme for this resonant state along with the branching

%'atios obtained at 55" is shown in figure 5. The excitation energy for this state
1s determined from the y-ray energies to be 11-689 MeV.

3.3, Angular distribution and mixing ratios

Both the J™ values 3+, 4+ for the 11:395 MeV state fit well (x? lower than 0°1%,
limit) the angular distribution (ay/a, = — 0-38 4 0-10) of the y-ray arising from
the transition of the resonant state to the 2-370 MeV state. Previous reports
(Archer and Kennett 1967, Van Assche efal 1966) indicate a J7 value of 4+ for
this resonant state. Since this state decays more strongly to the 4,* level than to
the lower 2,* level, it appears that its J7 value is more likely 4* than 3*. For the
J™ assignment 4% to the resonant state we obtain a value of — 0-5 4= 0-2 for the
multipole mixing ratio and a value of 0:63 for the channel spin mixture
(ussuming no orbital angular momentum mixture).

For the transition between the 11:689 MeV state (27) and the 1-434 MeV state
(2,7) the angular distribution is found to be isotropic (as/a, = 0-00 = 0-10). For
/=<1 case only one channel spin, i.e., 3 can occur.

3.4. Transition probabilities

In the analogue resonances we excite the analogue of the low-lying states in the
parent nuclei, which are expected to have a sizable single particle strength. This
property will also be reflected in the large spectroscopic factors obtained in (d, p)
reactions on the target nuclei. In medium-weight nuclei, the observed values
of I, are in the range of several tens of eV whereas Iy is of the order of one eV.
Hence, we can assume [, ~ I. In such cases the resonance strength (2J + 1)
I' '/ reduces to (2J + 1) I'y. Using this we find the y-widths for the 11-395
and 11-689 MeV states to be (0-064 -- 0-010) eV and (0-60 & 0-15) eV, respec-
tively. For the y-ray arising due to the transition between the 11-395 MeV level
and the 2370 MeV level, we then find the following reduced transition prob-
abilities:

B(MIl) =(1'4407) x 10*W.u.
and

B (E2) = (0027 4- 0-013) W.u.

As in other f-p shell nuclei, here also we find that the M1 transition is strongly
hindered. '

3.5. Coulomb displacement energy
The semi-empirical formula for Coulomb energy displacement (Anderson ef al
1965) 1s

AL, = (1444 & 0-005) (Z/4Y%) — (1-13 £ 0-04)
where Z is the average of the initial and final Z values of the nuclei congidered.
For 2V_s:Cr, this formula predicts AFE, = (796 £0-07) MeV. Using t‘he
excitation energies of the resonances obtained in this experiment and the end point
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Figure 6. Angular distributions of y-rays arising from (a) the transition between
the 912 keV resonance and the 2-370 MeV level, and (b) the transition between the
1210 keV resonance and the 1-434 MeV level. The yield of the high energy y-rays
is normalised with respect to the isotropic yield of the 10:759 MeV y-ray from the
992 keV resonance in *Al(p, v)?*Si reaction.
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encrgy of the f-decay (£ :3-974 MeV) (Laderer et al 1967), we deduce AE,
= (8+00 | 0-01) MeV. This agrees well with previously reported values (8-075
4: 0-020) MeV (Teranishi and Furubayashi 1966) and (8:04 - 0-01) MeV (Ahmed
et al 1973).

3.6. a-decay

An exposure with plastic track detector was made on the 912 keV resonance and
another at an energy 5 keV below the resonance. The exposure at  the lower
energy gave the contribution from the non-resonant decay and other contaminants.
The difference in the a-yields from these two exposures was found to be insigni-
ficant.  We estimate from these data the upper limit for the strength function for
this resonance, viz,, 2 1 D)0/ as 2 2010 % eV,

Note added in proof

A further analysis of the gamma decay of the resonance at 1210 keV reveals a
gamma transition to the 3472 MeV level previously known through (p, p)
reaction in “*Cr. The subsequent cascade gamma rays arising from the decay
of the 3-472 MeV level to the 1434 MeV and 2-768 MeceV levels have also
been identified. The corrected  branching ratios (in percentages) for the gamma
decay of the 1210 KeV resonance to the various levels are as follows:

1-434 MceV (50 ¢ 4y, 2:370 MeV (12 1 2), 2:965 MceV (8 1. 2),
3472 MeV (9 1 ), 4 TR MeV (0 1 2), 5054 MeV (4 .4 2)
and S-b16 MeV (Il - 3).
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