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~ which is the isobaric analogue of the Neeu ground state. . We'wish now to report~

_(P:He

T =1 1sobars N; and is demonstrated. o ,ff3}"7_g e o E

A 50 mg/cm dE/dx—780 mg/cm E counter tcle)cope, which was turned at an angle
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Both the (p,t) ahd (p,HeB) reactions.uhen employed on targets-with iso{<

i
i

baric spln greater than zero can produce states with T > T in the residual 2

nucleus through pickup of the two nucleons in a lS, =lvconfiguratlon. The . ‘;”

o) RN .

(p,t) reaction on T=TZ=1 targets has been demonstrated™ +o produce readily |

. observable yields to a T=2, TZ=O'level in the final nucleus that is the analogue -

of the ground state of its T=2, TZ=2 isobar. . For example, investigation of th§,7 :
26 oh s . e NIV
(p,t)Mg~ reaction established the location of the O+, T=2 state in. Mg i

observations of the two lowest T=2 states in‘Cl6 and Nego through the (p,t)

.
. 1
reaction on O18 and Ne,e, respectively Further, the analogous ability of theﬁv-

reactlon on these targets to locate the same T-2 SUates in the product

Z
These (p,t) and (p,HeB) reactions were lnduced by a beam of h3 7 MeV

protons from the Berkeley 88 1n. cyclotron Aiter energy analy51s, the protons_

: P
1mpinged on a gas target located in uh ccnter of a8 36—1n scatterlng chamber

b
o
i
¢
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T of 25 to the fllght path of the scattered partlcles, fed an 1mproved particleg,f -
L B T
';.1dent1f1er2>.f Complete separatlon of the trltons and helium-3 ions from ?- R

;5deuterons)and'Heu was obtalned.- Total energy pulses were fed 1nt04a.Nuclear'“.*

Data analyzer 50. that the trlton and hellum—B spectra were recorded sﬁnultane- T

Hy35: lously, each spectrum in ‘a separate lOQh'channel group. Resolutlons (FWHM) of f*.':
1150 keV for trltons and 200 keV for hellum~3 were obtalned _ Slnce the T~2 cjff;k;if,_
‘a.states were predicted to lle at hlgh ex01tat10ns (overall Q-values of ——2& MeV),‘FPQ'

1 W[;ifoﬁ.'a w1de range of re51dual partlcle energles had to be observed.r Energy calibra-l}J’:i

b‘:rhtlons over the region of 1nterest agalnlx utlllzed the c P: ) - ground state °

-, and first -excited state transitions (Q'=v+25.53 and -26.67’Mev, respectively)s |.© .

. “The 018 gas was 97.5 pure and the'NeE?,"gijs% with 8.2% Ne0; the implrities |- -

chreated no &ifficulties. v 7.{’"; :v,. } Lo -

*a, ) 16

. Flgure 1 shows energy spectra from the ot (p,

I“areactlons, ‘while fig. 2 shows spectra for Ne (p, ) 20 and Ne (p,

nd 0 (p,He3)N16

3)1?20 3

The hellum-3 spectra have been shlfted relatlve to the trltons to 1nd1cate thev"'T

'f“;;expected correlatlon of analogue states The O+, -—2 states are sharp, haV1ng'f;5<

\ . x'

' w1dths deflned by the experlmental resolutlon. (The states tentatlvely 1dent1:”

“Vfled as 2+, T=2 are dlscussed later.) Strong populatlon 1n both spectra ofh

fﬁ many T—l analogue states is alsovapparent
'M7Qi;?'5::“°;' ‘Within the framework of charge 1ndependence of nuclear forces;Athese
;;fﬂ;; (p,t) and. (p,HeB) tran51tlons populatlng analogue T=2 states proceed from_ieﬁ
:i'i?“'fl'ldentlcal' 1n1t1al to flnal states via, only lS T=1" pickup Hence their cross
»ﬂa sectlons, in the llmlt of no Coulomb m1x1ng or dlstortlons in the frnal states,:?ii‘i
n‘ashould be 1dent1cal apart from a conStant factor. One therefore expects qulte.e
';:L€l51mllar angular.- dlstrlbutlons ln these erperlments for transmtlons to pairs of 1 o
J;?;H:T—E analogue states.- Experlmental support for thls has been recently demonstratl '

fh f;v‘ff ted hy Cerny and Pehla) 4n snmllar reactlon on O16 (A comparlson of the -

" Coulomb mlxlng in these T=2 analogue states as estlmated from’the remaining

- . . o . »



[

e "o Bt 5 D N 236 AP AL I i e MR T S, i A e e e

this and the population of the T=1 states will be-discussed in a future publi- '

' ~cation.)’ Transitions to non O% T=1l states are not so simply related,‘since

T e e ot s it i L B i R B e ram = e e e i

of the 2+, first excited states

- 2+,T=2 states are relatively large at this angle. By 25 s however, as is 1nd11‘
. |
cated in fig. 2 for Ne22, the 2+,T=0 group is qulte small and the 2+,T=2 group5

fAngular distributions arising from these supposed O+,T=1 —>2+,T=2 transitions i

:shodld be similar and possess an L=2 shape; angular distributions to the statés

3= ~ UCRL-11593

differences in the absolute cross sections requires further data and analysis;

T—l - T=1 (p,He ) reactlons may also proceed by 5S T—O plckup whereas to flrst

order all. (p,t) transitions are restricted to lS.

The O+ — 0+, L=0 (p,t) transitions possess oharacteristic angular dis- ;

" tributions at thls energy peaklng at ~ 26 —52 c.m. for llght targets. Figure '

3 presents the 018 Ne22(

,t)O Ne ground state and the alleged lowest T=2 :
state angular distributions; also shown are the O 22(p, 3)Nl6 lowest
T=2 state angular'distributions.v As expected, all the angular distributioﬁs
ot the levels indicated as C+,T=2 parallel those of the known L=0 (T=0) ground -
state transitions. The absolute cross-section, apart from statistics, should
be accurate to +lO% and the statlstlcal error veried from h to 25%.

Also indicated in figures 1 and 2vare-less prominent states.labelled.
2+, T=2. These lie above the O+,T¥2 states by approximately‘the_excitation
h).of»the‘analogue ﬁuclei Cl6‘and 620. - The
combihation of inoreasing baokground at small angles Pplus the shape of the

L=2‘angular distributions causes these 2+,T=2 transitions to be most prominent

at 20°. This is illustrated for the 018 target in fig} 1; both the 2+,T=0 and;

i
i
i
'

is nearly obscured by the background._ (A group between the O+ and 2+,T=2
3)F20

states 1s apparent 1n the Ne2 (p,He - spectrum in fig. 2 and also appears

| | i
in both spectra at oOther angles. We at present assume this is a T=l state T

.8ince no appropriate analogue state is known or expected.ih the O20 level scheme.)

i
ts
3

i



:{*labelled as 2+,T—2 in. O16 Fgo,«andjNego’arevalso*shown7in“figi'3, the - ,:{'

e

;“observable range of excltatlon in Nl. was 1nsuff1c1ent to locate the 2+ T_2

n;state.n Shown for comparlson is the ot ( t)O (9 85 MeV 2+ D= O) angular '

i

'-dlstributlon whlch illustrates the I= 2 behavxor expected. A characteristicpi
B 5)' L I." : ’ .

,butsmm jf

g Vi ez 4 e i e i et e 4
A . . . . N

[
Vi,

VT

‘:_fjshape for L_2 (p, ) trans1t10ns”1s found in heav1er-elements
'r'fgrfgvivarlatlon in L=2' shapes 1n llght elements has been observed by us, though none <f;¢*

'lhw' could be confused wmth L= O behav1or. The angular dlstrlbutlons to these

s

- ;alleged T 2 states are s1mllar, deflnltely posses L > O and are cons1sten+ 75

T

“',;Wlth L—2 behavlor, their 1dent1f1catlon as 2+ T—2 analogue states appears.

-

'Tgiéreasonables
Table 1 presents ‘the predlcted and experlmental values fOr the exc1ta-” s

' .tlons of the O+,T—2 analogue levels in the TZ—l and O 1sobars.j The predlcted

?'fug*F‘values are obtalned by taklng the mass - dlfference between the ground states ofﬁt?fv

~

ig{fthe 1sobars and. adding to thls the approprlate Coulomb energy corrected for the

'%'g-neutron-hydrogen atom: mass dlfference Reference l glves the procedure when

P

g-mlrror nuclel are used to calculate the Coulomb energy Slnce, however, the

FThomas Ehrman sh1ft6) in these llgh 'nuclel mlght produce somewhat questlonablei;

i
i

;.- + : .

; ffpvalues for the Coulomb energy, the calculatlon was repeated obtainlng the:{" S
’ TR CLal 1l+

LJ?rpf}“;ﬁ'Coulomb energy from comparlsons wlthln e l multlplets,vfor example C nd R

W S . RIS

Table 1 shows the predlctlons of both schemes..

qu;Afgif«.",;i’ -The - agreement between the predlcted and experlmental exc1tat10ns shown
“eyos o in table 1lis qulte good furthermore, except for Nego, no apprecxable dlfference;
'»}ffln the two sets of predlctlons 1s notaceable.: Coulomb predlctlons based on

accurate nuclear rad11 in. these llght elements wOuld be necessary 0 ascertaln

R N
A , 1 . AP

exactly any dlfferences between ererlment and calculatlon. For example, u81ng )
‘,v P B
‘the r.m.s. radlus for Nlu(Q h5f ) as typlcal of the mass lh 1sobars and correct~

’1ng to the rem.s. radlus of 0% (2 65¢ )7), rather than uslng the ratlo (lh/l6)l/3
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as in the table,'one obtains a predicted'exeitation ﬂor,thezo+QT=2 state in

O16 of 22. 92 MeV, well within the experlmental errorr The preseht agreeméht ;

-

is quite sufflclent to indicate the absence of strong Thomas-Ehrman shifts on

. w1dely_d1fferentlepat1al wayeefunctlons, relatlye po lower T-states, in theee‘
generally Particle;unstable T=2‘statea. .These data'on‘the mass lé»and 20 iso=-
bars are displayed in fig. h "which also illustratesﬁthe good agreemeht among

‘ the observed excitations of the 2+ T=2 1sobar1c analogue states.

g One of the authors (G. T .G ) would llke to acknowledge the hospltallty
of the Lawrence Radiation Laboratory - We w1sh to thank Fred Gouldlng and Don

-~

Landls for their 1nvaluable a351stance w1th the electronlcs.
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' Table 1

Comparisons of the predictions based on Coulomb energies to the experimentaliyv
. determined excitation energies for the lovwest~lying T=2 states

Prediction from. Goulomb energy

Nucleus - differences using o Experimental'

: ‘Mirror nuclei  T=1 multiplets R value

(Mev) (MeV) | (MeV)
16 . W - AR o
N o 10.04 : - 10.05 .99, £ 0.1
ot , 23}13', : 23,13 . .22,9 £0.1
70 | 638 6.40 R
Ne?2 16,59 1667 - 16.8 0.1

\‘(




Captioﬁs;,jt

'1., Top. Trlton energy spectrum at 20 degrees from the O 8(@,6)0;6

:Ef‘ : reactlon.“-Bottom:.;Heé 1on energy'spectrum at 20 degrees frOm the
( He3)Nl reactlon. it?lch-__::jf ”’vf_ﬁr.f‘ “

»Lfrf"-';”The spectra have been llned up to match the analogue
L 'a'l*,'Nl6 Some low- lylng Tsl and 2 states are 1ndlcated,

= R

- T=2 are analogues of Cl

: i:'Flg.,Q- fTof; Trltoo eneréy spectrum at 25idegrees from the ﬁe (p,t)N
*:s-i?.- reaction. Bottom:-;ﬁe3 1on energy spectrum at 25 degrees from thej"
D N-Q?(p,H 3)FEO reactlon.aa sii.,, w - ﬁ R p S
- The spectra have been 11ned up to match theianaloguebstates of Neeo;
})f;;:i %F2O Some low lylng T-l and 2 states are 1ndlcated, the states labelled
| 'ff=2 are analoguesfof O?Q. ' " | | | i
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Fig. 4
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