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THE UNUSUAL STRENGTH OT THE 

S. 14 _* 1. 27 MeV, 2." 

J.C. MERD1NGER. E. BOZEK*, C. GEHRINGER, Z. S T A C H U R A ' 

Centre de Recherches Nucléaires 

et Université Louis Pas teur , Strasbourg, France 

was investigated by use of the electronic t imirg , recoil 

distance and Doppler shift attenuation techniques. A mean 

life X- 1, 2 - 0. 3 ps was obtained, corresponding :̂ > a 

t ransi t ion strength of 9.8 x 10 W. u. for the E$ decay 

of this s ta te . 

* Permanent address : Insti tute of Nuclear Phys ics , Cracow, PoLand 



In their recent review on electromagnetic transition strengths 

between bound states for A < 45 nuclei, Endt and Van der Lu un £ 1 j 

mentioned some transi t ions of unusual strength for which on« might 

suspect one or more of the input data used for deriving their strength. 

Unusually weak appears the 5. 14 y 1. 27 MeV, 2 y Z , transit ion 
22 i. -8 

in Ne, with (1.4 - 0.2) x 10 W. u. In fact this transit ion is 1 50 

t imes weaker than the next weakest El t ransi t ion, and 7 x | 0 t imes 

weaker than the recommanded upper limit value for this type of t r an ­

sition. In this let ter we report a study of the lifetime of the 5. 14 MeV 

level, for which a value ^ - 0.84 • 0.08 ns has been previously pu­

blished [ 2 j . 
The par t ic le -gamma delayei coincidence technique was used 

in order to r e m e a s u r e the lifetime of this s tate. Protons from the 
19 22 F {a, pv) Ne reaction at E = 9. 9 MeV were detected in a silicon ce o su r face -ba r r i e r counter, located at an angle of 90 with respect to 
the beam axis at a distance of 3 cm from the 200 ,ug/cm FLi target 

2 2 
deposited on a 1 m g / c m Au backing. A 20 rnp/cm Al absorber p r e ­

vented the scat tered or-particles from reaching the sensit ive a rea of 

the detector. The overall energy resolution of the detection chain was 

good enough to permit the separation of the proton group corresponding 

to the 5. 14 MeV level from the protons feeding the doublet at 

5. 34 + 5. 36 MeV. The decay y - r a y s were detected at 90 to the beam 

direction in a 2 cm diam. by 2 cm long NE-102 plastic scinti l lator 

mounted on a XP 1020 photomultipr.er tube. Fast signals from the p a r ­

t icle detector and from the anode of the ph^tomulUplier were amplified 

and fed into d iscr iminators which provided the timing signals to s ta r t 

and stop a t ime- to-ampl i tude converter . Two t ime spectra cor respon­

ding to the "election of the protons feeding the 5. 14 and 4. 46 MeV states 

respectively were recorded simultaneously. A common. 20 % wide y - ray 

energy window was set at the Compton edge of the i. 27 MeV y - r a y s 

coming from the deexcitation of the f irs t excited state , This w».s poss i ­

ble since both investigated states decay with l a rge branching ra t ios ^ 3 ] 
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to this state which has a lifetime fc=4.9*0.ïps£9] . short as compa­

red to the t ime resolution of the system. The 4. 46 MeV statt; has a Life­

t ime ? < 23 fs [4 ] and hence the shape of the t ime spectrum from this 

s tats v a s a measure of the system response to a prompt decay. The two 

experimental t ime spect ra shown in fig. 1 had s imilar shapes. F rom the 

slope of these curves only an upper limit ~£ ^ 1 40 ps could be obtained for 

the mean life of the 5. 14 MeV state. This l imit is in disagreement with 

the previously reported value C = 840 - 80 ps. It should be mentioned that 

in the ear l ier measurement , where the same reaction was used, a Na (I) 

scintillation counter detected the 0.69 MeV \ - r a y s from the 5. 14 _ v 4 . 46 

MeV transit ion resulting in a t ime resolution of 2 ns FWHivl. Fu r the rmore 

the proton groups leading to the 5. 14 MeV state and to the 5. 34 + 5. 36 MeV 

doublet were not resolved in the proton spectrum and the satel i te peaks 

present in the t ime spectrum were in terpre ted as a resul t of the large 

walk with proton energy of the electronic timing. 

A lower limit f > 1 2 ps for the lifetime of the 5. 14 MeV state has 

been gi /en by Warburton et al. ffc5 j , who analyse-d in the singles gamma 

spectra from the same reaction the Doppier shi.":t of the double escape peak 

of the 5. 14 p 1. 27 MeV transi t ion. Consequently the lifetime of this state 

was determined using the recoil distance method. The apparatus used was 

s imilar to the one descr ibed in Ref. [ 6 ] . Gamma spect ra from a Ge (Li) 

counter located at 0 in respect to the beam direction were recorded in 

coincidence with the protons backsca t te red in an annular Si detector tor 

different target -s topper d is tances . Protons corresponding to the feeding 

of the 1. 27 and 5. 14 MeV states were selected. The analysis of the 

1. 27 MeV line, corresponding to the deexcitation of the first excited 

state whose lifetime is well suited for this technique, provided a check 

for the measurement . In fig. 2a a re presented the y-peaks observed for 

a ta rge t -s topper distance d - 14 ,um. Both stopped and shifted peaks of 

the 1. 27 MeV y- rays a r e present , whereas mainly the shifted peak of 

the 0. 69 MeV line from the 5. 1^—>.4. 46 MeV transi t ion iSi observed. In 

fact a weak intensity of the stopped peak of this y - r a y is present . This 

file:///-rays


recoi l -dis tance measurement result yielded an upper limit £* ^. 1 ps. 

for the lifetime of the 5. 14 MeV state. 

Finally the standard Doppler shift attenuation technique was 

applied, the Ne recoiling ions (v/c - 1.7 %) being stopped in a 

10 mg/cm Au foil. The 0.69 and 1. 27 MeV -y-lines observed at 0^ and 

90 , in coincidence with the protons feeding the 5. 14 MeV state detec­

ted at 180 , a re shown in fig. 2 b. The centrovd shift analysis of the 

0.69 MeV ^ - r a y peak leads to an attenuation factor F = 0 . 1 6 * 0 .03, 

corresponding to a lifetime t - 1.2 • 0. 3 ps for the 5.14 MeV state 

The theoretical electronic and nuclear stopping c ross sections of 

Lindhard et al. C 7 3 were used for the calculation of the F ( f) curve. 

Using the reported branching rat io value £ 4 J and the present 

lifetime result , the El strength of the 5.14 —» 1. 27 MeV transi t ion is 

found to be equal to 9. 8 x 10 W. u. Although it remains weak, the 

strength of this t ransi t ion is then no longer unusually weak and lies 

inside the his togram £ 1 3 of isospin allowei El t ransi t ion s t rengths . 
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Figure captions 

Fig. 1 The experimental delay curves for the 4.46 and 5. 14 NiirV 

levels in Ne. An a rb i t ra ry zero tirr.t.- is ust-d. 

Fig. 2 Partial Ge(Li) detector spectra showing the 0. 69 and 
1 . 27 MeV peaks in coincidence with the protons feeding 
the 5. 14 MeV state 

a) at 0 at a recoil distance of 14 ,um (RDM) 

b) at 90° anri 0° in the gold backing (DSAMJ. 
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