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Ab stract: The in ter nal brems strah lung (IB) ac com pa ny ing the elec tron cap ture of 
54

Mn was mea sured.
From the mea sure ment of the end-point en ergy of IB spec trum the de cay-en ergy of this nu cleus was
de ter mined. The ob tained re sult is com pared with the ex per i men tal re sult of the oth er au thors and with
the the o ret i cal re sult.

1. In tro duc tion

Now a days the the o ret i cal and the ex per i men tal re search of the elec tro mag netic and weak
in ter ac tions in atom nu clei are in ter ested in the elec tro mag netic ef fects, which mod ify and
change the ba sic de cay pro cesses of nu clei. In the the ory of the weak in ter ac tions, these ef -
fects are at trib uted to the terms of the higher or ders. These ef fects are the cause of the fact
that the nu clei which are in the ex cited states can go to the lower en ergy states not only
through the ba sic de cay pro cess but there is some pos si bil ity of the tran si tion through the
other ac com pa ny ing pro cesses. These pro cesses are des ig nated as the higher or der pro -
cesses [1].

The typ i cal higher or der pro cesses ac com pa ny ing de cays of the nu clei:
  i)  in ter nal brems strah lung,
 ii)  ion iza tion and ex ci ta tion of the elec tron cloud,
iii)  in ter nal elec tron-pos i tron pair pro duc tion.

These higher or der pro cesses have es sen tially lower in ten sity then the ba sic de cay pro -
cesses.

2. In ter nal Brems strah lung

The in ter nal brems strah lung is a typ i cal higher or der pro cess ac com pa ny ing the ba sic
de cay pro cesses. There is some prob a bil ity in the de cay pro cesses of nu clei in the emis -
sion of beta par ti cle also in the cap ture of or bital elec tron that these ba sic pro cesses are ac -
com pa ny ing by si mul ta neous emis sion of elec tro mag netic ra di a tion. The or i gin of this
sec ond ary ra di a tion is due to the in ter ac tion of the cur rent car rier with the Cou lomb field
of the daugh ter nu cleus. This ra di a tion is gen er ally des ig nated as the in ter nal brems strah -
lung ac com pa ny ing beta de cay IB(â) or elec tron cap ture IB(EC) con trary the ex ter nal
brems strah lung (EB) that is orig i nated in the in ter ac tion cur rent car rier with the Cou lomb
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field out side the daugh ter nu cleus [2]. In the case of IB(â) the pres ence of EB has the dom -
i nant ef fect for the ac cu racy of the ex per i men tal re sult be cause the form of the en er getic
spec trum of EB is sim i lar to spec trum of IB. Gen erally, the in ten sity of EB is one-two or -
der higher than the in ten sity of IB. The prob a bil ity of the emis sion of the pho ton IB is very
low. One pho ton IB be longs to the 102–105 of the ba sic de cay pro cesses. From this rea son
the ex per i men tal re search of IB was con cen trated only on rel a tively few nuclides de cay
di a grams of which are the sim plest. For both pro cesses, for IB(â) and for IB(EC), the the o -
ries were made based on the same prin ci ple of the in de pend ent pro cesses: the emis sion of
beta par ti cle or elec tron cap ture and the cre ation the pho ton of IB. Even though that these
the o ries re gard a lot of cor rec tions (the ef fect of Cou lomb field of daugh ter nu cleus, mo -
men tum, bond ing en ergy, shield ing in flu ence of the elec trons and oth ers), the dif fer ences
be tween the o ries and ex per i ments still re main. The in ac cu racy of the ex per i men tal re sults
is of ten up to 50 % and, there fore, they do not en able to de velop the con tem po rary the o ret -
i cal mod els of these pro cesses.

The low rel a tive prob a bil ity of this higher or der pro cess and the prob lems in the ex per -
i men tal re search are the rea sons that there are still some open prob lems where the ex per i -
ment and the the ory are not in har mony. It is caused mainly by the lack of ex per i men tal
data. Ex pres sive im prove ment of the qual ity of the de tec tion tech nique, uti li za tion of
com put ers in ex per i ments and better ex per i men tal con di tions (low-level back ground
shield, elec tron ics, com put ers) make it pos si ble to ob tain the better pre ci sion look for
these pro cesses at pres ent. For this rea son the ex per i men tal re search of the in ter nal brems -
strah lung ac com pa ny ing the ba sic de cay pro cesses of nu clei is very topical.

3. Ex per i men tal Re search of the In ter nal Brems strah lung

The main prob lem in the ex per i men tal re search of IB is that this low in ten sity pro cess
must be de tected in the pres ence of other higher in ten sity pro cesses. For this rea son, in the
ex per i men tal re search of IB the nuclides must be used de cay scheme of which is very sim -
ple, the ac tiv ity of the sam ple must be high and it is nec es sary to use the high sen si tiv ity
ex per i men tal equip ment. With re gard to these spe cific con di tions of the ex per i men tal re -
search, we stud ied the char ac ter is tics of some de tec tion sys tems suit able for the high sen -
si tiv ity mea sure ments. We used high vol ume scin til la tion and semi con duc tor de tec tors  in
dif fer ent con nec tions. We found from the com par i son of the size of the fac tors of meritthat 
in the ex per i men tal re search of IB, it is nec es sary to use the sin gle HPGe spec trom e ter or
the co in ci dence HPGe-NaI(Tl) spec trom e ter in re la tion to the de cay scheme of the mea -
sured nuclides. The co in ci dence spec trom e ter con nects the qual ity of the good en ergy res -
o lu tion of the semi con duc tor HPGe-spec trom e ter with the high sen si tiv ity of the
reg is tra tion of the scin til la tion NaI(Tl) de tec tor.

The de tec tors were lo cated in a good-qual ity low-level back ground shield char ac ter is -
tics of which were de scribed in works [3, 4]. The used large-vol ume semi con duc tor co ax -
ial HPGe de tec tor has the sen si tive vol ume 280 cm3, the rel a tive ef fi ciency 69 %, the ra tio
peak/Compton has the value 66.7 and the en ergy res o lu tion for 1.33 MeV peak 60Co is
2.12 keV. The scin til la tion NaI(Tl) de tec tor has the crys tal di men sion Æ100´100 mm.
Elec tronic mod ules NIM fy Silena were used. The mea sured spec tra were eval u ated with
the pro gram EMCAPLUS made by fy Silena.
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4. Re sults

In ter nal bremsstrashlung ac com pa ny ing elec tron cap ture IB(EC) of 54Mn was mea -
sured. Nu clide 54Mn is very suit able for ex per i men tal re search of IB be cause of its sim ple
de cay scheme. Sim ple scheme makes it pos si ble to use the co in ci dence be tween pho tons
IB and char ac ter is tic gamma ra di a tion. Dur ing the mea sure ment the ac tiv ity of 54Mn was
(98.6 ± 1.5) kBq.  The ra dio ac tive im pu rity of 54Mn was mea sured by sin gle HPGe-spec -
trom e ter. In Fig. 1. sin gle spec tra of 54Mn and the back ground are shown.

Af ter the cor rec tion for back ground we ob tained the ra dio ac tive im pu rity of  54Mn. In
Ta ble 1 gamma–peaks are shown which were de ter mined from the mea sured spec tra.
The star in Ta ble 1 marks the low in ten sity peaks (er ror is more than 15 %). The most of
them were not identifiabled. Peaks marked P be long to the back ground (214Bi and 208Tl). In
the mea sure ments peaks cre ated sum ma tion of gamma rays of en ergy 834.85 keV of 54Mn
(marked sum) were reg is tered. It is ev i dent from the mea sured data that source 54Mn con -
tains 60Co. Data eval u a tion gave re sult that the ac tiv ity of  60Co pre sented in our source was

equal to (3.82 ± 0.10) Bq.
IB(EC) 54Mn and the ran dom co in ci dence rate were mea sured by the co in ci dence HPGe-

NaI(Tl) spec trom e ter. A sim pli fied block di a gram of this spec trom e ter is shown in Fig. 2. 
Is shown spec trum IB(EC) 54Mn ob tained by sub trac tion of stan dard ized spec trum of

ran dom co in ci dence from the spec trum of se ri ous co in ci dence in Fig. 3 . The cor rec tion by 
sub trac tion the ap pro pri ate Compton dis tri bu tion was made for re sid ual count ing rate in
the re gion of peak 834.8 keV.
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Fig. 1. Sin gle spec tra of 
54

Mn and the back ground.



Peak number Legend Energy [keV] Counting rate [s-1] Error [%]

1 * P 511 0.02017 37.97

2 * 749.89 0.0175 32.83

3 54Mn 834.85 658.33 0.01

4 60Co 1173.2 0.03467 4.21

5 60Co 1332.5 0.02967 4.02

6 2x sum 1669.7 0.30833 0.49

7 * 1729.02 0.00053 35.19

8 P 1764.5 0.00317 8.02

9 P 2204.2 0.00067 14.7

10 * 2422.82 0.00013 33.04

11 * P 2447.8 0.00025 26.59

12 3x sum 2504.5 0.00147 6.11

13 P 2614.5 0.00054 12.9

Our ex per i men tal re sult of the mea sure ment of the IB ac com pa ny ing elec tron cap ture
was cor rected for the pos si ble sources which could dis tort the num ber of the mea sured
pho tons of IB. The mea sured co in ci dence spec trum of the source 54Mn was cor rected for:

  1 - the back ground,
  2 - the de tec tion ef fi ciency,
  3 - the Compton dis tri bu tion,
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Ta ble 1. Ob served gamma-peaks mea sured in the nu clear de cay 
54

Mn by sin gle HPGe-spec trom e ter. 

Fig. 2. A sim pli fied block di a gram of the co in ci dence HPGe-NaI(Tl) spec trom e ter  ( HPGe and NaI(Tl)
� de tec tors, HV � High volt age, PA - Preamplifier, SA � Spec tros copy am pli fier, T SCA � Tim ing sin gle
chan nel an a lyzer, CO � Co in ci dence unit, LG � Lin ear gate, ADC � An a logue-to-dig i tal con verter,
MCA � Mul ti chan nel pulse-height an a lyzer, PC � Per sonal com puter ).



  4 - the con tri bu tion of EB,
  5 - the ab sorp tion pho tons IB in ab sorber,
  6 - the ab sorp tion pho tons IB in the source,
  7 - the sum ming ef fect,
  8 - X-ra di a tion, 
  9 - the ran dom co in ci dence rate,
10 - the dead time.

The method of least squares was used for es ti ma tion of the end-point of the spec trum
IB. Through the en ergy of the end-point of the IB spec trum and us ing the mag ni tude of the 
bind ing en er gies ac cord ing [5] was es tab lished for the sources 54Mn the tran si tion en ergy
through EC de cay. Com par i son of the tran si tion en ergy through elec tron cap ture de cay
EEC for 54Mn is listed in Ta ble. 2. In this Ta ble our ex per i men tal re sult is com pared with the 
ex per i men tal re sults of other au thors and with the the o ret i cal value.

Nuclide
EEC (keV)

Authors
Theory Experiment

54Mn 540.1 ± 3.6

516 ± 15 Our result

518 ± 8 [6]

639 ± 100 [7]

It is seen from the Ta ble 1 that our ex per i men tal re sult is in har mony with the ex per i -
men tal re sults of the other au thors how ever the dif fer ence be tween these ex per i men tal re -
sults and the the o ret i cal value ob tained ac cord ing to [8] shows that the re ceived mass
dif fer ence of the mother and the daugh ter atomic nu cleus 54Mn - 54Cr is not cor rect.
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Ta ble 2. The tran si tion en ergy EEC for 54Mn.

Fig. 3. Co in ci dence spec trum of 
54

Mn cor rected for the ran dom co in ci dence rate.



5. Con clu sion

Our re sult of the tran si tion en ergy EEC for 54Mn ob tained from the mea sure ment of the
en ergy of the end-point IB spec trum of 54Mn is in good har mony with the re sults of the
other au thors, but there still ex ists the dis crep ancy of these re sults with the the o ret i cal
one. For elim i na tion of this dis crep ancy and for a better un der stand ing of the pro cess of IB 
it is nec es sary to con tinue in the ex per i men tal re search. Pre ci sion re sults can help in the
fu ture to de velop up-to-date the o ries. In the fu ture we would like to use the ma trix of the
spec tral sen si tiv ity for data eval u a tion of the IB mea sured spec trum. In that case the ex per -
i men tal re sults ought to be more ac cu rate. Such re sults cre ate the pos si bil ity to find the
sys tem atic dif fer ences be tween the the ory and the ex per i ment. It is pos si ble to use the co -
in ci dence spec trom e ter IB–X-ray in the ex per i men tal re search of IB ac com pa ny ing elec -
tron cap ture of nu clei.
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