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The beta-disaggregation of Cobalt-60 produes 2 gamma quants whih energyspetrum and angle orrelation will be examined.
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Gamma-Gamma Angle Correlation 31 Theory1.1 Deay of 60-obaltThe nulear of 60-obalt atom deays in proess of �-deay to exited 60-nikel atom. The leftenergy will be emitted to 2  quants at almost same time as you an see at �gure 1.2,5 MeV�=5.3a
1,33 MeV0 MeV

I1 = 4+I2 = 2+I3 = 0+
� � 10�12s� � 10�12s��

Co60 Ni60E2 = 1,33MeVE1 = 1,17MeV
Figure 1: The Energy sheme of 60-obalt deay1.2 Interation of Gamma quantsThere are interations of gamma quants in the detetor: The photo e�et and the omptone�et. At the ompton e�et a gamma quant is sattered elasti at a quasi free eletron. A partof energy is omitted to eletron the other part leaves the matter of detetor. This interationprodues a ontinious bakground. The di�erene of energy �E an be alulated with�E = E0 2� sin2 12'�0 + 2� sin2 12' (1.1)At the formular: ' the angle of sattering, � =2,426�10�12m the ompton wavelength of eletron,E0 the start energy of -quant and �0 the wavelength of -quant. The maximal energy Emax atthe angle of 180Æ is �Emax = 2E202E0 + 511 keV :For the two values of �energies there areE0 =1; 12MeV for E2 =1; 33MeVE0 =0; 96MeV for E3 =1; 17MeVThe minimal remainder energy E0 � �Emax an be examined at he mirror �gure of omptonedge. The values are:E0 ��Emax = 215 keV for 1; 33MeVE0 ��Emax = 210 keV for 1; 17MeVThe theoretial values for the oe�ients are depends de�nitely on nulear angular momentumI1, I2, I3 and the multipolarity L1 and L2 of radiation. Look at table 1



Gamma-Gamma Angle Correlation 4Multipol Type I1 L1 I2 L2 I3 A02 A041 4 2 2 2 0 0,102 0,00912 2 2 2 2 0 -0,0765 0,3263 4 3 2 2 0 -0,268 0,0324 2 1 2 2 0 0,25 0Table 1: The development oe�ients of angle orrelation funtion for seleted angular momen-tums1.3 Angle orrelationThe orientation of nulear angular momentum is equal for both �emissions and the diretionof quants are orrelated. The �elds of radiation to other one has a relative orientation. We an�nd out a normed orrelation funtionW (�) = 1 +A2 +P2(os�) +A4 P4(os�)At this formular Pi is the Legendre polynom, A2 and A4 are the developmente oe�ient fornulear anglear momentum and � the angle of 90Æ, 136Æ and 180Æ.The developement oe�ients Ai are alulated by oinidene rates K(�) for eah angle:K90;K135 and K180. A02 = 107 �9K90 + 4K135 + 5K1806K90 + 8K135 +K180A04 = 487 K90 � 2K135 +K1806K90 + 8K135 +K180Correlation funtion The oinidene rate is proportial to orrelations funtion.K(�) = C(�)A(�)B(�) � Ca(�) (1.2)At this formular you an �nd the number of registrated quants A(�) and B(�), the number ofregistrated oinidenes C(�) and the number of inidental oinidenes Ca(�).Limited detetor angle In an experiment like this the detetors have got a limited length.The �quant pass a di�erent way in ristal - so they have a di�erent probability of absorption.Beause of this the development oe�ients at measure (symbol A02 and A04) will be onnetedwith an extenuated oe�ient Q. The extenuated oe�zients are Q2=0,893 and Q4=0,672 -given by literature. A2 = A02Q22 = A020; 797 (1.3)A4 = A04Q24 = A040; 4572 AssemblyThe soure of radation is radioative 60-obalt. There are two �detetor at a ertain distane:detetor A �xed, detetor B is moveable on a irle. The position of detetor B is signed at



Gamma-Gamma Angle Correlation 5values 90Æ, 135Æ and 180Æ. The detetor onsists of szintilations ristalls made of sodium iodid.At the side photomultipliers are installed. The singals of are transmitted to disriminator, whihpermit to pass only energy of a determed range. The oinidene step is installed to prove theonomitane of signals and to ount the number of signal A and B in a time period. The detailedstep of experiment are listed in the sript of [1℄. (moveable)NaIpm. pm.NaI
pulser disriminatordisriminatorampli�erpreampli�er ampli�erpreampli�er

pos neg neg posoinidene stepounter C(�)timerdual CounterA B

HV
detetor A detetor Bsoure

Figure 2: The Assembly for  angle orrelation. With photo multiplier (pm), high voltage soure(HV), sodium iodid (NaI) and the ounter for oinidenes C(�)3 ImplementationAt �rst we heked the temporal struture of pulses. The ampli�er ist adjusted to send bipolarpulses with 4 volts to the SCA. The gross measure of pulses is given by an anlogue ratemeter -the exat ounting will be done by dual ounter. The sale of lower boarder for disriminatorhas an o�set of 0,1 volts. We reommend to make measure of energy spetrum and oinidenein one unit. Else you will loose the dependene of voltage and energy by hanging of delay timeand windows width of disriminator.3.1 Energy SpetrumWe have set the window width at 0,5 volts for detetor A and 10,5 volts for detetor B. Theampli�ers have a value of 200 volts and the Photomultiplier a value of 1200 volts. The time of



Gamma-Gamma Angle Correlation 6eah measure are 20 seonds.3.2 CoinideneThe step of oinidene is set to 15 ns. The SCA will be used in integration mode.3.2.1 Delay and CoinideneTo examine the delay of both hannels we set the delay at 11,78 volts (A) and 3,18 volts (B). Inthis state there are not any oinidenes. Step be step the value of delay will be inreased. It isimportant, that the peak of 1,17 MeV and 1,33 MeV will be passed by system. Sometimes wehave to readjust the delay of hannels.3.2.2 Coinidene of AnglesEah measure has a time period of 200 seonds. We repeat the sequene 30Æ, 135Æ and 180Æfor 25 times. At the end of measure the number of inidental oinidenes is measure at a timeperiod of 400 seonds is ounted.4 Interpretation4.1 Energy spetrum4.1.1 Calibration of spetrumThe values of measure are listed in table 3 and 4. With these values we made a plot of volate in�gure 4. You an �nd the full energy peaks of �quant look at �gure 5 and 6. The voltage hasan error of �U = 0; 01V and an o�set of 0,01V whih must be redued from eah value.voltage A voltage BE1 = 1; 17MeV 0,76 1,33E2 = 1; 33MeV 0,90 1,53The lower voltage and energy should be proportional. But we have established the more exatway: Find the di�erene of the energy peak of E1 = 1; 17MeV and E2 = 1; 33MeV. We introduea linear dependene between voltage and energy with fator b and a onstant number a:b = E2 �E1U2 � U1�b = s �E21(U1 � U2)2 + �E22(U2 � U1)2 + (E2 �E1)2�U21(U1 � U2)4 + (E1 �E2)2�U22(U1 � U2)4E2 = b � U2 + aa = E2 � b � U2�a = q�E22 + U22�b2 + b2�U22E(U) = b � U + a�E(U) = pU2�b2 + b2�U2 +�a2



Gamma-Gamma Angle Correlation 7bA =1; 143MeV=V bB =0:800MeV=V�bA =0; 115MeV=V �bB =0; 056MeV=VaA =0; 301MeV aB =0; 106MeV�aA =0; 105MeV �aB =0; 087MeVSo we get for eah detetor:EA(U) = 1; 143MeV=VU + 0; 301MeV EB(u) = 0; 8MeV=VU + 0; 106MeVWith this formular we reated an energy spetrum in �gure 3.4.1.2 The ompton edgeLooking at �gure 7 and 8 the ompton edge an be found at value 0,6V and 1,05V. So we getEA = 1; 143MeV=V0; 6V+ 0; 301MeV EB = 0; 8MeV=V1; 05V+ 0; 106MeV= 0; 987MeV� 0; 126MeV = 0; 946MeV� 0; 060MeVThese are good values for emission of E1 = 1; 17MeV oming lose to theoretial value of0,96MeV. The ompton edge for emission of E2 = 1; 33MeV an be seen weakly - but its overedby the full peak of E1�peak.4.1.3 Bak sattering peakLooking at �gure 9 and 10 the bak sattering value an be found at value 0,05V and 0,2V. Sowe get EA = 1; 143MeV=V0; 05V+ 0; 301MeV EB = 0; 8MeV=V0; 2V+ 0; 106MeV= 0; 358MeV� 0; 105MeV = 0; 266MeV� 0; 013MeVThere are rather unsharp values. There is neither lear assignment to 215MeV nor to 210MeVof the peaks.4.2 Delay of both hannelsWe have set the window width to 20 ns. At the delay of 11,78 ns for detetor A and delay of 3,18 nsthe number of oinidene are zero. The mode of SCA is swithed to integration. Changing thedelay the �gure 11 is measured and plotted at �gure 12.4.3 Measure of oinidenesThe measured data are listed in table 5, 6 and 7. For the error handling we must take arefor poisson statisti. To measure the oinidene rate K(�) we alulate for eah measure stepK0 = kAB . Conlusing 25 single measure the average and K0 with standard deviation� =vuut 1N � 1 NXi=1(K0i �K0)2
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Figure 3: Whole spetrum of energy for detetor A and B



Gamma-Gamma Angle Correlation 9is found out. For the number of inidental oinidenes a measure with 400 s is used. So thenumber is halved. For the absolute error of eah ounted number we use the standard deviationof poisson distribution. The average K of a measure is equal to measured value only for onemeasure - the number of ounted rates n.� =pK = pnFor the errors it means �A = pA, �B = pB, �k = pk. The number of ounted rated are highenough for gaussian error propagation.�KZ = s� kA2B�A�2 +� kAB2�B�2 +� 1AB�k�2So we an �nd out the oinidene rate rather exatlyK(�) = K0 �KZ�K(�) = q�K20 +�k2ZAll oinidene rate are olleted in the table 2.angle�[Æ℄ K(�) �K(�)90 8; 28 � 10�9 1; 31 � 10�10135 8; 92 � 10�9 1; 59 � 10�10180 9; 63 � 10�9 1; 63 � 10�10Table 2: Colleted values of oinidene rates4.3.1 Calulation of lengendre oe�ientsEah value of table 2 well be handled by formular 1.3 and the gaussian error propagation thatwe get following valuesA02 = 0; 101783�A02 = 1(6K90 + 8K135 +K180)4�5:58 � 10�16K290 + 1:52 � 10�16K90K135 + 3:93 � 10�16K2135 � � � �3:57 � 10�16K90K180 + 2:62 � 10�16K135K180 + 1:20 � 10�16K2180�= 0; 0171A04 = 0; 00367�A04 = 1(6K90 + 8K135 +K180)4�5:07 � 10�16K290 + 1:25 � 10�16K90K135 + 4:48 � 10�16K135 + � � �4:75 � 10�16K90K180 � 1:61 � 10�16K135K180 + 1:39 � 10�16K2180�= 0; 020



Gamma-Gamma Angle Correlation 10
A2 = A020; 797 = 0; 1017830; 797 = 0; 128 �A2 =�A02 = 0; 017A4 = A040; 457 = 0; 0171540; 457 = 0; 008 �A4 =�A04 = 0; 0205 ConlusionThe spetrum of 60�nikel of state I1 = 4+ has two harateristi energy peaks at 1,17 and 1,33MeV. The ompton edge of 1,17 MeV and the roughly rage of bak sattering peak an be �ndout at this work. The oe�ients of orrelations funtionW (�) = 1 +A2 Pos� +A4 Pos�are alulated at the values ofA2 =0; 128� 0; 017 theoretial :A2 =0; 102A4 =0; 008� 0; 020 theoretial :A4 =0; 00091In omparison to table 1 there is examinated mulipol type 1, whih is an eletri quadrupol. Sowe an rather good on�rm the energy transition from I2 = 2+ to I3 = 0+.Referenes[1℄ Institut für Atomare Physik und Fahdidaktik, Skript über Gamma-Gamma Winkelkorrela-tion, TU Berlin, 2000A Data of measures



Gamma-Gamma Angle Correlation 11
voltage [V℄ energy [MeV℄ rates in 40 s0 0. 3 153000. 05 0. 36 159550. 1 0. 42 130310. 15 0. 47 108490. 2 0. 53 102970. 25 0. 59 100990. 3 0. 64 95740. 35 0. 7 93910. 4 0. 76 92530. 45 0. 82 95330. 5 0. 87 104730. 55 0. 93 105200. 6 0. 99 91390. 65 1. 04 76830. 7 1. 1 74820. 72 1. 12 55430. 74 1. 15 69120. 75 1. 16 125440. 76 1. 17 91390. 78 1. 19 114690. 8 1. 22 112150. 82 1. 24 71670. 84 1. 26 40930. 85 1. 27 63660. 86 1. 28 45700. 88 1. 31 61900. 9 1. 33 121290. 92 1. 35 8672

voltage [V℄ energy [MeV℄ rates in 40 s0. 94 1. 38 36590. 95 1. 39 56230. 98 1. 42 26041 1. 44 30021. 02 1. 47 21301. 05 1. 5 27841. 1 1. 56 26601. 15 1. 62 25171. 2 1. 67 25081. 25 1. 73 24351. 3 1. 79 23281. 35 1. 84 22731. 4 1. 9 23171. 45 1. 96 22421. 5 2. 02 21591. 55 2. 07 20621. 6 2. 13 20481. 65 2. 19 20071. 7 2. 24 19321. 75 2. 3 19581. 75 2. 3 19621. 8 2. 36 19651. 85 2. 42 19311. 9 2. 47 19481. 95 2. 53 19472 2. 59 18382. 05 2. 64 18332. 1 2. 7 18712. 15 2. 76 18262. 2 2. 82 18852. 25 2. 87 19092. 3 2. 93 19422. 35 2. 99 19862. 4 3. 04 1984Table 3: The values for spetrum detetor A



Gamma-Gamma Angle Correlation 12
voltage [V℄ energy [MeV℄ rate in 40 s0 0. 11 68050. 05 0. 15 73210. 1 0. 19 78110. 15 0. 23 92280. 2 0. 27 99020. 25 0. 31 85270. 3 0. 35 72050. 35 0. 39 65140. 4 0. 43 62910. 45 0. 47 59020. 5 0. 51 59440. 55 0. 55 54710. 6 0. 59 53630. 65 0. 63 53200. 7 0. 67 51780. 75 0. 71 53160. 8 0. 75 53800. 85 0. 79 56160. 9 0. 83 55620. 95 0. 87 57381 0. 91 56041. 05 0. 95 49541. 1 0. 99 42771. 15 1. 03 39401. 2 1. 07 38431. 24 1. 1 48471. 25 1. 11 38451. 26 1. 11 57141. 28 1. 13 70411. 3 1. 15 5696

voltage [V℄ energy [MeV℄ rate in 40 s1. 32 1. 16 99571. 34 1. 18 97441. 35 1. 19 76021. 36 1. 19 82241. 38 1. 21 57131. 4 1. 23 33661. 42 1. 24 32701. 44 1. 26 31571. 45 1. 27 27141. 46 1. 27 41861. 48 1. 29 54081. 5 1. 31 53891. 52 1. 32 77981. 54 1. 34 76691. 55 1. 35 54671. 56 1. 35 61281. 58 1. 37 48361. 6 1. 39 25741. 62 1. 4 25071. 65 1. 43 14271. 7 1. 47 13861. 75 1. 51 12941. 75 1. 51 13771. 8 1. 55 13061. 85 1. 59 12251. 9 1. 63 11721. 95 1. 67 11602 1. 71 11092. 05 1. 75 11612. 1 1. 79 10872. 15 1. 83 10162. 2 1. 87 10562. 25 1. 91 9872. 3 1. 95 9472. 35 1. 99 9592. 4 2. 03 908Table 4: The values for spetrum detetor B



Gamma-Gamma Angle Correlation 13
Versuh G A B K C1 90 197882 179626 290 8,159E-092 90 197910 179637 270 7,595E-093 90 197587 179707 294 8,280E-094 90 197330 179737 322 9,079E-095 90 197412 179097 326 9,221E-096 90 197118 178968 302 8,561E-097 90 195387 179236 314 8,966E-098 90 196074 179080 288 8,202E-099 90 194898 178515 336 9,657E-0910 90 194791 178100 304 8,763E-0911 90 193174 177384 316 9,222E-0912 90 192830 176594 288 8,457E-0913 90 192049 177128 244 7,173E-0914 90 191105 173858 292 8,789E-0915 90 191424 177219 282 8,313E-0916 90 191139 177318 300 8,852E-0917 90 190170 177198 232 6,885E-0918 90 189744 177679 288 8,543E-0919 90 187995 176763 302 9,088E-0920 90 187610 176994 284 8,553E-0921 90 187702 176843 297 8,947E-0922 90 187879 176760 307 9,244E-0923 90 187892 176627 286 8,618E-0924 90 187729 177036 291 8,756E-0925 90 187733 176687 284 8,562E-09Mittelwert 8,58E-009StandardAbw 6,37E-010Stat Fehler 1,27E-010Zufällige Koinzidenzen200s 90 185450 178077 10 3,028E-10400s 90 374100 354756 12 3,617E-10Mittelwert 3,322E-10Fehler 3,03E-011Koinzidenzrate 8,28E-009Fehler 1,31E-010Table 5: The oinidenes at the angle of 90 degrees



Gamma-Gamma Angle Correlation 14
Versuh G A B K C1 135 197041 179876 347 9,790E-092 135 197122 180027 361 1,017E-083 135 197083 179654 340 9,603E-094 135 197104 180081 410 1,155E-085 135 196661 178649 326 9,279E-096 135 196703 179568 320 9,060E-097 135 195359 179072 272 7,775E-098 135 195826 177585 342 9,834E-099 135 194945 177691 292 8,430E-0910 135 194159 176322 290 8,471E-0911 135 193638 176370 288 8,433E-0912 135 192528 176612 332 9,764E-0913 135 192113 176524 308 9,082E-0914 135 190451 165944 278 8,796E-0915 135 190920 177299 336 9,926E-0916 135 189408 173596 314 9,550E-0917 135 189021 177180 310 9,256E-0918 135 189519 176652 286 8,543E-0919 135 187638 177330 284 8,535E-0920 135 187623 178683 276 8,233E-0921 135 187697 177269 299 8,986E-0922 135 188107 176891 302 9,076E-0923 135 187894 176439 314 9,472E-0924 135 187901 176642 289 8,707E-0925 135 187687 177022 292 8,789E-09Mittelwert 9,16E-009StandardAbw 7,81E-010Stat Fehler 1,56E-010Zufällige Koinzidenzen200s 135 185065 178254 8 2,425E-10400s 135 372905 355647 20 6,032E-10Mittelwert 4,229E-10Fehler 3,03E-011Koinzidenzrate 8,92E-009Fehler 1,59E-010Table 6: The oinidenes at the angle of 135 degrees



Gamma-Gamma Angle Correlation 15
Versuh G A B K C1 180 197698 176327 367 1,053E-082 180 197703 176337 351 1,007E-083 180 197679 176211 334 9,589E-094 180 197056 176310 370 1,065E-085 180 195551 175974 364 1,058E-086 180 197033 176534 356 1,023E-087 180 195411 176081 358 1,040E-088 180 195229 175475 386 1,127E-089 180 193853 173525 338 1,005E-0810 180 193893 173419 336 9,993E-0911 180 193144 173608 319 9,513E-0912 180 191663 155202 268 9,009E-0913 180 191194 170812 312 9,553E-0914 180 191162 172771 320 9,689E-0915 180 190854 173989 326 9,817E-0916 180 189354 173597 314 9,552E-0917 180 188829 173712 334 1,018E-0818 180 187794 173728 318 9,747E-0919 180 187647 174410 300 9,167E-0920 180 187435 174647 322 9,837E-0921 180 187587 174603 317 9,678E-0922 180 187614 174537 316 9,650E-0923 180 187404 174501 317 9,694E-0924 180 187701 174489 324 9,893E-0925 180 187507 174589 330 1,008E-08Mittelwert 9,94E-009StandardAbw 4,93E-010Stat Fehler 9,87E-011Zufällige Koinzidenzen200s 180 185450 178077 10 3,028E-10400s 180 374100 354756 12 3,617E-10Mittelwert 3,322E-10Fehler 3,03E-011Koinzidenzrate 9,63E-009Fehler 1,03E-010Table 7: The oinidenes at the angle of 180 degrees
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Figure 4: The voltage spetrum with two pregnant �peaks
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Figure 5: The �peaks for spetrum detetor A
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Figure 6: The �peaks for spetrum detetor B



Gamma-Gamma Angle Correlation 19

7000

7500

8000

8500

9000

9500

10000

10500

11000

0.4 0.44 0.48 0.52 0.56 0.6 0.64 0.68

pu
ls

es
 p

er
 2

0s
The compton edge of detector A

’spektrum_a.dat’ using 1:3

Figure 7: The ompton edge for detetor A
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Figure 8: The ompton edge for detetor A
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Figure 9: The bak satterin peak for detetor A
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Figure 10: The bak satterin peak for detetor B
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