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1 IntrodutionThis doument desribes an investigation the gains for the Blow�sh ells runs during theOtober 2010 running period. This was an experiment using a deuterium target and a photonenergy of 18 MeV. The experiment was designed to investigate the disrepany between themeasured light output and the light output predited by a simulation that was observedin previous experiments. This disrepany was disussed at length in the tehnial noteSPIR-142 [3℄.In these runs the output of two of the Blow�sh ells (ells 49 and 64) were split using apassive splitter. One output was fed into the usual VME QDC while the other was fed intoa Cama ADC. This was to investigate if the gain anomaly had something to do with thetype of ADC used.2 Gain CalibrationThe gains of eah BC-505 ell were determined as usual using a radioative soure. The gainrelates ADC hannel number to light output in equivalent eletron energy units [1, 2℄. Thegain for a partiular ell i is de�ne by
gi = Eee/Ai (1)where Eee is the equivalent eletron energy of some feature in the light output spetrum and

Ai is the ADC hannel number of that feature.The Compton edge was used as the alibration feature as desribed in SPIR-142 [3℄. Thealibration runs taken during this period are listed in Table 1.For The AmBe soure the Compton edge of the 4.430 MeV gamma ray is used to establishthe gain. In the bakground runs it is possible to isolate the Compton edges of the 232Th2.614 MeV gamma ray and the 40K 1.461 MeV gamma ray. These three data points may beused to establish the linearity of the ell gains.The linearity was investigated when two alibration runs, one with the AmBe soure andone with bakground, were taken near eah other in time. The results for the two ells, 49and 64, using the VME ADC are shown in �gures 1, 2, 3, and 4. It an be seen that thegain is linear. It an also be noted that, unlike what was previously observed, there is a verysmall gain o�set. This simpli�es the analysis sine, one the gain is determined, equation 1may be used without modi�ation.We also show the gain determined for the same ells using the CAMAC ADC in �gures5 and 6. Again we see that the gain is linear however in this ase there is a signi�ant gaino�set for both hannels.
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Table 1: Calibration runs for the Otober 2010 running period.Run Soure Date/Time NotesNumber89 Bakground Ot 28 08:5593 Bakground Ot 28 10:29 AmBe in last 3 min94 AmBe Ot 28 11:01118 AmBe Ot 28 18:32 Gate width 75 ns121 AmBe Ot 28 19:30 Gate width 125 ns123 AmBe Ot 28 19:41 Gate width 75 ns132 AmBe Ot 28 23:17 Gate Width 125 ns133 Bakground Ot 28 21:34136 AmBe Ot 29 09:01137 AmBe Ot 29 09:33 Long able added to ell 48138 AmBe Ot 29 09:50 Long able and short able with barrel on Cell 48139 AmBe Ot 29 10:11140 Bakground Ot 29 10:36165 AmBe Ot 30 00:28166 Bakground Ot 30 00:41
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Figure 1: The gain linearity using the VME ADC for ell 49 determined using the AmBesoure and bakground gamma rays. 3
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Figure 2: The gain linearity using the VME ADC for ell 64 determined using the AmBesoure and bakground gamma rays.
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Figure 3: The gain linearity using the VME ADC for ell 49 determined using the AmBesoure and bakground gamma rays. 4
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Figure 4: The gain linearity using the VME ADC for ell 64 determined using the AmBesoure and bakground gamma rays.

0 50 100 150 200 250 300 350 400
ADC Channel Number

0

1

2

3

4

5

L
ig

ht
 O

ut
pu

t (
M

eV
ee

)

Data
Fit

Gain October 2010
Cell 49 CAMAC ADC run 166 (Th),  run 166 (K40) and run 165 (AmBe)

Figure 5: The gain linearity using the CAMAC ADC for ell 49 determined using the AmBesoure and bakground gamma rays. 5
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Figure 6: The gain linearity using the CAMAC ADC for ell 64 determined using the AmBesoure and bakground gamma rays.3 E�et of Gate WidthThe aim of this experiment was to determine the reason why the measured light outputspetra for neutrons using the gains determined from a gamma ray soure did not math thepredited light output using the GEANT4 simulation. One suspet variable was the widthof the ADC gate. The onjeture, originally put forward by Blakston[7℄, is that if the ADCgate with is not long enough, some of the longer pulse from the reoil proton from a neutroninteration may be ut o�, while the shorter pulse from the reoil eletron from a photon isfully integrated.In this experiment the gate width was set to 125 ns. For some runs the gate width wasredued to 75 ns whih is short enough to possibly ut o� a portion of the pulse.In order to ompare the light output to the simulation it is neessary to know the energyof the inident neutron. In this experiment we used a target of D2O. From the photodis-integration of deuterium and the known photon energy of 18 MeV we an alulate theneutron energy hitting a partiular ell. The neutron energy an also be measured usingtime-of-�ight.We use pulse shape disrimination to tell if we are seeing neutrons. An example of thePSD parameter against pulse height for ell 49 is show in �gure 7. It an bee seen that witha pulse height ut of 500 the PSD provides almost perfet disrimination between photonsand neutrons. With that pulse height ut a PSD ut of 6 results in nearly all the photonsbeing removed without removing any of the high pulse height neutron events.6
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Figure 7: The PSD parameter verses pulse height for ell 49 in run 159. Photons appear onthe left while neutrons appear on the right.For the events remaining after these uts are applied the neutron energy was alulatedfrom time of �ight and ompared to the expeted neutron energy alulated using deuteronphotodisintegration kinematis. The di�erene between these is shown in �gure 8. A furtherut requiring that this energy di�erene be within 3 MeV of zero is applied to arrive at the�nal data set of neutrons whose light output is to be ompared to the GEANT4 simulation.This is the same proedure that was used in the analysis desribed in SPIR-142 [3℄.The GEANT4[5℄ simulation to whih we ompare the measured light output spetra in-luded the full Blow�sh array and the target on�guration used in this experiment. Theneutrons generated in the target take into aount the beam pro�le on the target and followthe energy and angular distribution expeted from deuteron photodisintegration. The sim-ulation inluded the e�ets of sattering from nearby ells and other parts of the Blow�shsupport struture.The light output spetra using the VME ADC for several ells are shown in �gures 9and 10 for run 159 for whih the ADC gate width was 125 ns. The energy sale for themeasured spetra are determined from the gain determined from the AmBe soure run 165and using the gain monitoring system[6, 3℄ to predit the gain for run 159. There was norotation of Blow�sh between these run. It has been observed that a rotation of Blow�sh hasthe possibility of hanging the "R values" (see [3℄) whih an introdue an unertainty inthe gains.It an be seen that there is exellent agreement between the measured and simulatedlight output spetra. The end-point energies agree very well and there is no neessity toadjust the measured energy sale by fator as was previously observed[3℄.One run (run 126) was done where the ADC gate width was hanged from 125 ns to75 ns. The gain for this run was determined from the AmBe soure run 123 where the gate7
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Figure 8: The di�erene in the neutron energy alulated from time-of-�ight and the expetedneutron energy alulated from deuteron photodisintegration kinematis. The horizontal axisis in MeV.width was also 75 ns. There were also no rotations of Blow�sh between runs 123 and 126.The light output spetra for several ells run 126 are ompared to the simulation in �gures9 and 10. It an be seen that for some ells the measured light output energies do not agreewith the simulation. In most ases the measured light output is lower the simulation whihwould be onsistent with the hypothesis that if the ADC gate with is not long enough, someof the longer pulse from the reoil proton from a neutron interation may be ut o�. Howeverell 52 shows that with the shorter gate width the measured light output energies are toolarge. This would be inonsistent with the above onjeture.Nevertheless it is lear that the shorter gate width in some way ompromises our deter-mination of the ell gains. This appears to a�et di�erent ells in di�erent ways.
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Figure 9: The light output spetra measured for several ells ompared to the predited lightoutput from the GEANT4 simulation. The left olumn shows the measured spetra for run159 where the ADC gate width was 125 ns. The right olumn shows the measured spetrafor run 126 where the ADC gate width was 75 ns.9
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Figure 10: The light output spetra measured for several ells ompared to the preditedlight output from the GEANT4 simulation. The left olumn shows the measured spetrafor run 159 where the ADC gate width was 125 ns. The right olumn shows the measuredspetra for run 126 where the ADC gate width was 75 ns.10



4 Using the CAMAC ADCAs noted before the output of ells 49 and 64 were split with one output going to a CAMACADC gated by the same long gate as for the VME ADC. The CAMAC ADC was alibratedusing the same tehnique as for the VME ADC. However, as noted above, the CAMACADC exhibited a signi�ant o�set. This o�set was taken into aount in alulating thelight output determined from the two ells in the CAMAC ADC. However the presene ofthe o�set does not allow us to use the gain monitoring system to orret the gain for run159. This should not introdue a larger error sine the gain orretion observed for the VMEADC between run 159 and the AmBe alibration run 165 was less than 2%.When the gate width was set to 75 ns only one alibration run with an AmBe soure wasdone so no determination of the o�set was possible. Therefore only the multipliative gainwas used for the analysis of the CAMAC ADC in run 126 with the gate width set to 75 ns.The omparison of the CAMAC ADC light output spetra to the simulation for these ellsis shown in �gure 11. It an be seen that in all ases the measured light output is smallerthan that predited by the simulation. The reason for this is unlear. The disrepanyis worse for ell 64 when the gate width is redued to 75 ns. This is onsistent with theobservation using the VME ADC. This would lead us to onlude that the error introduedby using a shorter gate width does not depend on the type of ADC used.There is evidene that the disrepany observed when using the CAMAC ADC is notsimply due to an error in determining the gains. In the raw ell data during a normal run,before uts are made, it is possible to see the Compton edge for the room bakground 40Kgamma ray. This shows that the gain error is ertainly less than 0.1 MeV. But the measuredlight output for neutrons seen in �gure 11 is about 0.5 MeV di�erent from the simulationwhen the gate width was 125 ns. Therefore it appears that the light output disrepany hassomething to do with the longer pulses from neutrons.
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Figure 11: The light output spetra measured for ells 49 and 64 using the CAMAC ADCompared to the predited light output from the GEANT4 simulation. The left olumnshows the measured spetra for run 159 where the ADC gate width was 125 ns. The rightolumn shows the measured spetra for run 126 where the ADC gate width was 75 ns.
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Figure 12: The ratio of the yields for several ells for runs 152 and 153 whih were taken atdi�erent photon rates.5 E�et of Photon Flux RateWe did two runs at di�erent photon �ux rates to test how well we ould make the appropriaterate orretions to the photon �ux monitor. These two runs were run 152, whih was takeat a normal rate of about 10
7 photons/s, and run 153, for whih attenuator 1 was insertedinto the beam line reduing the �ux to about 4 × 10

6 photons/s.The 5-paddle photon �ux monitor was alibrate in the usual way (see SPIR 146). Theresulting alibration fator was used to alulate the number of photons inident on the targetduring the live time of the experiment. For eah ell the total number of neutrons passingthe uts desribed in Setion 3 is divided by the number of inident photon to produe ayield for that ell. This yield has been alulated for a set of ells near the entre of Blow�shwhere the ount rate is reasonably high. The ratio of the yields for eah ell for the two runs(152 and 153) are shown in Figure 12.The yield for the two runs taken at di�erent photon rates should, of ourse, be thesame. Even with no rate orretions applied this appear to be the ase (the blak pointsin Figure 12. However, there are two rate dependent orretions that must be applied: aneutron multipliity orretion and a photon rate orretion.13



5.1 Neutron Multipliity CorretionIt is not possible to analyze Blow�sh ell data when there is hit in more than one ell in apartiular event. This is beause it is not known whih ell determined the timing for thegeneration of the long and short gates to the ADC. If the timing is not appropriate for theell being analyzed, the PSD and gain of the ell is ompromised. If only one ell �res thenwe an be sure that the ADC gate timing is orret. For this reason only events with ellmultipliity of one an be analyzed to determine the yield of neutrons.Let Ni be the total number of hits on ell i during the live time of the experiment. Ofthese hits only N1i are members of multipliity one events. Of the multipliity one hits onlya number n1i make it through all the uts to determine the �nal yield of neutrons. We makethe assumption that all hits on a ell (if they ould be analyzed) have the same probabilityof making it past all the uts. Therefore, if we ould analyze all hits, the total number ofneutrons passing the uts would be
ni = n1i

Ni

N1i

= n1ifmi (2)The orretion fator fmi is ell and rate dependent. For run 152 (the high rate run) thefator is of the order 1.2. For run 153 (the lower rate run) the fator is of the order 1.15.Applying this orretion gives the yield ratio shown by the red points in Figure 12. Theaverage yield ratio for these points is 1.01 ± 0.04.5.2 Photon Rate CorretionIf the �ux monitor is ounting too few photons at high rates, due to multiple hits in abeam bunh, the yield will be too high. The rate dependent �ux monitor orretion an bealulated as desribed in detail in SPIR 146. The photon number orretion fator for run152 (the high rate run) was 1.04 and the orretion fator for run 153 (the low rate run)was 1.02. Applying this orretion gives the green data points in Figure 12 with an averagevalue of 0.99 ± 0.04.5.3 ConlusionUnfortunately this test does not provide a de�nite onlusion sine, within errors, both thehigh rate and low rate runs give the same yield. Nevertheless, with the orretions appliedthe two runs are loser to having the same yield than without orretions applied.

14



Referenes[1℄ G.V. O'Rielly, N.R. Kolb, and R.E. Pywell, Nul. Inst. and Meth. A 368 (1996) 745.[2℄ R.E. Pywell, B.D. Sawatzky, J. Ives, N.R. Kolb, R. Igarashi, and W.A. Wurtz, Nul.Inst. and Meth. A 565 (2006) 725.[3℄ Rob Pywell and Ward Wurtz, SPIR-142 Blow�sh Gain Analysis for 2008 Runs.http://nuleus.usask.a/tehnial_reports/report_index.html.[4℄ D. Murray, et al., SPIR-100 LUCID User's Guide.http://nuleus.usask.a/tehnial_reports/report_index.html.[5℄ GEANT4 Collaboration, Nul. Inst. and Meth. A 503 (2003) 250.[6℄ Brian Bewer, M.S. Thesis, Development of a Gain Monitoring System for a NeutronDetetor Array, University of Saskathewan, 2005.[7℄ Matthew Blakston, Ph.D. Thesis, Preision Measurements of Deuteron Photodisinte-gration using Linearly Polarized Photons of 14 and 16 MeV, Duke University, 2007.

15


