iSLAC-R-490UC-407, UC-413CALCULATIONS AND MEASUREMENTS OF NEUTRON ARRIVAL TIMEDISTRIBUTIONS FOR NEUTRON DETECTORS AT SLAC*Rupinder KaurStanford Linear Accelerator CenterStanford UniversityStanford CA 94309SLAC-Report-490August 1996Prepared for the Department of Energyunder contract number DE-AC03-76SF00515

* MS thesis, San Jose State University, San Jose CA.

iiPrinted in the United States of America. Available from the National TechnicalInformation Service, U.S. Department of Commerce, 5285 Port Royal Road, SpringfieldVA 22161ABSTRACTCALCULATIONS AND MEASUREMENTS OF NEUTRONARRIVAL TIME DISTRIBUTIONS FOR NEUTRON DETECTORS AT SLAC.by Rupinder KaurThe distributions of neutron arrival time (the time between the neutron beinggenerated in a target and the time it is detected by the sensor) are important for the deadtime corrections of the neutron detectors in pulsed radiation field. Calculations usingMCNP and measurements of the neutron arrival time distributions were made for themoderated BF3 detector, Anderson-Braun remmeter, and Bonner Sphere LiI detectors. Neutron sources defined in these calculations include monoenergetic neutrons from a feweV to 20 MeV, giant resonance neutrons, and the measured �equilibrium� neutronspectrum of Final Focus Test Beam (FFTB) at SLAC. The results show an exponentialbehavior of the neutron arrival time distributions. Comparisons between calculations andmeasurements show close agreement for 10† Bonner Sphere detector and a maximumdifference of about 20% for moderated BF3 detector and AB remmeter. The cause of thediscrepancy for 2† Bonner Sphere detector is also explained.

iiiACKNOWLEDGMENTSI would like to thank Dr. J. C. Liu of SLAC for giving me the opportunity to workon this project. I greatly appreciate his supervision, guidance and deep involvement inthis work. I am thankful to Dr. Allen B. Tucker and Dr. Herbert B. Silber of SJSU forreviewing and approving my work. Thanks are also due to all thesis committee membersfor their helpful reviews.Special thanks go to Dr. Sayed H Rokni of SLAC for his help in measurementportion and to Dr. Vashek Vylet of SLAC for the valuable discussions on many aspectsthroughout this work. I would also like to thank Mr. Ron Seefred of SLAC for his help inthe electronics set up.I express my indebtedness to my parents for their support and efforts in all theaccomplishments of my life. I am extremely grateful to my husband Sukhdev Singh forhis never-ending encouragement, understanding, support, love and care. This thesis isdedicated to my family.

ivTABLE OF CONTENTSChapterPage1.Introduction 11.1Introduction 11.2Dead Time Correction 21.3Neutron Production at SLAC 61.4Objective 81.5Summary102.Monte Carlo Calculations112.1Introduction112.2 Geometry of detectors132.2.1Moderated BF3 detector132.2.2Anderson-Braun remmeter162.2.3Bonner Sphere detectors192.3MCNP input file222.4MCNP output file242.5Neutron sources253.Measurements293.1Introduction293.2Electronics314.Results and Discussions394.1Calculations394.1.1Moderated BF3 detector results394.1.2Anderson-Braun remmeter results44 v4.1.3Bonner Sphere results484.2Measurements and comparisons595.Summary and Conclusions655.1Summary 655.2Conclusions665.3Further studies68References69APPENDICESA1MCNP input file of the moderated BF3 detector for monoenergetic70 neutrons (20 MeV).A2MCNP input file of the moderated BF3 detector for GRNs.71A3MCNP input file of the moderated BF3 detector for FFTB measured72neutron spectrum.B1MCNP input file of the Anderson-Braun remmeter for monoenergetic73 neutrons (1 MeV).B2MCNP input file of the Anderson-Braun remmeter for GRNs.74B3MCNP input file of the Anderson-Braun remmeter for FFTB measured 75C1 MCNP input file of the 2" Bonner Sphere for monoenergetic 76neutrons (1 MeV).C2MCNP input file of the 8" Bonner Sphere for GRNs.77C3MCNP input file of the 12" Bonner Sphere for FFTB measured78neutron spectrum.DA portion of MCNP output file of the moderated BF3 detector for 791 MeV neutrons.

viEMCNP-calculated response of the moderated BF3 detector 80and Anderson-Braun remmeter for various monoenergetic neutrons,GRN and FFTB measured neutron spectrum.LIST OF TABLESTablepage1MCNP calculated response of Bonner Sphere 56detectors of 2" and 3" diameters for variousmonoenergetic neutrons, GRNs, and FFTB measuredneutron spectrum.2MCNP calculated response of Bonner Sphere 57detectors of 5" and 8" diameters for variousmonoenergetic neutrons, GRNs, FFTB measuredneutron spectrum.3MCNP calculated response of Bonner Sphere 58detectors of 10" and 12" diameters for variousmonoenergetic neutrons, GRNs, FFTB measuredneutron spectrum.4Mean neutron arrival time for FFTB spectrum64 viiLIST OF FIGURESFigureIllus. #Page2.1Schematic drawing of the moderated BF3 detector.8125A2142.2aSchematic drawing of the Anderson-Braun remmeter.8125A25172.2bThe Anderson-Braun remmeter and its components.On Disc182.3aSchematic drawing of the Bonner Sphere detector probe. 8125A1202.3bSchematic drawing of the Bonner Sphere detector assembly. 8125A4212.4MCNP calculated GRN spectrum using parameter �a� = 1 MeVin formula P(E) = CE exp(-E/a).8125A38262.5Measured neutron spectrum for FFTB-�hot spot� location.8125A17273.1aSchematic drawing of the locations of the detectors for the 30measurements outside the shielding of beam dump. 8125A3 viii3.1bThe photograph showing the location of moderated BF3 detector,32reference moderated BF3 detector, AB remmeter, and the paddleoutside the FFTB shielding. On Disc3.1cThe photograph showing the location of the Bonner Sphere detector 33relative to the FFTB concrete shielding and the iron muon shielding. On Disc3.2Schematic drawing of the electronics setup for the counting 34measurements made outside the shielding of FFTB beam dump. 8125A053.3aThe photograph of the oscilloscope screen displaying the signal from 36the paddle and the position of the gate. On Disc3.3bThe photograph of the oscilloscope screen showing 37movement of the gate. On Disc4.1a-bMCNP calculated neutron arrival time distribution in the40moderated BF

3 detector (a) for 0.6 eV - 100 eV(b) for 1 keV - 20 MeV. 8125A6FigureIllus.Page4.1c-dMCNP calculated neutron arrival time distribution in the41moderated BF

3 detector (c) for 500 keV - 2 MeV(d) for GRN and FFTB measured neutron spectrum. 8125A84.1e MCNP-calculated response of the moderated BF

3 detector42for the neutrons incident from the side. 8125A194.2a-b MCNP-calculated neutron arrival time distribution in the45 Anderson-Braun remmeter for monoenergetic neutrons (a) for 10 eV - 2 MeV (b) for 500 keV - 10 MeV. 8125A94.2c MCNP-calculated neutron arrival time distribution in the46 Anderson-Braun remmeter for GRN and FFTB measured neutron spectrum compared with that for 1 MeV neutrons. 8125A104.2d MCNP-calculated response of the Anderson-Braun remmeter. to be scann.47 ix4.3a-b MCNP-calculated neutron arrival time distribution in the49 2" Bonner Sphere detector for monoenergetic neutrons (a) for 0.1 eV - 100 eV (b) for 100 eV - 1 MeV. 8125A114.3c MCNP-calculated neutron arrival time distribution in the502" Bonner Sphere detector for GRN and FFTB measuredneutron spectrum compared with that for 1 MeV neutrons. 8125A124.4a-b MCNP-calculated neutron arrival time distribution in the513" Bonner Sphere detector (a) for monoenergetic neutrons(b) for GRN and FFTB measured neutron spectrum compared with that for 1 MeV neutrons. 8125A13 4.5a-b MCNP-calculated neutron arrival time distribution in the 5" 52Bonner Sphere detector (a) for monoenergetic neutrons.(b) for GRN and FFTB measured neutron spectrum compared with that for 1 MeV neutrons. 8125A144.6a-b MCNP-calculated neutron arrival time distribution in the538" Bonner Sphere detector (a) for monoenergetic neutrons(b) for GRN and FFTB measured neutron spectrum. 8125A20FigureIllus. #Page4.7a-b MCNP-calculated neutron arrival time distribution in the5410" Bonner Sphere detector (a) for monoenergetic neutrons(b) for GRN and FFTB measured neutron spectrum compared. 8125A214.8a-b MCNP-calculated neutron arrival time distribution in the5512" Bonner Sphere detector (a) for monoenergetic neutrons.(b) for GRN and FFTB measured neutron spectrum compared 8125A154.9a-b A comparison between the MCNP-calculations and 60the measurement of fractional cumulative counts versusthe neutron arrival time for the FFTB spectrum incident onthe moderated BF

3 detector (a) a semilog plot (b) a linear plot. 8125A294.10a-b A comparison between the MCNP-calculations and 61 xthe measurement of fractional cumulative counts versusthe neutron arrival time for the FFTB spectrum incident on theAnderson-Braun remmeter (a) a semilog plot (b) a linear plot. 8125A264.11a-b A comparison between the MCNP-calculations and the 62measurement of fractional cumulative counts versus theneutron arrival time for the FFTB spectrum incident on the2" Bonner Sphere detector (a) a semilog plot (b) a linear plot 8125A284.12a-b A comparison between the MCNP-calculations and the 63measurement of fractional cumulative counts versus theneutron arrival time for the FFTB spectrum incident on the 10" Bonner Sphere detector (a) a semilog plot (b) a linear plot. 8125A27