CEM-987 / PHY-905 Fall/2002

. Exam 1,"8 October 2002 «/

1. (20 points) A’source of the nuclide *Nb was prepared by irradiation of a
10.0 gram foil of pure niobium metal with thermal neutrons in a reactor.
The sample was irradiated with a flux of 10'2 neutrons/sec/cm? for a
period of 6.0 hours. Natural niobium is monoisotopic and the thermal
neutron cross section for Nb is 20 mb. Some information on the decay
of %Nb from the Table of Isotopes, 8th Ed. is shown in the figure below.

(a) What is the activity (Ci) of the source after at the end of bom-

bardment?

(b) What is the specific activity of this source at the end of bombard-

ment?

(c) Indicate the type and energy of the three most prominent primary
radiations from this source.

(d) Give one reason why you should try to locate and borrow a %Nb
before you decide to create your own source in a reactor.
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2. (10 points) Part of the first results from the Sudbury Neutrino Obser-
vatory (SNO) that were presented at the APS meeting in April, 2002,
‘was the observation of 1968 charged-current neutrino events in 306.4
days of operation. One result from their work is that “neutrinos change
flavor or oscillate” at the 5.30 level. ~

(a) What is the probability that no events were observed on an_y given -

day during this run?
(b) What is the probability that “neutrinos don't oscillate”?



3. (10 points) Estimate the pulse height of the voltage signal from a cylin-
drical proportional counter with the following characteristics: 10um
radius anode, 2.5 cm cathode, P-5 (Ar 95%, CH, 5%) filling gas at
1 atm, 1500 V bias, and detector capacitance 10.0 pF, and one primary
10n-pair. .

4. (15 points) On page 224 of the text, Knoll states that normal organic
scintillators are significantly degraded after receiving doses of 10° Gy
from gamma rays. In typical experiments, the scintillator at the focal
plane of the A1900 is used to stop ions that deposit 1 GeV per particle.
How many particles will it take to deliver a dose of 10 Gy to the
scintillator? Assume that the range of the particles is 5 mm and they
are spread over an area of 1 cm?.

5. (20 points) The figure below is a schematic representation of a Cathode
Readout Drift Chamber (CRDC) used at the NSCL from the M.S.
thesis of Chris Freigang. During one mode of operation with pure
methane gas at 140 torr, the cathode is held at -2000 V, the Frisch
Grid at +10 V and the anode at +850 V. The anode wire is 12.5um
in diameter and the dimensions of the chamber are 30 cm x 30 cm by
8.64 cm thick. The anode is in the center of a rectangular volume (30
x 8.62 x 8.62 cm?®) but for this question you can assume this volume is
equivalent to a cylindrical volume with r=4.32 cm.

(a) These devices are position sensitive in two dimensions, thus re-
quiring at least two measurements. Explain how the measured
quantities are converted into calculated x and y positions of the
initial ionization. (Cf. axes on figure.)

(b) What is the distance from the anode wire that the electron avalanche
starts if the electron-avalanche requires a field of 1x10° V/m.

(c) The experimenter would like to obtain an absolute position reso-
lution of 100 u in the “y” position when the particle crosses the
middle of the chamber. Using information in the text make an es-
timate of the drift time and the required uncertainty in the time
that would be consistent with this level of precision in position. -
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6. (20 points) A plastic scintillator (BC’-400)"WitI{' an area of 5cmx 5 cm

and a thickness of 5 mm was connected by an adiabatic rectangular

" 1.0 m long light guide to a 2” diameter ~PMT'(;Iamamatsu 1306). The

scintillator-is wrapped so that it transmits 80% of the photons to the

light guide. The physical propérties of the light guide match those of
_ the scintillator (p, n, etc.). The PMT was operated at it’s recommended

voltage of 1000 V. The device was intended to detect 3 MeV beta
particles that are minimum ionizing (2 (keV cm?/mg) *p) '

(a) Estimate the number of photoné created by the passage of one
minimum ionizing § particle through the scintillator,

‘(b) Estimate the number of photons that reach the‘»pho‘tocatl;lode for
-~ the passage of ene j particle through the active thickness.

(c) Calculate the quantum efficiency from the cathode radiant sen-
sitivity (the peak wavelength is ~400 nm, cf. Fig. 8.7) of this
PMT. .

(d) Estimate the anode charge in the pulse from one 3 particle.

+

Some Constants

h=6.626x10""Js c¢=3x10°m/s  e=1.602x10""° Coul

Following'page: tables of the Gaussian Function and it’s integral. |
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