


3. (20 points) A 250 `/s turbomolecular pump is connected to a scattering
chamber by a pipe with a conductance of 300 `/s. The cylindrical
chamber (0.5 m high by 1.0 m diameter) is made out of stainless steel
with a q=10−5 t−1.3 W/m2 where t is given in hours. Estimate the
pressure measured inside this chamber after 1 hour of pumping if there
are no leaks and the outgassing of the pipe is ignored.

4. (15 points) A recent claim for the discovery of element 114 was based
on observing three decay chains during a 1000 hour experiment. The
characteristic feature of a good decay chain in this work was that a
signal for the implantation of a product nucleus had to be followed
within one minute by a nuclear decay event. A variety of products
were also implanted into the detector by a number of random processes,
albeit at a low rate.

(a) (5 pts.) A new post-doc in the group wanted to run for two
more days. What is probability that another good event would be
observed if the run is extended by two days (48 hours)?

(b) (10 pts.) Referees who are suspicious of this work are often con-
cerned about the occurrence of two random implantation events
that are misinterpreted as an implantation and a decay. During
this experiment the authors report that 1990 (real + random) im-
plantation events were observed of which only three were claimed
to be Z=114. What is the probability that two random implanta-
tion events occurred within one minute during this experiment?

5. (20 points) A plastic scintillator (BC-400 material) at the end of the
A1900 (so-called extended focal-plane) is used to count the number of
particles that pass through it and also provide a time-of-flight signal for
various experiments. Each fragment deposits about 0.1 MeV of energy
in the scintillator. The plastic scintillator is held in an adiabatic light
guide that must collect the light from the plastic foil and transmit it
to the photocathode of a photomultiplier tube (assume it was a 2”
diameter Hamamatsu 1306 operated at it’s recommended voltage of
1000 V).

(a) (5 points) Estimate the number of photons created by the passage
of one particle through the scintillator.

(b) (5 points) Calculate the quantum efficiency from the cathode ra-
diant sensitivity of this PMT.

(c) (10 points) What is the minimum transmission of the light guide
if the electronic counting circuit has a threshold equivalent to the
signal created by ten photoelectrons?




