February 21, 2005
N15 Experiment

How To Find Average Time of Decay Within a Bin

The midpoint of the bin is 2%t This is the intuitive choice for where to plot the

counting rate as derived from your data.

t1 is the time at which the previous gate ends (or the dead time ends, in the case of

gate # 1 ) and ¢t is the time at which the gate of interest ends.

So, for example, the counts you see on the scaler # 3 should be:
counts in scalar #2 + counts between t, and to

This is because the gates overlap in the way they do, each gate being t, — t; = At longer

than the one before it. (The value of At depends on the gate. They are not all exactly

equal.)

The choice of the midpoint is not, strictly speaking exactly correct, since the muon
exponential decays tend to weight the decay time slightly closer to the start of the gate,

- . X - e~ dt) _
t; than the midpoint. How large is the correction? Calculate t = if—é%;—?”,\a weighted

\3,' s e n
average. The integrals both go from t; to ts. foiszon it +d,

The exact answer is easy to find, but too messy to be of much practical use:

eM1 (14 Atg) — eM2 (1 + Aty)
A(eM — erta)

t=

Since the bin width At = ¢ — t; is short compared to the muon lifetime, we expect
the correction to the midpoint time to be small. If the muon had a very long lifetime,

A— > 0, and we expect the correction would go to zero. Therefore, expand in a power

series in \:

i = ; I—Q(At)2 + O[N]



February 27, 2005 L.Hand

Muon Capture Correction To Lifetime in N15 and N17

Since approximately half of the muons decaying in the apparatus are negative muons,
there will need to be a correction for the fact that the negative muons are disappearing
slightly faster than the positive muons, hence a measured muon lifetime in which only a
single exponential is fit to the data will appear slightly shorter than the published vacuum
lifetimes (1], (These are equal for both types of muons-particle and anti-particle- due to

a fundamental theorem of physics.)
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You can use published values for the negative muon capture rate in carbon, and for
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the +/— ratio. Our experiments are both so accurate that a correction is necessary. A

e

separate error should be quoted for the error in these experimentally determined quantities.

It should not be combined with the statistical error from your fit to the data.

However, the method for making the correction will be somewhat different depending

on whether the experiment is N15 or N17.

N-15 Experiment

You should fit the data to a single exponential (after subtracting calculated back-
ground from accidental coincidences). This will give a “A, ffective , an effective decay rate
which includes both signs of muon charge. To make the correction, assume the experiment

is averaging over two nearly equal exponentials, and that

—
/\effecti'ue = /\measured - Welghted average of /\vacuum and /\vacuum 4= Acapture

If the plus/minus ratio, g—i‘ = r, you should prove to yourself that the number you

are trying to measure, Ayqcuum, 1S

A
1+7r

| /\vacuum = /\measured =



you can use all of the information from the data to fit No, A\, B. (B is the background
rate/bin.) You do not have to make the ad hoc assumption that the measured rate is the

average of the two rates. The fit will take care of all that. And, what is more, you do not

have to rely on a calculation of B, although you should calculate it as a check.

If you don’t understand where the formula above comes from, or how to use Poisson
statistics in the maximum likelihood calculation, ask your instructor to explain. Also,

consult the Orear notes.
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