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A Summary of Error Propagation

Suppose you measure some quantities a, b, e, ... with uncertainties da, éb, de, . ... Now you want to
caleulate some other quantity ¢} which depends on a and b and so forth. What is the uncertainty in Q7
The answer can get a little complicated, but it should be no surprise that the uncertainties da, &b, ete.
“propagate” to the uncertainty of ¢}. Here are some rules which you will occasionally need; all of them
assume that the quantities a, b, etc. have errors which are uncorrelated and random. (These rules can all
be derived from the Gaussian equation for normally-distributed errors, but you are not expected to be
able to derive them, merely to be able to use them.)

1 Addition or Subtraction

If @ is some combination of sums and differences, i.e.

Q=a+b+. - +e—(rx+y+--+2), (1)
then

6Q = VBT F @O+ -+ GoP T GO F @+ G )

In words, this means that the uncertainties add in guadraiure (that’s the faney math word for the
square root of the sum of squares). In particular, if ) = a + bor a — b, then

5Q = \/aP 1 (07| (3)




Charge measurements at PITZ
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Charge measurements Probability to
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Charge measurements
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Discussion

Correlation calculations

Prin(R,B) = exp

1 (R—B—(R)+(B))* (B—(B))’
2mog0p [_ B

2 2
205 203

o3 = [[_ (R — (R)?Py4n(R, B)dRdB = cZ+0}

Org = f j (R — (R))(B — (B))P,.+n(R, B)dRdB = 02

e.g., https://www.asc.ohio-state.edu/gan.1/teaching/springO4/Chapter4.pﬂ

Oy = 05 = /OF + 0f — 20pp=+ 04 + 0% — 205 =
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+ If x and vy are correlated, define o, as:
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Discussion

og = 0'}% — gg ? Sometimes imaginary?

* Not enough statistics + very low charge (“pure” signal) error / very high noise (background) error
« Signal probability distribution is not Gaussian!
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Conclusions and Outlook

Measured charge: Q = (Q) £ g

Background: B = (B) + o5
Raw signal: R = (R) *+ o

(Q) =(R) —(B)

— 2 _ 2

 High noise jitter + non Gaussian charge probability distribution could lead to imaginary number of g,
- Analysis of the charge histogram is required (skewness, kurtosis?)
But for this one needs knowledge of the functional charge dependence on gun phase and laser pulse energy

Assumptions:

« Gaussian distributions of gun phase and laser pulse energy jitters
» Noise distribution is not necessarily to be a Gaussian one, but if it is the treatment might be simplified

* ?Impact onto our image analysis?
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