at determines Resolution?

jnal Variance >> Baseline Variance

SIGNAL * BASELINE NOISE -— SIGNAL + NOISE

|
BASELINE BASELINE BASELINE

— Electronic (baseline) noise not important
Examples: ® High-gain proportional chambers
¢ Scintillation Counters with High-Gain PMTs
e.g. 1MeV y-rays absorbed by Nal(TI) crystal
Number of photoelectrons: N~ 810* [MeV™"] x E, x QF ~ 2.410*
Variance typically: Ope = Npe'>~ 160 and Gpe / Npe~ 5 - 8%

Signal at PMT anode (assume Gain= 104): Osig= Gpyr Npe = 2.410° el anc
Gsig= GpMT Ope ~ 1.2110" el
whereas electronic noise easily < 10* el



nal Variance << Baseline Variance

SIGNAL % BASELINE NOISE — SIGNAL + NOISE

BASELINE BASELINE BASELINE
—> Electronic (baseline) noise critical for resolution

Examples: e Gaseous ionization chambers (no internal gain)

¢ Semiconductor detectors

i i- i - AR EdeP
e.g.in Si: Number of electron-hole pairs N = 36 eV
oe

Variance &, =,/F-N,, (where F=Fano factor ~ 0.1)

For 50 keV photons: G~ 40el = 04/ Ny = 7.510%

Obtainable noise levels are 10 to 1000 el.



Baseline fluctuations can have many origins ...
pickup of external interference
artifacts due to imperfect electronics

.. etc.,

but the (practical) fundamental limit is electronic noise.



1.10 Detection limits and resolution

In addition to signal fluctuations originating in the sensor, the minimum detec-
tion limit and energy resolution are subject to fluctnations introduced by the
electronics, The gain can be controlled very precisely, but electronic noise in-
troduces haseline fluctuations, which are superimposed on the signal and alter
the peak amplitude. Figure 1.24 (left) shows a typical noise waveform. Both the
amplitude and time distributions are random.

When superimposed on a signal., the noise alters hoth the amplitude and
time dependence. Figure 1.24 (right) shows the noise waveform superimposed on
a small signal. As can be seen, the noise level determines the minimum signal
whose presence can be discerned.
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Fia. 1.24. Waveforms of random noise (left) and signal + noise (right), where the
peak signal 15 equal to the rms noise level (S/N = 1). The noiseless signal is shown

for comparison.



Spectroscopy:

- Experiments to determine the decay products Absolute energies may vary a lot
of excited states and their interaction But resolution usually still a
-The excitation energies of a system increase critical issue

as size decrease. To produce these excited
states high energy particles are needed.
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Acceptance effect on proton momentum distribution
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Dead time measurements
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