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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.

eV ¢
3
Naatom
1070 m 0
MeV #
Protons Nucleus 3
2 0 Pb Nucleus
Protons Gev 1
0.3
Proton

. 10m X 0










1li di Frascati of INFN, wh
lext year. The experiment,
;ram, has some special
rypernuclear physics experi:
vill operate at a e*e” collide
Vhat follows will describe it

tructure of A—hypernuc
v A-hypernucleus 2 Zis a bc
rons and a A hyperon. Tt
1ade by the (A-1) nucleons

tion of the YN interaction.
Figure 4 reports a recent measurement of the splitting of the

5/27-3/2* doublet in ?Be Ey
measurin 1rays ermn

itted 1n the nuclear transitions with the new

germanigm 'aetector array Hyperball, L his new techittque allowed
the energy resolution on low lying.hypernuclear levels to be
improved from a few MeV to ven if the count rate
resulting is still quite low, ~200 ¥S per month of data taking. The

spacing of the two levels was measured to be 31 + 2 keV, incom-
patible with the prediction of the meson exchan—ge?n-ém

. x

the BNL-AGS E930 experiment [4],

e ey anas

state nucleon in all but the 1
mesonic decay modes of tl
through the weak interac
A+n—n+n+176 MeV
process is possible only in hyt
of A’s, stable against the mes |
which is available inside a hy}

The study of the non-mes
importance, since it provide
four fermion, strangeness ch:

l

I i
It ] i
|““‘\ J

| (a) bound region

f ,9\Be E2 transitions -

\ YL
.J,.L. ’ “’1 'j (5/27,3/2 " —1/2")

| Lo g g peloop w o T % o 9 4 4 4

1e nucleus ““-1Z and the / é
'he A hyperon, carrying th [ B E
istinguishable baryon an el g
nposed by the Pauli princij =) i | |
1m states already filled up v | 2 25 m | J " | |‘I
.hyperon, embedded in a y > 20 I I
¢plore nuclear structure. F

The binding energy B, of ‘ 15 =
t its ground state is defined i o E l

Ba=M | 5 E_

here M cor is the mass (in I o= '22'00' :
e mass of the A particle an
Z , experimentally measu I
ope of about 1 MeV/(unit «

L L 1 of
2600 2800 3400 3600

< Fig.

deexcit.
obtaine
betwee
1/2*%) tri
strengtl
The sm:
312k
obtaine

r the heavy hypernuclei. Tt
which the A particle is con
jual to the nuclear radius an
the 55 MeV typical value ¢
This is consistent with a A-
icleon-nucleon one. Indeec
teraction, the zero isospir. SR e R
ovector mesons like the 7t or the p with a nucleon and deter-
ines the lack of strong tensor components in the interaction.
1e relative weakness of the A-nucleon interaction entails that the
ell structure is not disrupted by the insertion of the A in the
icleus and the lack of Pauli effects allows all the nuclear single
rticle states to be populated by the A. In Figure 2, the so called
egre table” of the hypernuclei shows the 35 hypernuclei known
present.
Experiments of hypernucleus production by “strangeness
change” and “associated production” processes can produce
pernuclei in which the A populates different single particle
ites. The latter technique is particularly suitable for populating
# lying A states, thanks to the high recoil momentum trans-
red to the A particle in the reaction.
A beautiful representation of this process is given in Figure 3,
rere the excitation spectrum of Y, obtained by the “associared
>duction” reaction #Y(x* , K*) £Y at the KEK laboratory in
»an, is shown. The spectrum demonstrates how, starting from
ieutron in the gop; state, it is possible to accommodate a A particle
the hypernuclear states f, d , p and even in the ground state s .
These measurements constitute the spectacular confirmation,
a textbook level, of the validity of the independent particle
»del or shell model of the nucleus. In non-strange nuclei, the
servation of single particle states is only possible for the states
the most external nucleon orbits. In fact, due to the Pauli prin-
rle and pairing interactions, deeply bound nucleon singl
1%

e s asi

tates are so fragmented

europhysics new:z SEPTEMBER/OCTOBER 2002

A AES AALIEIUSYLEARUAEL UL LA 32V LRITEIAULIULL LIIUUCES VWAULLILL 1ICTIL

precise data on the free YN interaction, which are very difficult to

1.4

TP OT

Oy 40 (Lblst/0.25 MeV)

e ¢
o
AR RARN RARR RS

P VT IS ECREE

-30 -25 20 -15 -10 -5 o 5 10
-B, (MeV)

4 Fig. 3: Hypernuclear mass spectrum of Y obtained at KEK by
the E369 experiment, with an energy resolution of 1.65 MeV.The

bump structures correspond to the A major shells orbits (s, p, d, f)
in the bound region. The widths of the bumps for the p-, d- and f-

orhirs ar2 sinnificantly wider than the experimental resolution
-orbitis splitinto two peaks.

41U e peak ior U A

europhysics news SEPTEMBER/OCTOBER 2002







Response function
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monoenergetic radiation
Sources...



GEANT p (270 MeV/c) o

GEANT p (408 MeV/c) o

5000 {35004 300

GEANT & (408 MeV/c)

Phi-side
No B cut
= Data

--- GEANT

g (9/A®IN 80) x °
& (o/A8N 80%) d °
8 (o/A8N 022) d °

500

400

300
Cluster charge (ADC)

200

100




Count

3500

3000

2500

2000

1500

1000

MIP’s

R~100%

500

J lIL_lIIJJ

600 700 800
DE/DX (Arbitrary Unit)




Acceptance effect on proton momentum distribution
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/A\p acceptance
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Dead time measurements
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TOF difference needed to mass discriminate particles


















Electromagnetic calorimeters.







NUMBER OF ELECTRONS

Figure 11.2 Shower profiles in lead. The number of electrons should be
multiplied by a normalization factor of 0.79. (D. Miiller, Phys. Rev. D 5:
2677, 1972.)
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Longitudinal energy deposit

100}

Figure 11.3 Longitudinal development of electromagnetic showers
different materials. Right scale shows radii for 90% shower containmer
(C. Fabjan and T. Ludlam, adapted with permission from the Annu
Review of Nuclear and Particle Science, Vol. 32, © 1982 by Annu
Reviews, Inc.)
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Shower simulation



EM calorimeters used for mass discrimination

‘]50 lll11_|-|||||||||a‘|1111||||||||

ao3oe

non identificati

I.IllllllllllIIIIIIII]IIIIIIlI!IlIIIIIIfIiIIIIIIIi
II.IIIIIIIIIIIIIlllIIIIIIIIIIIllllllilllilllllllll

0 600 I’IIZOO
Momento (MeV/c)

Figura 6.16: Distribuzione dei punti rappresentativi sullo scatterplot (CER vs momento,
delle particelle cariche rivelate dallo spettrometro CHAOS, ottenuta dopo la procedura di
identificazione. Nel grafico sono mostrate le particelle con tutti i gradi di identificazione (PID).
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Processes contributing to the energy deposition in hadronic cal.
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Longitudinal distribution of energy in hadron calorimeter.

Fig. 6.6. Longitudinal distribution of energy deposited in a hadron
calorimeter; Q,, is the energy deposited in counter p consisting of five
layers with 2.5 cm iron and 0.5 cm scintillator each; 0=3 Q..
Measurements for = mesons of 15 GeV and 300 GeV [BL 8213‘
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