Major Detector Principle

Anode (+)

current

incident é@
p@ﬂ#’/"g'aﬁ

hole
current

electron |

i
i
v

Cathode (-)
Detector

Current

Tirme

Preamp Output

Analog Digital
SChal:ge Shaping An:-'llc.)g to ‘
ensitive | —», Amplifier Digital » computer
Preamplifier Convertor
Lead Fluorescence :2 f:x}
- " 5,000 /
= / A
= ! \, Pb Kgz
= .l"ll 5 4000 72.8 keV
o /x' £
- g 3,000+
@ (8]
@z Ph KBI
E ’./ 2 1P§ SLukeV Pblg Escap sl
in \ 126 keV Peaks / Pbkgz
/ +.000] S/ oL, 87.3 ke
Tirre Time d

o 100

200

200 400 500 &0
Channel number

1. Particle interacts with material of detector, generate some signal

2. Amplification

3. Analog to Digital conversion

4. Getting into computer

5. Analyze at digital data ->physics
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What do we mean by particle detection?
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e Neutron, gamma??
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What do we mean by particle detection?
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Detectors - in Accelerator Line

BigRIPS RIKEN, Japan

Depending on the type of particle and its energy

_ various types of detectors are used.
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Detection System — Nuclear Physics

Spectroscopy of neutron-unbound systems  NscL,MsU
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Detection System — Particle Physics
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Nuclear Level Diagrams s
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-decay of 'Li and *'Ar
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Beta-decay

B nop+e +v MC-oUN4+e +v 0 =M(4,2)-M(4,Z+1) 0y =(T) = (1)

B* pon+et+v BN-oBCt+et+v 0O, =M(4,Z)-M(4,Z-1)-2mc

Because beta decay 1S a three body decay, Table 1.1 Some “Pure” Beta-Minus Sources
the electron energy spectrum is a continuum Nuclide Half-Life Endpoint Energy (MeV)
3y 1226y 0.0186
14C 5730y 0.156
Continuous energy spectrum 32p 1428 d 1.710
p 244d 0.248
359 87.9 d 0.167
36C] 3.08 X 105y 0.714
Energy spectrum of beta 45Ca 165 d 0.252
decay electrons from 210 Bj '
63Nj 92y 0.067
_.g 08y /0y 27.7y/64h 0.546/2.27
= %Te 212 X 100y 0.292
= 147pm 262y 0.224
2047} 381y 0.766
0 02 04 06 08 J0 12 Like alpha sources, beta sources must be thin

Kinetic energy, MeV because of dE/dx losses



The valley of stability

nuclel with excess  the neutron side of
nucleons move the valley is poorly
~_ down the valley understood - scientists
) towards stability aren't sure where the \
dripline lies

B stable nucle1 ~300 nuclei
[] unstable nuclei observed so far ~2700 nuclei
— drip-lines (limit of existence) ( theoretical predictions )~6000 nuclei
f— magic numbers
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Electron Capture(EC) =+

e +p->n+v

e~ + “94Bi - 237Pb + v,

EC follows by the emission of a
characterisitic x-ray or Auger electrons

Nai(T1) spectrum for Na-22
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Alpha-decay

* Nuclides with A>150 are unstable against alpha decay. /“‘Am (458 years)
A A-2 4 o /
o .\,Q v‘\?
241 237 4 / S &
95 Am_) 93Np+2 04 5th (0.159 MeV) f:‘i;\n
. . v /"“;"é’l\}
* Decay alpha particles are monoenergetic. e 7/ 8
1{ X e &
2nd (0.060 MeV) yiv '/ //
1st (0.033 MeV) ‘ A ’/
Typical alpha energies are 4 < E, < 8 MeV s s & o /
Since dE/dx is so large for
Mixed nuclide source alpha particles the sources
are prepared in thin layers
Pu-239
AM-241  cmonag Radionuclide Alpha particle energy [MeV] Intensity [%]
Pu-239 5.105 11.5
5.143 15.1
5.155 73.4
Am-241 5.388 1.4
5.443 12.8
5.486 85.2
L Cm-244 5.763 23.3

5805 76.7



Discovery of super-heavy elements
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Spontaneous Fission wx:xx

Spontaneous fission is another quantum mechanical tunneling process similar to
alpha-decay that is rare in the light actinide nuclei and increases in importance
with Z and limits the stability of nuclei with Z>98.

All fission processes produce a statistical distribution of radioactive products, fast
neutrons and y’s.

252Cf(~3% SF), TKE ~ 185MeV
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v-decay

ZRITEK .
Beta-delayedy: 4(Z+ 1) > 4Z - 4Z +y

Through the [-decay process, the daughter nuclide

is formed in an excited state which is unstable
against gamma emission.

Encapsulation of the source absorbs the electron.
Typical gamma energies are ~1 MeV
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Internal conversion »#=

In IC, the excitation energy of a nucleus is transferred to one of the electrons in
the K, L, or M shells that are subsequently ejected

Table 1.4. Some internal conversion sources

Ee: hv — EB Source Energies [keV]
. 207g; 480, 967, 1047
in atom Pb: Eyg = 88.0keV E z~ 14.3keV 1370 624
13g, 165
133Ba 266, 319
Gamma spectrum of
207Bi 5000 T T T 5!‘ T
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neutrons

Spontaneous Fission: 252Cf the neutrons are primarily emitted with a thermal energy
spectrum in the rest frame of the moving fragments (KE ~ 1MeV/u). [ o« E1/2¢=E/T

PuBe & AmBe(a, n): intimately mixed metals N

o Be («, n) source

Stainless stee!

238Py — 2342~ + 4He?* + Q, = 5.7012 MeV,KE,, < 5.14 MeV

Active component

‘He?* + 9Be — 13C%+* Xli:“ +n Q= MeV
12C2** +n' + Q'

Photonuclear Reactions: ,

107}

y + °Be — 8Be + n, Q = —1.666 MeV

Accelerator Reactions:

-
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Figure 1.10 Measured neutron energy spectrum from the spontaneous fission of 252Cf.
(From Batenkov et al.18)



Heavy ions from accelerator
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