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Experimental Techniques in Nuclear Physics ...

Nuclear Physics 1s a very broad field ...

* The type of experiment you need
depends on what type of information
you want to get

“ ... You can't always get what you want
But if you try sometime, you'll find
You get what you need ...”
Mick Jagger/Keith Richards
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spin, parity, energy levels, density of
states, masses, half-lives, decay modes, ...




(1) How did visible matter come into being and how does it evolve?

(2) How does subatomic matter organize itself and what phenomena emerge?

(3) Are the fundamental interactions that are basic to the structure of matter
fully understood?

(4) How can the knowledge and technological progress provided by nuclear
physics best be used to benefit society? N=126

What are the limits of nuclear existence and how do nuclei at those limits
live and die?

What do regular patterns in the behavior of nuclei divulge about the nature
of nuclear forces and the mechanism of nuclear binding?

What is the nature of extended nucleonic matter?

How can nuclear structure and reactions be described in a unified way?

spin, parity, energy levels, density of
How did the elements come into existence?

What makes stars explode as supernovae, novae, or X-ray bursts? Statesa masscs, half-hves, deca}’ modes, <o
What is the nature of neutron stars?

What can neutrinos tell us about stars? Nuclear Physics: Exploring the Heart of Matter, N.A.Sc. (2013)
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Nuclear physics Experiments ... what do we want to
measure? What information we want to obtain?

T — . ..
Nuclear properties: spin, parity, energy P f— >
levels, density of states, masses, half-lives, : ' |
decay modes, ...

Cross sections
Excitation functions

120
Capture rates ... 100

Beams: FRIB, ATLAS, ARUNA labs %,

120
. . . . . 2
Targets: radioactive, liquid, gas, cryogenic ..ffg,g um;‘ﬁ \\
W
Detectors: % 7 0 o
. > 0 20 .
Electronics/DAQ - 0 Known Nuclear isomers

Jain et al., Nucl. Data Sheets 128, 1 (2015)
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Detectors = Understanding Detectors:
How does radiation Interact with matter?

Heavy Charged particles: stopping power, Bethe formula, Bragg curve

Electrons: energy loss, electron range, backscattering, positron interactions

* gamma-rays: photoelectric effect, Compton scattering, pair production

W.R. Leo

e Neutrons: ... Techniques for
Nuclear and g‘;_f_’l'z‘g'?o":\l
Particle Physics e
Experiments MEASUREMENT

A How-to Approach

Second Revised Ediion

GLENN F. KNOLL




Detectors = Understanding Detectors:
How does radiation Interact with matter?

| | IE
« Heavy Charged particles: stopping power _(d_z

2 2 22
_ <dE> _ 4'”2 .nz ( ¢ ) : [1H(M) - 52] Bethe-Bloch formula
mec? 3 dmeg I-(1-p%)

Bragg curve

Single) particle

i1

|

|

'!lParaI | beam =
|

\

LY

Distance of penetM‘lA—




Selected types of charged-particle detectors:

Silicon arrays, ...

« Ionization energy = 3.62 eV

« Room temp (performance gains
with cooling)

« Thin particle detectors
(thicknesses ~20um ~2 mm)

+ Highly segmented
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Position-sensitive
Ionization chamber

(a) Focal Plane Detector profile

Scintillator

Magnets don’t lie!

12.8 msr acceptance

B,.x ~ 163kG

Radius of curvature: 51 -92 cm
Dispersion ~ 1.96

Resolving power = 1/4290

(b) Focal Plane Detector top-down with tracking
example



Counts/channel
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Z-1dentification
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Active targets

Frisch Grid
Field Cage

Active target detector that
measures energy losses as the
beams passes through the detector

AsAd boards Miciottisgis Bt Encore (F SU) Cathode

feedthrough

Cathode

Field cage

AT-TPC (NSCL)

Beam duct




Multi-Sampling Ionization Chambers
(MUSIC- type)

Self normalizing

Efficient dE
flexible —— - Xz
Portable

Rates of few kHz

©

— "F Lise++

~

............. 1808 Lise++

[e2)

'M{ ‘\\H‘I'HTH‘\‘HH'HH

- = 180™ Lise++ |

w

N

Energy Deposited (MeV)
N
i

—_
‘H

o
o

Various gasses, excitation
function with a single energy,

Frisch Grid

Field Cage

Cathode



S . 170+12C: Fusion Oscillations
2 Fusion measurements
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) (o,p) & (a,n) reactions with MUSIC M. Avila (ANL)
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88 More MUSIC ...
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#® Liquid organic scintillators
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. Deuterated neutron detectors (C D)
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2 Neutron Spectrum unfolding  wenue-room
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Neutron/Gamma coincidence measurements

24Mg(*He,n/y)?®Si reaction
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We didn’t talk about targets, electronics, DAQ, more detectors and many new
and exciting developments in experimental techniques!

Be curious, excited, persistent! Keep up the good work!

Thanks!
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