Sources and detectors




Particle Accelerators
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Linear Accelerators

Accelerates: electrons, positrons, protons, and ions.
) e—» Electrons
Two simple electron accelerators are the X-Ray tube and CRT’s (OIld TV’s).

Cathode emits electrons, electrostatic field accelerates them to anode. E J’
-V

To produce higher energy particles serious design linear accelerators (LINACs) are used.

The size can range from a few meters to 100m.
Particles are accelerated between electrodes with holes for them to go through.
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Particle Accelerators

More modern linear accelerators use radio frequency sources (1928)

Several spaced electrodes accelerate the beam.
Drift tube width grows away from the source.
The same RF generator used for all drift tube.

Stanford University’s 3km long LINAC generates ~ 50 GeV
electron/positron energy.

SLALC Linear Collider
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It is now the largest LINAC
(linear accelerator)
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The ions are kept in track by a magnetic field.
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In 1929, E. O. Lawrence created the first cyclotron. Force
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The cyclotron frequency is independent of the radius.

This makes it possible to use a constant frequency
RF source.




Particle Accelerators
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Beams with more than 10 GeV can be created.

When the speed is close to the speed of light, the relativistic mass
increases, and needs to be synchronized with the RF frequency.
(Synchrocyclotron)

Conductor

After reaching the required energy: beam eduction.

On the beampipe there are gaps for energy
distribution and measuring detectors and
focusing quadrupole magnets.




Particle Accelerators

Synchrotron

In the synchrotron, the beam radius is fixed, therefore
one vaccum tube is enough.

Along the tube there are magnets. The magnetic
field gradually increases, compensating for the
relativistic mass that increases.

The acceleration is also due to a RF oscillator,

with a frequency that changes to account for
relativistic effects.

Such accelerators have the objective of:

Particle physics (collider):
E.g. CERN Large Hadron Collider (LHC, 2008)

with acceleration in several steps, usually using the Argonne National Laboratory, USA
LINAC as first stage. Protons with energy in TeV scale.

Synchrotron Radiation Source: The acceleration of electrons and positrons generates
a broad spectrum of electromagnetic radiation.
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Conventional X-ray tube
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The accelerated electrons collide with the anode.

The wavelength of the X-ray depends on the material:
Cu, Mo, Ag, Cr, Rh, W

\
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The X-Ray beam goes through the 4-window tube, which is usually covered a with beryllium foil.

As the power supply if over several kW, we will have a heating of the system.

Therefore, the anode must be cooled with water.

The spectrum shape: intensity T

- Continuous decrese of background radiation (bremsstrahlung)

- Peeks are generated by the X-ray transition of electrons from
L and M shell to the excited K shell (K, and K, respectively).

The Cu K, line wavelength: A = 0,154 nm (E ~ 8 keV).
The Mo K, line wavelength: A = 0,07 nm (E ~ 17,4 keV).

Ka
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X-Ray Sources

Synchrotron radiation

Became possible in the last quarter of the 20th century,
with the advent of high intensity X-Ray sources.
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The intensity of radiation [~ i
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Hence, the synchrotron is appropriate for electrons and positrons.

The beam is tangentially deflected by the magnets,
thus keeping in track.

electron beam radiation fan
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X-Ray Sources

Obtained by beam deflection magnets
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The properties of synchrotron radiation: A/Ae

* 102-107 greater intensity than the traditional X-Ray tube,

« small divergence ~ 0.006°,

pulsed mode, the pulse is in the interval of ns—us.

large beam size d ~ 1-2 cm,

polarized beam: the radiation is 700 % polarized, the E vector is in the plane of motion.



X-Ray Sources

Wiggler, Undulator

A straight section of the track is located
inbetween a static magnetic dipole line,
with alternating magnetic field direction.

The electron oscillation (accelerating field),
during the deflection by the magnets, emit
radiation with greater intensity.

. eBA
Essential parameter: K= u

2nmec

K >> 1 case Wiggler
* broad energy spectrum
* bigger divergence of the beam

K << 1 case Undulator

* narrow energy spectrum, tuned to the magnetic field
* small divergence of the beam

* tunable polarization
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The basic properties of the neutron

During interactions with other materials, it behaves like an ideal gas, picking the ambient
temperature during the collisions.
Has Maxwell-Boltzmann distribution of velocities.

h T =300 K
mn=1838.65me )\:m—nv kT‘3OOK:0’026 eV
Typical
1 3 monochromator cut
E=§mn<v2>:§kT dN/N ,

A(nm)= h  0,0286

= T= K E= V.
\/ZEmn \/E(eV) 300 0,039 e
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Wavelength, A

So the wavelength of neutrons at 300 K temperature: A=0,7145 nm.

The average energy of neutrons with such wavelength: <E> =39meV
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Neutron Sources

HS Ha @Ccre
: (2) Hot Source
(3) Cold Source
(4) Neutron guide tubes
(5) vertical beam tube
(6) Pneumatic post for irradiations

H21-H25

Fission reactor:

Fueled with U?% or Pu?%°

In the core of reactors the ,.
neutron flux < 10 ns'm-? -8

Compared to the flux of X-ray tubes
This is a small value, so during P H
the neutron measurements the flux
should be optimized

Optimization:
* neutron reflectors (Ni, Be)

« moderators The wall of the shielding of the reactor

(made from concrete) is crossed by
neutron conducting pipes driving the
neutrons from the moderators to

the experimental area. These neutrons
can be used for the experiments.

Moderator: its size is
approx. 10cmx 10cm x 6 cm

Materials:

* short wavelength (e.g. 2000 K): graphite
* long wavelength (20 K): liquid hydrogen or deuterium

« diffraction experiments with thermal neutrons are most common (300 K): light or heavy water
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Neutron Sources

Spallation neutron source Front-End Systems Accumulator Ring
e - (Lawrence BEF‘CE.I‘E}"} {Brﬂnkhapgn}
Used since the 1970s : - | Target
; " : & .(Oak Ridge)
E > 500 MeV accelerated proton Linac %
beam collides with heavy metal (Los Alamos and

Jefferson)

(Pb, W, U)

_ _ Instrument Systems |
In the new american-japanese {Argonne and Oak Ridge)

spallation sources are used
1 GeV protons and a Hg target.

Oak Ridge National Laboratory (USA)

How it works:

* The protons colliding with the heavy metal core induces nuclear reaction.

* During the nuclear reaction the nucleus is ,boiled” (breaks down) and neutrons are emitted.
 The resulting neutron energy: E, > 10 MeV.

* These neutrons are incapable of generating additional neutrons. Usually are formed 20-30 n/p
* To adjust the wavelength distribution of the neutron, it's also necessary a moderator.
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X-Ray and Gamma detectors:

The energy dispersive spectroscopy detectors are often used.

Operating principle:

* A foton with E energy enter the detector and ionizes the material by the photoeffect.

* The photoelectron energy is much greater than the minimum required to produce an electron
with energy o

* This electron can induce a second one, which induces other electrons.

* Thus, the energy of the photon cascades down, and an average number of electrons (n)
is generated.

The theoretical basis of this measurement is that the number of charge carriers generated
are proportional to the energy of the inciding particle.
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The triggered cascade process has a statistical nature.

The distribution of the number of induced charges can be characterized by the average
around the center.

00—

Ideal Poisson distribution

6.4 keV

200 ——

In practice, there are

deviations:
E I I I I I I [ I I
62 :F<n> :F_ Channel Number
: Co®" spektruma gaztoltési csdvel mérve
F is the Fano-factor J

The discrete Poisson distribution is approximated by a Gaussian distribution.
Calculate the Gaussian half-width (full width at half maximum = FWHM)

An=20+2In2=2,35¢
AE  Mn VE(n)

—=—=2,35 =2,354/— This is characteristic to the detectors energy resolution.
E (n (n) E




16

Gas-filled detectors:

lonization chamber, proportional counter, Geiger counter.

Same principle of operation:

insulator

A window connects to the tube with inert gas,
which is Arin most cases, but sometimes: Ne, Xe, Kr

____—anode wire

+ quench gas (cooling gas), which in many cases is metane. ‘
Its role is to bring back the ionized atoms to the ground state.

The so called P10 gas is often used as filling gas,
it is a mixture of 90% Ar and 10% metan gas.
The pressure varies between (7 — 10-%) atm

~ (105_702) Pa signal to counting electronics

The longitudinal axis of the tube is connected a cathode
and an anode, separated by the inert gas.

_preamplifier

Through the window X-rays or gamma photons ionize the gas.

The negative ions goes to the direction of the anode, and the positive to the cathode.



The difference between the three types
is the voltage applied to the detector.

lonization chamber:

For use in the first plateau of the curve.
Applied voltage: 100-300 V.

This voltage is sufficient to collect all the particles.

The average energy needed to free a single electron: 6 ~ 25 eV

lons Collected

1{:12

1{:|1D

10°

10t

10*

In the case of Cu K, ~ 8 keV radiation, the number of

electron-ion pairs ~ 300.

I larization
chamber

Proportional

—
counter

Continuous
discharge

Geigar-
Mueller
counter

500
Anode Voltage

This is a low charge, therefore the ionization chamber is used

to measure large radiation flux.

1000

17
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Continuous
. 102 — discharge
Proportional counter:

The applied voltage range: 107 — Muster
400-900 V. -
This is the linear part of the curve. L 10

The induced charges are accelerated due to :."E 108 [—

the applied voltage and cause further and i~ S e

chamber

further ionization.

. 101 |
(especially electrons).

Proportional
counter

10* —

The collected charge is proportional to the
incoming photon energy. However, the effect is : L L. 1 -

RT . 500 1000
such that much more charge multiplication occur. TR

The gas gain value can reach a factor of 70°, depending on the applied voltage.

The Fano factoris: F~ 1,5

The detector resolution is AE/E =15-20 %.
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Gas-filled detectors

There are several types of proportional
detector available on the market.

Depending on what purpose you want the
detector for, it can change the shape, gas charge,
the window material (e.g. beryllium foil),

the magnitude of the applied voltage, etc.

There are closed tubes and tubes with
continuous gas flow.

The gas-filled proportional counters can be used to:
X-Ray, gamma detection, and also can detect other charged particles, such as
electrons, a-particles, etc.)

Neutron detectors are filled with other gas: 3He vagy !°BF/,

During the nuclear reactions particles with kinetic energy are produced
which are capable to make ionization.
During the detection of neutrons, the information about energy is lost.
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Gas filled

detectors

Geiger—Maiiller counter

It is based on the Geiger—Muller plateau,
located around 1000 V on the voltage-counts
curve of the detector.

A single photon is enough to fully ionize
the full gas of the tube.

The information about energy is lost,
however the sensitivity of the detector
to the hits is increased.

The dead-time is large: At = 100-200 us

It is a detector suitable to count sparse events.

102 |—
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|omization
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10° < Proportional »
counter

Continuous
discharge

Geiger-
Mueller
counter

500
Anode Voltage

1000
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