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Undulator review

For an undulator of period A, we have derived the following undulator
parameters and their relationships:
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Now let us look at the coherence of the undulator radiation
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Diffraction grating

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.

A diffraction grating consists of N coherent sources whose emission is
detected at a single point.

The radiation from each slit has to
travel a slightly different distance to
get to the detector.  For consecu-
tive slits this path length difference,
Lyt — Ly = 6L, gives rise to a
phase shift, 2me = 2ndL/)\. So at the
detector, we have a sum of waves:

N-1 L N-1
§ :el(k~r+27rme) — kT § :6127rm6

the phase shift from each undulator
pole depends on the wavelength A,
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Intensity from a diffraction grating

i2me

Restoring the expression for k = '€, we have:
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Beam coherence

An N period undulator is basically like a diffraction grating, only in the
time domain rather than the space domain.
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Undulator monochromaticity
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implies a slightly different wave-
length A
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Undulator monochromaticity
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The more poles in the undulator,
the more monochromatic the beam
since a slight change in e = §L/\
implies a slightly different wave-
length A

Another way to look at this is that
the longer the undulator, the longer
the pulse train in time and the nar-
rower the frequency distribution in
its Fourier Transform

The APS has a 72 pole undulator
of 3.3 cm period

Higher order harmonics have nar-
rower energy bandwidth but lower
peak intensity
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Synchrotron time structure

There are two important
time scales for a storage
ring such as the APS: pulse
length and interpulse spacing
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Synchrotron time structure
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There are two important
time scales for a storage
ring such as the APS: pulse
length and interpulse spacing

The APS pulse length in 24-
bunch mode is 90 ps while
the pulses come every 154 ns

Other modes include single-
bunch mode for timing ex-
periments and 324-bunch
mode (inter pulse timing of
11.7 ns) for a more constant
x-ray flux
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Emittance

Is there a limit to the brilliance of an undulator source at a synchrotron?
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Emittance

Is there a limit to the brilliance of an undulator source at a synchrotron?

the brilliance is inversely proportional to the square of the product of the
linear source size and the angular divergence

- flux [photons/s]
brilliance = — 3 - -
divergence [mrad?| - source size [nm?] [0.1% bandwidth]
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the brilliance is inversely proportional to the square of the product of the
linear source size and the angular divergence
flux [photons/s]

brilliance =
divergence [mrad?] - source size [mm?] [0.1% bandwidth]

the product of the source size and divergence is
called the emittance, ¢
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the product of the source size and divergence is
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the brilliance is inversely proportional to the square of the product of the
linear source size and the angular divergence
flux [photons/s]

brilliance =
divergence [mrad?] - source size [mm?] [0.1% bandwidth]

the product of the source size and divergence is
called the emittance, € and the brilliance is thus
limited by the product of the emittance of the
radiation in the horizontal and vertical directions
€x€y

this emittance cannot be changed but it can be
rotated
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Emittance

Is there a limit to the brilliance of an undulator source at a synchrotron?

the brilliance is inversely proportional to the square of the product of the
linear source size and the angular divergence

flux [photons/s]

brilliance =
divergence [mrad?] - source size [mm?] [0.1% bandwidth]

the product of the source size and divergence is
called the emittance, € and the brilliance is thus
limited by the product of the emittance of the
radiation in the horizontal and vertical directions

€x€y

this emittance cannot be changed but it can be
rotated or deformed by magnetic fields as the
electron beam travels around the storage ring
as long as the area is kept constant
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APS emittance

For photon emission from a single electron in a 2m undulator at 1A
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APS emittance

For photon emission from a single electron in a 2m undulator at 1A

VLA

O-’\’/: ﬂ = 13/Lm
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APS emittance

For photon emission from a single electron in a 2m undulator at 1A
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APS emittance

For photon emission from a single electron in a 2m undulator at 1A

10urad T y’
VLA
o= —— =1.3um
! 47 /
A
+ = \/7 = 7.1urad
-10um 10um ! L
| | | |
T T T T
y current APS electron beam
parameters are
-10urad -

C. Segre (lIT) PHYS 570 - Spring 2020 January 28, 2020 10/33



APS emittance

For photon emission from a single electron in a 2m undulator at 1A

10urad T y’
VI
o= —— =1.3um
! 47 f
A
+ = \/7 = 7.1urad
-10um 10um ! L
| | | |
T T T T
y current APS electron beam
parameters are
oy=9.1um
-10urad —

C. Segre (IIT) PHYS 570 - Spring 2020 January 28, 2020 10/33



APS emittance

For photon emission from a single electron in a 2m undulator at 1A

10urad T y’

VLA

/ Oy= e 1.3pum
A
== = \/Z = 7.1urad

v

-10pm1 1 1 110me
‘ ‘ ‘ y current APS electron beam
parameters are
\ oy=9.1um
Aoprad o;: 3.0urad

must convolute to get pho-
ton emission from entire
beam (in vertical direction)
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APS emittance

For photon emission from a single electron in a 2m undulator at 1A
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Evolution of APS parameters

Parameter | 1995 2001 2005
Ox 334 um | 352 um 280 pum
al, 24 prad | 22 prad | 11.6 prad
oy 89 um | 18.4 um 9.1 um
oy, 8.9 urad | 4.2 prad | 3.0 prad
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al, 24 prad | 22 prad | 11.6 prad
oy 89 um | 18.4 um 9.1 um
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When first commissioned in 1995, the APS electron beam size and

divergence was relatively large, particularly in the horizontal, x direction
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Evolution of APS parameters

Parameter | 1995 2001 2005
Ox 334 pm | 352 ym | 280 pm
al, 24 prad | 22 prad | 11.6 prad
oy 89 um | 18.4 um 9.1 um
oy 8.9 urad | 4.2 prad | 3.0 prad

When first commissioned in 1995, the APS electron beam size and
divergence was relatively large, particularly in the horizontal, x direction

By the end of the first decade of operation, the horizontal source size
decreased by about 16% and its horizontal divergence by more than 50%
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When first commissioned in 1995, the APS electron beam size and

divergence was relatively large, particularly in the horizontal, x direction

By the end of the first decade of operation, the horizontal source size

decreased by about 16% and its horizontal divergence by more than 50%

At the same time the vertical source size decreased by over 90% and the

vertical divergence by nearly 67%
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Evolution of APS parameters

Parameter | 1995 2001 2005
Ox 334 pm | 352 ym | 280 pm
al, 24 prad | 22 prad | 11.6 prad
oy 89 um | 18.4 um 9.1 um
oy 8.9 urad | 4.2 prad | 3.0 prad

When first commissioned in 1995, the APS electron beam size and

divergence was relatively large, particularly in the horizontal, x direction

By the end of the first decade of operation, the horizontal source size

decreased by about 16% and its horizontal divergence by more than 50%

At the same time the vertical source size decreased by over 90% and the

vertical divergence by nearly 67%

The next big upgrade (slated for 2022) will make the beam more square in
space and by choosing the undulator correctly, a higher performance

insertion device.
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APS upgrade

In 2022, the APS will shut down for a major rebuild with a totally new
magnetic lattice.
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In 2022, the APS will shut down for a major rebuild with a totally new
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In 2022, the APS will shut down for a major rebuild with a totally new
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APS upgrade

In 2022, the APS will shut down for a major rebuild with a totally new
magnetic lattice. One of the biggest changes will be the beam (source)
size and emittance
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Position (um) Position (um)
The beam will be nearly square and there will be much more coherence
from the undulators
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APSU undulator performance

The APS upgrade will be
a diffraction-limited source
with a lower energy (6.0
GeV) and doubled current
(200 mA).
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APSU undulator performance

The APS upgrade will be L 27 mm
a diffraction-limited source
with a lower energy (6.0
GeV) and doubled current
(200 mA).

Since MRCAT's science is
primarily flux driven, the goal
will be to replace the 2.4m
undulator with one that out-
performs the current 33mm
period but with only modest
increase in power. r
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APSU undulator performance

The APS upgrade will be
a diffraction-limited source
with a lower energy (6.0
GeV) and doubled current
(200 mA).

Since MRCAT's science is
primarily flux driven, the goal
will be to replace the 2.4m
undulator with one that out-
performs the current 33mm
period but with only modest
increase in power.

The APS is calling this a
“4th" generation synchrotron

source
C. Segre (IIT)
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Energy recovery linacs

Undulators have limited peak brilliance
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Energy recovery linacs

Undulators have limited peak brilliance but the use of an energy recovery

linac can overcome this limitation and enhance peak brilliance by up to
three orders of magnitude
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Energy recovery linacs

Undulators have limited peak brilliance but the use of an energy recovery

linac can overcome this limitation and enhance peak brilliance by up to
three orders of magnitude

@ accelerating bunch
@ returning bunch
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Free electron laser
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Free electron laser

T l T i T Initial electron cloud, each electron emits co-

herently but independently
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Free electron laser

T l T i T Initial electron cloud, each electron emits co-
herently but independently

- Over course of 100 m, electric field of pho-

tons, feeds back on the electron bunch
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Free electron laser

T l T i T Initial electron cloud, each electron emits co-

herently but independently
-%ﬁ Over course of 100 m, electric field of pho-

tons, feeds back on the electron bunch

W l T l T Microbunches form with period of FEL (and

radiation in electron frame)
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Free electron laser

T l T i T Initial electron cloud, each electron emits co-

herently but independently
-%ﬁ Over course of 100 m, electric field of pho-

tons, feeds back on the electron bunch

W l T l T Microbunches form with period of FEL (and
radiation in electron frame)

-. . . ->>>>>> Each microbunch emits coherently with

neighboring ones
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Free electron laser

T l T i T Initial electron cloud, each electron emits co-
herently but independently

- Over course of 100 m, electric field of pho-

tons, feeds back on the electron bunch

W l T l T Microbunches form with period of FEL (and
radiation in electron frame)

-. . . ->>>>>> Each microbunch emits coherently with

neighboring ones

Again, an alternative way to view this is that the pulse train from a 100m
long undulator is long enough in time to produce a monochromatic and
coherent frequency distribution when Fourier Transformed
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FEL emission

log (radiated power)

Distance along undulator
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FEL emission
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FEL emission

C. Segre (IIT)
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FEL layout
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An FEL has a single accelerator whose electron beam is shunted
sequentially through different undulators and end stations
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An FEL has a single accelerator whose electron beam is shunted
sequentially through different undulators and end stations

The single pass of the electron beam permits a very low emittance to be
achieved and thus higher coherence
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FEL layout

POSSIBLE
LOWER ENERGY

~1A FEL FEL
UNDULATOR \
FARM
N\

1st STAGE 2nd STAGE

I 1/ /
N /u A\
LASER COMPRESSION 20 GeV, 2 kM
PHOTOCATHODE SUPERCONDUCTING LINAC

GUN

PDSSIB’LE
LOWER ENERGY

FEL
An FEL has a single accelerator whose electron beam is shunted

sequentially through different undulators and end stations

EXPERIMENTAL
BEAMLINES

The single pass of the electron beam permits a very low emittance to be

achieved and thus higher coherence

The high brightness usually results in destruction of the sample during the

illumination, thus the need for multiple samples and multiple shot

experiments
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Compact sources
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Low energy
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Lyncean CLS

C. Segre (lIT) PHYS 570 - Spring 2020 January 28, 2020 21/33



Types of X-ray Detectors
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Types of X-ray Detectors

Gas detectors
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Types of X-ray Detectors

Gas detectors

Scintillation counters
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Types of X-ray Detectors

Gas detectors

Scintillation counters
Solid state detectors
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Types of X-ray Detectors

Gas detectors
® |onization chamber

® Proportional counter

Scintillation counters
Solid state detectors

Charge coupled device detectors
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Types of X-ray Detectors

Gas detectors
® |onization chamber
® Proportional counter
® Geiger-Muller tube

Scintillation counters
Solid state detectors

Charge coupled device detectors
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Types of X-ray Detectors

Gas detectors
® |onization chamber
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® Geiger-Muller tube

Scintillation counters
Solid state detectors

® |ntrinsic semiconductor

Charge coupled device detectors
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Types of X-ray Detectors

Gas detectors
® |onization chamber
® Proportional counter
® Geiger-Muller tube

Scintillation counters
Solid state detectors

® |ntrinsic semiconductor

® P-I-N junction

Charge coupled device detectors
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Types of X-ray Detectors

Gas detectors
® |onization chamber
® Proportional counter
® Geiger-Muller tube

Scintillation counters
Solid state detectors

® Intrinsic semiconductor
® P-I-N junction
e Silicon drift
Charge coupled device detectors
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® Proportional counter
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Scintillation counters
Solid state detectors

® Intrinsic semiconductor
® P-I-N junction
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Charge coupled device detectors
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Gas Detectors

Gas detectors operate in several modes depending on the particle type, gas
composition and pressure and voltage applied
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Gas Detectors

Gas detectors operate in several modes depending on the particle type, gas

composition and pressure and voltage applied

The most interesting are
the ionization, propor-
tional, and Geiger-Muller
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Gas Detectors

Gas detectors operate in several modes depending on the particle type, gas

composition and pressure and voltage applied

The most interesting are
the ionization, propor-
tional, and Geiger-Muller

At a synchrotron, the par-
ticle being detected is
most often a photon (7)
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Gas Detectors

Gas detectors operate in several modes depending on the particle type, gas

composition and pressure and voltage applied

The most interesting are
the ionization, propor-
tional, and Geiger-Muller

At a synchrotron, the par-
ticle being detected is
most often a photon (7)

The most useful regime
is the ionization region
where the output pulse
is independent of the ap-
plied voltage over a wide
range

C. Segre (IIT)
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,
spectroscopy.

current collector _T ( : )
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,
spectroscopy.
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,
spectroscopy.
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,
spectroscopy.
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,
spectroscopy.

current collector

_T%:}__

AT

x-rays 7

—_—

S p——

® Closed (or sealed) chamber of
length L with gas mixture

=22 pifti
® High voltage applied to plates

C. Segre (IIT)

PHYS 570 - Spring 2020

Calculate fraction of beam
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When x-ray interacts with gas
atom, photoionized electrons
swept rapidly to positive
electrode and current (nano
Amperes) is measured.
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lonization Chamber

Useful for beam monitoring, flux measurement, fluorescence measurement,

spectroscopy.

current collectc& _T < : )
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x-rays 4 *
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® Closed (or sealed) chamber of o
length L with gas mixture
=) piki

® High voltage applied to plates
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Calculate fraction of beam
absorbed //lp = e+t

When x-ray interacts with gas
atom, photoionized electrons
swept rapidly to positive
electrode and current (nano
Amperes) is measured.

Count rates up to 101!
photons/s/cm?3

22-41 eV per electron-ion pair
(depending on the gas) makes
this useful for quantitative
measurements.
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Getting a reading

The ionization chamber puts out a current in the nA range, this needs to
be converted into a useful measurement

lonization | [NA] .
Chamber
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Getting a reading

The ionization chamber puts out a current in the nA range, this needs to
be converted into a useful measurement

lonization | [NA] |Transconductance| [V]
Chamber Amplifier

the tiny current is fed into an sensitive amplifier with gains of up to 1010

which outputs a voltage signal of 1-10 V that tracks the input with an
adjustable time constant
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Getting a reading

The ionization chamber puts out a current in the nA range, this needs to
be converted into a useful measurement

lonization | [NA] | Transconductance| [V] | Voltage to| [kHz]
Chamber Amplifier Frequency

the tiny current is fed into an sensitive amplifier with gains of up to 1010
which outputs a voltage signal of 1-10 V that tracks the input with an
adjustable time constant

the voltage is converted to a digital signal by a Voltage to Frequency
converter which outputs 100 kHz (or more) pulse frequency per Volt of
input
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Getting a reading

The ionization chamber puts out a current in the nA range, this needs to
be converted into a useful measurement

lonization
Chamber

[nA]

Transconductance
Amplifier

(V]

Voltage to
Frequency

[kHz]

Scaler

the tiny current is fed into an sensitive amplifier with gains of up to 1
which outputs a voltage signal of 1-10 V that tracks the input with an

adjustable time constant

the voltage is converted to a digital signal by a Voltage to Frequency
converter which outputs 100 kHz (or more) pulse frequency per Volt of

input

010

the digital pulse train is counted by a scaler for a user-definable length of

time
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Scintillation detector

Useful for photon counting experiments with rates less than 10%/s

Photocathode
Focusing electrode  Photomultiplier Tube (PMT)
lonizationtrack /

High energy
photon

|

T i i
Scintillator ~ Primary  Secondary Dynode  Anode pins
electron electrons

Connector
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£
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High energy
photon
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Low energy photons

\ f Connector

pins

e Nal(Tl), Yttrium Aluminum Perovskite (YAP) or plastic which,
absorb x-rays and fluoresce in the visible spectrum.

® |ight strikes a thin photocathode which emits electrons into the
vacuum portion of a photomultiplier tube.
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absorb x-rays and fluoresce in the visible spectrum.

® |ight strikes a thin photocathode which emits electrons into the
vacuum portion of a photomultiplier tube.

® Photoelectrons are accelerated in steps, striking dynodes and
becoming amplified.
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Scintillation detector

Useful for photon counting experiments with rates less than 10%/s

Photocathode
Focusing electrode  Photomultiplier Tube (PMT)
lonizationtrack /

High energy | 3
photon

f Connector
pins

T i
Scintillator ~ Primary  Secondary Dynode  Anode
electron electrons

e Nal(Tl), Yttrium Aluminum Perovskite (YAP) or plastic which,
absorb x-rays and fluoresce in the visible spectrum.

® |ight strikes a thin photocathode which emits electrons into the
vacuum portion of a photomultiplier tube.

® Photoelectrons are accelerated in steps, striking dynodes and
becoming amplified.

® Qutput voltage pulse is proportional to initial x-ray energy.
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Counting a scintillator pulse

the scintillator and photomultiplier put out a
very fast negative-going tail pulse which is por-
1 portional to the energy of the photon
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convert this fast tail pulse to a more complete
positive voltage pulse which can be processed
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the scintillator and photomultiplier put out a
very fast negative-going tail pulse which is por-
1 portional to the energy of the photon

a fast shaping and inverting amplifier is used to
convert this fast tail pulse to a more complete
positive voltage pulse which can be processed

\ an energy discriminator with a threshold, E, and
: window AE is used to detect if the voltage pulse

has the desired height (which corresponds to the
1 x-ray energy to be detected)
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Counting a scintillator pulse

the scintillator and photomultiplier put out a
very fast negative-going tail pulse which is por-

1 portional to the energy of the photon
AE a fast shaping and inverting amplifier is used to
' convert this fast tail pulse to a more complete
E positive voltage pulse which can be processed

\ an energy discriminator with a threshold, E, and
: window AE is used to detect if the voltage pulse

has the desired height (which corresponds to the
1 x-ray energy to be detected)

if the voltage pulse falls within the discriminator
window, a short digital pulse is output from the
discriminator and into a scaler for counting
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Solid state detectors

The energy resolution of a scintillator is very poor and it is often necessary

to be able to distinguish the energy of specific x-rays. The semiconductor
detector is ideal for this purpose.

C. Segre (lIT) PHYS 570 - Spring 2020 January 28, 2020 28/33



Solid state detectors

The energy resolution of a scintillator is very poor and it is often necessary
to be able to distinguish the energy of specific x-rays. The semiconductor

detector is ideal for this purpose.

a semiconductor such as Si or Ge has a com-
pletely filled valence band and an empty con-
duction band separated by an energy gap AE
of ~ 1.2 eV for Si and ~ 0.7 eV for Ge
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Solid state detectors

The energy resolution of a scintillator is very poor and it is often necessary
to be able to distinguish the energy of specific x-rays. The semiconductor
detector is ideal for this purpose.

a semiconductor such as Si or Ge has a com- _
pletely filled valence band and an empty con- Conduction Band

duction band separated by an energy gap AE
of ~ 1.2 eV for Si and ~ 0.7 eV for Ge

AE

when a photon is absorbed by the semicon-
ductor, it promotes electrons from the va-
lence to the conduction band creating an
electron-hole pair

Valence Band
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Solid state detectors

The energy resolution of a scintillator is very poor and it is often necessary
to be able to distinguish the energy of specific x-rays. The semiconductor
detector is ideal for this purpose.

a semiconductor such as Si or Ge has a com- _
pletely filled valence band and an empty con- Conduction Band

duction band separated by an energy gap AE
of ~ 1.2 eV for Si and ~ 0.7 eV for Ge

AE

when a photon is absorbed by the semicon-
ductor, it promotes electrons from the va-
lence to the conduction band creating an
electron-hole pair

Valence Band

because of the small energy required to produce an electron-hole pair, one
x-ray photon will create many and its energy can be detected with very
high resolution
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Semiconductor junctions

Producing the electron-hole pairs is not sufficient. It is necessary to
extract the charge from the device to make a measurement
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Producing the electron-hole pairs is not sufficient. It is necessary to
extract the charge from the device to make a measurement

start with two pieces of semiconductor,
one n-type and the other p-type
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Semiconductor junctions

Producing the electron-hole pairs is not sufficient. It is necessary to
extract the charge from the device to make a measurement

start with two pieces of semiconductor,
one n-type and the other p-type

if these two materials are brought into
contact, a natural depletion region is
formed where there is an electric field £
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Semiconductor junctions

Producing the electron-hole pairs is not sufficient. It is necessary to
extract the charge from the device to make a measurement

start with two pieces of semiconductor,
one n-type and the other p-type

B

if these two materials are brought into
contact, a natural depletion region is
formed where there is an electric field £ depletion region

this region is called an intrinsic region and is the only place where an
absorbed photon can create electron-hole pairs and have them be swept to
the p and n sides, respectively
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Semiconductor junctions

Producing the electron-hole pairs is not sufficient. It is necessary to
extract the charge from the device to make a measurement

start with two pieces of semiconductor, *

one n-type and the other p-type < €

if these two materials are brought into

contact, a natural depletion region is

formed where there is an electric field £ depletion region

this region is called an intrinsic region and is the only place where an
absorbed photon can create electron-hole pairs and have them be swept to
the p and n sides, respectively

by applying a reverse bias voltage, it is possible to extend the depleted
region, make the effective volume of the detector larger and increase the
electric field to get faster charge collection times
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Silicon Drift Detector

Same principle as intrinsic or p-i-n detector but much more compact and

operates at higher temperatures

anode

field strips

s
integrated FET g

— -V —

o path of
n- silicon G@_/ electrons
N

back contact

Relatively low stopping power is a drawback
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Detector operation

+Vpias

P-doped J_'_'_'_I_’i
OUt
. ocr
leetal A, pileup A, A, A,
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Detector operation

+Vpias

P-doped J_'_'_'_I_’i
OUt
. ocr
leetal A, pileup A, A, A,

output current is integrated into voltage pulses by a pre-amp, when
maximum voltage is reached, output is optically reset
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. ocr
leetal A, pileup A, A, A,

output current is integrated into voltage pulses by a pre-amp, when
maximum voltage is reached, output is optically reset

fast channel “sees” steps and starts integration;
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P-doped J_'_'_'_I_’i
OUt
. oor
leetal A, pileup A, A, A,

output current is integrated into voltage pulses by a pre-amp, when
maximum voltage is reached, output is optically reset

fast channel “sees” steps and starts integration; pulse heights are measured
with slow channel by integration; and detected pulse pileups are rejected
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Detector operation

+Vpias

P-doped J_'_'_'_I_’i
OUt
. ocr
leetal A, pileup A, A, A,

output current is integrated into voltage pulses by a pre-amp, when
maximum voltage is reached, output is optically reset

fast channel “sees” steps and starts integration; pulse heights are measured
with slow channel by integration; and detected pulse pileups are rejected

electronics outputs input count rate (icr), output count rate (ocr), and
areas of integrated pulses (A,)
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Dead time correction
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Dead time correction

the output count rate
is significantly lower
than the input count
rate and gets worse
with higher photon
rate
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Dead time correction
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the output count rate
is significantly lower
than the input count
rate and gets worse
with higher photon
rate

if these curves are
known, a dead time
correction can be ap-
plied to correct for roll-
off
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Dead time correction
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the output count rate
is significantly lower
than the input count
rate and gets worse
with higher photon
rate

if these curves are
known, a dead time
correction can be ap-
plied to correct for roll-
off

if dead time is too
large, correction will
not be accurate!
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SDD spectrum
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SDD spectrum

fluorescence spectrum
of Cu foil in air using
9200 eV x-rays
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Compton peak is visi-
ble just above the Cu
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SDD spectrum
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fluorescence spectrum
of Cu foil in air using
9200 eV x-rays

Compton peak is visi-
ble just above the Cu
K. fluorescence line

Ar fluorescence near
3000 eV

a small amount of
pulse pileup is visible
near 16000 eV
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