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What is Data Acquisition?

Data Acquisition – DAQ
A Data Acquisition system is the complete chain that receives detector signals,
identifies and selects relevant interactions, digitizes and synchronizes the
accepted data, builds complete events, and transfers them to permanent storage
for reconstruction and physics analysis.

Note
The trigger and readout paths often operate in parallel. A fast trigger decision may be
produced before full digitization, while the detector data are temporarily held in analogue
or digital buffers.
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A brief history of DAQ

• In early particle physics, the “data” were often visible traces: scintillations,
cloud-chamber tracks, and later bubble-chamber photographs.
• The bubble chamber was a breakthrough because it made complete collision events
visible and recordable on film.
• This was already a form of DAQ: detector response → permanent record →
measurement → physics interpretation.
• The limitation was scale: millions of photographs required scanning, measurement
tables, and later computer-assisted reconstruction.
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Particle physics as a pioneer of event acquisition

• 1952: Donald Glaser invents the bubble
chamber.

• 1950s–1960s: Alvarez and collaborators
develop large hydrogen bubble chambers and
large-scale event analysis.

• Bubble-chamber physics introduced the idea
of the event as a recorded object to be
reconstructed.

• This created the need for automatic
measuring machines, computing, and
organised data-processing chains.

Sources: Nobel Prize; CERN Courier; CERN bubble-chamber history.
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The transition: photographic DAQ → electronic DAQ

• Bubble chambers were powerful but slow: the detector produced photographs, not
immediate electronic data.
• The next decisive step was the replacement of photographic recording by electronic

signals.
• 1968: Georges Charpak develops the multi-wire proportional chamber.
• Each wire acts as an electronic detector channel; the detector can be connected
directly to amplifiers, logic, and computers.
• This is the conceptual birth of modern HEP DAQ:

detector channel→ electronics→ trigger→ computer→ stored event.
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DAQ systems

• 1960s: computers begin to be explicitly marketed for data acquisition and control,
e.g. IBM 7700 and IBM 1800.
• 1970s: modular electronics standards such as CAMAC make DAQ systems reusable,
expandable, and experiment-independent.
• Collider era: event rates become too large to record everything.
• Modern DAQ therefore includes not only readout, but also real-time triggering:
deciding, within microseconds, which events are worth keeping.
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Basic schematic of the DAQ chain

Detectors
Electronic modules
(signal processing)

ADC
(digitization)

Computers
(DAQ/Storage)
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Basic schematic of the DAQ chain

DAQ
DSP. . .

Detector Preamplifier Shaper Digitizer

ADC
TDC

E Q
00101
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DAQ shaping, acquisition, digitization & latency

Scintillation time scale Fast plastic: τ ∼ 2 ns; LaBr3:Ce: τ ∼ 16–25 ns; NaI(Tl): τ ∼ 230–250
ns.

Photosensor response The intrinsic PMT anode rise time is commonly a few ns; timing-optimized
PMTs may have sub-ns to approximately 2-ns rise times. The complete detec-
tor pulse also depends on the scintillator decay time and readout bandwidth.

Shaping / filtering Timing path: direct or minimally shaped signal, often followed by a leading-
edge discriminator or CFD. Relevant pulse and filter time scales range from
a few ns to a few tens of ns.
Spectroscopy path: semi-Gaussian, triangular, or digital trapezoidal shaping.
Conventional selectable shaping times are typically ∼ 0.5–10 µs. For NaI(Tl),
0.5–1 µs may be used when high throughput is required.

Waveform window Fast timing: typically ∼ 100–500 ns, including pre-trigger baseline samples.
Pulse-height / charge measurement: typically ∼ 1–10 µs for unshaped
NaI(Tl) or short-shaped pulses; longer windows are required for long shaping
times. At 40–100 MS/s, a 1–10 µs window contains approximately 40–1000
samples.

Digitization Timing / PSD: representative systems use 250 MS/s–1 GS/s or higher, with
10–14-bit resolution.
Spectroscopy: representative systems use approximately 50–125 MS/s and
12–16-bit resolution, usually with FPGA-based digital pulse processing.
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DAQ shaping, acquisition, digitization & latency

Latency
Stage Typical Comment / example
Preamplifier 2–10 ns wideband buffer / transimpedance
Amplifier 2–10 ns gain stage, wideband
Shaper (dominant) 10–50 ns or 0.5–1.1 µs timing vs spectroscopy peaking time
ADC pipeline latency N/fs e.g. N=11 cycles ⇒ 44 ns @ 250 MS/s

Total ∼60–120 ns (timing example: 5 + 5 + 30 + 44 ns ≈
84 ns)

∼1–2 µs (spectroscopy dominated by shaping peak-
ing time)
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Basic pulse characteristics: de�nitions

1. Baseline: the voltage/current level to which the pulse decays. Usually near zero, but
it may be shifted by DC o�sets or vary with �uctuations in pulse shape or count rate.

2. Pulse height (amplitude): the pulse maximum measured relative to the
instantaneous baseline.

3. Signal width: the pulse duration, often quoted as FWHM (full width at half
maximum).

4. Leading edge: the �ank that occurs �rst in time.
5. Falling edge (tail): the �ank that occurs last in time.
6. Rise time: time for the pulse to go from 10% to 90% of full amplitude; critical for

timing applications.
7. Fall time: time for the pulse to go from 90% to 10% of full amplitude.
8. Unipolar vs. bipolar:

� Unipolar: one major lobe on one side of baseline.
� Bipolar: crosses the baseline and develops a second lobe of opposite polarity.
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Basic pulse characteristics � idealized pulse

time

amplitude

baseline

10%

50%

90%

pulse height

width @ 90%

FWHM

rise time
fall time

A = 2:6
t r = t 10!90
t f = t 90!10
w90 = t f ;90 � t r ;90
FWHM = t f ;50 � t r ;50

� Rise time: time for the leading edge to go from 10% to 90% of the pulse height.
� Fall time: time for the trailing edge to go from 90% to 10% of the pulse height.
� Width: may be quoted at a chosen fraction, most commonly the FWHM.

Trans-European School of High Energy Physics, Suceava, Romania Dorel Pietreanu 15.07.2026 15



Basic pulse characteristics � negative pulse
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Basic pulse characteristics � negative pulse
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Unipolar vs. bipolar pulses

UNIPOLAR

BIPOLAR
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Non-ideal pulse features

time

amplitude

baseline

overshootringing
tilt

undershoot

� Overshoot/undershoot: transient excursions above/below the steady level (often from coupling, impedance
mismatch).

� Ringing: damped oscillations due to limited bandwidth or resonances.
� Tilt (droop): slow change of the pulse top (baseline restoration / AC coupling e�ects).
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Real "problematic" pulses
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Digital electronics

� Digital systems use devices (typically transistors) operated in two stable states:

0 and 1

� Contrast with analog systems: outputs are continuous functions of the input
variables.

� By combining binary devices, we can implement:
� logic (decision making),
� arithmetic (addition, comparison),
� data handling (encoding, multiplexing, memory).

� Logic states are represented physically by:
� voltage levels (e.g., �low� vs �high�), or
� presence/absence of a pulse in a de�ned time window.
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Binary counting and number systems (base-2, base-8, base-16)

� In binary, each bit has a positional weight:

b3 b2 b1 b0 = b 323 + b 222 + b 121 + b 020

� LSB (least signi�cant bit) carries 20; MSB carries the largest power of 2.
� Related systems:

� octal (base 8): digits 0�7,
� hexadecimal (base 16): digits 0�9 and A�F for 10�15.
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Binary counting and number systems (base-2, base-8, base-16)

Decimal Binary Octal Hexadecimal
0 0000 00 0

1 0001 01 1

2 0010 02 2

3 0011 03 3

4 0100 04 4

5 0101 05 5

6 0110 06 6

7 0111 07 7

8 1000 10 8

9 1001 11 9

10 1010 12 A

11 1011 13 B

12 1100 14 C

13 1101 15 D

14 1110 16 E

15 1111 17 F

MSBLSB
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Logic-level conventions: positive and negative logic

� Digital systems assign voltage ranges to logical states.
� Positive logic: higher voltage ! 1, lower voltage ! 0.
� Negative logic: higher voltage ! 0, lower voltage ! 1.
� The physical waveform can therefore represent di�erent logical values depending on

the adopted convention.

Positive logic

time

voltage

logic 1

logic 0

Negative logic

time

voltage

logic 0

logic 1
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Elementary logic gates and truth tables

� Basic gates: OR, AND, NOT, and derived gates NAND, NOR, XOR, XNOR.
� Gates implement Boolean operations and are speci�ed by truth tables.
� Universality: NAND-only or NOR-only logic can implement any Boolean function.
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Elementary logic gates and truth tables

Name Symbol Truth table Boolean expression

OR

A

B
Y

A B Y
0 0 0
0 1 1
1 0 1
1 1 1

Y = A + B

AND

A

B
Y

A B Y
0 0 0
0 1 0
1 0 0
1 1 1

Y = A � B

NOT
A Y A Y

0 1
1 0

Y = A

NOR

A

B
Y

A B Y
0 0 1
0 1 0
1 0 0
1 1 0

Y = A + B

NAND

A

B
Y

A B Y
0 0 1
0 1 1
1 0 1
1 1 0

Y = A � B

XOR

A

B
Y

A B Y
0 0 0
0 1 1
1 0 1
1 1 0

Y = ( A � B) + (A � B)

XNOR

A

B
Y

A B Y
0 0 1
0 1 0
1 0 0
1 1 1

Y = ( A � B) + (A � B)
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Analog vs. digital pulse signals

� Pulse signals can carry information in two forms: analog or digital (logic).
� Analog signal: information is encoded in a continuously varying feature (typically

pulse amplitude and sometimes shape).
� Example: scintillation detector pulse height / deposited energy.
� A continuous energy spectrum ) continuous distribution of pulse heights.
� Conceptually: in�nitely many possible states (noncountable continuum).

� Digital/logic signal: information takes only discrete states.
� Typical case: two states only (0/1, absent/present).
� Example: Geiger�Müller output � hit / no hit.
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Digital pulse robustness

� Analog signals are more sensitive to noise and distortion because the exact
amplitude/shape must be preserved to retain the information.

� Logic signals are more reliable because we only need to decide which state the signal
is in.

� The limited information per logic signal can be overcome by using multiple bits:
� each line/pulse represents one binary digit (0 or 1),
� many bits together encode a number that represents the original analog quantity.

� With modern miniaturized electronics, using many parallel logic lines is practical )
digital systems become advantageous.
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Binary conventions and logic-level standards

� With two states, numerical coding is naturally binary.
� A convention must be chosen and kept consistent:

logic 1 $ pulse present; logic 0 $ pulse absent

(or the opposite convention).
� In nuclear electronics, logic levels are standardized (e.g. NIM):

� one state corresponds to �no pulse� (near 0 V),
� the other corresponds to a �xed nominal level,
� in practice a voltage window is de�ned rather than a single exact value.
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Analog to Digital conversion in DAQ electronics

� Detector outputs are usually analog early in the chain.
� They are typically converted to logic signals relatively early once a condition is met

(e.g. minimum energy).
� A discriminator tests pulse height against a threshold:

� if the amplitude exceeds threshold ) issue a logic pulse,
� otherwise ) no output (logic 0).

� Logic signals can then drive actions: counting, timing, triggering, gating, etc.
� In spectroscopy, analog pulse height is often digitized:

� ADC converts analog amplitude to a number,
� DAC converts a number back to an analog level when needed.
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Signals mixing

� Processing modules are typically designed for:
� analog signals only,
� logic signals only,
� or explicit conversion between them.

� Feeding a logic pulse into an analog-processing module (or vice versa) usually does
no damage, but the result is generally meaningless unless the module is meant for
that signal type.
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Fast vs. slow signals

� In nuclear electronics it is important to distinguish fast and slow pulses (applies to
both linear and logic signals).

� Fast signals: rise times of a few ns or less.
� Slow signals: rise times of order 102 ns or greater.
� Practical motivation:

� fast pulses ! timing applications and high count rates,
� slow pulses ! better pulse-height �delity for spectroscopy and typically less

noise-sensitive.
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Fast vs. slow signals

� Fast pulses must be treated di�erently because they are far more susceptible to
distortion from small stray capacitances, inductances, and resistances.

� These parasitic elements form inadvertent RC / RL networks:

� RC = RC (and similarly �RL = L=R)

� For slow signals, such transients are often negligible.
� For fast signals, the parasitic transient durations can be comparable to the pulse

rise time ) the pulse shape is quickly deformed.
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Fast-pulse distortion mechanism

� A second major issue for fast pulses is distortion from re�ections in interconnecting
cables.

� Cause: the pulse duration can be short compared to the signal transit time in the
cable.

� Consequence: impedance mismatches ) partial re�ections ) ringing/shape errors.
� Handling fast pulses therefore requires care in:

� circuit design (bandwidth, termination, layout),
� interconnections between modules (cables, connectors, impedance matching).
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�fast� and �slow� NIM standards

� In practice, two standardized NIM-style systems exist:
� one optimized for fast ns pulses,
� one optimized for slower pulses.

� Within each system, modules are designed to be mutually compatible.
� Mixing fast and slow systems without proper adaptation typically causes

problems (distortion, re�ections, timing errors).
� When setting up nuclear electronics:

� treat fast chains as RF-like systems,
� pay special attention to interconnections and terminations.
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The frequency domain

� So far pulses were described in the time domain f (t).
� For understanding pulse distortion, it is essential to look at the frequency content.
� Fourier analysis: any pulse can be decomposed into a superposition of sinusoids.
� Bandwidth idea: sharp/fast features in time require high-frequency components.

� short rise time ) broader frequency spectrum,
� limited electronic bandwidth ) slower edges, deformation, ringing/overshoot.
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Fourier transform pair for pulse signals

f (t) =
1

p
2�

Z 1

�1
g(!) e i !t d!

g(!) =
1

p
2�

Z 1

�1
f (t) e �i !t dt

� f (t): pulse shape in time; g(!): frequency spectrum (Fourier transform).
� Often we plot versus f = !=2� (Hz) instead of ! (rad/s).
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Dirac impulse: an ideal test signal

Time domain

�(t) = 0 (t 6= 0);
Z +1

�1
�(t) dt = 1

Z +1

�1
f (t) �(t) dt = f (0)

The impulse is not a real �nite pulse, but
an ideal limit of a very narrow pulse with
unit area.

Frequency domain
With the symmetric Fourier convention
used here:

�(!) =
1

p
2�

Z +1

�1
�(t)e �j!t dt =

1
p

2�

Therefore the impulse has a �at
spectrum: it contains all frequencies with
equal weight.

Why it is useful
For a linear time-invariant system, the response to �(t) is exactly h(t). Measuring or
calculating h(t) gives the transfer function through its Fourier transform.
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Dirac impulse and transfer function

Input
�(t)

System
h(t); H(!)

Output
h(t)

In time

Vout (t) = �(t) � h(t) = h(t)

The impulse directly reveals the
time-domain response.

In frequency

Vout (!) =
p

2� �(!)H(!) = H(!)

The output spectrum is the transfer
function itself.

In the laboratory, we approximate �(t) using a pulse much shorter than the characteristic response
time of the electronics.
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Linear Circuits

De�nition (superposition)
A circuit is linear if and only if, for any two inputs Vin1, Vin2 and any constants a1, a2:

a1Vin1 + a2Vin2 �! a 1Vout1 + a2Vout2

(additivity and scaling)

Linear examples:
� Networks of resistors, capacitors, and

inductors

Non-linear example:
� Any circuit containing a diode

Important
Linearity only holds within a valid range
of signal amplitudes.
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Impulse response h(t)

De�nition
For a linear time-invariant system with zero initial conditions, the impulse response h(t) is the output produced by
a unit Dirac impulse:

Vin (t) = �(t) =) V out (t) = h(t):

Response to an arbitrary input
For an LTI system with zero initial conditions, once h(t) is known, the output for any input V in (t) is obtained by
convolution:

Vout (t) = (V in � h)(t) =

Z +1

�1

Vin (� ) h(t � � ) d�:

The impulse response is not the response to every pulse; it is the fundamental response from which the output for
any input pulse can be calculated.

Trans-European School of High Energy Physics, Suceava, Romania Dorel Pietreanu 15.07.2026 42



Transfer Function H(!)

De�nition
The transfer function H(!) is the Fourier transform of h(t):

H(!) =
1

p
2�

Z +1

�1
e�j!t h(t) dt h(t) =

1
p

2�

Z +1

�1
e+j!t H(!) d!

Sine wave input
If Vin(t) = sin(!t), then:

Vout(t) =
p

2� jH(!)j sin
�
!t + '(!)

�

jH(!)j gives the amplitude scaling and '(!) the phase shift at each frequency.
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Properties of h(t) and H(!)

� Conjugate symmetry (h real):
H(!) = H � (�!)

� DC value:
H(0) =

1
p

2�

Z
h(t) dt

� Perfect circuit (no distortion, unit
gain):

H(!) =
1

p
2�

� Output spectrum:
Vout(!) =

p
2� V in(!) H(!)

� Convolution (time domain):

Vout(t) =
Z

Vin(t 0) h(t � t 0) dt 0

� Sine wave: amplitude & phase shift
as on previous slide.

Causality
h(t) = 0 for t < 0: the system cannot
respond before the input arrives.
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Properties of h(t) and H(!) (II): Cascades, Current Input,
Parseval

Op-Amp Cascade
An ideal op-amp has in�nite Z in and zero Zout . For two sub-circuits
coupled by an op-amp:

H(!) =
p

2� H 1(!) H 2(!)

H1 H2

in

out

Current Transfer Function
Detectors are current sources. De�ne the current transfer function Ĥ(!):

Ĥ(!) = H(!) Z in (!)

For constant real impedance Z:

Ĥ(!) = Z � H(!); ĥ(t) = Z � h(t)

The two functions di�er only by a gain factor; normalised versions are
identical.

Parseval identityZ
jh(t)j 2 dt =

Z
jH(!)j 2 d!
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Impulse Response h(t)
Characterises the system in
the time domain.

Causal: h(t) = 0 for t < 0.

Transfer Function H(!)

Fourier transform of h(t).
Works in the frequency
domain: multiplication
replaces convolution.

Superposition
Linear circuits obey
superposition. Cascaded
stages multiply transfer
functions.

Vout(!) =
p

2� V in(!) H(!)  ! V out(t) =
Z

Vin(t 0) h(t � t 0) dt 0
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Example: Low-Pass Filter (Integrator)

Vin
Z=0

R

C
Vout
Z=1

Transfer Function

H(!) =
1

p
2�

�
1

1 + j!RC

Impulse Response

h(t) =

�
1

RC
e�t=RC t � 0

0 t < 0

Why �Integrator�?
When the pulse duration � RC:

Vout (t) �
1

RC

Z t

�1

Vin (t 0) dt 0

The output is proportional to the integral of the input.

The general response follows from convolution:

Vout (t) =
Z t

�1
Vin(t 0)

e�(t�t 0)=RC

RC
dt 0
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Example: High-Pass Filter (Di�erentiator)

Vin
Z=0

C

R

Vout
Z=1

Transfer Function

H(!) =
1

p
2�

�
j!RC

1 + j!RC

Impulse Response
h(t) = �(t) � 1

RC e�t=RC �(t)

(�: unit step; causality ) h(t) = 0 for t < 0)
HHP (!) = 1p

2�
� H LP (!) () h HP (t) = �(t) � h LP (t)

Why �Di�erentiator�?
When the pulse duration � RC:

Vout (t) � RC
dVin (t)

dt

The output is proportional to the derivative of the input.
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Impulse Response & Normalized Gain: LP and HP Filters

Low-Pass Filter (RC = 1)

0 1 2 3 4

0

0:5

1
h(0+ ) = 1=RC

time t=RC

h(
t)

Impulse response h(t)

10�1 100 101 102
10�2

10�1

100

!RC

p
2�

jH
(!

)j

Transfer function jH(!)j

High-Pass Filter (RC = 1)

0 1 2 3 4

�1

0

1 �(t)

� 1
RC e�t=RC

time t=RC

h(
t)

Impulse response h(t)

10�1 100 101 102
10�2

10�1

100

!RC
p

2�
jH

(!
)j

Transfer function jH(!)j
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Impulse Response & Normalized Gain: LP and HP Filters

Low-pass response
� The impulse response is a causal

exponential decay.

� Low frequencies pass almost unchanged.

� High frequencies are attenuated.

� The corner is at !RC = 1, i.e.
fc = 1=(2�RC).

High-pass response
� The response contains a direct �(t) term

plus a negative exponential tail.

� DC and slow variations are rejected.

� Fast variations pass almost unchanged.

� The same corner !RC = 1 separates the
two regimes.
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From transfer function to bandwidth

The transfer function tells us how each frequency component of the input is modi�ed by
the system:

Vout (f ) = H(f ) V in (f ):

Over which frequency range does the system transmit the signal without excessive
attenuation?

This range is the bandwidth of the system.

Trans-European School of High Energy Physics, Suceava, Romania Dorel Pietreanu 15.07.2026 51



What is bandwidth?

� A real electronic chain does not respond equally at all frequencies.
� Some frequencies are transmitted well, while others are attenuated.
� The bandwidth is the frequency range where the response remains su�ciently large.

Common de�nition
For many systems, the bandwidth is de�ned using the �3 dB point of the amplitude
response.

fBW � f �3 dB
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�3 dB point

Amplitude interpretation
At the �3 dB point, the output amplitude is reduced to

Vout

Vin
=

1
p

2
� 0:707:

So the amplitude is about 70.7% of its low-frequency value.

Power interpretation
Since power is proportional to amplitude squared,

�
1

p
2

� 2
=

1

2
:

So the transmitted power is reduced to 50%.

20 log10

�
1

p
2

�
� �3:01 dB:

The �3 dB point marks the onset
of signi�cant attenuation.
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Bandwidth e�ect on a rectangular pulse (low-pass cuto�)

T

�f = 0:1=T

T

�f = 0:5=T

T

�f = 1=T

T

�f = 5=T
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Why bandwidth matters for pulses

� A pulse is not a single frequency: it contains many frequency components.
� Fast edges require high-frequency components.
� If the bandwidth is too small, the high-frequency components are attenuated.

E�ect of limited bandwidth
Limited bandwidth causes:

� slower rise and fall times,
� rounded pulse edges,
� reduced timing �delity,
� possible reduction of peak amplitude for very narrow pulses.

Faster signals require larger bandwidth.
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Rise time - bandwidth estimate

For a �rst-order low-pass response,

t r �
0:35

f�3 dB
; f�3 dB �

0:35
t r

:

Here tr is the 10�90% rise time.

Shorter rise time ) larger bandwidth.

Example
If the measured rise time is

t r = 5 ns;

then

f�3 dB �
0:35
5 ns

� 70 MHz:

The factor 0:35 comes from the step response of a �rst-order low-pass system.
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Rise time - bandwidth estimate

For a �rst-order low-pass system,

vout (t) = 1 � e �t=� ; f�3 dB =
1

2��
:

The 10�90% rise time is

t r = t 90 � t 10 = � ln 9 � 2:197 �:

Hence,

t r f�3 dB =
ln 9
2�

� 0:35;

or

t r �
0:35

f�3 dB
:
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Example

� A pulse of width T has a characteristic frequency scale of order

�f �
1
T

:

� For a pulse with
T = 5 ns;

we get

�f �
1

5 ns
� 200 MHz:

A system with bandwidth much smaller than 200 MHz will strongly distort such a pulse.

ns-scale pulses often require bandwidths of hundreds of MHz.
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Bandwidth and digitization

� After the analog chain, the signal is sampled by the digitizer.
� The sampling rate fs sets the Nyquist frequency:

fNyq =
fs
2

:

� This is the highest frequency that can be represented without aliasing under ideal
sampling conditions.

Example

fs = 1 GS=s ) �t = 1 ns;

fNyq =
1 GHz

2
= 500 MHz:

Trans-European School of High Energy Physics, Suceava, Romania Dorel Pietreanu 15.07.2026 59



� The transfer function H(f ) describes how the system treats each frequency.
� The bandwidth is commonly de�ned by the �3 dB point.
� At �3 dB:

Vout

Vin
=

1
p

2
� 0:707;

Pout

Pin
=

1
2

:

� Fast pulses need larger bandwidth.
� A practical estimate is

t r �
0:35

f�3 dB
:

� Digitization then adds the sampling constraint:

fNyq =
fs
2

:
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Time- and frequency-domain response of a shaping chain
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E�ect of shaping parameters on the impulse response
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E�ect of shaping parameters on the impulse response
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Trigger DAQ

1. Introduction

2. DAQ analog and digital electronics

3. Transfer function of a DAQ system

4. Trigger DAQ

5. Trigger DAQ examples and performances

6. Digital Pulse processing
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Setup diagram

CAEN NIM crate

CAEN VME micro-crate

CAEN DT4800
55Fe emulator
analog output

ORTEC 474
timing �lter ampli�er

gain and shaping

CAEN N623/N625
linear fan-out

two analog copies

CAEN N842
constant-fraction

discriminator

CAEN N108A
analog delay

�t adjustable

CAEN A746B
LEMO�ERNI
patch panel

CAEN V1741
peak-sensing ADC
CH0 and GATE

CAEN A4818
CONET2�USB

DAQ computer
acquisition and
ROOT analysis

oscilloscope
commissioning

External desk-
top unit

Event data
and spectra

Blue = analog energy path, red = trigger/gate path, green = data/control path.
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Setup diagram � module-image

CAEN NIM crate

VME readout assembly

Mn K��K � calibration DAQ chain � hardware view

CAEN DT4800
55Fe/Mn emulator

ORTEC 474
timing �lter ampli�er

CAEN N625
linear fan-out

CAEN N842
8-ch CFD

CAEN N108A
dual analog delay

CAEN A746B
LEMO�ERNI patch panel

CAEN V1741
peak-sensing ADC

CAEN A4818
USB 3.0�CONET2

DAQ computer
acquisition software
and ROOT analysis

detector-like pulse shaped analog

direct copy

energy copy
delayed analog

ERNI analog input

NIM gate

CONET2 optical link USB 3.0

analog/energy trigger/gate data/control
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Timing and gate alignment

t

amplitude

fan-out pulse

t

amplitude

delayed pulse at ADC

tpeak

t

logic

V1741 gate

tpeak inside gate

Practical sequence
1. Observe the shaped pulse and the

CFD output.

2. Insert the N108A in the energy
branch.

3. Adjust delay until the pulse
maximum lies inside the gate.

4. Recheck after any shaping or gain
change.
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Signal evolution along the chain

t

V

(a) DT4800 output:
fast edge + slow exp. tail

(amplitude / E)

t

V

(b) After ORTEC 474:
quasi-Gaussian, negative,

peak / E

t

V

NIM

gate width

(c) N842 output:
NIM gate (� �0:8 V into
50 
), adjustable width

t

V

peak sampled
by V1741

N108A delay

(d) At the V1741 input: the delayed analog peak
lies inside the gate (shaded)

oscilloscope.
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Results
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Results
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Trigger DAQ examples and performances

1. Introduction

2. DAQ analog and digital electronics

3. Transfer function of a DAQ system

4. Trigger DAQ

5. Trigger DAQ examples and performances

6. Digital Pulse processing
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Trigger as main actor

Experimental problem
Kaonic-atom X rays are weak signals measured in a
collider environment. The relevant events are rare,
while the detectors also see beam-related
background and �uorescence lines from the setup
materials.

Trigger role
The kaon trigger provides the time reference for
selecting X rays produced after a real K� reaches
the target.

� e+ e� ! � ! K + K � gives almost
back-to-back kaons.

� Scintillators tag the charged kaon pair.

� SDD hits are accepted only when
time-compatible with kaon production.

� Vetoes reject kaon interactions in
surrounding materials.

Without a trigger: spectrum dominated by
accidental and beam backgrounds.

With a trigger: X-ray spectroscopy becomes
feasible.
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