Data Acquisition with Fast Electronics
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« Basic Introduction
« Detection efficiency and Accidental Coincidence
 How to get the charge value with VME ADC?

- Energy Measurement, Calibration, and Resolution
* How to get the time value with VME TDC?

- Time Measurement, Calibration, and resolution
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Motion of Charged Particles in E & B fields
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Particle Track in Time Projection Chamber (TPC)

TPC in xz-plane view

Cathode (-HV)

outer FC ~,[

Field strips

Mixed gas

| |
irﬂmr -}C

-
-~
-

-

3

GEMs

-~

_— outer FC

— Charged particle

r» A

w m

HV divider
for uniform E field

AAA
YWY

Readout PADs [|

: |

|

Anode (GND)

FC in xy-plane view

outer FC

dashed line: particles
Fzgurc 3 ﬁT)’pfu;L event " wirh I2

CHAFRGSED S HowA N

TRACKYT ,
2~ DiMENsSton AL Provecriem.
Some eveaT Thracks LeAve

-L-l‘-ronJh the end caps.

D.R. Nygren in 1974 PEP summer study
eConf C740805 (1974) 58
The Time Projection Chamber: A New 4 pi Detector for Charged Particles




Readout scheme for data acquisition (DAQ)

> Logic

Trigger system
Detector
Out
Vin
A
Temperature
Humidity
Pressure
Voltage
Power
Supply
Slow
» Control
System

Fast Electronics

juj

L
o o

Unit /

controller

Control PC

DAQ systems

Storage




Track reconstruction from detector hit information
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® Spatial resolution of the PEP-4 Time Projection Chamber Recent results from the PEP-4 TPC
I rs . -— H. Aihara, et al. Ronald J. Madaras
LBL—17806

I[EEE Transactions on Nuclear Science, Vol. NS-30, No.1, Feb 1983

PEP-4 TPC detector at SLAC Gas: Ar/CH, = 80/20 at 8.5 atm
HV: -75 kV at a central membrane for 150 kV/m E field in the drift volume

Direction: Parallel in between E & B (4 kG)
Readout method:

Y: 183 sense wires with 4 mm spacing (80 cm length) in each sector
= total 2,196 wires are used to measure the ionization energy loss (dE/dx)

X: segmented cathode (7x7.5 mm? pads) 4 mm under the wires
=> total 13,823 pads are connected analog shift register (CCD), which records pulse height in 100 ns intervals

ot
Z: electron drift time

35<p<6GeV/c

MIGH VOLTAGE :
TPC CHAMBER I %
oyy = 160 £+ 2 um
o, =340 +5um with vy =5cm/us o B R g

(E/cbx)/(IE/dix)

Momentum (GeV/c)

A 1060
LS 00 -

PEP-4: Positron Electron Project-4



Data Acquisition (DAQ)



From Detectors to Data Storage

!

Detector with HVPS

Fast Electronics (NIM or VME)

VME system

FIFO
Discriminator
Coin. Logic Ur
Amplifier
Delay (or Cabl
Scope



Charge of signal (analog and digital)

Electric charge of analog signal with assumption:

viv)-t(s) —0.1V-20ns

UO=%Tr = 2502~ 20PC




Charge of signal (analog and digital)

Logic signal (ex, NIM signal)

Electric charge of logic signal:
50 ns

LD . V()-t(s) _0.8V-50ns _
-800 mV | QO =1 1(8) = —pr™— = ~g5gq = 800PC
+LI

Expected pulse height from charge (1 pC)

Assumption Pulse height of analog signal (1 pC):
Jons 2-R(2)-Q(C) 2-502-1pC

20mV
t(s) 10 ns m

M mV

= v(v) =
v




Analog Pulse Processing
on Fast Electronics

Fan-In Fan-Out (FIFO)
Preamplifier (Preamp)



NIM bin/crate

Nuclear Instrumentation Module (NIM): mechanical and electrical
specifications for electronics modules used in experimental particle and
nuclear physics.

First defined by the U.S. Atomic Energy Commission’s report TID-20893

in 1968-1969, NIM was most recently revised in 1990 (DOE/ER-0457T).

Output voltage: +6V, +12V, and +24V DC

Size: H222xW34.3xD246 mm (except backplane power connector)

NIM

Pin #
1
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NIM standard module connector pins

Function
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117 Vac (hot)
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Radiation Detection and Measurement, Glenn F. Knoll

Device impedances

A basic concept in the processing of pulses from radiation detectors is the impedance of
the devices that comprise the signal-processing chain.

Input output
configuration contiguration
0 Voltage (V,) appearing across a loading (Z;)
O VW ©) [LELE il .
5 by voltage-divider relation
VvV V, % Z VoV L
3 : L= Vs
O O Odrrress ZO + ZL

For the open-circuit or unloaded (Z, = =), voltage is V, = V5. = not for the real experiment

To preserve maximum signal level, one normally wants V, to be as large a fraction of Vg as possible.
For Z, » Z, then V, = Vs = Fan-In & Fan-Out, Discriminator, ADC, etc

For Z, = Z, then V, =Vs/2 =» Divider or Splitter




Fa n - I n a n d Fa n _ O ut (F I FO) B. Tech (Computer Science & Engineering)

Fan-in: maximum number of input signals feeding into the input of a logic system
M{

Fan-out: maximum number of output signals from the output of a logic system
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o
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Fan-In and Fan-Out (FIFO)
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Preamplifier

Role converting a raw signal from the detector into output signal with gain

Location | placing close to the detector to reduce the noise and avoid the signal loss

v’ Specification for design v’ Configuration

- Dynamic range - Voltage-sensitive preamplifiers
- Size of input signal - Current-sensitive preamplifiers
- Pulse pileup - Charge-sensitive preamplifiers

Signal-to-noise ratio
Power consumption

Radiation Detection and Measurement, Glenn F. Knoll
https://www.sciencedirect.com/topics/physics-and-
astronomy/preamplifiers



Voltage-sensitive preamplifiers

https://www.sciencedirect.com/topics/physics-and-
astronomy/preamplifiers
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Design principle of V-sensitive preamp

Ry (feedback resistor)

Signal voltage V¢
Voltage at the input stage of the amplifier V,
Output voltage V,

Rq
Rs+ R,

Vo = Vs

Any current drawn would decrease the potential drop across R,
Ideally, its input resistance have to be infinite.
But it can only be achieved up to a good approximation.

For R, » Rg then V, = Vs
then V,,; = Gain XV, = Gain X Vg

e .-""'-.'...""'..’," —
i L ™
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;:- o
i ¥
'r-.'} +___.--"" I|"-.ll.ll
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Signal voltage V¢ = Q/C4
Q: collected charge on the readout electrode (Q = fot" i(t)dt)
Cq4: combined detector and stray capacitance

Q

Ca

Since we are integrating the current to convert it into voltage, C4 should
discharge slower than the charge collection time t; << R,C,.

Simplified realistic V-sensitive preamp
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Charge-sensitive preamplifiers
Cr (feedback capacitance)
||

Cd :: % Ra ——
Vout

i
The dependence of a voltage-sensitive preamplifier on the input capacitance

Basic principle of Q-sensitive preamp |:> (C) is a serious problem for many detection systems.
C => to develop Q-sensitive preamplifiers
-

The charge (Q4) accumulated on the electrode (Cy) is integrated on feedback
- NG capacitor (Hy).

o— Then the potential (V) on that capacitor is then directly proportional to the original
' . Voot charge (Q,) on the detector.

Ca _Qd- ""-_l - Vnn
Q

Voutoc—foc—

| GG

Simplified realistic Q-sensitive preamp )

The condition that Q~Q, can only be achieved if no current flows into the
preamplifier's input with R, — co.

18




Preamplifiers

8 CH FAST

AMPLIFIER
Q (+Y'¢)

https://www.caen.it

CAEN N412 8ch Fast Amplifier
INPUTS:

= 500} impedance

- Reflection coefficient; = &% over input dynamic range.

- Ciuiescent voltage: < £ 5 mv,

OUTPUTS:
- Rmatime: £3.0 ns.

- Falltime: £ 2.0 ns.

= Mapdmum positive ampiRuds {linear): 400 mV (G002 impadance).

- Maximum negative amplitude (linear); -4 ¥V (500 impedanca),

- Ovarshoot: + 1004 for input risetimes of 2 ns and with the 2nd output terminated in 500

- Quiescent voltage adjustable (via front panel trimmer for each channel) in the range from
=20 mv 1o +50 mv

GEMERAL:
- Ggin: fixed 10 £ 3%, non-inverting.

- Coupling: direct.

- IO delay: = 12 ns.

- Noige: lass than 1 mV, refermed fo input.

- Interchannel crosstalk: batter than -56 dB in the worst test condilion, and with bath the
outputs of the tested channel terminatad in 50€2,

- Bandwidth:

« 160 Mz (with both the channers outpats terminated in 50£1);
» 180 MHz {single anded output).

19



Digital Pulse Processing
on Fast Electronics

Discriminator (Disc.)
Coincidence Logic Unit (Coin.)



® ® ® http://nuclearpowertraining.tpub.com/h1013v2/css/Discriminator-Circuit-
Discriminator (DISC)

Role: generating the logical output pulse when the input pulse exceeds the discriminator preset level

=> If input voltages exceeds the threshold value +V then diode D, conducts and DISC generates
the logical output pulses.

Input Output
i D c 0 ’r
S~ SV
g% \
+Y threshold 5
t i > )

logical output
pulse




[ ] [ ] ® e
I I m I n g J Itte r a n d Wa I k http://www.peo-radiation-technology.com/wp-content/uploads/2015/09/ort_15_fast-timing-

discriminators_datasheet_peo.pdf

—]

[iming jitter in a pulse

* +a— Jitter (Time Error)

The contribution of noise to the (Timing) Jitter

Timing Jitter = e,,i../(dV/dt)

€noise: VOltage amplitude of the noise superimposed
on the analog pulse

dV/dt: slope of the signal when its leading edge
crosses the discriminator threshold

—]

'iming walk among pulses

— - —-—— Walk

|7
5

“(Timing) Walk" is the systematic dependence of the time marker
on the amplitude of the input pulse.

22




Leading Edge Discrimination (LED)

LED and CFD

Input pulse Y E---=P
| — -20 mV
| .
100 mV | i Threshold (adjustable)
! 700
L T T T T T 1
v ! Source: >*Na, with equivalent electron energy = 340 keV.
} . DETECTOR 1.
l 50 ns (adjustable) RCA-8575
Output pulse } € —mmmm e - 3.8-em-diam X 1.3 em Naton-136
or gate ! X 600 |— 1900 v
%™ : 3 DETECTOR 2:
\ | 8 RCA-8575
: é 2.5-cm-diam X 2.5-cm Naton-136
1 -800 mV (fixed) T 1800 v
! £
Delayed time ! Bl (a) LEADING EDGE
depending on v 5 Threshold region
module &EE
£
r—
. . o e . (b) CFD
Constant Fraction Discrimination (CFD) |
Tuhin Khan's Ph. D.
thesis
i ﬁ ﬁ 200 L ¥ v | I !
H i 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
I Fractional Triggering Level,
Divide Add E \ Fig. 2. A Comparison of Leading-Edge Timing with Constant-Fraction
—— Timing for a Narrow Pulse-Height Range. The source was “Na, with the

The time resolution (FPWHM) is A t.

http://www.peo-radiation-technology.com/wp-
content/uploads/2015/09/ort_15_fast-timing-discriminators_datasheet_peo.pdf

| |"1. Invcrs_-p‘ |( Delay_ | ﬂ selected equivalent electron energy in the scintillator = 340 keV.

o A Time resolution: ocp < O\ ¢p

: Adjust delay time Zero crossing point
: (ex, ~30% of maximum)

—_—_————eeee e e — o




RO I e Of Lo g ic U N it https://www.wekipedia.com

Role: generating the gating pulse when the preset of logical algorism against with inputs is true

AND logic: A- B or AAB OR logic: A+ Bor AV
B
A Q A Q
B B
INPUT OUTPUT INPUT OUTPUT

A B Q A B Q

0 0 0 0 0 0

0 1 0 0 1 T

1 0 0 1 0 1

1 1 1 1 1 T

24



Logic Unit

COMMON o
VETO o2
St

WDT

COMMON
VETO

https://www.caen.it

NORMAL
— OUTPUT |—
GENERATION

AND
OR

VETO

COMPLEM.

—“HZMZTANCOP T-0—=

GENERATION

—4c0O

_..©UUT

OVERLAP

GENERATION

OVP OUT

Unused Outputs require a 50 Q termination

IMPORTANT NOTE:

CAEN N455 Quad Coincidence Logic

Unit
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How many accidental events will occur?

f 1y ty ts I t;
Single random pulse trains H H ‘ ‘ ‘ \ H H H

1~

Ty

Counting statistics of random events

Coincidence rate (R,) of two random pulse trains
R = 2r rgTy,
Rate of single random pulse train: ry and rz in Hz
Time width of each pulse: T, in sec

Ifr, = 10 Hz, ry = 20 Hz, and Ty, = 50 ns,

0 e _ _ 20 _ _20 _ _ 20
R—errBTW_Z 10-20-50-10 (HZ) ZOHHZ 106s ~278h 11.6days

Coincidence rate (R;) of three random pulse trains (single rate: ry, rz, and rc in Hz)
R = BTATBT(:‘TV%:

Ifr, = 10 Hz, rg = 20 Hz, ro = 20 Hz, and T,y = 50 ns,

30 30
R =3rrgreT2 =3-10-20-20- (50 x 1079)2 = 3 x 101 (Hz) = 30 pHz =

10125 _ 31709years




Oscilloscope



Oscilloscope

ONLY LOGIC

nebase [ Trigger & Display # Cursors [ Measure

T ) CER =] =]
500 mVidiv 500 mV/div | 500 mV/div 500 mV/div .
1.475V ofst -1.035V ofst | ] kS J b |
! 786 mV | 2mv |} 4 | X1=-214.0 ns&X= 213.0ns
1 8mv t -10mv f X2=-1.0ns 1/AX=4.69 MHz
&y 794 mV Ay -11mv Ay

TELEDYNE LECROY o 17812024 6:31:09 AM

NS
"\ TELEDYNE

wavesurfer 3034z 350 MHz Oscilloscope 4 GS/s LECROY




Components of waveform

Base line
Pulse height
Pulse width Overshoot
Proximal line: 10% of pulse height - ST
Mesial line: 50% of pulse height 0% Distal line
Distal line: 90% of pulse height = i
E 5055 | 3-5 Mesial line

Rise time (or attack time) at leading edge E‘ 'igﬁl‘;:‘:;‘l';]“ Leading edge Trailing edge
Fall time (or decay time) at trailing edge 10% J_JJ .............. e Proximal line
=» These depend on the polarity of waveform. 0% i : Dessing

! i E VI Undershoo : \/

3 | HlectEoecanenoe: :
Overshoot ol e S :
Undershoot | Rise time Fall time '
Ringing 'or Attack time  Or Decay time :.

h Time period .
Time period

Time (s)

29



Amplitude Ambiguity of Pulse Shape

Bandwidth:
QAUBAAD 32E HAIHM 22 FE L7t LEHLE A Fot4 2
Maximum frequency of an input signal which can pass through the analog front end of the scope with minimal

amplitude loss

0.1 0.2 04 0.5 0.6 0.7 08 09 1in1m
— I]m I

95

\\ s
. . N -
Bandwidth derating curve N\
\ 82.5

\ o
e
-

-3dB

If you require 3% accuracy of sine wave, you need to derate it by a factor of ~0.3 x (Bandwidth of scope).
= A 350 MHz scope can accurately measure 105 MHz within 3% accuracy.



Time Ambiguity of Pulse Shape

Sampling rate:

ELE-CRTES

Maximum number of samples per second

T =1 sec

Original Waveform

Sampled at 2 points

Sampled at 6 points

Sampled at 10 points
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Cables & Connectors



Rad

Signal transmission

HV transmission

o Guide (RG) Cables

How fast signals move in cables? v, = ~5 ns/m

Velocity
c (m/s) | Fraction v (m/s) v (m/ns) |v (cm/ns)| Connector type
(%)
Vacuum (3.00E+08 1 3.00E+08 0.300 30.0
RG174 [3.00E+08| 0.66 1.98E+08 0.198 19.8 LEMO
RG316 [3.00E+08| 0.79 2.37E+08 0.237 23.7 LEMO
RG58 (3.00E+08| 0.66 1.98E+08 0.198 19.8 BNC

Power loss op(dB/km) = %logggl/f’z)

o, = power attenuation, or loss between source and destination, unit (dB/km)
P, = power at the beginning (Source), unit (W)

P, = power at the end (Destination), unit (W)

L = distance between P, and P,, unit (km)

If Py = 1W, P, =05W,and L =0.1km, o = 5=log{y/*¥= 3.01 dB/100m

Power at the distance (L) : P, = P, - exp(—apL)

RG174/U NOMINAL ATTENUATION
MHz | db/100ft | db/100m
-& S Y 7T 50 5.8 19.0
Neewinul 100 84 27.6
* 200 125 410
400 19.0 62.3
[50 Ohm Impedance] 1000 34.0 ms
RG316/U NOMINAL ATTENUATION
MHz db/100ft | db/100m
m.m" B00% I S0 56 184
4 " Nominy 100 83 27.2
* 200 120 394
400 17.5 57.4
[50 Ohm Impedance] 1000 290 951
RG58C/U \ NOMINAL ATTENUATION
MHz db/100ft | db/100m
] PR 50 33 10.8
Nominal 100 49 16.1
200 73 239
400 1.0 36.1
1000 20.0 65.6
RG59A/U i NOMINAL ATTENUATION
MHz | db/100ft | db/100m
' 2024810 50 28 9.2
S Nominsl 100 40 131
-~ 200 59 19.4
400 8.5 279
75 Ohm lmpedance] + 1000 138 453
RG59B/U 4*_ NOMINAL ATTENUATION
MHz dby100 ft db/100m
' 00.M2in 50 24 79
Nosrinal 100 34 1.1
200 49 16.1
* 400 7.0 230
75 Ohm Impedance 1000 120 393

RG6/U

75 Ohm Impedanu]

NOMINAL ATTENUATION

MH2

0
100
200
400

1000

db/100 f1

db/100m
49
69
10.2
148
239

RG58/U: 20 AWG (©0.812 mm) bare copper (28.5 pF/ft)
RG58A/U: 20 AWG standard thin copper (30.8 pF/ft)
RG58C/U: same as RG58A/U but not same outer jacket material

RG59A/U: 22 AWG (©0.644 mm) bare compacted copper
RG59B/U: 22 AWG solid bare copper covered steel

http://www.l-com.com/content/Article.aspx?Type=N&ID=10336

U: Universal
AWG: American Wire Gauge
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Connectors for signal pulse and high voltage

Signal connection
LEMO (company founder, engineer Léon Mouttet)

name of an electronic and fibre optic connector manufacturer
push-pull connectors

NIM, CAMAC, VME, detector, and etc

BNC (Bayonet Neill-concelman) connector: miniature quick connect/disconnect
50 or 75 ohm impedance
frequencies below 4 GHz
voltage below 500 V
NIM, audio, video, detector and etc

SMA (Sub Miniature version A): semi-precision coaxial RF connectors
screw-type coupling mechanism
male ®0.312 in (®7.9 mm)

0-18 GHz passband (some up to 26.5 GHz)
detector and etc

High voltage connection gw)

MHV (miniature high voltage): type of RF connector used for terminating a coaxial cable

SHV (safe high voltage) connector: safer handling HV than other connectors ) -y
standard: up to5 kV (5 A) D ' *}f@ P
higher-version: 20 kV or more 2 @»‘%

NIM, detector, and etc

34



VME (ADC and TDC)



VersaModular Eurocard (VME)

1 U rack size = 4.445 cm

Height & 3U
A
¥

100mm

2

http://vmebusdirect.com/what-is-vme.php

Width of VME modules: 20.3 mm

—

N

3

[
I

160mm

Size C

233mm

360mm
— —

— =y

VoETTr

VME bus J3/P3 Pinouts

FiN FOW & ROW & ROW L
1 +BY User Defined | GND
2 +EV User Defined | GND
3 +5Y User Defined | GND
4 +BY User Defined | GND
g +BV User Defined | GND
[ +EV User Defined | GND
7 +BY User Defined | GND
& +BY User Defined | GND
a +EV User Defined | GND
10 [ +BY User Defined | GND
il +BY User Defined | GND
12 [ +BY User Defined | GND
13 [ +B8Y User Defined | GND
14 [ +5Y User Defined | GND
15 | +5Y User Defined | GHD
18 [ +EBY User Defined | GND
17 [ +BY User Defined | GND
18 [ +5Y User Defined | GND
19 | +5v User Defined | GMD
20 | +BV User Defined | GND
21 +5Y User Defined | GND
2z | +5Y User Defined | GHD
23 | +5Y User Defined | GMD
24 | +EV User Defined | GND
25 | +5V User Defined | GND
26 | +12V User Defined | +12%
27 +12V UserDefined | +12¥
28 [ -12v User Defined | -12%
29 | -1y User Defined | -12%
an | -sv User Defined | -5Y%
31 | -5¥ User Defined | -54
32 | -s¥ User Defined | -5Y

[ e e e e e e - - =

— o =

VME bus J2/P2 Pinouts

VME bus J1/P1 Pinouts

P ROW & ROV B ROV C
1 UserDefined | +5 User Defined
2 User Defined GMND User Defined
3 User Defined RESERVED User Defined
4 User Defined Az User Defined
5 User Defined A28 User Defined
[ User Defined AZE User Defined
7 User Defined H2T User Defined
g User Defined A28 User Defined
a User Defined AZ9 User Defined
0 | UserDefined | Azo User Defined
11| UserDefined [ A31 User Defined
12 | UserDefined [ GHD User Defined
13 User Defined +5 User Defined
14 User Defined Dig User Defined
15 User Defined D17 User Defined
16 User Defined D1s User Defined
17 | UserDefined | D1g User Defined
18 | UserDefined | Deo User Defined
19 User Defined D21 User Defined
20 User Defined Dezz User Defined
21 User Defined Dz3 User Defined
22 User Defined GMND User Defined
23 User Defined Dza User Defined
24 User Defined Dzs User Defined
25 User Defined Dzg User Defined
28 User Defined De7 User Defined
27 User Defined Dezs User Defined
28 | UserDefined | Dzo User Defined
29 | UserDefined | D30 User Defined
30 | UserDefined | D31 User Defined
3l User Defined GMD User Defined
32 User Defined +5Y User Defined

FIM ROW A ROW B ROW T
1 Doo BBSY” Dos

2 Dot BCLR® Dog

3 Doz ACFAIL® Dio

4 Do3 BGolN® D11

5 Dod BGOOUT" Diz

B Dos BG1IN® D13

7 Do& BG1OUT" D14

8 Doz BGzIN® Dis

9 GMD BG2OUT" GMD

10| SYSCLK BGalN® SYEFAIL*
11 | GND BGIOUT" BERR"®
12 | D31 BRO* SYSRESET"
13 Ds0® BR1* LWORD™
14 | WRITE BRZ® AME

15 | GND BR3* Bz3

16 | DTACK? Ao Mzz

17 | GND Ab a21

1§ | AS" Az Az

19 | GND A3 A9

20 | 1ACK® GND AlG

21 | IACKIN SERCLK BT

2z | 1ACKOoUT" SERDAT 231

23 | AM4 GMND A15

24 An7 IRG7 Alg

25 ADB IRGE" A13
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Analog-to-Digital Converter (ADC)

Charge-to-Digital Converter (QDC)



Charge measurements with ADC

Scintillation counter/detector:
Scintillator + PhotoMultiplier Tube (PMT)

s
“ Fan-In

Fan-Out DisC.
Logic

Scintillation detector \ A
1 Unit

M »

|
/

Scintillation
devector 2 _\f /

Scintillation detector \\\ ..
3 v ] Comcnd%r:ce level
Zero level Threshold Width
&
Width
S— TR L
N

ADC
GATE
Cho

Ch1

Ch2

ChN

crate
control
module

TIT) DAQ PC

mV/div

Time domain of signals for ADC

GATE

Cho

Ch1

Ch2

<N N

ns/div
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How to record charge in ADC?

CONTROL
LOGIC

CHANNEL
input

#
I

Block diagram of PEAK section in CAEN V1785 8ch Dual Range

Peak ADC

L

ai

CLEAR
CONVERSION

PEAK section
J\—:utput

COMMON STOP mode

The GATE signal closes the switch SW1 thus allowing the capacitor C1 to be
charged as the diode D1 is forward-biased by the signal.

\

As the SW1 is open again, the signal is digitized by the 12-bit ADCs.

\

After digitization the is closed by the CLEAR signal which allows the
discharge of the

Both the GATE and CLEAR signals are controlled by the CONTROL LOGIC section.
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ADC and signal conversion timing

https://www.caen.it

CAEN V1785 8ch Dual Range Peak
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‘e
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o F—s34 —
- WRITE
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coum \ > — LOGIC
NIM input
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COMMON Ij' — -u
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Eeialdres MEMORY H
0Nnectors | par (.\ GATE ——
I~ K<
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o CONTROL CONVERSION
. VETO —— ST
o - LOGIC STATE | | _ . |
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Fig. 3.1: Model V1785 front panel Fig. 1.1: Model V1785 Block Diagram Hig, 2 Sigual comversien timsing
Dual input range: 0 + 4V /0 + 500 mV 40

Gain: 1 mV/count and 125 uV/count for High and Low ranges




ADC calibration

Time domain of signals for ADC calibration

] ’7 GATE
input signal Cho
(0.1 - 1 pC) ff\/ T

V!
I 1 1
_
I 1 1
At, At

At, and At, depends on charge and shape of signal (ex, 10 ns or more).

Full Dynamic Range (FDR) = 1 pC with 10 bit

1

pC

1024

bin

0.00097656

pC/bin

Input charge

unit charge (pC/bin)

Measured Charge

(pC) (ADC bin)

0.1 0.000976563 102.4
0.2 0.000976563 204.8
0.3 0.000976563 307.2
0.4 0.000976563 409.6
0.5 0.000976563 512
0.6 0.000976563 614.4
0.7 0.000976563 716.8
0.8 0.000976563 819.2
0.9 0.000976563 921.6

1 0.000976563 1024

Measured Charge (ADC bin) vs input charge (pC)

1100

1000 Y=aX+b

a = ADC bin / input charge

900
800
700
600
500
400
300
200
100 O

0
0 01

b = offset

02 03 04 05

06 07 08 09

©)

1

1.1
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Energy Calibration and Resolution

(’,\‘f /)/D—’L d (;‘ -C//‘r )

1) Calibration Constant
Ein (eV)

<Q1>(ADC count)
1.170 MeV

1170 ADC counts
keV

ADC count

et 7 N 2) Energy Resolution (%)
& Q 3 ADC count (4( (/ry Q1 X 100(%)
133

1 |2 = = 0
1335 122 % 100(%) = 10%




Time-to-Digital Converter (TDC)



How to record time in TDC?

A Start signal closes the switch SW1 thus allowing a constant current to

i flow through an integrator; a Stop signal opens the switch SW1 again.
—tosweo
-\’l ‘ . . .
&4 The constant current generates a linear ramp voltage which is stopped
[ CHANNEL 7 _ at an amplitude proportional to the time interval between Start and
e, f >ﬂ outut e MUX) Stop pulses. & accumulation on C1
CONTROL b ‘
LOGIC L \5
integrator L. . . . .
input s After digitization the is closed by the CLEAR signal which
costant current —

allows the discharge of the

generator

COMMON - D

Both the COMMON and CLEAR signals are controlled by the CONTROL
Block diagram of TAC section in CAEN V775N 16ch LOGIC section.

MultiEvent TDCs
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TDC and signal conversion timing

Piggy-back board
INO ——| TACO r— A
orack / [N1 HH TAcH MUX INPUT T 2
4:1
ove " B TAC 2
S [Nz - Tac2 | o
datus LED IN3 [ TAC3 | 12-bit ADC | /12
N : : &sliding | o
i w : : scale - COMMON L 2
» IN12 [ TAac12 [
u " Block B
. INPUT conn
TAC 14
THRESHOLD OUTPUT \
R IN 15 |»~—| TAC 15 ’— COMPARATOR
swich | O
CLEAR
. INPUT conngltor +t CONVERSION 9
: %)
12
" 1l =2
A 1 OvR m 2
T . {} w BUSY
L Il — > WRITE I
—_ MEM (WE)
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- 8'3“ RST | - =
CONTROL et DRDY
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""’8 \ DUAL PORT
rewn S NA cOoN MEMORY
oRoY
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BUSY ||= ACQUISITION LOGIC STATE 2 |
VETO CONTROL idle acquiring data C>< % >( clear Y | idle
digitiza-
FCLR time | tion ol
VME INTERFACE ~600 ns = ~ 6 s —= ~ 600 ns { o
Fig. 3.2: Model V775 N front panel
Front panel Fig. 2.2: Signal conversion timing in Common Stop mode
L]
CAEN V775N 16ch MultiEvent TDCs 45




Time measurements with TDC

Time-to-Digital Converter (TDC)
Operation mode of TDC

COMMON STOP mode

COMMON STOP

Scintillation counter/detector: >
Scintillator + PhotoMultiplier Tube (PMT) '§
+ E | | cho
DISC. Ch1
Scintillation detector Llc;r?iitc I_l
1
v | | Ch2
S 37 — —
ns/div
Scintillation detector .
Coincidence level
3 —\f _— & TDC
Threshold Width
& COMMON Stop
Width
COMMON START mode
T Ccho crate
= control > DAQ PC =
Ch1 module %
r T Delayed logic si |
r i i elayed logic signa
L
’ Ch2
] ..
ChN

ns/div
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TDC Linearity Test for Calibration

T full = 100 ns with 10 bit (1024) data set

100|ns . .
1024lbin Measured Time (TDC bin) vs Delay time (ns) TDC Lmear'ty _
- = measured Time (ns) / delayed Time (ns)
0.09765625|ns/bin 1100
1000 Y=aX+b DC A
delay (ns) unit time (ns/bin) (TDC bin) a0 b = offset Y|
10 0.09765625 102.4 200 1 c’)’ ”””” o o o o
20 0.09765625 204.8 600
30 0.09765625 307.2 500
40 0.09765625 409.6 400
50 0.09765625 512 300
60 0.09765625 6144 200 N
70 0.09765625 716.8 100 delayed Time (ns)
80 0.09765625 819.2 0
90 0.09765625 9216 0 10 20 30 40 50 60 70 80 90 100 110
100 0.09765625 1024
COMMON START MODE
COMMON STOP MODE
A
1 A
Channel on TDC T I
; | | Channel on TDC | |:
4 _
| &
11 1 I
11 1 I
11 1 I
11 1 |
[ 1 1
1 1
10 ns delay

60 ns delay 47



TDC tips: Best Coincidence with 3 inputs

When events occur, the input signals from many detectors can be matched with Logic Unit.

3 coincidence

L

L

Coincidence with timing walk

Gate (Ch2) is shaking in time domain, called 7iming Walk.

Gate (Ch3) delayed

]

|
|
||| | I" Timing Walk
|
|

[

|
4
|
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Time resolution with slewing correction

M. S. RYU et al, JKPS 52 (2008) 1748
. Characteristics of Multigap timing RPC
At 6.4 kV with Gas 1

RPC1 RPC2
14 Before COR. Before COR.

2 16.4kV
i i 3 Orpe = 89 ps
Slewing correction 3o 3 rre 70 P
1

b ?ftail =22% (i50)
(trpc) =2-EXP +C '

2 o |
Ago.sf— s V{rec) 102
_'_II ¥ . L
\YJ " B

. .
HH T
A 1 +’r+ +H+ N

After COR. | After COR.

) 0l

15 50 100 50 100 L
< dgpc > (PC) < dgp¢ > (PC) )
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New Time-of-flight system of FOPI detector

New RPC barrel
Plastic barrel

electronics

Plastic barrel New MMRPC barrel
180 scintillators for 30 sectors 140 MMRPCs for 28 supermodules
39°<0,, <130°? 67°<0,, =140° 37°<9,, <68°
o, =200 ps o, <100 ps
Dy < 0.5GeV Dy =1GeV

M.S. Ryu, B. Hong, T. I. Kang, JKPS 59 1605 (2011)
M. Kis et al., NIM A 646 27 (2011)



Relation of momentum and time resolution D

The momentum p of the particle is related to its rest mass by the

formula (1). p = moyfc "

0 %) , O
Differentiating this leads to Mo _ p—}/‘—ﬁ .

m, p B

Since S is measured by measuring the time ¢ taken to travel the

length 7, i.e. B = T this leads to | Mo - 5py{@_!@} . (2)
ct m, P [t




Time difference

If m, andm, are K*(493.7MeV/c’ Jandn*(139.6MeV/c’ ) at p =1 GeVe,

Arw (2 —m?)=— 1€ (64937 0.1396 )GeV /c*}
2p 2(1GeV /c)
_(0.4937 01396 ). —-
6x10
At = FWHM

o, =FWHM /235

if At=373.8ps, o, =159.1ps

Q
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Seperation of 7T /K for 1m flight path @
80 ps 100 ps 120 ps
[ipl Tol amumring |
j‘uf

F T [-] ok 1 1.4
normalized ToF (ns)

normalized ToF (ns)

normalized ToF (ns)

1GeV/c
P (GeV/c) |

1GeV/c
P (GeV/c) |
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Summary

“DAQ with Fast Electronics” are a main
component of particle detection system to
see what happens in the HEP experiments.



