Chapt.8 Data Acquisition Systems



The CHIMERA Detector 1192 Si-Cs

17 rings in the range 30° <6 < 176° (sphere)
High granularity and efficiency up to 94% 4n

Z and A identificationin CsluptoZ<4

Mass identification with low energy threshold (<0.3
A.MeV) by Time-of-flight

Zeta identification for particles stopping in Si (pulse
shape)

Experimental Methods:
AE(Si)-E(Csl(tl)): CHARGE, ISOTOPES

E(Si) -TOF(Si) VELOCITY - MASS

PULSE SHAPE in CsI(TI)
p.d,t*He,*He,.>"-Li,... Z;,,,<5

Pulse shape for particle stopping in Si
(CHARGE)
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Why do we need a Data Acquisition System ?

*Primary objective is to have the most comprehensive information
about the physical process under study.

*For complex processes, many outgoing channels would require a large

number of sensors and the simultaneous collection of data from all
the channels.

Typical present generation experiments would have:

e >200 parameters per event
10,000 events per second
« > 10" bytes of data / experiment.

Needs high throughput and massive storage requirement.



*Detectors are large and distributed -containing many thousands of individual
channels.

*The complete set of signals which describe a single nuclear interaction is called
an Event. there can be thousands to millions of events occurring per second.

*Events occur at random.

Si1E, Si1T, Csl1E, Csl1Slow, Csl1Fast, Csl1T -Det1
Si2E, Si2T, Csl2E, Csl2Slow, Csl2Fast, CslI2T -Det2

SinE, SinT, CsInE, CsInSlow, CslInFast, CsInT -Detn
Timestamp

*Only a few events are interesting.

* The data acquisition system digitizes, formats and stores these
information in a way which can be retrieved for later analysis.



CCD detector
Readout, processed

Trigger

Trigger/Gate & Busy

* Digital Camerais a “simple” physics
DAQ system.

» 3-6 million channels

» Dead-time(BUSY) is important! -How long

before | can take another picture?? Light

Data stored on flash card

ADC/TDC Modules need a Trigger to start conversion

| ADC
== Gate 7

/ Gate d

TDC

Start




Trigger

*The data acquisition system needs to know when an interaction “Event”
has occurred in the detector.

*Some detectors are faster than others.

Signals from fast detectors are combined to make a decision on when an

interesting event has occurred. This is called a trigger.

the trigger make a selection starting from the signals coming from the
front-end electronics (hardware trigger) thus deciding if the event have to

be readout or rejected.



Basic trlgger |Og|C Reaction: (1°Be,*He+*He)
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Reaction: (?Be,’He+*He)

TrigR=TDet1 X TDet2 — Main PhySiCS
: Det1.
TrigDR=(Tpet1 + Tpet2)/N1— By products 12Be beam \
- elastic scattering etc. T1 T2 2Be
TrigDB=T, xTa/n; — Upstream events. monitoring E{

Trig.=TrigR+TrigDR+TrigDB
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Trigger and DAQ

TRIGGER: the trigger make a selection
starting from the signals coming from the
front-end electronics (hardware trigger)
thus deciding if the event have to be
readout or rejected.

First level trigger L1: is based generally on
hardware (discriminators, charged particle
multiplicity, etc). It is generally fast
(100ns-1ps).

Second level trigger L2: for example
particle identification, energy calibration,
etc. (CPUs, FPGA, etc). (milliseconds)

Third level trigger L3-Ln: in high energy
physics, event reconstruction, physics
processes (computer’s farms). (10-2- 10°
sec).

Simplified L1 trigger in CHIMERA \
based on particles Multiplicity

F ;_>i
E Im

E Analog sum
CF discriminators M >1
trigger
READOUT



real trigger & busy logic

* No master gate should reach the modules until the current event has
been completely digitized and read out. (especially for VME)

T

1ms<

. Detector

'/

|
Trigger

|
! Delay
Start

/" [ADC }

Interrupt

Master Gate blocking is essential

Discriminator

to have any meaningful acquisition
with VME, failing which a good

number of events could be corrupt

Processingl

depending on the data rate.

Ready

Clear —U_
Busy ] Conversion + Data readout | 10~500us

Busy 4, |_

Accepted ] | ] I—
Trigger




Deadtime and Efficiency

Deadtime (%): ratio between the time the DAQ is busy and the total time .

l 1 l H l . f=true interaction rate

D N B

Non-extensible dead time
Efficiency: Nrecord/Ntot= 1/(1 +f-’t)

Due to the fluctuations introduced by the

stochastic process the efficiency will always
be less 100%

To have higher efficiency — f1<<1
e.g. f=1kHz, £ >90%
—t=1/f(1/e-1) = 100us

— 1/t >10kHz

v=recorded count rate v = n/(1+nr)
> Tt=system dead time

10% for 0<t<100us
/

¥

0.6/—
0.4—

0.2—

o111

Probability of time(in ms) between
events for average event rate of f=1kHz

fer

In order to cope with the input signal fluctuations, we would need to overdesign

our DAQ system by a factor 10.



Single cycle data readout: event by event readout
System BUSY = Conversion + Data readout
~10us ~a few 100us

« Software cycle time to process an instruction
« Data transfer (only a event)
« Store to hard disk

Buffers(FIFO) are introduced which hold temporarily the data.
The FIFO absorbs and smooths the input fluctuation, providing a steady
(De-randomized) output rate.

ex. Multi-Event Buffer: for CAEN v785 (VME ADC ) w&?b;me

N

ms~

*Busy is now defined by if the buffer is full or not.
*Processor pulls data from the buffer at fixed rate, A (ms); }
separating the event receiving and data processing steps

Buffer/
Data readout Pipeline/
FIFO
« Software cycle
 Block Data transfer (multi-events) T (ms); j
- Store to hard disk v (H2)

access time
distribution




Efficiency

*Efficiency as a function of the ratio of the event processing time (1)
to average event arrival time (A)
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Zero-suppression
Raw data noise
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Before event data is passed to the DAQ system it must be properly zero-suppressed
to limit the loading of the data links and the DAQ system. Data must also be
properly organized in self-describing data structures.

X Y
After Zero-suppression 5 EUUUE 1 BEL

Zero-suppression(ADC) <-> Overflow-suppression(TDC)




Basic DAQ: more channels

N channels N channels N channels

(2]

ADC = [anc ADC I+

YyYy AAAJ

ProcessingProcessing|Processing

Processing

fora

Trigger

The increased number of channels
requires a hierarchical structure
committed to the data handling and
conveyance




Large DAQ: Constituents

N channels N channels N channels
wy
N,a - ADC I+ ADC I B e ‘:(\ buffer/digitization
p . . ::L —_— — [ j=—= —_— Tt R ] SN S S S S . .- |
_ _ . /——— extracts/formats/
Processing Processing|(Processing Readout ‘ | buffers data

P e > |

_ — assembles/buffers
Event Building |

\ events
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Processing Filtering | (] rejection/buffer
.[ | temporary

ora Data-Logging | store/offline
\ | transfer




If there are many channels, DAQ can be divided in blocks (for example
all boards of a crate, all crates, a farm of computers to process data).
All theses blocks have to be interconnected. Synchronization: to form

full events from partial ones. INTERCONNECTION Bus, Networks

= Two main classes: bus or network

ndata

% Q0000 sources
: ES/ @ data
Y

processors




Buses

-> Esemples: VME, VXI, CAMAC, PCl, PCle ...
=> Devices are connected by a “shared” bus Boards (ADC,QDC,TDC, CPUs etc)

=> Devices can be “master” or “slave”

R —
=> Devices can be addressed in a unique way in — .
the bus. Interconnection
=> Because the bus is shared among different CPUS
board a bus “arbitrer” is generally necessary /

] . l
---------

Device 1 Device3 | B Devicedl IwHEESANRNUERAN)

'"“‘ | " ""' i

Courtesy W. Vandelli

Slave boards

VME-PCI
controller



Bus adapter/ controller:
* It makes possible to control the bus remotely from a standard PC

through a high speed link
» The acquisition program (DAQ) runs on the remote PC
« Computing power (processors, memories, disks) is on the PC

Addressing:

All modules have a unique address 1n the bus.
Registers/buffers in a modules have a unique address.
Access and control modules through their addresses.

access to the
Bus Adapter Slaves bus through

l — v T the adapter

this is just

computing hardware o 1
power is
here!
R RRRRRRRR AR E | | ma
i it | | Boe >
R | | e
i | o o
\ B — Optical Link
— -
B —
—_—
| ————— L

used for data
transfer




Interrupt:

All modules included into the measurement are operated in the "master
trigger* mode, 1.e. a simultaneous data collection of all parameters 1s
triggered by the mterrupt given by one 1n particular defined module.

The interrupt of the other modules are usually disabled.
2%
o

®
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CAMAC(Computer Automated Monitoring And Control)

Old IEEE Standard 24 bit bus.
Relatively slow(3 MB/sec).
Small boards.

A lot still around.
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1 CAMAC: Computer Automated

C A M AC Measurement And Control

o Standardized by ESONE,
IEEE/ANSI, IEC around 1972

\; ® e L ] ||
Specification e [
S e (e
o 19” Crate, modular hardware form factor, 25 slots to Stitiiee ol
attach modules. E o :
o Crate contains power supply, backplane & FAN unit. E I o
o Slot 25 is for CAMAC Crate controller module. The slot ! e
1-24 may be occupied by CAMAC modules. o ® 3
1 The CAMAC backplane provides +6V, -6V, +24V & - E _ @ -0
24V, OV (return) DC power; optionally +12V, -12V, o |® b
o f e
i) @




CAMAC backplane signals

1 CAMAC Data & Address lines:
24bit READ & 24bit WRITE bus.

N — Slot number: each slot is directly addressed by
controller with this signal

A — sub-address : Each CAMAC module can host 16
sub-unit

F — Function: Each sub-unit can perform 32 functions

-1 Control signals
S1, S2: Timing signal for dataway operations

Z: Initialize

C: Clear = Module responds with signals:

B: Busy L: Look At Me (LAM) signal. L line individually connects
each slot to the controller, works as a interrupt to

l: Inhibit

controller.
Q: asserts the operation status

X: asserts the command has been accepted



CAMAC dataway operations

DATA WORD FORMAT

16 13 12 1
Channel ID Channel Data
CONTROL REGISTER FORMAT
16 9|8 4 3 2 1
Conversion Delay (Read Only) | O |UT Enable| LT Enable | PED Enable
CAMAC DATAWAY OPERATIONS
F(O) -A(X) : Read event data memory for Channel (X+1). Data word as described above.
F(1) -A(X) : Read the parameter memory pointed to by the mast recent F17 aperation for channel (X+1).
: Read 5parse Data. Only those channels with data that falls between the upper and lower
Fi{4) -A{0) thresholds are read, starting with the highest numbered channel. Reading an empty buffer
retuns { false. Data word as described above.
F(6) -A(0) : Read the Control Register. Format described above.
F(6) -A(1) : Read the Hit Register. Shows which channels' pedestal corected data falls within their
upper and lower thresholds.
F(8) Test LAM. A Q=1 response is generated if LAM is present and enabled. The address lines
have no effect on this command.
F(9) : Clear the Moduwle. Resets front end, clears and disables [AM, disables pedestals and
threshaolds. The address lines have no effect on this command.
F(10) : Clear LAM. Occurs on 52 strobe. The address lines have no effect on this command.

F(11) -A{Q) :
F(11) -A(1) :
F(11) -A(2) :
F(11) -A(3) :
F(16) -A(X) :

Reasat the Contral Register. Ocaurs on 52 strobe.

Resat the Hit Register and LAM. No affect on data memary. Occurs on 52 strobe.
Reset the Test Register. Occurs on 52 strobe.

Reset the Hit Register, LAM and data memary. Occurs on 52 stiobe.

Write to data memaory for channal (X+1).



CAMAC based DAQ

All modules Triggered by the LAM (CAMAC Look-At-Me) given by
one 1n particular defined module. This module 1s characterized by an

enabled LAM line 1in contrast to the other modules where the LAM
lines are automatically disabled

[1 After getting the LAM the following data collection cycle is started

Step Operation
1 check LAM sowurce
2 inhibit all inputs (CAMAC inhibit I)
3 Read-out: read Module 1
read Modide 2
read Module n
- clear all modules (CAMAC clear C), if enabled
5 clear LAM
) data check and move into the data buffer
7 monitor data check
8 move into the monitor buffer and spectra accumulation
9 set back inhibit line
10 optional CAMAC NAF (if defined )




A CAMAC Data Acquisition system with CC7700 and PC-Linux
http://rarfaxp.riken.go.jp/~iwasa/cc7700.html

static int camacNAF(int N, int A, int F, long *data, int *stat) /* long word data NAF operation */

static int dc int (unsigned short buffer[])

{
static long j;
j=inl (BASE ADDRESS+4) :
posS=3;
for (j=0; j<16; j++) {
camacNAF (ADC1, j, 0, &i, &k) ;
buffer[pos++]=1i;

LT A
| VA A

v ’ -

for (j=17; j<32; j++) {
camacNAF (TDC1, j, 0, &1, &k) ;
buffer|[pos++]=i;

——
—




VME (Versa Module Europa)

International standard for interconnecting modules.

32/64 bit bus (80MB/s)

Large number of commercial products (used heavily in the military).
VMEG4X provide bandwidth options (160-320 MB/s).

Currently transitioning from FASTBUS

—



VME - VME: Versa Module Eurocard

1 19” crate with power supply unit & FAN unit

-1 Crate’s height and depth depend on form-factor. 3U,
6U and 92U crates (1U=1.75") are available

1 6U VMEb64x crate has 21 slots and common backplane
for all the signal and power lines

O pl & p2 160pin and p0 is 25pin connector for each
module

- +5V, +12V, -12V, +3.3V DC power are available in
VME64X crate

- Hot-swappable, User 1O



VME

master power supply VHE slave

VME Crate

x ,( cll 7 ' 4
LGLLLlATTVIPY

backplane smart fan units

Optical Link



VME modules

1 CAEN VME785, 792 & 775

32 channel 12bit resolution

5.7us ADC conversion time for all
32channels

32event FIFO memory

External ECL bus for control and
synchronization

BLT32, CBLT and MBLT capable
1 MDI2, MADC32 from mesytec

Zero suppression
Overflow suppression
- to speedup data transfer, i.e. reduce dead time of DAQ



VME Base Address ( Hardware Setting)

A32 mode

31 24 23 16 15 0

07 0 7 07 0 7

@ Address Space: 16 Kbytes
5 from 0xC2480000 to 0xC248FFFF

£
58 L 68 68 L 58 L

Co
v@
&

13

e ChH
Y@
&

v

Cp
@
9

[

8Ch

BASE ADDRESS: OFFSET:
which board inside which register inside
the crate the board

Table 4.2: Address Map for the Model V785

Register content DR |SR |HR |Address Type Access mode
Output Buffer v v v 0x0000+0x07FF | Read only D32/D64
Firmware Revision 0x1000 Read only D16
Geo Address 0x1002 Read/Write (**) | D16
MCST/CBLT Address v 0x1004 Read/Write D16

Bit Set 1 v (") | ¥ (*) | 0x1006 Read/Write D16

Bit Clear 1 v (") | ¥ (%) |0x1008 Read/Write D16
Interrupt Level v v 0x100A Read/Write D16
Interrupt Vector v v 0x100C Read/Write D16
Status Register 1 v v 0x100E Read only D16
Control Register 1 v ") | v (*)|0x1010 Read/Write D16
cmdvme -wr addr : word read

cmdvme —wr 0xC2480000 : read a word from the first channel of the module



Data Output Buffer

31302928272625242322212019|1817161514131211 10{9(8(7|6|5|4|3|2|1|0

GEO[4:0) [0}1}0 CRATE[7:0] 0|0 CNT([5:0)

Fig. 4.5: Output buffer: the Header
V785:

31|30|29(28|27|26|25|24 (23|22|21|20|19(18|17|16{15[14|13(12|11|10|{9 |8 |7 |6 |54 |3 |2|1 |0

Geoi0] |ololo CHANNEL UNJoV ADC[11:0]

31

30|29|28(27(26(25(24|23|22|21(20(19(18|17|16{15|14[{13]|12|11|10|9 |8 |7 |6|5|4|3|2[1|0

GEO[4:0] |1{0}0 EVENT COUNTER[23:0)

Fig. 4.7: Output buffer: the End Of Block

31(30(29(28(27|2625|24|23|22|21|20| 19| 18| 17| 16{ 15| 14[13[12|11| 10| 9| 8| 7| 6| 5| 4| 3| 2| 1| 0
) GEO 011]0 CRATE NUMBER 0|0 MEM. CHANNELS (2)
pv;’::; GEO olo|o CHANNEL (2) UN[OV ADC COUNTS
N GEO ofofo CHANNEL (5) UNfOV ADC COUNTS
GATES GEO 1|o]o EVENT COUNTER (m)
GEO 0|11]0 CRATE NUMBER 0| O | MEM. CHANNELS (3)
Wite GEO olo|o CHANNEL (0) UN[OV ADC COUNTS
Pm:er GEO ofofo CHANNEL (17) UNJOV] ADC COUNTS
GATE 8 GEO ofofo CHANNEL (3) unlov] ADC COUNTS
GEO 1/0]0 EVENT COUNTER (m+3)

Fig. 4.9: Multi-Event Buffer: data structure example




VME| Data Readout

Data readout is possible in following modes -

« Single cycle
» Reads a word from the slave FIFO

« BLT/MBLT (Block Transfer/Multiplexed Block Transfer)

+ Reads a number of events limited to 256 words from any slave module

« In MBLT two 32 bit words are multiplexed to read as a single 64-bit word in
VMEG4 standard

« CBLT (Chained Block Transfer)

+  Most pertinent mode for nuclear physics applications allowing for event-
by-event data acquisition.

+ Reads the data belonging to the same physical event from several
contiguous boards in a crate limited to 256 words per CBLT cycle






READOUT NETWORKS IN A DAQ ‘

It is possible to connect and exchange
data between different “crates” or

devices in a network making in parallel
A /4 : the readout of different parts of a
S : multidetector

A network can link also different devices (for
example permitting the coupling of different
data acquisitions (in a network the connected

devices are called “nodes” or “peers” (no
INTERCONNECTION IS OBTAINED master or slaves). In a network devices

BY 5W|TCH_ES (it s.witchs frames communicates directly (or through a switch)
to destination using MAC) exchanging data and messages.

ETHERNET is the most used protocol Foto: GSI

Others high bandwidth (data-
transfer/second), low latency
protocols, low distances:
INFINIBAND

MYRINET

switch [ 11

|}
" InfiniBanyHCA: MHES18-XT



DALI : Nal detector array
| GRAPE : Ge detector array
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Event Building

« The detectors are spread over a physical volume of space.

« Bits and pieces of events arrive at different times from different places.

« All the parts of the event need to be collected together and packaged
with other information needed by the analysis.

The Event builder is a very fast collating machine.

N channels N channels N channels

A AL

C [ADC [ADC Front-End
=y =]

[Processing [Processingﬂ Readout

Processing

Data Collection Event Building

| Processingl Event Filtering

Event Logging




Run Control
* Need to start and stop the DAQ

» Place to input parameters which change from run to run.
» Place to read parameters from.
« Automatic monitor of the health of the DAQ system.

« Something nice for the operator to look at.
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Timestamp-based DAQ

* Independent DAQ for each sub-system
- own trigger and timestamp

* Synchronize sub-systems with timestamp
- fixed time difference and offset

Target . Bo aEE
Fo 'ntensity monitor  Beam line Elec:tronlcsl —n—1
~200 channels

< TOE

123pq 125pd
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~200 channels




Beta decay experiments with EURICA Timestamp
R module

§§§§

Strip Si ) N

N
Delayed beta

. Illlu Beam Trigger
 Implante “F" RIBF DAQ
l‘l‘ Prompt gamma
<!.llll‘

Isomer gamma

Si Trigger
RIBF DAQ

48bits,
100MHz

Ge Trigger
MBS (GSI DAQ)

Beam line

100MHz,
48bit counter

L L L [~ Trigger

Timestamp
99 100 116 120 136 counter



Timestamp

; ,' = I ,' ,' I . ,' I . Beam
U_L1irir L | I DSSD(HI+beta)
TRNIEI ||||||\| L0 00 DIl DI 0 0 h, Gamma
heavy ion : beam x DSSD(HI) -
heavy ion-gamma : beam x DSSD(HI) x Gamma (isomer) — .

Beta : beam x DSSD(beta)
Beta-gamma : beam x DSSD(beta) x Gamma

‘wlﬁn.. ..I..|J|...1I|1I1|LLLLLII

-5000 -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000

Time stamp (100 Ml-lz.“ )

Half-life
P . Beam

Gamma : |_rr‘_L|
|

TSEB

Y
Clover, BGO,

Veto, Lﬁr ]

i Si U‘L'
* Synchronized u A
* Event build ba I(—>|(—-: Time difference

Sl

Offset ~ Width




Application:

Study of Knockout Reaction
Mechanism from 40 at 60MeV/u

Phys. Rev. C 93, 044607 (2016)



Physics goal: the breakup reaction cross section of %O to ''C
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Radioactive Isotope Beam Production
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Beam production
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Particle identification

m/Z=const

—

dEldx « 22 /v®> (1) dE « Z2TOF? (1) = (2)
TOF < 1/v (2) 0 1 m ) 3
By=mlz=c (3) TOFx—— (2-0)

energy loss AE
=
—h bk e b — — —h
NWH OO O\

time-of-flight ToF

/ plastic. \
b T }
' > dE(Si)
-
y =
@ D
o - <
= <
East Experimantal Hall >
q=.> -y <>
[ -
1

time-of-flight ToF

ot
Sy = _f 0.
:"’ (5] .\0007
[ g zsoo:’—
= -
e M|
.fl Ring % uaof—
_/’ Cyclotron mf_
/" Hall ;
\ / | soof—
TPOPL T POV TOR 1ot I TOP Py v

% 70 80 % 100 110 120 130 140 150 160

B 2.2-2 RCNPEN Course £EF &% E TOF[ns]



PPAC - xy, tracking
Si- dE

RF- TOF start
plastic- TOF stop
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RF Delay
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Detector array
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particle identification using hodoscope o = Nic
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Hodoscope Veto Trigger
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Beam Area r------------; = To Telescope Area
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Telescope array at upstream(back angle)
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Data Analysis - calibration
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Background estimation with empty target
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