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What This Talk Is About

« The Why, What, Where and a little bit of the How « How do we organize ourselves?
- The big picture: triggering it out - The logbook, good run list, mattermost,
- It's also about the location, location, location - Where to find the data
- How does this apply to our situation?
 But what do we do next?

- Calibration?
« But now really about the How: Our setup - Alignment ?
- QOur detectors - Data analysis?
- The trigger logic => To be continued on Monday
- The digitizers and A/D converters O
- Everything else: Voltage supplies, gas, ... (oo e
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The Why, What And A Little Bit About The How

» The purpose of computing is insight, not numbers*

(Richard Hamming, ,Numerical Methods For Scientists And Engineers®, 1962)

So: what Is the purpose of data acquisition?

(Hint: it's not numbers either)
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Triggering It Out: What did we do yesterday?

Remember This?

“Trigger it out”

Let’s experience how trigger systems workl

1) If you talk with a person who does not belong

to your team, take a photo 4. TN
2) Upload the photos here: o '
https:/icernbox.cern.ch/s/FYriJFRoTqJaqg5T v I mline

for schools _gmay
’_, cem.ch.fbl-lis’ l ’

y ¢
f/ I:!\i‘* .

= We will discuss your observations in tomorrow’s session on data acquisition!
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Triggering It Out: What did we do yesterday?

This is what | saw today at 08:19 CEST when | clicked on the link

G (5] ttps.//cernbox.cern.ch/files/upload/FYrFRoTqlaqsT 3 A \ []j {‘5 \‘é—l Q;‘.o :

Non-Sarcastic Side Note:
This is perfect!!!!

B A fies . . . This picture is a reminder about a
Pl owner shared this folder with you for uploading point we ddin‘t even intended to make
” B Drop:flexhians tc. upicad ar/cick to-ssiect fhe in the first place, but we will make

il now:

B Deleted fles Just because you acquire data, it
does not guarantee that you then

B s i actually *have* data!
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Triggering It Out: What did we do yesterday?

No worries, everything is fine, it was just the wrong way to access the data that you uploaded)

Sortby: A-Z =

16947946... jpg 16947246... .jpg 16947247... jpg

16947973... 16948005... .jpg A935D8... .jpeg F3DF418... jpeg image_cyz....jpg image_mfj... jpg
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Triggering It Out: What did we do yesterday?

No worries, everything is fine, it was just the wrong way to access the data that you uploaded)

IMG_172... .jpeg : IMG_1726....jpeg
5

IMG 173... .ipeg IMG_1737... .mov

IMG_321... .jpeg IMG_322... .jpeg

IMG_4807... .jpg
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Triggering It Out: What did we do yesterday?

These are all great pictures, thank you for an amazing evening!
| also made some pictures, could you please help me to figure out
If these pictures would qualify?
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Triggering It Out: What did we do yesterday?

Some Questions & Remarks

« Did you talk while you were taking the picture

 How did you know what to photograph

 When did you stop taking pictures?

« The Instructions say that the person taking
the picture has to talk to somebody from
another team, but how can we be sure that

this is the case — we have no audio?
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Thank you for participating in our Experiment!
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It’s also about the location, location, location:
What happens at a beamline like T10?

 As it turns out: A lot!

[ Common Rates | Others |
/S Information

L1 [CHLT [RE

1.200

1.000

800

Rate (Hz)

600

400

200

« Every red line corresponds to a ,spill“ of particles received and data being recorded

« There is a structure in there — let's zoom in a bit!
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It’s also about the location, location, location:
What happens at a beamline like T10?

[ Run Control | Segments & Resources | Dataset Tags | DFPanel |

Common Rates | Others |
IS Information
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% 800 "‘ " i H “. [. ”\ ‘
|
E 600 ,‘ " yli [ H ’\ {‘\ ‘
400 ]\ [ ‘[\ [ _f,\‘ ‘\ ,‘.\ [
?| i T i | i |
200 ‘ [ J \ J- \ ‘A ‘ i
o . 14 || . | LAy -1 | g /
21:47:30 21:48:00 21:48:30 21:49:00 21:49:30 21:50:00
Time
- L1

« The spills occur at fairly regular intervals (approx ~ 30 sec)
« According to the built-in detectors at T10, we receive ~ 5300 events per spill
« According to our DAQ system, we record ~ 1200 events per spill

« We will look into why the two numbers do not agree a little bit later => Stay tuned!
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It’s also about the location, location, location:
What happens at a beamline like T10?

cps Tel:76677-w 37 [N BT ¢ Sep 23 06:58:43

3 Colour range scales: 0.45% - S

Commeants {18-5ap-2023

OF aB5WI1e 23 23 .
_ 0E-29:48|

SFTPROL
SFTPROL

NTOF+
| ] 3 NTOF +
3 EAST_TS

» The regular structure of the spills occurs because multiple users and facilities share the particles accelerated by the PS accelerator
* You can have a real-time view onto this cycle and see when it is your turn to get a spill

=> https://op-webtools.web.cern.ch/vistar/vistars.php?usr=CPS
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https://op-webtools.web.cern.ch/vistar/vistars.php?usr=CPS

It’s also about the location, location, location:
What happens at a beamline like T10?

CPS Tel:76677-W 37

25 356 61.00
23 838
B815&
813

354 60.558

829
346 30.22

TOF_4BSW16E_ 23 23

~—~Farg—— 1

P4
P+
P+
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P+
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P+

P+
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[— — —_ —_— —

225 - 4500 EL1Q Charges

NTOF+ Comments {16-5ep-2023
NTOF  08:29:48) o

SFTPRO1
SFTPRO1
NTOF+
NTOF

NTOF+

NTOF

M. Schwinzerl

Example: 2023/09/16 06:58:43

The cycle contains 36 ,slots”

Each ,slot” is about 1.2 seconds long

=> The cycle repeats every ~ 43 seconds

You can find the slots for T10 under the name

ZEAST N23*

At this time, T10 received two slots per cycle (#4, #19)
The length of the cycle and our position(s) in the cycle

can and will change over time
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How does this apply to our situation?

Negative Positive
A P « We are not interested in approximate timing information
: i (as in ,when did we get any particles®)
Z‘)’;e M. Van Dijk et al, 3 A / « We are interested in the precise, per-particle information,
| , //’_'ﬂ-/‘, including
_ _; /\ 9 - their position along their way at certain points
DR T T T - their timing (which in turn gives us an idea about

DWC2 Comparison ¥ Profile their energy and their momentum)
5 a00f §,15.;.-_ — i ) ) .
i g W A - their type (positron, proton, pion, ....)
350 .l i 1‘
4unj— 1ok I al
_ /I
'l ol J-'»'__u_.‘J:{1 " * It seems we need a DAQ system!
e 1 / " I 5;v_ .l 1l ! -'J]J"l, {
- o I
. Foot L 100 £ Y
o JU,J' ) I.__j..- l.‘] 3 5‘_ 0 W .L.1 1I
E gl Wb s D Ik,
.a.-.-!f:t-r"' J‘:_w | ] _;1;4_*
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How does this apply to our situation?
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A P « We are not interested in approximate timing information
: i (as in ,when did we get any particles®)
Z‘)’;e M. Van Dijk et al, 3 A / « We are interested in the precise, per-particle information,
| , //’_'ﬂ-/‘, including
_ _; /\ 9 - their position along their way at certain points
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About the How: Our Setup(s)

Setup 2: Chhitacttitise AlalgrgcBddagdemposition;: oo 2 oo

(potentially >= 3)

— @ —
2 S % S2, S3: Finger Scintillators -
o S ST S ~ overla ? 1 am?. select 1 x same array as used in July
Py o - w T P ’ - 2 x static array with different
bt o o O the centroid of the beam dist
o t~4 x o stances
2 @ i o %L SO <-> S4: ToF measurement - 1 x possibly a variable geometery
o E g £ = - §2, S3:Finger Scintillators array => different distances
b = - = => overlap ~ 1 cm?, select between the magnet are possible
- ~ = .
Py — — P the centroid of the beam +
- E _ §E = sg Sg
L © o W [~ 'S —i == il o == =
o wn © X 0O B8 X w oo v W oUT B8 9 ;lorimeters
ehy .M Calg | Cal2 | Cal4
Jétalbady. ﬂ?eiﬁéasurement Col| Cal2 | M | Calomimeter
f?’]all particles ! Matrie 3
cal7 | calo |cal15
seen firom e
'>_<>- !'14 Chs | Ch4 |Ch3 pe e
T ger: S1 & 54 & NOT BUSY cali7!calolcalta mrfFI mmmmmu
Trigger: S2 & S3 & NOT BUSY Ch2 |Ch01 |ChO
m,lﬂ,uar“;ﬂwa'ma u-u-m’m’pﬂl‘w"m
L1,R1,U1,D1,AV1,AH1 L3,.R3,03,D3,AY3, A3
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About the How: Our Setup(s)

Our setup has 4 main components:

1) The detectors

2) The trigger logic unit (TLU)

3) The data acquisition and digitizing unit

4) Everything else which does not have
a neat catagory name, but is still very important
(Power supplies, tables and platforms,
calibration signal generators, gas delivery system,
hall probes for magnet measurments,

alignment instruments, ...)
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The Detectors

— o —
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58 =-= 54: TL.:'F maasuremant cni | on | one | Calorimeter
for all particles Matrix as
B | a7 | CalD JCalts oo L e
—h— ) ChS | Chd |Ch3 pn;apectiué
Trigger: 51 & 54 & NOT BUSY Cal7|Caln|Cald o the bea
Chi |Chi [Chi

LG,RE, U8, DB AVE, AHE L2, R2,U2,D2 AVZ, AH?
L1,R1,U1,01, A1, AH] L3, R3,U3,03, A3, AH3

wrou

As outlined in the overview sketch, we have a number of different detector systems

a) Scintillators (3 movable detectors from BL4S, two installed at fixed positions provided by Bl)

b) Delay Wire Chambers (DWC) in pairs of two, two upstream and two downstream from test subject
c) A 3 x 3 matrix of Calorimeters

d) Cherenkov Detector(s) (fixed installation, provided by Bl)

The Detectors complement each other and should help us to get data across a wide range of beam energy
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Scintillator Detectors, Scintillating Paddles

Incident — T
Particle Photon F::?"'“"“'T — [~ HighVollageSource P ' .

I izt guide

Scintillavor

» Actually 3 components:
- Scintillating material (here: sheet of plastic which emits a light if a charged particle crosses)
- Light guide: collects the emitted photons and transfers them to the

- Photo — Multiplier — Tube (PMT): enhances the signal by using the photo-electric effect

to generate an avalance of electrons in multiple stages
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S s’

The Delay Wire Chambers (DWC)

E N ':ETVFT? 0 u?
'i;{: ~ 3 g = 3 . j "d' /
é g hit
Left Right e
ight

b
N

K B R

» TDC

left

« Two Planes: Horizontal (Left / Right: L/R) and Vertical (Up / Down: U/D) => At a minimum 4 signals

« Idea: Highly energized particles ionize gas molecules in a chamber

» Apply electric field of via high voltage (~2.5 — 3.0 kV) => Electron and lon move according to their polarity
« Charged particles moving = electrical current => can be picked up by wires
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The Delay Wire Chambers (DWC)

« By reading out both ends of a wire (L/R , U/D),

we can more accurately determine the
particle’s location

* Normally for N wires:

4 x N readout channels (that's a lot!)

« The ,Delay” part comes into the picture

i’ because if we can read all 60 wires

/ . .
L/ﬁ/ PPV IINIIII4 /"/ CATHODE sequentially over time, we only have to
& . . /

e ,/:/:”14" ’ 4/’:*:_47/’ & _
,'— L}%/%/ e " PRINTED CIRCUIT BOARD readout 4 signals

B e S0 BN CONNECTOR - But we have to reconstruct the spatial

J. Spangaard, Delay Wire Chambers a users guide, CERN SL-Note-98-023 information from timing information!
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Threshold Cherenkov Detectors (XCET)
© ‘ = " - Principle:

1
B -n(p)

v . .
* B =-,n..refractive index,

0.~

p ...pressure
« If 8, is above a threshold, then

particles emit light as they pass

through the gas enclosed in the
* One High — Pressure Threshold Cherenkov Detector (up to approx 15 Bar) detector

* One Low — Pressure Threshold Cherenkov Detector (up to approx 4.3 Bar)

« => Lecture on Tuesday for more details!
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Calorimeter Matrix

» 9 Calorimeters with one PMT each
« Optimized for electrons but give also signal for muons and hadrons

* Very reliable detection of electrons / positrons above ~ 1.2 — 1.5 GeV, everything else is a bit tricky
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Trigger Logic

Let's assume a simple system: two scintillators on top of each other, detecting cosmic muons

r Discriminator
Threshold
N
S0, S1 - Analog Signals
... . Overlap
J ; D|sc|_'|r:n|nat.ed§5Ignﬂ|5 i | Between
S0, S1 => Digital Signals Discriminated
Signals ==

"Coincidence” =>
We can use this as Trigger
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Trigger Logic

Let's assume a simple system: two scintillators on top of each other, detecting cosmic muons

= — — [ B > ‘
. .. . Overlap
J Dlscrlr_mnalfed Signals . Between
S0, 51 => Digital Signals i Discriminated
Signals ==
i "Coincidence” =>
i We can use this as Trigger
N
rd
Leadin{:j Trailing
Edge Edge
W |
Trigger
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Trigger Logic

Let's assume a simple system: two scintillators on top of each other, detecting cosmic muons

| 5 t
| 7
Leading I Trailing
Edge Edge
\J I
Trigger I
3 t
Trigger
Match
Window
W f « 2nd Hit, CHO
TDC st Hit, CH1 +—— 1st Hit, CH1
Offset
Width
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Implementing such atrigger logic unit

SO S1 S0 & S1 => Trigger _

b 4
——
ROZ

niwial=
ole;in
*xlololw

. . d ~ ® O L 4 » L4 . e H



Or a slightly more complicated system ....
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Data Acquisition and Digitizer Unit

* From Left To Right

L

v s e CA (- -
== | el o il

. el |@, o B 1) Single Board Computer
l 2) TDCO => Digitizer for the DWC main signals
:’ ;- (Time To Digital Converter)
e 3) QDC => Digitizer for the Calorimeter
: j (Charge to Digital Converter)
i lQ 4) CORBO Card (more on this in a minute)
| EE [ 5) Scaler => Counter, not triggered ()
e , : 6) TDC1 => Digitizer for the Scintillator,

3
sssss

‘‘‘‘‘

Cherenkov, and DWC Anode signals

M. Schwinzerl, B. Gokturk | BL4S Introduction To DAQ Part | | 2023




Trigger Busy Logic & Data Acauisition

« We have to ensure that our active measurements TRIGGER
are not interrupted by incoming events that arrive a bit -
later => Block trigger until we are no longer busy

» |Issuing and clearing the BUSY signal is handled via
the CORBO card.

NOT BUSY

« We can not record every particle that arrives and
that would trigger our detector (at least not in T10)

« That's why having a scaler is so important, it gives us a
less detailed picture about some quantities for(almost)
all particles while we take more detailed data (i.e.,

TDC, QDC) for as many particles as we can
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Data Acquisition and Digitizer Unit

« There is a relationship between the detectors and

E E L E 3 signals in our setup and the input channels of
s R 2F g S verlas N ene selst each of the devices in this unit:
'r?; '.:l : '-:l E = - the centroid of the bh=am E

L 2 2 ¥ 5 8 2 g EE go £ 3

“ raloriseters

, A Calg | Calz | Cala
0 <-> G4: Tl:.!F méasuremant thi | onT lons | Calarineter
for all particles Matrix @s
Cal7 | Cald [calis -
I Tehs | ond [gha | SR ”:T e
; . | perspective
Trigger: 51 & 54 & NOT BUSY Cal7|Calb|tald of the bear
Chz |Chi |Chi

L@, RE, U8, DE AVE, AHE L2,R2,U2, D2 AVE,AHZ
L1,R1,U1,D01,4W1,AH] L3,R3,U3,D3,AV3, AH3

You Will Always Find a Table With These
Mappings In The Log Book (cf. a bit later)!
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Platforms And Tables

»  We have two remote controllable tables for the two pairs of DWCs (XSCA Table)

* We have one so called “DESY” table carrying the calorimeter array

» All three platforms can move in two dimensions and will be used for alignment and to expose different
detectors to the centroid of the beam
And to carry the calorimeters because they are really reall heavy !
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Low Voltage Supplies

» Required for the DWCs
» Four units, symmetrically +/- 6V with approx. 50 — 60 mA
« Have to be carefully monitored to detect issues with the DWC before they take damage
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SY45ZT EMD=z2

Mame = 0%l =""TNrrhet L] Whon
CALYE 70000 LA 120000 W L0 nA FENT R Y
CALIG TR0.00 uA 120660 W JEGTIE LA LMD ¥
CALTT 70000 L& 122500 W 25604 A 123491 ¥
CALYS TR0.00 A 1106e0 ¥ JI0ETH A 1aMue ¥
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| TOUCHAOREEN LEB | | - ; B | f y o . 5z 2000.0 L& 1800 W 14118 na S0 Y
31 2000.0 uA 2000 ¥ IHTOnA FTTERY
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55 20000 ua 22000 W ISTROmA FEI Y
Cwicn 100.00 L& ZBO0.00 W THE WA mEET ¥
LW 10000 us ZBOC 0D W S naA s v
w2 100.00 & ZB06.ED W FLYS=0 Y TR ¥
e 10000 L& FROC GO W LLEFI nA ATV

» Different voltages have to be provided to different detectors and devices
« =>\We have quite a lot of them and need (literally) a bunch of cables to distribute the power
« The voltages and currents can be remotely monitored and controlled from the counting room
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How do we organize ourselves ?

This is not a rhethorical question.

How do we organize ourselves during the next days???
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How do we organize ourselves: Where Is the data?

> CERNBox > ecs > user > b > bldssata > 2023 > Deto > 20230913_20230927.110 » TDAO _Date 3 ° Data |S recorded Ioca”y’ on our DAQ System

[>

« The format (.data) is optimized for fast storage and efficient

o
o
£
o
i

-

transfer, but not direct readable (let alone ,human readable®)

o u 3y [

« The filename contains a long number => This is the run-number

* We can cross reference runs using this number with other sources

aaaaaaa

= _' — B of (meta) information: the logbook, the run list, ...
Gt 69470737 CoNRCaor 156 FAN JB0000_ACTAR 007 '  We can convert the data to ROOT & share it via cernbox

=
o
5
o
o
2]
»*
=
)
3
¥
©

« =>We would ask you to help with this task as part of your data
analysis and control ream / beam line shifts!

« =>We will send you the coordinates how to access to the data

JEEEE!E'!E'!!.!H'!!-!
g 8 g 8 B B | BB "R Alb: 8

=

P

3

©

a

2

S

o

3ata.1est.1604703137.calitration..dag RAW. ILCC00._ RCDAp. 0O02.data CO”eCtlon On CERNbOX Vla emall and Vla MattermOSt.
: « Speaking of Mattermost ....
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How do we organize ourselves: Mattermost

« We have a Mattermost channel for BL4S, please join!

=> https://cern.ch/bl4s2023-mattermost
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https://cern.ch/bl4s2023-mattermost

How do we organize ourselves: The Logbook

Bicodimp |# | D = | & & @ + ke Pt veriTantlichen m

* You can find the logbook at
https://cern.ch/bl4s2023-logbook?2

« ltis a living document®, writtin in a language called Markdown

« Multiple persons can write and read the same document at the same time.
* We would ask you to help us document as many information as possible into this
logbook
- Information about each run (beam config, voltages, ...)
- Meta data (alignment, distances, which setup, changes in
equipment, ....)
- Any special occurances (power outages, problems, bugs, ....)

» It will also be very helpful during data analysis!

* Don't worry, we will help you maintain and write the log book

+ Remember: Runs are identified by their run number, the data files and the entries
in the log book belonging to the same run will all carry the same number
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https://cern.ch/bl4s2023-logbook2
https://www.markdownguide.org/tools/codimd/

How do we organize ourselves: List Of Runs

ERMBox ﬁ runList.xlsx = EJ

Fil= Hame Insert Ciraw Page Layout Formulas Data Raview Whew Help
. v O
£ Capy Sort & Find &
Filter ~ Select
Chaboacd Editing
Ji
Name Box b : c 5 5 4 ] K L M N o P 0
mn mmber beamfile beam momentum (Ge date # of events trigger con approximat distances b lavout of th cherenkov  cherenkov | comments
2 1694722654 280 -2 14092023 1500000 5185488 020 - as given in 2.5 bar CO 4 bar heliw this is only the outcome of this file was actually with
3 1694702327 - - 14/09/2023 DWC0 AH 3400 - as given in the log book, no differe DWC0O RD
4 1694702544 - - 14/09/2023 DWCO AH 3400 - as given in the log book, no differs DWCO C
K 1694702748 - 14092023 DWCO AH 3400 - as given in the log book, no differe DWCO LU
& 1694703137 - - 14/09/2023 DWCl AH 3400 - as given in the log book, no differe DWC1 LU
7 1694703626 - - 14/09/2023 DWC| AH 3400 - as given in the log book, no differe DWCI C
] 1694703905 - 14/00/2023 DWC1 AH 3400 - as given in the log book. no differe DWC1 BRD
] 1694704498 - - 14092023 DWC2 AH 3400 - as given in the log book, no differe DWC2 LU
1694704783 - - 14/09/2023 DWC2 AH 3400 - as given in the log book, no differe DWC2 C
1694705134 - 14/09/2023 DWC2 AH 3400 - as given in the log book. no differe DWC2 RD
12 1694709287 - - 14/09/2023 DWiC3 AH 3400 - as given in the log book, no differe DWC3 LU
13 1694709567 - - 14/09/2023 DWC3 AH 3400 - as given in the log book, no differe DWC3 C
14 1694700777 - - 14/09/2023 DWC3 AH 3400 - as given in the log book, no differe DWC3 RD

M. Schwinzerl, B. Gokturk | BL4S Introduction To DAQ Part | | 2023




How do we organize ourselves: List Of Runs

* The logbook is great to document things that are somewhat

[Ba2 |7 o e oo structured but allow also for some variations

Bl b xxkwms Cohix

« For example: some measurements and runs require different

"
srxx BL

sensors and detectors to be online, sometimes you need
additional information that is not required otherwise, etc.

« But: This flexibility can be confusing and make looking things up a
bit tedious

« =>We will try to compile a common set of data into spreadsheets
where you can immediatley see which runs are interesting for
certain applications

« =>We will ask you to help here, again as part of your data
analysis and beamline / counting room shifts
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Thank you for your Attention!
Any Questions?




