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Outline

The main components
— Laser control system

- Source Monitors

— Local Monitors

Data acquisition & monitoring systems
- MIDAS DAQ
- Naples DAQ
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Laser Controller
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Laser Control System

In-Fill : 2 pulses 200 us apart are sent every fill to minimize Begin of Muon Fill: trigger from accelerator
the damage Beam Injection
Then these pulses are shifted by 5 us to scan the whole Sync. Pulse EOF Pulse

range of 400 us fill window. in-fill laser pulses

e 4L I

~Spus  ~ 30L50"j|_15 in-fill pattern ~ 700 ps

500 ns splash

40 us

A
A

018 burst Test pulse
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Laser Control System

Begin of Muon Fill: trigger from accelerator

Beam Injection

Sync. Pulse o EOF Pulse
in-fill laser pulses
. Out of fill : laser pulses sent outside the muon fill over longer I“ H H] H H |
period of time to study the long-term gain stability. Yy 7 . A
- affects due Temperature variation, aging etc can be Sps  ~ 3OI5UhIlS in-fill pattern ~ 700 ps
corrected. 500 ns splas
- double-pulses : additional (1 %) gain drop due to very
close (~ 10 ns) positron hits, to study this two very close
laser pulses are sent and the response is studied. 40 us
- flight-simulator : positron events are simulated using - -
laser pulses that can also mimic the infamoussplash.
burst Test pulse
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Laser Control System

Begin of Muon Fill: trigger from accelerator

. Laser Pulse Tagging :

- 1.8 GeV pulse that is found almost (in more than 50

21 Septemb‘éysz@ﬂgin all crystals is definitely a laser.
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Beam Injection

Sync. Pulse o EOF Pulse
in-fill laser pulses
A 4 y IMII |
~5us ~3050ps in-fill pattern ~ 700 ps
500 ns splash
i 40 us
burst T Test pulse



The Monitors...
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Source Monitors x 6
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Source Monitors x 6
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Source Monitors x 6

® 2 Pin Diodes : receive laser pulses directly from the source.

Pin-1/Pin-2 ~
stability at sub per
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Source Monltors X 6

» 60 HOURS
1.04%
1.020+
1.00
0.98
0.96
0.94l] Mean 23.79 || Mean 23.77 | Mean 23.77
| Meany 0.9987 || Meany 1]|Meany 0.9992
0.92Hf RMS 0.7346 || RMS 0.7437 | RMS 0.7437
1 RMS y 0 01 109 HMS y 0. 02835 RMS y 0 0231? |
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® 1 PMT : receives laser light from laser source plus light generated by (Nal) an

americium source.

- Laser/Americium ~ the laser-source variation. which will
21 Septembéwvr28é8 long term calibration.
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| ocal monitors x 24

1 PMT (Plan of 2 actually) : receives laser pulses directly from
the Source Monitors (Pulse-1) as well as light coming back from

th

1.03

Pulse-1 | Pulse-2

088

0.87
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e calorimeters (Pulse-2).

Pulse-1/Pulse-2 ~ stability of the Local Monitors.
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Data Acquisition Systems

Atanu Nath

16



MIDAS DAQ & Monitoring System
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MIDAS DAQ

MaX|mum Integrated Data Acquisition System
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Start Wed Sep 19 14:18:38 2018 Stop: Wed Sep 19 14:19:39 2018

I\/I I D/ \S DAQ K sian - Restart: Off Data dir; /data2/gm2

62 18:36:02.571 2018/09/20 [ODBEit, TALK] Program mserver restarted

* Runs can be started and

Equipment + Status Events Events[/s] Data[MB/s]
. ER frial gov 0.0 0.000
managed from the web-interface. | MasterGi2 00 0000
AMC1300 0.0 0.000
. AMC1301 0.0 0.000
| AMC1302 0.0 0.000
AMC1303 0.0 0.000
. I AMC1304 0.0 0.000
e Alarm goes off when something |t g0 S oun
AMC1307 0.0 0.000
goes Wrong. | AMC1308 0.0 0.000
: AMC1309 0.0 0.000
| AMC1310 0.0 0.000
AMC1311 0.0 0.000
| AMC1312 0.0 0.000
. . . AMC1313 0.0 0.000
* Configurations can be changed in | amcuas 00 GO0
e Online DataB —— B
the Online DataBase. : AMC1317 0.0 0.000
| AMC1318 0.0 0.000
AMC1319 0.0 0.000
| AMC1320. 0.0 0.000
AMC1321 0.0 0.000
: AMC1322 0.0 0.000
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! AMC1324 0.0 0.000
0.0 0.000

AMC1325



Online Database Browser

- 1-standard-mode

p 2-sync-pulse-only-mode
p 3-alternative-mode

p 4-short-double-pulse-mode
- 5-long-double-pulse-mode
p G-calibration-mode

p 7-flight-sim-mode

p &-manual-mode

p debugging-fiags

Key

LaserMode

Prescale

FilterWheell

FilterWheel2

FilterWheel3

FilterWheeld

FilterWheel3

FilterWheelt

| Equipment / AMC1325 / Laser / Configuration /

Value

1 (0x1)
& (Ox6)
6 (OxB)
& (Ox6)
6 (Ox6)
& (Ox6)
6 (Ox6)

(  Online Database Browser

[ Find || Create || Delete || Create Elog from this page |

Online Database

 Various configurations like

Atanu Nath

laser mode
filter-wheel position

etc can be set in the
Online DataBase page.

20



Online Data Quality Monitor

Art-based

*.mid bnary file Online Plots

Analysis
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Online Data Quality Monitor

e Server connection Laser Crate 25 summary plots e
status. g T T e S
¢ Traces Of Iaser L (click nﬁrf)aa?:iw ﬁ;ﬁ:g:cis?:ﬂzhlt:ﬁ:w plot)
signals. \ —-\Uf-— I m I I I
« Stability of laser I 1 II I I
pUIseS Over ............... E] a.f"JI!|"'-1“'.I ..... A
various runs. .,..,Hm,._ ,.,“
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Slow-control DQM

Laser Slow Control FILTERS TEMP.
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Naples DAQ & Monitoring System
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Naples DAQ

Custom made (bash, c++, ROOT) Naples DAQ and Monitoring Package
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PMT

Pin-1

Pin-2

CONTROLLER BOARD

DATA STORAGE
&
MONITORING SERVER
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Naples DAQ

Custom made Source Monitor crate of Naples.

Laser Control
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Naples DAQ

Custom made Source Monitor crate of Naples.

Laser Control

128814) J19sex xz

Ethernet/TCP
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Naples DAQ

Custom made Source Monitor crate of Naples.

SM Digitizer — 1 to 6

Pre-amplifier
Shaper
Digitizer.

Provides bias/HV to the
detectors.
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Naples DAQ

Custom made Source Monitor crate of Naples.

SM Digitizer — 1 to 6 Data bus

Power control
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Naples DAQ

Custom made Source Monitor crate of Naples.

Receives data frame from all
the 6 SM boards and checks
for errors and then builds the
final data frame containing
information of 6x3 = 18
channels.

Sends the data frame to
Naples Database over
ethernet.

SM Event Builder
(Controller Board)
21 September 2018 Atanu Nath 31




Naples DAQ

Receives data frame from all
the 6 SM boards and checks
for errors and then builds the
final data frame containing
information of 6x3 = 18
channels.

Sends the data frame to the
data farm over ethernet.

SM Event Builder

Custom made Source Monitor crate of Naples.

Power connector  Data connector

[FPGA: FE
readout &
Event

Building

(Controller Board)
21 September 2018
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_—— —

~o1cc  Naples DAQ

e

3 x 6 = 18 Board Temp. sensors

3 X6 =18 Pre Amp. Temp. sensors

2 X 6 =12 Laser-hut Temp. sensors

21 September 2018

Custom made Source Monitor crate of Naples.
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Naples Monitoring...
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CONTROLLER BOARD
MONITORING SERVER

: 11 2 L 8
880 9860 0099 00 55 a2aa 6601
st o

4080 8699 0 9600 8069 060 0090 B 699 0369 6000 0090
0080 o 0

0080 123
28a 4009 09
60 6090 0 [
9 6900 11a3 035b 1% 0
5 6000 0000 12a3 035
409 6000 0600 0009 0000

Analyzes the latest frame on arrival and stores the results in a
buffer...

9000 06
[

e EE S e e e Displays the results of last minute.

Displays the results of last several hours.

560 6900 8608 600 460 000 8005 00
080 000 6600 ) i 4000 8608 0405 0628 4000 0009 0
caaa 0669 0919 0BS? (555 o 0 0989 000
0003 6417 11a o ] 5 5
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Online Summary Table

Home Sumimary Stability Shoit Term Profiles Long Term Profiles

NAPLES DAQ MONITOR STATUS | DATA STATUS [ LasErstaTus |

FILL RATE

I SM-1 | SM-2 ' sM-3 I SM-4 I SM.-5 I SM-6
MEAN ADC _
(PN 682072 . NAN | 4972.26 | 679238 | 646105 797367 ]
lPIN-2 ' 7898.15 7766.04 | 6060.57 | 6825.66 j 7055.28 j B337.45
{lPMT | 11491 _ 443221 _ 5110.03 | 5364.04 I 5971.74 | 5060.85
[MEAN BIAS (V)
PIN-1 ' 49.2044 49.2164 I 49.1879 [I 492708 j 49.4163 | 48,5457
{lPIr-2 | 8.2948 _ 48.2816 I 49,2979 [l 49.039 | 70.2339 | 49,3447
PMT 1 0.6353 . 0333 I 0.5965 | 0.6901 | 06436 0.5943 ]
[BOARD TEMP (°C)
Pt | 42457 . 48,071 I 43.402 [l 43.358 ! 42.23 | 41.844
PIN-2 39.422 | a2.697 | 41843 | 40.962 | w113 41.094 /
PMT 42.923 | 44.479 | 43.112 I 43414 | 4291 | 42115
lcsPTEMP (°C)
PN | o - L dedsitu
Il 35,442 | 35138 | 35.042
[I 35.016 I 35345 | 35478
30.324 30.312 | 30.51 [I 30.597 f 30.789 f 30.019
30.881 ] 33.984 | 30.98 [I 30.113 | 30.602 | 30.409 |

SOURCE-MONITOR STABILITY

[PIN-1/PIN-2 BAND SIZE | I |

DAQ HEALTH

21 Sept I LAPTOP SPACE LAPTOF MEMORY 1 CONTROLLER SPACE | CONTROLLER MEMORY



Short Term Trends

PMT_CT_SM1 Shart PMT_CT_SMZ_Short PMT CT_SM3
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Long Term Trends

PMT_ADC SM2_ Long PMT_ADC_SM3_Long

PMT_ADC SM1_Long
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STABILITY OF THE MONITORS
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CALCULATION OF STABILITY

21 September 2018

~1 MINUTE
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CALCULATION OF STABILITY
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CALCULATION OF STABILITY

-------------------------------------------------
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FLUCTUATION OVER LONGER TIME
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Electronic Calibration DAQ
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Calibration of The Electronics

e EmmaPiD-1 Pre-amp. ey 2
A

e @PiD-1 Pre-amp. ey 2

A chain of known charge pulses
Called “DAC”s
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Linearity Test
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Temperature Correction
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Temperature Correction
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PIN1/PIN2 [normalized response]
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Current Status and Plans

* Laser DAQs (MIDAS & Naples) are running 24x7 flawlessly since the beginning (2017).

* Monitoring of short-term
- event by event
- last minute

and

* long-term
- last 24 hours of laser trend
- last few weeks of temperature trends

are running smoothly.
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GRAZIE
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Numbers:

SM input 150 pJ/pulse
LM input 0.01 pJ/pulse
Americium ~ 10 Hz

Laser source: pico quant, 750 pJ @ 450 nm, average power
28 mW
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Why Laser Calibration?
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Why laser calibration?

normalized
energy E
1.025—' ‘:!
BT i e o
0.98;1 _ifiz%* 0 gz
”*m’_'i'f‘ff ********* - /° o Two nano-secs apart particles hitting the
osef-| *1 gf calorimeter ~ typical SiPM charging up time.
—eez;ulr fffffffffffff -89%
CW o+ o .....H.I.N.'FILL.xma
o 100 200 300 400 500 Time [ns]
Time [ns]
VERY SHORT

21 September 2018 Atanu Nath



1.004

Why laser calibration?

1.002

relative gain

QUITE LONG S T O

0.8998

3

C DPeceDh 10819 vy2 t
UOUUVDUNY LUOLO™VY

High load in the first few micro-secs after e
the injection results in a SiPM gain recovery 0.990

tlme ~ feW tens Of micro_SeCS 0.988 III||N-IF||_L

100 120 140 160 180 200

Time [us]
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Why laser calibration?

VERY LONG

Much slower gain changes over longer time
(hours/days) Can occur due to temperature
change, aging etc.

2.5 20.75
- Electrons uncorrected data x2 4 ndf S.0/10 _|
o — SiPM Laser Data slope [36/h] 0.01= 002 | Tog -
- Electrons corrected data —_
- SiPMs Taemperature O
— o
9 1.5 L0 65 —
S B
= = g o
c - ! -
o 1 =g =& boE 2
% - _+_ T o ‘E
= 0.5 i - 20.55 8—
s " 1 =g
| —;—_ _+__ (O]
o =% §29.5 =
sl— ONG —2g9.45
21 September 2018 (A S T R 0 ! ! ......LM
10 o5 1 1.5 2 2.5 2 3.5 4 4.5 T
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Why laser calibration?

ANOTHER LONG ONE..
SAME CALO CAN SAG DIFFERENTLY @ DIFFERENT TIMES

In-fill gain function can be different in different
runs separated by weeks due to different beam

conditions.

; ~ 1 WEEK _
o e Run 09183 ™ w " Run 11224
g 1.02— g 1.0z
Y LE : ¥ 5
g F i o g

s " 0.9
§ 0.98) = - i 03 §
£ oo6fe E o g 06 i
@ =t o o} ‘
o 0.94 == = o o 084 T “
S osobk £ S oozl =t /
=] = C) = _EV 4 /
S o e £ ool M /
g B - (0] © e K
2 ossf ? gomE .~
© & @© e
O 088 PRI L 1 1 - O o086 1 ) | PRI R i .

o 5 10 15 20 25 5 10 15 20 25
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The laser calibration system

Using laser pulses of known amplitude we can extract those “3 kinds” of gain functions and correct the real data.
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The laser calibration system

Using laser pulses of known amplitude we can extract those “3 kinds” of gain functions and correct the real data.

But those pulses have to be known, stuff like temperature and aging can also affect the laser sources, that's why we
need a monitoring system for the laser sources right after the light leaves the source :

* the Source Monitors
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The laser calibration system

® Using laser pulses of known amplitude we can extract those “3 kinds” of gain functions and correct the real data.

But those pulses have to be known, stuff like temperature and aging can also affect the laser sources, that's why we
need a monitoring system for the laser sources right after the light leaves the source :

e the Source Monitors

They must also remain known till the end right before hitting the calorimeters after traveling through a long distribution
system, therefore a monitoring system that monitors the local (light coming back from the calorimeters) situation is
needed :

* the Local Monitors
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The laser calibration system

® Using laser pulses of known amplitude we can extract those “3 kinds” of gain functions and correct the real data.

But those pulses have to be known, stuff like temperature and aging can also affect the laser sources, that's why we
need a monitoring system for the laser sources right after the light leaves the source :

e the Source Monitors

They must also remain known till the end right before hitting the calorimeters after traveling through a long distribution
system, therefore a monitoring system that monitors the local (light coming back from the calorimeters) situation is
needed :

* the Local Monitors

- Butwouldn’t these laser pulses mess with the positron signal? They would! That’s why we need to control the laser
pulses in a specific manner so that a few pulses during the muon fills and a few outside of that suffice to get us the gain
function :

e the Laser Control
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Laser Control System

. In-Fill : 2 pulses 200 us apart are sent in a fill to minimize the
damage

- Then these pulses are shifted by 5 us, it takes 40 such
steps (40 fills and not necessarily consecutive fills) to scan
the whole range of 400 us fill window.

- In standard DAQ in-fill pulses are sent every 10 fills.
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Laser Control System

. In-Fill : 2 pulses 200 us apart are sent in a fill to minimize the
damage

- Then these pulses are shifted by 5 us, it takes 40 such
steps (40 fills and not necessarily consecutive fills) to scan
the whole range of 400 us fill window.

- In standard DAQ in-fill pulses are sent every 10 fills.
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Laser Control System

. In-Fill : 2 pulses 200 us apart are sent in a fill to minimize the
damage

- Then these pulses are shifted by 5 us, it takes 40 such
steps (40 fills and not necessarily consecutive fills) to scan
the whole range of 400 us fill window.

- In standard DAQ in-fill pulses are sent every 10 fills.

21 September 2018 Atanu Nath

+

i+

+

o

: : -
o "M...**f

Fls )

NasrhRhkh 10010

Ilrilll\lll

DOCDID 1IUOIOo-Vo




Laser Control System

. In-Fill : 2 pulses 200 us apart are sent in a fill to minimize the C ; : i ;
damage B :
- Then these pulses are shifted by 5 us, it takes 40 such :_
steps (40 fills and not necessarily consecutive fills) to scan N j : g : g
the whole range of 400 us fill window. Pl e
R : : : gl
. . - i i i i -*
- In standard DAQ in-fill pulses are sent every 10 fills. P C— _._1-'
C L
b e : o=
e dm g A
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H : : e
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Laser Control System

. In-Fill : 2 pulses 200 us apart are sent in a fill to minimize the

damage

- Then these pulses are shifted by 5 us, it takes 40 such
steps (40 fills and not necessarily consecutive fills) to scan
the whole range of 400 us fill window.

- In standard DAQ in-fill pulses are sent every 10 fills.

Parameter

Current value

Default value

Tsyne (ps)

Ty (first laser pulse) (us)
prescale

Ninril

At (ps)

Tenist (ps)

—_

]
30
1
2
200

4]

-—

{
30
10
2
200
2.5

o

ODB: Laser pulse settings.
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Temperature Correlations...

CSP Temperature vs PIN1 ADC CSP Temperature vs PIN2 ADC CSP Temperature vs PIN1/PIN2
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