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Outline

The main components

— Laser control system

- Source Monitors (SM)

— Local Monitors (LM)

- The Monitoring Board and the Controller Board

Data acquisition & monitoring systems
- MIDAS DAQ and Data Monitoring
- Naples DAQ and Data Monitoring
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The Monitors...
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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.
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| ocal monitors x 24

1 PMT (Plan of 2 actually) : receives laser pulses directly from ; G o + Ty A
the Source Monitors (Pulse-1) as well as light coming back from —Y—L —ﬂ ﬂ \T T |[
the calorimeters (Pulse-2).

Pulse-1/Pulse-2 ~ stability of the Local Monitors.
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Data Acquisition Systems
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MIDAS DAQ & Monitoring System
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12 Hz muon spill M I DAS DAQ

\ x24 calo x2 tracker ‘ aux detector frontend Iayer

Frontends Frontends Frontends
8 GEBEi/Is samples
on 10 GbhE

—-1MEB/s hits few MEBis hits

- on 1 GbhE - on VME . PCI -
-

mCPuU+GPLU miCPLu mCP LU N
calo FE tracker FE auxiliary FE I

— e I 1 - .

At this layer, acquired raw data (~80 GB)/s) is processed using GPUs (CUDA
subroutines used T, and Q-methods) and lossless compression, a processed data
of (100 times reduced in size) is produced.
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MIDAS DAO

24 calo
Frontends
8 GEBEi/Is samples
on 10 GbhE

x2 tracker

Frontends
-1MBJ/ s hits
on 1 GbE

aux detector
Frontends

fevw MEBi/s hits

on VME . PCI

frontend layer

I

mCPLu

auxiliary FE I

%L& backend layer
Moomer PP

]

At this layer, processed data from ~ 30 segments (front-ends) are
assembled together into one event frame (rate ~ 80 MBI/s) and sent to
local (online database) and remote storage (< 200 MBJs). 6PB expected to

be written in total.

Atanu Nath

14



Auxiliary front-ends including laser

Custom designed Monitoring Boards
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Laser DAQ

Custom made Source Monitor crate

Laser Control

¥ e wwa _f

Defines the laser pulses, e~
frequency, pattern, type '
(normal calibration pulse,
exponential simulation pulse,
double pulses etc)..

It is coupled with the clocks
and provides triggers to the
DAQ (main and laser DAQ).
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Laser DAQ

Custom made Source Monitor crate.

MBs—-11to6
Pre-amplifier
Shaper
Digitizer.

Provides bias/HV to the
detectors.

24 October 2019 Atanu Nath 17



Laser DAQ

Custom made Source Monitor crate.

MBs —1to 6 Data bus

Power control
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Laser DAQ

Custom made Source Monitor crate.

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)
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Laser DAQ

« 10
Receives data frame from all = - MB (Mbit/s)
the 6 SM boards and checks s s ° Controller(Mbytels)
for errors and then builds the | 7 Buildertime (%)
final data frame containing 6 © deadtime (%)
iInformation of 6x3 = 18 .
channels. 4 Lo
I~ L]
Sends the data frame to the N L. . v
data farm over ethernet. - et L aov 7T ’
L. !'=':': 'l N N —
SM Event Builder v 100 200 NP",_whub-c_}rcgeﬂﬂ

(Controller Board)

Fig. 1. Data transfer rates measured at the output of each slave board (MB) and of
Controller. The time percentage of builder process and the dead time are also reported.
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3 x 6 = 18 Board Temp. sensors

3 X6 =18 Pre Amp. Temp. sensors

2 X 6 = 12 Laser-hut Temp. sensors
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~o1cc v Laser DAQ

Custom made Source Monitor crate.

Atanu Nath

21



Run Status

Start: Wed Sep 19 14:18:38 2018 Stop: Wed Sep 19 14:19:39 2018

- Restart: Off Data dir: [data2/gm2

562 18:36:02.571 2018/09/20 [ODBEit, TALK] Program mserver restarted

MIDAS RUN
CONTROL

Equipment + Status Events Events[/s] Data[MB/s]
° EB DEGUIREF@aZEenfaNgoE 140 0.0 0.000
. AMC1300 ANCIZ00@g2anepivl 1140 0.0 0.000
managed from the -interface. AVC1301 Disabied o 00  oow
AMC1302 Disabled 41379 00 0.000
AMC1303 Disabled 0 0.0 0.000
AMC1304 Disabled 0 0.0 0.000
AMC1305 Disabled 0 0.0 0.000
) AMC1306 Disabled 0 0.0 0.000
* Alarm goes off when something ANC1307 Disabled 0 00 0000
AMC1308 Disabled 41379 00 0.000
AMC1309 Disabled 41379 0.0 0.000
goeS Wrong' AMC1310 Disabled 0 0.0 0.000
AMC1311 Disabled 41379 0.0 0.000
AMC1312 Disabled 41379 0.0 0.000
AMC1313 Disabled 0 0.0 0.000
AMC1314 Disabled 0 0.0 0.000
. : : AMC1315 Disabled 41379 0.0 0.000
* Configurations can be changed in e — —
. AMC1317 Disabled 41379 0.0 0.000
the Online Data Base. AMC1318 Disabled 120 00 0.000
AMC1319 Disabled 0 0.0 0.000
AMC1320 Disabled 43113 00 0.000
AMC1321 Disabled 0 0.0 0.000
AMC1322 Disabled 0 0.0 0.000
24 October 2019 Atanu Nath AMC1323 Disabled 0 0.0 0.000
AMC1324 Disabled 0 0.0 0.000

AMC1325 AMC1325@g2laserdag-tata 1140 0.0 0.000



| Online Database Browser |

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

[ Equipment / AMC1325 / Laser / Configuration /
p 1-standard-mode
p 2-sync-pulse-only-mode
p 3-alternative-mode
p &-short-double-pulse-mode
¢ 5-long-double-pulse-mode
p G-calibration-mode
p /-flight-sim-mode
- 8-manual-mode
- debugging-flags

Key Value +
LaserMode 1

Prescale 1 (0x1)
FilterWheell 6 (0x6)
FilterWheel2 6 (0x6)
FilterWheel3 6 (0x6)
FilterWheeld 6 (0x6)
FilterWheels 6 (0x6)

FilterWheels 6 (OX6)

Online Database

 Various configurations like

laser mode
filter-wheel position

etc can be set in the Online
Data Base browser.
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Online Data Quality Monitor

: : Art-based :
*
.mid bnary file 4>-—> Analysis Online Plots
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Online Data Quality Monitor

Server connection Laser Crate 25 summary plots

_____..-—-"' summan aser aser 2 aser 3 aser asar5  Laser 6
Stat u S [} NUMBER 5269 EVENT 187 N. ISLANDS {for each channel|8 \

channel 19 Island num. 0 Channel 19 island amplitudes

Traces Of Iaser (click on bars to change island in trace plot)
signals. jj/ =
\

adc counts
____.,-'
. c::—ﬁ“‘\_‘

Stability of laser
pulses over
various runs.

Alarms go off
when things go

wrong.
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Slow-control DQM

Laser Slow Control FILTERS TEMP.

BIAS & HVs & MIRRORS
sy traces: - Muon Fll vy
Lt pdate Thi My 17 2018 12:30:33 GMT. 0200 [CEST)
Sourca Manitor Bias Voltage Local Manitor High Wollage Power Sugply Filter-wheels-actual-posit ‘ 24h Tarmparalure Monilor ‘
oot T ey 17 SO0 10N G 00 IR Lace oo T Wy A7 S0 TR0 BT 0 {CER T Lot fime The Mar 0 2098 Z3:90:50 GMT« 0400 [GET) ‘ Last time This May 17 2B 122637 GMT 0200 {CEST) ‘
SM DEV PMT SET PMT MGN PID 1 SET PID 1 MON PID 2 SET PID 2 MON HV GH HV SET HV MONITOR | MON STATUS POWER e TlEENEAETEL ! Last 24 hours ‘
M1 oe: [ = N -~ ] B35 635.31 148,58 ‘ — LT ,
M2 0.54 a4 [ 004 1 585 585.34 137.47 L . '
sM3 oe [ = N <+ 2 585 585.36 135.70 FoGTION 6 6 6 6 6 6 | |
SM4 o [ = HEE -+ T 3 555 555.29130.35 | |
ETE] oes [ = I ~ R 4 635 635.32 14928 TRASMESSION 037 037 037 0.3 033 037 —
aME cer I o D o+ 5 550 550,36 128,82 |
& 545 545.26 127.34 |
——————— Pewices reachabie onnatworc 7 510 510.33118.21 '
- G Mg 7 S0 TS S TS0 (ST 3 e e \
DEVICE HETWORK RESPONSE 4 0 590.331.434 Flip Mirrars actual position
LASER CONTROL BOARD :[: i: z:::i Lt fimes Tha May 17 2018 120000 GAIT 0000 [CEST)
S0URCE MorToR BoARDS conTRoLL £+ : G
LOCAL MOHITER HY O mauve | i2 53§ 535,37 125,00 NUMBER 1 2 a . 5 ¥ L
DELAY GENERATOR T sALVE | 13 ey 54542 127.30
LASER HUT WORKETATION [ mave | 14 850 550,45 128 60 MIRROR POSITION DOWN DOWN DOWHN DOWN DOWN DOWN =
SOURGE MONTOR WORKSTATIGN [ mAE | o A AR
16 s00 500,35 116 82 wm 7 A 12
, L& 17 51 51042 118 85 i 1 o 2 6
Laser Driwer 18 w10 %10.27119.16 1 week Temperature Monifor
et - s By 07 DO R G 00 (OEST) 15 500 500,35 116 85 Last 168 hours
LASER CURRENT SETTINIG CURRENT MONITORING INTERLOCK STATUS 0 nan 80,45 125 64
1 oo LE:4 [ UNLOCKED ] 21 535 53545 129 87
X, o L [ UNLOTKED | = w50 50,38 128 47
3 o8 08 | UNLoCKED 5] 560 560,33 130 81
4 08 o9 [ ONLOTRED ] 24 &5 £50.42 152,00
3 o8 o8 [ UNLOCKED | 25 100 11002918470
& o 08 [ UNLOTRED 26 1100 1100.34 154.50
b 580 980.38 137.75
28 1000 100,38 14046
2 1000 1000.40 140,58
30 0 269 008
3 0 257 008
NETWORKS = 0 e
33 0 238 oo
34 [] 184 -0.01
35 0 283 005
38 0 140 0.08
57 0 147 01t
38 ] 185 0.1




Naples DAQ & Monitoring System
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Naples DAQ

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

Sadm ol
pakejoy

-
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PMT

Pin-1

Pin-2
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CONTROLLER BOARD
(Custom made event builder)

DATA STORAGE
&

MONITORING SERVER
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Naples Monitoring...
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CONTROLLER BOARD
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Analyzes the latest frames on arrival and stores the results in a
buffer...

0 8 00

i (1) Displays the results of latest frames.

(2) Displays the results of last several hours.
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Online Summary Table

MIDAS DADQ NAPLES DAQ MONITOR STATUS DATA STATUS LASER STATUS LASER MODE DATA FILL RATE

Up UP GOOD Up UNKNOWN

SM-1 | SM-2 | SM-3 | SM-4 | SM-5 | SM-6
MEAN ADC
PIN-1 6991.59 7165.2 4896.7 6660.17 6405.58 6277.35
PIN-2 9028.68 7909.06 6226.5 6947.51 7025.06 6438.4
LASER 8937.63 13538.2 13342.6 13224.4 10285 7720.93
AMERICIUM 5498.31 745111 7882.69 8496.91 6138.91 6011.04
MEAN BIAS (V)
PIN-1 49.2166 49.3841 49.0945 49.2483 49.4204 49.5808
PIN-2 49.5474 49.2425 49.3754 49.0674 49.257 49.3424
PMT 0.6141 0.5897 0.6422 0.7402 0.6389 0.6342
[BOARD TEMP (°C)
PIN-1 36.077 36.582 36.663 36.468 36.37 35.49
PIN-2 34.523 35.881 35.881 35.151 35.014 36.094
PMT 35.302 36.061 35.686 35.897 36.111 35.393
CSP TEMP (°C)
PIN-1 32.551 33.294 32.806 32.158 32.437 32.189
PIN-2 32.595 32.896 32.635 31.805 3182 32.629
PMT 33.174 32.729 32.517 32.028 3L.811 32.206
EXT TEMP (°C)
PIN-1 26.869 NAN 27.564 27.206 28.26 26.4
PIN-2 28.217 27.054 27.576 27.169 27.576 27.007
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Calibration of The Electronics

—
e mms 2PiD-1 Pre-amp.ms 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

D
l-l
b

Q
g

,I‘I

E 3

24 October 2019

! : I 1
2000

3000

CALIBRATION
tanu

]%ﬁ_lMPING

4000

5000
DAC

40



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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. I

i -3 "F-" :f Laser front-end (12 bit WFD in uTCA crate)
! | Frontend
| | Layer
Bl |
! |
S S r.' L1

Custom designed Monitoring Board: a module that processes LM/SM signals. When a
Signal exceeds the threshold, it saves a data frame containing baseline, peak, and time
Temporarily in a local FIFO buffer. An MB frame has a header of twenty-five 16 bit words,
containing event number, voltages, temperatures, and other control words. Then the body
contains laser pulse related words, 5 words per pulse.

Several such MBs send data frames to an event builder (custom designed controller),
which then assembles the frames syncing them according to their event numbers and time
stamps and builds the event frame. This event frame also contains a header and a footer
that contains data control words based on the data quality check that it does while assem-
-bling the MB frame data.
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Rate requirements

* Accommodate 12 Hz average rate of muon fills
that consist of sequences of eight successive

700 ps fills with 10 ms fill-separations.

10 me 187 ma

1063 ms

Il

i

~

Cychs lsngth 1.4 sec

* Time-averaged rate of raw ADC samples is 20
GB/s, which must be reduced by a factor of

100.

* Data is processed in GPUs to accomplish this

task.

» Total data on tape after 2 years of running will

be 7 PB.

a4 TI2BNT W. Gohn | MIDAS DAQ for Muon g-2

24 October 2019
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PN

MB Per Fill MB Per
Second

Raw data 1,600

T-Method 9.4
Q-Method 4.0

Prescaled Raw 1.6

Tracker 0.75
Laser Monitor 0.08

Auxiliary 0.33
Event Builder: 16.2

19,400

112.5
48.5
19.4

9
1

4
194.4

2= Fermilab
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In order to dimension the DAQ architecture it is essential to deter-
mine the laser firing program with respect to the main cycle of the
accelerator machine. Muons are injected into the storage ring in trains
of bunches separated by 200 or 1000 ms. Each bunch consists of 8
repetitions of muon fill and decay windows (fill, 700 ps long ) separated
by 10 ms (out-of-fill). The data of the calibration system are organized
for each sub-cycle, namely fill and out-of-fill.

The laser is operated in two distinet modes concerning physics or
test runs and the program is defined by the Laser Control [5]. During
physics runs the generation of pulse trains occurs during both the fill
(superimposed to the physics data coming from the muon decays) and
the out-of-fill time windows. The second mode is devoted to the test
runs without beam in order to exercise DAQ and detector according
to the exponential decreasing time function generation ({(N .} is 96)
to simulate the real data. The expected value for (N} for both the
modes should not exceed 100 per sub-cycle.

The final version of the Source Monitor crate was installed at FNAL
and it is now fully functional. Several test have been done on the
system to evaluate the calibration features. Here we report on the
measurements to study the data flow and DAQ performance. The system
under test consists of a Controller, a Laser Control and 6 MBs. A pulse
generator simulates the beam cycle set at a rate of 100 Hz, corresponding
to a sub-cycle every 10 ms, higher than what expected in the experiment.

Atanu Nath
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L
Input sources @

* Digitization is performed in custom uTCA based waveform digitizers.

* Each digitizer runs at 800 MSPS, so each time bin is 1.25 ns, and a 700 us fill
is 560,000 clock ticks.

» Each uTCA crate contains 12 WFD5s or 60 channels of digitization.
- Crate 0 reads data from the clock and control center (CCC)

Crates 1-24 each read data from one calorimeter (+ spare channels)

Crate 25 reads data from the laser system

Crate 26 reads data from the Auxiliary detectors (Harps, Quads, and Kickers)

Crate 27 reads data from the three tracker detectors.

« Data from each crate is sent to a DAQ computer via a dedicated 10 Gb fiber.
The total data rate is 20 GB/s.

» The data is then processed in Nvidia K40 GPUs.

e -
aF Fermilab
36 8217 W. Gohn | U. of Kentucky | DAC for Muon g-2
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MIDAS configuration

* 32 fast frontends (data at beam fill rate).

* 35 slow control frontends.

* Midas alarm system.

* Midas sequencer used for calibration runs.

« ODB dumped to JSON file and saved to
Postgres database at each end of run.

* Online analyzer using art and javascript.

« Separate MIDAS experiment running for
magnetic field DAQ.

] T/26M17 W. Gohn | MIDAS DAQ for Muon g-2

24 October 2019 Atanu Nath
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MIDAS Frontends

* Master:

- Communicates with other frontends with RPCs,
sets up CCC, and writes GPS timestamps from
Meinberg GPS unit.

« AMC13 frontend:

- Main frontend for processing data from
calorimeters, laser, fiber harps, quads, and
kickers.

- Processes the data with Nvidia Tesla K40
GPUs

* Tracker frontend:

- Data comes from multihit TDCs that are read
via FC7 cards.

» |IBMS frontend:

- Data from the inflector beam monitoring system
(IBMS) is read out via a CAEN digitizer.

7 TI2BM17T W. Gohn | MIDAS DAQ for Muon g-2
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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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Two nano-secs apart particles hitting the
calorimeter ~ typical SiPM charging up time.
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1.004

Why laser calibration?

relative gain
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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.
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- |
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Gain variation between 35-40 us
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Why laser calibration?

SAME CALO CAN SAG DIFFERENTLY @ DIFFERENT TIMES

ANOTHER LONG ONE..

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

24 October 2019 Atanu Nath
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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

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

24 October 2019 Atanu Nath 62



I __

”~
T LASER HLI'T -
/ \
System k :
f { Filter Wheal Launchi
- trigg e/ Quartz Fi
.'-' pgptical =15 |
A I BN Laser head eements I
I 1 Returning
] I Pl ande FH_ bEr::
| '
1
: e 1
b I | —r=r— 1
| 1
[ P — 1
81| Filter Wheel
; 1
: I | 1 optical
. I [ LEE'EfFIhEEd : elements [
. : | . 'rnjll:-ull.nJIL S s ) |
f I | U 22 23 24|
ol S =il el

Jdéfe " EGS%PM

F_l;ll_m

l

I

BaNT
s

|

|

|

\

24 Octobe



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

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

- But wouldn’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 :

* 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.
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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.

Parameter Current value | Default value
Tsyne (ps) 7 7

Ty (first laser pulse) (us) 30 30
prescale 1 10
Ninrin 2 2

At (ps) 200 200

Tonipe (pis) 3 2.5

ODB: Laser pulse settings.
24 October 2319 Atanu Nath
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Temperature Correlations...

CSP Temperature vs PIN1 ADC
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