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Fluorescent Optical Module (FOM) in Upgrade

Modified
PDOM

Arifa Khatee Zathul

« 100% (3/3) of deployed FOMs survived freeze-in
and function as expected

 Fluorescent Light Collector (FLC) coupled to
modified precision digital optical module (PDOM).
- Upgrade Science Goals of PDOM

 Cross-calibration of optical signals with Gen1 DOMs

« Colour imaging of ice and hardware

* |ce studies with adjustable white-light illuminators
 Detecting direct muon hits for optical reconstruction checks

» Testbed for FOM; FLC is read out by Identical PMT, signal and
data paths as PDOM reference sensors
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From Gen1 DOM to PDOM

llluminators (4)

— Penetrator
D= — PMT Base Acoustic
Y — HV Supply = Receiver
: LED Flasher: Muon
= Main Board =————————ngtiinaaeell [ ] Tagger

Delay Board

: Waist Band |
S—" — Pressure Sphere

Mu-metal cage

= = Silicone Gel == Harness Cables
PMT Photocathode (not shown)
KEY:

lceCube Genl Component identical IceCube Upgrade
DO M Component eliminated PDO M

Component re-designed
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Taped PMT
3" aperture

From PDOMs to FOMs

FOM

PDOM =

- Modified PDOM used as sensor module
- Taped PMT accepts only FLC output light
- Harness waistband is offset to fit FLC

FLC

- Fluorescent Light Collector

- Held on with rubber bands and twist ties

- FLC output couples through ice into glass

- Overall FLC size is limited by PDOM harness

/ Masked PMT with central aperture
Light-blocking skirt

-~ FLC output bundle

Output bundle
with skirt
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FLCs shipped to South Pole - 1
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FLCs shipped to South Pole - 2

UV flashlight
from left side
(note relatively
uniform
excitation)
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First look at FOM data



Inspect pulse shapes for time-smearing

- Check for any obvious differences in pulse shapes (large pulses from muons, not noise)
- Pulse shape for same-height examples are similar between FOM and PDOM

FOM (SN D18) PDOM (SN 244)
PMT Waveform for channel 0, Fieldhub89_Port5028 PMT Waveform for channel 0, Fieldhub88_Port5063
54097 8400 -
~ 9 PE pulse ~ 9 PE pulse
" 8300 1 @ 8300 1
[ (=
3 >
: ; :
Q 8200 S 8200 -
< <
8100 A 8100 +
8000 1 J 8000 - J
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Sample index Sample index



Waveform Studies (2h special run)

I PMT Waveforms for FOM_D18 (Fieldhub89_Port5028)
- Does the FLC introduce an additional
time smearing?
. Flectronics - Compare signals from PDOMSs and
O 7 10 Artifact of
ol I / PDOM FOMs
5 . - - Exact same PMT and signal chain in both
T devices eliminates systematic time
PMT Waveforms for PDAOM_EEQf(FieIdOhUDBZ_PorthBI)' reS pons e d Iﬁe re n Ces
s & Mg = 440 0351 o - Collected pulses above 2.5PE from 2hr
o & special run of FOMs and PDOMs
E Electronics - Only light that goes through FLC is
pract of considered




Waveform Studies — FWHM/Height

« Does the FLC introduce an additional 3 0Pulse FWHM/Pulse Height Comparison - 2h data from special run 1
time smearing? --- PDOM mean = 1.545 ns/mV

- ~1.5 ns/mV width/height ratio for FOM T oo
& PDOM

FOM
- Likely reflects the intrinsic response of
the measurement system more than
propagation effects in the 1.5 m FLC.

- The average FWHM contains
amplitude and sensitivity differences.

- FWHM/Height helps normalize the
width measurement
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« Futurework: 0.5
e Collect more data to better estimate errors.
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Hit rate and charge/hit comparison
(2h special run)
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Correlations with Triggered Events (10 mins)

Upgrade string #
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Future Work

- More in-ice data collection - Threshold scalar scans, waveform
studies, sensitivity comparisons to Gen1 and upgrade DOMSs

- Measure effective area of FOM FLC in the ice with physics signals
- Electronics and pressure vessel development

- Water tank testing of improved FLC designs at Arguelles lab @
Harvard

- Geant4 simulations of FLC designs
oDirectional response for various FLC shapes
oScalability of FLC size

o Timing impacts with larger FLCs
oCoupling between FLC and PMT

Arifa Khatee Zathul
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ICECUBE

NEUTRINO OBSERVATORY

PDOM Boardstack

HV Board (0-2kV for PMT)

Calibration Board (interface
from main board to cameras,
illuminators, flashers)

Main
Board (digitizers, po
supplies, interface for
muon taggers, acoustic
receiver)

Muon Tagger (for
reconstructions)
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Board Stack testing

- Batch testing of 6 boards per test cycle
- STF (mainboard & cal electronics)
- Muon tagger functionality

- Design verification and trouble shooting
at -30C
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ICECUBE

NEUTRINO OBSERVATORY

Test summary:

L] L]
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pDOM Camera & llluminator tests

Cameras &
Illuminators
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ICECUB

RINO OBSERVATORY

Camera & llluminator DVTs at -30C

Camera 1 Camera 2 Camera 3

Gain = 2, exposure time = 30 ms, cross talk eliminated by additional
series resistance in MOSI line

] 19
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Camera & llluminator FATs

Cameral Camera 2 Camera 3

Gain = 2, exposure time = 30 ms (pictures from inside the black ESD bag — light sealed)
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ICECUBE

NEUTRINO OBSERVATORY
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PDOM vs FOM - hit rate comparisons

|
PDOM (Precision DOM): PMT At Spectrum for fieldhub89 port5031 FOM (Faraday DOM): PMT At Spectrum for fieldhub89 port5028
3 104 1031
104/ 107
= 102_ = 102'
g 103; )
1034 g o
= =
© 101' © 101_
102_
. 10%; 10°4 | | | 109 | | | |
E 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 2.0
=1 Time separation, At (ms) Time separation, At (ms)
3 10 Rormalization: 8166.00 101 Normaization: 4852.27
Reduced Chi-Sq: 0.849 Reduced Chi-Sq: 0.762
100' 100
N N
10-1- N N
\ L0~1; \

0 100 200 300 400 0 100 200 300 400 500 600

Time separation, At (ms) Time separation, At (ms)
Arifa Khatee Zathul



- Does the FLC affect observed hit-rate

PMTH it-Rates statistics & pulse arrival process?

]
. (RFOM>z2074 HZ 28_Hlt Rate Comparison - 2h data from special run 1
(RPDOM)""ZZ 08 HZ [Welch‘st = _0..545] — == PDOM mean = 22.08 Hz
° ~ . FOM mean = 20.74 Hz
+ At spectra fit well by a single 26- 2 PooM
exponential N
- Reduced ¥?= 0.7-0.9 for all B 24
DOMs g
o ® e
- The FLC does not noticeably = .
alter PMT hit-rate statistics. .
* No obvious excess delayed 207
component ¢
* No deviation from Poisson arrival . °
statistics | |
PDOM FOM
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Waveform Studies

PMT Waveforms for FOM_D18 (Fieldhub89_Port5028)
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Average of 11 FOM_D18 waveforms:
- FWHM = 15.231 + 1.709 ns
- FWHM/height = 1.349 + 0.557 ns/mV

Electronics
Artifact of
PDOM

/
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PMT Waveforms for PDOM_EE9 (Fieldhub89_Port5031)
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Baseline-subtracted Voltage (mV)
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Average of 7 PDOM_EE9 waveforms:
- FWHM = 14.000 + 0.938 ns
- FWHM/height = 1.448 + 0.451 ns/mV
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Artifact of
PDOM
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Baseline-subtracted Voltage (mV)

Baseline-subtracted Voltage (mV)

Does the FLC introduce any

ICECUBE

NEUTRINO OBSERVATORY

additional time smearing?

PMT Waveforms for FOM_6C4 (Fieldhub91_Port5063)

PMT Waveforms for FOM_BF8 (Fieldhub92_Port5063)

141
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Average of 10 FOM_6C4 waveforms:
- FWHM = 14.100 = 1.033 ns
- FWHM/height = 1.592 + 0.342 ns/mV
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Average of 9 FOM_BF8 waveforms:
- FWHM = 15.923 + 2.866 ns
- FWHM/height = 1.468 * 0.455 ns/mV
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PMT Waveforms for PDOM_CD2 (Fieldhub91_Port5151)
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Average of 8 PDOM_CD2 waveforms:
- FWHM = 14.622 + 2.258 ns
- FWHM/height = 1.550 * 0.379 ns/mV

Baseline-subtracted Voltage (mV)
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PMT Waveforms for PDOM_30C (Fieldhub92_Port5031)

Average of 11 PDOM_30C waveforms:
- FWHM = 15.835 + 1.878 ns
- FWHM/height = 1.367 + 0.538 ns/mV
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