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The Precision Optical Calibration Module ol

POCAM = Precision Optical Calibration Module

Isotropic, nanosecond, self-monitored light source

Two previous deployments
= GVD, Lake Baikal, 1000m (2017)
= STRAW Experiment, North-east Pacific Ocean, 2600m (2018)

Planned for the IceCube Upgrade (2022)

4745.3717N, 12743.9449W, 2608
06-25-2018 08:10:23 Heading: 004
ONC Tully 2018 R2080
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The Precisi '
recision Optical Calibration Module

b_tUgs:[[do\.org[lO.lOSS[U 48—0221[1‘3[07 /p07051

16.12.2020
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https://doi.org/10.1088/1748-0221/15/07/P07031

of Munich

The Precision Optical Calibration Module et

i e = Housing: Titanium with BK-7 glass hemispheres
Diffuser , :
. = Integrator: Optical PTFE sphere (machined at TUM)
T1 flange o . _
. = Self-monitoring: Photodiode and SiPM
Aperture disk
= Flashing: LED- and Laser drivers
Photosensors = Intensity:  6e7 - 1ell photons / pulse
= Pulse width: 1.4 - 15ns
= Spectrum: 365, 405, 450, 465, 520nm
Analog board « Electronics:
Pigital boaid = Analog-, digital- and distribution board for internal control

= Modular backend to adapt to telescope DAQ
Distribution board

IceCube interface

16.12.2020 4



The Precision Optical Calibration Module

Flasher performance
1.0} == Kapustinsky (fz
I-I-L Kapustinsky (default)
. 05 I_I LIDAR-type (12ns)
:
= 00 =h
= 10}
E (]
0.5} 'l'
o
||
0.0 —A i
0 5) 10 15
Time [ns]
1.0f t Kapustinsky (fast)
o Kapustinsky (default)
- 08¢ LIDAR-type (12ns)
— 06}
204t
a0
T 02
0.0 : .vaoooooo.’ i
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Bias voltage [V]
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Sensor performance
¢ High gain v Kapustinsky (fast) Photodiode
Low gain  a Kapustinsky (default) ".0‘
" Lillea-l’ ﬁt L) LD_type (25115) ".".
Fit+ 50 xﬂ?f
- ‘I‘II
3%
var T
107 108 10° 1010
47 POCAM photons / pulse
SiPM

¢ Fast discharge
Slow discharge

- SiPM fit

Fit+ 50
#*M

000D
o 000
o« ®

'*-*‘ .
A s v Kapustinsky (fast)
_.If!# 4 Kapustinsky (default)
3L S a e LD- t\pe (25ns)
107 108 109 1010

41 POCAM photons / pulse




Automated calibration 3 ~ =

L of Munich
[RELIBE Max-Planck-Institut fiir Physik

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Freezer

Dark box
Flasher assembly . Dark box
e nvanes | emiphaecoemoy
Odroid 5
t - Sages
Picoamp

stages
Filt I
A [ ] |
1
Picoamp Computer Arduino

16.12.2020 Computer IENIE 6
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Automated calibration ®H ~ EBE=
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HV supply

Dark box

+ illumination board

Rotation
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Filter I

1
!

I Light baffles Hemisphere assembly
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Device simulation
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= GEANT4 simulation of device matches lab measurements

O Pyttt =~ TS <=2~ = Enabled improvements of isotropy by tweaking mounting
= 08} A data rooffset i) NN - and material parameters
o o data (offset 4 mm, air)
é 0.6T — gimulation (no offset, air)
% - - simulation (no offset, air), total
= 04F . . :
- simulation (offset 4 mm, air)
58* 02l simulation (offset 4 mm, air), total
Z — simulation (offset 5.5 mm, ice)
0.0} —- simulation (offset 5.5 mm, ice), total

0.05F 4 no offset, air offset, air

o
,;E!N 000 F,_ /\W"—‘r‘f‘ V%;—ﬂ—’-—’—;-i;: r il i "VJ:_j_i:AV_A_

rYyyee
—0.05

==

0 20 40 60 80 100 120
Zenith [deg]
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Simulation setup Y=l == | T

IcCECUBE
nnnnnnn Max-Planck-Institut fiir Physik

3000

" = |ceCube simulation chain for the Upgrade
llL _ = Primary goal is to tackle potential calibration sensitivity
| ¥ ! | f = = Secondary goal is to identify run plans and best positioning
*34? | T |« Simulation structure can be adapted for water easily

truth
example data
100 -+
® IceCub ﬂ 80 A
@ Deepcore _—
100 &6 A Upgrad %
#5
50 ‘(I_) 60 -
@1 Ko
é2 E
_ 0 Lal 3
E Z 40
- £3 ge o2 L
—50 4 5 87 y Ofl &
o 8%
£0 20 A
—100 4 &2
&7
—150 A :iﬁ 0 T T T T T T T T
0 250 500 750 1000 1250 1500 1750 2000

—100 —-50 0 50 100 150 200

16.12.2020 x [m] Time [ns] 9



Estimated RDE

e Max-Planck-Institut fiir Physik

Physics studies ® K~ m

7 POCAMs
1.100 —— Mean
| w = Simulation studies currently IceCube focussed
soos ST .:|.||! il = Primary goal is to tackle potential calibration sensitivity

I.DDD 1l Titint N1 R e | ¥ i AR | 1P
W Ll gl s ihel it s Sal i S
aduig oyl | ! ik
0,975 i Il | I|| I I
| T
II||| | | I

Secondary goal is to identify run plans and best positioning

o050 |||| |

Simulation / analysis chain can be adapted to water

I
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0,900
100 10t 10? 10° ]J
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\0
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w°P ]

12 % ] | Lo
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: R
2.8 o
s \
°
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The Precision Optical Calibration Module ~ s m
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https://iopscience.iop.org/article/10.1088/1748-0221/15/07/P07031

= Tested for high pressure
= GVD (1000m water depth)
= STRAW (2600m water depth)

4745 .3717N, 12743.9449W, 2608 = Pressure chamber (7000m water equivalent depth)

06-25-2018 08:10:23 Heading: N
ONC Tully 2018 R2080 = Tested for vibrations

=[S0 13628-6 (5-150Hz / 5G, 3-axis shocks / 10G)

= Tested for low temperature
= IceCube Upgrade (-80°C <-> RT stress, -40°C operation)

16.12.2020


https://iopscience.iop.org/article/10.1088/1748-0221/15/07/P07031

o I A of Munich
nnnnnnn Max-Planck-Institut fiir Physik

What's next? % ] m

= Simulation work on Upgrade is on-going
— Adaptation to water can be done!

= Device design frozen early next year

= Potential adaptations / brainstorming for P-ONE
— can start now
— maybe include acoustics?

Thanks!

16.12.2020 12
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POCAM history timeline s BB m

of Munich

2014 > 2018

2013: self-monitored light source idea initially emerged from discussions of Chris Wendt and Elisa
2014: isotropy idea and simulations showed feasibility

2015: prototyping showed spherical version very optimistic

2016: cylindrical design was introduced

2017: first functional prototype goes to GVD

2018: 3x POCAMv2 goes to STRAW

16.12.2020 14
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= Deployed for one-year (2017-2018)

%
)
2
-

16.12.2020 Photos: J. Thompson




POCAM stuff

_V('L‘
—ANW
1kQ
—=C L LED [/
Trigger
Il .
I VVv
470 pF 10kQ
2.2kQ
L BFR92

16.12.2020

Mean Current (A)
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V..  1kQ I nF
|l
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LMG1020
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l: EPC2001

JL
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100004
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¥ data

= Gaussian Sigma = 3.3619ns g 462
250 [ data z
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POCAM-ICU H ~ =
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4745.3717N, 12743.9449W, 2608
06-25-2018 08:10:23 Heading:
ONC Tully 2018 R2080
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1 POCAM 7 POCAMs POCAM runtime [min]
td T 0 713 20 27 33 40 47 53 60 67
. 0.9 4 . L — 1
i T
‘é 1.025 é 1‘5 “‘1 rﬂul! e I ! - 0.8+ e
= = ki e 4
2 1.000 o =R /
© o = Detector coverage below
E o, il I E . Bty = o6l ®  2100m depth
2 A0 & it g
= Ll il ol i a
gl R
B | il NI 0.4
0.900 [l HiH ‘ { [ b
100 10! 102 100 102 100 0.3 : : r T
Averaged integrated number of hits per DOM 0 200000 400000 600000 800000 1000000
Averaged integrated number of hits per DOM Number of flashes

' u\a’f\O

400

200

200

-600 o

—200
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Grid scan

LLH

100 -

Number of hits

20 A

16.12.2020

[RELIBE Max-Planck-Institut fur Physik

Poisson(d | t),t < 20
Z Z Z logp(dijk | tij)  p(d,t) = Normal(d | t),t = 20
POCAMs) DOMs; bins; ex;ectaﬁon o

Grid search with 40 ns bins / 20 pts

/ Technical
q . .

\ N University

B i iGN of |\|unich

80 A

60 A

40 A

truth
example data

% MC truth
LLH min

Relative scattering coeffilent

750 1000 1250 1500 1750 2000

Time [ns]

0 250 500

0.900

0.900 0.925 0.950 0.975 1.000 1.025 1.050 1.075 1.100
Relative DOM Efficiency
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Grid scan

Poisson(d | t),t < 20
LLH = z z z log p(dijk | tJ W) pldt) = Normal(d | t),t = 20

1.100

1.075

1.050

1.025

1.000

0.975

0.950

Relative scattering coefficient

0.925

0.900

POCAMsy, DOMs; bins;

Grid search with 40 ns bins / 20 pts

% MC truth
LLH min

0.900 0.925 0.950 0.9751.0001.0251.050 1.075 1.100
Relative DOM Efficiency

320

300 interpolate

Technical
University
ApDyztt .

'%EEJ;EE Max-Planck-Institut fir Physik

expectation

Relative scattering coefficient

Grid search with 40 ns bins / 20 pts

1.100
Y MC truth
LLH min
1.075 Confidence level
~

1.050

1.025

1.000

0.975

0.950

0.925

0.900
0.900 0.925 0.950 0.975 1.000 1.025 1.050 1.075 1.100

Relative DOM Efficiency

of Munich
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220

200

180
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Relative scattering coefficient

Grid scan

DOM efficiency / Scattering

Grid search with 40 ns bins / 20 pts
1.100

Y MC truth
LLH min
Confidence level

1.075

1.050

1.025

1.000

0.975

0.950

0.925

0.900
0.900 0.925 0.950 0.975 1.000 1.025 1.050 1.075 1.100

Relative DOM Efficiency

16.12.2020

320
300
280
260
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240 "ET =
220
200

180

160
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Grid search with 5 ns bins / 10 pts

Y MC truth
LLH min
Confidence level

0.20

0.15

0.10

0.05

0.00

—0.05

-0.10
=0.2 0.0 0.2 0.4 0.6

160

140

100

80

60

Relative absorption coefficient
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DOM efficiency / Absorption

Grid search with 40 ns bins / 20 pts

A Y MC truth
LLH min

1.100

350
1.075 Confidence level

325
1.050

300
1.025

275

Hlz

1.000 g

=2

250

0.975
225

0.950 §
200

0.925 175

0.900
0.900 0.925 0.950 0.975 1.000 1.025 1.050 1.075 1.100
Relative DOM Efficiency
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Machine Learning
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Step 1 - Define (coarse) DOM response

Instead of using 1ns bins over the full event range of 5us, use only few but exponentially increasing bins
— gain statistics / bin and lose dimensionality

5000 bins / DOM 30 smart bins / DOM
103
truth smart bins

example data raw 1ns bins

100 A

102
80 -

60
101 -

Number of hits
Number of hits

40 A

20 A
100 .

0 250 500 750 1000 1250 1500 1750 2000 0

. 2 3
Time [ns] 10 10

Time [ns]
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