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1. anuduniveslasenis

= ¥

lassnmsdnd@nwniaggSeureavedunanisaiiniluledAiy (IceCube Summer Student Program)
Fulasensiantulnennusiuiieves Wisconsin lceCube Particle Astrophysics Center: WIPAC G
Tondlin@nwlneseauuleyns wazssautunindne (Usgen In wiauiygen) a1wnnsaans
F3nd wazarv3verranssssuAiAsatewnd1saulasansRenans a University of Wisconsin-
Madison Usginaanigenidn iunan 10 e vieussann 2 Weu lnefindeduanidtindnulneay
lasulomarisiunanansidudu wazlasulausematodnsnisdisiunedusdaeainuasionily

NH1UE9N0INA Aelinseusulel]URnig IceCube Bootcamp &s WIPAC Aiiun133ntiunnty

(https://events.icecube.wisc.edu/)

Wisconsin IceCube Particle Astrophysics Center: WIPAC ‘UiszﬂaM%ﬂaLﬁﬂﬂﬁmaLﬂfﬁ‘ﬂ a1
VUIIUIY 7,500 IMSBansguaauiansznlug3udn nsuaunanssimmsausIvEn 4 aeIuususY
13 ilonszswuuiinfnwainianmans fand wazauineimanssssunaiiiond eslidn
salasinisinAnwiainge Souvemedunanisaldin3luled Ay “lceCube Summer Student
Program” 4 4mMINeSeIaAUTU-WIAFU Useineansgawsng 91w 2 ausal

dmiul w.A. 2565 Wisconsin IceCube Particle Astrophysics Center: WIPAC 91alna1% 0318%u
153013 dn@nwiniagg Wudmau 2 u Tng WIPAC azarfuayuaildieseiiouasiiinluged
ﬁ'ﬂﬁﬂmﬁwmagjﬁwﬁwmé’a‘imau%u—umﬁé’u (University of Wisconsin - Madison) @uusginelne
Tnglasanswanilassadsiiugiuuas fdsauiifsatsatunedunanisaiiaesulunivueunsning
(Thai-Antarctic Neutrino Observatory: TANO) munszs19a13 azatuayualdinglunsiaunig u
Aniestull-ndussaineseme andedenaiuandl WIPAC auayu Avien uazalddeifiuia

'
v = = o v = a

lneAuandftnAnyNazdisiulasnisae AdEnu lutuin 3-4 veinsAnuseauUSanas vse

v = a

masAnuluszaudadindne (Usyan wseuSygnen) luaniifeites walddnulundnansle

T U

1Y

nanansvila aesialuil (1) Sedneaiin (cosmic rays) (2) MAnda151@1ans waa91uge (high energy

astrophysics) M%@Wﬁﬂﬁwﬁﬂmu@ﬂ (high energy physics) (3) AdndA131AanTAUUN (computational

2|Page


https://events.icecube.wisc.edu/

o % 9 ca A ¢a_ ¢
A\ YIW Tﬂiamiunﬁnmmﬂqgﬁauwa\maaommmsmwxmfuvlaﬁnmu
o5

aaaaa

davhlag  wa.dansadl fAnd

3 WO SE T 1 dguew 2565 — 31 NINZIAY 2565
Y o
e

a s o L4

astrophysics) Wsef@ndaaiun (computational physics) (4) msenansianddaunnnisal (observational

a a
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2. vedunanisalilandlulediay
lag AU (IceCube) 10Ut a15unag19918v0Inadunan1saliinsluledA14U (IceCube Neutrino

Y 3 < 13

Observatory) feet] i annildalanld efudieu-afonsd Tuniuueunisin (Amundsen-Scott South
Pole Station) vedananisaiiansluledddadraaiadeiui 18 Sunau wa. 2553 l¥dumsaiuayuy
qulsEININYalTInermansuieyd (NSF : National Science Foundation) vedussinmansgeLusn,
ledAtisuuuilasaiunmsnsaineynainiluiifudnuusians feszneumemiensaioua
fuiuinsrasegngluihudmilgruiaslawnsmeliduRmiinvesialanld mihensatauausia
wﬂaaﬁﬁgﬂimﬁummamﬁaS&Jm'w aow (DOMs: Digital Optical Modules) Fasznausaevasnvin

U 4 ¥

ﬁmﬁ’wﬁ'imaagamﬂmaml,mwauﬂuﬁ’fyzy']méﬁ ”aa'ﬂﬂ&Tﬁzumauﬁama%ﬁﬁwﬂaqmaiu
vesUftRnmsledAduuiiuinvemivueuninin neuimansazuisoanduya ynay 60 i uvruey
vuduadn (string) uraziduadluldiudafivilfazanefeainuindeu Tussduaudnanduiamgh
5¥Wing 1,450 1 2,50 1ms ledAvldsuniseenuuuiiiovhnihiinsamaaiiiavesoyniadnilu
uonsruuaisy (guedlu, naudi, Wauns a<) lugrundsanu msedidnnsouliadiiodnwn
nsEUIUNMINEIUgIiAndasmansiiliiAneyniadniludena n Weeungadniou w.a.
2556 FiInsunastnniledaninsamueyniadiiludwau 28 Milunanunasiidanisusnsyuu
Aoy uarnsAunuaynAndsugsiiavedledmillouil 22 Ausneu wa. 2560 WunsAuNUI
oymandanugsiananiiduiudamanuans aduvquinfivdosdudnnilanuuuned deudindes
Tnsnssmilanuazluennieanusadusumsdunuldlunaison anwemsaidvhlis asmans

Wynme (Multi-messenger astronomy) lasunsnanvudsegraunsvatgautmngniseensulusyiu

a1na wazvinlnlasanisledaitidulasanistuwuinea (Frontier) Tuszaulan
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IceCube Lab
IceTop

— __— 81 Stations

324 optical sensors

50 m

IceCube Array

86 strings
including 8 DeepCore strings
5160 optical sensors

1450m DeepCore

8 strings-spacing optimized
for lower energies
480 optical sensors

.sll””" A_J Eiffel Tower

2450 m
2820 m
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IceCube Bootcamp (Science and Software Workshop)

IceCube Bootcamp &saniiunisdntuynting WIPAC 1lunseusudaufjifinis

wangesiiuty Mfedesivinermansvetleddd enfiliy inseslleintiniluledd

9

13-Jun-2022

ANTVFNANTNY
yyuluiimsliaszdoyaveaedunanisalilieilulediy s dalanld n1seusugs

U5 IceCube Bootcamp dnUUNIMuAYNIU logisuaniui 13 dquiew 8 17 Jguieu 2564 Loy

08:50-09:00

09:00-09:30

09:30-10:00

10:30-11:00

11:00-12:00

13:00-13:45

13:45-14:30

15:00-16:00

Introduction
Multi-messenger Astronomy

lceCube Detector

Diffuse Neutrinos from 1 TeV to 1 EeV

Computer Setup
Intro to Python
Advanced Python
Statistics-1

14-Jun-2022

09:00-10:30

11:00-12:00

13:00-13:30

13:30-14:30

15:00-16:00

Intro to IceTray

I3Tools and Visualization
Coding Best Practices
Distributed Computing
Statistics 2

15-Jun-2022

09:00-10:00

Simulation
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11:00-11:30

11:30-12:00

13:00-13:30

13:30-14:00

14:00-16:30
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Snowstorm

Cosmic Rays

Neutrino Physics

Detector Physics
Oscillations and BSM
Calibrations and Ice Models

16-Jun-2022

09:00-09:30

09:30-10:00

10:30-11:00

11:00-11:30

11:30-12:00

13:00-13:10

13:10-15:30

15:30-16:00

Analyses in IceCube
Filtering

Event Reconstruction
Event Selection

Gen2 Upgrade

Early Career Scientists
Diffuse Activity

Diffuse Activity Discussion

17-Jun-2022

09:00-09:30

09:30-10:00

10:30-11:00

11:00-11:30

11:30-12:00

South Pole

lceCube Upgrade

lceCube Science

Radio Detection of Neutrinos

Calibration Lab Tour
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13:00-13:10 | DEI Intro
13:10-15:30 | Point Source Activity

15:30-16:00 | Point Source Activity Discussion

[V 7 (%
¥
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9 9

[ v a a wa [~ = ¥ [ €a a £a '3
WANUEN S3dARELA UszIiAnutldunved IceCube shulufanisasramedunanisaiianslulagaiy

a 93lanld dnilinsluledfid dnseusudsjualunisidendeyavnasesdeoinuaznisdanisiu

PN v a ~

Poya uladsnmeadanldlunisdanisteyangndes insuaieiiuununsaidunuiieiaz

Y

WauLA3 091970 a 9alanls uieniseninledAauswinsa (IlceCube upgrade) wazlogAauudn

q

N

Vv '
% L3 (X Il

(IlceCube Gen2) wananildalaluiBsuvunivvemedunanisalilniluledAdndegifinn1adv

WandvesumIngnaedameudu-uuadu (University of Wisconsin - Madison) 8nsag
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4. ATesvevdu Pencil Beam Project
Tunmadrinlasmstndnunaeggiouremedannmaniinesiuledinindl  fnevheidessesdy
Tngoglunguyihauwieaiunisaiaiusm (Calibration group) Fafungugesvesnguvhnudanain lae
vhdeiilisude “Pencil Beam” fiffguafiotininermanidedn Christopher Wendt wagimnsee Jack
Nuckles Inesaasauvhauogfiuminedeianaubu-umdy

dmiulasins Pencl Beam fulassnsfiadstunidiofnwanauifivesiudsiitalanls
Hosnmsafmedunansaifaesluleditdoniisugesnraialufadiliilituiudafennad
oynANsugenIneIma taseunatuazindasusesldfoshudududs fedududidalantdims
Wasuuasnautfiyndiidn dudulsiosdnuanauiiiudsnude lag Pencl Beam Aanisds
uasawoslugnhudsinnuadfinlnlalosnsatuuasiivdesoonun  iieflagvinuasiibsoonuniud
nsiABuuUasaNsAlogls Wieaauuuaeseniudduuinaeuresfitalanldly

gunsal Pencil Beam Usenauluseassdumdngie dawves LED ivimihiiudesuaseanuilu

a

ANLLTLLEITIReINS waslnlalalen FeaziduimSudyaangnuasgeenunaindn LED lusuide

)
swovduluadsdl wnsldilemelunadeulusunsuiiefivsdoasivaunsal Tnevinsdelidn  LED
Uaesuaseoninfianuduazainuaindlugisingg wagsu “ﬁyjzy,mum‘ﬁ'gﬂﬂéaaaaﬂmmﬂﬁa LED sierh
oyafildarnlilnlalonuiises

dmsumsldnemiafossosduluaded WWalenalimnsldZoudifetunsasiusmeunsal
dAnwuatesdonndedy  dmslieneitoys  uagldhuiiaueuarnenuanuinmiinmaaes

SuAundunm uaglduaniUdsuyunesninuivesiuias iy
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5. Asdeuty Helically Symmetric eXperiment (HSX)

Tusgniunmsidnsulasinsinfnumniaggseuveaedunanisalineiiuleddnd  winsladilenieale

o

sinidnSeulnenluSeuegiuminen

(% aa 4

gIaneUTU-WNAGY MSuuazinIduifeifunaaiwidnd uas
Iasulenmannsuitbidiluonruwduniiidusewedld  wmnsdadadlenmeldviuaiesdensenia

Helically Symmetric eXperiment (HSX) fiseaglueasimnssuvesuning1deianoudu-uuadu lng

dl ¢ =

wineile HSX wWuasesilelunisasteduedeiidy  wsldlulunis@nwmanatadiand  Fanilsly
eUszaAngiunanaiidndaanisfinyiiesiunisadeud (transport) AMULUTUTIU (turbulence)

Tuguuuwdwanuuu quasi-helically symmetric

Ul 14 Magnetic field generator

u
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E\J'VI 15 NANWINMNIYBLABIAU HSX ANSI98UN8naNNISHINIUTDILAT DS
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6. N13LBEUTN Physical Sciences Lab (PSL)
Prof. James Madsen — Executive Director, Wisconsin IceCube Particle Astrophysics Center (WIPAQ),
TanmwansluBensy Physical Sciences Lab (PSL) Tuiufl 29 nsngiau 2565

PSL 1Junduiviiawide senwuunazasigunsaliniosdieivemansliiulasanisene saud
lAssnsvedunan1saiians luledalusiy uenannil PSL dalalendliinide Jens dnidndnaula
150 UNSTINNWITERU PSL Ineas1ennusiniieAuumming1a slanoudu-Lufdy agkat wel 2510
[~ 4 Y Y a o v 1 @ = 1 1 [ €a al 4
Wuduwin Teelaassnuidulinaini 6000 Tada udslasinsliugegranedananisaliiniluled

AUnIlantaLasidsunalanaus

v
o < A

Prof. James lamwinislugiasesiioianzuudafivalants (driller) uaziiuivewdunivianuise
lun1sas1a DOMs wag PMT Tidunedunanisalianiluledday. wenaind PSL duduaniuilunis

nndeULAzaUTUNISIaUNsalvewedunansalilinsluledAivneunasvudaludaalante

Jul29:2022,12:23

| aa' | s- |
JU# 18 anuimegeugUnsalneudslutilanls

&
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zﬂﬁ 24 aay (DOMs: Digital Optical Modules)
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8. MANUIN Pencil Beam Project Documentation

Scientific background

To calculate the photons/pulse received by the photodiode, we must record the average ADC
value both with the LED on and off. This is because light contamination from sources other
than the LED as well as residual offsets in the amplifier circuit will produce some background
current even when the LED is off. To determine the signal produced by the LED, subtract the

background value from the value measured with the LED on:

Csignal = ADC counts produced by LED
Csignal = Con — Coff Con = ADC counts with LED on

Coff = ADC counts with LED off

A conversion factor (which depends on components used in the amplifier circuit) is used to

calculate the photodiode current from the recorded ADC signal value. For this circuit, the

conversion factor is: @ = 16.3 fA / ADC-count (note: 1 fA = 10"° A).

Ipp = current produced by the LED [A]

Ipp = ax Csignal Q@ = conversion factor [A/ ADC-count]
Finally, the following equation is used to calculate the number of photons per pulse:

_ Ipp N = photons per pulse
MES f

IPD = photodiode current [A]
71/1 - photodiode efficiency at wavelength A [A/W]
E}[ = energy of a photon of wavelength A []]

f = pulse frequency [HZ]

39|Page



a % o &a a ga 4

e Tassmsdndnsimanaienvasmadainanisaliaiaslulada
. o a o af o o A
Jarilay  waFasad fana

T 1 dguew 2565 — 31 NINZIAY 2565

Here we use 73 = 0.2 and E}[ = % , A =405nm

Objectives

To perform Gaussian plots (with animations) for each iteration to see in detail whether
the photodiode receiver has any issue at a certain brightness.

To verify the linearity of LED using photodiode by performing experiment with various
brightness and frequency without filter.

To verify that the bright light pulses do not saturate the amplifier circuit with filter.

Report the connection problems of using instruments.

Methodology

Setup instruments as per objectives

Write Python & ROQOT scripts to run multiple cycles and produce asci results (.txt

and .dat) for further analysis. The source code is in directory /code/uw-
labcal/pencil_beam/photodiode/

Write Python & ROOT scripts to produce Gaussians, a plot of photons/pulse vs. LED
brightness setting (at some fixed pulse frequencies), and current produced by the LED
vs. frequency setting for some brightness settings. All source codes are in directory
/code/uw-labcal/pencil_beam/photodiode/

Analyze data between with and without filters.

Methods for an average value for large cycle runs

There are two methods to get mean values for large cycle runs in this work:
1. Mean value of several cycles by averaging from Uhist_stats. This will be called

“Uhist_stats” method
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2. Mean value of several cycles by filling data in Histogram. This will be called
“Gaussian” method

We add uncertainties into our analysis. For the Uhist stats method, we calculated by
coding error propagation into our Python program. For the second method, the Gaussian
method, we obtained uncertainties from the ROOT program itself. ROOT is an object-
oriented program and library developed by CERN. It was originally designed for particle
physics data analysis and contains several features specific to this field, but it is also
used in other applications such as astronomy and data mining. ROOT is written mainly in

C++

Experiments

Experiments 1 | No filter

We perform experiments with frequencies 999, 1000, 1001, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 9999, 10000, 10001. Each frequency use brightness 1000, 2000, 3000, 4000. For
each setting, we perform 50 experiments. We then analyze results from Uhists_stats and
Gaussian methods.

Plot between photons/pulse vs bias voltages

F=999 o B Feo99
M 1001 i F=1000 ]
10° P 10905 e e
,"",,.l" & F=2000 st
o F=3000
> & F=d000
- 5000
5 & F=6000
10 10° F=7000
i Fe3000
& F=3000
i F=10000
. § F=10001
10 4
E kS 10
E : 2
c S c
% 10° S £ 3
£ [ 2 .&10 |
102 r 4 : . F
!. & 102 t :
10t
10t
5.0 75 10.0 125 15.0 17.5 20.0 225 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5

Bias Voltage (V) Bias Voltage (V)
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When we increase bias voltage, the number of photons/pulse rises as expected. However, the

uncertainty is significant at photons/pulse (N)) < 1000. There is no significant difference between

the mean from the Uhist_stats and Gaussian fitting method. Both methods can be used in the

analysis.
Plot between current vs frequency
le-9 le-9
® B = 1000(5.9V) A B = 1000 (5.9V)
® B =2000(11.7V) A B =2000(11.7V)
® B = 3000(17.6V) A B =3000(17.6V)
® B =4000(23.4V) A B = 4000 (23.4V)
1.2 1.2
==== B=1000 === === B=1000 ===
slope: 1.282e-18, R-sqrt: 0.194 slope: 1.281e-18, R-sqrt: 0.194
1.0 ==== B=2000 === 1.0 === B=2000 ===
slope: 7.473e-15, R-sqrt: 0.996 slope: 7.473e-15, R-sqrt: 0.996
==== B=3000 === === B=3000 ===
0.8 slope: 5.832e-14, R-sqrt: 0.999 0gl slope: 5.832e-14, R-sqrt: 0.999
z : ==== B=4000 === z : === B=4000 ===
TE’ slope: 1.314e-13, R-sqrt: 1, E slope: 1.314e-13, R-sqrt: 1,800
g g
8 0.6 5 0.6
0.4 0.4
0.2 0.2
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
Frequency Frequency

At a certain brightness, when we increase frequency, the current is increasing linearly as per
theory. The more brightness, the more current. There is no significant different between mean

from Uhist_stats and Gaussian fitting method.

Experiments 2 | No filter; more brightness points

We perform experiments with more brightness values, i.e., 200, 400, 600, 800, 1000, 1200, 1400,
1600, 1800, 2500, 3500 for frequencies 1000 and 10000. For each setting we perform 50
experiments. Then we analyse results from Uhists_stats and Gaussian fitting with the same

method.
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Plot between photons/pulse vs bias voltages

Photons/pulse vs Bias voltage from Uhist_stats Photons/pulse vs Bias voltage from Gaussian Fit
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Each point is the data of 50 iterations. When we focus on low brightness values (bias voltage
lower than 9 volts) we can see that there is no continuity relationship with high bias volts. If this
is included in the tolerance it can be said that at bias voltage values below 9 volts there is no
relationship between photon/pulse and the bias voltage.

When we increase bias voltage, the number of photons/pulse is increasing as expected and is
likely more horizontal on the logarithmic scale at high voltage. When bias voltage < 9 volts, there
seems to be more or less no reciprocal relationship between photon/pulse and bias voltage with
a large error bar. There is no significant difference between the mean from the Uhist stats and

the Gaussian fitting method.

More on Gaussian Fitting Results
At high brightness (3000 and 4000) a histogram plot is not Gaussian anymore. So we investigate

what happened in those experiments by taking a look at one by one Gaussian fitting of each

experiment.
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Note about Filters

A neutral density filter transmits some fraction of the light which hits it. The filter is called "neutral
density" because the transmission factor is approximately equal for all wavelengths of light. The
filters we have are a piece of glass with a thin metallic coating on one side. The metallic coating
attenuates the light beam by reflecting most of the incident light. The intensity of light before

and after the filter is given by the simple relation:

Pafter =T Pbefore P = light intensity

T = transmission factor

Neutral density filters are typically rated by their "optical density" (OD). The nominal transmission

factor can be calculated from the optical density as:

Tnominal = 10_0D Tnominal = nominal transmission factor (not exact)
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OD = optical density of filter

However, the manufacturer does not guarantee the actual transmission factor will be exactly the
rated (nominal) value. (For example, the tolerance for T may be +5% or more). The transmission
factor may also differ from the rated value due to scratches or dirt on the filter. Therefore, for

any experiment that relies on knowing T precisely, it is important to measure its exact value.

Once the value is measured, it is important not to damage or contaminate the filter during the
rest of the experiment. The optical density of the filter installed in the setup is OD = 1.5. So,

the expected transmission factor is T = 10-1.5 = 0.0316, or about 3%.

Experiments 3 | with/without Filter
We perform experiments with brightness values 1600, 1800, 2000, 2200, 2500, 3000, 3500, 4000

with frequency 1000 and 10000. Note that the selected brightness values provided photons/pulse

(N) greater than 105. For each setting we perform 50 experiments. Re-run experiment with and
without filter 3 times per frequency. Each experiments were independent, i.e., the filter was

placed and removed every time. Then we analyse results from Uhists_stats and Gaussian fitting.

Plot between photons/pulse vs bias voltages and ratio between filter/no filter
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We start to plot the relationship between photons/pulse (IN) vs. bias voltage logarithmic scale

for both methods, Uhist_stats & Gaussian fitting, and find the ratio of N with/without a filter. We

can see the ratio is more stable at bias voltage larger than 15 with error bars less than 1% —Ilower

bias voltages with larger error bars.

Zoom in Ratio filter/No filter from Photons/pulse from Gaussian Fitting
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We zoom in to see the stability of the ratio between with and without a filter from Gaussian

method. Note that each value is a total of 50 repetitions.

Plot between current vs frequency and ratio between filter/no filter

Current vs Brightness from Uhist_stats
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Current vs Brightness from Gaussian Fitting
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Current vs. bias voltage and the ratio between with and without filter in linear scale. We perform

this experiment we perform alternate between the same frequencies of each brightness value

with and without a filter. We do 1000 Hz first until the end of the process with 50 iterations for

all brightness values and then we continue with 10000 Hz later.
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Fitting Ratios of filter/no filter From uhist_stats method
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Only bias voltages higher than 15 volts due to smaller error bars (less than 1%) are selected to

fit linear regression by using the least square fitting method. The solid line shows the linear fit of

each profile as specified in the legend. Note that this results obtained by Uhist stats method.
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Only bias voltages higher than 15 volts due to smaller error bars (less than 1%) are selected to

fit linear regression by using the least square fitting method. The solid line shows the linear fit of

each profile as specified in the legend. Note that these results obtained by Gaussian method.
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Conclusion

When increasing bias voltage, the ratio between filter/no filter remains approximately 7% which
does not correspond to the expected value calculated when the OD is 1.5 (obtained by
manufacturer). T = 10-1.5 = 0.0316, or about 3%. We may hypothesize that filters may be stored
for too long to deteriorate the glass and metal coating or there may be scratches or there may
be dust. From fitting the ratio, the slope are in the order ~10-5 which indicate that there is no
significant different when bias voltages have been changed. There is no saturation at higher

voltages.
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