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The IceTop surface enhancement scintillators

One station ——————————————————— | Full array

® IceTop tanks J¢  prototype scintillators
Q O 6 O 0 B scintillators x  Upgrade strings
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Plan to deploy 32 stations </m

- with 8 scintillation detectors, 3 radio antennas and a stations DAQ fieldhub each

- within the IceTop Footprint
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Overview: IceCube Scintillation detectors

Minimum

A new particle

Interface with Central DAQ

'I;’a"ritziic':g detector array | < — :
(MIP) @ Satellite Uplink, data stream establish
Scintillator + Design Optical - Photosensor - Scint Stations
Routing + Frame Coupling (SiPM) Readout DAQ (TAXI)
\\§ J J J \\§
Y Y Y h'd Y
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Production idea of the scintillators

Splitting the production into two parts:

Frame / “housing”

(HalFf) tube film:

- Electrostatic discharge film up to 1023 Ohm (ESD)
- Material: Polyethylen LD
-0,150mm thick

°-\_;

Air evacuated Finished” detector ,
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Production of the scintillators at KIT

Assembling optical coupling Placing the inlay into the housing (Close to) Finished detector uDAQ, Cookie,
Fiber, Routing

5
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Optical coupling: Wavelength-shifting fiber <-> SiPM

- Keeping the single detectors uniform
- The possibility to illuminate all APDs of the SiPM by the optical fiber to increase the dynamic range

Readout

6
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Examples of Functional tests during prototyping

ﬁnctional tests by checking the waveforms of the SiPM

gluing the cookie board to the optical fiber bundle ?”

Measurs P1okok(CT 2 amei(C1) P3max(C1)

Aka: “Is there too much electronical noise at the cookie boards before

F6 meaniC1

P D

Low temperature stress tests of
the used 3D printed components

(and Fibers, and scintillator bars,
and and...)

Aka: “Willit break into 1000 pieces
at-80°C?”

\_

\ Effects of dust on the photosensitive SiPM area

Aka: "How much do we need to care about a visually clean
surface before gluing the SiPM to the optical fiber bundle?

- Photo Detection Efficiency (PDE)
lowered around 10% at the top right area

/ .

0.8

Checking the I-V curves of the
Cookie Boards

Aka: “Is the SiPM capable to reach
the avalanche region? What is the

breakdown voltage of the SiPM?”

02

0.0

.

« 571631
« S71632
« 571634
« 571635
« 571637
* 571638

571639

IV Curve \
r

f. -'-
Y ;
o -
B s e L S

AR
60 65 70 75
Voltage [v]

7
thomas.huber@kit.edu



Examples of the SiPM photo-sensor calibration

Functional tests of electronic parts and its communication with the stations DAQ (TAXI)

Use of a calibration setup to obtain the parameters of each SiPM cookie board before installation into the detectors

Pedestal — Data
40 — Gaussian Fits
1ps. Pedestal events

essrementcoio 0 et

Measurement control 0 . 2pe.

aAd g E Gain ; 3 bis

data acquisition = Gain e

: 520 <>
: — ‘ Inside of dark chamber 00 200 300 400 500 600 700 800 900 1000
Single Photon Calibration Stand at KIT (SPOCK) QADC channel
Finger spectra of a SiPM

Inside of dark chamber 8
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Example: SiPM gain at room temperature

40

30

Entries

10

Pedestal — Data
— Gaussian Fits
1pe. ! Pedestal events
Ll EGain 5 -
| Gain .
S 3pe

!
i

el Al Wy I
300 400 500 600 700 800 900 1000

3.0 -
QADC channel <<'O Wavelength: 423 nm I I {
o [ Measured at room temperature il X H
~ 920 + S13360-6050CS, serial 10948 jki it i f 1
-~ priid P q
i ]
£ nni““”
8 1.0 _— i ¥ 1 8 ]
2 -‘} i .-’1 6 7
Overvoltage / V

One SiPM

- Gain: To distinguish the charge deposit per MIP and to ensure an uniform detector array

2.2%
variation

0.533-106
- 0.528.10°
0.523-10°
. 0.519-10°
0.514-10°
0.509-10°
_ 0.504.10°
0.499-108
6
A B C D

Variation of the SiPMs Gain
of 24 SiPMs

—

[S¥)

(%]

e

=)
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Example: SiPM gain at lower temperatures

- Low temperature tests of the electronical components ( Cookie Board, uDAQ)

- SiPM calibration at different low temperatures

501 Hamamatsu S13360-6050PE
T=+20°C
wvy 2004
w =
= 150 4 = gemessens Daten beim Ahkiskargang
-] LU = Ureare Regrassion
(= 100 4
[
50 4 T
0 T T T T T T
1000 1500 2000 2500 3000 3500 E -uuuey
250 Hamamatsu S$13360-6050PE 000000
T=-70°C
200
wv 20000010
D o]
[ -
-IE 100 2000010 ) . . .
w - - ac ] n
50 Temperstur in Grad Celsius
R SIPM Gainvs. Temperature
1000 1500 2000 2500 3000 3500
QADC Channel

The SiPM gain (and therefore the charge deposit to the DAQ at a MIP event) strongly depends on the temperature
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In-detector temperature fluctuations at the Pole

Temperature ( ° C)
I I [ [ | | | | I
~ ~ (@)] (@)} (9] Ul Y = w
ul o ol o wu o (8)] o w

e TAXI channel O
TAXI channel 1
' H TAXI channel 2
T L t +« TAXI channel 3
: [ ] 9 % * TAXIchannel 4
' r 0 8,y : 'j t « TAXI channel 5
‘.-:—1 L) ..';.: A o « TAXI channel 6
L -“:.'. [ Gt "h‘ (L T Average temperature of the detectors
[ c Py :J‘ oy . ]
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Temperature at the South Pole measured
with Prototype station Scint panels

Example Control loop for one scintillation detector

Vv 43562 — T

Upaet 027y = 5689V — 0.022 5= - (25°C —

Gain

2.0 % 10° (Typ. Vr=Vop at 25 °C)

L5 x 10° N

\\\
N

0 5 10 15 20 25 30 35 40

1.0 % 105

Ambient temperature (°C)

Hamamatsu SiPM data sheet

80085

ATSU MPPC -

Temp. Sensor 11
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Two standalone one-channel SiPM front-end readouts developed

Optical fibers to the
scintillator bars Adapter board

SiPM

General purpose board " Readout board

IceARM Micro-DAQ :

Transmission of the (signal integrated) charge deposit
Cortex M4 32 bit microcontroller

Three 12-bit ADCs

SiPM temperature correction via Gain adjustment

Waveform readout of the SiPM
High-/Medium-/Low- Gain (10x / 5x / 1x)
Hamamatsu Power supply for the SiPM
Temperature sensor next to the SiPM

12
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Two standalone one-channel SiPM front-end readouts developed
Pt Micro-DAQ

dac=1370
hv=2570

i l we: Seint detectors :

IceARM
Scint detectors :

Main difference “ —— mip=158275 adc

4 g ” —— ped=209.6 adc
) 2100
(Waveforms are transmitted
. e VS. i
i . . . 10
Sl Sl charge integration already in
. the panel, no waveforms)
T —— "y 1005 1000 2000 3000 4000
SiPM waveforms oI_‘ 7x coincidence ADC spectra
- Air-Shower event with MIP peak and p.e. finger
Panels with shielding, 5Smin meas, DAC1400, AUXDAC 2650
of] S B
oo S —
3 Both systems can be calibrated e
ao0)— (Shows one stations
- detectors ADC spectra)
200—
s 0 A —— ° T -
ADC spectra of all detectors of one IceARM scint station ADC spectra of all detectors of one uDAQ scint station
i ,::,,ii:‘:::f::?n 800 B data, 20715 events 400 B data, 20715 events
ean = -0.0318+-0.1048 . — fit — fit
Both systems air-shower 500 =184 300 =018
. . =6. o=9.38
reconstruction archived g A= 1208915 A= 8656.70
} 2400 200
( Angular differences in reconstruction: 100
0 Prototype station and IceTop)
=y 0 E) 00 o o %0 1o -0 o 50 100 1% 0 : . 0 2900 0 200 13
-O7axs in Laputop=Prax: in =50 0 50 100 150 s
OLaputop=© deg ¢ ¢ deg Brauton — Oscin in degree PLaputop — Pscine in degree

thomas.huber@kit.edu



Muon Tower at KIT - First IceCube Scint detectors (2018)

Limited streamer tube panels with a spatial resolution of 1 cm?
to obtain the efficiency of an IceScint detector

IceScint scintillation detector

MIP

= /7 LST Panel #1

/

L
L

/ ~/ LST Panel #3
/

Schematic of the setup IceScint scintillation detector
Photo of the setup (2017)

14
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Muon Tower at KIT - First IceCube Scint detectors (2018)

In(charge) <pulse width>
5-4 2.8 T 4 10C
—_ - w
£ I ®
> I [ goc
asf 35} o
[ >7 [ 8
I [ 105
al- a-
[ 2.7 [ o6
25F 25| 10
2; 2.6 P 94 q
[ [ 1r
1-5:- 1.5;-
[ o6 [ o2 10°
1-_ 1._
[ 25 [ o0 10
0.5~ 0.5
c‘lll‘I.II.I’-IIIIl.‘llI‘I‘;.I-I.I.l.li;.;llil'l-l||l||l|I| -25 C’lllll’ll-l||IIIIIII.II.I.I-I‘I.I.I‘IIIIIIIIIIIIIIII ~gg 1 :
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2 0 1 m 200 300 400 mo mo ?OD BOD 900 1 Dm

a'Me
x [m] x [m] Charge histogram

~Muon tomography” = Possible to check the finished detector for production issues before shipping
Charge histograms = To distinguish a.e. the PE/MIP ratio

15
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Distribution PE/MIP of the first 24 scintillation detectors

''''''''''''''

PEMIP PEMIP

Entries

B 25um Panels | 8- B 25um Panels |
| 50um Panels

'''''''

T T
50 55 60 65 70 75

35 40 45
PE/MIP PE/MIP

Maximum 45.55 3
Minimum 35.56 %
FE
Mean | 39.43 + 057 ;75
o 2.47

] ]
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lceCube Surface Enhancement Station at Auger Site

Full station deployed at L X
Auger site
(September 2022) )

> Due to shipping delays the
scintillators are not yet
connected to the stations
DAQ

> Data stream and continuous
measurements are currently
being set up

17
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IceCube Surface Enhancement Station at Telescope Array Site

@ . e New, denserinfill region at TALE (TA low energy extension):

Dimensions 100m, so similar to SAE station

X Challenges:
e Differentinfrastructure (data + power)

e Highertemperatures — test components at +50°C, design cooling for TAXI

DAQ powered via Car battery Measurement of radio
background on-site

Estimated schedule:

e Beginning of October: Tests and hodoscope setups near the workshop
e (November): Deploymentin Field, close to Middle Drum station

8x 90m + 3x
35m cable

rate [Hz]

lOD -

101 4

1072 4

TALE SD arri;y

—— Karlsruhe, total rate: 759Hz
—— Utah, total rate: 820Hz

A

¢
éG‘S\Q

1500 2()'00 2500 3000 3500 4000
adc channel

500 1000
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Additional Slides



AugerPrime Signal Shape Cherenkov-Tanks vs. Scintillator

- Not comparable with the Scint detectors shown in these slides

- Different detector design

- PMT instead of SiPM

Significantly more sensitive to muons.

500 600 700
tns

0 100 200 300 400

EM i
\ 7/ \ Scintillator
—\ Z AY B}
Y - AY
T
Water Cherenkov Tank

Signal/MIP

~N
v

wv
7T

LARERERE]

0

e EM
— TWIONS

B e T VS IS a—

100 200 300 400 500 600 700
t/ns
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Photosensor: Why Silicon Photomultiplier (SiPMs)?

PMT APD Si P
Photocathode
| Foousing electrade  Photomuttiplier Tube [PRAT] G "
i 10ker
 FEP YRR ; H
||| "ﬂl}lj.-'l!":'j l":‘:l ""I)JII '—"I:‘)I r.:")ll iiiii
| / ! i Cannector
rim; conda - = riode pins pe
Sl ey @ n O % sanl
T2
:_l__ ﬂﬁlb‘
; Qur candidate:
PMT SIPM Hamamatsu
PDE 20-40% 20-60% 513360 series
Gain 10% lDﬁ

i
Dark noise rate —sz. w[i...n1|—|3. i

o
&3
™
-
-

Behaviour in magnetic fields
Operation Voltage 1000+ V 50-70 "u’!

PDE = Number of detected photons

Temperature sensitivity
Robustness and compactness

Number of incident photons



Example: Performance of the prototype station (20/21)

« Three different detection techniques (Scintillators, Radio antennas, IceTop)
are measuring air-showers in coincidence

- Reconstruction methods: s One example: B

- Scintillators: Plane-wave approximation R O IV L it50
- IceTop: Laputop framework used 25| —— Scint. dir. IT core _
- Radio: Plane-wave approximation ~125 &
0 e
-150 8
Coincidences plot on the right: = 5 5
9000 X B 5 =
- ~200 2
- Scintillators + Timing relative to IceTop core 2 o
- Crosses: s b e 2258
o T~
- Radio antennas ~100 ’ ~250 &
with the waveforms (2x polarisations) of the signals : 'S
IceTop reco. (Laputop): -

- Arrows: ~1251 10ogS125 = 2.25 ~ 129 PeV* R

- Reconstructed directions projected to x-y Gl P 2t 270 200

-350 =325 -300 =275 =250 —-225 =200 -175 =150
x-position [m]

( Length of the arrow indicates the zenith)

H. Dujmovi¢ (KIT-IAP)
22
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The IceTop surface enhancement - TAXI DAQ

' 2-pin headers o
f

- DRS4 Chips for waveform sampling, 1GS/s
- Spartan FPGA for data progressing

- ARM embedded Linux microcontroller

N
x 4.5V
. iff. —_—— — -
pol+ Radio X dift N N j_’ 5V J‘—J
 _ LNA 9 ing rle----------
Y7L ’. ! front-end 1 dir- » |
T . Ring buffer [¢-------- FPGA
— -4x diff.
\ J P
— -ax diff - nager A
: Ring buffer [«------ ;
NV | ing buffer - . dhcp:
-~ A A ]
| LNA b teeeea '
" pol.+ —4x diff. , ' i
\—‘)‘7 A4y diff. E | 4.5
embedded } timing
on-board linux
White-Rabbit
/; .......................... Switch
(= J
" -
@«
'2
$
5 TAXI v3.x
Block di TAXI .| |
ock diagram N 1
Source SCIN lon bars : :
. . Analog signal— % ! E v
Simplified Sourc Digital signal Target . scintillation panels | b
""" Comm.™ = = = = = I"i':':""‘I'"""""""'"""'""""""'""""""" R
Powsr g Y I I
Trigger: » - S e E
e |
R. Turcotte (KIT)
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Science cases for an enhancement of IceTop

Primary Particle

V

- Improved in-ice veto capabilities by increasing the sensitive area nuclear interaction

K Ir.‘.':' i air molecule \
/ v
LT

- Lowered threshold for air-shower observations 1t <K K—> 1

‘w .-'IJL"'-.

- Accurate reconstruction of air-showers at high energies by radio antennas

hadronic #"J 4’ lr ‘h '; }J(
o . cascade g e @ e & @
- Measurement of composition and y-rays in large energy range LLL.'EL‘H

Cherenkoy +
fluarescanca

- Tests of different hadronic interaction models

radiation
Y ¥ YYYY Y ]
+ + —_ . * T . ' .
present sky coverage of Galactic LB N MM p.n, 7K, e yeyye y e
surface detector analyses Center nuclear fragments
muonic component, hadronic electromagnetic
atmosphere
2 = neutrinos componeant component
sky coverage of _-
radio array K VY
air shower
surface array radio
IceCube
in-ice detector
schematic zketch by (not to scale)
A Zalagopal V. and £6. Schroder 2 4
F. Schréder (Uni Delaware, KIT)
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Uniformity of the scintillation detector station

Understanding the whole readout chain (

Scintillator +
Routing

Design +
Frame

Optical
Coupling

Photosensor
(SiPM)

—-| uAQ |- TAXI )

well enough to ensure an uniform scintillation detector array

Pedestal — Data g

40 — Gaussian Fits 106 g

[ Pedestal events E

30 1
n

£ 10° 5

& 20 E

n 4

10 104

[ | w E

| \| ]

A e 1 i ] c 1

ﬂ)O 200 300 400 500 600 700 800 900 1000 103 .

QADC channel o 3

@] ]

102 3

101 5

100 4

Pedestal and single p.e’s

/MIP peaks

0 500

1000

1500

2000
ADC value

ADC 2 - Medium Gain

2500 3000 3500

—ch 0
ch1l
—ch 2

4000
South Pole scintillator station data 2020
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uDAQ - Low/Medium/High-Gain

10 channel=7 104 channel=7 10% channel-7
adc=ADC12 ade=ADC2 dac=1370
dac=1370 dac=1370 untimee150 5
]_03 . hV=?-570 ]_03 . hv=2570 10%} 9968 averflows
" runtime=150 s " runtime=150 s —— mip=1582.75 adc
E —— mip=60.75 adc E 185 overflows E ‘\ ped=209.6 adc
§ 10% —— ped=43 adc § 10% —— mip=241.01ade | 10 t
—— ped=30.42 adc
10 10! 10}
100 ) l ” \ . . . 100 ) 10— . . . .
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Low-Gain Medium Gain High Gain
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SiPM waveforms without gain adjustments

0.14

0.12

—~ 0.10

<
é 0.08 |

0.04
0.02}

0.00 |

- I-V-Curve -
| =1 Measurement point
(@ different temperatures)

With a constant Bias-Voltage:

* TELIBYAE I_‘:'r.' J

-

70.5 r
- ' v Y e
5 o 1 ~J Mﬂ%ﬁ_zd S Mjr“‘«-q
100k ........................................................
e | Preliminary : .
\ §9.5 :
66 5'7 AR = 7b 71'—“\ H !
U (V) g 69.0 \ «®
8 : . : e
E . .
::g BESL. R oW R )
g i f ."J MMJMM"%M ____L_,___awirmm_.__,__,
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—40 -30 —20 0 10 20 ”
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TAXI Mainboard

i

o

2 -"ﬁ’..“.g“

s
i
H
2
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Why SiPMs as photosensors?

TSV-MPPC 512641 PA-50 Serial 85 . TSV-MPPC 512641 PA-50 Serial 85
=

Bias valtage (V)
Dark counts (1/s)

[Ty | N | | L l | | | 0 [ | '| |
40 30 20 -0 0 10 20 30 40 -30 20 10 0 10 20 30
Temperature (°C) Temperature (°C)

Performance increases at low temperatures:

No better place on Earth (beside the Lab)

-Less dark counts to operate SiPMs than: At the South Pole

- Less bias voltage needed
-Higher PDE

|
Used SiPIM: Hamamatsu $13360-6025PE

—



Simplified sketch of measurement method

1 st step: Calibrating the measurement setup:

Photon Shielding LED-A
-Array

Photo Diode 2 Integrating
Puist2 Collimator Sphere

Photo Diode 1 Nspnere

PnisT1




Simplified sketch of measurement method

2 nd step: Characterize the photo sensor

Photon Shielding Pulsed LED

Integrating
Collimator Sphere
R

_ PnisT1 - R

N =
P

photon

Photon-Efficiency
= Npmr

N Photo Diode 1 Nsphere

PnisTi

Npwmr




Characterizing SiPMs

Amplifier Fan-In/ | | QADC
C12332 Fan-Out CAEN v965

1

VME-USB2.0 Bridge
CAEN v1718

:] Stand-alone device PUISer
() NIM-module
VME-module HP8082A
Out 1 Qut 2
neg comp
LDD Cern-NP y R Gate
N4168 wd L iy generator
NIM '
-2to-24V E
---------- : Photon E
: shielding Delay
: ;
" E Gate
' Inverter v (NIM)
:
]
)
]

Position control &
bias voltage



Bias voltage (V)

Consequence of not adjusting the bias voltage

With a constant bias voltage:

\ o T 0y
e 9 |
|
"= O NP N Ny S,
TSV-MPPC 512641 PA-50 Serial 85 T~ S il o~ .
|
B —|— Measuramants. }
70— +

B ——
: 7N TELEDYNE LECROY
{ I oo irayoutor
I
|
|
1]

|

I
67 = l l l l A v l l l ; W TELEDYNE LECROY
-40 -30 20 10 0 10 20 30 ! I Bt

TemperatuTe (°C) ol I

C ;}

—

]

1

I

V: 50mV/div Timebase: 500ns/div

29/02/2016 Experimental Setup



