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ICRC Proceedings / Journal Paper

* Proceedings are mostly P
written |

EUSO-SPB2 for Target of Opportunity searches of

L An a IySi S m OStIy CO m pl ete very high energy neutrino sources

Tobias Heibges, " Claire Guépin, “ Diksha Garg,” Luke Kupari,” Mary Hall

» Journal paper will be
extension of ICRC
proceedings

Messenger Astrophysics (PFOEMMA

0 PorSIeS : 5 June 2025 37th JEM-EUSO Collaboration Meeting

COLORADOSC



Earth Skimming Technique

Detector

ToO Source

R TR e
1. Neutrino source 2. A vrinteracts 3. The T decays 4. Detector
crosses through and produces a T and produces an  triggers on
detector FoV EAS. Cherenkov
signal
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CT Flight Operations

Night 1

Begin Time | End Time | Telescope Status Tilt Pointing
(62500 R Commissioning - -

(=01 200 [1H: 1200 CObservations —hH.4" (.0
(R:12:00) (1523000 Tilting,/Observations | —5.8° to —9.62° 0.0°
15:15:00) (5:35:00 Commissioning —0.62° 0.0"

DS TSI 11224000 Cihservations —9.62° (L0~
11:25:010) 12:02:00 Ohservations —8.62° 0.0°
1200300 1226000 Tilting/ Observations | —8.62% to —2.69° | 0.0°
122600 124200 Chservations — 26097 (L0~
12:43:00) 12:55:00 Tilting /Observations | —2.69° to —9.69% | 0.0°
12:55:00) 133900 CObservations —0.69° (.0
13:40:00) 13:52:00 Obzervations —0.69° 315.0°
13:52:010) - Shutters Closed —5.8" 315.0°
Night 2

Begin Time | End Time | Telescope Status Tilt Pointing
05:37:00) (1540000 Ohservations —8.6" 0.0"
(3:40:00 (15 DE:00 Tilting/ Observations | —8.6° to —1.68° (.0~
05:58-00 [6=46-00 Observations —1.68° Spinning
(4700 (1702000 Tilting/Observations | —1.68% to —7.6G° Spinning
07=02:00) (7= 10000 Ohservations —T7.6° Spinning
07:10:00 (19240000 Troubleshooting —T7.6° Spinning
091000 12400000 Observations —T7.6° Spinning
12:40:00) - shutters Closed —T7.6" Spinning
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-30°

[00 S Candidat "
00 Sources Candidates
i
Alert system | Total number of | Recent sources | Sources in the | Sources in the
sources following the | Field of View | Field of View
prioritization night 1 night 2 s
scheme 19
GCN 12965 56 0 6 ng s E
TNS | 151658 736 (7) (72)
Steady 121 121 0 10 sy 4|
Other 24 8 0 0 Gk NI T}
Total 164768 922 (7) 88 .

FRB 20190208A (Steady FRB)
10260,0 (Integral)

10260,0 (Integral)

MAGIC J2001+435 (Steady IBL)

Cygnus Cocoon (Steady cloud)

1167973 (GRB)

705357857 (nan)

705413051 (nan) ’

* % # %

*

* 705184896 (nan)
* 3C 264 (Steady FRI)
TON 0599 (Steady FSRQ)
# W Comae (Steady IBL)
* 1ES 12154303 (Steady HBL)
1ES 1218+304 (Steady HBL)
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Example ToO Source

« Example source chosen: Event Typenn

Event ID:705413051
Publisher:Fermi GBM Flight Position

e Fermi 705413051 alert S
« GRB 230510A

* Observed at:
+ 12:04:06.93 on 10 May 2023
. RA: 318, DEC: 34
+ T90: 144s :
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Flight Cloud Coverage

(=3
[

EZO Uig
» Assumed homogenous cloud cover
_ Night 1: low-level (2km) o
- Night 2: high-level (12km) :
o 0*@,\3 0%05,\‘5 ‘10,\,\‘5“5\3 05,,\W“,1/\5‘03'05_,\9«0“50,,/\* v
A ) - Time [UTC] . )
. . 1 Clowds 1.0 Mid-Level (‘luu«z\ 1.0 Ix.mn -Level Clouds 10
» Clouds impact neutrino acceptance
- Need light creation above clouds = :
ko) _:':_1 03 _, 03 . ().XE
-~ Requirement on Energy and tau Zz - sl - . 0
decay Iocation i 180 170 160 e l:” 180 170 160 R
§ a5 M 2 b
N é 0.7 . 0 ,:i,
D2 :E qu o 03 . hA nlé
Z j 40 L :':,
- 0.0 - L X i . 0.0
l.uu;_l':(:&:tk n l;::-:vc\ e l.nn;:l(()‘ul‘k n l;:;:w\ " I.xm;:‘t:dc n l;:;:ucs -
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General CT Simulation Chain

Above the limb YHECR Cherenkov Light
. .

-l

= -

Earth Skimming VT PO

~

v InterdCuOis i

EAS / Neutrino
Simulation
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NUTS (Neutrino Target Scheduler)

+  Collects alerts from alert networks
GCN (Uniform alert messages): GRBs, neutrinos, GW, ...
TNS (Machine readable): SN, TDEs, FRB,...
ATels (Human radable): AGN/Balzar Flares, ...

. Calculate position of source in sky based on detector location

Flight logs, Constant position, kml file predictions from CSBF

. During Astronomical night calculates when a source would be in
observable band (0-6.4deg from limb)

. Select subset of sources based on prioritization scheme
Relative distance to source
Relative occurrence rate

Time source is in FoV

0 EEILF:ESD \CHOOLOFMINES 5 June 2025

Source: 70.0°, 20.0°(RA, DEC)
Eﬁ'gectﬂ-r: -50.0%N, 40.0%W, 33.0km

Source Type Priority
Galactic transient 1
Binary neutron star mergers 2
Tidal disruption events 3
Flaring blazar or active galactic nuclei | 4
Gamma-ray bursts D
Supernovae outside of the galaxy 6
Other transients 7
Steady sources 8
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ToO Geometries:

O

Quasi parallel

Time dependence as source rises

and sets behind the Earth
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EAS / Neutrino
Simulation

ToO Source Detector

Neutrino Simulation (NuSpaceSim)

2.  Samples vy interaction and T propagations in the Earth to
estimate P, based on NuPyProp/NuLeptonSim tables

3. Samples 1 probability based on exponential decay and produces
EAS

4. Uses NuSpaceSim internal EAS model or samples EASCherSim
shower library
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EAS / Neutr
Simulatio
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Scaled counts
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EAS / Neutr
Simulatio
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EAS / Neutr
Simulatio

lel? 10%
8 —— 4.0 km 20.0 km 36.0 km
102 —— 6.0 km 22.0 km 38.0 km
7 — 8.0 km 24.0 km 40.0 km
10 —— 10.0 km 26.0 km 42.0 km
6 12.0 km 28.0 km 44.0 km
2\4 100 14.0 km 30.0km —— 46.0 km
5 £ 16.0 km 32.0km —— 48.0km
% A g0t 18.0 km 34.0 km
2 %]
g 5
-2
3 B 10
=
2 1073
1 1074
0 107
300 400 500 600 700 800 900 1000 0 10 20 30 40 50 60
Wavelength (nm}) Distance from shower axis (km)
0.030! — 2.0km 18.0 km 34.0 km —— 4.0 km 20.0 km 36.0 km
: — 4.0km 20.0 km 36.0 km 0.030 — 6.0 km 22.0 km 38.0 km
—— 6.0km 22.0 km 38.0 km —— 8.0 km 24.0 km 40.0 km
0.0251 — 8.0km 24.0 km 40.0 km 0.025 —— 10.0km 26.0 km 42.0 km
—— 10.0 km 26.0 km 42.0 km —— 12.0 km 28.0km —— 44.0km
£ —— 12.0km 280km —— 44.0km 2 —— 14.0km 30.0km —— 46.0km
§0.020 3 0.020
a 14.0 km 30.0 km —— 46.0 km a 16.0 km 32.0km —— 48.0km
- 16.0 km - 18.0 km 34.0 km
£0.015 S o015
© ©
£ £
=z 0.010 Z 0.010
0.005- 0.005
0.000- ] 0.000
300 400 500 600 700 800 900 1000 0 10 20 30 40 50 60
‘Wavelength (nm) Distance from shower axis (km)

PHYSICS

COLORADO 5 June 2025 37th JEM-EUSO Collaboration Meeting




EAS / Neutr
Simulatio
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EAS / Neutri
Simulatio
.0

|

Simplified model includes:
1. ACP throughput 08
2. Mirror reflectivity

. . . 0.6 |
3. SiPM etticiency L e i
4. Gap eStlmatlon o " %  Measured Camera Efficiency

*
Close to absolute
calibration efficiency 02,
measured in the field
%90 300 400 500 600 700 800 900 1000

Wavelength (nm)
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EAS / Neut
Simulatio

In depth detector simulation OffLine:
1. Optics simulation (GEANT 4)
Photon PE conversion
Background simulation

Optical cross-talk

2

3

4

5. Bi-focal trigger
6 Signal pile up

7 Output pulse shaping

8 Digitization

Result: Can not reproduce camera response accurately
. Event by event level

. Derived quantities like trigger rate

Lack of calibration data / understanding of instrument

Only use parts that can be verified: 1, 2

Need a different approach to estimate the camera response

— Can we rely purely on data?

PHYSICS

COLORADO MINES 5 June 2025 37th JEM-EUSO Collaboration Meeting



Observation time

Observation Time (min) Events Recorded

As per recommendation from the GT group Night 1 o0 — 35 11250 — 3305
time periods with more than 500events/min  Night 2 136 — 112 20019 — 7694
are considered over triggered and are Night 2 above limb Al — 21 5537 — 1043
remove Night 2 below limb 95 — 78 14482 — 6651
Uptime of the CT: 35 min = Uptime of the CT: 112 min
10’ ! i ol — —
] H ) | N ‘
102 | | 1074 I
) 10" - ' nght 1 0] nght 2
ERTY . . Commissioning % 1004 Desperation &
: & Testing & Splash Down
;‘10"' :é-l()*l
RO - - ’ 2 10-2]
10 | ' ' | 103 |
L Al events: 11250 1 All events: 20019
o ' ‘ m ’ ' ' . Dovaime: To 0 10 ’7 NM Gocfhvent: 7634
‘cxhold‘: 5(){'] cv'm ts / min Deafitime: Total 0.1 min,
10_5 ﬂ I 1 H mh[w e Threshold: 500 events / min ﬂ l

1310:00 1310:30 1311:00 1311:30 1312:00 1312:30 1313:00 1313:30

. 05-1405 05—14 06 05—1407 05—1408 051409 05—14 10 05—14 11 05—14 12
UTC Time

UTC Time

PHYSICS
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Trigger Threshold Estimation

Baseline distribution can be used to estimate Bi-
Focal trigger rate for a trigger threshold “a”

Ptrigger — (2 * Ntimebins — 1) * Npifocal partners ° npixels : P(X > 3)2

Comparison with triggers found in baseline shown

« Saturation at low PE values because only one
trigger can be found in 2us

* Most high PE baseline triggers can be identified
as ‘bad’-events by eye but the algorithm does
not catch them

Background rate threshold of 1E-7 Hz

PHYSICS
COLORADOSC

5 June 2025

Rate [Hz]

Baseline and trigger distributions

—— Rescaled trigger baseline
00—/ e Interpolated PE threshold
—}— Baseline
106 —— Bi-focal Triggers
Poisson Expectation
10%;
10(],
103
107

~20 0 20 40 60 80 100

Amplitude [PE]

Observation Period | PE threshold | Top BP threshold ‘ Bottom BP threshold

Night 1 67 64 66
Night 2 above the limb 53 34 53
Night 2 below the limb a7 47 44

O
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Signal classification

CO0: Event triggered off cross-talk

Event O

C1: Event is within 2 pixels of an over-
triggered pixel or in a separate SiPM
matrix

125

100

15

Amplitude

C2: Event is on the edge row of pixels 50

25
P: Passing event. The event is by itself,
with the camera fully operational.

Observation period ‘ Total number of passing events ‘ Co ‘ C1 ‘ C2 ‘ P

Night 1 below the limb 0 0 0 010
Night 2 above the limb 8 2 1 3|2
Night 2 below the limb 1 0 1 010

O s o oicrmmes 5 June 2025 37th JEM-EUSO Collaboration Meeting



EAS / Neutri
Simulation

TNaccepted

Acceptance can be numerically approximated by A(E) =

Nthrown

The number of expected events is then V= / AE) Njectea (E)dE \yherg  Niniected = Athrowihrow Tobs / @ (E),

ELAE

A Sensitivity Limit can be calculated using

Nexp - 3
to+1 ’
ln(l()) - B f dt Al(E, f})

to

S(E) =

Assuming no signal and no background the Feldmann Cousins approach [6] for a Poissonian signal
distribution implies Nex,=2.44 for a 90% upper confidence limit

O husics, wnes 5 June 2025 37th JEM-EUSO Collaboration Meeting



ToO Source Acceptance- GRB 230510A

i —— NuSpaceSim
L —— Detector approx

——&— Offline

- '} - NuSpaceSim clouds
1041 -4- Detector approx clouds
- 'i' - Offline clouds

10—6_

Acceptance in km?

._.
o
%

10—10_

1015 1016 1017 1018 1019 1020
Energy [eV]
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ToO Source Sensitivity- GRB 230510A

« Comparison of CT Sensitivity with
other experiments

1030_ ._’/-‘

» Overlayed is a GRB fluence model .

for a distance of
« 200pc
* Redshift z=1 (~6.7Gpc)

—_
o
[
[

—_
[en)
—
)
p

—_
<
=

« Expected number of events in 35s Auger Sensitivity

— IceCube Sensitivity

E? 90% Sensitivity limit in eV km >

= ~ 10
at z=1 (~6.7Gpc) 10— GRB ISM 200pc
---- GRB Wind 200pc
10°) —— GRBISM zz]_ommmmmmmmmmmmmmsmmmme .
Nu,l,clouds = 29—1—‘21(1) : 10_26 ---- GRB Wind z=1 -i*\‘_
. 2} - oo ¢
N, 3 clonds = 6.6194. 1074 10°7=9— Estimated EUSO-SPB2 Sensitivity \

b o e -

Nyt g = 8.6 +12 1018 ——&— Estimated EUSO-SPB2 Sensitivity with clouds "\i
w —rd 15 116 17 18 o 20

N — 90726, 1015 10 10 10 10 10 10
v,2,n0 clouds 2 0—1,7 10 Energy [eV]
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ICRC Proceedings / Journal Paper

* Proceedings are mostly written

» Analysis mostly complete
o Needs to be cross checked
o Change units to standard units
o Rerun more statistics

 Journal paper will be extension of ICRC
proceedings
o Include different sources
o Projection using SuperBit/Simulated trajectories
o Fit measured light curve with power law

o WIill include fluence weighting by measured light
curve

P S PROCEEDINGS
OF SCIENCE

Using the Cherenkov Telescope onboard
EUSO-SPB2 for Target of Opportunity searches of
very high energy neutrino sources

Tobias Heibges,”* Claire Guépin, “ Diksha Garg,” Luke Kupari,” Mary Hall
Reno,” Tonia M. Venters’ and Lawrence Wiencke” for the JEM-EUSO
Collaboration

no Target Scheduler, an
POEMMA Balloon with Ra
Messenger Astrophysics (POEMMA) design
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Thank yout!




Camera
Characterization




Viewis from te mitor ono the amera focal pane 144 SUBID 0 Badkplane D
. 48 | 49| 50| 51|52 | 53| 54| 55 57|58 | 59| 60|61 |62 63
e i i 2] e fid fig ] 1
32|33 34| 35|36 | 37 38| 39| 40| 41| 42 | 43| 44 | 45 | 46 | 47
=] 73 | 504 = 5 = =
8 9 10 1 1 13 1
16 | 17 18| 19/ 20 | 21 22| 23| 24| 25| 26 | 27 | 28 | 2
| pog 24

. . . T T T 6“2,1"7 0
» Number of times a pixels contains o ARAARRARREaRGE
the larges peak in the event Night 2 above limb
° Number of times a pixel contained the maximum amplitude
Dominated by a few pixels o4 p p
i Bottom backplan
- Large discrepancy between top W Nean: 7785
and bottom of camera Top backplane

C EXpeCtation Poissonian 104 = Expectation: 39.10 + 6.25

distribution with mean:

— Nevents
Npixels 5102_
- Difference between top and -
bottom >50 [ -
10[.
» Separate treatment of the
Packpares | \( i
 Pixels that contain more triggers 100A |

than 50 from expectation are
flagged as overtriggering

100 200 300
Pixel Index
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Event 447

Event Criteria

itude

Ampl

To select signatures that look like EAS

signatures

1. The event has to have two R

! Event 2345
80

bifocal spots each above the ~

PE-threshold 60
¥}
=
2

2. The triggering pixels are not 20 E
<

overtriggering 0

3. The peak occurs in the same o 4 8 12 16 2 24 28
X
1 OnS timebin Observation Period ‘ Number of events before ‘ Number of events cut \ Number of events after
Night 1 3305 2148 66
Night 2 7694 4135 66
Night 2 above the limb 1043 568 53
Night 2 below the limb 6651 \ 3567 44

O husics, wnes 5 June 2025 37th JEM-EUSO Collaboration Meeting 28




Overtriggering pixels

» Dominated by a few pixels Night 2 above limb

» Large discrepancfy between =
top and bottom of camera

» EXxpectation Poissonian
distribution with mean:
Nevents/Npixels

» Difference between top and
bottom >5sigma

« Separate treatment of the
backplanes

* Pixels that contain more
triggers than 5sigma from

Y pixel location

X pixel location

3 Number of masked pixels | Top BP | Bottom BP | Camera fraction
expectation are flagged as Night 1 37 21 3 T
overtnggermg Night 2 23 8 15 4.5%
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Trigger Overview

* Number of times a pixels contains
the larges peak in the event

* Dominated by a few pixels

« Large discrepancy between top
and bottom of camera

« Expectation Poissonian
distribution with mean:
Nevents

- Npixels
» Difference between top and
bottom >50

» Separate treatment of the
backplanes
* Pixels that contain more triggers

than 50 from expectation are
flagged as overtriggering

Night 2 below limb

Bottom
FoV

Top
FoV

Y pixel location
¢ o >

X pixel location

Limb___ _ Night 2 above firgh

Bottom
FoV B 10°
121
[ l.
g
5 9‘- o o
= E
= @]
O
2 6 I [ |
” 10!
3
Top
FoV

109

0 5 10 15 20 25 30
X pixel location
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View is from the mirror onto the camera focal plane 144 Pixel ID Backplane ID
‘ly
| | | | -
48 | 49 50| 51| 52 | 53 54| 55| 56| 57| 58 | 59 | 60 | 61 | 62 | 63
M| | W | @ | fm | = 1

32 | 33 34| 35| 36 | 37| 38| 39| 40| 41| 42 | 43 | 44 | 45 | 46 | 47

* Number of times a pixels contains —_—

the larges peak in the event 3| b b | k| b k| | kel 0
BLZS 6;7 ST‘E 105'\'\ 125‘\3 14715

m | | 3

« Dominated by a few pixels

Night 2 above limb

° I Number of times a pixel contained the maximum amplitude
Large discrepancy between top -
and bottom of camera U Packplane
Top backplane
« Separate treatment of the : Mean: 7183
10 === Bottom Expectation: 77.55 + 8.81
baCkpla nes == Top Expectation: 0.65 + (.81
« Expected number of counts: o
N events g 0 ’
Npixels ‘ ‘
+ Pixels more than 50 from Ly
expectation are flagged as | ‘ ‘ “ \ =
overtriggering | -

10°
Number of masked pixels | Top BP | Bottom BP | Camera fraction
Night 1 37 24 13 7.2% 0 100 200 300 400 500
Night 2 23 8 15 4.5% Pixel Index
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View is from the mirror onto the camera focal plane 144 551810 0 Backplane ID
| | | |
48 | 49| 50| 51| 52 | 53 54| 55| 56| 57| 58 | 59 | 60 | 61 | 62 | 63
32 | 33 34| 35|36 | 37 38| 39| 40| 41| 42| 43 45 | 46 | 47
=z Fod = = =
11 1
18 22| 23| 24| 25 30

2| | |
« Number of times a pixels contains . . Tl ©
the larges peak in the event Night 2 above limb . ——
Number of times a pixel contained the maximum amplitude
- . 10
« Dominated by a few pixels  Bottom bickplane
« Large discrepancy between top Mot 7785
and bottom of camera 10° —— Bottom Expectation: 77.55 + 8.81
. . . = Top Expectation: 0.65 + 0.81
« Expectation Poissonian i
distribution with mean: N “ﬂ ‘
Nevents % 10 .
Npixels ‘ ‘
» Difference between top and 10’ '
bottom >50 ‘ -
+ Separate treatment of the o | 1 ‘ | ||=ﬂﬂi
ackplanes
* Pixels that contain more triggers 0 100 00 e 400 200
than 50 from eXp_eCtat_ion are Number of masked pixels | Top BP | Bottom BP | Camera fraction
flagged as overtriggering Night 1 37 24 13 7.2%
Night 2 23 8 15 4.5%
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Mean of Trace Bins [240 - 280ns] in PEs

System Monitoring

e Calibrated Health-LED
* Flashes at 5 different intensities

* Average values around the
central peak
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Observation Conditions

HVPS 40-44V J 0 _
LVPS 24-26V V4 E \ r\ W \J
CoBo Temp <60C J U L\\/
SiPM Temp <30C (<25C preferred) V4 J S
EMONS <300 pW (<100pW preferred) T i e s
« Two EMONs mounted above and below the Night 2
camera ‘
* No clear labeling of EMON1 and EMON2 Z o
« 2 Scenarios: 80 ! | 2
* One side of the camera sees significantly
more light than the other
O One Of the EMONS iS malfunctioning 05-1405 05-1406 05-1407 05 H,(,),R 05-1409 05-14 10 051411 05-1412

Time
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Observation time

« Commissioning and testing lead to frequent
on-off changes

* As per recommendation from the GT group
time periods with more than 500events/min
are considered over triggered and are
remove

« Nominal dead-time of 1.44ms per event

Observation Time (min) Events Recorded

Night 1 50 — 35 11250 — 3305
Night 2 136 — 112 20019 — 7694
Night 2 above limb 41 — 21 5537 — 1043
Night 2 below limb 95 — 78 14482 — 6651

Uptime of the CT: 35 min

[

Events per minute

I N

[ All events: 11250 v
Good events; 3305
—— Deadtime: Total 0.07 min
eshold: 500 events / min

1310:00 1310:30 1311:00 1311:30 1312:00 1312:30 1313:00 1313:30

UTC Time

Uptime of the CT: 112 min

Il

L

I

UTC Time

05—14 05 05—1406 05—1407 05—1408 05—1409 05—14 10 05—14 11 05—14 12
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450

Data Calibration

400
375

350

 Calibration performed by Ol
G T_te am = e e e e

275

 Compensates for T
» Temperature of SiPMs
* Voltage settings

» Based on peak offset
from baseline i

0 100 200 300 400 500
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~ SiPMrow0

Baseline distribution

SiPM row 1

SiPM row 2

» Baseline defined as the 200
time bins before the main peak
of the trace

« Should be free of ringing and p—

* Unphysical peak in the first 4 A —— o an
time bins

* Ringing and general trend
unexplained

0 25 50 15 100 125 150 175 200
Time [10 ns]

SiPM row 3

((((((

SiPM row 1

SiPM row 3
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Baseline distribution

* Baseline defined as the 200
time bins before the main
peak of the trace

* Should be free of ringing
and other artifacts

« Unphysical peak in the first
4 time bins

* Ringing and general trend
unexplained
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Detector Simulation




Detector Response - OffLine

Optics simulation (GEANT 4)

Photon to photoelectron conversion

Background simulation

Optical cross-talk

Bi-focal trigger logic with 50ns coincidence window

- Hardware and Software trigger to detect true bi-focal events
Signal pile up

- Minimum resolvable signal 30ns
Output pulse shaping

- Based on delta function input combined with cross-talk

- Does not fully recover edge cases

Digitization saturation

To be cross checked against
- Data, GT Simulation chain, Lab tests

EASCherSim Light Input CHASM Light Input Photon File Input

» M 4
Ray-Tracing through Detector
Volume
(GEANT4)

v

Sectioning into Pixels

v

Apply SiPM Efficiency

v

Fill Analog Timing Trace

v v
Poissonian Background File Distribution Background
Simulation Simulation
&
Cross-talk Simulation
v
Trigger Pulse shaping
v v
Music Chip Trigger Digitizer Pulse shaping
v v
True Bi-Focal Trigger Digitizer
A &

Save Result File

PHYSICS
COLORADOSCHOO OFMINES 5 June 2025
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Detector Response - Background simulation

. Based on estimated night sky
background measurements

from SPB2
« PE rate of ~180MHz :
« Implemented in OffLine by -
sampling from Poisson -

distribution with a mean of
1.8PE per digitization bin
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Detector Response - Pile Up and Pulse

Shaping

. Pile up:

—  Minimum pulse
shape resolution of
30ns

- 30ns sliding window

« Pulse shaping:

- 1ps laser response
curves for different
input PEs

-~ Pick closest trace in
PEs

PHYSICS

0 COLORADO MINES 5 June 2025

Energy: 1.5a+18 Showar Viewing Angle: 3,847 Tilt: -5 Energy: 1.5e+18 Shower Viewing Angle: 83.847 Tit: -5

Lo 10

Signal Trace Signal Trace
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Detector Response -
Photons to Photoelectrons

1000

49.5
900 44.0
800 38.5

- 33.0

£ 700

E S

i 275 %

S 600 £

5 w

v . 2208

2 5004

= 16.5
400

PHYSICS

Photon detection efficiency (PDE):

50 4

40 4

PDE in %
~N w
o o

10 1

Peak around 480 nm
Range 200nm to 1000nm

Constant with incoming angles
of -60° to 60°

PDE was applied to the
incoming photons in OffLine

— -80
-70
-60
-40
-20
— 0
20
— 40
60
— 70
w— 80

200 300 400 500 600 700 800 900 1000

Wavelength (nm)
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Detector Response — Simplified model

Wavelength dependent PE-threshold
InCIUdeS: Camera Geometry

10 10 PSF Projection

« ACP through put s ..
ll

U

o

» Mirror reflectivity .| )
* SIPM efficiency - 10+ -
 Gap estimation

Close to absolute calibration efficiency
measured in the field

Ioglg(lntensity)
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MUSIC chip  Bi-focal pair § Pixel s/MUSIC

Detector Response - Trigger ————1—+1—

.............................................................

« Hardware Trigger

- Coincident signal between two ]
neighboring music chips within 50ns. T T T T T
~ Does not mean a bifocal pair... HI LH LH LH [H
« Software Trigger
] gg ] ] ] |.-"n!\']}]_ |_l_'l.-"«.\i1}l_ \_[:I AND \_HA.\I\ \_Hﬁ..'\'lﬁ \__L_‘.-'a.\'l’l \_[
- Requires that two triggering pixels are

a bifocal pair. &
« Implemented by Diksha Garg
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Above the limb Cosmic Rays

First pass at signal searches:

Only high amplitude events (>800 ADC counts)

Several CR candidates while looking above the limb

« Some unidentified signals

| Night 1 | Night 2

Event type Number | Number
Cosmic Ray Candidates 15, 19 .
Extended events 210 5

Up-going extended events 1 0

Health LED or ]JII Events | 1710 16

Total M5 1

Event Time: 168404535111060734
Evont Number: 4479
Lat: -31.963
Long: 154,322
Al 22281
Emoni: 663
Emon2: 230
The: «1.73
LVPS Voltage: 26
LVPS Cur: 3650

PHYSICS
COLORADO

Event Time: 168404504926816226
Event Number: 14532
Lavi: -32.007
Long: -154.34
Allz 22055
Emond: 607
Emand; 256
Tile: =1.73
LVPS Voltage: 26
LYF3 Cur: 3639

5 June 2025

MINES
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Geometries:

» CRs: Isotropic and homogenous

» Diffuse neutrinos: Isotropic and homogenous
* ToO neutrinos: Quasi parallel

Oe\ed‘o‘

O sss ooo 5 June 2025 37th JEM-EUSO Collaboration Meeting



— — Detector. Simulation

500 —— Areal —— Area2 Aread Area 6 Area 8
- Area 1 Area 3 —— Areals Area7 cos(normal)*sin(normal)
Surface Sampling with Nthrows=100000 and Nareas=768 o I '
400
160 (L , —— Mean=130.21, Std=11.74 L M, ] "
‘ JH ‘ 0.035 il g0 ey Wiy 8
‘ ‘ ‘ | | ‘ H 3 1 S Shitlls Y éo.ow
104 0 A L o] LT Lt o |
0.030 1 Ulint Tl | 2
i ’ el L, 0.0051 Py
120/ 0 f\{
= SRR | | FTT | NP Ny p
‘ = 0.025 i o ’ 0.000{ "
100 5 050 02 0.4 06 038 1.0 0 20 40 60 30
2 A cos’(Angle) Angle [deg]
§ é" 0.020 x1073 counts / radius Relative deviation from mean
O 804 =
= AT 7.48 0.0061
O .
601 & = 0.0041
7.46 %
o 0.010 . F o
Sou 2
20. 0.005 % 0.0001
742 —0.0021
0- 0.000- o
0 200 400 600 800 100 150 ~0.0041
HEALPix Index Number of Points per Area La i 5000 10000 15000 6000 8000 10000 12000 14000 16000
Radius [m] Radius [m]
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Diksha Garg et al. Neutrino propagation in the Earth 107!

A and emerging charged leptons with nuPyProp. JCAP, \ | lop,ll}(E,,'/Gv\';
N u S aceSI m 01:041, 2023. doi: 10.1088/1475-7516/2023/01/041. Fomsemms — 6 10 _
= =1 -
p ——8 12
9 ‘
R 41073
%j R
. 0 1071 ke 110~
« Monte Carlo Simulation tool for ====c
Earth skimming neutrino e e T ET N SN
searches fromabove ~IETITTEN
. . . e I I e i
« Designed for diffuse neutrinos I @ BAy, N DWW W4
 Calculates: . ol /GeV) = 8.00 o my(BJGA) = 100
- Neutrino Interaction probability b
- Earth emergence probability 08} a
- Tau-lepton decay location ELT
- Airshower profile P04
- Cherenkov light production 0.2 1
- Cherenkov light at a detector T (N (S (U W W
E, [GeV] E, [GeV]

Diksha Garg et al. Neutrino propagation in the Earth
and emerging charged leptons with nuPyProp. JCAP,
01:041, 2023. doi: 10.1088/1475-7516/2023/01/041.
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Shower Library
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Sensitivity Expectation
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Sensitivity Calculation

Ay 3 2 (v = 5)° m:._,“:
The sensitivity is given by: /\"g'ﬂ\ /
2.44 | |
Fy

© In(10) - E,, - A(E,,) The effective area is given by this:
Where the effective area is: At E, ) = / ds Pops(t, Ey_, 3,8)Acc(s).
to+T :
: 1 :
A(E,,) = T / dtA(t, Ey, ) And the probability of observation is:
to
And Changes as the source -'.'L)l.}})t-i — /d‘E;T pn:{it(‘Er ‘Ew? ; -irg)f}(liéf:el_‘g.-’(sf b )pc etect

moves in the sk

ToO Source
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Passing Events




Below limb
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Above limb
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Above limb
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Above limb
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Above limb
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Above limb
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Above limb
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Above limb
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Above limb
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