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Using in2 oariicle daitactor array a3 a goiniing izl2scoos,
Tracing in2 larga FoVY for low 2n2rgy s2n3sitivity to cariain diractions



Motivation: Sensitivity Gap
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The highest energy photons from
distant or dense astrophysical objects
falls in the gap

absorption

E?dN/dE (Arbitrary Units)

EBL absorption at z=0.5

—— Franceschini 2008
109+ —— Franceschini 2017
] —— Dominguez 2011
—— Finke 2010
—— Saldana Lopez 2021
10—1_
1072 E
10—3 MALL | v ML RALL | v ML RALL | L LR AL | v LA AL v LA LY | v ' vy
1074 103 1072 1071 10° 10!
E/TeV
102 Pulsar Energy Spectrum Cut-off
EE3=E 1
~ —— Pulsar Spectrum (E; ~ 150 GeV)
WCDA LOST Band
10* 4 - " (50-400 GeV)
100‘ d-bad 4
10—1-
10—2-
103 ! 1 | 2 ,!""3"‘, AN Y 2 Q Pw
10 10 A0\ N Tt S| 3

Gamma-ray Energy (GeV)



Motivation: Sensitivity Gap

E? x Flux Sensitivity (erg cm? s

107" - =
E Current )
|IACTs
10" - =
EFermi WCDA .
10" =
- LD
10" LHAASO 1y :
: 1 1 L1 1l 1 1 L1111 ‘ 1 ! ] - : - ' f‘;
1072 10" 0 10

Reconstructed Gamma-ray Energy ER (TeV)

The highest energy photons from
distant or dense astrophysical objects
falls in the gap

EBL absorption at z=0.5

10° E

=

<
-
1

absorption

1072 E

1073 ey

—— Franceschini 2008
——— Franceschini 2017
—— Dominguez 2011
—— Finke 2010

—— Saldana Lopez 2021

Jnit

100.

10—1 J

E2dN/dE (Arbitra

10—2 4

1074

E/TeV

Y

!
|
) i
]
]
! i
|

‘; WCDA LOST Band
[ S— (50'400 GeV)

1073 1072 107! 10° 10!

ctrum Cut-off

pectrum (E. ~ 150 GeV)

10-3

10!

102

ZN N\ e o
T [ S| Jj

Gamma-ray Energy (GeV)



LOST Workflow -

a PULL IN:

‘~ N D ATA STRE AM Raw WCDA hit Sll::%el-l (z10ms each)
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LOST Workflow

Step2. Pointing
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LOST Workflow

Step3. Trigger

Manipulate nhit threshold=4 to reach lowest energy, \
and search for tw&rm for max significance

Temporal Window (4ns):

Aligns hits relative to the shower front,
105 effectively suppressing random PMT
thermal noise

l

Spatial Filter (45m):
Restricts the search area;
covers secondary particles falling within

the core for a 100 GeV shower
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LOST Workflow
Step4. Output events

~—— nhit 0-15

® Median: 53.09 GeV
~ nhit 15-30

® Median: 94.41 GeV
— nhit 30-50

® Median: 188.36 GeV
~—— nhit 50-70

® Median: 298.54 GeV
~—— nhit 70-100 age o

® Median: 421.70 GeV Sensitivity Curves
—— nhit 100-200

® Median: 668.34 GeV S
—— nhit 200-400

® Median: 1333.52 GeV
~ nhit 400-1000 1019 1

® Median: 2985.38 GeV
~ nhit 1000-4000
® Median: 13335.21 GeV

Energy Resolution
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BuildEvent():

Iterative expansion using 10ns steps to
reconstruct the shower.
PackEvent() & Buffer:

Prepare validated hit clusters for the
output file.
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G/P separation with Al P

| o The Brightest of all time(BOAT)
Task: signal/bkg classification GRB221009A

models:

ParticleNet, ParticleTransformer
features: shower footprints

(x, y, time, charge)

>15k photons in the first 270s

Signal efficiency: > 60%,

Bkg rate: suppressed ~633 — 47 /s
Significance: enhanced by 2.3 times

validation Q for simulation data set at different energy bins

ON All
10° l OFF All
-~ Bkg poly2 fit (all)
- ON After Cut
W OFF After Cut
—-— Bkg poly2 fit (cut)

230-500s Range Statistics:
Excess (All): 24830.3

Excess (Cut): 15095.3

ON Events: 195895 —» 27691

OFF Events: 170896 - 12622 Pink shaded: original'signal

val_Q
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ParticleTransformer nh15-30
«w ParticleNet nh30-50

ParticleTransformer nh30-50

S0 = ParticleNet nh50-70
ParticleTransformer nh50-70
ParticleNet nh70-100

ParticleTransformer nh70-100
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Results ..

LOST has WCDA mimic a pointing telescope

Sensitivity Curves (ParticleNet Multi-timescale) G O 0 d n eWS -
I « Energy threshold is effectively extended
’ . o LOST optimized (1-day) below 100GeV _ .
« Al separates bkg from signal and achieved
LT optimized (12-day) promising sensitivity
i ‘—;\\"\\\‘_\L;OST oriainal (Lyaa) « Integrated LOST pipeline to LHAASO DAQ
§ L6§T‘opUm[z:ed (1-year)
2 . Challenges:
. T T - Mismatch between simulation and experiment
| Future:
1077 ““sranqqr_q_Trigger 1-year « Use LOST data in scientific analysis(on-going)

o Check simulation and keep tuning the model
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