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Introduction: Pulsars
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PSR J1648-4611 phasogram from Fermi-LAT
3PC paper [Smith, David A., et al (2023)]
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Introduction: Pulsed Neutrinos

* When two photons collide with enough combined
n- energy, the muon pair-production channel will open.

* In pulsar high energy pulsed photons will interact
with local soft photon field.

* The produced muon will be accelerated in the same

area and decay, yielding the pulsed high energy
+ :
Y U neutrinos.
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This Analysis

TeV Pulsar Target Locations e Targets: Crab, Vela, Geminga and
PSR B1706—44 (TeV related pulsars)

* Methods:
1. Template-based method
2.  Weighted H-test

T "Crab
*

*
Geminga

120°

60°

Declination

* Goal: Detect pulsed neutrino signal
----- : from pulsars and set limits on this
process

% PSR B1706—44

Right ascension
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Analysis Method: Template-based Method
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A well measured gamma-ray template may
improve the sensitivity.

S; = Sspace,i Senergy,i Sphase,i

Sphase,i 18 the binned signal template.

The pulsed gamma-ray and pulsed neutrinos
might be generated from the same area.

So the template used here 1s GeV gamma-
ray phasogram from Fermi-LAT 3PC with
minimum subtracted.
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Template-based Method Performance

Template Sensitivity

GeV minimum-subtracted template and injection

Crab Vela Method Sensitivity
Injected signal count njy; Injected signal count 7; Time-integrated 7.76
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Analysis Method: Weighted H-test
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8  H-test uses Fourier harmonics to test whether the
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PSR J1648-4611 phasogram from Fermi-LAT
3PC paper [Smith, David A., et al (2023)]
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Analysis Method: Weighted H-test

Crab: Space—Energy Event Weights

1.0
 The weighting i1s used to improve the
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sensitivity.
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. | | | ] oo energy information.
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Comparing Two Methods

Crab Injection Phasograms

GeV minimum-subtracted

LOF —— Off-peak duty cycle 1% | o T moar th t m th d in- t
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L * Other two phasograms are two off-peak

021 rectangular phasogrames.
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Comparing Two Methods

30 Evidence Potential

Crab, GeV minimum-subtracted and off-peak injections

—Tempiate | _' | * The GeV minimum-subtracted phasogram
| B Weighted H-test IceCube Preliminary | . .
i1s the signal template for the template-
based method.

o
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*  When the injection matches the template,
the template-based method 1s more

Injected signal count njy;
e
()

20l ] sensitive.
0 oy Off-peak Off-peak * When the phasogram is narrow and off-
minimum-subtracted Duty cycle 1%  Duty cycle 10% peak, the weighted H-test 1s more
sensitive.
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Conclusions

* A template-base method and the weighted H-test are used to search for pulsed neutrino
signal from pulsars.

* Sensitivity, 3o evidence potential and bias for representative cases are calculated.
* Compared between template-based method and weighted H-test. Template-based method

will have better performance when the signal’s peaks align well with template peaks.
While weighted H-test has better sensitivity for off-peak signal.
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Thanks for listening!
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Backup slides
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Pulsar
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(PSR J0534+2200)

Vela
(PSR J0835—4510)

Geminga
(PSR J0633+1746)

PSR B1706—44
(PSR J1709—4429)

2026/10/14

Declination (°)

+22.01

—45.18

+17.77

—44.49

Distance (kpc)

2.0

0.29

0.25

23

E(erg s

4.6 x 1038
6.9 x 1036
3.2 x 103

3.4 x 10%

E/d?(erg st kpc™2)

1.15 x 10%8

8.2 x 10%7

51 x 10%

6.4 x 10%
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TeV spectral index

P1:3.2
P2:2.9

14

2.34

20

Period (ms)

&3

89

237

102

14



Source

Crab
Vela
Geminga

PSR B1706—44

2026/10/14

Declination [deg]

+22.01
—45.18
+17.77
—44.49

Template Sensitivity

SE59
5.88
6.13
6.11

Template Evidence
Potential (50%)

9.05
9.76
9.53
10.45
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Weighted H-test
Sensitivity

8.57
13.84
10.72
11.68

Weighted H-test Evidence
Potential (50%)

31.95
75.38
60.79
67.64
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Background Test Statistics Behavior
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Passing Fraction Plots for Sensitivity

Weighted H-test Sensitivity

GeV minimum-subtracted injection
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Template 30 Evidence Potential Weighted H-test 30 Evidence Potential

GeV minimum-subtracted template and injection GeV minimum-subtracted injection
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Source

Crab
Vela
Geminga

PSR B1706—44

2026/10/14

Point-source
sensitivity

7.76
8.04
6.98
747

Dy e A00) Sensitivity ratio Point-source evidence
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7.29 0.906 12.54 12.87
7.26 1.041 12.21 11.32
742 0.993 12.80 12.36
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Duty cycle 100%

Evidence ratio

0.999
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0.927
0.965
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Dependence of & on Duty Cycle

Crab Template TS and Fitted Signal Count —— Power-law fit ¢ Rectangular profiles §  GeV minimum-subtracted
Duty cycle 1% Duty cycle 10% Crab Vela
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