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1.Introduction



Neutron stars

* Typical radius: 10 km

e Typical mass: 1 solar mass
* Density:101’kg/m?3

* Magnetic field: 10— 1011 T

ATMOSPHERE
HYDROGEN, HELIUM, CARBON

OUTER CRUST
IONS, ELECTRONS

INNER CRUST
IONS, SUPERFLUID NEUTRONS

OUTER CORE

SUPERCONDUCTING PROTONS

lU'>JVII>INE05/NC S Credit: NASA

‘ Neutron stars are
Credit: NASA’s Goddard Space Flight Center rea”y extreme ObjeCtS!
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Pulsar

* \lery fast rotating neutron stars

e Extraction and acceleration of particles by the
powerful magnetic field

* Production of pulsed electromagnetic emission

* Loss of energy due to radiation emission:
rotational spindown




We analyze

THE CRAB VELA GEMINGA

Age 964 |

[vears] (Supernova in ~10.000 ~300.000
1054 A.D.)

Distance .-1g0 ~960 ~800

[ly]

Rotational

period ~33 89 237

[ms] :

Credit: JAXA Credit: NASA Credit: NASA



The Fermi Gamma-ray Space Telescope
B * Mission type:
o A 2 Gamma-ray observatory

e Launch date:
11 June 2008, 16:05 UTC

e Atitude: 525.9 - 543.6 km
e Period: 95.33 min




What’s phaseogram?

* Phaseogram:
Sum up events that happen at the same phase

e Phase:
Light

A

Physical information
o 02 05 02 1=0 onthepulsar!

N° of turng = PHASE
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Our mission

_earn about pulsar, Fermi, the way to analyze and etc...

Produce a phaseogram
Decide frequencies and frequencies derivatives

P
ﬂﬂ

= W

Analyze something strange
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2.How to analyze



How to analyze

Make
The Count Map
Download selection of of
Each Data exact The Crab,
photons VELA and
Geminga

Nasa Ntianel Aoronulics and Space Administration
=1 Goddord Gpace Fight Cantar

g‘) Celebrating 10 Years of Fermi ™
hae June.1‘1. 2018

Home Seppert Canter Obearvmions Datn Sropaenls Lacary HEASARC Welp




How to get data

Fermi LAT

1y incoming gamma ray :' Anticoincidence
I I = Detector (background rejection)

— Conversion Foll

"~ Particle Tracking
Detectors

" Calorimeter
(energy measurement)

*The direction from which
photons come.

*To measure amount of
2018/3/10 energy of one photon. *

electron-positron pair




How to define the time

* What should we think about
to define the correct time:

Pulsar direction 9 Ba rycentrlc CO”ECtiOn

Geometrical correction
(Remer delay)

e Special relativity correction
(Einstein delay)

General relativity correction
(Einstein, Shapiro delay)
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Path difference
... Wave plane
Earth '




3.Result



Counts Map @ Geminga

2008-08-04 ~ 2018-03-06
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Counts Map @ Crab (A)

2017-01-01 ~ 2018-07-31
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Counts Map 3 Crab (B)

2017-08-01 ~ 2018-03-06
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Counts Map @ Vela

2008-11-30 ~ 2011-02-08

/50 939 1116 1313 1502 1689
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Shape of Pulse (Geminga)

Phaseogram of Geminga
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Shape of Pulse (Vela)

Phaseogram of Vela
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Shape of Pulse (Crab)

Phaseogram of Crab

Event count
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Frequency is decreasing---.

Observation Time is for about 10 Year !!

421758
Geminga
2008 Aug 4 42757 1
_ 2018 Mar 6
421756 |
421755 |
Freque 421754 |
ncy
[HZ] 421753
421752 |
4 21751 1
54500 550
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' "frequencies.txt"u 1:2:3

00 55500 56000 56500 57000 57500 58000 58500

(MJD)



Frequency is decreasing---.

Crab

2017 Jan 1
- 2017 July 31

Freque
ncy
[Hz]

2018/3/10

29647

29646

29645

29644

29643

29642

29641

2964 |

"freqdencies.txt" u123 ——

29639
57750

57800

57850

57900 57950 58000

(MJD)
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Frequency is decreasing---.

Vela

2008 Nov 30
- 2011 Feb 8

Frequency
[Hz]
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11.1904

11.1902

1119

11.1898

11.1896

11.1894

11.1892

54800 549

AN

"‘frequenc'ies.txt" '

(MJD)

00 55000 55100 55200 55300 55400 55500 55600
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Af [pHZ?]

Frequency ---.changed ?

-1.0 -0.5 0.0

Af [pHZ]

MJD 58051~60
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-1.0

MJD 58061~70

Af [pHz]

MJD 58071~ 80




Frequency ---.changed ?

MJD 58071~ 80

Z} scan
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4 Discussion



Chi-Square test

- Evaluation of deviation between
experimental data and model

X
=i

I
—
T

g | x"‘=Z : (xi,__x)z

ik

g ] T &R N: Number of bins

v x;: Counts of photons

0 / \ (experimental data)

1L - | X: Counts of photons
j S}}»\ (model data)

l l | [ | W
O 1 H E N I H E N N
oiNumber of bins 28



SUOJ,OL|C| JO 1Uno)

Statistical test of pulsation

x? ~1 x: >1
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How to fit

We tried to know when the event happened with chi
square statistics.

We discovered the edge in graph.
—> 1t is possible that at this time, the event occurred.

40

"chisduare_txt" '

35
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5 |
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Decide when the event happened

Crab Pulsar Glitch

o~ 50

2

g 45 ® Data, cumulative %2

= = fi{ hefore glitch

S 40 -

= = fit after glitch

3 3OE| mmmm combined fit, glitch free

30 = fitted glitch position
o5 = radio glitch position
Glitch position (Fermi-LAT):
20 assumed error on chi2: 1.00%
15 t (MJD) = 58064.503 + 0.066
Glitch position (Radio):
10 t_r (MJD) = 58064.555
3

IHIIIIII|HII|IIHIIIII CTTTITTTTTTTTITTTT T T

1 | | 1 | 1 I 1
58080 58100

date [MJD]
We investigated the edge’s time by changing two line.

—-The event happened at “58064.503 = 0.066". 31

1 1 I 1 1
58040

1 | 1 1 I
SQO 0 58020 58060

-



Compare with other wave area

|

We checked

“The Jodrell Bank
Observatory with the 42-ft
Lovell Telescope(1400 MHz)” .

Reference:
Shaw+2017(Atel#10939)

,,,,

—>The event happened at
58064.555(3)(MJD)
(58064.503(66))

=The two data are consistent
within a statistical error.

https://en.wikipedia.org/wiki/Lovell_Telescope#/media/File:Lovell_Telescope_5.jpg
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What was the event?

We discovered the two things.

1. The gamma ray from the Crab pulsar changed
and the time is consistent in two wave areas.

2. The pulsar’s frequency increased after the event.

=We expected that the event was “GLITCH”.



What is happened on the CRAB?

STARQUAKE!!!! e We think ...
Starquake

on the CRAB.

* If we assume that the preservation

of angular moment is valid...
AR Av

— N e—

R Vv

AR=5~10mm Sedimentation
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5.Summary



How much did the frequency change?

We investigated how much the frequency changed.
—>The frequency increased by 14uHz.
Question? : We need more study !!

Crab glitch 11/2017

¥ 16— 2/ ndf 12.62/12
E Intercept 23.62 +0.4828
z 14:— Slope  -0.1504 + 0.004591
12
10}
81—
61—
- P
2 2018-01-02 ¢
o L |
:l 1 | | 1 1 | | | 1 1 | | 1 1 | | | 1 1 | | | 1 1 | | [ | | | | 1

50 60 70 80 90 100 110 120
2018/3/10 Time [MJD-58000] 26



We made a histogram of Av/v.

It shows that the Glitch we discovered is the biggest one.
log10(deltanupernu)

htemp
Entries 30
Mean 0.8333
RMS 0.7325

1T 1T 11

| L A

JODRELL BANK
2 Ll l._l215l L1l 37
Log,,(Av/vx10°)

5018 -05 0 05 1



/0.01m Sedimentation
Radius of neutron star
_ =10%m
Magnitude = 23.5
N /

Japan Disaster Map 2011 March

Disaster in Number

Dead & Missing
=27,000

Bldgs Destroyed
=26,000 Iwate

3283 Dead
Bldgs Damaged 4654 Missing
=148,710

Evacuated Miyagi
=177,456 6744 D d

March 29, 2011

issin

/| Ibaraki

20 Dead
1 Missing
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Back up



Glitch

delta nu

v.s. MJD

2018/3/10



When the Glitch happen?

Cumlative

chi2 v.s.
MJD

2018/3/10



Relaxation:--?7?7

Glitch recovery
(exponential

decay in nu-
MJD plot)

000000000



