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We are investigating the short X-ray bursts of magnetars. Using the data
observed by the RXTE space telescope for the magnetar 1E2259+586, we applied
the Bayesian block method to filter the light curve to identify bursts. We then used
the ‘Poisson distribution’ and ‘null hypothesis’ to identify 50 burst events (the
correctness of the bursts has a confidence level of 50).
Furthermore, we used the HDBSCAN unsupervised learning algorithm to cluster
the short X-ray bursts, revealing that this magnetar has phenomena of ‘short and
high-energy bursts, medium-duration and energy bursts, longer-duration and mild
bursts, and fast and low-energy bursts’. This suggests the diversity of magnetar
bursts and different burst mechanisms.

In addition, we found that magnetars may have a ‘periodic’ phenomenon, which



could be due to the rotation period, the stress on the crust, or changes in the
magnetic field accumulating over the same period (periodic) and then bursting.
We also compared with the magnetar SGR 1935+2154, which has fast radio bursts
(FRB), to see if 1E2259+586 has FRB phenomena. The results suggest that
1E2259+586 may not have FRB phenomena.
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“ &Ry b 1B 22594586

(O B HEASARC Rrowse: Browse Sai X +

9]

[ ] EERMI L Sources (3FHL) 1 U Catalog (4FGL-DRa) 1 U Gatalog X
[[] Fermi GBM Trigger Catalog 8 [] Fermi GBM Burst Catalog 2
[] HETE-2 [] HETE-2 Timeline 11
(] INTEGRAL [] INTEGRAL Observing Program 22 [ INTEGRAL Reference Catalog e o AR
~— INTEGRAL Pubiic Pointed Science 1 INTEGRAL Science Window
L Window Data 6241 [ Data 12787
© — MAXVSSC Catalog of X-Ray Sources
L JMAx) L in07-7.0 keV Band 1
|_| NICER [[) NICER Master Catalog 156
[} NUSTAR [7] NUSTAR Master Catalog 4[] NuSTAR As-Flown Timeline 7
. - XTE All-Sky Monitor Long-Term |
[_| RXTE [[] XTE Mission-Long Source Catalog 1 Obsatied Eoxives 1 [| XTE Target Index Catalog 25
[} XTE Proposal Info & Abstracts 22 [] XTE Master Catalog 626 [ | XTE Archived Public Slew Data 1196
(] SPITZER ® %glglzev Space Telescope Observation 4
| sUzZAKU [} Suzaku Master Catalog 3 [ Suzaku XIS Configuration Log 18
§ . Swift AGN & Cluster Survey (SACS)
[] SWIET C g‘;’l”’ SAT Transient Morltaring 1 [ Soft-Band (05-2 keV) Point Source 1 [ ] Swit Master Catalog 310
—_— Catalog T e e eSS
Catalog
SwitYUVOT Serendipitous Source
[} Swift TDRSS Messages 3 [ Swift BAT Instrument Log 3848 [ Catalog,v1.1. Observations IDs 1
- > » 2 N ﬁ sl .
T R R A
Main Search Form Browse Query Results
Query Information | Query Results | Data Products Retrieval  Help
| mxte |
xtemaster |
Click mission tabs (middie tab level) to display table tabs. Move cursor over tabs to see more information.
Table Legend:
*, Display all parameters for a row
& sort by a column in order: 1,2,3 1 sort by column in reverse order: 3,21 $ % Current table sort
Services Links: O: Digitized Sky Survey image, R: ROSAT All-Sky Survey image,
N: NED objects near coordinates, S: SIMBAD objects near coordinates,
D: get list of data products, B: ADS bibliography holdings
Data Products: Click checkbox to add row to Data Products Retrieval List
XTE Master Catalog (xtemaster)
Search radius used: 30.00'
|setect|  services obsid | pmb status pliname | pifoame |targetname| ra dec time durstionlex Search Offset
Al o0 o4 zi o4 O Regi] o4 | o0 o4 1 s U4 s 44 n
G @OoRNSD B0097 jaccepted KASPI VICTORIA|1E 2258+586 (23 01 07 5[+58 52 46 0.243 (2255+586)
“LFJ |0 R N § D B|95019-01-11-00/95019 archived TOD PUBLIC |1E_2250+586(23 01 07.5+58 52 46(2010-03-18 00:57:42 6840 0.243 (2258+586)
CLEg [0 R N S D B|32006-01-65-00/392006 scheduled (shortf KASPI VICTORIA|1E 2258+586 |23 01 07.5(+58 52 46(2007-06-13 20.57-00 0.243 (2255+586)
Al P PPRPEY i T e P B s smmn Cwa

CAhE LA B KR TR R A S S RAT
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barycorr infile=<filename> outfile=<filename> orbitfiles=<filename>

%% g nt @ https://heasarc. gsfc. nasa. gov/ftools/caldb/help/barycorr. html

FIFD 52b69fd-52baf65 FIPC 52b69fd-52baf65
wisdomgian@Tschool-Linux: $ cd pca/
wisdomgian@Tschool-Linux: $ 1s

)9 ba%9b0.gz

GX 52b6ac0-52b7930.evt
GX 52b6acQ-52b7930.evt.bary
S @ LN . evt
- 90.evt.bary
GX 52b9a20-52bad%b0.evt

FS37 521 0-52b9190.qgz 5 120-52b y
FS37 52t -52b%9af0.gz FS4a 52h8ac0.52L7938.4q2 X -22h 0.evt.bary
wisdomgian@Tschool- ux: corre ac0-52b7930.evt.bary

Command 'fv' not found, but can be installed with:

apt install ftools-fv

Please ask your administrator.

wisdomgian@Tschool-Linux: $ heainit

wisdomgian@Tschool-Linux: $ barycorr infile=GX 52b6ac0-52b7930.evt o
file=GX 52b6acO-52b7930.evt.bary orbitfiles=/data/P10192/10192-03-01-00/0rbit/FPorbit DaleOBSI

#!/usr/bin/bash
path="find ./P* -name "1*"°
for i in ‘ find $path/pca/*evt’

do
barycorr $i $i.bary $path/orbit/*
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g4

heainit
fv #% &.bary
—_ fv: Binary Table of GX_52b9a20-52badb0.evt.bary[1] in Idata/P10192/1&192-0 A O TR A
File Edit Tools Help |
m TTHE ®Event wPCUID w ANODEID = PHB C
Select D 243 B B B
mAll 5 chan
Tnvert | Modify | Modify | Modify| Modify | Modify
T 1 8, 674384950259E+07 01 ] 11 176 |:
— 2 8, 674384950522E+07 01 1 11 14 I
3 8. 674384950798E+(7 01 1 30 182
T 4 8., 674384951891 E+(7 01 1 21 74 [
5 8, 6743849521 29E+07 01 1 11 146 L
6 8. 67438495336 7E+()7 01 1 20 o0 é
7 8. 674384953466E+()7 01 1 31 118 —
8 8. 67143849544 20E+(7 01 1 1] 161 R
9 8. 674384956520E+(07 01 2 31 16 A
. 10 8, 674384957150E+07 01 0 31 g0 o=
11 8, 674384958147E+07 01 1 10 13
12 8. 674384958437E+()7 01 0 31 B4
13 8, 674384360671 E+(07 01 2 20 34
14| 8.5743849610336+07 0l 0 20|81
15 8. 674384961536E+()7 01 0 20 94
16 8, 674384961633E+07 01 2 21 55
17 8, 674384962007E+07 01 2 11 4
18 8. 6743849621 97E+(7 01 2 31 105
19 8, 674384962352E+(07 01 0 21 67
20 8. 674334962651 E+(7 01 1 21 139
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3 lightcurve (23 bayesian block)

70094-01-03-00 GX fea97b6-feaa3g84
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#!/usr/bin/python

import numpy as np
from astropy. io import fits

fits file_path = ’/data/P70094/70094-01-03-00/pca/GX_fea9T7b6-feaa384. evt. bary’

hdul = fits.open(fits_file_path)
data = hdul[l].data

hdul. close()

data_array = np.array(data)

threshold = 29
rows_to_keep = []
for row in data_array:
if row[4] <= threshold:
rows_to_keep. append(row)
new_data_array = np. array(rows_to_keep)

import matplotlib. pyplot as plt
first = new _data_array[ TIME ][0]
last = new_data_array[’ TIME ][-1]
time array = new_data_array[’ TIME ]
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interval=0. 1

hist_array = np.histogram(time_array, bins = np.arange(first, last, interval))
time_array=hist_array[1]
time_array2 = np.arange(time_array[0]+0. b*interval, time_array[-1], interval)

new_hist_array=[ ]
for i in hist array[0]:
new_hist_array. append(i/interval)

plt. plot(time_array2, new_hist_array,’ ', linewidth=0.5)
plt. title("70094-01-03-00_fea97")
plt.xlabel("Time(s)")

plt. ylabel ("Count/sec")

plt. show()

¥ 21 #7% ehrbayesian block

FERER - B A
B - BEEE g

edges= [2.67043159e+08 2.67043666e+08 2.67043666e+08 2. 67044376e+08
2.67044376e+08 2.67045117e+08 2.67045117e+08 2.67045168e+08
2.67045168e+08 2.67045168e+08 2. 67045274e+08 2. 67045274e+08
2.67045770e+08 2.67046154e+08 2. 67046461e+08 2.67046462¢+08
2.67046463e+08 2.67046490e+08 2. 67046490e+08 2.67046491e+08
2.67046742e+08 2.67046744e+08]

#!/usr/bin/python

import numpy as np
from astropy. io import fits

import matplotlib. pyplot as plt
from astropy. stats import bayesian_blocks
import os

f = open(’ path_test. txt’ )
text = []
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for line in f:
text. append(line)

for z in range(len(text)):
textl = text[z]

bu = "\n"

print("textl=", textl)
cleaned_path = textl.strip("’ \n")
print(cleaned_path)

fits_file path = cleaned_path

print("fits file_path=", fits_file path)

hdul = fits.open(fits_file path)
data = hdul[l].data

hdul. close()

data_array = np.array(data)

threshold = 29
rows_to_keep = []

for row in data_array:
if row[4] <= threshold:
rows_to_keep. append(row)
new_data_array = np. array(rows_to_keep)
time_array = new_data_array[ TIME ]
#bayesian_block
fitness = ’events’
edges=bayesian_blocks(time_array, fitness=fitness)

indices=[0, -1]
new_edges=np. delete(edges, indices)

edges_line = len(new_edges)

name_f = cleaned_path
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file_r = name_f.split(C /" )[2]

file_rr = name_f.split(C /" )[3]

file_name = name_f.split(C’ /’)[5].replace( .evt.bary’, )
a = /data/edges/’ + file_r

b=a+’/ + file rr

if not os.path. exists(a):
os. makedirs(a)

if not os. path. exists(b):
os. makedirs(b)

array_str = str(list(new_edges))

path = " /data/edges/{file_r}/{file_rr}/{file name}. txt’
file = open(path, 'w, encoding="utf-8 )
file.write(array_str)

file.close()

# 1'% bayesian block # lightcurve

Count

458 91070-01-45-01

100 A

80

60

40

20

T T T T T T T
4000 4500 5000 5500 6000 6500 000
Timel(s) +3.7948e8
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!/usr/bin/python

import numpy as np
from astropy. io import fits

fits_file_path = ’/data/P70094/70094-01-03-00/pca/GX_feacld0-feacfdl. evt. bary’
hdul = fits.open(fits_file_path)

data = hdul[l].data

hdul. close()

data_array = np.array(data)

threshold = 29
rows_to_keep = []
for row in data_array:
if row[4] <= threshold:
rows_to_keep. append(row)
new_data_array = np. array(rows_to_keep)

import matplotlib. pyplot as plt
from astropy. stats import bayesian_blocks

#first = new data_array[ TIME ][0]
#last = new_data_array[ TIME ][-1]
time_array = new_data_array[ TIME ]

interval=0. 1
#allow edges array save to file

new_edges= [2.67043666et08, 2.67043666e+08, 2.67044376e+08, 2.67044376e+08,
2.67045117e+08, 2.67045117e+08, 2.67045168e+08, 2.67045168e+08,
2.67045168e+08, 2.67045274e+08, 2.67045274e+08, 2.67045770e+08,
2.67046154e+08, 2.67046461e+08, 2.67046462e+08, 2.67046463e+08,
2.67046490e+08, 2.67046490e+08, 2.67046491e+08, 2.67046742e+08, ]

first=time_array[0]
last=time array[-1]
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#plt. hist(time_array, bins =

np. arange(new_data_array[ TIME' ][0], new_data_array[ TIME ][-1], interval))
hist_array = np.histogram(time_array, bins = np.arange(first, last, interval))
time_array=hist array[1]

time_array2 = np.arange(time_array[0]+0. b*interval, time_array[-1], interval)

new_hist_array=[ ]
for i in hist array[0]:
new_hist_array. append(i/interval)

line_edges=len(new_edges)

for 1 in range(line_edges):
plt.axvline(
x=new_edges|[1i],
color="red") # Plotting a vertical line

plt. plot(time_array2, new_hist_array,’ ’, linewidth=0.5)
plt. title("70094-01-03-00_1d0")

plt. xlabel ("Time(s)")

plt. ylabel ("Count/sec")

plt. savefig("testl. eps", format="eps’ )

plt. show()
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#!/usr/bin/python

import numpy as np
from astropy. io import fits

fits file_path = ’/data/P70094/70094-01-03-00/pca/GX_feacld0-feacfd0. evt. bary’
hdul = fits.open(fits_file_path)
data = hdul[l]. data
hdul. close()
data_array = np.array(data)
threshold = 29
#threshold = 255
rows_to_keep = []
for row in data_array:
if row[4] <= threshold:

rows_to_keep. append(row)

new_data_array = np. array(rows_to_keep)
print(new_data_array)

import matplotlib. pyplot as plt
from astropy. stats import bayesian_blocks

time array = new_data_array[’ TIME ]
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interval=0. 1

#allow edges array save to file
file = open("test. txt", "r")
print(file. read())

new_edges= [2.67043666e+08, 2.67043666e+08, 2.67044376e+08, 2.67044376e+08,
2.67045117e+08, 2.67045117e+08, 2.67045168e+08, 2.67045168e+08,
2.67045168e+08, 2.67045274e+08, 2.67045274e+08, 2.67045770e+08,
2.67046154e+08, 2.67046461e+08, 2.67046462¢+08, 2.67046463e+08,
2.67046490e+08, 2.67046490e+08, 2.67046491e+08, 2.67046742e+108, ]

#find burst before and after 5 second

def time_array_interval(array, value):

new_array=| |
for 1 in array:
if abs(i-value) <= b5:
new_array. append(i)
return new_array

array=time_array
value=new_edges[ 0]

new_time_array_interval=time array_interval(array, value)

first=new_time_array_interval[0]
last=new_time_array_interval[-1]

hist_array = np.histogram(new_time_array_interval, bins = np.arange(first, last,
interval))

new_time_array_interval=hist array[1]

time_array?2 =

np. arange(new_time_array_interval[0]+0. 5%interval, new_time array interval[-

1], interval)

new_hist array=[ ]
for 1 in hist array[0]:
new_hist_array. append(i/interval)

array=new_edges
value=new_edges[0]
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edgess=time_array interval(array, value)
line edges=len(edgess)

for 1 in range(line_edges):
plt.axvline(
x=edgess|1i],
color="red") # Plotting a vertical line

plt. plot(time_array2, new_hist_array,’ ', linewidth=0.5)
plt. title("70094-01-03-00_1d0")

plt.xlabel("Time(s)")

plt. ylabel ("Count/sec")

plt. savefig("testl. eps", format="eps’ )

plt. show()
end
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o § Rt ehdp i S8

[ (start_edge, end edge), subtract time, count number(threshold =
29), soft_number, hard number, hardness ratio, others time,

others_count, poisson, t90, waiting burst]

hardness ratio = hard number/soft_number
soft : 2~4 kev
hard : 4~10 kev

#!/usr/bin/python

import numpy as np

from astropy. io import fits

import ast

from scipy. stats import poisson

import os

import matplotlib. pyplot as plt

from scipy. stats import sem

from scipy. interpolate import interpld

f = open(’ /data/resh/path_test. txt’ )
text = []
for line in f:
text. append(line)
f.close()

spec = [211, 212,213 ]
for z in spec:

textl = text[z]

print("textl=", textl)
cleaned_path = textl.strip("’ \n")
print(cleaned_path)

fits_file path = cleaned_path
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fits.open(fits_file path)
data = hdul[l].data

hdul. close()

data_array = np.array(data)

name_f = cleaned_path

file r = name f.split(C /" )[2]
file rr = name_f.split(C /" )[3]
file_name = name_f.split(C’ /’ )[5].replace(’ .evt.bary’, ')

pathl = f’ /data/resh/edge/p0_0.01/{file r}/{file rr}/{z}{file_name}. txt’

path? = f’ /data/resh/edge/p0_0.01/{file r}/{file rr}/{file_name}. txt’

with open(path2, "r") as d:
new_edges = d. read()
new_edges = ast. literal_eval(new_edges)

% Read the burst number

with open(pathl, 'r’, encoding="UTF-8 ) as file:
burst_list = file. read()

burst_list = ast. literal_eval(burst_list)

print("burst_list =", burst list, len(burst list))

file. close()

def start_edge_func(burst_list):
start_edge = new_edges|[q]
return start_edge

def end_edge_func(burst_list):
end_edge = new_edges[ptl ]
return end_edge

def sub_time(burst list):
sub_num = new_edges[pt+l] - new_edges|[q]
return sub_num

def count_a():
threshold = 29
rows_to_keep = []

for row in data_array:

if row[4] <= threshold:
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rows_to_keep. append(row)

new_data_array = np.array(rows_to_keep)
return new_data_array

def count_soft():
threshold = 9
rows_to _keep = []
for row in data_array:

if row[4] <= threshold:
rows_to_keep. append(row)

new_data_array = np. array(rows_to_keep)
return new_data_array

def count_hard():
thresholdl = 9
threshold2 = 24
rows_to_keep = []
for row in data_array:

if row[4] > thresholdl and row[4] <= threshold2:
rows_to_keep. append(row)

new_data_array = np. array(rows_to_keep)
return new_data_array

def time_array_interval(start_edge, end_edge, new_data_array):
global new_time_array
new_time_array = []
for row in new_data_array:
if row[0] >= start_edge and row[0] <= end_edge:
new_time_array. append(row[0])
global time_array
time array = []
for row in new_data_array:
if row[0] >= (start_edge + end edge)/2-5 and row[0] <= (start_edge +
end_edge)/2+45:
time_array. append(row[0])
num = len(new_time array)
return num

def divide(hard_number, soft nuumber):
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divide num = hard number / soft number
return divide num

others_time(before time limit, after time limit):
others_time num = (after_time_limit - before time limit) - sub_time_num
return others_time_num

others_conut(array, before_ time limit, after time_limit, count_a num):
new_array=| ]
for 1 in array:
i1f 1 >= before_time_limit and 1 <= after_time_limit:
new_array. append(i)
others_count_num = len(new array) - count_a_num
return others_count_num

possion_da(others_time, others_count, sub_time num, count_a_ num):
mu=(others_count/others_time)*%sub_time_num

k=count_a_num

r=poisson. pmf(k, mu)

return r

calculate t90(numbers):

R E TR

sorted_numbers = sorted(numbers)

ey Hhenizg

tH percentile index = (5 / 100) * len(sorted numbers)
Bod AR5l AR 0B AP ERRE | REBD R 5
X2 int REP BT ) B 5

tb_index = int(tb_percentile_index) - 1

BOREIRESIA § 10

tb_index = max(tb_index, 0)

¥ % Hhedk

th = sorted_numbers[t5_index]

t95_percentile_index = (95 / 100) * len(sorted_numbers)
t95_index = int(t95_percentile index) - 1

t95_index = max(t95_index, 0)

195 = sorted_numbers[t95_index]

waiting burst(prior_edge, start_edge):
waiting time = start_edge - prior_edge
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return waiting time

time_array?2 = 0
hist array = []

def paint_burst(new_time_array_interval):

first=new_time_array_interval[0]
last=new_time_array_interval[-1]

global time_array?

global hist_array

hist_array = np.histogram(new_time_array_interval, bins =
np. arange(first, last, interval))

time_array=hist array[1]

time_array2 = np. arange(time_array[0]+0. b*interval, time array[-
1], interval)

return 0

def paint_edges(start_edge, end_edge):
plt.axvline(x=start_edge, color="red") # Plotting a vertical line
plt. axvline(x=end_edge, color="red")

def paint(start_edge, end_edge):
plt. figure()
new_time_array_interval=time_array

paint_burst(time_array)
paint_edges(start_edge, end_edge)
plt. plot(time_array2, hist_array[0],  , linewidth=0.5)
title = (
f"file_name : {file_name}
f"burst time : {sub_time_num} \n

n

£"t90 : {t90} "
f"number before&after ckecking: {q}, {p} to {i}"
)

plt. title(title)
plt. xlabel("Time(s)")
plt. ylabel("Count")

filename = f’ /data/resh/edge/p0_0.01/{z}{file_name}/picture_{i}. png’
plt. savefig(filename)
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plt.clf()
print("paint success")

dimensional array = []

0

u in range(int(len(burst_list)/2)):
interval = 0.01

num_list = []

print("u =", u)

q = burst_list[2%u]

p = burst_list[2%u + 1]

start_edge = start_edge_func(burst_list)
end_edge = end_edge_func(burst_list)
num_list. append((start_edge, end_edge))
sub_time_num = sub_time(burst_list)
num_list. append(sub_time num)
new_data_array_a = count_a()

count_a num = time array_interval(start_edge,

new_data_array_a)

num_list. append(count_a_num)

1=1+1

new_data_array = count_soft()

soft_number = time_array_interval (start_edge,
num_list. append(soft_number)

new_data_array = count_hard()

hard_number = time_array_interval(start_edge,
num_list. append(hard_number)

count_a_num = time_array_interval (start_edge,

new_data_array_a)

1f hard_number == 0.0:
divide_num = 0.0
elif soft_number == 0.0:

divide_num = 'nan’
else :
divide_num

num_list. append(divide_num)

if sub time num >= 10:

div = round(new_edges[q] - new_edges[ptl])

before time limit = new_edges[q] - div*2

after time limit = new edges[ptl] + div*2

else:

end_edge,

end_edge,

end_edge,

end_edge,

(divide(hard_number, soft_number))

new_data_array)

new_data_array)

before time limit = ((new_edges[q] + new_edges[qtl]) / 2) - 1
after time limit = ((new_edges[p] + new_edges[p+l]) / 2) + 1
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other_time = others_time(before_time_limit, after_time_limit)
other_count = others conut(new data_array a[ TIME ], before time limit,
after_time_limit, count_a_num)
num_list. append(other_time)
num_list. append(other_count)
possion_num = possion _da(other time, other count, sub_time num,
count_a_num)
1f possion_num >= 5. 73e-07:
num_list = []
continue
num_list. append(possion_num)
print(new_time_array)
if new_time_array == []:
continue
print(count_a_num)
t90 = calculate_t90(new_time_array)
if t90<=0.001:
continue
num_list. append(t90)
if u==0:
waiting time = 'nan’
else:
waiting time = waiting burst(prior_edge, start_edge)
num_list. append(waiting time)
prior_edge = start_edge
print("num_list =", num_list)
paint(start_edge, end_edge)
two_dimensional_array. append(num_list)

n

print("two_dimensional array = ", two_dimensional_array)
array_str = str(list(two_dimensional array))

path
file

f” /data/resh/edge/p0_0.01/{file_name}. txt’

’

open(path, 'w, encoding="utf-8 )

file.write(array_str)
file.close()
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import numpy as np

import matplotlib. pyplot as plt
from astropy. io import fits
import ast

f = open(’ /data/resh/path_test. txt’ )
text = []
for line in f:
text. append(line)
f.close()

v ="p00.00
spec = [211, 212, 213]
time array_p, hist array_p, start_edges, end_edges =[], [], [], []

for z 1in spec:

text]l = text[z]

print("textl=", textl)
cleaned_path = textl.strip("’ \n")
print(cleaned_path)

fits_file path = cleaned_path
hdul = fits.open(fits_file_path)
data = hdul[l]. data

hdul. close()

data_array = np.array(data)

name_f = cleaned_path
file_name =name_f.split(C /* )[b]. replace( .evt.bary’ , ')
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pathl = f’ /data/resh/edge/{v}/{file_name}. txt’
with open(pathl, "r") as d:

new_data = d. read()

d. close()
array = eval(new_data)

for i in range(len(array)):

threshold = 29
rows_to_keep = []
for row in data_array:

if row[4] <= threshold:
rows_to_keep. append(row)
new_data_array = np. array(rows_to_keep)

time_array = new data array[ TIME ]
for i in range(len(start edges)):
time_array = [x for x in time array if not (start_edges[i] <= x <=
end_edges[1i])]

interval=0. 1

first=time_array[0]
last=time_array[-1]

hist_array = np.histogram(time_array, bins = np.arange(first, last,
interval))

time_array=hist_array[1]

time_array = np.arange(time_array[0]+0. b¥interval, time_array[-1], interval)

time_array_p = np.concatenate((time_array_p, time_array))
print("len=", len(time_array p))

hist_array_p = np.concatenate((hist_array_p, hist_array[0]))
print("len=", lenChist_array p))
print("hist array p=", hist array p)

new_hist array=[ |
for 1 in hist array p:
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new_hist_array. append(i/interval)

plt. plot(time_array_p, new_hist_array,’ ', linewidth=0.5)
plt. title("70094-01-03-00_1d0")
plt. xlabel("Time(s)")
plt.ylim(top = 6000)

plt. ylabel ("Count/sec" )

plt. savefig("testb. png" )

plt. show()
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cluster
Label initial time t90 total photon number | hardness ratio
0 141.9352 1.744+0.87 1.744+0.51 4.10+3.37
1 40.53523 1.68+0.80 1.83+0.48 2.98+0.51
2 79.93948 1.51+1.17 1.7940.81 2.95+0.51
3 730.5508 1.62+0.71 1.70+0.40 2.641+0.51
4 11.23383 1.60£0.50 1.84+0.48 3.184+0.51
235 45

#!bin/usr/python

import hdbscan

import umap

import matplotlib. pyplot as plt

from astropy. io import fits

import ast

import numpy as np

import os

import pandas as pd

from scipy. stats import sem

f = open(’ /data/resh/path_test. txt’ )

text = []
for line in

f:

text. append(line)

f.close()

data = { " initial time’
"time interval’ :[],

L1,

" total photon number’ :[],

"hardness ratio’

burst_array

spec = [211,

=[]
212, 213]

[}
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for z in spec:

textl = text[z]
cleaned_path = textl.strip("’ \n")

S ——
name_f = cleaned_path
file name = name f.split(C’ /" )[5].replace( .evt.bary , ')

path3d = f’ /data/resh/edge/p0_0.01/{file_name}. txt’

with open(path3, 'r’, encoding="UTF-8 ) as file:
content = file.read()
content = content. replaceC \n’, ’’)

item list = []

index_list = [0, 10, 3,6]
new = []
newl = []
for item in eval(content):
print("item = " ,item)
#M%iﬁi%
for b in item:
FRAag AR AT L
if isinstance(b, tuple):
new. extend(b)
else:
new. append(b)

for index in index_list:
newl. append(list(new)[index])
item_list. append(newl )
newl = []
new = []

item_list = np.array(item_list)
burst_array. append(item_list)
file.close()

keys = [’ initial time’, time interval’, ’total photon number’, ’hardness ratio’ ]
for n in range(3):
if len(burst_array[n]) == 0:
continue
else:
for i in range(4):
for j in range(len(burst_array[n])):
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datalkeys[i]]. append(burst_array[n][j][i])

#3 "waiting time" %-#c® 3R nan’ &
df_pri = pd.DataFrame(data)
df_pri.replace(’ nan’, np.nan, inplace=True)

df = df pri. dropna()

df. reset_index(drop=True, inplace=True)

print(df)

df = df.apply(pd. to_numeric)

df = pd. DataFrame(data)

df[’ total photon number’ ] = np. logl0(df[” total photon number’ |)

for 1 in range(50):

df[’ initial time’

J[i] = df[ initial time” ]J[i]-267032400

df[’ time interval’ ]J[i] = df[’ time interval ][1i]*1000
df[’ time interval ] = np. logl0(df[ time interval ])

reii = [0 3 0 4,0.5,0.6]

for wis in qw:
for rei in reii:

g UMAP i {7%% &

data_array =
umap_model
reduced_data
s =8

df. values

umap. UMAP(n_neighbors=wis, min_dist=rei,

= umap_model. fit_transform(data_array)

a = " /data/resh/cluster{s}/neig={wis}, dist={rei}’
if not os. path. exists(a):
os. makedirs(a)

# & * HDBSCAN :i& {7 » ¥
for 1 in range(50):

c = 1+2

n_components=2, )

hdbscan_model = hdbscan. HDBSCAN(min_cluster_size=c,
gen_min_span_tree=True)
cluster_labels = hdbscan_model. fit_predict(reduced_data)

print("cluster_labels =

, cluster_labels)

df[’ cluster’ ] = cluster_labels

cluster_summary = df. groupby( cluster’ ). mean()

cluster_summary = cluster_summary. reset_index()

cluster_summary. columns = [’ cluster label’, ’initial time’,’ time
interval’, ’total photon number’, ’hardness ratio’ ]
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p = len(set(cluster_labels))
if p <=10:

path_cc =
f’ /data/resh/complete_table{s}/neig {wis}_dist_{rei}’
if not os. path. exists(path cc):
os. makedirs(path_cc)

with
open(f’ /data/resh/complete_table{s}/neig {wis} dist_{rei}/ori_size_ {c}. txt’,

"w"') as f:
f.write(str(df))

f.close()
line label = len(cluster_summary[’ cluster label’ ])
ori_datal= for _ in range(line_label) ]

[[]
ori_data2=[[] for _ in range(line label)]
ori_datad=[[] for _ in range(line label)]
ori_datad=[[] for _ in range(line label)]
for o in range(line_ label):
for e in range(len(df[ initial time’ ])):
if df[’ cluster’ ][e] == o-1:

ori_datal[o].append(df[’ initial time’ J[e])
ori_data2[o]. append(df[’ time interval ][e])
ori_datad[o].append(df[’ total photon number’ ][e])
ori_datad[o]. append(df[’ hardness ratio’ ][e])

ot=1
other_datal

{ “initial time :[],
"time interval :[],
" total photon number’ :[],
"hardness ratio’ :[]}

{ " initial time’ :[],
"time interval :[],
" total photon number’ :[],
"hardness ratio’ :[]}

{ " initial time :[],
"time interval’ :[],
" total photon number’ :[],
"hardness ratio :[]}

other datal

other data?

for e in range(line_label):
data_new = ori_datal[e]
other_data0[ initial time  ].append(np.std(data_new, ddof=0))
other _datal[ initial time  ].append(np.std(data_new, ddof=1))
other_data2[’ initial time  ].append(sem(data_new))
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for e in range(line_label):
data_new = ori_datalle]
other_data0[’ time interval’ ].append(np. std(data_new,

ddof=0))
other datal[’ time interval’ ].append(np.std(data new,
ddof=1))
other data2[’ time interval’ ].append(sem(data_new))
for e in range(line_label):
data_new = ori_datalle]
other_data0[’ total photon number’ ].append(np. std(data_new,
ddof=0))
other_datal[’ total photon number’ ].append(np. std(data_new,
ddof=1))
other data?2[’ total photon number’ ].append(sem(data_new))
for e in range(line_label):
data_new = ori_datal[e]
other _data0[ hardness ratio |.append(np. std(data_new,
ddof=0))
other_datal[ hardness ratio’ ].append(np. std(data_new,
ddof=1))

other_data2[’ hardness ratio’ ].append(sem(data_new))

df_other_datal = pd.DataFrame(other_data0)
df_other _datal = pd.DataFrame(other_datal)
df_other _data2 = pd.DataFrame(other_data2)

with
open(f’ /data/resh/complete_table{s}/neig_{wis} dist_{rei}/size_ {c} _deviation.
txt’, "w") as f:
.write("population standard deviation = \n")
.write(str(df_other_data0))
.write("\n")
.write("sample standard deviation = \n")
.write(str(df_other_datal))
.write("\n")
.write("statistical error = \n")
f.write(str(df_other_data2))
f.close()

— R —h — =~ —h

p = len(set(cluster_labels))

§ 4 Wica
plt. scatter(reduced_datal:, 0], reduced datal:, 1],
c=cluster labels, cmap="Spectral’, s=b)
plt.colorbar() # %7 ¢ i%
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plt. title(f Projected by UMAP and clustered by HDBSCAN

number={p}’ )

plt. xlabel C UMAP Dimension 1’ )
plt.ylabel C UMAP Dimension 2’ )
filename = a + f' /{c}.png’

plt. savefig(filename)
plt.close()

v

ALY TR

)

b = ' /data/resh/complete_table{s}/neig {wis} dist_ {rei}’

if not os.path. exists(b):
os. makedirs(b)

with

open(f’ /data/resh/complete_table{s}/neig {wis} dist {rei}/size_{c}.txt’, "w"
as f:

f.write(str(cluster_summary))

f.close()
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Number of events

total photon number

Density
o
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count

Total photon number #%3% %

total photon number

1.5 20 25 30 35
count

import pandas as pd

import matplotlib. pyplot as plt
import numpy as np

import seaborn as sns

import math

%
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file_path = "D:/com_data/report/after/ 4 # % #1/6_0_3_5/number. x1sx’
df = pd. read_excel(file_path)

column = df[’ total photon number’ ]
R T N
total_photon_number = column. values

print(total_photon_number)

E0E W
import numpy as np
def paint(x):

Py B
log x = np. logl0(x)

# % % bin i Fliclkd
bins = np. logspace(np. floor(np. logl0(min(x))), np.ceil(np. logl0(max(x))),
num=10)

ELERY
plt.hist(x, bins=bins, edgecolor="black )
plt.xscale( log’ )
plt. title("total photon number")
plt. xlabel("count")
plt.ylabel ("Number of events")
plt. show()

paint(one_dimensional array)

#3% 4 KED M)
def paint(x):

P RUVRARAGTR
sns. kdeplot(x, fill=True, bw_adjust=0.5)

plt. title("total photon number")

plt. xlabel ("count")

plt.ylabel ("Density")

plt. show()
paint(one_dimensional array)

B4 - HAHF TR

dfl = df[[’ total photon number’, ’cluster’ ]]
for i in range(5):
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¥ e cluster’ &t 3 &7
filtered_dfl = df1[df1[ cluster’ ]

== ]

# P~ totalphotonnumber’ 7| & # 3 2 — Mt 7))
globals()[’ total photon_count’ +str(i)] = filtered df1[’ total photon

number’ ]. values

print(globals()[’ total_photon_count’ +str(i)])

%

IR FEELGHEIRG
for i in range(b):
def paint(x):

bins = np. linspace(0.6, 3.5, num=15)

plt.hist(x, bins=bins,
edgecolor="black’ )

plt. title(f"total photon number,

cluster{i}")
plt. xlabel ("count(log)")
#plt. x1im(0, 4)
plt. ylabel ("Number of events"
plt. show()

)

t90, clusterd

Number of events
o . (sl ag w Fud
tn =3 in = in =

el
a

=
in

2
=]

1.0

paint(globals()[ total photon_count’ +str(i)])

#

#4 %32 5 v KED W)
for i in range(4):
def paint(x):

t AP HR R

sns. kdeplot(x, fill=True, bw_adjust=0.5)

plt. title(f"total photon number,

cluster{i}")
plt. xlabel ("count(log)")
plt.ylabel("Density")
plt. show()

events

Number of

paint(globals()[’ total photon_count’ +str(i)])

%

IEELPL- R
def paint():

t REAP R AR

sns. kdeplot(total_photon_count0,
sns. kdeplot(total_photon_countl,
sns. kdeplot(total_photon_count?2,
sns. kdeplot(total_photon_count3,
sns. kdeplot(total_photon_count4,

label=’
label=’
label=’
label=
label=
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plt. title("total photon number")
plt. xlabel ("count(log)")
plt.ylabel("Density" )
plt. legend()
plt. show()

paint()

Hardness_ratio

cluster 0
cluster 1
cluster 2
cluster 3
cluster 4

i

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
count{log)

event_t90

16

Number af events

10° 10% 102 10° 104
T90(ms)
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Scatter Plot

@ clustero @
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#4c v B (Scatter Plot)
color = [ "red’, ’orange’, 'yellow , ’green’, ’blue ]
labels = [’ cluster 0', ’'cluster 1', ’cluster 2', ’cluster 3, ’'cluster 4 ]
for 1 in range(5):
plt. scatter(globals()[’ t90" +str(i)], globals()[’ total_photon_count’ +str(i)],
c=color[i], label=labels[i])
plt. title( Scatter Plot’)
plt.xlabel(C t90")
plt.ylabel( total_photon_number’ )
¥ ,,9]‘ “v [B] &
plt. legend(loc="upper left’ )
plt. show()
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N R

datal data2 datad datad
datal 1 -0.0331 | -0.13282 | 0. 110607
dataz | -0.0331 1 0.911218 | -0.0717
datad | -0.13282|0.911218 1 -0.1133
datad |0.110607 | -0.0717 | -0.1133 1
2375

import pandas as pd

£ 3 F

data = {
"datal’ : initial_time,
"data2’ : t90,
"datad’ : total_photon_number,
"datad’ : hardness_ratio

}

df = pd.DataFrame(data)
correlation matrix = df. corr(method=" pearson’ )
print(correlation matrix)
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Hardness ratio ez 4 @3+ & & 2

=SQRT( ( SQRT(hard) /hard)*2 + ( SQRT(soft)/soft)*2 )*

*error =
soft

N

Wright averaging
Z;: [

i=l ,'
N

i=1

X (weighted ) =

o2 (weighted ) =

hard (Vhard

[.

65

)+

m)z

soft

Result

label
-1

v A W N 2 O

/

0.884532
0.512175

2.31121

1.18768
0.634758
1.014565
0.413685

(hard/soft)

0.294225
0.041555
0.013223
0.042597
0.047179
0.054419
0.094043
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#!/usr/bin/python

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from astropy.io import fits
import ast
# == == ==
f = open('/data/resh/path_test.txt')
text =[]
for linein f:
text.append(line)
f.close()

v ="p0_0.01'
spec, time_array_p, hist_array_p, start_edges, end_edges = [211, 212, 213],[], [1, [1, [
for z in spec:
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textl = text[z]
print("text1=",text1)
cleaned_path = text1.strip(""\n")
print(cleaned_path)
fits_file_path = cleaned_path
hdul = fits.open(fits_file_path)
data = hdul[1].data

hdul.close()

data_array = np.array(data)

#_ ==== === ====

name_f = cleaned_path

file_r =name_f.split('/')[2]

file_rr =name_f.split('/')[3]

file_name =name_f.split('/')[5].replace('.evt.bary', ")

path1l = f'/data/resh/edge/{v}/{file_name}.txt'
with open(pathl, "r") as d:

new_data = d.read()

d.close()
array = eval(new_data)

foriin range(len(array)):
start_edges.append(array[i][0][0])
end_edges.append(array[i][0][1])
H======== === ====
threshold = 29
rows_to_keep =[]
for row in data_array:

if row[4] <= threshold:
rows_to_keep.append(row)

new_data_array = np.array(rows_to_keep)

ﬁ === === ====

time_array = new_data_array['TIME']
foriin range(len(start_edges)):
time_array = [x for x in time_array if not (start_edges|[i] <= x <= end_edges]i])]
#=========plot ==== ===
interval=0.1

first=time_array[0]
last=time_array[-1]

hist_array = np.histogram(time_array, bins = np.arange(first, last, interval))
time_array=hist_array[1]
time_array = np.arange(time_array[0]+0.5*interval,time_array[-1],interval)
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#_____::: === ==== =====

time_array_p = np.concatenate((time_array_p, time_array))

print("len=",len(time_array_p))

hist_array_p = np.concatenate((hist_array_p, hist_array[0]))

new_hist_array=[]
foriin hist_array_p:
new_hist_array.append(i/interval)

H === === ==== ==== =—======c=

new_edges = np.concatenate((start_edges, end_edges))
file_path ="'/data/resh/P70094/output.xlsx'
df = pd.read_excel(file_path)

colors = [ 'blue’, 'orange’, 'green’, 'red']

dfl = df[['time’, 'cluster']]

foriin range(4):
filtered _df1 = df1[df1['cluster'] == ]
# P~ 'totalphotonnumber' 7| ¥ d# 3% 2 — 4td 7|
globals()['time'+str(i)] = filtered_df1['time'].values
print(globals()['time'+str(i)])

foriin range(4):
for j in range(len(globals()['time'+str(i)])):
plt.axvline(x=(globals()['time'+str(i)][j]+267032400),
color=colors[i]) # Plotting a vertical line

# === === —=== —================

plt.plot(time_array_p,new_hist_array,",linewidth=0.5)
plt.title("70094-01-03-00_1d0")

plt.xlabel("Time(s)")

plt.ylim(top = 6000)

plt.ylabel("Count/sec")

plt.legend(loc="upper left')

plt.savefig("test7.png")

plt.show()
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#!/usr/bin/python

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from astropy.io import fits
import ast
# == === ==
f = open('/data/resh/path_test.txt')
text =[]
for linein f:

text.append(line)

f.close()

v ="p0_0.01'
spec, time_array_p, hist_array_p, start_edges, end_edges = [211, 212, 213], [], [1, [1, [I
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for zin spec:

textl = text[z]
print("text1=",text1)
cleaned_path = text1.strip("'\n")
print(cleaned_path)
fits_file_path = cleaned_path
hdul = fits.open(fits_file_path)
data = hdul[1].data

hdul.close()

data_array = np.array(data)

#_ ==== === ====

name_f = cleaned_path

file_r =name_f.split('/')[2]

file_rr =name_f.split('/')[3]

file_name =name_f.split('/')[5].replace('.evt.bary', ")

pathl = f'/data/resh/edge/{v}/{file_name}.txt'
with open(pathl, "r") as d:

new_data = d.read()

d.close()

print("new_data =", new_data)
array = eval(new_data)

foriin range(len(array)):
start_edges.append(array[i][0][0])
end_edges.append(array[i][0][1])

ff===== === === ====

#def count_soft():
threshold =9
rows_to_keep =[]
for row in data_array:
if row[4] <= threshold:
rows_to_keep.append(row)
count_soft = np.array(rows_to_keep)

ﬁ === === ====

time_soft = count_soft['TIME']
foriin range(len(start_edges)):
time_soft = [x for x in time_soft if not (start_edges[i] <= x <= end_edges]|i])]
# === === ====
#def count_hard():
threshold1 =9
threshold2 = 24
rows_to_keep =[]
for row in data_array:
if row[4] > thresholdl1 and row[4] <= threshold2:
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rows_to_keep.append(row)
count_hard = np.array(rows_to_keep)

H======== === ====
time_hard = count_hard['TIME']
foriin range(len(start_edges)):
time_hard = [x for x in time_hard if not (start_edges|[i] <= x <= end_edges[i])]
H=========== ==== =======
interval=128
first=count_soft['TIME'][0]
last=count_soft['TIME'][-1]
hist_soft = np.histogram(time_soft, bins = np.arange(first, last, interval))
time_array=hist_soft[1]
time_array = np.arange(time_array[0]+0.5*interval,time_array[-1],interval)
hist_hard = np.histogram(time_hard, bins = np.arange(first, last, interval))
hardness = hist_hard[0]/hist_soft[0]
H= ==== === ==== =
time_array_p = np.concatenate((time_array_p, time_array))
print("len=",len(time_array_p))
hist_array_p = np.concatenate((hist_array_p, hardness))
H _—— _—— _—— e

plt.plot(time_array_p,hist_array_p,",linewidth=1)
plt.title("70094-01-03-00_1d0_out")
plt.xlabel("Time(s)")

plt.ylabel("hardness ratio")
plt.savefig("time_hardness_out.png")

plt.show()
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