





5. Data Analysis

5.1. Pulse Fitting

Because Kepler has such large temporal coverage, sampling one point every 30
minutes, and excellent data quality, we are able to use the Kepler data sets to study the
microvariability in the four Kepler AGN (Table 2) in our microvariability study. Because
of the flux discontinuity, these data sets cannot be combined into one large data set,
however each quarter contains 3 months of continuous data which is a factor of 10 longer

than even the WEBT 0716+71 observation.

In this thesis, we have applied the modified KRM jet model to the variations seen in
the Kepler AGN data. Because the Kepler data sets are of such high quality, we can use the
KRM model to analyze the properties of the Kepler AGN jets through the microvariability
pulse analysis. Recall that Kepler has no filters, therefore the “Kepler magnitude” is
defined as the spectral response of the CCD convolved with the color of the target (Van
Cleve et al. 2009). At present, there is no reliable conversion from Kepler magnitudes to
the standard Johnson & Cousins magnitude system used in other light curves. We modeled
the pulse shape based on the peak spectral response of Kepler which is centered on 575

nm. The resulting pulse shape is shown in Figure 17.

In order to fit the pulses to the data, we used the IDL pulse fitting program,
documented in Appendix II. In our model, each pulse corresponds to the shockwave
hitting a density-enhanced region within the jet. By convolving the pulses, we treat the
light curve as a convolution of pulses from the turbulent cells that vary in size, density, and
location within the jet. We take the center of the pulse to be the center of each individual
feature seen in the light curve and then adjust the Full Width Half Max (FWHM) of the

pulse, retaining the shape, to fit the feature.
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Table 2 Kepler AGN Source Information

Source Name RA (J2000) Dec (J2000) z

Zw 229-15 19 05 26.0 +422740  0.028
KA 1925450 192502.2 +5043 14  0.067
KA 1858+48 18 58 01.1 +48 5023  0.079
KA 1904+37 19 04 58.7 +375541  0.089

Kepler Pulse

Flux
(=]

‘IIII‘II‘II‘IIE

|||‘||||‘||‘II‘II§

N e
1 2 3 4 ] 6
Time

Fig. 17.— Shape of the Kepler pulse (frequency=575 nm). Time and Flux units are arbi-
trary in this figure.
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The center of the cell therefore gives us the location of the cell, the amplitude corresponds
to the density enhancement within the cell, and the pulse width to the size of the cell. The
best fit to the data was determined by using a combination of the FWHM and amplitude
that produced the highest correlation coefficient to the data. Cadences 6 and 7 were chosen
for each object (except for KA 1904+37 because no cadence 6 information was available)
for the analysis. Details of the pulses fitted for each object are shown in Appendix III.
Table 3 summarizes the analysis giving the cadence number, number of points in each
data set, number of pulses fit, average cell size (AU), correlation coefficient and degrees
of freedom*. Errors are not noted, however fits were performed until the correlation

coefficient was highest.

“The degrees of freedom are defined as (#points — (#pulses x 3) — 1).
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Table 3 Pulse Fitting Data

Galaxy Name Cadence  Number Number of  Average Cell  Correlation Degrees
Name Number of Points  Pulses/Cells Size (AU) Coefficient  of Freedom

6 4276 38 35.83 0.98 4161
Zw 22915 7 4227 42 34.65 0.99 4100

6 4277 55 36.70 0.99 4111
1925+50 7 4226 52 40.34 0.99 4069

6 4277 46 31.34 0.99 4138
1858+48 7 4226 37 28.51 0.99 4114
1904+37 7 4227 26 54.70 0.99 4148
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5.1.1.  Zw 229-15

The cadence 6 and 7 light curves for Zw 229-15 are shown in figures 18 and 19. The
cadence 6 light curve had a total of 4,276 points and we fit 38 pulses with a correlation
coefficient of 0.985 and 4161 degrees of freedom. Cadence 7 had a total of 4,227 points
with a total of 42 pulses and a correlation coefficient of 0.99 and 4100 degrees of freedom.
The average cell size for cadence 6 was 35.82 AU and for cadence 7 was 34.65 AU. The
frequency distribution of cell sizes is shown in Figure 20. The figure clearly shows that
most cells are of a smaller size consistent with the distribution of cell sizes expected in a

turbulent plasma.

5.1.2. KA 1925+50

For object KA 1925+50, cadence 6 had a total of 4,277 points and 55 pulses and a
correlation coefficient of 0.99. Similarly, cadence 7 had a total of 4,226 points and 52
pulses total. The average cell size for KA 1925+50 is similar to that of Zw 229-25. Again,
the cell size frequency distribution is consistent with the turbulent plasma assumption

(Figure 23).

5.1.3. KA 1858+48

Fitted light curves for KA 1858+48 cadence 6 and 7 are shown in Figure 24 and 25,
respectively. Again cell sizes seem to be consistent with the first three objects in our study
and the cell size frequency distribution is therefore consistent with the cell size distribution

for a turbulent plasma.
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5.1.4. KA 1904437

The last object in our study, KA 1904437 did not have data during cadence 6 so only
cadence 7 was analyzed. KA 1904437 had a total of 27 pulses in 4,227 points. The cell
size frequency distribution is similar to the other objects, with most cells ranging 40-60

AU 1n size.
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Zw229-15 Cadence 6
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Fig. 18.— Zw 229-15 cadence 6 fitted light curve, where the red lines represent the pulses
and the black, data points.
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Fig. 19.— Zw 229-15 cadence 7 fitted light curve, where the red lines represent the pulses
and the black, data points.
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18 Zw229 C6+C7 Results
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Fig. 20.— Zw 229-15 cadence 6 and 7 frequency distribution of cell size.

33



1925+50 Cadence 6
4900j‘ B

4800
@
() .
.x, 4700 Kepler 1925+50 Data
2 55 Pulse Fit
[

4600

J_IH\IHI‘\I\H\HI‘\IHIHH‘\

| | ‘ | | ‘ | | ‘ | | ‘ |
560 580 600 620
Time/BJD -2454833

4500

L%
B
o

Fig. 21.— KA 1925+50 cadence 6 fitted light curve, where the red lines represent the
pulses and the black, data points.
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Fig. 22.— KA 1925450 cadence 7 fitted light curve, where the red lines represent the
pulses and the black, data points.
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Fig. 23.— KA 1925+50 cadence 6 and 7 frequency distribution of cell size.
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1858+48 Cadence 6
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Fig. 24— KA 1858+48 cadence 6 fitted light curve, where the red lines represent the
pulses and the black, data points.
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Fig. 25.— KA 1858+48 cadence 7 fitted light curve, where the red lines represent the
pulses and the black, data points.
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1858+48 C6+C7 Results
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Fig. 26.— KA 1858+48 cadence 6 and 7 frequency distribution of cell size.
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Fig. 27.— KA 1904+37 cadence 7 fitted light curve, where the red lines represent the
pulses and the black, data points.
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1904+37 C7 Results
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Fig. 28.— KA 1904+37 cadence 7 frequency distribution of cell size.
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6. Conclusion and Future Work

The analysis of Kepler objects using the KRM model showed that the average cell
size for each object was ~ 37.4 AU. The WEBT Campaign produced a 78.88 hour light
curve of 0716+78 fitted with 37 pulses. The average cell size was 36.50 AU. When
compared to the light curves in the Kepler study, we see that the average cell sizes are very
similar. Because the cell sizes in all objects (including 0716471) seem to be similar, we
can assume that the same processes are occurring in these AGN jets. Furthermore, we can
see that there are very few cells that are larger than 60 AU, which further agrees with the

theory that the larger cells in a turbulent plasma may be unstable and break apart.

In order to verify our results, we would like to further study the Kepler objects using
the SARA 0.9 m telescope. Since Kepler does not have standard calibrated magnitudes,
we can observe the objects with multiple filters and perform aperture photometry using
comparison stars in the field to get a baseline calibration for the Kepler observations. By
observing these objects in multiple filters, we can also perform the spectral analysis to
determine if there is a difference between the results found in the 0716471 spectral study.
With regards to the spectral study of 0716471, we did not recover the hysteresis loop-like
structure as predicted by Kirk, Rieger & Mastichiadis (1998). Our group is still in the
process of replicating the graphs and code that were presented in their paper. It is possible
that the V and I frequency bands are not separated widely enough. Therefore, in order
to verify the model, our group plans to write a proposal to use the Keck Observatory’s
near-infrared and optical telescopes (located in Mauna Kea, Hawaii) to observe 0716+71
simultaneously. Recall, since we only need one isolated pulse to perform the spectral
study, we hope that we can recover the spectral hysteresis loop as predicted by Kirk,

Rieger & Mastichiadis (1998).

In addition to the proposed observational runs, we also plan to improve the model

to make it more realistic. The current model assumed that all the cells in the jet are
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cylindrical, therefore we need modify the program to allow for spherical cells. In
addition, we would like to simulate variability using a distribution of cell sizes consistent
with plasma turbulence. Our model also assumes that the magnetic field in the jet is
homogenous and does not vary as a function of jet radius. Our model does not consider
high energy particle processes and only takes into account the synchrotron emission due to
synchrotron radiation and excludes Compton contribution. Furthermore, to make the pulse

fitting process more efficient, we plan to automate the fitting process..
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APPENDIX I- Pulse Program (Bhatta et al., 2013) Pro Make _pulse, Flare,Tm

COMMON parameters,gama_max,gama_not,cs,us,tacc ; Common parameters shared by

the program and the function below

:/ constants/

amp=5.0 ; A normalization number of the amplitude of the pulse

B=1.0e-3/amp ; Maganetic field

cs=3.0e+8 ; Speed of light

us=0.1%*cs; Speed of shock

rho_T= 6.65e-29 ; Thompson scattering constant

m_e=9.1e-31 ; Mass of electron

mu_0O=!pi*4.0e-7 ; Pearmeability for free space

gama_not = 10.0 ; Minimum Lorentz factorof the electrons

gama_max=1000.0 ; Maxmimum Lorentz factor of the electrons

beta_s = 4.0/3.0*rho,T(m,e*cs)*(BQ/(2*mu,O)) ; A constant in the KRM equations
tacc=1/(gama_max*beta_s) ; accelaration time

tesc=2.0*tacc ; escape time

Q=609.31; A normalise particle injection rate for the back ground intensity and divided by

2 for the fact that the injection is enhanced by a factor of 2

data_length=gama_max-gama not ; the difference between the maximum and minimun
Lorentz factors of the electrons
data_interval=0.5

data_nums=data_length/data_interval
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power=(tacc-tesc)/tesc

pwr=(tacc+tesc)/tesc

a=Q*tacc* gama,notftacc/tesc)*(l—gama,not/ gama_max) ; a constant is equation 2.5
factor = 1/gama_not -1/gama_max

as=4.1e-36*B

Nu=4.3e14; Optical frequency for the R filter

time=>50 ; Time arrry
tm=fltarr(Time)
t_m=fltarr(Time)
Flux=fltarr(Time)
Flux2=fitarr(Time)

Intensity=fltarr(Time)

For k=0,Time-1 do begin tm(k)=(k+1.0)*tacc*0.1 ; Time loop

t=tm(k)

x 1= t*us/(1-us/cs) ; Position of shock wave front
gamal=1/(1/gama_max-+factor*exp(-t/tacc)) ; Instantaneous Larentz factor given by the
equation 2.5

;print,’gammal is”,gamal

;/This part of the program ensure that incoming gamas are less than

; /gamal

r=gama_not+findgen(data_nums+1.0)*data_interval

;print,r yl=where(r 1t gamal,count) ; Finds the total number of elements statisfying the
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condition
gama=fltarr(count)
gama=r(0:count-1); Creating subarray from r

;print,gama

:/New variables declarations

N=fltarr(count); particle density

sync_func=fltlarr(count) ; Green’s synchrotron function given by the equation 2.8
z=fltarr(count) ; A term is the equation 2.8

P=fitarr(count)

F=fltarr(count) ; Flux given by the equation 2.11

;/This part of the program calculates the flux

For i=0,count-1 do begin

;Length=(t-tb)/(1-us/cs)

x0O=transcedental(gama(i),t)*us*tacc ; Cooling length calculate by the transecdental
function

N1= a*gama_max2/(0.9*gama_maxpwr*gama(i) 2)*(gama_max/gama(i)-t/tacc+x 1*(1-
us/cs)/(us*tacc)—1)(tacc/tesc) ; Number density at the shock wave front

NO= a*gama_max2/(0.9*gama_maxpwr*gama(i)2)*((gama_max/gama_not-1)*exp(-
xO))ftacc/tesc) ;Number density at the end of the cooling length

N(@)=N1-NO

z(1)=23.8e-13*Nu/ gama(i)@

P(i):as*z(i)6.3*exp(-z(i)) ; The synchrotron function
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F@1)=N@{)*P(1)
Endfor

Flux(k)=int_tabulated(gama,F)*4409.98*1e+23;/ 4409.98*the first fatctor is correction
tf=20 j=k-tf

if (j 1t 1) then Flux2(k)=0 else Flux2(k)=Flux(k-20)
norm_factor=int_tabulated(gama,N)

Endfor

Flare=2*(Flux-Flux2)
Return

End

; This function finds the solution of the trascendental equation ?? for given  and hence

estimates the cooling length.

Function transcedental, gama,t ; The inputs for this function are v and time
COMMON parameters

x=findgen(100000)*0.001

yl=(gama_max/gama_not-1.0)*exp(-x)
y2=gama_max/gama-t/tacc+x*(1-us/cs)-1

ans=min(abs(y1-y2),index)

return, sol

End
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APPENDIX II- Pulse Fitting Program (Bhatta et al., 2013) Pro Pulse_Fitting
; This program fits the light curve and reproduces it from the given center time, amplitude

and width.

; Reading the data

npts=2613 ; Number of points in the file
datain=fltarr(2,npts)

readf,1,datain

close,1

; x=time and y= flux
x=datain(0,*)

y=datain(1,*)*1000.0 ; Scaling for better numbers

;Read the parameter from the parameter file
openr,2,’C: parameters.dat”
data=fltarr(4,28)

readf,2,data

close,2

center=data(1,*) ; Second column of the parameters fiel is the center location of the pulse
background=min(y) ; the minimum of the flux is taken as the background flux level
AMP=data(2,*) - background

FWHM-=data(3,*) ; Fourth column is the width of the pulse

Width=FWHM/2.335*13 ; Scaling to fit the data

47



; The flare data obtained from the previous program

flare=[0.00321419 , 0.0140696 , 0.0412252 , 0.135276 , 0.320829 .,$
0.735687, 1.16632 , 1.86539 , 2.86370 , 3.91220 ,$

4.94337, 6.10291 ,7.31108 , 8.35510,9.36189 ,$

10.2908, 11.0439, 11.7778, 12.3548, 12.8509, $

13.2998, 13.6546, 13.9295, 14.0824, 14.1086, $

13.8645, 13.5780, 12.9947 , 12.0968 , 11.1282, $

10.1632,9.05835 , 7.89404 , 6.88743 , 5.91146,%

5.00740 , 4.27543 , 3.55865 , 2.99553 ,2.51124, $
2.07212,1.71124 ,1.41603 , 1.17464 , 0.967543, $

0.800632 , 0.659771 , 0.546742 , 0.448608 , 0.370576]

; New variable declartaion

new _x=fltarr(35,2613)
flare1=fltarr(35,2613)
Fitting=fltarr(2613)

For i= 0,35 do begin

for j=0,2612 do begin

new_x(i,j)=(x(j)-center(i))*50/width(i)+23.0 ; The offset for the center is 23.0 and 50 is
the total number of points in the pulse

flare1(i,j)=interpolate(flare,new x(i,j), cubic=-0.5,missing=0)/14.1086* AMP(i)

Endfor
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Endfor

For k=0,2612 do begin

Fitting(k)=total(flare1(*,k))+min(y) ; The pusles co-adding on top of the background
Endfor

plot,x,y ; Plotting the light curve

oplot,x,fitting,psym=3 ; Overplotting the fitting with different symbol
print,correlate(y,flarel) ; Correlation coefficient

End
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APPENDIX III- Pulse Fitting Data

Table 4:: Zw 229-15 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
1 544.5 45.31
2 548.2 45.81
3 550.35 27.02
4 551.5 13.18
5 553.15 49.43
6 555.5 29.66
7 556.65 40.86
8 558.55 42.84
9 559.65 44.49
10 562.7 54.54
11 565.9 39.87
12 568.15 32.95
13 572.5 125.9
14 577.85 31.31
15 581.38 62.62
16 583.3 16.47
17 584.9 32.95
18 587 49.43
19 589 16.47
20 591.2 39.54
21 593.15 26.36
22 594.55 19.77

Continued on next page
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Table 4 — Zw 229-15 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
23 596.2 29.66
24 598 13.18
25 600.8 36.25
26 602.6 13.18
27 604.15 28.01
28 608.8 26.36
29 610.1 23.07
30 612.8 59.32
31 616.2 39.54
32 618.7 39.54
33 620.2 11.53
34 622.4 59.32
35 624 16.47
36 624.7 16.47
37 626.5 32.95
38 628.7 29.66

Table 5:: Zw 229-15 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
1 630.5 18.12
2 631.3 8.23
3 631.9 18.12
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Table 5 — Zw 229-15 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
4 632.65 47.78
5 637.85 88.98
6 641.8 41.19
7 643.27 22.41
8 645 42.84
9 648.3 42.84
10 650.6 29.66
11 652.6 32.95
12 655.05 36.25
13 658.2 47.78
14 661.8 54.38
15 664.65 36.25
16 665 16.47
17 667.1 34.93
18 668.7 23.07
19 669.85 29.66
20 670.37 22.41
21 672.15 29.66
22 674.2 31.31
23 676.3 31.31
24 677.7 21.42
25 679.53 47.78
26 682.1 18.127
27 682.8 47.13
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Table 5 — Zw 229-15 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
28 686.95 68.22
29 689.97 35.26
30 691.3 19.77
31 693.3 61.63
32 696.7 42.84
33 699.4 36.25
34 700.9 98.87
35 705.15 6.59
36 706.5 19.77
37 708 19.77
38 710.7 49.43
39 713.4 16.47
40 714.9 19.77
41 716.4 14.83
42 719.5 24.71

Table 6:: KA 1858+48 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
1 539.5 14.50
2 540.1 36.25
3 542 16.47
4 542.49 40.86
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Table 6 — KA 1858+48 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
5 544.215 32.95
6 546. 47.58
7 547 59.32
8 550.15 39.54
9 551.5 19.77
10 552.6 23.07
11 553.9 13.18
12 554.2 42.84
13 556.7 131.83
14 561.6 42.84
15 564.6 59.32
16 565.4 49.43
17 567.2 39.54
18 567.9 32.95
19 568.98 16.47
20 570.2 22.74
21 571.71 21.42
22 573.06 19.77
23 574.1 12.19
24 575 32.95
25 576.75 21.42
26 578.25 24.71
27 579.2 13.18
28 580.4 26.36
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Table 6 — KA 1858+48 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
29 582.1 23.07
30 583.2 13.18
31 584.1 19.77
32 587 115.35
33 589.9 13.18
34 592.5 46.14
35 595.9 54.38
36 598.9 42.84
37 599.15 28.01
38 601.1 36.25
39 603.4 59.32
40 612.8 79.09
41 617.5 65.91
42 619.9 32.95
43 621.1 16.47
44 624.4 65.91
45 627.1 23.07
46 629.6 39.54

Table 7:: KA 1858+48 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)

1 631.8 164.79

Continued on next page
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Table 7 — KA 1858+48 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)

2 636.45 28.01

639.4 49.43
4 641.4 27.02
5 643.2 31.31
6 645.4 32.95
7 648.1 41.85
8 651.5 51.74
9 654.2 36.25
10 654.75 13.18
11 656.5 32.95
12 658.8 32.95
13 660.3 16.47
14 662.15 55.04
15 663.5 14.83
16 665.1 29.66
17 666.4 19.77
18 667.9 44.49
19 671.25 50.42
20 674.5 46.14
21 676.15 26.36
22 678.4 54.38
23 680.7 25.37
24 682.4 28.01
25 683.9 21.75
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Table 7 — KA 1858+48 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
26 685 13.18
27 686.3 44.49
28 689 34.60
29 691.07 31.31
30 693.6 52.73
31 699.3 85.69
32 702.8 28.01
33 704.55 23.07
34 709.2 42.84
35 713.3 69.21
36 716.2 39.54
37 719.4 52.73

Table 8:: KA 1925450 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
1 540.7 194.45
2 546.3 44.49
3 548.1 31.31
4 549.2 29.66
5 550 18.12
6 551.15 22.41
7 552.1 26.69
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Table 8 — KA 1925+50 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
8 552.96 25.37
9 554.8 32.62
10 555.3 29.66
11 556.9 27.35
12 558.68 24.88
13 560.1 19.77
14 560.58 6.59
15 560.78 6.59
16 561.2 13.18
17 562.3 36.25
18 564.7 32.95
19 566.7 29.66

20 568 13.18
21 569 6.59

22 569.7 56.02
23 572.5 32.95
24 572.7 13.18
25 573.92 18.12
26 574.8 6.59

27 576 56.02
28 578.9 36.25
29 580.9 27.02
30 582.8 28.67
31 584.3 18.12
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Table 8 — KA 1925+50 Pulse Fitting Data- Cadence 6

Pulse Number | Location Size (AU)
32 585.4 13.18
33 585.8 24.71
34 587.85 65.91
35 590.3 26.36
36 591.2 19.44
37 592.45 24.71
38 593.85 56.02
39 594.5 25.70
40 595.5 9.88
41 596.7 32.95
42 599 32.95
43 601 29.66
44 602.7 26.36
45 604.45 29.66
46 606.7 39.54
47 611.8 62.62
48 615.5 44.49
49 617.2 16.47
50 619.6 41.19
51 621.4 16.47
52 623.3 33.94
53 625.4 29.66
54 627.35 29.66
55 629.3 27.35
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Table 9:: KA 1925450 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
1 630.65 19.77
2 633 88.98
3 634.7 9.88
4 635.4 9.88
5 636.25 14.83
6 637.8 29.00
7 639.6 26.36
8 640.05 29.66
9 640.75 11.53
10 642.1 32.95
11 643.55 15.81
12 644.4 11.53
13 644.85 22.41
14 646.3 6.59
15 647.1 49.43
16 649.2 24.71
17 650.6 9.88
18 651.8 59.32
19 654.8 32.95
20 656.5 23.07
21 658.3 29.66
22 660.7 29.66
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Table 9 — KA 1925+50 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
23 662.3 13.18
24 664.1 9.88
25 665.5 19.77
26 667.3 9.88
27 669.3 34.60
28 671.8 36.25
29 674.1 25.37
30 678.9 98.87
31 680.95 23.07
32 683.2 30.65
33 685.6 35.92
34 688.3 39.54
35 690.6 30.65
36 693.05 36.25
37 695.3 29.66
38 697.5 32.95
39 699.3 21.42
40 700.5 16.47
41 701.2 9.88
42 701.8 18.12
43 702.6 26.36
44 703.8 34.60
45 706.6 42.84
46 708.15 14.83
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Table 9 — KA 1925+50 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
47 709 32.95
48 711.7 72.50
49 714.8 29.66
50 716.7 26.36
51 718.1 18.78
52 719.5 23.07

Table 10:: KA 1904437 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
1 630.4 82.39
2 636.6 131.83
3 643.1 39.54
4 646 49.43
5 649.1 16.47
6 652.4 46.14
7 655.5 42.84
8 658.2 29.66
9 661.6 52.73
10 665.9 62.62
11 670.5 56.02
12 675 56.02
13 677.5 29.66
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Table 10 — KA 1904+37 Pulse Fitting Data- Cadence 7

Pulse Number | Location Size (AU)
14 679.6 36.25
15 684.5 98.87
16 687.5 42.84
17 690.9 60.97
18 694.8 56.02
19 697.7 39.54
20 698.2 23.07
21 701.3 82.39
22 706.1 65.91
23 711 79.09
24 715.8 65.91
25 716.2 26.36
26 719.4 49.43
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