
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        VLT bhigh (MJD 57156) and HST F125LP (MJD 60107) images of the pulsar vicinity. The yellow rectangular regions were used for the measurements of surface brightness of the BSN apex in the HST and VLT images. The yellow circles show apertures used for the pulsar counterpart flux measurements in the HST and VLT images, while the yellow arrow shows the proper motion shift of the pulsar between the epochs of 2015 and 2023. The red circle in the VLT image shows the pulsar counterpart position from the HST F125LP image. The purple contours in the VLT image show the areas in which the background for pulsar counterpart was estimated, while the blue contour shows the background for the BSN apex. The white segment of annulus and the white box in the F125LP image show the background area for the pulsar counterpart and the BSN apex, respectively. In all cases a set of apertures (circular or rectangular) was randomly generated inside the background area to estimate the mean and standard deviation of the background count rate. The red line in the VLT image shows the position of BSN outer boundary from the HST image.

      

    

  
    
      Table 2. 

      BSN photometry.

      
        


	Region
	Filter
	As
	Abdg
	Ctot
	Cbgd
	Cs
	ℬs
	⟨fν⟩
	⟨Iν⟩



	0pt2.5ex
	
	arcsec2
	arcsec2
	cnts/ks
	cnts/ks
	cnts/ks
	
[image: equation]
	nJy
	
[image: equation]





	0pt2.2exApex
	F125LP
	1.28
	10.1
	392
	155,14
	237,18
	185,14
	207,16
	162,12



	
	F140LP
	1.28
	10.1
	264
	85,18
	179,25
	140,20
	298,42
	233,33



	
	bhigh
	1.28
	6.9
	201 900
	190 000,1200
	11 900,1200
	9300,900
	400,40
	310,30



	0pt3exFront
	F125LP
	20.2
	68.1
	4719
	2502,28
	2217,44
	110,2
	1940,40
	96,2



	
	F140LP
	20.2
	68.1
	2823
	1422,63
	1401,80
	69,4
	2340,130
	116,7



	0pt3exBack
	F125LP
	59.8
	195
	9406
	7708,34
	1698,46
	28.4,0.8
	1490,40
	25,1



	
	F140LP
	59.8
	195
	5568
	4467,59
	1101,74
	18.4,1.2
	1840,120
	31,2



	0pt3exBlob
	F125LP
	7.9
	195
	1597
	1028,27
	569,32
	72,4
	500,30
	63,4



	
	F140LP
	7.9
	195
	1018
	590,38
	428,47
	54,6
	710,80
	90,10



	0pt3exHalf
	F125LP
	142.7
	292
	24 722
	18 356,103
	6366,119
	44.6,0.8
	5570,100
	39,1



	
	F140LP
	142.7
	292
	14 530
	10 590,108
	3940,137
	27.6,1.0
	6570,230
	46,2



	0pt3exInterior
	F125LP
	105.1
	267
	16 596
	13 546,78
	3050,90
	29.0,0.9
	2670,80
	25,1



	
	F140LP
	105.1
	267
	9340
	7823,91
	1517,105
	14.4,1.0
	2530,180
	24,2





      

      
Notes. As and Abgd are the source extraction area and the background area for the BSN regions. ℬs = Cs/As is the average surface brightness of the BSN in a given region. ⟨Iν⟩=⟨fν⟩/As is the average specific intensity.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Observed optical-FUV and X-ray spectra of J1741 fitted with the absorbed brPL + BB (left) and brPL + BB + BB (right) models. The blue and violet data points show the VLT optical and HST FUV data, respectively, while the seven separate X-ray data sets from Chandra observations (see Table 1 in Auchettl et al. (2015)) are shown in different colors. The solid red lines show the best-fit models (see text and Figure 6 for the best-fit parameters), whereas the red dashed, orange dot-dashed, and blue dotted lines show model components, as indicated in the legends. The fit residuals shown in the bottom subpanels are defined as χ ≡ (data − model)/error.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        SED for the unabsorbed optical through γ-ray emission from J1741. The cold BB, hot BB, and broken PL model components are shown by red-orange, orange, and blue lines, respectively, the corresponding shaded areas show the 1σ uncertainties of the model components in the ranges where the pulsar was observed. The purple lines and shaded area show the γ-ray model and its 1σ uncertainties, whereas the light purple shaded area shows the continuation of the γ-ray model toward lower energies. The blue solid line shows the best-fit model to the optical-UV and X-ray data.

      

    

  
    
      Table 4. 

      Optical-FUV and X-ray properties of J1741 and the Three Musketeers.

      
        


	PSR
	J1741-2054
	B1055-52
	Geminga
	B0656+14





	τ, kyr
	386
	535
	342
	111



	Ė34
	0.95
	3.0
	3.2
	3.8



	B12
	2.7
	1.1
	1.6
	4.7



	d, pc
	∼270
	∼350
	
[image: equation]
	290 ± 30



	NH, 20
	13 ± 1
	
[image: equation]
	1.5 ± 0.3
	
[image: equation]
	
[image: equation]



	kTcold, eV
	42 ± 2
	70 ± 2
	44 ± 1
	64 ± 4
	68 ± 1



	Rcold, km
	14.7 ± 1.1
	
[image: equation]
	11.4 ± 1.1
	
[image: equation]
	
[image: equation]



	Lcold, 32
	0.86
	0.69
	0.63
	3.66
	3.48



	kThot, eV
	83 ± 5
	165 ± 12
	195 ± 14
	
[image: equation]
	
[image: equation]



	Rhot, m
	1200 ± 300
	
[image: equation]
	45 ± 7
	1000 ± 200
	
[image: equation]



	Lhot, 30
	8.8
	3.1
	0.38
	30
	21



	Thot/Tcold
	2.0
	2.4
	4.4
	1.9
	1.9



	Rhot/Rcold
	0.082
	0.038
	0.004
	0.077
	0.066



	Lhot/Lcold
	0.102
	0.045
	0.006
	0.082
	0.060



	αX
	−1.66 ± 0.04
	
[image: equation]
	−0.70 ± 0.04
	−0.7 ± 0.1
	
[image: equation]



	f0, X, nJy
	59 ± 3
	8.1 ± 0.3
	52 ± 2
	17 ± 3
	
[image: equation]



	Ebrk, keV
	
[image: equation]
	...
	...
	...
	
[image: equation]



	αopt
	
[image: equation]
	−0.24 ± 0.10
	−0.46 ± 0.12
	−0.32 ± 0.05
	
[image: equation]



	f0,opt, nJy
	∼150
	178 ± 25
	110 ± 20
	340 ± 7
	∼280



	kTFUV, eV
	=kTcold
	22 ± 6
	30 ± 2
	29 ± 2
	=kTcold



	RFUV, km
	=Rcold
	15
	15
	15
	=Rcold



	E(B − V)
	0.22
	0.03
	0.03
	0.03



	L1 − 10 eV, 28
	2.8
	5.5
	1.7
	7.3
	6.0



	ηFUV,   − 6
	2.9
	1.8
	0.5
	1.9
	1.6



	L1 − 10 keV, 30
	1.9
	1.1
	3.1
	1.4
	1.1



	ηX,   − 4
	2.0
	0.4
	1.0
	0.4
	0.3



	L0.1 − 100 GeV, 33
	1.0
	4.4
	32
	0.27



	ηγ
	0.11
	0.15
	0.99
	0.0072





      

      
Notes. The parameters in Cols. 2 (J1741) and 6 (B0656) are for joint optical through X-ray fits with the brPL + BB + BB model, while they are for separate fits in the optical (PL + BB) and X-ray (PL + BB + BB) ranges in Cols. 3 (B1055), 4 (Geminga), and 5 (B0656). Lcold, 32 and Lhot, 30 are bolometric luminosities of the cold and hot components in units of 1032 and 1030 erg s−1, respectively; f0,opt is the optical PL normalization at ν0 = 1015 Hz; f0, X is the X-ray PL normalization at E = 1 keV; kTFUV in Cols. 3–5 is the brightness temperature estimated from the FUV flux density at the assumed NS radius RFUV = 15 km and best-fit distance; L1 − 10 eV, 28, L1 − 10 keV, 30, and L0.1 − 100 GeV, 33 are nonthermal luminosities in 1–10 eV, 1–10 keV, and 0.1–100 GeV ranges in units of 1028 erg s−1, 1030 erg s−1, and 1033 erg s−1, respectively; ηFUV,   − 6 (in units of 10−6), ηX,   − 4 (in units of 10−4), and ηγ are the corresponding radiation efficiencies. The separate X-ray fit parameters for B1055, Geminga, and B0656 are taken from Posselt et al. (2023), Mori et al. (2014), and Arumugasamy et al. (2018), respectively, while they are from Zharikov et al. (2021) for the brPL + 2BB fit for B0656 (Col. 6). The FUV fit parameters are taken from Posselt et al. (2023), Kargaltsev et al. (2005), and Durant et al. (2011).



    

  
    
      Table 5. 

      Properties of the three known FUV BSNe.

      
        


	PSR
	d
	P
	τ
	Ė33
	v⊥
	E(B − V)
	
[image: equation]
	
[image: equation]
	
[image: equation]
	θa, ⊥
	la,⊥,15
	η



	
	pc
	ms
	Myr
	
	km/s
	
	
	
	
	″
	
	





	0pt2.2exJ1741−2054
	270
	414
	0.39
	9.5
	140
	0.22
	2.3
	10 [> 6]
	47 [> 28]
	1.1
	4.4
	1.6 ± 0.1



	J0437−4715
	157
	5.76
	1600
	5.5
	104
	0.05
	3.3
	15–22
	7–10
	10
	23
	1.6 ± 0.1



	J2124−3358
	410
	4.93
	3800
	6.8
	101
	0.03
	1.7
	5
	13
	2.5
	15
	1.3 ± 0.2





      

      
Notes. The second through sixth columns show the distances, periods, characteristic ages, spindown powers in units of 1033 erg s−1, and transverse velocities of the pulsars with detected FUV BSNe. The eighth and ninth columns show the observed (absorbed) fluxes from the entire BSNe in Hα and FUV (in 1250–1850 Å range), in units of 10−14 erg cm−2 s−1. We recalculated the J0437 and J2124 BSNe FUV fluxes for the 1250–1850 Å range, using the results obtained by Rangelov et al. (2016, 2017). The tenth column shows the corresponding FUV luminosities in units of 1029 erg s−1. The angular distances between the pulsar and the forward bow shock apex and the corresponding projected distances in units of 1015 cm are in the eleventh and twelfth columns, while the thirteenth column shows the ratio of count rates in the F125LP to F140LP filters. The FUV fluxes were estimated assuming PL BSN spectra. The two J0437 BSN FUV flux values correspond to different background choices (see Rangelov et al. 2016). The lower limits in square brackets for J1741 were obtained assuming a line-dominated spectrum. The FUV fluxes and luminosities for the entire J0437 and J2124 BSNe were crudely estimated using the apex FUV fluxes from Rangelov et al. (2016, 2017) and assuming similar FUV and Hα brightness distributions for these BSNe.



    

  OEBPS/aa52211-24-fig9_small.jpg





OEBPS/aa52211-24-eq27.gif





OEBPS/aa52211-24-eq26.gif





OEBPS/aa52211-24-eq23.gif





OEBPS/aa52211-24-eq22.gif





OEBPS/aa52211-24-eq21.gif





OEBPS/aa52211-24-eq20.gif









OEBPS/aa52211-24-eq38.gif





OEBPS/aa52211-24-eq39.gif





OEBPS/aa52211-24-eq36.gif





OEBPS/aa52211-24-eq49.gif
1,58 =038






OEBPS/aa52211-24-eq48.gif
‘w3,






OEBPS/aa52211-24-eq45.gif





OEBPS/aa52211-24-eq44.gif
x 137






OEBPS/aa52211-24-eq40.gif





OEBPS/aa52211-24-eq42.gif





OEBPS/aa52211-24-eq50.gif





OEBPS/aa52211-24-fig7_small.jpg





OEBPS/aa52211-24-eq59.gif





OEBPS/aa52211-24-eq56.gif





OEBPS/aa52211-24-eq55.gif





OEBPS/aa52211-24-eq58.gif





OEBPS/aa52211-24-eq57.gif





OEBPS/aa52211-24-eq52.gif





OEBPS/aa52211-24-eq53.gif
be]






OEBPS/aa52211-24-eq61.gif





OEBPS/aa52211-24-eq60.gif





OEBPS/aa52211-24-fig6_small.jpg





OEBPS/aa52211-24-eq8.gif





OEBPS/aa52211-24-eq4.gif





OEBPS/aa52211-24-eq5.gif





OEBPS/aa52211-24-eq6.gif





OEBPS/aa52211-24-eq7.gif





OEBPS/aa52211-24-eq67.gif





OEBPS/aa52211-24-eq66.gif





OEBPS/aa52211-24-eq69.gif





OEBPS/aa52211-24-eq63.gif





OEBPS/aa52211-24-eq62.gif





OEBPS/aa52211-24-eq65.gif





OEBPS/aa52211-24-eq64.gif





OEBPS/aa52211-24-eq70.gif





OEBPS/aa52211-24-eq72.gif





OEBPS/aa52211-24-fig5_small.jpg





OEBPS/aa52211-24-eq1.gif





OEBPS/aa52211-24-fig2_small.jpg





OEBPS/aa52211-24-eq2.gif





OEBPS/aa52211-24-eq3.gif





OEBPS/aa52211-24-eq78.gif





OEBPS/aa52211-24-fig8_small.jpg





OEBPS/aa52211-24-eq79.gif





OEBPS/aa52211-24-fig1.jpg
o
o
vl

e
=}
N

o
o

Total System Throughout
w

o
o
]

10—0.4AA

F125LP
F140LP

40.150-.

10.125

40.100

0.225

0.200

~.10.175

ient

ffic

1on coe

inct

0.075:

Exti

0.050

0.025

1600 1700 1800

ALA]

1900

2000





OEBPS/aa52211-24-eq74.gif





OEBPS/aa52211-24-fig2.jpg
450 53400 350

500

05.0 -20:54:00.0 5.0

100

150

450 53400 350

500

05.0 20:54:000 55.0

100

150

F125LP

1741570

565

F125LP

585

580

575

1741570

s65

s60

0.00306

0.00189

000117

0.00073

0.00046

0.00030

0.00020

0.00014

0.00010

0.00008

0.00006

0.00005

0.00005

0.00306

0.00189

000117

0.00073

0.00046

0.00030

0.00020

0.00014

0.00010

0.00008

0.00006

0.00005

0.00005

450

050 20:54000 550 53500

100

450 53400 350

500

050 20:54:000 55.0

100

150

F140LP

s8s

560

8

55

5

a7

a3

39

35

2

28

2

20

16

0.00412

0.00251

0.00153

0.00093

0.00056

0.0003¢

0.00020

0.00012

0.00007

0.00002

0.00002

0.00001

0.0000¢





OEBPS/aa52211-24-eq73.gif





OEBPS/aa52211-24-fig3.jpg
571

17:41:57.0






OEBPS/aa52211-24-eq75.gif





OEBPS/aa52211-24-eq81.gif
=





OEBPS/aa52211-24-fig6.jpg
89431

Koc

5

Less
4

3
A
ax

-
K

211384 kev
4

Ca 4
Ebrk, keV.

»
o,
%,
-
i §
s,
.
% 5
%, x
= 3
%
% >
3
% 3
e 5
<
%

EIE I
Kas, cold

@0 @@
@O0®©Fn®
OICICIOIZOIN)
OOTORNZOINO

@
3 S
H >3
o aw-m
o i
£
=
i
25392 %8RI BZEIRR § O o8 8832 R 2 8 %5 388828 32323
¢ 985 ® s 8 3 &5 559 111144444m993

&

B PIOo gy Ppi0>'ggy A8 Houpy 100'a8y 2dop Aoy “Mag Ty





OEBPS/aa52211-24-fig7.jpg
N

vf, [erg cm™?% s

10-10 192

Ener eV
100 gy [ ]1

06

108

10-11 -

10-12 L

10-13

10714

10715

10-16

Chandra ACIS

Fermi

1620
v [Hz]

1622

1624






OEBPS/aa52211-24-eq83.gif





OEBPS/aa52211-24-eq85.gif





OEBPS/aa52211-24-eq19.gif





OEBPS/aa52211-24-fig3_small.jpg





OEBPS/aa52211-24-eq15.gif





OEBPS/aa52211-24-eq17.gif





OEBPS/aa52211-24-eq11.gif





OEBPS/aa52211-24-eq13.gif





OEBPS/aa52211-24-eq10.gif





