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, AD1572 (11H)

: ' a&r s
Red:-Spitzer IR Y 2
Green: Calar Alto Opt.*
Blue: Chamdra X-ray

JEF . BRFHSE 2014




http://heasarc.gsfc.nasa.gov/docs/objects/heapow/archive/nebulae/sn1987a_acis.html

Quter ring
at cdge of
sWwept up gas
from carlier
mass loss.

Inner ring —————— Supcrnova
of swept up red- remnant.
supcergiant gas. A dark, invisible
outer portion

surrounds the

brighter inner

region lit by

radioactive

dcecay.

-
# 24 nutrino events = Nobél Prize

.

SN 1987A 1n X-rays



http://heasarc.gsfc.nasa.gov/docs/objects/heapow/archive/nebulae/sn1987a_acis.html

Bed Giant Star

%dear bummg occurs at the
boundanes between zones

,WF’S B

Masswe star near the end
. of its lifetime has an
b “onion-like" structure
*. just prior to exploding
% as a supemova

: Example of nuclear reactions

that buuld neutron rich isotopes
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Classification of SNe

Type | Type |l

no hydrogen hydrogen

Thermonuclear
supernovae

Type la
silicon

Sesesseesesae?

Type Ic Type Ib yp Type IIL

no Si & no He no Si, He present linear lightcurve



Galactic: ~300

Cla SSiFicatiOI’l Magellanic: ~80
of SNRs

SNRs
ZI N 11 . ﬁ&\‘a/_‘\ﬂiﬂ
TR LN AT FeT
Shell-type b-lik Composite Thermal
7P Crab-like P composite

or: Mixed-morphplogy



Shell-type SNRs

SN1006 Kepler , N132D (it & FRFH 2007)
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Swept-up heated hot gas (thermal emission) + accelerated
relativistic particles (non-thermal emission)




Crab-like SNRs

CRAB NEBULRA

Crab (in X-ray, opt., & radio) |

3C58

»

G54.1+0.3 (/7 % et
al. 2002)

o

Blast wave

Swept up plasma

log R(")

Pulsars, left by the
core-collapse SN
explosion, power
the relativistic
winds — pulsar
wind nebulae
(PWNe)



Composite SNRs

G21.5-0.9 (Slane & FKFH et N157B (4iFH, F 75/, et
al., 2001; Metheson & Safi- 5| 2006)

G11.2-0.3 Harb 2005)

x4




B0540-693 in LMC " o 611'2-0.3

¥

7

L4

Kes75

6292.0+1.8

Reynolds 2017, SSR



Thermal Composite (TC)
(Mixed morphology)

-Radio shell (blastwave)
- Associated with MCs (but not all)
often with OH Masers
(signpost of shock interaction with MCs)
-Interior thermal X-rays, some with 7, > 7,

intriguing, nature UNCLEAR ! ... ... e e

01°40'~ wraw

01°30'

01°20']

01°10'

01°00'
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Type la SNe: 14%
Core-collapse (> 8M,,) : 86%

Isotropic explosion and further evolution
Homogeneous ambient medium
Three phases:

Free expansion

Adiabatic expansion

Radiative expansion



AR GRdE) BEE: B HEKAE
Forward and reverse shocks

Forward
/shock

Reverse
shock

 Forward Shock: into the CSM/ISM (fast)
* Reverse Shock: into the Ejecta (slow)




tH: Self-similar models

(Chevalier 1982)

- Expanding ejecta



End of the free-exp. phase

Swept-up mass ~ Ejecta mass

Reverse shock has reached the core region of the
ejecta (constant density)/the center

~2/3 E, has been thermalized

See Truelove & McKee
(1999) for a semi-analytic
treatment of this phase
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1-D HD simulation by Blondin




\‘\b

i 7FH The Sedov proflles

Profiles for the Sedov model

- 2.02Ej 215
P

Shocked ISM

Most of the mass is confined in a "thin" shell
Kinetic energy is also confined in that shell
Most of the internal energy in the “cavity”



Radiative phase

Shock wave gets so slow that
postshock gas is at a temperature

To<6x10° K
and the shock wave is radiative.

Ry = (147 x ¢ EqnR¥4mpy) "7 27

e =0.24, R;: radius at phase transition

(Blinnikov et al. 1982)



Radiative shocks

5965 12 W (shocked W IR £ 4]
Nog 21077, em™ (60< ¥, <150kms ™)
1031 3 +4 AZC{IN. O
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F= ino,u my V., =58x107*nV,,> ergs cm ™ 57! § TR
5 ° W
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(Credit: Fu, Lei)
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PSRJ P
J0007+7303
J0205+6449

J0534+2200
J0537-6910
J0538+2817
J0540-6919
J0633+0632
J0659+1414

J0821-4300

J0835-4510
J0855-4644
J1016-5857
J1119-6127
J1124-5916

J1210-5226
J1341-6220
J1437-5959

J1:v1? 3900

J1632~4818
J16464346
J1709-4429
J1726-3530
J1747-2809
J1801-2451
J1801-2304
J1803 2137

0-2UZ4

J1809 2332
J1811-1925
J1813-1749
J1833-1034

J1846-0258
J1850-0006
J1852+0040
J1856+0113
J1907+0602

J1930+1852
J1952+3252
J1957+2831
J2021+4026
J2022+3842
J2229+6114

P_dot
0.315873192"3.60550E-13
0. 065715928'1 93754256E 13

0 03308471f‘ 4 2276:E 13
0.016122222"5 1784338E-14
0.143158259"3 6694515E-15
0.050498818 4 78924621E-13
0.297395191 7 9592E-14
0.384891195 :5,500309E—14

0.112799437 1.2E-15
v

0.089328385 1.25008E-13
0.064686131"7.26269E-15
0.107386458 "8.08342E-14
0.407962984 "4 0202200E-12
0.135476854 :7.52566E-13

0.424130749 6.6E-17
0.193339746 2 53107E-13
0.061696123 %,5870E—15

0. 813452834'6 50425E 13

£G4578

0. 231603329 ".12753E-13
0.102459246 9 298454E-14
1.110132444 " 216751E-12
0.052152855 " 5557E-13
0.124924207 1 279057E-13
0.41582709"1.1293023E-13
0. 13366692 1 34359375E 13

0. 146733543'? 44207E 14
0.064667 4 40E-14

0.044699298 "1.5E-13

0,061865672?,020259-13

0.325684249"7_08330E-12
2191497968 "4 32E-15
0.104912611"8 68E-18
0.26743961 '2 083598E-13
0. 106632746 68208E-14

0.136855047 "7.5057E-13
0.0395311935.844803E-15
0.307682865 3. 10989E-15
0.265317661"5.4682E-14
0.024287756 "4 3192E-14
0.051623574 7.827E-14

SNR-NS associations ..

ASSOC Age B_surf
GRS:1FGL_J0007.0+7303,XRS:RX_J"1.39e+04 "1 08e+13
SNR 3C58 GRS 1FGL 0205 6+6449[ 37e+03 '3 61e+12

SNR-Crab_ P‘“'H[ccl m] GRS 1FGL "l 246403 '?7 e+ 12
EXGAL:LMC,SNR:N157B "1.93e+03 8.25¢+11
SNR:S147[acj+96] '6.18e+05 "7.33e+11
EXGAL:LMC, SNR:0540-693 " 67e+03 4.98e+12
GRS:1FGL_J0633.7+0632 XRS:Swift 5 92e+04 4 92e+12
SNR:Monogem_Ring[tbb+03],GRS: 1[1 11e+05 _66e+12

SNRPUF’F’IS_A_XRSRX_J0822~430C 1,49e+06 3.7Ze+11

SNR:Vela, GRS:1FGL_J0835.3-4510[: 1.13e+04 3.38e+12
SNR:RX_J0852.0-4622(?)[rm05]  "1.41e+05 % 9de+11
SNR:G284.3-1.8(?) 2 1e+04 "2.98e+12
SNR:G292.2-0 5[cgk+01] ".61e+03 % 1e+13

SNR:G292.0+1.8_GRS‘1FGL_J1124A!:2.03e+04 :1A02e+13

SNR:G296.5+10.0:XRS-1E_1207 4-5.1.02e+08 1.69e+11
SNR:G308.8-0.1[cks+92] ".21e+04 "7.08e+12
SNR:G315.9-0.0 '1,14e+05 "7,37e+11

SNR:G320 .4- 1 2|MSH 15 52| GRS 1F1 5*?9 03 1 :n-le 13

0 2 ) 939+o4 '2 339+13

. )[mbc+02]

SNR-G341 2+0. 9(? [fgw94] '5,25e+o4 B ATe+12
SNR:G343.1-2.3(?)[mop93], GRS:HE{1 75e+04 3.12e+12
SNR:G352.2-0.1(?)[mbc+02]
XRS:CXOU_J174722.8-280915,SNR:(5.31e+03 2.88e+12
SNR:G5.4-1.2[fk91], XRS:PWN[kggIO"1.559+O4 "4.04e+12
SNR:W28(?)[fkv93] %.83e+04 '6.93e+12
SNR G8.7-0. 1('7)[kw90] GRS:1804-2 M. 58e+04 4 29e+12

GRS 1FGL J1809 8-2332.XRS: cxou’e 76404 '2 27e+12
SNR:G11.2-0.3 2.33e+04 "1.71e+12
SNR:12.8-0.0,GRS:HESS_J1813-178% 6e+03 2.65e+12
SNR:621,5-0,9[gmgao5]_SN:Bc4s[w|:4,35e+03 2,58e+12

728" 86e+13

SNR Kes75 XRS:PWN[hcg03]
SNR:G32.45+0.1(?)
SNR:Kes79 XRS:CXOU_J185238.6+("1 92e+08 "3.05e+10

SNR:W44 XRS:PWN[pks02] "2.03e+04 "7 55e+12
GRS:1FGL_J1907,9+0602ASNR:G40A'1,95e+04 '3,08e+12

Al 4 0EC i =
0+14 05e+03 6.42e+14

"2.89e+03 "1.03e+13

SNR-G54 140 3 XRS
SNR-CTB80,GRS: 1FGL_J1952 943241 076+05 "4 86e+11

SNR:G65.1+0.6[tl06] " 57e+06 "9 9e+11

GRS:1FGL_J2021.5+4026,SNR-G78.77.69¢+04 "3.85¢+12
XRS:CXOU_J202221.68+384214.8,51'8.91e+03 "1.04e+12
SNR'G106.6+2.9.GRS: 1FGL J2229 ('1 059+04 'ﬁ 039+12

RS:1E

SNR age(yr)
5k-15k
830~7k

<5k
20k-100k
760-1660

*

86k
3.7k

11k-12.3k
1.7k-4.3k
10k

3k
2.7k-3.7k

10k
32.5k
22k

6k-20k

#

*

5k

M 45e+04 3.72e+13 *

1k-7k

14k
35k-150k(42}
15k»39k
10k-100k
1.6k(AD386?
285-2.5k
200-1k

1 A

0.9k-4.3k

’8.04e+06 "3.11e+12 *

3k-7.8k
7k.5k
20k-40k

{155

2.6k-3.3k
77k
44k-140k
4k-Tk

180}
160
130
120
37:11:100
08.0|

Red: radio
Blue: X-ray

20:16.080 086

(Matheson+13)

09.8 09 4

10 20:16:00 50

Latest discovered association: the 51ms pulsar
in CTB87, discovered with FAST
(Liu, Zhong, Chen+24)



Pulsar wind nebula (PWN)

Magnetized particle wind: e+, e-

b

Interstellar Supernova
blast wave and

swept-up shell

material

Hot

Ejecta

1 arcmin

Gaensler & Slane 2006

Termination shock: Ry =[E/(4naC Ppyy)]Y/2



Radio (NRAO)

2 arcmin

Composite (CXC)

b

The “Crab”

Optical (ESO)

Magnetization parameter:

]?E><B 132
0= = :
Fparticle dmpye-
0 1

Particle dominated wind,
with y ~ 106
Kennel & Coroniti 1984

Inner ring

20 arcsec



Torus+jets structure

Radio (NRAO)

3C58 (Gaensler & Slane 06)

X-ray (Chandra)




G54.1+0.3 CTB 87

Red: radio

(Liu, Zhong, Chen+ 2024) (Matheson+ 2013)

Iéi‘;‘fglzm . _vas_tcm Flongation The wind of the central
‘ T pulsar can be divided into
\L,"' B % two components: equatorial
B W W B Ay A W .m="" flow and polar flow.

Polar OQutflow  Pulsar Polar Outflow



Number of objects

12

10

Spectr'al indices

" PWNe in shells
Isolated PWNe

S, &< v ®in radio,
for N=39 (26 composites,
13 plerions)

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 Unknown
Spectral index



Seward-Wa ng Relatlon

w2 g% 1937-2017

log Ly -erg s~

36

34

W
N

30}

28

Seward & Wang (1988)

| ]

| |
36 38

32 34

log € - erg s~

she pioneered X-ray astronomy in China.

- Richard McCray (1937-2021)



Relations between the X-ray luminosity and

spin-down power (with a sample of 24 PWNe)
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The more energetic pulsars intend to release a
bigger fraction of their spin-down power 1n their

PWNe. Li, Lu & Li 2008, ApJ 682, 1166



Synchrotron loss

L T T T T T T | T T T T i
- 1.4 [ -
-10°32}1 -

- ( ]
G2}.5-0,9 — 3
| 'g - | _+_ ]
g A —— ]
2 B 08| —— -
'% l:g 0.8 :_ _'|'_ _:
: —— 5
a - 0.4 — —
. C L 1 1 1 I 1 1 1 1 J 1 1 1 1 J 1 1 1 1 ]

0 40

| i | i 10 20 30
. ~a6]- . Radius (arcsec)
0123 ’/ / Slane, Chen+ 2000,

1843335 34 33 2 : - - — C h an d ra

IlIIIIIIIIIIIIII/I,I/IIIIIIIII
N /

3.5

s -

N | o] 3 —

A ]

L [ m
o]

dE/dt o E2B? i | 3 :
[o N

- R | _ _

-2

)p_z—(\/6”,/In1i11(%u,.€;,) — l)p - T

2IIIIIIIIIIIIIIIIIIIIIIIIII

> p—1 p—1 0 10 20 30 40 50
<\/ Em/sl - l) - <\/5m/n]in(€uv Em) - l) z (arcsec)

Chen+ 2006

-




Z (in parsec)

12

10

Evolution of PWNe

(1) FERKIF GRS bR LA (¢ < o) 52 3 2 B0 R ol B 7RE e T ) i B2 K56 2 14
FEYH S VDA% X ARG [ AN 5K NI, SR TR Mo t /558 7= T B2 AK o

(2) VT 52 2 WA 28 5 R A% 0] ) B I il i O AR SIS RO L T4E) , T
FENGET RS RRRRES, T2,

1471

(0]

" reverse shock

PWN shock

Ppulsar wind shock

forward shock

IS LTy sl Ly e Pl SNSRIy el |

Sadll B B ] 1 |

-6 -4 -2 0 2

Radius (in parsec)

2kyr

4

6

Z (in parsec)

3kyr

relic PWN

forward shock

e b e

e

1 1 1 —L 1
-4 -2 0 2

Radius (in parsec)

4 6
Van der Swaluw 2004



-54°55'

-5500'

-5505'

-5510'

-55'15'

Evolution of PWNe

(3) kit BB X = FEAL T SedovAH RIS A BB S A R A AR . At < 7 TRALTEEN

oc t 115 Ft> 7, MF%oc t O35 ZLIRHE .

(4) BT kb B AR BRI RS “Bh” A (BAME N RERPS00 A B ERD ik
MR MRS, ARG, BUMNIENZ, BIHEXN S H EH EEEIEXS

ARBHEL,

PSR escapes from
radio relic PWN
left behind

15"55™30° 55m30* 54™30° 54™00* 53™30
Gaensler & Slane 2006

Vela PWN

Slane+ 2018



Evolution of PWNe

140’

wia4

(5) Fifi 5 382328 PN # AR Y
WH, kR AT
RN IHIEE), R

P74 L 7 -
8 52 R 4 R IR 5
ANFIEAK §
P
)

Transition to bow shock § 20'
at 68% r, S
@
Q

10'

18"57™00* 56™30° 56™00* 55™30° 55m00*

Right ascension (J2000)
Gaensler & Slane 2006



Evolution of PWNe

PSR B1957+20 (recycled "black widow’)

Gaensler & Slane 2006

Mouse Nebula

-
<

Gaensler+ 2004

g IS 8

| L 3 ’. t
Guitar nebula

R e T
~daN Al R
X B -

Chatterjee & Cordes 2002
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Mt ETHE) . FAT T AR
ek, EEEEEAE, EXNS
ZRT RS, EEEwEEIR.
(7) s el Mk Bistr 2IMRE E X
t, ANFREE R, RE W IS,
FEHE-NHESREEEKK . NE
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H=

Supersonic PWN Fy

Pulsar Associated Object(s) d logE logT By v
kpc ergs™' yrs 10" G km s7!

00~ O Ui W N+

N

(SN SV SV SV SV SV B
0 ~1O = W

J0537-6910* SNR N157 49.7 38.68 3.69 9.25
B1951+32 SNR CTB 80 3 36.57 5.03 4.86 460
J1826-1256 HESS J1825-137 ~ 39> 3656 4.16 37
B1706-44 SNR G343.1-2.3 2.6 36.53 424 312 < 100
B1757-24 SNR G5.27-0.9, Duck PWN 3.8 36.41 4.19 404 198
J1747-2958 Mouse PWN 5 36.40 4.41 249 306 £43
J1135-6055 ... ~2.8" 3632 4.36 305 < 330
J1437-5959  SNR G315.9-0.0, Frying Pan PWN 8 36.15 5.06 7.37 ~ 300
J1101-6101  Lighthouse Nebula, SNR G290.1-0.8 ~7° 36.13 5.06 7.24 ~2000
J1509-5850 ... 4 35.71 5.19 9.14 200 — 600
B0906-49 1 35.69 5.05 12.9 ~ 60
B1853+01* SNR W44 3.3 3563 431 755 40071
B0740-28 2 35.28 5.2 16.9 275°¢
B1957+20 the Black Widow pulsar 1.73  35.20 9.18 0.002 ~ 220
J0538+2817 SNR S147 1.397 3469 579 7.33 357:13
y B0355+54 Mushroom PWN 1.04» 34.66 5.75 8.39 61:},"
J0633+1746 Geminga PWN 0.25P 3451 5.53 16.3 ~200
J2030+4415 ... ~1% 3446 574 123
J1741-2054 ... 0.3 33.97 5.59 26.8 155
J2124-3358 ... 0.41 33.83  9.58 0.003 75°
J0357+3205 Morla PWN 0.5 33.77 573 243 ~2000
J0437-4715 ... 0.1567 33.74 9.2 0.006 104.7+0.9
J2055+2539% ... ~0.6° 3360 6.09 11.6 < 2300
B1020+10 ... 0.36° 33.59 649 518 177+
B2224+65 Guitar Nebula 1.88 33.07 6.05 26 1626
SNR 1C443% 1.4 ~ 250
SNR MSH 15-56, G326.3-1.8 4 100-400
(G327.1-1.1, Snail PWN 7 ~ 500

Kargaltsev+1708.00456



Pulsar (TeV) halos

Stage 1 (t < 10 kyr) FS Stage 2 (t ~ 10 - 100 kyr)
LR ¢ \
pulsar /
velocity . Sk 3
< — : )
ISM density ;, J ;WN \
gradient .. P
(in all 3 panels) ISM ) )
o

=i

.
~ ~ _~ remnant
e pulsar
pulsar wind

O term. shock
pulsar wind

nebula

>10 TeV e/~
(N~ trajectory

U
M,
™ e 1 I
> e e
AN = >

" =1 SUPeMova giage 3 (t > 100 kyr),."
halo

.. zgamma-rays

SNR

" (Giacinti+2020)




Type Ia SN progenitor: dubble or single
degenerate ?

double-degenerate
WD+WD

CSM in Kepler's SNR

single-degenerate
star+WD (disk wind)

- -
. ¢

- Pk E
e

Sun & Chen 2019

CC SNR?

N-rich, bow shocked like CSM S
la SNR?

Location 590pc away from the Galactic plane

High [Fe] in X-rays, conclusive evidence

DD progenitor?
No surving companion

SD progenitor?
CSMe-interaction, suggesting AGB, core degenerate,
subdwarf B star, etc.




Ia SNR Kepler

(Sun & Chen 2019)

107§
" W Reynold07 110
Burkey13
1012 - — 100
= € Katsudais
583, 90
‘é 10" |- "cool branch® . hot branch 4
; ] 80
1 70
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® Shocked CSM: [O]/[Fe] ~0.77, [Mg]/[Fe],~1.11; mass~1.4M,
consistent with an AGB donor with 4M

® Shocked ejecta: [O]/[Fe] ~0.31, [Mg]/[Fe], ~0.38
compatible with “spherical delayed-detonation” model



G306.3-0.9: Calcium-rich Transient Aipnardressunesnasoo o s
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Possible Mechanisms for thermal composites

Candidate mechanisms for thermal composites SNRs:

1. Rim radiative cooling
(interior still hot to emit X-rays)
2. Thermal conduction
(to distribute enough gas near the center)
3. Cloud evaporation
(gas evaporated from dense cloudlets)
4. Projection effect
(projection of dense gas shock)
5. Metal line emission

(dust destruction & ejecta enrichment)
()

(by the wind-cavity wall)



R.A. (1950)
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- Models of Radiative Rim &

Thermal Conduction
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(Cox et al. 1999, Shelton et al. 1999)
A SNR old, radiative shell formation, rim faint in X-rays

d Thermal conduction smoothes out 7 gradient, increases central
p (seems applicable to W44)

Q difficult for uniform T distribution (Kes 79, 3C391, etc.)



- Model of Cloudlet Evaporation

Evaporation of
clumpy ISM (White &
Long 1991)
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d Mass of ISM mostly contained in cloldlets (mass constrast C> 1)

O Evaporated gas lowers central T, increases central p (T and p
almost uniform!)

Q difficult for SNRs with equilibrium ionization (W44, W28, etc.)

RIGHT ASCENSION {J2000)

3C391 (Chen+ 2004)



- Shock reflection

(Chen et al. 2008, ApJl, 676, 1040)

What if an SNR impacts on a cavity wall?
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(Chiotellis et al. 2024) b= 400y t= 10,000 yrs
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A subclass of TC SNRs:

enhanced-abundance / ejecta-dominated
(Lazendic & Slane 2006) (Pannuti+ 2014)

® 25-30 (67%-81%) among 36-37 known TC SNRs: z > 1
® ~14 (50%) of them in the subclass associated with MCs

Questions:

® \Why are these X-ray emitting gas evolving in MCs
ejecta dominated? (Not mixed / diluted?)

® Any relation to the physical nature of TC SNRs?



Sub-class TC:

Most of the subclass TC SNRs
are in cavities!

SNR Kes 41

(Zhang, Chen+ 15)

MO0.0 O

Ejecta-dominance

N

—140 —120 —100 —80 —60 —40 —20
Velocity (km/s)




age [yr, assuming n. =1 cm=?]
10 10! 10 10° 10* 10°

o0

(=

(=)

average charge
[}®] -

0+ - : . X
107 108 10° 1010 10! 1012 1013

net [cm=3 s]

(Credit: &%)

T T T T T T T ] T l/
N . 7
+: MM SNR W4QB_§_ /& s
<: Shell SNR " /,/\ﬁ'
ot Be
1C443 %
= L
Cas A
O Was8 |/ e
5 - L = P
N | KesZL-‘.—/;" [ Kepler
e X _
A Wﬁ‘*’..}..‘ G352.7-0.1 -
o | 3c3g1, —-fl—'l‘ycho ]
ol 4 ygnus Loop 1
a
- / [Center] .
/ v
|/ RCW 86  puppis A i
/ ®
1 L 1 1 1 1 1 l L 'l
0.5 1 2
kT, (keV)

TC (MM): KT, > kT,
Shell: kT, < kT,

Unified NEI Scenario?

Kawasaki et al.'s (2005)
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Possible origins of recombining plasmas

Decrease in kT, (electron cooling)

kT transition phase
A .
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* Adiabatic cooling (e.g., Itoh & Masai
1989)

* Thermal conduction (e.g., Kawasaki
et al. 2002; Zhou et al. 2011; Zhang et
al. 2019)

Increase in kT, (extra ionization)

kT

transition phase

~10 ! : — -
:. .: '4
: phase 1 (IP): phase 2 (RP)
// KT, RP (multi-kTi)
/i P
0L — :
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Suprathermal electrons (e.g., Ohnishi
et al. 2011)

High-energy photons (e.g., Kawasaki
et al. 2002)

Low-energy cosmic rays (LECRs, e.q.,
Yamauchi et al. 2021)



1st NEI simulation for
thermal composites
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EP-FXT. large FOV and effective area

5 @ Simulated 25 ks FXT spectrum of a subregion of HB 9
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EP proposal (Lei Sun, Hanxiao Chen,Yang Chen)
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