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C(PIl): #R=s8E1E (PI) AR+ (REXEEE )
T: WNASE (EBAFD)
ARF(E) K FHTFEENEHERMLE ( EERMH/BURSHIIEERK)

RMF(PI, E): RNISEEEEMIEE, RIRESENENIFEPIRSHEPENLNEINER (2
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BIElE (Forward fitting)
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EERMF, BEIAEPIBEE RTINS

R, HSWNHHEHTHER, itESIT=E
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C-stat, wstat) /N E@RENESE
(e.g. reduced-chisquare~1)
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INMEARR (Additive): — N&EID =2, I
WEBAREIE L

FeEER (Multiplicative): B3 EERIZR
7, R Rls, JIKBTeEE
HFEE (Convolution) : EREA
cflux. gsmooth<&

BEEE (Mixing)

FHFHFER (pileup)

— M F
Tbabs [3&M] *cflux [#HFR] * (powerlaw [H0ME]

+bbody [A014] )

Table 5.1 Physical processes and XSPEC models

Physical process

XSPEC models’

Equilibium collisional plasma

Non-equilibrium
collisional plasma

Photoionized plasma

Power-law

Blackbody
Emission line
Compton scattering
Accretion disk

Reflection

Neutron-star atmosphere
Cooling flow
Gamma-ray burst

Pair plasma

Positronium continuum
Synchrotron
Photoelectric absorption

Cyclotron absorption
Dust scattering
Reddening

(b)(v)apec, (z)(v)bremss, c6(p)(vm|me)kl,
ce(vm|me)kl, equil, (v)meka(l), (v)raymond, smaug
(v)(g)nei, (v)(n)pshock, (v)sedov

absori, redge, swind1, xion, zxipcf

bkn2pow, bknpower, cutoffpl, pegpwrlw, plcabs,
(z)powerlaw

(z)bbody, bbodyrad

(z)gaussian, diskline, kerrdisk, laor(2), lorentz

bmc, cabs, comp(LS|PS|ST|TT|bb), nthComp, simpl

disk(bb|ir|m|o|pbb|pn), ezdiskbb, grad, hrefl,
kdblur(2), kerr(bb|d|conv), rdblur, sirf, xion

(b|p)exr(ali)v, (i)reflect, refsch

nsa(grav|atmos), nsmax

(mk)(vm)cflow

grbm

nteea

posm

srcut, sresc

absori, edge, partcov, pcfabs, (v)phabs, pwab,
smedge, swind1, tb(var)abs, tbgrain, varabs,
wndabs, zvfeabs, zxipcf

cyclabs

dust

redden, uvred, zdust, zsmdust
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NNTERREY
BEERAL: apec (BERZEBEFRAEN)
IRFRAES (XBIEWE . AGN) : PFFE/EXE%ED (bbody, bbodyrad) IRiRE

(diskbb, diskpbb, diskpn, diskir) +®&&iZ (powerlaw. nthcomp. compttZ) ,
REHE (pexrav, pexriv, relxill, xillvers)

GRB: B&EiZ (powerlaw, cutoffpl®) , band function (grbm)
& 59% (gaussian) , EIfEkIZ (gabs)
AR
YR (tbabs. wabs. phabss)
SRR
HERERIZZE (cflux.)
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=52

ik AEERSY, SHERITE
(chisquare, cstat--)HE@ERE (~1) ,

E i AREREEAERZERE@TFO

HERSHHASBSAMENFEEER (fll,

FIFERNTFZINISHNESH) REFEMIE
B, WRABISmRMATIE (local
minimization methods), E&ZBABE &
IMEDRE , RZRRETHRESENRE, KT
BERNEER (£5)

» Statistic value

Local minimum

Global minimum

> Parameter value

Fig. 5.3 The problem with local minimization. If the fit starts at the right it finds
the true minimum but if it starts on the left then it gets stuck in a false minimum



wEME: SKUEGHITI=R/IME

Z107EM (rule of thumb) =2: EEBEZR, S ZENEXHES, SEMErIEETEIRE
RFR/IME, I, B ERANERBOIEES|IADR, flin, ZE—EEAFTELZNER,
HHEUESFH I EEN FELESHNEHHNSKEHA . ZEHHGITEEDBIELEENT
—NMENNEHEFHEUSHITERXIUN . NRHpERNELESEEWNERE T, A
LEXNEBEEAIE, AHUSEEEKTASHTZIELEEE , XMIER T —NeeERNBRE X
BEANER—MRBHEL, EUSHERERNES, ARBATFEEATE

MERNSHEIEFERBRIMER, EEHTEEXKEN, SAEERKI— T . BiFEI
BHER, XTERALUEAFUSHER . XMBEISAMEITHHTREMUSHEREXERFITIE
RREBRRAGNEN, ErfEiEEFEN
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FERMUTTEFERNRR (EZBARSRIME) BEERSAE AAMSE, WEAHERN
HEIREEF/AY:
BB Z (Simulated annealing) A HEIECERPERIEZEMUSHITEZMNSE,
MRS 7 Bk B Ets/IVEN TR . XFIEZ A SIEMSBIMERIENSERE PR

MR E—XETFEBEEIELANTETEMAFHFZRESRESHN SR (110 Press
Z A, 2007) .

BEEE (Genetic algorithms) WEFEmMS DNEYIHKRE, BIRET —HSEEM
B, IPLEREHSRENSHNSHESSHT “B67 (breed)” LIFET—R, XEFEEE
tbEE G EZ 2 NREBHERE, BIEEREZ, HENMAREFRIEKE=2E&R/IME,



LR&xME: MCMC

xBEHBRRTHNE ERD/RAUXERIFREZE (Markov Chain Monte Carlo, MCMC),
ZHESEIMEXERUZL, EEE—1NTEERE: B ENBATFERREUSHHEER
EXiE, Hitt, REEERFEUSHFENNELESRAAGEER, EEF—oNEETE
TR, BARBEEETRENENERFIRBEEKXE,

0.15 |
141
o) = I
B a 01|
S 3
o 2
£ 3
= L [
2 .l g
© 13 ¢ o
g . 0.05 |
12 & " 1 i ] i ] i ] i . 0
104 1.2x10% 1.4x10% 1.6x10% 1.8x10% 2x10*

Parameter: Pholndex
chain step

) Fig. 5.5 The probability distribution for the power-law index derived from the
Fig.5.4 Anexample use of MCMC. 10000 steps in a chain showing the power- MCMC chain shown in Figure 5.4

law index in a fit to an absorbed power-law model



O/ReK#ESFRFEI&ZE (Markov Chain Monte Carlo, MCMC)

XSPEC

https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node43.html
HEsHEERE, URAREOLASKZENEXECornerE

©,=293°
R=44
S=76.4 MPa

Python, emcee ° I
https://emcee.readthedocs.io/en/stable/ <
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https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node43.html
https://emcee.readthedocs.io/en/stable/

N Confidence Parameters
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; l
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HFHRD, BANgEEbinFREFHRLD (JI~T1) , FEERD K

ERCHIHHE N
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EEFHER: SR

ERIECFERIBIR T, EAchi-squareEf 001 .
BE, SSEHERNUESE 5

LENEBEER: #iEmEEREDbINLAELER
FSFENEX, A, ERETERERADN

HEXRIDbINKNEIE, BiFrSEENITEATS
H2E M. FHMERNESRITERE (X ' H»Jd |
- Mi)2 / Xi, B Xi W4, Mi 2EE 107 F——— 1[ w e

1073 |

counts/s/kev

TN . SEPTEE X B T X 3 s ++ " +k _-
<Mi B9EE, ENEXTFX > Mi NiEE, [ 0 +J—r3rirﬂﬂ Jﬂm bt e ]
X IREHBITMERIE . EXFERT, & 20 :

HEgGIt BNELEESRERE. iy S N
B TFEIRIRM B (Poisson), MN{FEH | Energy (keV)
E{J J—.Eﬁﬁ é}E -I«-l_%IEE C %'H‘E (C_Stat) o Fig.5.6 Anexample showing typical behaviour when Y (X; — M;)?/ X; is incor-

rectly used as the fit statistic. The top panel shows the data as points with error bars

and the best-fit model as the solid line. The bottom panel shows the differences
between the data and the model. The model is systematically below the data




XS L gEiE U SR

Xspec (HEASARC, &i&MH)
https://heasarc.gsfc.nasa.gov/xanadu/xspec/

PythoniRZx: Pyxspec
https://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/python/html/index.html

Sherpa (Chandra/CIAO)
https://cxc.cfa.harvard.edu/sherpa/

ISIS (Chandra, HETG group): B HRXS % GENUE
https://space.mit.edu/cxc/isis/

SPEX (SRON)

http://var.sron.nl/SPEX-doc/



https://heasarc.gsfc.nasa.gov/xanadu/xspec/
https://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/python/html/index.html
https://cxc.cfa.harvard.edu/sherpa/
https://space.mit.edu/cxc/isis/
http://var.sron.nl/SPEX-doc/

B SR —EESETE

ER k="

FHBS:
grppha:
https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/docs/memos/cal sw 93 010/cal s
w 93 010.pdf

ftgrouppha: https://heasarc.gsfc.nasa.gov/lheasoft/help/ftgrouppha.html
YEF
YEREIEENbIn (Y6FEESHS, bin>=25, {EMchisquare; YFH/PH, bin~2-20, {ERACSTAT)

Bt P EENEMSE, AINE = Y. BREAE . WSS AZsrc.phaX
sk, BEEBTEXSpecHZ IR EA



https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/docs/memos/cal_sw_93_010/cal_sw_93_010.pdf
https://heasarc.gsfc.nasa.gov/lheasoft/help/ftgrouppha.html

XSPECEEBM S EHAT R

— MIESEEENTRER
IEAEE (read xxx, 8E1Z&UUREsrc.pha. & =&Rback.pha. BXER NN HFarf, RN ZZEEZ00
Rz 345 rmf)
EEVSEREEER (ignore bad, ignore **-0.5, 10.-**, notice**)
IREEREI, setplot en (RIBAchannel)
REWMEIRE (cpd /xs, Boi— M EFR@E)
E[HEEE (plot data, RJLAERIog, #lfplot Idata)
HAEE model--- (RIBLFRIBEEISREE, HEZEBENZpowerlaw)
RERASH (BRENSER, TREEEREESH, AINRKERE. XFEEEE. BH/HRE
BEFRRE; BURESE/XBELESE, newpar, freeze, thaw, tie, untie--)
SHA—SErenorm, FlESHRERE @ TFREE
WE (fit 10000, ALMN—PMEZF, KRRSELZSDIR)
PIOtBEERENSER (FIREERESE, G5 EYIMETNIZARSHIRE . IBHIERE)
HESHWEEXE (error param, steppar, mcmc chain& <)
HERE. XEZF (flux, lumi)
HHEEIEIESE . BETEEER (setplot comm wdata$:)
REFREEIMESHIA (save all xxx.tcl/xxx.xcm= )
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ERARREEFNIUEG AEHTE
BlanRIR/ARER, ARIXKERPSFZEHEESES
FERMEUSAR (ANFENFARS)
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FIERLEREND (FIINAS %SRS A RERELR L FIKES )



BORRXFEEEEIS

B2, IRFRARPA/INRE D

F

=0 HEEREMEUGRE
XMM/Newon RGS
Chandra/HETG

K% . RIS

MU ZNE, BERBRICE

photons cm™® s7! 87!

4x107*

2x107*

€D X\IM-NEWTON SCIENCE RESULTS

IRAS 13349+2438 a8
XMM—Newton/RGS . B
S n e ol :’;’EE‘E -
g5 oo L E ppeE
: SIS ;E Z VL vz
E —_ oz Zo
o =
s 5.8 @
A b
;3255 2 | | Jr..,,,“']
jﬁij\ P
||lI LN Ty
‘ '“ll F
I‘1IO‘I"1I5‘I‘I2I01I1I2I5‘I.I3I0.I.I35

wavelength (&)

6 December 2000 Fig. 4



XES L BEIE T T XY L6 £

ISES

& 97 HTHIE

=]

BHNETZ—

MEFREADUE, BAEVREREE, BEERRMFXXHEFIARFX Y, 15

5| FE" RO,

B2, EIESRIN

F1) . BUESREEN,

BESK, B

RIBMRERERSENSAITE

HEWNEERHITIR, REFHItE . BURER
Bk, RirEEnEE

{& (fchisquareim]

EBREARE&IME: SEWEER (TREFEEZK) . MCMCHZE

FHEEEUS T
FRALERSE (SLREFE)



