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Observational properties of X-ray bursts I

e Fast rise (~1=10sec), exponential decay (few sec to mins)

e Spectral softening during decay (due to cooling of neutron star
surface)

e Burst emission best described by black-body radiation with temper-
atures of T~1-4x107 K (kT~1-3keV) and radius of ~10 km

e Total energy released is typically ~103°-10%% erg

Thermo-nuclear runaway on a neutron star

41) 1735-44 RXTE/PCA 30/5/98
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¢ Back-of-the envelope
calculation:
{ Epurst ~ 10% erg;
Enuciear ~1 MeV/nucleon
M (~10'%erg/q)
4 = fuel AM ~ 10?! g;
for M ~10 19 to 1079 My /yr
= trecur ~ hrs—days
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Normal X-ray bursts (continued) I

rading expansidn !

XB 1724-308 / Terzen 2
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XB 1746-371 / NGC 6441
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Kuulkeers etol2002,
Left: Typical type I X-ray burst

Heating during rise, cooling during decay; radius constant

Right: If burst luminosity reaches Eddington limit
= Radius expansion type I burst

Lourst = 47w R20T*; when Lpust = Lgda
= If R increases, T decreases, while Lyt =~ constant

If R big, radiation shifts to UV (because T very low)
= drop in X-ray light curve
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. H Table 1. Parameters per globular cluster needed for evaluating their distances, d. References: [1] Harris (1996), [2] Pritzl et al.
Ve ry brl ef h ;Story l (2001}, (3] Heasley et al. {2000}, [1] Chaboyer et al. (2000), [5] Paltriniori ot al. (2001), [6] [diart et al. (2002}, [7] Coln et al.
(2002), [8] Davidge (2000), (9] Origlia et al. (2002).
Cluster E(B V) Van [Fe/H] rel (m = M) d (kpe)
e 1976 — Grindlay et al. discover bursts from 4U 182030 in NGC 6624 " ; g
’ ) NGC 0 =0 1201 1] fs 06 121403
— Belian et al. discover bursts from constellation Norma e vt ae hicn Teuel h} S Lam 847t
NGCG441 051006 1751005 -033+02 [1[2] f1s21 L 007 100 53
> NGC6621  0.32 + 0.03 16102005 -063+01 (3] H1440+011 7604
e 1978 — van Paradijs: mean Fpea Of bursts is standard candle NGCE652 0.12+002 15964005 09001 (1,4 1492 £008 96404
NCGC6712 033005 1625005 -090+01 [1.[5] 11456 + 016 B2+ 06
NGC7078  0.10 £ 0.02 15834005 -225+005 [1] [1506=008 10304
o, fais : ; Terzan 1 2.00 + 0.30  19.95 + 0.20 13+02 (U6 f1314 =006 43+33
. 1.981 van Paradijs: burst sources in GC are calibrators, Tomat 1WaniE Mmatm aases [ lsaas o8 ,,;;
since d known Terzan 5 218+ 020 22.26+030 000x02 [T 14702060 &7 +E-‘
Tersan @ 2144020 W £020 -050%02 [1] §1489::065 951
Liller 1 313 1 0.20 25.20 £ 030 -020+02 [8]fo]) 14732069 88137
e 1978/1981 — .... but scatter in Fpeax appreciable -
e 1982 — Lewin: use brightest bursts (m— M)y = Vyg — My(HB) - 3.1 E(B-V)
1a8 g = [ avvi
e 1984 — Basinska et al.: RE bursts reach ‘true’ critical Lx My (HB) = 0.15[Fe/H] + 0.80 Hawvis (4996)

— standard candle?

Table 2. Parameters for the twelve X-ray bursters in globular clusters ordered along right ascension. Given are the X-ray burst
source name, the globular cluster to which it belongs, the interstellar absorption column Lowards the source (Nu), the arbital
period, Py, if known, its bolometric black-body peak flux for radius expansion bursts, Fin peak, 07 the maximum bolometric
black-body peak flux for normal Xray hurm, Fiob max, and whether it exhibited ph ic radius expansion (RE) X-ray
bursts or not. Refe are given b kets: (1] Sidoli et al. (2001), [2] Masetii et al. (2000), [3] Parmar et al. (1989), [4]
this paper, [5] Parmar ct al. (2001), (6] White & Angelini (2001), [7] Deutsch et al. (2000), [8] Homer et al. (2001). [9] Sansom
et al. (1093) and referonces therein, [10] in 't Zand et al. (2000), [11] Stella et al. (1987), [12] Chou & Grindlay (2001) and
references therein, [13] Heinke ct al. (2001), [14] Homer et al. (1996)

X-ray burster globular Ny rof P ref Fiopest 0t Fipmes RE?
cluster (10" em~?) (hr) (10" %ergs=T)
e

MX0513-40  NCC 1851 Jo.026 90w [1] <17 (718! 200 £ 018 yes
4U 172230 Terzan 2 | 0.78 40.05 1] 6.15 + 0.09 yes
MXB 1730-335"  Liller 1 15+03 [2 1.66 + 0.08 no
XB 1733 30 Terzan 1 J§ 163 £0.12 (3] TA410 no
XR1745-25 Tersan b Y By 4 4] 475 £ 0.12 yes
MX1746-20  NCC 6440 § 047 £0.07 [1] LIT £ 014 na
AU 14637 NGO 6441 J 026 £ 002 1] 57 v 0.95 + 0.07 yes
GRS 1747312 Terzan 6 139 £ 008 [1] 124 [10] L71 £ 006 yes
41 1820-30 NGC 6624 §0.16 - 0.003  [1] 0.19 [11),[12] 5.27 £ 0.72 yes
H1825- 331 NGC 6652 ] 0.046 25013 5] 0.92er22he?  [13] 287 £ 007 no
A1850- 08 NGC 6712 | 030 Uy 0.31 [11] 52 4+ 05 yes
12129412 NGO 7078 <0.034 6] 394 % 029 yes

“ More popularly known as the Rapid Burster
SNGCT078 X-2 ia the likely source of the X-ray bursts (White & Angelini 2001),

LJ( 2 lo“ enyfs
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" E. Kuulkers et al - Photospheric radins expansion X-ray hursts as standard candles Em pi rical Sta ndard Candles

‘Tuble B. 1. Observed peak Muxes for the twelve globular cluster X-ray bursters. Peak fluxes from RXTE/PCA observations derived in this paper
have been comected, see Sect, 3.5; the uncorrected values are given between hrackets. Also given arc the instrument with which the events were
seen (BSAX refers 10 BuppoSAX). whether photospheric radius expansion (RE) was reported or nol, and comments. X-ray bursts indicated
with a  are used (v derive the average weighted bolometric peak flux of radius expansion bursts, Fi puat - OF the maximum observed bolometiic
peak flux for normal X-ray bursis, Fi, . se Table 2. References ta the relevant paper are given in brackels in the sixth columa; (1] Forman Assum DtiOnS
& Jones (1976). 2] Cominsky (1981), (3] this paper. [4] Swank et al. (1977), [5] Grindlay et al. (1980), [6] Guainazzi et al. (1998). (7] Molkov '
etal. (2000), [8] Marshall et al. (1979), (9] Inoue et al. (1981), [10] Pavlincky et al. (2001), [11] Makishima et al. (1981), [12] in't Zand el al.
(1999}, [13] Sztajno et al. (1987), [14] in't Zand et al. (2002, in preparation), [15] Vacca et al. (1986). [16] van Paradijs & Lewin (1987),
[17] Damen ¢t al. (1990), (18] Strohmayer & Brown (2002), [19]in"t Zand et al. (1998), [20] Mukai & Smale (2000), [21] Swank el al. (1976), . —

[72] Cominsky et al. (1977), [23] Hoffman et al. (1980), [24] van Paradijs 2t al. (1990). {25) Smale (2001), L4 bu rSt em iSSIon et bIaCK_ b0dy

X-ray burster peak Aux salellile/ RE?  TFama el #of bursts + comment
(0¥ erg cm= 4-1) instruseent OF Finan - e max luminosity = peak luminosity
MX 081140 09-1.7 SAS-YHTC o 121 ramgeof 4
126 £ 0,05 (1 52 £ D.06) RXTE/PCA no I
1.99 £ 0.20 BSAX/WFC ) v 3] 1; strong RE
205039 RSAX/WFC yy:! v [3] 1 wesk RE Standard candle? «
4U1722-30 =62 OSO-R yes [4]  1:strong RE
=52 EinsteinMPC yes 151 I; wesk RE
=50 BSAX/MECS o 6] 1
6232018 BSAXWFC  yes ¥ [3] 24 allsuong RE e X-ray bursts from 1 system reach same peak
7.29 £ 0.06 RXTEPCA yes 71 1: strong RE
61120100759 2012 RXTERPCA yes v [31 | (same as above); strong RE
MXB 1730-335 =1.7 SAS3HTC o 8]  average of many X-ray hursts
08-1.7(LI-21) RXTEPCA o 3 4 e X-ray bursts from sample reach same peak
1.66 & 0.08 (2.06 £ 0.10) RXTEPCA no v [3]1 | (of the above 4)
XB 1733-30 74410 HakuchoFMC ™ v 91 1
63208 GranayART-P no (o} 1
XB 1745-25 20-6.1 Hakucho/CMC/FMC  na () i -
61207 Hakucho®MC  no 191 1 (of the abave 14) § = 2 = x :§ } i § - E
474 £0.18 (589 £0.22) RXTEPCA yes v 13] 1 weuk RE 3 l i ! ! E
475 £0.17 (590 £ 0.21) RXTEPCA yes V (3] 1:weak RE ~ i1 1 § § §
MX 1746-20 LT 4014 BSAX/NFI no ] ng 1 - % % R G N o RS
AU 1746-37 0504017 SAS-YHIT no 2 1 ; 2 B e
075 £027 SAS-JHTC no {131 1 (same as above) ﬁ ! I F
046 £0.23 SAS-YHTC o na o1 38 = B - &
10201 EXOSAT/ME yes v [13]  1; weak RE ¥ 3 § a n 5w 2 B 2 z 2
09401 EXOSAT/ME yes v [13]  1; weak RE BN Saan e s S G B o amas e
0.406(05 0.3%) RXTE/PCA o Bl & =38 4
GRS 1747-312 171 4006 RXTEPCA yes v [14]  1; wesk RE «=RE
AU 1820-20 6513 ANSAIXX no sy o1
=60 SAS3RMC ne 1ns) 22 o~
=52 SAS-3/RMC o 1151 5 (of the shove 22) T .
42404 SAS 3RMC yes ] [15] 6 (of the above 22): all strong RE L]
528019 FEXOSAT/ME yes v 116]  7; all strong RE g'
~4.68 EXOSAT/ME yes 117] 7 (same as above): all strang RF. - | |
~6.5 RXTEPCA yes 118] 1 (superburst); sirong RE
526 £ 0.12(653 £ 015) RXTEPCA yes v [3]  1:srong RE 13 i
59503 BSAX/WFC yes v [31  15; alf strong RE F e
HI825-331 0.8 RSAN/WFC o ne 2 + 4
=0.2 ASCASIS no 1201 1 B [ i
287+ 0.07 (157 £ 009 RXTEPCA o v B i
AI850-08 -6 0S0-8 o 211 1
6002 SAS-IHTC yes 23]  1: weak RE bl * .
52208 SAS-YHTC yes N] (2] 1: weak RE (same a5 above) [ ]
402129412 42200 Ginga/LAC yus v [24]  1; very strang RE
=5.0 RXTEPCA yes [25]  1:swong RE = 1 3 " N " " 4 " " )\ " M
381 £ 007 (468 + 0.09) RXTE/PCA yes v (3] 1 (same as above): strong RE
19208 RSAX/WFC o 31 1 Gc burster

— Only within ~15% (excluding 4U 1746-20)

—» Approximate empirical standard candle




Erik Kuulkers (ESA-ESTEC) [KITP Globular Clusters 1-30-03] Radius Expansion Burstsfrom GC Sources. A Standard Candle? Page 5

Empirical standard candles (2)

rStandard candle?

1. Bursts from individual system reach same Fpeak? g o ; 2 % § 3 E i § g E

e pre-RXTE, BeppoSAX/WFC: 4U 1820-30 (NGC 6624) @) g g E E E g ?_ S g g i g

o BeppoSAX/WFC: 4U1722-30 (Terzan 2) (&)  §¢& batbom 3 E 4 z ; 3 i Z g B8 3

e pre-RXTE: non GC sources @ : ; i i i ; g g ; g g :

e RXTE: non GC sources op,., up to ~10%  (3) » i
(exluding high-i systems — anisotropy) -T omRE 7

e poster Galloway & Chakrabarty: MX 1746—20 (NGC 6440) (2)7?
= need more bursts from individual GC sources

2. Bursts from all systems reach same Fpeax?

Ly (10%® erg s7)

40 1722-30

- i) GC burster

—— e RE bursts: Ly = 3.79+0.15x10% erg/s = Lgqq for H-poor material
' (excluding 4U 1746-37)




