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FLASH - SN Ia Explosion modeling



SN Ia Light Curves - NLTE vs LTE
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Phoenix legacy

Excellent agreement (Schwarz et al. 1998)



Phoenix - SSS first steps

V4743 (Petz et al. 2005)



Phoenix - SSS improvements

◮ new NLTE rates and opacities

◮ new statistical equations (NLTE) solver

◮ new broad line profiles

◮ pure NLTE (no LTE opacities)

◮ new temperature correction method

◮ new global iteration scheme

◮ hybrid-type atmosphere (hydrostatic - wind)

Summary:

◮ Better physics

◮ Faster code
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WT models

◮ hydrostatic core: Teff , logg

◮ expanding envelope: Ṁ , v∞

◮ solar abundances:
H He CNO Ne Na Al Mg Si S Ar Ca Fe

◮ Nr. independent levels: ∼7500

◮ Nr. independent lines: ∼150,000



Example - Solar model - V4743 Sgr
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ISM Transm.



WT models - Solar

Work quite well for some novae, like V4743
But not very well others, like RS Oph



Example - Solar model - RS Oph 2006
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RS Oph 2006 - non-Solar model



RS Oph 2006 - non-Solar model
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RS Oph 2006 - non-Solar model fit

SSS metal abundances (preliminary fit results)

C N O Z>8
solar 18 5 44 33

RS Oph - day 54.0 15 35 45 5
RS Oph - day 66.9 2 40 55 1
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What can we learn

SSS Atmosphere conditions:

◮ Lbol

◮ RWD

◮ Ṁ

◮ Chemical composition (of SSS atmosphere!)

But above all:

◮ NH



Outline

Introduction

Wind-Type models

What can we learn

Swift Data



Swift - RS Oph❚�✁ ❆✂✄☎✆✝�✞✂✟✠✡☛ ❏✆☞☎✌✡☛✱ ✼✍✼✎✏✍✑ ✭✏✒✓✓✔✱ ✍✒✏✏ ❋✕✖✗✘✙✗✚ ✏ ❏✛ P✛ ❖✂✜✆☎✌✁ ✁✄ ✡☛✛

♦✢ ❱❛✣✤✥✤ ✥✤ ❛✦✧ ★✷✩✩✪✫ ✷✩✬✩✮ ✇❤✯✰❤ s❤♦✇s ✤❤❛✤ s❤♦✰✲ ❜✳✥❛✲♦✴✤

♦✢ ✤❤✥ ❘● ✇✯✐✵ ✥s✤❛❜✦✯s❤✥✵ s✯✐✰✥ ✤❤✥ ♣✳✥✈✯♦✴s ✐♦✈❛ ✥①♣✦♦s✯♦✐

✰❛✐ ♦✰✰✴✳ ✤❤✥✐✫ ❛✐✵ ✰❛✐ ✳✥♣✳♦✵✴✰✥ ✤❤✥ ✢❛s✤✥✳ ♣♦✇✥✳✶✦❛✇ ✵✥✰✦✯✐✥✧

❍♦✇✥✈✥✳✫ ✤❤✳✥✥✶✵✯t✥✐s✯♦✐❛✦t♦✵✥✦✯✐♠ ✯s ✦✯✲✥✦✣ ✤♦ ❜✥ ✳✥❡✴✯✳✥✵ ✢♦✳

❛ ✰♦t♣✦✥✤✥ ✴✐✵✥✳s✤❛✐✵✯✐♠ ♠✯✈✥✐ ✤❤✥ ✰♦t♣✦✥① s♣❛✤✯❛✦ s✤✳✴✰✤✴✳✥ ♦✢

✤❤✥ ♦❜s✥✳✈✥✵ ✳✥t✐❛✐✤ ★✸♦✵✥ ✥✤ ❛✦✧ ✷✩✩✪❀ ❙♦✲♦✦♦s✲✯ ✥✤ ❛✦✧ ✷✩✩✹❀

▲✴✐❛ ✥✤ ❛✦✧ ✷✩✩✺✮❀ ✰✴✳✳✥✐✤ ✤❤✳✥✥✶✵✯t✥✐s✯♦✐❛✦ t♦✵✥✦s ★❲❛✦✵✥✳

✥✤ ❛✦✧ ✷✩✩✹❀ ✻✳✦❛✐✵♦ ✥✤ ❛✦✧ ✷✩✩✺✮ ✴✐✢♦✳✤✴✐❛✤✥✦✣ ✵♦ ✐♦✤ ✥①✤✥✐✵ ✤♦

✤❤✯s ✥♣♦✰❤✧

❍✯♠❤✶✳✥s♦✦✴✤✯♦✐ ❳✶✳❛✣ ♠✳❛✤✯✐♠ s♣✥✰✤✳❛ ✢✳♦t ❈✽✾✿❁❂✾ ❛✐✵

❃❄❄❅❇❉❊■❑✿ ★▼✥ss ✥✤ ❛✦✧ ✷✩✩✪✫ ✷✩✩✺✮ s❤♦✇ ✤❤❛✤ ✤❤✥ s♦✢✤ ✰♦t✶

♣♦✐✥✐✤ ✇❛s ✵♦t✯✐❛✤✥✵ ❜✣ ✰♦✐✤✯✐✴✴t ✥t✯ss✯♦✐ ♦✈✥✳ ✩✧◆◗✩✧✹

✲✥❱ ♦✐ ✵❛✣s ◆✺✫ ❯◆✫ ❛✐✵ ❨❨ ✇✯✤❤ ❜♦✤❤ ✥t✯ss✯♦✐ ❛✐✵ ❛❜✶

s♦✳♣✤✯♦✐ ✦✯✐✥s s✴♣✥✳✯t♣♦s✥✵✫ ✯✐✵✯✰❛✤✯✐♠ ❛ ❤♦✤ ❲❩ s✤✥✦✦❛✳ ❛✤✶

t♦s♣❤✥✳✥ ♣♦ss✯❜✦✣ ✇✯✤❤ ♦✴✤❬♦✇✧ ❭t✯ss✯♦✐ ✢✥❛✤✴✳✥s ✯✐✰✦✴✵✥✵

✦✯✐✥s ❛✤✤✳✯❜✴✤❛❜✦✥ ✤♦ ✤❤✥ ♣✳✥s✥✐✰✥ ♦✢ ❍✶ ❛✐✵ ❍✥✶✦✯✲✥ ▼ ❛✐✵

❍✶✦✯✲✥ ✻✧

❪ s❛t♣✦✥ ♦✢ ❫❊❴❵■✶❳❘❝ s♣✥✰✤✳❛ ✯s s❤♦✇✐ ✯✐ ❞✯♠✴✳✥ ◆ ✤♦

✵✥t♦✐s✤✳❛✤✥ ✤❤✥ ✦❛✳♠✥ ✈❛✳✯❛✤✯♦✐ ✯✐ s♣✥✰✤✳❛✦ s❤❛♣✥ ✵✴✳✯✐♠ ✤❤✥

s✴♣✥✳s♦✢✤ ♣❤❛s✥❀ ✤❤✥ s♣✥✰✤✳❛✦ ✥✈♦✦✴✤✯♦✐ ✯s ✵✯s✰✴ss✥✵ ✯✐ t♦✳✥

✵✥✤❛✯✦ ❜✥✦♦✇✧ ❲✥ ✐♦✤✥ ✤❤❛✤ ✤❤✥ ✳✥s♦✦✴✤✯♦✐ ♦✢ ✤❤✥ ❳❘❝ ❛✤ ✩✧❯ ✲✥❱

✯s ♦✐✦✣ ❨◆ ✥❱ ★✢✴✦✦ ✇✯✵✤❤ ❛✤ ❤❛✦✢✶t❛①✯t✴t✫ ❞❲❍❢✮ ❛✐✵

✵✥❣✐✯✤✯✈✥ ✵✥✤✥✰✤✯♦✐ ♦✢ s❤❛✳♣ s♣✥✰✤✳❛✦ ✢✥❛✤✴✳✥s ✳✥❡✴✯✳✥s ✤❤✥ ✴s✥

♦✢ ✯✐s✤✳✴t✥✐✤s ✇✯✤❤ ❤✯♠❤✥✳ s♣✥✰✤✳❛✦ ✳✥s♦✦✴✤✯♦✐✧ ▼✥✈✥✳✤❤✥✦✥ss✫ ✤❤✥

✐❛✳✳♦✇ ✥t✯ss✯♦✐ ❛✐✵ ❛❜s♦✳♣✤✯♦✐ ✢✥❛✤✴✳✥s ✵✴✥ ✤♦ ▼ ❛✐✵ ✻ s✥✥✐

✯✐ ✤❤✥ ♠✳❛✤✯✐♠ ✵❛✤❛ ❜✣ ▼✥ss ✥✤ ❛✦✧ ★✷✩✩✪✮ ❛✳✥ ❛✦s♦ ✵✯s✰✥✳✐✯❜✦✥ ✯✐

✤❤✥ ❫❊❴❵■✶❳❘❝ s♣✥✰✤✳❛✧

❲✥ ✰❤❛✳❛✰✤✥✳✯❥✥✵ ✤❤✥ ❙❙❙ s♣✥✰✤✳✴t ❜✣ t✯✐✯t✴t ❦
❧
❣✤s

✤♦ ✤❤✥ ♦❜s✥✳✈✥✵ ✩✧◆◗✬✩ ✲✥❱ s♣✥✰✤✳❛ ✴s✯✐♠ ♥qr✉② ✈✬✷✧
③④

✻✴✳

t♦✵✥✦ ✰♦✐s✯s✤✥✵ ♦✢ ❛ ♣✦❛✐✥✶♣❛✳❛✦✦✥✦✫ ✐♦✐✦♦✰❛✦ ✤❤✥✳t♦✵✣✐❛t✯✰

✥❡✴✯✦✯❜✳✯✴t ❛✤t♦s♣❤✥✳✥ ✰♦t♣♦✐✥✐✤ ★❘❛✴✰❤ ✷✩✩◆❀ ❘❛✴✰❤ ✥✤ ❛✦✧

✷✩✬✩✮ ❛✐✵ ❛ ✤✇♦✶✤✥t♣✥✳❛✤✴✳✥ ♦♣✤✯✰❛✦✦✣ ✤❤✯✐ s♦✦❛✳ ❛❜✴✐✵❛✐✰✥

♣✦❛st❛ ✤♦ ✰❤❛✳❛✰✤✥✳✯❥✥ ✤❤✥ s❤♦✰✲✥✵ ✇✯✐✵✫ ❛✦✦ ❛❜s♦✳❜✥✵ ❜✣

✯✐✤✥✳✈✥✐✯✐♠ ♠❛s ★✤❤✥ ✰♦✦✴t✐ ✵✥✐s✯✤✣ ❜✥✯✐♠ ✤❤✥ s✴t ♦✢ ✤❤✥

✯✐✤✥✳s✤✥✦✦❛✳ ❛✐✵ ✤❤✥ ✵✥✰✦✯✐✯✐♠ ❛❜s♦✳♣✤✯♦✐ ✢✳♦t ✤❤✥ ✴✐s❤♦✰✲✥✵

❘● ✇✯✐✵❀ ✸♦✵✥ ✥✤ ❛✦✧ ✷✩✩❨✮✧ ❝❤✥ t♦✵✥✦ ❛✤t♦s♣❤✥✳✥ ♠✳✯✵s

✇✥✳✥ ✰❛✦✰✴✦❛✤✥✵ ✢♦✳ ✤✥t♣✥✳❛✤✴✳✥s ♦✢ ★❯✧❯◗✬✩✧❯✮ × ✬✩
⑤
⑥✫ ✯✐

s✤✥♣s ♦✢ ✬✩
⑦

⑥✧ ❝❤✥ ✵✥✰✦✯✐✯✐♠ ✰♦✦✴t✐ ✇❛s ✰♦✐s✤✳❛✯✐✥✵ ✤♦

✢♦✦✦♦✇ ❛ t♦✐♦✤♦✐✯✰ ♣♦✇✥✳✶✦❛✇ ✵✥✰✳✥❛s✥ ♦✈✥✳ ✤✯t✥✫ ♦✢ ✤❤✥ ✢♦✳t

❇⑧⑨⑩❶❷❸ ❹ ✪✧❯ × ✬✩
❧③

■
❾❺❻⑤

✰t
❾❧

★✵✥✤✥✳t✯✐✥✵ ✢✳♦t ✸♦✵✥ ✥✤ ❛✦✧

✷✩✩❨✫ ✤❤✥✯✳ ❞✯♠✴✳✥ ❼✮✫ ✇❤✥✳✥ ■ ✯s ✤❤✥ ✤✯t✥ s✯✐✰✥ ♦✴✤❜✴✳s✤ ✯✐ ✵❛✣s✧

❝❤✥ ✤✇♦✶✤✥t♣✥✳❛✤✴✳✥ t♦✵✥✦ ✢♦✳ ✤❤✥ ♦♣✤✯✰❛✦✦✣ ✤❤✯✐ ✰♦t♣♦✐✥✐✤

✯s ❽✴s✤✯❣✥✵ ✯✐ ✥❛✰❤ ✰❛s✥ ❜✣ ✤❤✥ ✦❛✳♠✥ ✵✥✰✳✥❛s✥ ✯✐ ❦
❧
✳✥s✴✦✤✯✐♠

✢✳♦t ✤❤✥ ✯✐✰✦✴s✯♦✐ ♦✢ ✤❤✥ s✥✰♦✐✵ ✰♦t♣♦✐✥✐✤ ★❛✵✵✯✤✯♦✐ ♦✢ ❛ ✤❤✯✳✵

✤✥t♣✥✳❛✤✴✳✥ ✰♦t♣♦✐✥✐✤ ✵♦✥s ✐♦✤ ✳✥s✴✦✤ ✯✐ ❛ s✯♠✐✯❣✰❛✐✤✦✣ ❜✥✤✤✥✳

❣✤ ✤♦ ❛✐✣ ♦✢ ✤❤✥ s♣✥✰✤✳❛✮❀ ❤♦✇✥✈✥✳✫ ✯✤ ✯s ✐♦✤ ✤❤✥ ♣✴✳♣♦s✥ ♦✢ ✤❤✯s

♣❛♣✥✳ ✤♦ ✵✥s✰✳✯❜✥ ✤❤✥ ♦♣✤✯✰❛✦✦✣ ✤❤✯✐ s❤♦✰✲ ✥t✯ss✯♦✐ ✯✐ ✵✥✤❛✯✦ ★s✥✥

✸♦✵✥ ✥✤ ❛✦✧ ✷✩✩✹❀ ▼✥✦s♦✐ ✥✤ ❛✦✧ ✷✩✩✹❀ ▼✥ss ✥✤ ❛✦✧ ✷✩✩✺✮✧

❪✐❛✦✣s✯s ♦✢ ✤❤✥ ♠✳❛✤✯✐♠ s♣✥✰✤✳❛ t✥✐✤✯♦✐✥✵ ❛❜♦✈✥ ★▼✥ss ✥✤ ❛✦✧

✷✩✩✪✮ ✯✐✵✯✰❛✤✥s ✤❤❛✤ ✐✥✴✤✳❛✦ ♦①✣♠✥✐ ✯s ✴✐✵✥✳❛❜✴✐✵❛✐✤ ✯✐ ✤❤✥

✰✯✳✰✴ts✤✥✦✦❛✳ ★❘● ✇✯✐✵✮ ✰♦✦✴t✐❿ ➀◆✩➁ s♦✦❛✳ ❛✳♦✴✐✵ ✵❛✣ ❼✩

❛✐✵ ✩➁ ❜✣ ✵❛✣ ❯❼✧ ❝❤✥s✥ ✈❛✦✴✥s ✇✥✳✥ ✤❤✥✳✥✢♦✳✥ ✯✐✰♦✳♣♦✳❛✤✥✵

✯✐✤♦ ✤❤✥ ❣✤s✫ s✇✯✤✰❤✯✐♠ ✢✳♦t ◆✩➁ ✻ ➂ ❜✥✢♦✳✥ ✵❛✣ ❯❼ ✤♦ ✩➁ ❛✤

✦❛✤✥✳ ✤✯t✥s ❛s ❛ s✯t♣✦✥ ❛♣♣✳♦①✯t❛✤✯♦✐ ♦✢ ✤❤✥ ✤✥t♣♦✳❛✦ ✰❤❛✐♠✥✧

❙♣✥✰✤✳❛ ✇✥✳✥ ✥①✤✳❛✰✤✥✵ ✢♦✳ ✯✐✵✯✈✯✵✴❛✦ ♦✳❜✯✤s ♦✢ ✵❛✤❛✫ ❜✥✤✇✥✥✐

✵❛✣s ✷❨ ❛✐✵ ✬✩✩✫ ✤♦ ✰♦✈✥✳ ✤❤✥ ✈❛s✤ t❛❽♦✳✯✤✣ ♦✢ ✤❤✥ ❙❙❙ ♣❤❛s✥✧ ❪

s✰✳✯♣✤✇❛s✇✳✯✤✤✥✐ ✤♦ ❣✤ ✤❤✥ s♣✥✰✤✳❛ ❛✴✤♦t❛✤✯✰❛✦✦✣ ✇✯✤❤✯✐ ♥qr✉②✧❪

♣✳♦✰✥✵✴✳✥ ✇❛s ✵✥❣✐✥✵ s✴✰❤ ✤❤❛✤ ✤❤✥ s♣✥✰✤✳❛✦ ❣✤s ✇✥✳✥ Òs❤❛✲✥✐➃

♦✴✤ ♦✢ ✦♦✰❛✦t✯✐✯t❛✇❤✥✳✥✈✥✳ ♣♦ss✯❜✦✥ ❛✐✵ ✤❤✥♣❛✳❛t✥✤✥✳s ✢✴✳✤❤✥✳

✳✥❣✐✥✵✧ ❩✥s♣✯✤✥ ✤❤✯s✫ ✤❤✥ ❣✤s ✇✥✳✥ ♦✢✤✥✐ s✤❛✤✯s✤✯✰❛✦✦✣ ♣♦♦✳✫ ✇✯✤❤

❦
❧
➄ ➅ ✷✫ ❜✥✰❛✴s✥ ♦✢ ✤❤✥ ❤✯♠❤ s✤❛✤✯s✤✯✰❛✦ ❡✴❛✦✯✤✣ ♦✢ ✤❤✥ ✵❛✤❛ ❛✐✵

➆➇ ➈➉➉✓✎➊➊➈✕✙➋✙✗➌➍➎➋➏➌➍➐✙➋✙➍➎➑➒➊➓➑➌➋➊➔✙➐✙➓✘➊➔➋✓✕➌➊→➐➓✕➔➍➈➉➣↔

↕

➙
↕
↕

➛
↕
↕

➜
↕
↕

➝➞
➟➠
➡➢
➤
➥
➦
➟
➧
➨➩
➫

➭
↕

➯
↕

➲
↕

➳
↕

➵
➸
➡➠
➺
➫

↕
➻➛

↕
➻➼

↕
➻➭

↕
➻➲

➝➞
➽
➾➥
➧
➡➙
↕
➚
➢
➪
➫

➶➹ ➘➹ ➴➹ ➷➹➹

↕

➛

➼

➬
➡➙
↕
➮
➬
➱✃
❐➫

❒❮❰ ÏÐÑÓÔ ÕÖØÙÖÚÏØ

ÛÜÝÞßà áâ ã➈✗➑➐➑↔➑➎→➌✙↔ ➋✕ä✘✕➐➌✕ ➑➏ å✂✝✁✠ æ➉➋ ➑➏ ➉➈✕ ç✙✘➌➈ ✙➉➣➑➋✓➈✕✗✕ ➣➑➓✕↔

➎✗→➓ ✒✒è ➉➑ ➉➈✕ éêëìíîïçð ñññ ➋✓✕➌➉✗✙ ➑➏ çñ ò✓➈✎ ➉✕➣✓✕✗✙➉✘✗✕ ✭➋✕➌➑➐➓ ✓✙➐✕↔✔✱

✕➏➏✕➌➉→➒✕ ✗✙➓→✘➋ ✭➉➈→✗➓ ✓✙➐✕↔✔✱ ✙➐➓ ✖➑↔➑➣✕➉✗→➌ ↔✘➣→➐➑➋→➉✚ ✭➏➑✘✗➉➈ ✓✙➐✕↔✔➍ è✒ó

➑➔✚➎✕➐ ô✙➋ ✘➋✕➓ ✘➐➉→↔ ➉➈✕ ➋➉✙✗➉ ➑➏ ➓✙✚ õ✑✱ ✒ó ✙➏➉✕✗ô✙✗➓➍ ð➈✕ ↔→➎➈➉ ➌✘✗➒✕ ✭➉➑✓

✓✙➐✕↔✔ ➈✙➋ ✖✕✕➐ ✖→➐➐✕➓ ➉➑ ➈✙➒✕ ✙ ➋→➐➎↔✕ ✓➑→➐➉ ✓✕✗ ➋➐✙✓➋➈➑➉➍ ö➑ ✕✗✗➑✗ ✖✙✗➋ ➈✙➒✕

✖✕✕➐ ✓↔➑➉➉✕➓ ➏➑✗ ➉➈✕ ✗✙➓→✘➋ ➑✗ ↔✘➣→➐➑➋→➉✚÷ ➋✕✕ ➉➈✕ ➉✕➔➉ ➏➑✗ ➓→➋➌✘➋➋→➑➐➍

✦✯✲✥✦✣ ✯✐✵✯✰❛✤✯✐♠ ✤❤✥ ✐✥✥✵ ✢♦✳ t♦✳✥ s♦♣❤✯s✤✯✰❛✤✯♦✐ ✯✐ ✤❤✥ ♣❤✣s✯✰❛✦

t♦✵✥✦✧

❞✯♠✴✳✥ ❼ ♣✦♦✤s ✤❤✥ ✳✥s✴✦✤s ♦✢ ✤❤✥ s♣✥✰✤✳❛✦ ❣✤✤✯✐♠ ♣✳♦✰✥ss✧ ❝❤✥

s✥✰♦✐✵ ♣❛✐✥✦ s❤♦✇s ❤♦✇ ✤❤✥ ✤✥t♣✥✳❛✤✴✳✥ ♦✢ ✤❤✥ ❛✤t♦s♣❤✥✳✥

t♦✵✥✦ ✈❛✳✯✥s ♦✈✥✳ ✤✯t✥✫ s✤❛✳✤✯✐♠ ✢✳♦t ✤❤✥♣♦✯✐✤✇❤✥✐ ✤❤✥ ✈✥✳✣ s♦✢✤

✥t✯ss✯♦✐ ✇❛s ❣✳s✤ ✵✥✤✥✰✤✥✵✧ ❝❤✥ ✤❤✯✳✵ ❛✐✵ ✢♦✴✳✤❤ ♣❛✐✥✦s s❤♦✇

✤❤✥ ✳❛✵✯✴s ♦✢ ✤❤✥ ✥t✯✤✤✯✐♠ ✳✥♠✯♦✐ ❛✐✵ ✤❤✥ ❜♦✦♦t✥✤✳✯✰ ✦✴t✯✐♦s✯✤✣✫

✳✥s♣✥✰✤✯✈✥✦✣✫ ❜♦✤❤ ✥s✤✯t❛✤✥✵ ✢✳♦t ✤❤✥ t♦✵✥✦ ❛✤t♦s♣❤✥✳✥✧ ❝❤✥

✴✐✰✥✳✤❛✯✐✤✯✥s ♦✐ ✤❤✥ ✳❛✵✯✴s ❛✐✵ ✦✴t✯✐♦s✯✤✣ ❛✳✥ ✦❛✳♠✥✫ ✤✣♣✯✰❛✦✦✣ ♦✢

♦✳✵✥✳ ✬✩➁◗✷✩➁ ★✺✩➁ ✰♦✐❣✵✥✐✰✥✮ ✢♦✳ ✤❤✥ ✳❛✵✯✴s✫ ❛✐✵ ➀❼✩➁ ✢♦✳

✤❤✥ ✦✴t✯✐♦s✯✤✣✧ ❝❤✥ ✤✳✥✐✵ ✰❤❛✐♠✥s ♦✢ ✤❤✥ ♣❛✳❛t✥✤✥✳s ❛✳✥ t✴✰❤

✦❛✳♠✥✳ ✤❤❛✐ ✤❤✥ ✥✳✳♦✳s ♦✐ ✤❤✥ ✯✐✵✯✈✯✵✴❛✦ ✈❛✦✴✥s✧

❪✦✤❤♦✴♠❤ ✤❤✥ ✴✐✵✥✳✦✣✯✐♠ ✰♦✐✤✯✐✴✴t ✇❛s ✢❛✯✳✦✣ ✇✥✦✦ ❛♣♣✳♦①✯✶

t❛✤✥✵ ❜✣ ✤❤✥ ❘❛✴✰❤ ❛✤t♦s♣❤✥✳✥ t♦✵✥✦✫ ✐♦✤ ❛✦✦ ♦✢ ✤❤✥ ❛♣♣❛✳✥✐✤

✥t✯ss✯♦✐ ✢✥❛✤✴✳✥s ✇✥✳✥ ❛✰✰♦✴✐✤✥✵ ✢♦✳✧ ❝❤✥ ❘❛✴✰❤ t♦✵✥✦s s♣❛✐

❛❜✴✐✵❛✐✰✥s ✇✯✤❤ ✳✥s♣✥✰✤ ✤♦ ✤❤✥ ❙✴✐ ♦✢ ✰❛✳❜♦✐ ❹ ✩✧✩◆◗✩✧❼✷ ❛✐✵

✐✯✤✳♦♠✥✐❹❨❼◗✬✧❼✫ ✳✥❬✥✰✤✯✐♠ ✤❤✥ ✥①♣✥✰✤❛✤✯♦✐ ♦✢ ø▼✻♣✳♦✰✥ss✯✐♠

♦✢ ❛✰✰✳✥✤✥✵ t❛✤✥✳✯❛✦✧ ❲✥ ✴s✥✵ t♦✵✥✦s ✩✩◆✫ ✩✩❼✫ ✩✩✪✫ ❛✐✵ ✩✬✬✫
③ù

❜✴✤ ♦✴✳ ❣✤s ✵✯✵ ✐♦✤ ✯✐✵✯✰❛✤✥ ❛ ♣✳✥✢✥✳✥✐✰✥ ❜✥✤✇✥✥✐ ✤❤✥t✧ ❞✯♠✴✳✥ ❼

s❤♦✇s ✤❤✥ ✳✥s✴✦✤s ✢✳♦t ❣✤s ✤♦ t♦✵✥✦ ✩✩◆ ✇❤✯✰❤ ❤❛s ❛ øú▼ ✳❛✤✯♦

♦✢ ❼✧✹ × ✬✩
❾⑦

★✯✧✥✧✫ t♦✵✥✦ ✸ ♦✢ ❘❛✴✰❤ ✥✤ ❛✦✧ ✷✩✬✩✮✧ ❝❤✥ t❛✯✐

✵✯✢✢✥✳✥✐✰✥ ❜✥✤✇✥✥✐ ✤❤✥ ❣✤s ✤♦ ✤❤✥ ✈❛✳✯♦✴s ❛❜✴✐✵❛✐✰✥ t♦✵✥✦s

➆û ➈➉➉✓✎➊➊✙➋➉✗➑➍✘➐→î➉✘✕✖→➐➎✕➐➍➓✕➊ü✗✙✘➌➈➊ðýþ❋➊ÿ✘➔r��✕ãöòö✕ý➎ñ→ñr
➎✕➐➍➈➉➣↔➍ ■➐ ➉➈✕ ➏✗✙➣✕ô➑✗✁ ➑➏ ➉➈✕ ❱→✗➉✘✙↔ ò✖➋✕✗➒✙➉➑✗✚ ✭❱ò÷
➈➉➉✓✎➊➊ôôô➍→➒➑✙➍➐✕➉✔✱ ➉➈✕➋✕ ➋✓✕➌➉✗✙↔ ✕➐✕✗➎✚ ➓→➋➉✗→✖✘➉→➑➐➋ ✭ñ✭✂➋✱ ☎ ❾ ❋✄✔ ✙✗✕
✙➒✙→↔✙✖↔✕ →➐ ❱ò ➌➑➣✓↔→✙➐➉ ➏➑✗➣ ➒→✙ ➉➈✕ ❱ò ➋✕✗➒→➌✕ ❚✆✝✞éé✟
✭➈➉➉✓✎➊➊➒➑➍✙✗→➍✘➐→î➈✕→➓✕↔✖✕✗➎➍➓✕➊➋➋✙➉✗î✒➍✒✏➊ð✗ñ✓✕➌➉✗✙➍❙➋✓✠✔ ✓✗➑➒→➓✕➓ ✖✚ ➉➈✕
●✕✗➣✙➐ þ➋➉✗➑✓➈✚➋→➌✙↔ ❱→✗➉✘✙↔ ò✖➋✕✗➒✙➉➑✗✚ ✭●þ❱ò÷ ➈➉➉✓✎➊➊ôôô➍➎î➒➑➍➑✗➎✔➍

❼

(Osborne et al. 2011)

See also:
Poster by Kim Page
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Swift - Instrument Response Matrix
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Swift - RS Oph - flux
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Swift - RS Oph - flux
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Swift - RS Oph - bad NH
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Swift - RS Oph - bad NH
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Swift + Grating combo

Without priors (eg. NH) Swift spectra are washed
out enough to fit any model.
Constrain NH and model parameters from Grating
spectra.
With those constraints, Swift data can yield
accurate evolution parameters.
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