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X-RAY FEEDBACK ON Low MASS STAR & PLANET FORMATION
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X-RAY FEEDBACK ON Low MASS STAR & PLANET FORMATION

WHAT DRIVES THE DISPERSAL OF
DISKS? ON WHAT TIMESCALES?

WHAT ENVIRONMENTS ARE FAVOURABLE
TO THE FORMATION OF TERRESTRIAL
AND GIANT PLANETS?

WHAT IS THE EFFECT OF IRRADIATION
ON PLANETARY ATMOSPHERES?
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OVERVIEW

o HARD’ X-RAYS: MRI AND DEAD ZONES

*SOFT’ X-RAYS: DISC PHOTOEVAPORATION
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MRI AND DEAD ZONES

IGEA & GLASSGOLD 1999

e X-RAYS FROM YSO DOMINATE
THE DISC IONISATION
STRUCTURE

eDISCS AROUND SOLAR-TYPE
STARS MOSTLY MRI ACTIVE

e DEAD-ZONE SHOULD EXTEND
TO APRROX 5 AU
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I R L DEAD OR UNDEAD?

TURNER & SANO 2008
TURNER & DRAKE 2009

e USE IG99 IONISATION RATES
| FOR STELLAR X-RAY &
CONSIDER OTHER IONISATION
PROCESSES IN THE MMSN

1 e DEAD ZONES BASICALLY
1 ALWAYS PRESENT

Height / AU

1eUNDEAD ZONES IMPORTANT?

Radius / AU
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MRI & (UN)DEAD ZONES IN YSO Discs

MOHANTY, ERCOLANO & TURNER 2010 IN PREP

e NEW IONSATION RATES CALCS
WITH MOCASSIN

e CHEMICAL NETWORK TO ACCOUNT
FOR RECOMBINATIONS ON GRAINS

e PARAMETER SPACE INVESTIGATION
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MRI & (UN)DEAD ZONES IN YSO Discs

MOHANTY, ERCOLANO & TURNER 2010 IN PREP

AR R R R R R R R R R R o L L R R R R R

e NEW IONSATION RATES CALCS
WITH MOCASSIN

e CHEMICAL NETWORK TO ACCOUNT
FOR RECOMBINATIONS ON GRAINS

e PARAMETER SPACE INVESTIGATION

eDZ PRESENT IN ALL DISCS WITH
Mp > 1% M-

e MRI IS REDUCED FOR DISCS WITH
SMALL GRAINS OR LOW DENSITIES

e GRAINS PLAY A MAJOR ROLE IN
DETERMINING ACCRETION IN DISCS
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OVERVIEW

o HARD’ X-RAYS: MRI AND DEAD ZONES

*‘SOFT’ X-RAYS: DISC PHOTOEVAPORATION

‘Hard’ : € > 1 keV

‘Soft’ : 0.1 < E < 1 keV
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VISCOUS EVOLUT[ON PREDICTS. ces
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VISCOUS EVOLUT[ON PRED]CTS....'
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THE CLASSICAL EUV SWITCH MODEL
CLARKE ET AL. (2001); MATSUYAMA ET AL. (2003);

RUDEN (2004)
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THE CLASSICAL EUV SWITCH MODEL

CLARKE ET AL. (2001); MATSUYAMA ET AL. (2003);
RUDEN (2004)
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THE CLASSICAL EUV SWITCH MODEL

CLARKE ET AL. (2001); MATSUYAMA ET AL. (2003);
RUDEN (2004)
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MODELLING PHOTOEVAPORATING DISKS: HOW?

Ercolano+ 2008, 2009, Owen+ 2010, Ercolano & Clarke 2010,
Ercolano & Owen 2010, Owen, Ercolano & Clarke 2010
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MODELLING PHOTOEVAPORATING DISKS: HOW?

Ercolano+ 2008, 2009, Owen+ 2010, Ercolano & Clarke 2010,
Ercolano & Owen 2010, Owen, Ercolano & Clarke 2010

1) RADIATIVE TRANSFER (MOCASSIN)
A) 2D (AT LEAST)
B) GAS (PHOTOIONISATION) + DUST

2) HYDRODYNAMICS (ZEUS)

3) VIscous EVOLUTION
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OF ~1.4E-8 M_, /YR
(FOR Lx = 2E3OERG/SEC)

TOTAL PHOTOEVAPORATION RATE

COMPARABLE TO ACCRETION RATES OF CTTs
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WHY DO NON-ACCRETING YSOs (WTTs) HAVE
HIGHER Lx THAN ACCRETING YSOs (CTTs) ??
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WHY DO NON-ACCRETING YSOs (WTTs) HAVE
HIGHER Lx THAN ACCRETING YSOs (CTTs) ??

ACCRETION ‘DISTURBS’ X-RAY EMISSION

(e.g. Flaccomio et al 2003, Stassun et al 2004, Preibisch et al 2005,
Jardine et al 2006, Guedel et sl 2007, Gregory et al 2007)

X-RAYS MODULATE ACCRETION?
X-RAY PHOTOEVAPORATION-STARVED ACCRETION

(Drake et al 2009)
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log L - logL,(M) (Preibisch et al. 2005) [erg s”]

Drake et al 2009
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Data points from Taurus (Guedel et al 2007)
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CONCLUSIONS

X-RAYS CONTROL THE EVOLUTION &
DISPERSAL OF PROTOPLANETARY DISCS
& AFFECT PLANET FORMATION THROUGH:
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CONCLUSIONS

X-RAYS CONTROL THE EVOLUTION &
DISPERSAL OF PROTOPLANETARY DISCS
& AFFECT PLANET FORMATION THROUGH:

¢J]ONISING THE DISCS THUS ALLOWING MRI TO WORK
(‘HARD’ X-RAY)

¢DRIVING A PHOTOEVAPORATIVE WIND THAT ERODES
THE DISC FROM THE INSIDE-OUT
(‘SOFT’ X-RAY)

o (POsSSIBLY) MODULATING ACCRETION THROUGH

PHOTOEVAPORATION-STARVED ACCRETION
(‘SOFT’ X-RAY)
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