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> Accretion hot spots cover 0.1-5% of stellar surface
» Net surface polarization ~ O

— Complex multipolar surface fields
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GENERALIZED X-WIND MODEL

Trapped Flux at X-point: ®,

Fraction of trapped flux involved in accretion (funnel flow): ®,/3
Same field lines flow into hot spot: 2x R.2)F, B, = @,/ 3

Angular momentum removed by trapped flux from funnel flow gas:

(1-0) My, (1-3) Ry2Qy = ([r x (T » n)'dS] oc (02 / Ry)

Disk-locking: Q, = Q, =(GM./R,?)!?
F, R.2B, « (GM.M,/Q.)"?

R*S Bh oC (G M*S/S MD/ 9*7/3)1/2
Mohanty & Shu (2008)



CONSTANT of PROPORTIONALITY

With: = MW/ MD and B= /! Aw)dy , where B= (w)pu
(i.e., B=mean magnetic field to mass flux ratio in X-wind)

Wind dynamics: @ /3 = 2n B {12 (G M. M2 R, )14

Recall: 2t R.2)F, B, =®,/3 and Q,=Q,=[GM,/R,’]"?

F.B,=Bf'"?B___ (R, /R, B....= (G |v| M2/ RSV

F,R.’B, = ®, = Bf“z(GM*NIn/Q*)”

Angular momentum balance In X- reglon (entering = leaving):
MDRXZQ = (lﬂM LR2Q, + fM Ty R2Q, + T
=>f=0-J-1/(w-ts)

Assume: J, =0 , t=0=>J,=1/1f ;f = 1/3 = B =1.21 (Caietal. 2008/talk)

Mohanty & Shu (2008)
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v2129 Oph:
M. =135 Mg, R. = 2.4 R, Mdot =1 X 10-8 M/yr
» = 6.53 day = R opotatron (FRx) = 6.67 R.

B, =2k6, F, = 5% = (Donati et al. 2007)
Multipole X-wind eguation (with f = 1/3, 8 = 1.21):
=
BP Tau:

M. = 0.8 Mg, R. = 195 R, Mdot = 3 X 10-8 M /yr

» = 7.6 day = Reoporation (FRx) = 7.5 R«

B,=9k6, F, = 2% = (Donati et al. 2008)
Multipole X-wind eguation (with f = 1/3, 8 = 1.21):

—



Ostriker & Shu (1995)
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Low Net Surface Polarization
High Polarization within Accretion Flow

Small Hot-Spot Covering Fraction (~few %)



@R, | Mohanty & Shu (2008)



Fy = 10 Ry, Fp/Ry = 0,70, $/Bms = 1.55
1 1 1 1 1 1 1
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X-Wind theory: Main ingredient is

Dipole field necessary;
makes consistent with obs.

Multipole fields can match both the observational
constraints on surface field and the X-point geometry

Future: include viscous torque (if disk fields present);
Tilted Fields: Non-Axisymmetry:
Theory: understand disk viscosity vs. resistivity better;
Simulations: non-dipole fields with flux-trapping
(a la Romanova et al. 2008 with dipole fields)
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FUMMEL FLOW with AXISYMMET!

MULTIPOLE

08 _ Mohanty & Shu (2005)
Radius (R/Ry)







Disk-Locking in Accreting Stars
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R, =10R, R = DI.? Rlx, pflwi_tr-:lpped = 1.55 |::-h'|_r'|'|uH:'|I R, = 2R, R = 0.E7 R, phistrapped = 40 phi_multi
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Mohanty & Shu (2006)



X-Wind Model:

Qualitative description

Necessary Conditions for X-Wind Model:

Generalization: Unique prediction
Comparison of prediction to Observations

Illustrative Multipole Simulations



Ry = 10 Rs, Bp/Fe = 070, &80 =
I I

1.55
I

14—

10

Z/R.




fx = A0 My MShe = LT, B/ 8me = 1./
N B I A

10—

Z/R.
T







Ru = % R, Rp/Fa = 087, &8y
1 I 1 I I 1 I I 1

= 40.0
I I B

J.OF T T T T 77 T 1 I

25—

P

1.5

Z/IR.

1.5

a.o e A N NN N N |

0.0 0.5 1.0 0
/R«




The Golden Compass
Conan the Barbarian
Gone With the (X-)Wind

Inebriated Wombats



The Golden Compass
Conan the Barbarian

Gone With the (X-)Wind
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Classical T Tauri stars: accreted ~90% of their final

mass, but continue to accrete from surrounding disk

Magnetospheric accretion: stellar field truncates disk
at some inner radius > stellar radius; incoming disk
material climbs onto field lines and lands on star at
nearly free-fall velocities:

» Magnetic braking explains slow rotation of CTTs

» Line profiles, variability, excess emission (e.g., UV)
from accretion shock consistent with magnetospheric

accretion at free-fall velocities



