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Resonant Instability
(Er/wi)(Ez/ws) >0

Resonant Coupling

Oscillation 1 Deformation l
E/w, >0 EyJwy >0
(or Ey/w; < 0) o - (or Ey/uy < 0)
Ll.?] Wz
( m;, N ) ( Moy, Ny )
1‘ Oscillation 2

Resonant Coupling
my +mz+mp =0, w+w+wp=0



Applications

1. Dwarf Novae
Superhumps due to tidal deformation
1) superhumps
Eccentric precession mode (one-armed p-mode)
2) negative superhumps
Tilt mode (one-armed vertical p-mode)
various stage of evolution

2. KHz QPOs (Neutron-star X-ray binaries)

Two-armed plane-symmetric deformation
+ two-armed vertical p-mode

3. HF QPOs (Black-hole X-ray binaries)

Two-armed plane-asymmetric deformation
+ two-armed vertical p-mode
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Superhmp

¢ slowly prograding eccentric pattern (Osaki 1985)

¢ 3:1 resonance (Hirose,0saki 1990, Lubow 1991)

o one-armed p-mode: (my,n1,w;) = (1,0,wr) ' '
O-x - oscillation |
e e
w <0—k, Ejw <0 O B 10
> | |
o wo-oscillation: (my, g, wy) = (2,0,w;) (assume) E a- w,- oscillation i
- o
wy < 20) — &, Eg/iﬂg < 0 H y
= 4
e resonant condition: mp = -3 = wp = =3, ff’ 20+«
W 'l' (2ﬂ - H’)rt + Wp = 0 primary star RadiUS secondary star =

ﬂn = 3ﬂn:u"l::




Negative superhmp
e w;-tilt mode : (M, i, wq) = (1,1, wq)
w<N—-—0,, Eifwi <0
e wo-oscillation : two-armed vertical p-mode
(g, Ng, we) = (2, N2, w2) (assume)
we < 200 — /N2y, Eafwe <0
¢ resonant condition:
w; + (M2 — /M2 ), + Ny, = 0,
where n is defined by wp = Nl

Q, = —

n —
me — Vfﬂ.g ﬂl]l‘h =0

e examples (ma2,n2) = (2, 1) vertical p-mode

nﬂ = _nﬂnrba Wp = nﬂnrh
n=-=3, £, ~3:m 3:1 resonance
n=—4, 1, ~ 40, 4:1 resonance

Tilt can be excited at certain evolutional stages
before disk radius reaches that of 3 : 1 resonance
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KHz and HF QPOs

Pair T2 _ % Z.&:?b‘"af)%
KHz QPQOs NEE (=N
pair DEAHIGEHEBEZE>TEEH TS, 3 : 2 TRRAL
HF QPOs MIFE
pair DEMARKZEHLZV, 3 : 2(CEV
BFEDdisk FED & E (Cik2 Z % (steep power-law state)
High spin ZFHBTEREDTEITNIEFER S
KHz QPOs & HF QPOs & X ER D IRFBTE— R A
LF QPOs & M B &
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Warped Disks (mp, np,wp) = (—1,1,0)

em; =1,n; =0, w; > 0 (one-armed p-mode)
w <N—k, E;/w, <0
e mz = 0, ng = 1, wp < 0(axisymmetric g-mode)

Woe > —K, ng&dg <0

propagation diagram
\N&l‘p&d Disk (?TLD = ]., np = ].)
M =10My,a, = 0.5

p-mode (m; = 1, n; = 0)

g-mode (mg =0, ny = 1)
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Two-armed Disks (mp, np,wp) = (-2,0,0)

em; =2, n, =1, w; >0 (vertical p-mode)
w <20-90;, Ei/wi <0
e my =0, ny = 1, wy < 0(axisymmetric g-mode)

Wo > —FE, ngﬁdg <0

2000 | 20—, propagation diagram
¥ Two-Armed Disk (mp =2, np = 0)
M =14Mg,a, = 0.3
1000
vertical p-mode (m; =2, n; = 1)
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Two-armed Disks (mp,np,wp) = (-2,1,0)

om; =2,n; =2, w >0 (vertical p-mode)
W < Eﬂ—ﬁnl: El/wl <0
o my =0, ny =1, wy < 0(axisymmetric g-mode)

Wo > —Fi‘,, Eg/mg <0

propagation diagram
29— 3, ['wo-Armed Disk (mp =2, np = 1)
iM = IOJMJ":,G“ B 0.9
vertical p-mode (m; = 2, n; = 2) |
b2 =0
b2 = 0.1
g-mode (my =0, ny = 1)
b? = 0.2
1 2 3 4 5

Inner edge r/rg
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Two-armed Disks (mp,np,wp) = (-2,2,0)

emy =2,n; =3, w >0 (vertical p-mode)
Wy < 2() — \/EQ_]_: E1/W1 <0
e my =0, ny =1, wy, <0(axisymmetric g-mode)

wy > =K, Efw; <0

propagation diagram
Two-Armed Disk (mp = 2, np = 2)
20) — \/SQJ_ ﬂ’f = IUJM:.;,G.-. - 09
| 20 — 1/3.46Q, (b = 0.6) |
vertical p-mode (m; = 2, n; = 3)
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