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The cyclic activity of UX Ori type stars

Rostopchina et al. (2007)
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3D hydrodynamic simulations
ith SPH method

Herbig Ae star
=2 Mg

Companion

qg=M,: M, =0.1-0.003
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Protoplanetary disk
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The model where the companion orbit
misaligned with the disk plane: Grinin et al. 2010

Previous paper: Larwood and Papaloizou (1997) explained the tilt of the inner
part in B Pic disk.



The calculation of the column density

Sotnikova & Grinin (2007); Demidova et al. (2010); Grinin et al. (2010)

Azimuth angle of the line of sight
from x axis with a step 45°.

The inclination — from disk plane
with a step 5°.




The structures in the common disk

The surface density in the disk
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The spiral structures in the inner
part of the common disk

Z
pajssle s

I
ENAT M)

The homogeneous periphery
of the commondisk ___—=~

0 50 130 150 l 2230 . 2l50 : B;JO : 3:50
o

The surface density at the fixed radius

in dependence of the azimuth angle




The circumstellar and
companion disk inside
the sublimation radios
of dust




Results

Grininetal (2008) Grlnln et aI (2010) Demldova et aI (2010)
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The density waves in the circumstellar disk
(model q=0.1,e =0.3,1 =5°:
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Two spiral arms arise when the companion pass by the pericenter and
its disappear after the companion pass by the apocenter.
Similar results: Nelson (2000); Kley & Nelson (2008)



The column density In the circumstellar disk
(model a = 0.1, e = 0.3, i = 0°, 6 = 10°):

15} 0°] 45} ' 180° |
1 A 1 L | i| ||'|'t I | ‘ q
e | I‘AI i |J| Jll I l P Il I . IHlllrIIM | ‘Il I I~ Ai IJ'll = n l] 'f'l- ." |1 11l l ‘ | lili | ll | 'Inlﬁ ‘ K| ! ""I' I'| r-’l'
| A | V] g .|,|' .| ity Tl ‘l. aoviilll e ARARY il .' I‘|1f_.|‘ I
o i b R R L B AL A L L B B
1.g L 45° 1.2 - | | : 225°
I I
1 F I [ [ 1 | _ | N‘ | -
) | i 1 f I | 1 by || | |'\ : ] i H || ¥ I MATN | m N | H [l_ A 1 .|_J _M |Lt | J,I lr; ’ hl .l |
il Il: i LAY s e IT |'| ) ll Rt b i "I .I "| t ) ] iy | Iy II i NI :H“ ] :
05 FI ™ (Ul LJ'-‘H',I Rl ” I [Ny oS0 Ll Il 'UI‘ \ f 1- V j
1.2_ | ‘ : : : 50° | 1.2- : { ; | ' { ' : 70 |
. e
1k R 1F 1 | . IL |L‘| T
: _|'| I '| H'I h |l T 14\ m ‘- i = | | LI ol ly d"' “‘_ ., lll'(vM% A Al i 'l[.
| in L4 - b i H ] .4 ‘ | |_| __|| il m | I e II1I LA ST e fl Ty | I J 'l | |
s Lp‘. , Lw | U I [I ,( A1 '\V | |1W e i | _ 0.5 _',J! I \l Vo . | l
1_2 E 135° | 1_2 I ’ ’ ’ : 315° |
| |
5 1F | | ‘ i i : I | = |.|ﬂ' A : |.|I || - 1F N" ‘ |.. ! j Ik hl : f | ,|L | |'II ﬂh ‘ hﬁj_
Ly | | n‘ il | ] LU P.: N i ML H‘ i| il 'H-ll i Il'l Wy 'l TS ‘I'ﬁ !
0.5 [T R ]*[' :|1 DL |i T W 11 o5 ATty T vy ¥ ‘VH N b L/ \
20 21 22 23 24 25, 20 21 22 23 24 25
time time

10'is the maximum inclination where the noticeable number of particles lies on
the line of sight for the model with the companion orbit coplanar to the disk plane.



The precession of the circumstellar disk
(modelq=0.1,e=0.3,i=5%¢p =0, 0 =10°):
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The precession of the circumstellar disk
(modelq=0.1,e=0.3,i=5%¢p =0, 0 =10°):

15 155 16 16.5 17 175 18 18.5 19 195 20



The idea about asymmetric illumination of the outer
part disk: Demidova et al. (2013); Demidova & Grinin (2014)
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The disk surface definition
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The calculation of the disks images
Tambovtseva et al. (2006); Demidova & Grinin (2014)
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Collaboration with S.Wolf group

Method - the Monte Carlo-based full 3D continuum radiative
transfer code MC3D (Wolf 2003; Wolf et al. 1999).

Dust - spherical dust grains: 62.5% silicate, 37.5% graphite
density of dust: p,=2.7 glcm’

e Ll e -25
dust grain size distribution: n(a) o« a
aec [0.005um,100 um]
Ice is not considered.
Primary component Secondary component
— Herbig Ae star q IL-LI ITIxﬁI N N}
mass: M =2 Mo | 530500 2.5
luminosity: L = 431 0.5 095 4000 1.25

0.01  0.003 2700 0.025

Semimajor axis of the component orbita = 2 AU



The temperature distribution in
the inclined model
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Temperature maps along vertical cuts through the density distributions
of the disk model with the parameters: q=0.1,1 =30, e=0



The comparison of the images in IR and
radiowaves in the inclined model: Ruge et al. 2015
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The images in IR band show the inner warm part of the disk, but the radio images can
demonstrate the outer part of the disk. Disk is optically thin in radio waves and warm region
shielded from an observer can shine through the disk. The “butterfly”-shaped images can be
observed. Similar results: Arzamasskiy et al. (2018); Zhu (2018).



Predicted images with ALMA for the

0Jinclined models
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If q = 0.1 the simulated observations appear as rings at low inclinations. This aspect

is destroyed if 1 > 10°. If q = 0.01 the perturbations induced by the component

Into the disk are not strong enough to be detected in the simulated observations.

Flux [22 ]



Quasi-stationary shadow on the disk
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Conclusions

Signature of an invisible low-mass
companion:

1) The cyclic brightness variations of
UX Orion type stars;

2) Quasi-stationary shadow on the
disk image,;

3)“Horseshoe” asymmetry in IR and
“butterfly” in a radio image of the
disk.
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