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The Great Declineof RCrB
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Figure 1. AAVSO data for R CrB since 2004. Visual magnitudes are plotted as
black dots. Johnson V data are plotted as blue open circles. The epochs at which
the Spitzer, Gemini, HST, and Herschel data were obtained are marked.

(A color version of this figure is available in the online journal.)
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Light curve from Clayton et al., ApJ, 743,44 (2011)
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R Cronae Borealis stars

== T e
4.0 o S R TR R ST
Surface temperature: ~4500-12000K |
. o J HR-diagram L ClEC DBICHLiET B
Bolometric luminosity: log L ~ 3.5-4.3 .
T 3.0 F
Infrared excess
............. 0.9000
C Y s e 0.8875
o 25t 8" 0.8750
Hydrogen deficient Carbon star (Hd C) : 0. 8625
5 0.8500
Composition: He (98%), C (1%) 200 e e L Lo e et
. 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4
Basically solar abundance e Ters

F- and Li-enriched? (possibly Sr, Y, Ba)

Single star (exception: DY Cen)
30-100 days pulsation

Weiss (1987ab); Pandy et al. (2008); Kilkenny and Whittet (1984); Raoet al. (2012)



Originof RCrB stars 1 =

N o o e o e e o e o o e e e i

10,000#===77"7 e 10000// .
~ cBN[AT =~ s N 35 %0 :ggiggg/ o
BGBIEE U CBRIEEFAEELI T 2 D 7 =
Y I TP-AGB y
1. Final Helium Shell Flash (FF scenario) 30 oo I
2. He+CO white dwarf merger (DD scenario) 8 | EAGB_
Final Helium Shell Flash (Iben, 1983) T o) Tema ol i
' —— Helium Burning
IBEEEDEN white dwarf sequence [CABHAT o - HdrognBuning _
thermal pulse (C & > CTHUTREEEF CTRS -620y max 1) Helium Burhing
white dwarf @ sequence DE C TES TN KL DT 10 - L L i}
born-again PNe & XAl N S plggd % M | “LogTe | |

He+CO white dwarf merger (Webbink, 1984)

He white dwarf & CO white dwarf 7\ merger U 72§55
Paczynski (1971) OFIRRARED X DTFE(CTED DB

Webbink (1984); Iben et al. (1983); Fujimoto (1977)



Originof RCrBstars: DD vs F-

Table 3. DD vs FF!

Extreme H deficiency
“// o \ Property DD FF

—— Lithium _ : Extreme H deficiency but some H present yes? yes
T;:rge,a € g4 FS",',Z',,'-'F?::,T H abundance anti-correlated with Fe ? ?
———— No binarios Li abundance high in 5 stars (all majority) no yes
C/He ~ 1% yes no
Circumstellar Shell 12C/13C > 500 yes no
Lifetime > 200 years High N, O yes yes
Mass High Na, Al yes? yes
High Si, S ? ?

s W W Enrichment of s-process elements yes? yes
i 7:_ /;&E 7'3 \D (/ \ t (/ \73: (/ 7N Abundance uniformity/non-uniformity
[EHALEDEBRINNS DD scenario Bl 7 for majority/minority poyes yene?

Similar to Sakurai’s object no yes
Nebulosity present in a few stars yes? yes
12(: / 1 3(: > 500 RCB LifeFime? yes no
16 /18 Lack of binarity yes no?
O/ O ~ 1 (Clayton et aI., 2007) 80 and "F greatly enhanced in (all?) stars yes no
M, =-3 to -5 mag yes yes
Mass = 0.8-0.9 M yes no?

"Adapted and updated from Table 7 of Asplund et al. (2000).

Clayton (2012); Clayton (2013)



The Great Declineof RCrB
e N 2

GeT\ini Hers‘chel

HST
.

O
i

12

T4y, o

14

(=2}
T T T ] T T T ] A T Ll ] L] Ll L] ] L] L] T L]
L)
)
-—

-
-
-
—
-
-
-

16 P - L

2000 2900 b 2450000, 2000 2900 FERMISS X <R

Figure 1. AAVSO data for R CrB since 2004. Visual magnitudes are plotted as
black dots. Johnson V data are plotted as blue open circles. The epochs at which
the Spitzer, Gemini, HST, and Herschel data were obtained are marked.

(A color version of this figure is available in the online journal.)
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Light curve from Clayton et al., ApJ, 743,44 (2011)



Direct detection of dust clouds

No polarization detected in the halo.
A typical dust size ~ a few nm

Diff. Spike

e

3

arcsecs

“iil!ii. ”
LN
: Star

Charge Transfer

\

Diff. Spike

Strong polarization detected.
A typical dust size ~ 140 nm

Hubble/WFPC2

Polarimetry with WHT/ExPo

arcsecs

Claytonet al,, ApJ, 743,44 (2011); Jeffers et al., ARA, 539, 56 (2012)



Multi-component SED of RCrB

100.000 g+ —————— T ——
N 1 - stellar component
N w ‘ ~ /000 K blackbody
10.000 v +
1 - disk or halo component
N @ - .
1000 ' circumstellar dust at ~150 au
= \ 5 .
E X 1 - large diffuse envelope
0.100 t o OMIPS , E R ~8 pc; fossil of H-rich envelope (?)
® BSPIRE 3
0 O OIRAS '
W = BUBVRIJHKL
0.010 i |» & “AKARI L
ISO U
- = = Model SED :
S [ I T

Wavelength (um)

Claytonetal. ApJ, 743,44 (2011); Gillet et al., ApJ, 310, 842 (1986)



Overview of RCrBstars

1. stellar component
5000—-13000 K blackbody

2. dense & compact dust cloud (puff) 3.

causing decline events
strong scattering = ~140 nm 1.

3. circumstellar halo

circumstellar dust at ~100 au
no scattering & small & dark grain

Claytonet al. ApJ, 743,44 (2011); Zubko, MNRAS, 289, 305 (1997); Jeffers et al., ARA, 539, 56 (2012)



Dust Formation and Evolution around R CrB stars

R CrB stars (SEES X < ORHR - R0 & U VEERTE
1. BHENCAKBDSI I =BT S

2. FRXERCEIEDD 1 L RT — JUINECERRTAE L)

Brightness (mag.)
N o 00 (o)) EN

o . . §

N
S
o
c
o
T
o]
)
=
o
[

0 50 100 150 200 250 .
JD-2452600 (day) Light curve of R CrB from AAVSO database




R CrB Dust in Literature

Circumstellar Dust Halo
Zubko (1997) UV SBYSHIRD fitting 5V ~20 nm & WS X SOSECN Cdr D & mE
Jeffers et al. (2012) PMEURYEF T halo "R I o lcCENSINS K BUVWS X a2 F
Dust Puff
Efimov (1988) R CrB MEEIDBS T R = CHEMIEDEZR(ENS S X ~OREE RE

Skuljan et al. (2003) ZEEIYEEREI T 9 Galactic R CrB stars MM K S/EBEZR{bEaRd C&EaR LT
TEOGERER (E(\-V)/E(B-V)) MERIS X I~ (Rv~3.1) 3L\ E VSR

Woollands et al. (2009) ZERIFEERRIT Skuljan+ (2003) MfER% LMC, SMC D R CrB stars TEmESR

Jeffers et al. (2012) BHEFOENEUVC & puff FMNFRIS CELK BRI TULSC EITER
dust puff (C[FREVWT X +C L BEEL T D EmIE
FDICKELEST X SHER SN, HO\ TS W X OFEB S Nz E38E

Zubko, MNRAS 289, 305 (1997); Jeffers et al,, ARA, 539, 56 (2012)
Efimov, SVA, 32, 512, (1988); Skuljan et al., PASA, 20, 159 (2003); Woollands et al., PASA, 26, 85, (2009)



tical Gravitational Lensing Experiment (OGLE)

B(CKBDENL VMR ERE T BICOHOERIZ X5 L.
FIICH B 1.3mBEREEH\TYES VEOE IR AL AREESLR.

2001-2009 ZE(CHNFT Bk x 8k I A ST BRESNE =S ) >V JETAI7Z 248 (OGLE-III)
Large Magellanic Cloud (C 23 K{AD RCBEIEEHE.
BEEOEEZHT 7-11 FD V-, I-band photometry $ERZ 2355,




R CrBstars in OGLE-]

v -
v va 1 r [T
i - ] L P = ¥
L o Wi A B e W : o~ o :
::: o ?‘,‘*“‘r ] r P :,,, &‘.ﬁﬂk""ﬂ@
- : . » o 1 r w E
2 ] H 2
— oo b £
. w
b w
Ee W ke T ] F f
3 P § . b - ] E ¢ ‘e e . s 4o
i L o E 7 4 i o * .
g t » . ] L g H .
2o 1 r 4 Pw
o —— N ) ] Amb R
W w ne e e am o eem W ne am e an am mm e e e am o a e e em nm - m weAm nm me o neem o em ne
Wo zamem Wwio 2@ama Wio s3ma0 Wio za3m00
. -
] - Foall' st - £ +
H - v ¢ "~ . . ia .
E } : l""\. 1 n\‘ ] B ] e R e = E:: ’) ’J\'
E N ' N ‘1 [ Vv" & u & -
: . 2 u -
H A 1 3 i P
] J et . B — ol
i SETR H ] o
i Fé N : -‘ L TR . ;. . s -~ L. ;__ ; -? £ .
- . , - . . - - - - " 73
! S B = ! : ] ¢ f v . Y
H . : e s t 1 b i
] ¢ ] N g =T T
W W e mm A am o ne W wa AR A am am o mm o am e e A am ha e am um A e hm e amam . .
wo zamom w0 z@ama wio @ama wio s3man wio za3ma0
v F o
. .
EI - — - 1 b e bt e p—— L -— oy e
E—‘ -*1[ t (.A'!/ -\{,.!\l\,,!‘ . zjt i , E ‘(i ¥: N E:: B
i : (Vg Y ; : fif s [t Foae fu
H . - . : . E * F [ T
i ' \h W L4 U w [ L ¥ H
- s 1 ) B b g [ s oo v w i m) - el et D2 TN
w
[ . N 1 . - = - g™
2 - 7 v ’ " ] - 4 . in
H ] =
§ "' Tl ’ 5 . ] - s, v o Mo K e e
H * : . i . s . T
H 2 -t S W 3w
H - + .t 1 ‘ >
M ey e ] S —— [ ey
W wmAE e A an em W W umAE A am am e R e m o Am an hm o am A AR hm s en W An Rm o nm o an e e
Wo zamem Wwio 2@ama Wio 2mama Wio s3ma0 Wio za3m00
- -
yus - - - - - A — —— N u
$ . 3 " [
i —— 3 ~ Yy A e ™ : v §u
i it \. \s W‘}-(i E!p: K A ; § . 7 i R Rl A L
i ~ I\ i , : ;o - f y . ! Lo ’
in - i el Hy F ER
] et R ST ’ : " " ’ : " STy NS RN ’ : : " : : " " : " " T B e D] : " " e =S TR ST : " " ’ : " "
o -
8w - ] " . n o e e i - gha
et . . N j . ] S ¢ r . ‘. e
- - . e : ] L . e S SR
[ - . - . % o 4 L ] . [ - B
2 - - ¥ .. ] 2
Fe P ] . [ I S
o e R ] S SO ] P
b e - o - ran am an RO o am e - nm - ran an an - an am - - n- - n an - - an - - - Y aan Kl - nm - on e ™ - - Y an - - 2 - on -
wo zamom w0 z@oma w0 z@ama wio s3man wio 2a3ma0
. ]
§ A wems = AN YT ] W e om o e
in A r - P 1 if
L r r ¥ 1 M
4 Wy : :
] S—— [ : I
S . .. ]
£ oy~ = ] . we T
i 4 A 1 AT T Y
| O, e | ] -

) - wn nam ar - o am om S ) e .

L Soszynhski et al., AcA, 59, 335 (2009)

s - S - . e - £ an nm - ) an



R CrBstars in OGLE-]

- -

o P T N

wal
naf

waf we

!

1
)
|

}
e
ﬂ
i

\
-
AV

iy wby

wode T N H g v
£y . - = - . s ae 5 7 s L)
» . H .
et e 2 rabaeg) N e Ll Lol e bl L il bl ——
W W he o nm e an an e e e he o m o An o an e e - um e A A mm o hm o em  ne
wio sa0ma W z@ama Wi 300
-— - 2} ’_'r .

: YA Vo el N ake [ o e o

Ve LV \ 4 1. b v

v v !
P R D ‘. e P ] —e— cu e mEan e
PERICINE PO =

s 4 . “r - - - -

S ' : ] 4 T T T

. & H i ] t
e e e TR T e e e e
N . x _nv,“\.‘ ] e M s e i p— w— n} 'Q‘!._f-

N f'l V’ N { - ¥ > 3 I 4 + H - ft» N

X SR i H O RFAIN )

» v v

i R T . N R o

3 1 +« w - -
v . A ] - 4 .
/ b o ] L
: - 1 ) M ‘
- Foee g i : W
b U IO BN PB4 4 e T LI A g e UL A W AR
e am A anom T ™ N ) P N ) R N T
Wo zamam Wio 2@ama Wio scama Vo seamua
w
gy - - - - . — —— —
2 na .
= ey U AT TR AN Y & rVTL N
. !
\r\f W e g4 .0t L} ¥ Yo
- M ¥ o .3 w
Tl ety L N N . L N N STy Al . . N N . N . L . N . 5 T | N N . . N N .
-
Cy - » L L
i L ’ : f A s L4 . v .
E o M F3 - .
:::: Yoe oW & .. {
=
A e - o - an R - am - s an an - - am - e an 2w - - - aan e - 2w - on e
Wwo samom Wi 2a0ma W zc0m W seamon

N TN Y
. 7

f.
?

i i $hY Y

ey .
4

e o i Il
BT T am an s an s
WD 2@ama

Soszynski et al., AcA, 59, 335 (2009)



R CrBstars in OGLE-]]
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R CrBstars in OGLE-]]
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Color-Magnitude Diagram
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Color-Magnitude Diagram
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Discussion
1. dust puff MY X MMERE Y1 X(CDULT
2. color-magnitude diagram _E COE(LIC DT

3. color-magnitude diagram ECIERIMNSANTZKIRIC DT



Color-Magnitude Diagram of dust puffs’
§ 2 NBES R N RERE L RS E

=t&E 30— : DUSTY (ver. 4; lvezi¢ and Elitzur. 1997)

Single photon source with T = 10,000 K

Spherical dust shell ranging from Rin to Rout

Dust temperature at Rin= 1,200 K & Rout = 10x Rin
Dust sublimation temperature = 1,500 K

photon source

Shell radial density profile = constant

Optical depth at the I-band = 0.0, 0.1, 0.2, ..., 5.0
Dust composition: A. carbon (Hanner 1998 & Zubko+ 1996) 'R !Rin
Single dust size: 1 — 500 nm

Total-to-selective extinction ratio %z V-, I-bands CEE&

Ivezi¢ and Elitzur (1997), MNRAS, 287, 799; Hanner (1988), Nasa Conf. Pub. 3004, 22; Zubko et al. (1996), MNRAS, 282, 1321



Al (mag.)

Grain size evolution of dust puffs'

T T T
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of Simmn- & {1 OGLECMD OIEE => grain size ~ 120 nm
5 U BHDNKETVEED Ey, = grain size > 150 nm
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Ivezi¢ and Elitzur (1997), MNRAS, 287, 799; Hanner (1988), Nasa Conf. Pub. 3004, 22; Zubko et al. (1996), MNRAS, 282, 1321



Grain size evolution of dust puffs'

LI 7 A CERBARIEE 7
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A. dust puffF
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AE(V-)~0 mag QA ~1-3 mag (CERBIsS AV i B <
- S = EZ — A S AN
decline, recovery TIRIU b v D EES CEZNR £ RS NS
Skuljanet al. (2003), Woollands et al. (2009) & consistent T AR I |
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' 2 <R & BE © dust puff DILENE VWS TOEIDIES ' | | | | | |
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with Tomo-e Gozen? ’

RHFE_ZAY VT(C &L DT X R BEDHZE “
EAB7IDT Tomo-e Gozen A C(IELL L)\...... '

Northern Sky Transient Survey +2 = O0—77 v &8I
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RVI = E(V-1)/A,

Grain size evolution of dust puffs’

1.6 —

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

0.2 L

Amorphous Carbon (Hanner, 1988) —&— |
Amorphous Carbon (ACAR; Zubko+, 1996) —4—

Cardelli+ (1989; Rv=3.1) ]

1 10

Ivezi¢ and Elitzur (1997), MNRAS, 287, 799; Hanner (1988), Nasa Conf. Pub. 3004, 22; Zubko et al. (1996), MNRAS, 282, 1321

Grain radius (nm)

Al (mag.)

T T
ogle-lmc-rcb-02 —=—
ogle-lmc-rcb-03 =

- ogle-lmcrcb-04 -

ogle-lmc-rcb-06 ——
ogle-lmc-rcb-07 ——
ogle-lmc-rcb-08 ——
ogle-lmc-rcb-11 —~—
ogle-lmcrcb-12

- ogle-lmcrcb-13 ——

ogle-lmc-rcb-14 =
ogle-lmc-rcb-17 —+—
ogle-lmc-rcb-18 —=—
ogle-lmc-rcb-19 —=—

| ogle-lmcrcb-22 -

1 2 3
A(V-1) (mag.)




Gaia Alerts  AlertsIndex  All-Sky  Alerts Search  Surveys-ATels  Tools  About

<< previous next>>

Gaia19alg

Details Follow-up

TNSID

AT2019amb 16.00

RA - DEC

297.13492 29.08109
19:48:32.38 29:04:51.92
Galactic coords.
65.0101 1.70992

17.00

18.00

Alerting date
2019-02-03 04:09:34
Julian date
2458517 .67
Alerting magnitude
18.16

Historic magnitude 21.00
16.92

Historic StdDev

0.05 22,00 IIIIIIIIIIIIIIIIIIIIIII||IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Class 2014 2015 2016 2017 2018 2019
unknown

19.00

Average magnitude

Other surveys detections
None
Comments Observation date (TCB)

Publication date |

>1 mag decline in an emission line Galactic Plane star Feb. 4,2019, 522 p.m. Detections 0 Alert

ATels
None

Scans

Get lightcurve data
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TNSID

AT2019amb .

RA - DEC

297.13492 29.08109
19:48:32.38 29:04:51.92
Galactic coords.
65.0101 1.70992

17.00

18.00

Alerting date
2019-02-03 04:09:34
Julian date
2458517 .67
Alerting magnitude
18.16

Historic magnitude 21.00
16.92

Historic StdDev

0.05 22,00 IIIIIIIIIIIIIIIIIIIIIII||IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Class 2014 2015 2016 2017 2018 2019
unknown

19.00

Average magnitude
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