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« “Nova” &(E=F>58T “new star” DELK
« [FULWV] EHER (Z<DIFE ~1day BINT) HIRI 3B
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V1405 Cas (by Yuji Nakamura)
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https://www.astronomerstelegram.org/?read=14834
https://ui.adsabs.harvard.edu/abs/1994ApJ...437..802K

#12 V1674 Her @D 2 73 cadence @ light curve
(Quimby et al. )

- JRARFHR 14 FT
2 93 cadence D
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LizsEoT
%12- : ' * ?‘é‘CEi’ZLﬂZ—_B
'g 1 11 %b\j _Cjt:
= 14 * N / (BNBF(C alert 2=
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L 1 O N B B = W o FHAD Z ATR(C
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°s Iggys After MJD 5915577.0 0 > (i*u__ﬁ&JtIé//\ L/ k/ \
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Figure 1. The complete light curve of V1674 Her based primarily on our preliminary Evryscope and ASC observations. The Tomo-e TE_I"E‘E
data have been augmented by photometric measurements from the AAVSO, CBAT and ASAS-SN. The Evryscope observations
reveal pre-maximum plateau, lasting for ~3 hr, that is highlighted in the insert. Details of the various symbols and fits to the
light curve are given in the figure legend.
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https://arxiv.org/abs/2107.05763

FTEDHIRMIE

- (T & A ED RN (CER
o $F(CERAFLHZE LN
- tRNHZSHEE T — XA TENE., BERLOHEMRIETET DD TIFIRLD

» Event rate DREED
« BAN SRR (CERAIF.0HY R X B8] ~ 300-400 hours / year (lBRZ 1/3 < 51))
* Nova rate ~ 10 novae / year —» 1 nova / 900 hours
(900 h R0 BNIE 1 nova < BL\HB(ET) —___(c) Kojiguchi
- 2-3 FrRNIEREBEIOREICFHEZRDIFS5NES b

« Tomo-e [CKDEBRWER, EERICEIMN>TLKSD
- BULFEZS0HDE. 5D UENDIHIE?

- $5(C. BmldnRs0ng?

HIRAIE (ERIAIPEAR)
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(CBE LD EMMIRTYODTClECE

« ZTF O T 5 — MM OTEATEDH1 ~ MARS:
N 1B EDE M= DT THERFREH
KEZD Bogus &SN ReaI/Bogus rate (ZTF Bl [BEE] ) TI v J)LF—0]

MARS provides access to all public alerts issued by ZTF since the start of the public alert stream on June 1, 2018. Subsets of the alerts,

\)
IJ ; ) l/g /r ! ) Z “’l ﬁ $E ’ ’ | ’ ’ ) i (/ \ < filtered by selectable constraints, may be identified and downloaded, either through this webpage or using the underlying API. Alerts are

ingested as they are generated by the ZTF survey and are made available immediately, which is reflected by the "Latest Alert" value
(2 02 1 ﬂEXJ’){ Bﬁ i t E (‘_ E}J L \t 7— A Y (/ \) below. Users are advised to limit their request frequency to a reasonable time period, preferably allowing at least 5 minutes between
F\ — d\ requests. In addition to our own help page, users should refer to the ZTF website and the ZTF Alert Archive for documentation on ZTF

and the generation of alerts.

The following table lists ZTF alerts in descending order by JD. Use the filters on the right to narrow down the results to interesting
candidates. When the results look good, add to the url. You can now access this url to retrieve the full data and use it in

LLJ your scripts. You can access an alert's previous alerts by visiting /<id>/ where id is the value of the Ico_id key in the json view or by
([ J r2 E J m; I II b ’ E{* ;E % | % I——I l ) clicking the id link in the table.
\
EE%D OD/J \ E % ! : a_ See the help page for descriptions of the table values and available filters.
! l_J\ Latest Alert: 2021-10-04 06:04:24

AT E(IFEER DD i

g “I:I m id objectld time filter ra dec magpsf magap distnr Amaglatest Amagref rb
7] )_’I_E E 7:_ —1 ('— SN 2021 7—\ > Sort By 260296516 ZTF18abtimsk 2021-10- g 299.51389 -12.74652 15.40  15.54 0.201  0.09 -1.07 i

f-@ s (- ( Zny d\ C ) . 04

time
06:04:24
(%ﬁ'% (j: CE E} l ,) Sort Order 260296517 ZTF18actwgpo 2021-10- 299. 48592 -12.82649 14.73  14.66 0.349  -0.09
Descending 04
06:04:24
e objectld
9& S aC 260296519 ZTF21acftakl 2021-10- 298. 96657 -12.78389 15.43  15.41 0.874

04
06:04:24
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https://mars.lco.global/

Al lCcBE LD EHIR T TlaC &

c ZTF OV S — 77Ot A TEDdHY1 ~ MARS:
o Fih. BRI EDERMHZ DT TIRZEN B EE
« KE®D Bogus =M Real/Bogus rate (ZTF fllod [BEE] ) TI+JLF—H]

« UJ7)LIA LTIEEHRMS EH D> TULL
(2021 EERLUPE. FEBTBILTRW)

Light Curve

SN 2021zny

e [200]] I UTexREFZ5ETH U,
BIFNODO/NREZEET
- BE(SREEREDOND :
« BIEEBIZZEI(C (SN 2021zny 72 &) Bao  me wm
« FTEIXTTEL) I
RIZFCEAD slack THEA] 4TS
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https://mars.lco.global/

Tomo-e 7—4~THE (C>€D) D FEAHH

« FRICBEVNTCHDT AT MY TS T7IOER (HDHAEDSTINET)
« SEANTS transient (R Z £ 2PIRR, BIAIORERFTERETTEZET
« FACH1H 100 EAREE. ANHESREARRIEE U »XRUN,
« FT—HINR—X[ITHVIEDEELET L
« WER L) hunting SER E, FTABH
cETHRFELY
« J[UCIEDODTLD =
« AR L\FRZ2/=& CMOS WHF3hE
« Non-detection EEHZIBENRDETE
> RSO LB THD
(BDIEETCEESHBLEWVLWTTHY
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2019 EMBSPOTCEETE + SRODOTFIERE

« 2019 EENMSD
- FLWDWTTIEH
o RK + HIUDESTFTDEMNT T, BLdbW(CFAUVENFUIZ
- REBEROME (I&H) ZVVER< DN ITDEHOTONR—F)ILZHU (#lF) THOWERT
« V1405 Cas DEREIFER Z#EsD /= D (Taguchi et al., to be re-submitted)
« STEDBHYIRAD AT N LDIERIEEFRDIAFR EGESDH TLNET ...

-ﬁmmeTU7w94ATﬁEE%EUT\ﬁDﬁEﬁMTﬁ%T%EB\
BDOTCWVWEXT @BrE. BUTEE>TVETH..)
e SED 4 AMSIE. ECICWVWBDIZEADH...?2?

M

» am (CERDO CIAITBANMNS DO LrWRULES, JERUCIEEZNTY
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=)

1. IEORFEIBER (RIHXH) D EEL)
- EBEEFEZIDIELN line (T Pyx: - \/1405 Cas: ATels , )
« P Cygni profile ZREIRNWANRIT ML ( )
- SI2BRFE(CHESHEMETEEEIDT0ERA(CERELTES Y. RIS Z/ENRLY
« BHEEOCTFHEREBIICIFELU CTLWDIMEZIRE U TULVD? (cf. BFTEZED “flash spectroscopy”)

« BLFILF— (> 100 MeV) B> XHEMNFIHACZ D616 (RS Oph: ATel =3
« TIZECHFDONEIE L. BBEOME EDHEZE - FER(IC L DREI?
* Rising ZJ 7))L 51 LATIRZTZHE (Quinby et al., arXiv: )

« Tomo-e CHERIER(CIIRIEE

RN 2 - 3 FrENITLEES
« £D [mEsRD 1 H\7?

1=Zw b2 2IRSD A (HO@RAD3) 24
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https://ui.adsabs.harvard.edu/abs/2015AcPPP...2..257A/abstract
https://www.astronomerstelegram.org/?read=14471
https://www.astronomerstelegram.org/?read=14472
https://ui.adsabs.harvard.edu/abs/2015AcPPP...2..257A/abstract
https://www.astronomerstelegram.org/?read=14834
https://arxiv.org/abs/2107.05763
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Difference between Dwarf Novae, Novae, and

Supernovae
Dwarf Novae Novae Type la Supernovae
Causes (Chandrasekhar?)
Energy Release Grawtatpnal Engrgy Nuclear Burning of Nuclear Burning of
release in the disk
Absolute Mag >1 ) |~ —-6to—-10( ) ~—-19
Typical Amplitude <8 ~ 10 (at least 7, at most 19) | don’t know (> 207?)
Location of : .
Targets MW Galaxy MW Galaxy & nearby galaxies Extragalactic
Discovery ~ 103 / year ~ 10 / year (in MW Galaxy) ~ 104/ year?
Recurrence ~ weeks to ~ 102 years
2022/7/5 ARES1Zv MRS T A (HAO@RADSI) 26


https://ui.adsabs.harvard.edu/abs/2011MNRAS.411.2695P/abstract
https://ui.adsabs.harvard.edu/abs/2008clno.book.....B/abstract

Dwarf Novae and Novalike Variables (Novalikes)

* Thermal-equilibrium curve for iIs S-shaped.
e Solid line: Stable, Dashed line: Unstable

« Dwarf Novae

» M, (inflow from secondary) is unstable for the disk.

— Mgiq Varies dramatically
° A_)B:Mdisk<Min_)Z ],C—>D:Mdisk>Min—>Z N
- In average, (Mgjsk) = Mjy,

 Novalikes

 The input M;, is in the stable region.
— No DN outbursts (always hot, Mg, = Mip,).

* Novalike’s spectra are like those of quiescent novae.
(That's why they are called “novalikes™)

Osaki (1996)2 min
A3 R RS A (HO@ZRADI) 27
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https://ui.adsabs.harvard.edu/abs/1996PASP..108...39O/abstract

Dwarf Novae and Novalike Variables (Novalikes)

* Thermal-equilibrium curve for iIs S-shaped.
e Solid line: Stable, Dashed line: Unstable

» Dwarf Novae
» M, (inflow from secondary) is unstable for the disk.

- varies dramatically
- A-B: <M, -7 C-D: >Mi, > 2\
* In average, = M;,

 Novalikes

 The input M;, is in the stable region.
— No DN outbursts (always hot, Mg, = Mip,).

* Novalike’s spectra are like those of quiescent novae.
(That's why they are called “novalikes™)
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Dwarf Novae and Novalike Variables (Novalikes)

* Thermal-equilibrium curve for iIs S-shaped.
e Solid line: Stable, Dashed line: Unstable

 Dwarf Novae

* M;, (inflow from secondary) is unstable for the disk.

- varies dramatically
- A- B: <M, -7 C-D: >Mi, > 2\
* In average, = M;,
* Novalikes
 The input M, is in the stable region.
— No DN outbursts (always hot, = M;,).

* Novalike’s spectra are like those of quiescent novae.
(That's why they are called “novalikes”)

Osaki (1996)2min
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Super-soft Sources and “Born-Again Giant”

» If the accretion onto WD (M) is high enough,
the H burning occurs continuously.

« Rather than episodically (novae).
» Observed as a

e If M was further increased, the inflow material
could not be assimilated simultaneously.

— “Born-again giant”.

» If M is low enough, H can’t be burnt steadily.
— Ignition after enough fuel has accreted (novae).

2022/7/5 AREZ1=Zwv b2 2RI A (HO@RADSI) 30


https://ui.adsabs.harvard.edu/abs/2021MNRAS.507..475G/abstract

Super-soft Sources and "Born-Again Giant”

» If the accretion onto WD (M) is high enough,
the H burning occurs continuously.
« Rather than episodically (novae).
« Observed as a

- If M was further increased, the inflow material
could not be assimilated simultaneously.
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Super-soft Sources and "Born-Again Giant”

» If the accretion onto WD (M) is high enough,
the H burning occurs continuously.
« Rather than episodically (novae).
« Observed as a

- If M was further increased, the inflow material
could not be assimilated simultaneously.
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* If M is low enough, H can’t be burnt steadily.
— Ignition after enough fuel has accreted (novae).

\l/
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Appendix: Secular Stability of Stellar Core

» Hydrostatic equilibrium

dpP Gm
* Pressure balance: o = —pr—2
« Equation of contlnmty = 4nr?p

» Polytropic EoS: P = Kp1+1/”

= (4m)/3B,GM?/3p¥* (R eliminated) - < = gdpi

* EOS: dPC = a%+deC

p (a = b = 1 for ideal gas)

e

* For ideal gas, the core is
 T. /7 = nuclear energy /! — energy excess — expansion (p. N) = T. N

2022/7/5 AREZ1Zv b2 2RZO A (HO@RERAKDSI)
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Consideration of Stability of Thin Shell (1)
(c.f. “Pulse instability” in AGB stars: e.qg., Schwarzschild & Harm 1965)

» Consider a thin shell between r, and r. T, Moyt
» Since dP = — 4(7;:4 dm, the pressure difference is

2 2
Gmout Gmin

* P(r) = P(rp) = —

dmcrt  4mrg’

e |If there’s an energy excess (only) in the shell,
* Outer boundary will expand (r = r + dr).
* The pressure difference will be

* P(r+dr) —P(ry) = —

2 2
Gmout Gmin

4 4"
4t (r+dr) ATTT,

» So, the pressure at outer boundary follows
dP:ﬁ(r+dr)—P(r)z_Gm<2>ut( 1 1)

(r+dr)* R

| dp d
+ This means — = —4%.
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Consideration of Stability of Thin Shell (1)
(c.f. "Pulse instability” in AGB stars: e.qg., Schwarzschild & Harm 1965)

» Consider a thin shell between r, and r. r 4+ dr, moyt T, mOut

* Since dP = — 4m~4 — dm, the pressure difference is
P = P(ry) ~ — e
* |If there’s an energy excess (only) in the shell,
« Outer boundary will expand (r - r + dr).
* The pressure difference will be
= Gm(z,u Gmizn
« P(r+dr) — P(ry) = —4n(r+d;)4 + ppe s
* S0, the pressure at outer boundary follows
~ Gma ¢ 1 1
dP = P(r +dr) — P(r) » — 4T ((r+dr)4 B r_4)
* This means d?P = —4%.
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Consideration of Stability of Thin Shell (1)
(c.f. "Pulse instability” in AGB stars: e.qg., )

» Consider a thin shell between r, and r. r 4+ dr, moyt T, mout

* Since dP = — 4nr4 — dm, the pressure difference is
() = Plro) ~ — Gt + 420
* |If there’s an energy excess (only) in the shell,
« Outer boundary will expand (r - r + dr).
* The pressure difference will be
¢ P(r+dr) = P(r) = — o 4 i’:‘
* S0, the pressure at outer boundary follows
~ Gm2, 1 1
dP = P(r +dr) — P(r) ~ —=22ut ((T+dr)4 =)
* This means .
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Consideration of Stability of Thin Shell (2)
(c.f. “Pulse instability” in AGB stars: e.qg., Schwarzschild & Harm 1965)

: : dpP dr
» From the previous slide, — = —4— r+dr, Moy 7, Mout

L
* The shell mass Am doesn’t change.
o Am =~ 4nrép(ry) (r — ry): constant
dp dr
- — = —
p r=T7o
d | | .
* EOS: ?P = af+ b?T (a = b = 1: ideal gas)
(A _ g)dee _ 9T
r Pc Tc
* The pointis (r — ry)/r is usually very small.
T /7 - nuclear energy ./ - energy excess —
expansion (p N)—>T /
) 38
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Consideration of Stability of Thin Shell (2)
(c.f. “Pulse instability” in AGB stars: e.qg., Schwarzschild & Harm 1965)

: : dpP dr
» From the previous slide, — = —4— r+dr, Moy T, Moyt

Z
* The shell mass Am doesn’t change.
« Am = 4nrép(ry) (r — ry): constant
dp dr
- — = —
p r—Tg
d d d :
* EOS: ?P = a?p+ b?T (a = b = 1: ideal gas)
(M) _ ) dee _
r Pc Tc
* The pointis (r — ry)/r is usually very small.
T /' - nuclear energy /1 — energy excess —
expansion (p N) > T /
) 39
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Consideration of Stability of Thin Shell (2)
(c.f. "Pulse instability” in AGB stars: e.qg., )

: : dpP dr
» From the previous slide, — = —4— r+dr, meye T, Mout

* The shell mass Am doesn’'t change.
« Am = 4nrép(ry) (r — ry): constant
N d_p _ dr
p T ro
* EOS: d— = a—+b—(a = b = 1: ideal gas)
4 dpc _ %
_)( B a) pe Te
* The point is .
T /7 - nuclear energy ./ — energy excess —
expansion (p N) > T ./

1=Zw b2 2IRSD A (HO@RAD3)
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Thermonuclear Runaway (TNR)
(e.g. )

* Nuclear reaction .
* pep reaction (p + e+ p - d+ v)isincluded ( )
« Degeneracy becomes unimportant at ~ 7 x 107 K, but TNR can’t be terminated.

« At high temperatures (> 108 K), protons are captured so fast.
— the rate of energy generation is limited by 7, of f*-decay.
(13N: 598 s, 140: 71's, 150: 122 s, '7F: 64 s)
* In usual stars, the bottle neck is *N + p - 1°0 + y.
« Convective turnover timescale: 10-10% s
— [*-radiative nuclei are transported for the whole H-rich envelope.

(However, | feel the detail of TNR is still under debates.)

lII

1

\l/
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Energetics of Novae (1)

* Where does the Nuclear Luminosity L . Go?
* Radiated away (L)

* Expands envelope
* Mostly used for Gravitational energy loss (L < 0)
* Internal Energy (for later use)

* Essensially, L, — (-Lg) = L

» Eddington Luminosity (next slide) plays a very important role in energetics.
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Energetics of Novae (1)

* Where does the Nuclear Luminosity L,,,. Go?
* Radiated away (L)

« Expands envelope
* Mostly used for Gravitational energy loss (L < 0)
* Internal Energy (for later use)

* Essensially, L, — (-Lg) = L

(next slide) plays a very important role in energetics.
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Energetics of Novae (2): Eddington Luminosity

* An upper limit of the luminosity of stars in hydrostatic equilibrium.
* Classically defined as

(kog. Opacity by electron scattering)

GMp
rz

« Gravity ~
hv KpL

4amr?hy ¢ P

: photon number flux

 Radiative force ~

41cr?

ATtr2hy
hv
© momentum of photon

* Kkp: absorption coefficient

If diffusive luminosity > Lgy4, €nvelope can’t be in hydrostatic equilibrium.
— (A part of) the envelope is ejected.
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Energetics of Novae (3)

* In the first nuclear flash, L, largely exceeds L. s e
* Most of L. is spenton L.
— As a result,
— Then p decreases — L, . gets mild.
— Gradually L. settle in Ly, : (Quasi) Steady State
« H-burning is unsustainable due to depletion.
— Finally burning ends, and WD returns to the quiescent.
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Novae in the HR Diagram
(e.9., ;

* After L, . > Lgggs (Lhue — Legg) IS Used for envelope expansion.
— Photosphere expands rapidly, while L, = Lgyy = constant.
— Effective temperature T_; decreases — brlghtenlng In the optlcal wavelength

ontractlng raaius __ I T T

——— I\j —scgie—
Expanding radius y :H

log(LIL o))

\ \Kato Saio, Hachisu (2017)7 37

ST 1.2 My ¥
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Appendix

Supersoft Source (SSS) Phase

* Photosphere Shrink.

— Effective temperature increases.
— Getting luminous in super soft X-ray.
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Fig. 1. Comparison of V and X-ray light curves among the three recurrent novae M31N 2008-12a, U Sco, and RS Oph. (a) Comparison in normalized

timescale against the M31N 2008-12a 2014 outburst. (b) RS Oph. (c) U Sco. (d) M31N 2008-12a in the 2014 (red symbols) and 2016 (blue) outbursts.
The horizontal black line segments indicate the duration of the SSS phase, tsss (long segment) and tigg (short segment). The optical plateau phase is
depicted by the horizontal orange line segment in panels (b) and (c). The green horizontal line segment in panel (d) shows the highly variable phase
in the 2014 outburst taken from Henze et al. (2015, 2018). The blue horizontal line segment in panel (d) corresponds to tsgs in the 2016 outburst. See
text for details. (Color online)
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Importance of Initial Brightening Phase in Novae

* Envelope has not expanded so much.
— The system maybe has not “polluted” by the nova ejecta.
— Possible key to research on the progenitor accretion stage.

« Real-time observation of launching envelope (ejecta).
* Recently, y-rays are also observed in initial phases.

1=Zw b2 2IRSD A (HO@RAD3) 48
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Difficulties in Studying Initial Phases.

» Observations are difficult.
* Needs prompt discovery and follow-ups.

« “Steady state” approximation is invalid.

« “Steady state” approximation (e.g., ) succeeded in modelling
the late phase of novae.

« “Envelope expansion leads brightening” is correct in theory.
(Observational evidence is few)

* "How envelope expands” is unclear even in theory.
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; Stage2

Our Simple Picture

« Stage 1
* No absorption lines of ejecta are observed.
* The temperature is highest.
« Consistent to the T Pyx’s spectrum ( ) S

] S ta g e 2 Ejecta Outflow

« Absorption lines starts to appear.
* Whose absorption velocities are decreasing.

« Temperature is still high — high ionized lines are expected.

« Stage 3
« Around maximum light
« P Cygni absorption lines.

' Ejecta

i (inside photd:sphere; not observable)

(Physical) Distance from the WD

(]
o
>
3
©
©
]
o
5
|_
Q
2
(]
Ny
o
7]
o
=
o
ey
[a
—
>
=
7]
o
£
S
=)
-
®
o
2
joR
@
)
(@)
o
-

IIl

1=Zw b2 2IRSD A (HO@RAD3)

\l/

2022/7/5 AE


https://ui.adsabs.harvard.edu/abs/2015AcPPP...2..257A/abstract

Spectral Modelling

* The key to understanding nova spectra, novae is

* To compare model and observed spectra is to deduce physical parameters
« Abundances, density, temperature, ...

+9.88h —
A CMFGEN model
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About CMFGEN

« We use the (Hillier and Miller 1998) to calculate the
expected spectra of novae of model systems.
* This code solves non-LTE self-

consistently in spherical geometry.

* We regard the structure of nova system (White Dwarf + maybe ejecta) as the same of that of wind-
blowing stars, which this code prefers.

» We approximate nova system steady (like H Il regions).

CN ejecta? CSM?

WD

== Py =
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Basic Equations for Spectrum Modelling

» Radiative transfer equation (including scattering in j, and «,,):
L, =]y —ayly

- L(rw) = jy(r) —a, ()L, (r,w
(for co-moving frame observer with the nova wind in the spherical geometry, non-relativistic)
e u=cosb
¢ j, = jgontinuum 4+ Zlinesj1l/ine + Mo
¢ Jy==-f1,d0

ontinuum 4+ Zl line

— C
*a,=ay ines ®v + NegO¢

 Detailed balance between two levels (for non-LTE):
* (Blu + Clu) — nu(Aul + Bul + Cul))

* Others (Radiative Equilibrium for T, distribution, radiative force for v(r), ...)
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Spectral Modelling

* The key to understanding nova spectra, novae is

* To compare model and observed spectra is to deduce physical parameters
« Abundances, density, temperature, ...

+9.88h —
A CMFGEN model

* |[f you've used it, please educate me.

=
C
©
]
0
C
o
O
+
x
=)
L
©
]
N
©
S
jus
o
=2

4000 4500 5000 5500 6000 6500 7000 7500 8000
Observed Wavelength [A]

2022/7/5 ARET1Zy 2RSSO A (HO@RAD)) 54




