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single-lined spectroscopic binaries (SB1s)

exoplanets 50?

.........................................

binary mass function
PKy(1 —e*)**  M;sin’i
272G (M, + M,)?

1 constraint, 3 unknowns

N this talk, “1” is the brighter object
for which RVs are measured

X-ray binaries



SB1 mass from ellipsoidal variations (EVs)
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SB1 mass from elllpsmdal variations (EVs)
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M, a 272G (M, + M,)?
1 more unknown: K, 1 constraint, 3 unknovvns
3 constraints vs 4 unknowns: * VSl

e assume “17 fills Roche lobe
+ R, from flux & distance

M, M,, R,1 solved with 1 more constraint




possible source of systematics: flux dilution

’I' /"I " 3

/ o
/e 4 S : %
|7 R L Lk

e “non-primary” flux dilutes the
amplitude of ellipsoidal variations

» accretion flow, hotspots, ...

e mass/inclination may be biased by
2 M,/ 2 10° in some X-ray binaries
e.q. Kreidberg et al. (2012)

normalized flux

0.0 0.2 0.4 0.6 0.8 1.0
orbital phase



tidal effects on RVs
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tidally deformed surface

Steme (1947), Kopal (1959), Wilson & Sofia (1979), Hill (1989), ...
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tidal effects on RVs

orbital phase: -0.50

observer

|

mass measurement using “tidal RVs”

line profile

orbital phase: -0.50

visible & receding

 more robust against flux dilution?
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e equivalent information as ellipsoidal variations
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V723 Mon: “SB1” system of a red giant + subgiant

RV +

CV + SED-based R, (Jayasinghe+2021)

M

M, = 1.00 +0.07 M, M, = 3.04 £ 0.06 M,

black hole??
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V723 Mon: “SB1” system of a red giant + subgiant
M

RV + EV + SED-based R, (Jayasinghe+2021)

M, = 1.00+0.07 M, M, = 3.04 = 0.06 M
‘ black hole??

revised analysis taking into account the P ~ 60days, f(m) ~ 1.7TM
companion’s dilution flux (El-Badry+2022)

M, = 0.44 £ 0.06 M, M, = 2.8 0.3 M,

L, =~ 0.7 L;: dilution from subgiant is significant

subgiant’s lines are broad and shallow ; — o nomn,
15 , | | | 10" F P R — S — t(,:ifa=5800 ; R=8.4R,
=10 ! \ [ | "\ f | ‘( oc\ff 10" F \ \
= .l A . |
:"lred giantl 5, ..
1 | . | | :
1 Subglant o . .
S Jant R red giant subgiant
éo- | | g':10'“5-
wavelength [A] = ‘ ' — -1'00 ' - A .1101

E/‘Bad//y et al, (2022) wavelength [pm]
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V723 Mon as a test case of “tidal RV” modeling

| RV data (black) are from STELLA echelle spectrograph
o SB1-like system where the flux (Strassmeier et al. 2012)

dilution biases the masses based LN N
on ellipsoidal variations g
' 25r
. . g |
RV residuals show tidal effects = O
st
. . . —505'

* we ignore companions’ light and NN

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

measure the mass using tidal RVs

* check how they compare to the
EV-based mass that explicitly
accounts for flux dilution

tidal effects!  Jevasinghe etal (2021)



KM & Hirano (2027)
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binary system parameters
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1. tidal deformation & flux distribution

\ visible & approaching
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imb & gravity darkening for flux

Using healpix/healpy
. 2005, Zonca et al. 2019)
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KM & Hirano (2021)
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orbital phase: -0.50

line profile

— (CCF peak
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binary system parameters
(incl. masses, orbital inclination)

A

1. tidal deformation & flux distribution

»  Roche model for surface shape
(assume tidal synchronization)

> [imb & gravity darkening for flux

2. absorption line profile
» rotation & macro-turbulence broadening

» intrinsic line width (thermal broadening,
iInstrumental profile, micro-turbulence)
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observer

KM & Hirano (2027)
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3. cross correlation function (CCF)

» compute CCF with a theoretical template

» derive velocity shift as the CCF peak
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KM & Hirano (2027)
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an existing scheme

o Sterne (1941): tidal anomaly may mimic a non-
zero orbital eccentricity

e compute flux-weighted mean velocity

(e.g., Kopal 1959, Wilson & Sofia 1967, Orosz & :

Hauschildt 2000)

| flux
velocity
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comparison with flux-weighed mean scheme
KM & Hirano (2027)
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KM & Hirano (2021) orbital phase: -0.50
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* implemented in JAX; RV model is differentiable s 225 g4

_nY W T
e gradient-based MCMC (Hamiltonian Monte Carlo) can be used

e Ccode avallable on 0 GitHub https://qgithub.com/kemasuda/rochev
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SB1 mass from ernpselelal—vaﬁatleﬁs tidal RV S|gnal
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1 more unknown: R, 1 constraint, 3 unknowns

3 constraints vs 4 unknowns:

. ‘“purely spectroscopic”
M, M,, R,1 solved with 1 more constraint

- ysini mass measurement
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v sin i from Subaru/IRD near-IR spectrum r.o,esn iverar cozs

e [nfraRed Doppler instrument (IRD) on

Subaru telescope
» R ~ 70,000, YJH band spectrum

Laser Frequency Comb

\ Ry >
' & m Optical Fiber
970nm  Wavelength 1750nm

Nasmyth Focus
(Infrared)
Light from a star is

injected into an
optical fiber.

Mode Scrambler

8 i o
RN =

N =

g B8

Spectrometer

Through the optical fiber, the light
reaches the spectrometer installed in
the Coude room on the telescope
pier with little temperature changes.

InfraRed Doppler (IRD)

Coude Room

normalized flux

Tamura et al. (2012), Kotani et al. (2018,
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v sin i from Subaru/IRD near-IR spectrum r.o,esn iverar cozs

e [nfraRed Doppler instrument (IRD) on
Subaru telescope

» R ~ 70,000, YJH band spectrum

e synthetic model fitting w/ broadening

due to v sIn I, macro-turbulence, and
imb-darkening

+ v sini = 15.8 + 1.0km/s

normalized flux
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maSSGS frOm tldal RV mOdellﬂg Tomoyoshi, KM et al. (2024

Our results based on RV & v sin i

_ 0.12
M, = 0.46%012 M

RV (km/s)
-

1 orbital + tidal

—50 M2 — 2.5 i ().2 M@
. “]tidal signal oS .
D?é\ 0 __gb__%__-__________nc; ——o——?? _________________ N ___5__________90__%_0 R\/& E/& SED radlus
z i M, = 1.00 £ 0.07 M,
0.4 0.2 | 0.0 0.2 0.4 Mz = 3.04 £0.06 M@
orbital phase Jayasinghe et al. (20217)
| accounting for
e reasonable agreement with EV-based masses flux dilution
accounting for flux dilution M; = 0.44 = 0.06 M

e fidal RV seems robust against this systematics M, =2.8 0.3 M,
El-Badry et al. (2022)
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systematic errors in radius & inclination? oo kverar pozs

M, M)

black: our result e ~ 2o tension in the estimated radius/
red: EV-based value inclination; systematic errors”

YV

M, (M) e direct modeling of line profiles may help
clarify/reduce systematics
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orbital phase: -0.50 23

conclusions

e SB1 mass can be measured using tidal RVs (and vsini)

» 1.e., only positions & shapes of absorption lines TN

visible & receding

“\ visible & approaching

» NO absolute flux measurements, no evolutionary models

e the resulting masses are not so sensitive to flux dilution

» can be a useful alternative to ellipsoidal variations

tidally deformed surface

» this method may (also) suffer from systematics, but those different from EVs o

o potentially useful for secure mass measurements in tidally-
deformed SB1s, including

»  known X-ray systems

»  X-ray faint compact object binaries that are being uncovered from ongoing
large astrometric/spectroscopic/photometric surveys




