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Background

e /ACDM agrees with
measurements at
large scales

e We lack reliable
measurements at
small scales

e Small scales are
important for probing
the nature of dark
matters
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Stellar streams

e Tidal debris of globular clusters or dwarf galaxies
e Thin and dynamically cold structures
e Sensitive to dark matter subhalo down to 1045 solar mass
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A DM subhalo passes by a stellar stream

Passage of perturber at t = —600 Myr
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https://docs.google.com/file/d/1HuoaQroaoTIIH3d3_HeQ9RQiR3XtPBrw/preview

Motivation

e \With the explosion in the number of known Milky Way streams
o 0O(100) discovered
o Hundreds more to be discovered
e Quickly estimate detectability of a stellar stream from its properties

o Stream width

o Stream distance
o Stream density
o Stream length

e Select the most promising streams for further study



Quickly generate simulated

Mean value from analytic model

Noises
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o Observational errors
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Test statistics to probe minimum detectable subhalo mass

GD-1 like stream
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Dependence of minimum detectable subhalo mass on stream properties
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Stream ranking

e Using stream catalog from Bonaca and Price Whelan with stellar mass
reported, length > 20 deg, #observable star > 1 per 2 deg bin under Gaia

Name op l rh Maenas A Retro MDin [Mg]  MRR [Mg] MR [Mg] MDin [Mg)]
[°] [°]  [kpc] Me] [deg=!] /Prograde Gaia DESI + Gaia Via + LSST Via + LSST10

C-12 0.51 28 11.5 14000 528 P 6.75e+06 6.58¢+06 1.40e+06 7.75e+05
ATLAS-Aliga Uma 0.26 41 21.4 19000 490 P 1.05e+07 1.05e+07 1.65e+-06 7.94e+05
300S 0.34 25 15.9 7600 321 R 1.16e+07 1.16e+07 2.10e+06 1.08e+-06
NGC 6397 0.79 32 2.5 2500 83 P 2.85e+-06 2.84e+06 1.38e+06 1.16e+06
Palomar 5 0.54 32 21.3 17000 561 P 2.23e+07 2.15e+-07 3.20e+-06 1.45e+06
GD-1 0.43 119 8.0 14000 124 R 9.06e+-06 9.11e+06 2.39e+06 1.47e+06
Orphan-Chenab 1.02 137 20.7 130000 1003 P 2.79e+07 2.62e+07 3.77e+06 1.64e+06
Ylgr 0.72 49 9.5 11000 237 R 1.36e+-07 1.33e+07 3.05e+06 1.72e-+06
Gaia-6 0.4 21 8.3 1800 91 R 1.16e+07 1.17e+07 3.02e+06 1.84e+-06
Kshir 0.23 37 10.7 2200 63 R 1.31e+07 1.36e+07 3.16e+06 1.86e+06
C-7 042 34 5.8 1500 47 R 1.07e+07 1.09e+07 3.43e+-06 2.31e+06
NGC 5466 0.23 23 17.4 1900 87 R 2.53e+07 2.60e+07 4.59e+06 2.31e+06
Gaia-1 0.34 40 5.0 1100 29 R 9.22e+06 9.59e+06 3.32e+06 2.37e+06
Jhelum 0.65 97 13.0 17000 185 P 2.69e+07 2.65e+07 5.09e+06 2.60e-+06

[2405.19410] Ana Bonaca, Adrian M. Price-Whelan



Galactic latitude

Stream ranking - Gaia era

30°
15°

=
)

-15°
-30°

75 DESI+Gaia

GD-1

-150% -120°1 -9¢° -60° -30° 0° 30% 60" 90°

NGC 6397

\

Galactic longitude

-75°

i106

ME" (M)



Galactic latitude

Stream ranking - LSST 10 year sensitivity
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Future work

e Take stream age and stream length into consideration and predict the
expected number of detectable impacts for each MW stream under certain
dark matter models (CDM, WDM, FDM, SIDM, etc)

e Can compare the predictions against the observations and put constraints on
different dark matter models








http://www.youtube.com/watch?v=LHoESm09GOc

Analytic model for subhalo impacts
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Stream ranking

— 5 — _ R )
SO0 e Bl ATASAE it e,

NODNO

—40 —20 0 20 40 20 —10 0 10 20

5 2.5 3008 . . ... 1 101 NGCeag7 @
.01 . dpegreenen T : :

920 0 20 —50  —25 0 25 50

& oy @D A Ay >~ Palomar 5

01 S ¢ T T O '._,,,-!?ffi =

~100 —50 0 —20 0 20
= 10 Che . . —
o 01 Orp???&%”mm <% ) §§ = \ilgj ol OF L

0 50 100 150 —20

'O_' 2.5_ 3 25- ]
S 0.0] SNt ]
$ - —— | 9518

“10 0 10 %0 30 0 50 —10 0 10 20

= NGCsde6 . L. . . 1 25{ a7 TP
N e ) s S 0.0 ;*,:f:f;:‘%‘%ﬁb*":mi' N
e 2.5

20 —~10 0 10 20 —20 0 20



Minimum stream length in angle

e 8 degree of region required for those most promising streams
e Corresponding to 20 degree of total stream length
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Dependence on nuisance parameters
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Test statistics for mass estimation

Test statistic —¢ for confidence interval
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Confidence interval on subhalo mass
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Conclusions

Subhalo detectability strongly depends on stream width, stream distance,
stream density and observational scenario.

We found fitting functions for the minimum detectable subhalo mass.
Specifically, M3 x op?ri A7 %8 for Gaiaand MP™ o« o BrgOA~08
for LSST10.

We rank order the Milky Way streams based on their subhalo detectability.
C-12, ATLAS-Aliga Uma, 300S, NGC 6397, and GD-1 are among the most
promising ones for further study.



Conclusions

e Both the angular shift in z direction and the radial velocity are important
observables for detecting a subhalo impact.

e Streams less than 20° generally lack subhalo detectability.

e Subhalo detectability decreases as the subhalo velocity, scale radius, or
impact parameter increase.

e More aspects to consider (ongoing work):
o Stream length and age affect number of detectable impacts
o Size of impact constrained by stream length
o Intrinsic fluctuations along the stream due to the epicyclic motion of elliptical orbits



Default values for subhalo impact parameters

Description Default value
Mgy, Subhalo mass —
s Scale radius Plummer sphere, Eq. 25
b Impact parameter 0
t Time since flyby 315 Myr X 10 kpo
w = (Wr, wt, W) Subhalo velocity 180 km/s in 2 direction

M, 0.5
Py = (108 M@) x 1.62 kpc.



Observational scenarios

e (Gaia position + proper motions

e Gaia position + proper motions +
DESI radial velocity

e LSST position + Gaia proper
motions + Via radial velocity

e LSST10 position + Gaia proper
motion + Via radial velocity
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Test statistics

e Gaussian likelihood function Analytic model impacted data

1 (Vzg (Msh7 9) V%at)z
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iaj \/ 271-0'1%%3 Vij
Nuisance parameters Combined error
(b, t, w) (internal dispersion

+ observational error)
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Breakdown of g0 at minimum detectable subhalo mass
GD-1 like stream
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Via + Gaia + LSST
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Example data at minimum detectable subhalo mass
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Breakdown of g0 from different observables

High subhalo mass
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Example data at high subhalo mass
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Limitation of analytic model - impulse approximation
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Limitation of analytic model - mass-velocity degeneracy

Breaking the M, — w,, degeneracy
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