Galactic rotation curves vs. ultra-light dark matter

Kfir Blum (CERN & Weizmann Institute)

1805.00122

Work with:
Nitsan Bar (Weizmann)
Diego Blas (CERN; King's College)
Sergey Sibiryakov (CERN; EPFL; INR)

ICTP, Giant Telescopes, July 2018



Motivation



(estimated) mass profile of the Milky Way, radially-averaged, from a variety of tracers
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WIMP cold dark matter:

thought to affect outer part of rotation curve
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Ultra-Light Dark Matter (ULDM):

makes predictions for the inner part of galaxies
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Ultra-Light Dark Matter (ULDM):

makes predictions for the inner part of galaxies
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Ultra-Light Dark Matter (ULDM):

makes predictions for the inner part of galaxies
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Summary



In the last ~five years, numerical structure formation simulations with ULDM have
become available.  gchive 1406.6586, Schive 1407.7762, Mocz 1705.05845,

Veltmaat 1804.09647, Levkov 1804.05857 (partial list...)
The inner part of simulated galaxies forms a core: “soliton”.

Simulations have discovered a scaling relation, connecting the core to the host halo.

Schive 1406.6586, Schive 1407.7762, Veltmaat 1804.09647

Schive 1406.6586



Soliton—host halo relation predicts a bump in the inner part of rotation curves.

We study the theoretical implications, trying to understand the underlying physics of the
soliton—host halo relation. (Not in this talk.)

We study high-resolution rotation curves of ~100 intermediate size galaxies, in the
ballpark of halo mass that was numerically simulated.

As far as we could see, the bump isn’t there.
m~1e-22 - 1e-21 eV seems to be in tension with observations of many galaxies.

Comparable independent constraints from Ly-alpha Forest analyses; see talk by Viel earlier today.
Armengaud (1703.09126), Irsic (1703.04683), Zhang (1708.04389), Kobayashi (1708.00015)



Soliton—host halo relation predicts a bump in the inner part of rotation curves.

As far as we could see, the bump isn’t there.
m~1e-22 - 1e-21 eV seems to be in tension with observations of many galaxies.

This particular range of m is of special interest, because it was thought to address

small-scale puzzles of LCDM
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Soliton—host halo relation predicts a bump in the inner part of rotation curves.

As far as we could see, the bump isn’t there.
m~1e-22 - 1e-21 eV seems to be in tension with observations of many galaxies.

m >~1e-20 cannot yet be constrained, because of spatial resolution
of rotation curve data: cannot resolve the core.

Better observational resolution may probe m > 1e-20eV



Analysis
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A soliton — host halo relation?
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Empirical soliton—host halo relation, equivalent to this statement:

E E

M |solit0n ~ M |hal

Derivation: Not in this talk... (1805.00122)



Empirical soliton—host halo relation, equivalent to this statement:

E E Equal specific energy ==> equal specific kinetic energy
~7 Inalc ==> ~equal peak rotation velocity
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This is a powerful prediction. It is easy to compare to data:
I. Look at galaxies

ii. Find halo peak rotation curve
iii. This determines the soliton & soliton peak velocity in the inner part of the galaxy
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Bosma & de Block 2002
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m=1e-22 eV
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SPARC data base:
175 rotation curves
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Conclusions:

Soliton—host halo relation predicts an inner bump in the rotation curve.

As far as we could see, the bump isn’t there.

m~1e-22 - 1e-21 eV appears to be in tension with observations of many
galaxies.

Comparable independent constraints from Ly-alpha Forest analyses; see talk by Viel earlier today.
Armengaud (1703.09126), Irsic (1703.04683), Zhang (1708.04389), Kobayashi (1708.00015)
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The Milky Way: nuclear bulge vs. soliton
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