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Outline

e Ultralight scalar field as a cold dark matter candidate.

* Its huge population can be driven by a misaligned initial amplitude
forming a coherent state (e.g., QCD axion with instanton potential)

10~ 20ey e
m¢ )

n 10~2%V
2~ 1010 ——— ¢; ~ 10 GeV (

S m¢

* New idea: Coherent DM state driven by tiny couplings to thermal
fermions.



Coherent scalar DM from misalighment

* Coherent state of a scalar field =
classical wave
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Scalar field in thermal background

e Scalar field interacting with

thermal fermions:
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* Leading thermal effect in

cosmological evolution:
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General features |

* Evolution from T,,, = 100 GeV

downtoT,, = 0.8 eV:
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* Vanishing initial condition at x,,,:

=00 =D0.

 Nontrivial evolution from
Tew (Xew) to Ty = my (xf),
and then free evolution from

Te(xr) to Tpq (xeq) for f =g, L.

* Evolution from T,,, to

Teq for f = v.



General features |

* Different types of solutions
depending on the location of

Ty (xq):
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220207 CAU

* The resulting DM density is to
be described by
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Asymptotic solutions in various regimes

X > X1
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Scalar DM
condensed by g/l
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Scalar DM
condensed by g/l
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Scalar DM

condensed by q/! Solution
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Scalar DM
condensed by g/l
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Scalar DM
condensed by g/l
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Scalar DM
condensed by v
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Scalar DM
condensed by v
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Conclusion

* An ultralight scalar can form a coherent DM state through its tiny
coupling to SM fermions.

* Considering the ¢qq or ¢ll coupling, it works for wide ranges of my ~
(10722,10%)eV and y, ~ (10728,1078).

* For the ¢vv coupling, DM genesis requires m, ~ (107'7,107")eV and
v ~ (1077,107°), and can occur very late at around T > 10T,.



