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Direct Detection

Tien-Tien Yu (University of Oregon)
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Dark Matter Candidates
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History of This Universe ...

Formation

BBN

Inflation (?)

Big Bang
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History of This Universe ...

Formation

BBN

Inflation (?)
Big Bang @
E=1016 GeV

E=0.1 GeV
E=3x10-10 GeV
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standard BBN picture

Pospelov, Pradler [arXiv:1011.1054]
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big bang nucleosynthesis

T>1 MeV
weak interactions keep neutrons and protons in thermal equilibrium
O n<p+e v
©Q—0 -
V+n<>p+e

E — 6_(mn_mp)/T

p
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big bang nucleosynthesis

T, r,_,~ G ° «— Q

rate
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big bang nucleosynthesis

n—pP+e + Ve neutron decay
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Helium-4 formation

Q deuterium
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l% tritium
G photon

p+ned+y
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Helium-4 formation

Tien-Tien Yu (University of Oregon)
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deuterium
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helium
photon

p+ned+y /

very stable!
all free neutrons end up here
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Helium-4 formation

Tien-Tien Yu (University of Oregon)
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neutron decay
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Helium-4 formation

Tien-Tien Yu (University of Oregon)
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n—pP+e —+
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neutron decay

11



Helium-4 formation

Tien-Tien Yu (University of Oregon)

n—pP+e€ -+ Ve neutron decay
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new physics can change this!
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primordial abundances

baryon density parameter Qph?
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primordial abundances

baryon density parameter Qph?
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primordial abundances

baryon density parameter Qph?
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neutron abundance at BBN

aQBBN da
Xn.BBN = Xn,WeXp( — / —Hrn>
AW a

AXn,BBN B AXn’W /CLBBN da AT Fn ACL e
Xn,BBN N Xn,W av aH " H a
aw
AX,w /QBBN da AT ) 4 L'y ATsBN
- Xn,W av aH " | H TBBN
ABBN

Tien-Tien Yu (University of Oregon) 20th Rencontres du Vietham — ICISE



neutron abundance at BBN
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neutron abundance at BBN
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neutron abundance at BBN
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neutron abundance at BBN
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neutron abundance at BBN
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heutron abundance at freeze-out

Instantaneous approximation: Xn W = @_mnP/TW

™~

approximate weak freeze-out temperature

AXn,W N Mpp Amnp ATW
Xow  Tw \ mp, Lw

however, we need to go beyond instantaneous approximation...
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heutron abundance at freeze-out

Np 1

neutron abundance — = — X °q
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neutron abundance at freeze-out

need to go beyond instantaneous approximation...
AX, w Mo (Amnp ATW>

Instead,
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neutron decay
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4He analytic constraint

neutron abundance@BBN deuterium binding energy
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electron mass
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axial coupling
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Scalar with universal coupling

Scalar field

universal coupling

additional contributions to SM particle masses!
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Scalar with universal coupling

Scalar field

universal coupling
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additional contributions to SM particle masses!
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\ A2
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2 know: scalar is all of DM now ¢g = \/W[ZDM
—m%/ V2 ?
A2 _ .
need to know: value of scalar field at BBN ¢BBN
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scalar evolution

Tien-Tien Yu (University of Oregon)

b+ 3HO+V'(p) =0
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scalar evolution
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Tien-Tien Yu (University of Oregon)

effective mass
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SM Energy-Momentum Tensor

S. Sibiryakov, P. Sgrensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820]

Tien-Tien Yu (University of Oregon)
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scalar evolution
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scalar evolution
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scalar evolution

WKB without Hubble

4 Without induced mass
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scalar evolution
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scalar evolution

S. Sibiryakov, P. Sgrensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820]
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4He analytic constraint S. Sibiryakov, P. Serensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820]

see also
Stadnik, Flambaum [1503.08540]
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Universally-Coupled Scalar

S. Sibiryakov, P. Serensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820]
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Scalar with non-universal coupling
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Non-Universally coupled scalar(s)

T. Bouley, P. Sgrensen, TTY JHEP 03 (2023) 104 [arXiv: 2211.09826]
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Conclusions

eBBN is well-explained by SM physics and therefore a powerful test of BSM physics
eultralight scalar dark matter will modify the predictions of BBN
ethe induced mass leads to non-trivial DM evolution

einstantaneous neutron freeze-out approximation is insufficient and leads to
qualitatively different conclusions

ea large portion of ultralight scalar DM parameter space will have noticeable effects on
BBN

cam on!
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