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The Matter Coincidence Problem

e A curious pattern:
,I.

e SM: Dimensional transmutation —
exponentially sensitive to UV.

e DM: Wide span of scales in any
mechanism.

e Their ratio could span orders of magnitude. Yet, it’s O(1). Coincidence?
o n.,/ny ~ 10'0: even interaction wont guarantee similar abundances.
e Strongest hint for DM-SM interaction. Solutions can drive searches.

T No, I don’t think anthropics really works it is not a satisfying answer either.

1 Proposal: An axion’s main competitor should be called a Nelson. > /10
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We write down the Boltzmann equation for SM fermion asymmetries, in the
presence of time-varying QCD axion 6.

|AFSS| = pcs |AFSS| = pcs

e Sphalerons. e 2-to-2 scatterings with Higgs.

e Active at the high temperatures. e Only act as wash-out terms.
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e 0 is the only source term.

o n,; x 0.

0

Yp ~ 10~
B T T*)TEVV

Upshot : (Tgw) ~ 5keV — Yp ~9x 1071

In this talk we focus on IR dynamics.

Generating this velocity requires PQ violation: quality problem.



Fermion Asymmetries — 6

) T\ -
b+ (31 35 ) 6 =0

Ja

e Sphaleron and fermion asymmetries give rise to a friction on the axion.



Fermion Asymmetries — 6

. T\ -
6+ (3H+5)0=0
Ja

e Sphaleron and fermion asymmetries give rise to a friction on the axion.

e In SM this asymmetry is very small: thanks to the small up-quark mass.

T The slender somehow overwrites the hefty, heroically dragging their combined effect into irrelevance.



Fermion Asymmetries — 6

. T. .
0+ <3H+ ,;)9:0
Ja
e Sphaleron and fermion asymmetries give rise to a friction on the axion.
e In SM this asymmetry is very small: thanks to the small up-quark mass.

e O(Tgw) ~ 5 keV: sustained to low T’ and overproduces axion DM.

T The slender somehow overwrites the hefty, heroically dragging their combined effect into irrelevance.



Fermion Asymmetries — 6

T

2
Ja

0+ (3H + 6=0

Sphaleron and fermion asymmetries give rise to a friction on the axion.

In SM this asymmetry is very small: thanks to the small up-quark mass.’

O(Tew) ~ 5 keV: sustained to low T and overproduces axion DM.

A new confining sector can have the suitable friction!'t

T The slender somehow overwrites the hefty, heroically dragging their combined effect into irrelevance.

11 Conjecture: There is no problem in life that can’t be solved by a new confining force.
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Axiverse: String theory naturally gives rise to many axions in the IR, with
varying degrees of quality.

e Three sources of potential — three independent axion directions.

e (2 axions is enough too.)

03 starts rotating in higher temperatures.

The new group couples and dissipates energy out of 65 3.

V= Xc (1 —cos(ty + 02 +03)) + xa (1 — cos(62 + 03)) + Vpg(0s)

Solves the strong CP problem + a cogenesis model.
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e Heavy vector-like quarks with SM charges to PAAAAA
enable dark glueball decay:
my € (0.1,10) TeV thanks to collider and
BBN bounds.! ) AN

e Ay € (1,10) GeV thanks to friction and BBN
bounds.

1 Could possibly use dark photons instead, for that extra shimmer every respectable paper had in 2010s.
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o All fsequal, Ay GeV, UV
potential parameter fixed.
QCD axion makes up bulk of DM
today — can be anywhere on the
QCD line.

Other two constitute a
sub-component of DM today.

Blue region: viable space roughly
fixed (thanks to friction and glueball
bounds).

We have signals at colliders too.
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Summary

Coincidence problem is a strong guide for BSM model-building.
A vector-like confining sector and multiple axions from the axiverse solve the
quality and the overclosure problem of the minimal axiogenesis model.
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Defines new correlated targets for experiments (in collider and cosmology).
THANK YOU!
t We have a UV completion that solves the flatness and fragmentation problems as well.
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Evidence for DM

I.Rotation Curves 2. Cluster Dynamics 3. Cluster Gas 4. Strong Gravitational Lensing

Wi v lean . T Wit v fean: . ot Wit we e
mass fscion

dstrbtion

5.VVeak Gravitational Lensing 6. Cosmological Microlensing 7. CMB Acoustic Peaks

Whatwe lean: - What we lear: | E What we lear:

o = Fan, T

10. Galaxy/Cluster Collisions 12. Local Stellar Motions
Wit ear % What we lean What we ean:

thorml hiscory

via Katie Mack (Aspen Genter for Physios Colloquium 2019)
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Coincidence vs. Cogenesis

e Coincidence models # Cogenesis models!
e Is the ratio of abundances generically O(1)?

e We put forward a cogenesis mechanism -
future step: coincidence.

e Do any of motivated DM models fit in a
cogenesis setup?
o Let’s explore this in QCD axion DM models. Coincidence
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CS Chemical Potential

5:/d4x£3fd4xigwaﬁ/ﬂ”
8 H
- / 0z ¢ 9,3l
- [z oc it
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Fermion Asymmetry and Free Energy

T _ r. +7_
OiNos =Ty ~T_, 5= =e 8T, Ty ==,

|AFSS| = pics [AFS| = pcs
NG Ir_ F+
gt = NG —Gl, G @ on; = ~5 X 0Ncs

F;, ~ / (;l:;jg [log (1 + 67(E7’”)/T> + (g — _Hi)} s — Nos Nes +1

3V 2 G Uz
F; D ﬁni — AF, = 12N T2
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Boltzmann Equations for Asymmetries

e 0 is the only source term.

o n; o< b For LH quarks:
0

Yp~107° — -

’ TI7-Tew th + 3an9 = 3Kchu min(azs, y'lQLg)T (_”% - n‘% B HTH)
5 o 2 n, ng
Upshot : (Tgw) ~ 5keV — Yp a9 x 10711 F3Kehd min(as, ydg)T <—% - =+ RTH)
F?U )

9Ty (—%WQT? — g (ng, + n@g,))

This veloctiy will be generated +2% (‘%éT? - Zg'(”qg/ +na, + nJg/))

by PQ violation in the UV. In
this talk we focus on IR
dynamics.

Q9 — (ﬂnggvégvgg)
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Friction and Kinetic Misalignment

Q, N Xc(0) wESFo’J‘T2( g*(Teq) )3/4( T )3 ~ s (fa)
Qom 5 m (Teg) T Ma 3 \ 9«(Tesro) Txsro 5x 107 GeV /)’

12 309*

. t 1 . TC
62 = w%}SFO exp {_ / dlog t fYroll(tf)} ’ éfc?@Z > Xes Yroll = 3+ H—f2 .
tESFO a
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Susceptibility
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Quarks and Glueballs

Quark|SM Charges Principal Role g Y nmnn
P4 (1,1,0) Absorbing 2 overabundance v, v,
Wy (1,1,q4) |Depleting glueballs abundance p - 5
d

32m m$, )2 ( my )2 1
Tor+ = 3600 , ~ me\8  (1GeV
0++ (Nf — 1) qz agmag(m0++) <F05;Jr Mo+ Mot++ Tore = 1072 5 x (T‘p) X ( A )

19 /10
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We can have a different boundary condition at Trwy.

SN1987a SN1987a

1079

20/ 10
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| |CC'u
1,1, @, W e n,-1],
3,0l Wa AGG Yo+ [3,0], W =&, 94 Jo7dyAy g
3.1, oy AFF Yy [3,1]_, ,
V%= %e‘MLW+h.C.+...

V= Xc (1 =cos(01 +02)) + xa (1 —cos(b)) + Vpp(d2)
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Speculation on a High-Quality UV Completion

pd VI%’ o e"MBuv ~ 1: large PQ breaking.

e Ryvy is away from the equilibrium point of
the Goldberger-Wise mechanism.

e Branes are pushed to the GW equilibrium at
RiRr.

VIR oc emMHAR « 1: negligible PQ breaking.
PR

22 /10
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