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QCD axion dark matter

Focus on QCD axions that solve the strong CP problem
“~Cc

QCD = 4do0!?

- P

Two main classes of models:

PQ charge DFSZ KSVZ

SM quarks V x
Heavy quarks x V
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Misalignment mechanism
Aqgco

—

QCD

Post inflationary

e random misalignment
* cosmic strings

- m,=1-100pueV
h‘} [2108.05368], [2007.04990],

[‘i 809. 09241] [1708.07521], [1412.0789]
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Domain wall number

N\
In general, Vo ~ Agep |1 — cos (NDW )

frPo
V(a)
: No stable DW
Now = 1 \
*
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Strongly interacting relics

Q produced in the early universe through freeze-out

w)

They form stable hadrons
0% — @
Their abundance is extremely constrained
o
Ny,
Solution: they must decay into SM quarks

7 < 10~%s [1610.07593]

<107%  Pperl et al (2009)
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Viable models

QCD axion dark matter models must satisfy:
1. Npw =1
2. Q couple to SM g through operator of d < 5
3. £ =5x10° — 3x 10! GeVv

Only two possibilities:
e KSVZ-: 0O ~ (3,1, — 1/3)
e KSVZ-II: O ~ (3,1,2/3)
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Heavy quark couplings
KSVZ-I:

OX = MyQrdr, for ( ) = (
OF =y14Hd Qr, for ( ) = (1
Of = y2,4®Qrdr, for (xr,xr)= (1,0
Of = yg,de)TQLdR, for ( ) = (

Mass mixing between heavy & SM quarks

Q
d

I
=
s I
.
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Flavor-violating Higgs couplings

SM qguark masses not aligned with Higgs couplings

y ’ h ) 7 a
/ \\ qL ' qR
L X X / I
IR 9@ 9% "1171 oL h o
Y qR | qL

Mixings have to be 6,, < 0.1 — 0.01

SR @
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Axion-quark couplings

Before mass mixing:

Large flavor-violating coupling to quarks
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Flavor-violating axion couplings

Induce rare decays and other processes

E949, NA62, KOTO: BR(Kt = 7nta) < 7.3 x 107!
[0709.1000], [2011.11329]

Probe QCD axions with
£, ~ 101 - 10! GeV

well into the DM range
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QCD axion parameter space
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QCD axion parameter space
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QCD axion parameter space
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QCD axion parameter space
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Conclusions

e Viable QCD axion DM: KSVZ-|I and KSVZ-II

* Flavor-violating axion-quark couplings

e Discover QCD axion DM through K — 7+ a
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Conclusions

e Viable QCD axion DM: KSVZ-|I and KSVZ-II

* Flavor-violating axion-quark couplings

e Discover QCD axion DM through K — 7+ a

Thanks!
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Backup
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Heavy quark couplings
KSVZ-I;

0 = MyQrdg, for
O =vy14HdLQRr, for

Quark mass matrix:

My 0 0 0 dr

- 0 ms 0 0 s
(dr 5p b Qr) | 0 mp O bz

y2,dfa, y2,sfa, y2,bfa, maqg QR

Mass mixing between heavy & SM quarks
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Flavor-violating Higgs couplings

SM qguark masses not aligned with Higgs couplings

/'/ h \\‘ (CaR)qq’
IR 'qLX A, : a ReCk (sd) 4.1 x 107°
"Llji ImCk (sd) 2.1 x107°
v Cg,|(bd) 5.5 x107°
7 q Cg,|(bs) 1.8 x107°
L A ImCp (cu) 1.4 x 1073
no t— hj(tu) 9.5 x 1072
ay | q t = hj(tc) 9.1x 1072

Limit the size of the flavor-violating axion couplings

19
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Axion-quark couplings
Before mass mixing:

1 B _
LD 2 f Opa (XLQLV”QL T XRQR”Y“QR)

After mass mixing:

1 _
LD o7 Oua |xr (qr QL)“ (3;)

+xr (7r Qr) K g;
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Flavor-violating axion couplings

Induce rare decays and other processes

y_ " ot E949, NAG2:
K™ 5 _../CZ BR(KT - 7#7a) < 7.3 x 107!
------ a [0709.1000], [2011.11329]
£.160*[GeV]
1013 1012 1011 1010 10° 108 107 106 10°

K= sd
cu
B - pa bd
bs

|F. |Fy :F,(prosp) |F,

[2002.04623]
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KSVZ-Il: down-type quarks
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KSVZ-II: up-type quarks
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