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the axion solution



the QCD axion: what it is
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the QCD axion: what it is
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the QCD axion: how it couples
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the QCD axion: how it solves the problem

RO R J—
fosm ] ‘
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2 birds with 1 stone



the QCD axion: as dark matter
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the QCD axion: as dark matter




axion hunting
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the QCD axion: and its EFT
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the QCD axion: the mass @QNLO
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the QCD axion: potential @NLO
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Ao = — 4

2 2 2
m {mu—mumd+md

2 (my + mq)?
m2  mymy 4l — l_3 -3 m2 —mymyq + mfl
6— h' — hh — 1 — 4= v
TR e+ ma)? [ T T AT T (ma + ma?

\ —
A, = —0.346(22) - =2

[ cosine(—)l) fc% ]
/ N\

/ \




the QCD axion: potential @NLO

Ao = — 4

2 2 2
m {mu—mumd+md

2 (M, + ma)?

m2  mymy 4l_4—l_3—3 m2 — mymg + m?

6 T U h'r’_hr_l —4 U U dir
O g 118 o S A

\ 4
\ / 2
[)\a — —0.316(22) m]

cosine»1 [ 3

domain wall

[g —2f, fo " 102V ) =V {0)] - 8.97(5) mafi]




the QCD axion: potential @NLO
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he QCD axion: photon coupling @NLO

:g4md—b—mu]+mfr 8y, my 8(5(: P ) md—mul,r]}
3 g +my 2 (my +mg)? |9 3 7 Mg + My
r tree ~ - 2 |

a—m— Yy

. )




the QCD axion: photon coupling @NLQO
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the QCD axion: photon coupling @NLO
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the QCD axion: matter coupling

from B-decays: Au— Ad = ga = 1.2723(23)

from lattice QCD: ¢'¢ = Au + Ad = 0.541(50), As = —0.0227(34) , Ac = +0.004
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the QCD axion: @ small temperature
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the QCD axion: @ small temperature
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the QCD axion: @ higher temperature
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the QCD axion: @ higher temperature
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can we trust the instanton approx.?
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the QCD axion from Lattice QCD

b (N0 —3(@M5, N 2
.

12(Q2)g—0 T 12m2
(— | -
0.02 e a=0.0824fm -
0 m a=0.0707 fm 7
g2 [y Amema o (o NPT ® a=00572fm _
v = m”f”\/l e (5L b,(T=0) ]

NG

H—
®
|

-0.08 T
ol pDIoA f T I t ] single-cosine potential
0121 -
014 | | ~
1 2 3 1




the QCD axion: relic abundance

i+ 3Ha+ m? (T) f,sin (fi) =0
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the QCD axion: relic abundance
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the QCD axion: parameter space
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Conclusions:

Precision QCD axion physics:

already @ 1% - 10% accuracy
(room for improvement)

High temperature:

instantons unreliable — big deviations from lattice computation
further studies required

To Do:
[— CP violating couplings ]

- relic abundance from topological defects?
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the QCD axion: relic abundance
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the QCD axion: relic abundance
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