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Why do | like axionse




WHY DO | LIKE AXIONS®

1. A good dark matter candidate




Dark Matter Particles in a de Broglie Volume Today
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Dimensionless




Classical Equation of Mot
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WHY DO | LIKE AXIONS®

.t 1s a very good time to look for them




EXPERIMENTAL REACH
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WHY DO | LIKE AXIONS®

3. A clean probe of high energies




CLEAN PROBES OF HIGH ENERGIES




CLEAN PROBES OF HIGH ENERGIES

Auvv = AR




WHY DO | LIKE AXIONS®

4. Generically predicted In string theory




GENERIC UV PREDICTION
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WHY DO | LIKE AXIONS®

5. They solve a puzzle of the Standard Model




Neutronf = ()




Neutron g = () Neufron @ # 0

Electric
Dipole




Neutron g = () Neufron @ # 0

Electric
Dipole

|(9 | SJ 10_10 Experimentally




Introduce a new global symmetry at fa

GG

At the minimum

) = _Hfa




WHY DO | LIKE AXIONS®

1. A good dark matter candidate
2. A clean probe of high energies
3. Generically predicted in string theory
4. Solves a puzzle of the Standard Model
5. We can discover them it they are dark matter

6. They can also explain the Higgs mass




HIGHLIGHTS

Astrophysics Theory
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ALP DARK MATTER DETECTION

i _
N _Ebkg ~ 10 QlEbkg

a

Background

but you know exactly the waveform
and the signal is always there




Astro & Lab Constraints
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AXION DARK MATTER DETECTION

Cavity




AXION DARK MATTER DETECTION

Cavity
/y Resondance
R R QVAVE 1
m, =2 E

Background




Astro & Lab Constraints
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AXION DETECTION

Cavity

+— m-0lcm ——

Low nolse electronics
High quality factors




Astro & Lab Constraints
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HETERODYNE DETECTION

Berlin, RTD, S. Ellis, C. Nanfista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou'19]
Berlin, RTD, S. Ellis, K. Zhou'20]




THREE PROTOTYPES
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Clear drive/signal mode separation. Detection volume=2.5L
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Astro & Lab Constraints
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MANY MORE COMING SOON
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CMB POLARIZATION

arXiv:1912.02823
arXiv:2205.13962

Aa = 27 f,

AXion string



https://arxiv.org/abs/2205.13962
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ASK ME FOR MORE

Higher-form symmetries

. 27 fq

)
./ Viy = cfrAqepH (det U) +h.c.

H() IS unknown




CONCLUSION

Why do we like axions¢ For pretty good reasons

f the axion is dark matter we will cover (most of) the QCD line
IN the next couple of decades

AXIions are uniqgue probes of the deep UV (and allow theorists
fo endlessly disagree)







CMB POLARIZATION

arXiv:1912.02823
arXiv:2205.13962
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U(1)4 INTHE CHIRAL LAGRANGIAN
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U(1)4 INTHE CHIRAL LAGRANGIAN

Vw — bf?AQCDTT MU -+ h.c.

M = diag(m,e*“*, mge*“?, mge*™*)




U(1)4 INTHE CHIRAL LAGRANGIAN

H . IS unknown




ALL OF THE ABOVE DOESN'T MATTER
FOR THE AXION

2

L = fTr[(@MU)Tﬁ“U] —bf2AqopTr[MU +h.c.] — cf?A%CDH(ew(a)F det U)




ALL OF THE ABOVE DOESN'T MATTER
FOR THE AXION

2

L = fTr[(@MU)Tﬁ“U] —bf2AqopTr[MU +h.c.] — cf?A%CDH(ew(a)F det U)

U(1) rotation

2

L = Z“Tr[(ﬁuU)T 0"U) — bf2AqopTr[M e U + h.c.] — cf2A8cpH(det U)




ALL OF THE ABOVE DOESN'T MATTER
FOR THE AXION

2

L = Z“Tr[((’)MU)T 0"U) — bf2AqepTr[M e U + hc.] — cf2AqcpH (det U)




ALL OF THE ABOVE DOESN'T MATTER
FOR THE AXION

2

L = Z“Tr[((’)MU)T 0"U) — bf2AqepTr[M e U + hc.] — cf2AqcpH (det U)

Infegrate out eta’ <77’>

2

7T(1, >\(1,

L = I“Tr[(@,LU)‘L(’}’“U] — bfﬁAQCDTr[Mew(“)ei 2fm h.C.]




ALL OF THE ABOVE DOESN'T MATTER
FOR THE AXION

2

L = ZWTT[(@MU)TQMU] — bfﬁAQCDTr[Mew(“)ei 2fm hC]

7TCL >\CL

We don't need to know the eta’ potential fo know the axion potential
(at leading order)




BASIC IDEA

[Agrawal, Reig, Nee, '22-'24]

A2 are fopological couplings that do not run under RGE flow

The symmetry properties of the UV theory can be detected in the IR




CONCLUSION

Why do we like axionse For pretty good reasons

f the axion is dark matter we will cover (most of) the QCD line
IN the next couple of decades

AXIONS are unigque probes of the deep UV

We do not know the chiral Lagrangian. Is this a probleme Yes,
but not for axion physics




PIEZOAXIONIC EFFECT

[Arvanitaki, Madden, Van Tilburg '23]
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PIEZOAXIONIC EFFECT

[Arvanitaki, Madden, Van Tilburg '23]
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PIEZOAXIONIC EFFECT

[Arvanitaki, Madden, Van Tilburg '23]




PIEZOAXIONIC EFFECT

[Arvanitaki, Madden, Van Tilburg '23]
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U(1)4 INTHE CHIRAL LAGRANGIAN

V= cfiAgepH (det U) +h.c.

Selection Rules of U(1)4

H=H0—-Fn)




U(1)4 INTHE CHIRAL LAGRANGIAN

V= cfiAgepH (det U) +h.c.

INnstantons always generate single-valued potentials
that are manifestly periodic

— cos(nf — F'nn')




LARGE-N

1
H(detU) = N(Z logdet U)* + h.c. + O(1/N?)

[

— 0

N

Witten '/79, '80
DI Vecchiqa, Veneziano '/9




LARGE-N

H(detU) =

N

(ilogdet U)* + h.c. + O(1/N?)

0

Witten '/79, '80
DI Vecchiqa, Veneziano '/9



SUSY QCD

[Csaki, RTD, Kuflik, Ruhdortfer '23]

Hsuysy(detU) = (detU) TN-FI
| N-F | branches
* F < N: Gaugino condensation
e F =N, N+1:Instanfons

 F > N+1: Gaugino condensation in the dual gauge group




