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The QCD axion is very predictive

• Couplings to nucleons, photons, electrons,…


• Determined by the scale 


• Many ongoing experiments try to search for the (QCD) axion


• Strong bounds on  from SN and NS cooling

f

f



• Axion-nucleon couplings in Chiral Perturbation Theory


• Astrophysical axion bounds


• Model (in)dependence

Outline
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From the UV to the IR

IR

UV

EWSB
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fa Axial PQ symmetry : spontaneously broken at the scale ~U(1)PQ fa

: Model dependent UV LagrangianℒUV

quarks gluons

<latexit sha1_base64="2l7JXG2gXjI1JEel6o1/oZvAv6k=">AAACF3icbVC7TsNAEDyHVwivACXNiQiJKrIjBJQoNBQUAZGHFAfrfFknp5zPzt0ZKXLyFzT8Cg0FCNFCx99weRSQMNJKo5ld7e74MWdK2/a3lVlaXlldy67nNja3tnfyu3s1FSWSQpVGPJINnyjgTEBVM82hEUsgoc+h7vcux379AaRikbjTgxhaIekIFjBKtJG8fHHociI6HFyfyLQ/8q5x37vFrpyIQxf6CXvAZRx4bszuS16+YBftCfAicWakgGaoePkvtx3RJAShKSdKNR071q2USM0oh1HOTRTEhPZIB5qGChKCaqWTv0b4yChtHETSlNB4ov6eSEmo1CD0TWdIdFfNe2PxP6+Z6OC8lTIRJxoEnS4KEo51hMch4TaTQDUfGEKoZOZWTLtEEqpNlDkTgjP/8iKplYrOadG5OSlclGdxZNEBOkTHyEFn6AJdoQqqIooe0TN6RW/Wk/VivVsf09aMNZvZR39gff4A2PWfsg==</latexit>

|hq̄LqRi| ⌘ Bf2
⇡

QCD confines and a chiral condensate develops

Theory of Mesons and Baryons

<latexit sha1_base64="dfrJB1CT8ReWA7e+s/etn9aS6tc=">AAAB/nicbZDLSgMxFIbPeK31Niqu3ASLIAhlRkTdCEU3rqSCvUA7Dpk004YmM0OSKZSh4Ku4caGIW5/DnW9jpu1CWw8kfPz/OeTkDxLOlHacb2thcWl5ZbWwVlzf2Nzatnd26ypOJaE1EvNYNgOsKGcRrWmmOW0mkmIRcNoI+je53xhQqVgcPehhQj2BuxELGcHaSL69nzy2RXol/Ds0yOmkn9++XXLKzrjQPLhTKMG0qr791e7EJBU00oRjpVquk2gvw1Izwumo2E4VTTDp4y5tGYywoMrLxuuP0JFROiiMpTmRRmP190SGhVJDEZhOgXVPzXq5+J/XSnV46WUsSlJNIzJ5KEw50jHKs0AdJinRfGgAE8nMroj0sMREm8SKJgR39svzUD8tu+dl9/6sVLmexlGAAziEY3DhAipwC1WoAYEMnuEV3qwn68V6tz4mrQvWdGYP/pT1+QOl8ZVK</latexit>

pµ = mNvµ + kµ

Heavy baryon limit

Valid for
<latexit sha1_base64="0RrcL0G2yJ7QAk/MSE0E2ra0Tos=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclRkRdVl048JFBfuAzlAymTttaJIZkoxYSn/FjQtF3Poj7vwb03YW2nogcDjnHu7NiTLOtPG8b2dldW19Y7O0Vd7e2d3bdw8qLZ3mikKTpjxVnYho4ExC0zDDoZMpICLi0I6GN1O//QhKs1Q+mFEGoSB9yRJGibFSz61kOOCgtWYCB3c2F5OeW/Vq3gx4mfgFqaICjZ77FcQpzQVIQznRuut7mQnHRBlGOUzKQa4hI3RI+tC1VBIBOhzPbp/gE6vEOEmVfdLgmfo7MSZC65GI7KQgZqAXvan4n9fNTXIVjpnMcgOSzhclOccmxdMicMwUUMNHlhCqmL0V0wFRhBpbV9mW4C9+eZm0zmr+Rc2/P6/Wr4s6SugIHaNT5KNLVEe3qIGaiKIn9Ixe0ZszcV6cd+djPrriFJlD9AfO5w9vvpQO</latexit>

p . ⇤

<latexit sha1_base64="6vFP78KKA1qkfdok5eCOvtmYFfY="></latexit>

LQCD = LQCD,0 � q̄Mqq +
1

2
(@a)2 +

a

fa

g2

32⇡2
Gµ⌫G̃µ⌫ +

@µa

2fa

X

q

c0q q̄�
µ�5q

axion

Chiral SB



Construct low energy EFT of NR nucleons, pions and the QCD axion

GG di Cortona et al. ‘15

QCD axion-nucleon couplings



GG di Cortona et al. ‘15

Leading order:
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Construct low energy EFT of NR nucleons, pions and the QCD axion

Coupling is model-dependent!

Axion-nucleon coupling leads to strongest bound on the constant  
from SN observation.

fa

QCD axion-nucleon couplings

e.g.
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1. Axion bound from SN1987A

2. Model dependence of the QCD axion-nucleon coupling
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1. Axion bound from SN1987A
•Neutrino burst observed in two independent neutrino experiments

•  neutrinos in a time span of  were observed in each experiment 
(today we would observe significantly more if a SN happens close to us)

≈ 10 ≈ 10 sec

• By energy loss arguments additional new particles emitted by the SN would 
alter the signal duration (only neutrinos have a large enough mean free path to 
escape the SN)

• This gives a constraint on the emissivity of possible new particles 
εa ≲ 1 × 1019 erg g−1 s−1

• For a QCD axion this constrains  and   ma fa



2. Model dependence of the QCD axion-
nucleon coupling
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• Leads to an order of magnitude stricter model-independent 
bound on fa
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Astrophobic axions or a model-independent SN bound
di Luzio et al. ‘15

Models which try to ‘tune away’ axion nucleon interactions

Model independent SN bound for all axions that solve strong CP problem
For current best bound 
 see Lucente et al. ‘22
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