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(1) Experiments at BNL and FNAL

* Magnetic moment {1 of the muon | o
From Reidar Hahn - https://vms.fnal.gov/asset/detail?recid=1950114, CC BY-SA

° ‘Ll — _g z » 4.0, https: //commons wikimedia. org/w/lndex php?curld 58326280
* Measured at Brookhaven National ~ B&
Laboratory (BNL) and Fermi National g%
Accelerator Laboratoy (FNAL)
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(R) Theoretical Calculation of (g — 2),

Y



(R) Theoretical Calculation of (g — 2),

B. Abi et al.: arXiv:2104.03281
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(3) Explaining the Anomaly




(4) The QCD Axion

* Pseudoscalar particle
* Coupling to fermions, effective coupling to photons
* Broken U(1) symmetry to solve the “strong CP puzzle” (R. Peccei, H. Quinn)
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(4) The Visible QCD Axion

e Decays (promptly) into SM fermions (“visible”)
* D. Alves, N. Weiner (arXiv:1710.03764):

* my;~0(MeV) 5.000 ..
* Couples to first generation
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(4) Goals of the new Model

* Address (g — 2),
* Aa, = (25.1+£5.9) 107" (4,20)
* Use 1-loop and 2-loop contributions
* Fulfil constraints by beam-dump and collider experiments

* Address strong CP puzzle
* |dentify pseudoscalar mediator a as visible QCD axion
* Pionphobic, nucleophobic, promptly decaying, ...



(5) The Model

o*a

Legr = 2F ciWiVuYsyi
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] C — 2
L, = =
- i pionphobic, nucleophobic
[ ] d —
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*C;=C=¢p=¢ =0
* Hierarchy: c, = ¢, > ¢,




(5) The Model
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(6) Conclusion

* Complete model addressing the strong CP puzzle and (g — 2),,

* Able to address further issues (XENONL1T excess, (g — 2),)
* Fulfils given constraints (pionphobic, beam-dump experiments, ...)
e Future experiments will investigate interesting region (PADME, VEPP-3, ...)

* Proof of concept
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Backup: Outlook

D. Alves et al.: arXiv:1710.03764
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Backup: Benchmark Model

1012 GeV
m, = 5.7 ueV 7
a

f, = V"Qe[066075]6ev
C, —cs—cb=ct~25 1075

Prompt decaytoete it~ 710715
BR(a = yy) = 4-107°

Decay of SM Higgs boson:
BR(hgy — aa) =~ 1072



Backup: Axion Lagrangian

2 2
a - a e E 5 d,a __
IS _Ga GAwv 4 En Y + 2 Dy tysi,

LD
f, 32m? HY f,32m* N HY 21,




Backup: Reproducing Aa,

Ad,cs = (—8.8 +3.6) - 10713

Ad, gy = (4.8 +3.0)- 10713

16.05.2022

Aa,
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Backup: Reproducing Aa,,

16.05.2022
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Backup: Lattice-QCD

16.05.2022
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Backup: Experimental constraints
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Backup: BaBar, Belled

16.05.2022
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Backup: Axion decay into electrons

16.05.2022
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Backup: Axion decay into photons

1077
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Backup: Branching ratio axion into photons
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Backup: Calculation

1-loop contribution: 2

1 _ _
ACll _ 16 2 2| llzfl

2-loop contribution (exact, j € {s,c, b, t, e, u, t}):

2-loop contribution (effective, {u, d}):

2am? m2 16m>2
Aaiz,u/d Zl Cl' C)(/a)[;f (fz <_Czl> . ln ( 2f;'l,'

(v

2

m;
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Backup: UV Completion/Mass Spectra

Table F.2.: The masses of all CP-even scalars mg and CP-odd pseudoscalars mpg of
each model are displayed, sorted numerically. The CP-even mass of 125 GeV corresponds

Table 5.1.: Fermionic part of the particle content. Shown are the PQ charges and
hypercharges of all SM fermions.

to the SM Higgs boson Hgy; and the two massless CP-odd particles represent the two

Goldstone bosons of the unbroken symmetries. For every model, the individual estimates

Particle 9Li UR) UR2 UR3 R R OR3 |lLi €R1 €R2 CR3 of the required parameters are used.
PQ charge 0o X, X X X5 X X 0o X X, X
Hypercharge || : 2 2 2 1 T O L Model 1 Model 2 Model 3
mg in GeV  mpg in GeV | mg in GeV  mpg in GeV | mg in GeV  mpg in GeV
Table 5.2.: Scalar doublet part of the particle content. Shown are their PQ charges, 260 260 180 180 130 130
hypercharges and VEV. 260 260 180 180 130 130
Particle ho h1 ha h3 ha hs 260 260 180 180 130 130
PQ charge || Xpo | Xp1 Xno Xz Xpa  Xps 125 3.8 125 16 130 130
Hypercharge | 5 | 3 3 3 3 3 4.4 3.6 16 2.8 125 2.2
VEV Vho | Uh1  Vh2  Uh3  Vha ks 3.8 1.7 4.7 1.7 5.9 1.8
‘ . . 3.5 1.5 2.8 1.6 2.3 1.6
g;l;lihzrzes :I(izla\i E?{;l.glet part of the particle content. Shown are their PQ charges, 1.8 1.4 1.9 1.9 1.8 1.3
Particle bo b1 by b3  ba b5 de b7 1.6 1.1 1.7 0.97 1.6 1.1
PQ charge 1 Xy Xpo Xpz Xpa Xz Xee Xor 1.6 0.79 14 0.79 1.5 1.0
Hypercharge || 0 0 0 0 0 0 0 0 1.5 0.56 1.3 0.54 14 0.76
VEV Vg0  Upl Vg2 Vg3 Vga  Vgs  Uge  UgT 1.3 0.32 1.3 0.36 1.2 0.15
0.90 0 1.1 0 0.98 0
0.57 0 0.60 0 0.64 0
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Backup: UV Lagrangian

5 7
Liin =Y (Ouhi)' 0"hi + 3" (Oui)* 8" ¢i .

B = (vhi + Hz')eiffp’ga
V2

_ ('Uqf,i + @1) ei ‘)’(p¢(; a .

bi 7
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i=), <‘ti1:11‘h4uR,1 + @;Yghour2 + ¢;Y;3hour3

1=1

B (tif,;({thR,l + (iiYighodR,z + QiYighong

+ L;YShser1 + LiYShiera + l_in'ghBeRB) + h.c.

5 7
V=3 (_#%n.h;f hi + Ani (h}hi)?') + 3 (—ridi 61+ Moi (8760)%) -
1=0

1=0
Vi = — (A0didh + A1656% + Aadiado + Asdid} + Asgidh + Asde?

+A6¢;¢4¢6) - h.C. y
Vi = — (Bodshbha + Bigihbha + Bagshbhs + Bagehbha + Bagthlhs) + hec.
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Backup: SM Higgs decay into axions

§i! 2
Lhan = 9,a)? Hey ,
f ﬂVng% ( M ) SM

N, = (Xgo + szu) Bovgovh1 + (ng + sz,,z) B1vg5vh2
-+ (Xg,s + X,%4) B3vgevpg + ag\/ém%X,%ovho :
~~ 2 (Xgo + X§5 + Xdz,ﬁ) Bupvg + V2m3 XF v .
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Backup: Addressing the XENON1T excess

E. Aprile et al.: arXiv:2006.09721 120
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Backup: Addressing the XENON1T excess

m, = 2.6 GeV, m, = 8 MeV, g./m,=1.3 GeV™!
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