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Fig. 1. Many extensions of the Standard Model predict additional massive
bosons, beyond the W, Z, and Higgs bosons of the Standard Model. They

[Chadha-Day, Ellis, Marsh, Sci.Adv. 8 (2022)]
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Strong CP problem

e The QCD Lagrangian:

_ /. - 1 g3
— 10475 S al i Zal S a uv va
Lqcp = E q(le mgqe'”’ e’ )q—4G H G 93271_261 H G

|—>0<Ea.B"

e (-term is a total derivative and does not affect the classical EoM. O-term violates CP

But, 1t has important effects on the quantum theory.

o It is the difference @ = 0 — 6’q has physical meaning

e Non-zero f-term has observational consequences to the neutron electric dipole moment

& d, = (2.4 T l.O)é x 10 e fm

o Atpresent d isconstrainedto |d,|<1.8x107" efm (at 90% C.L. = 0] < 10710

Strong CP problem “Experzmentally 6’ < 1()_10 why s CP- |
j‘ vwlatzon SO much suppressed in strong mteractwns”" ]
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The axion

e To solve the problem, Peccei Quinn introduced a global U(1)p, symmetry to the QCD

o This U(l)p, symmetry would be spontaneously broken at a high energy scale f,

[Peccei, Quinn (1977),
Weinberg (1978), Wilczek (1978)]

e Such an spontaneously broken symmetry implied a new pNG boson, “Axion”

e Under the symmetry axion field transform additively asa — a + af,

_ |
e The axion Lagrangian: L.g = (9 | ; ) g—Gg’”GZV — ia“a(%a + L(0ua, )
o) 8T
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The axion

e To solve the problem, Peccei Quinn introduced a global U(1)p, symmetry to the QCD

o This U(l)p, symmetry would be spontaneously broken at a high energy scale f,

[Peccei, Quinn (1977),
Weinberg (1978), Wilczek (1978)]

e Such an spontaneously broken symmetry implied a new pNG boson, “Axion”

e Under the symmetry axion field transform additively as a — a + of,

1
Gy Gy, — 50"adua + L(9ua,9)

* The axion Lagrangian: L.g = (@ | .

fa
PQ-breaking scale
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Accessible couplings for experimental detection
 The effective low energy axion-Lagrangian All axion couplings ~ 1/f_ ;
1

1 2 —_ o
Z = 2 (a,ﬂ) —mza’® — N 8ay 0, F™ —1g,,a €yse — laNys (8oaN T T3g3aN) N

NN@ICHEP 2022



Experimental efforts
Current constraint on axion-photon couplings
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Experimental efforts
Current constraint on axion-photon couplings

Laboratory searches Stellar astrophysics
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Experimental efforts
Projected constraint on axion-photon couplings

Laboratory searches Stellar astrophysics
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JUNO: Jiangmen Underground Neutrino Observatory

¢ Iti1s a medium-baseline (53km) reactor neutrino experiment located in China, under construction

e JUNO features a 20 kton multi-purpose underground liquid scintillator detector

e Aims to determine neutrino mass ordering and precision measurement of PMNS parameters
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Solar axion -

e Sun provides an 1deal platform to study solar axions by producing very intense flux.

e We consider solar axion produced in the p + d — *He + a (5.49 MeV) reaction

e Axion flux X pp neutrino flux and 1s known with a high accuracy
[Serenelli, W. C. Haxton, and C. Pena-Garay, Astr.J. 743 (2011) 24,

Bellini et. al. PRL 107 (2011) 141302]

e Solar axions flux on the Earth’s surface:

® =323 x 10" g, ) (p,/ p},)?’ where p, and p, are the photon and axion momenta

a+e — e+y (Compton conversion of axions to photon)

e We consider

a— ete” (Axion decays to electron-positron pair)
a+ 2/ — y+ Z (Inverse Primakoif conversion)
a— yy (Axion decays to two photons)
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Numerical Procedure: j?is defined as
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Numerical Procedure: j*is defined as

2 ) 0 0 ob S b
=2 X N,. —N N; . x1 22 = —
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Numerical Procedure: j*is defined as
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Numerical Procedure:
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Numerical Procedure: j?is defined as
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Cont...

| Borexino Collaboration, Bellini, et. al. PRD 85 (2012) 092003 f

e Expected number of events in presence of solar axion:

lim
Sevents — (I)aaa—e,p,CNe,p,CTE < S

Upper limits on

# of events
# of electrons,
: rotons, carbon
Interaction P ? loi Efficiency
Cross-section nuciel
Axion flux Measurement
time
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Cont...

’ Borexino Collaboration, Bellini, et. al. PRD 85 (2012) 092003

e Expected number of events 1n presence of solar axion:

Sevents = o

Slim — 97 at 90% C. L.
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Axion detection

e Compton conversion of axions to photons: a+¢e — e+ y

Cross-section is given by oqc ~ g5, x 4.3 x 107>

for m, < 1 MeV

e We obtain at 90% c.l.

(g3 v X 2., <6.33x107 for JUNO

| 83 v X 80l £5.5X 10~ 13 for Borexino

[Borexino Collaboration, Bellini, et. al. PRD 85 (2012) 092003]
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Axion detection

e Compton conversion of axions to photons: a +e¢ = e+ vy

Cross-section is given by oq¢ ~ g2, x 4.3 x 1072

for m, < 1 MeV

e We obtain at 90% c.l.

(g3 v X 2., | <6.33x107 for JUNO

| 83 v X 8l £5.5X 10~ 13 for Borexino

[Borexino Collaboration, Bellini, et. al. PRD 85 (2012) 092003]
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Cont...

e Axion decays to electron-positron pair

Mg = 1.2 MeV
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Axion electron and axion nucleon couplings

e For varying axion mass:
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Axion electron and axion nucleon couplings

e For varying axion mass:  Sevents = ®a0a—e.p.cNep.cTe < SO™
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e JUNO can provide the most stringent bound around sub-MeV axion mass
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Axion photon and axion nucleon couplings

e Inverse Primakoff conversion a+2Z - y+ 2

Spc = P0pcNelepe

1074
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Axion photon and axion nucleon couplings

e Inverse Primakoff conversion a+2Z - y+ 2
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Axion photon and axion nucleon couplings

e Axion decays to two photons

my = 1.2 MeV
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Axion photon and axion nucleon couplings

e Axion decays to two photons

my = 1.2 MeV
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Axion photon and axion nucleon couplings

e For varying axion mass:  Sevents = ®a0a—e.p.cNepcTe < S™™
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Final remarks:

e Aimed to search for 5.5 MeV solar axions for the JUNO detector

e The processes that are examined:

d
a —

a+ 7 — y+ Zand

a —

e Bounds obtained for JUNO:

| g3 v X 8., <6.33%x10714

| 8308 X 84yl £ 2.0X 10~ 1“Gev~1

e JUNO can provide the most stringent bound around sub-MeV axion mass for
the axion electron times axion nucleon plane.
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