
1

New physics searches via 
Axion-like particles

Sang Hui Im (Pusan National Univ.)

Jan 3,  2020,  IBS-CTPU



2

Outline

• ALPs as a portal to new physics 
: Motivation and structure

• Bottom-up approach : SM problems

• Top-down approach : UV complete theories

• Conclusion
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: New physics scale seems higher than conventional expectation.

LHC up to 2019
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Higgs couplings

: Good agreement with 
the SM predictions

: Allow only small mixing 
with the SM Higgs boson 
and small radiative 
corrections to the couplings
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WIMP paradigm being challenged
Direct Detection of Dark Matter 32

Figure 12. The current experimental parameter space for spin-independent WIMP-
nucleon cross sections. Not all published results are shown. The space above the
lines is excluded at a 90% confidence level. The two contours for DAMA interpret
the observed annual modulation in terms of scattering of iodine (I) and sodium (Na),
respectively [125]. The dashed line limiting the parameter space from below represents
the “neutrino floor” [117] from the irreducible background from coherent neutrino-
nucleus scattering (CNNS), see Sect. 3.4.

target) are weaker due to their higher threshold and lower exposure.

In a mass range from 1.8GeV/c2 . m� . 5GeV/c2, the most stringent exclusion

limit was placed by DarkSide-50 using a LAr target depleted in 39Ar [126]. The

result from a 0.019 t⇥ y run is a based on using the ionization signal only, which

allowed reducing the analysis threshold to 0.1 keVee. The observed background of

1.5 events/(kg⇥ d⇥ keVee), corresponding to 5.5 ⇥ 105 events/(t⇥ y⇥ keVee), can be

attributed to known background sources above ⇠1.4 keVnr (corresponding to 8 e�).

Due to their much smaller total target mass and higher backgrounds, the cryogenic

experiments using Ge-crystals with ionization and phonon readout (EDELWEISS,

(Super)CDMS) or scintillating CaWO4-crystals with light and phonon readout

(CRESST) cannot compete in the search for medium to high-mass WIMPs. However,

due to their ability to reach extremely low thresholds well below 1 keVnr, they are very

sensitive to low-mass WIMPs with masses .5GeV/c2. The Germanium-based detectors

SuperCDMS and EDELWEISS could improve their low-mass sensitivity by operating

the detectors with a high bias voltage, converting the ionization signals into Neganov-

M. Schumann ‘19
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A new physics sector seems coupled to the SM 
rather weakly.

A good physics candidate for naturally small 
couplings while solving the SM problems?
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An example : QCD axion

Solves the strong CP problem of the SM :  

!"#$ < 10()*

Dark matter problem as well : 

+, ≈ 10. or 10)/ GeV
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Still within the experimental reach

with targeted couplings and mass
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Axion-like particle (ALP)

i) Perturbative (approximate) shift symmetry :

ii) Discrete gauge symmetry :
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ALP mass

!" and # are free parameters with (technical) naturalness.
What values would we look at experimentally?
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ALP effective interactions to the SM

Which interactions are we interested in?

high energy non-perturbative effect

Perturbative shift symmetry conserving interactions
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Bottom-up approach
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Similarly to the QCD-axion,  ALPs may be 
involved in solving SM problems. 

i) Weak scale hierarchy
ii) Dark Matter
iii) Baryogenesis
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Weak scale hierarchy : Relaxion

• Promoting the Higgs mass to a dynamical field (ALP) :  !" # $ "

• Cosmological ALP evolution to select the Higgs mass

• # slow-rolls while scanning !" from Λ&'(" to negative, 

and stops by barriers formed by EWSB. 

!" > 0 ⇒ ℎ = 0 !" < 0 ⇒ ℎ ≠ 0

#

V

Graham, Kaplan, Rajendran ‘15



15

: shift symmetry breaking interaction to the SM
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high scale confinement
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How do we obtain it?
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Trouble :  ALP scale hierarchy

!" > 0 ⇒ ℎ = 0 !" < 0 ⇒ ℎ ≠ 0

*

V

Long periodic  
+
, -. /-. Short periodic  

+
0 -.′ /-.′

2
3 ≈

Λ6789

:9 > 109To stop relaxion with 
the weak scale Higgs VEV
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Discrete gauge symmetry : 
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Clockwork scheme Choi, SHI  ‘15
Kaplan, Rattazzi  ‘15
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sector which couples to the clockwork sector through a specific site in the quiver, e.g. the

first and/or the last site. For clockwork axions and U(1) gauge bosons, the CW sector

lagrangian is given by
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Shift symmetry :

second minute hour

jth gear = "#

" = ' × +,
- : Number of ALPs

17

sector which couples to the clockwork sector through a specific site in the quiver, e.g. the

first and/or the last site. For clockwork axions and U(1) gauge bosons, the CW sector

lagrangian is given by

⇤4 cos

✓
�

fe↵

◆
+ ⇤4

br(H) cos

✓
�

f
+ �

◆
(3)

fe↵
f

&
✓

⇤

TeV

◆4

(4)

fe↵
f

& 10
4⇡

↵em
⇠ 104 (5)

⇤4 cos

✓
�

fe↵

◆
+

↵em

4⇡

�

f
F µ⌫F̃µ⌫ (6)

⇤4 cos

✓
�

fe↵

◆
+ ⇤4

WG cos

✓
�

f
+ �

◆
(7)

fe↵
f

& Sins

p
Ne ⇠ 102 (8)

1

32⇡2

�

fe↵
Gµ⌫G̃µ⌫ (9)

fe↵ > 109 GeV out of e.g. f ⇠ TeV (10)

Qe↵ = Qq�N

✓
can be <

m

MPl

◆
(11)

1/q 1/q2 1/qN�1 1/qN (12)

q ⇠ O(1) (13)

LCW = �
1

2

"
NX

i=0

(@µ�i)
2 +m2(�0 � q�1)

2 +m2(�1 � q�2)
2 + · · ·+m2(�N�1 � q�N)

2

#

V (�i) =
NX

i=0

1

2
m2

i (�i � q�i+1)
2 (14)

7

�(0)
⇡R,e↵

�(n)
⇡R,e↵

⇠ e�m⇡R (72)

�(0)
⇡R,e↵

�(0)
0,e↵

⇠ e�µ3⇡R (73)

q�N
! e�µ⇡R (74)

U(1)CW : �j(x) ! �j(x) + q�j↵ (75)

U(1)CW : �k(x) ! �k(x) + ↵ (76)

SCCW =

Z
d5x


1

2
(@µ�)

2 +
1

2
(@y�+ µ�)2

�
(77)

U(1)CCW : �(x, y) ! �(x, y) + e�µy ↵ (78)

U(1)CCW : �(x, y) ! �(x, y) + e�µ3y ↵ (79)

U(1)CCW : �(x, y) ! �(x, y) + ↵ (80)

Z
dy

1

2

h
(@µ�)

2 + (@y�)
2 + µ2 �2

� 2µ
⇥
(�(y)� �(y � ⇡R)

⇤
�2

i
(81)

18

Shift symmetry :

second minute hour

jth gear = "#



18

Relaxion interactions to the SM
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Relaxion-Higgs mixing Relaxion-photon coupling
Choi, SHI  ‘16
Flacke, Frugiuele, Fuchs, Gupta, Perez  ‘16

Choi, SHI  ‘16

Simultaneous presence of them breaks CP.
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FIG. 2: Cosmological relaxion window with colored regions excluded by the observational

constraints discussed in this paper. The yellow region from cosmology depends on the reheating

temperature TR and shrinks for smaller TR. Here we set cφγ = 1 and depict the results for

TR ∼ f and 100 GeV.

bounds on the nucleon EDMs by several orders of magnitudes. In the following, we provide

a description for the details of the constraints depicted in Fig. (2).

A. LEP

The relaxion with a mass between 5 GeV and 100 GeV is mostly constrained by the

LEP experiment through the process e+e− → Z → Z∗φ or e+e− → Z∗ → Zφ as noticed

in [66], where the ZZφ coupling arises from the relaxion-Higgs mixing, and φ subsequently

decays to the SM particles with the same branching ratios as the corresponding SM Higgs

boson of an equal mass.7 The LEP experiment provides an upper bound on the cross

7 The relaxion-photon coupling cφγ in (26) can change the branching ratios when the mixing angle θφγ is

very small. Still, it turns out that the mixing angle is large enough to suppress the photon branching

ratio over the relevant mass region.

12

What should we look for?

FIG. 3: Enlarged picture for the first viable window with f ! 200 TeV. The dashed blue lines

represent the proton EDM dp = 10−28, 10−29, 10−30 e · cm for cφγ = 1, respectively. The dotted

brown line denotes the branching fraction of the relaxion decay into 2 photons. The allowed

region is in reach of the projected SHiP experiment (mφ ! 5 GeV) and future electron/proton

EDM sensitivity.

section of the processes normalized to the value of the SM Higgs boson depending on

the Higgs-like particle’s mass (here, relaxion). This is translated to an upper bound on

sin2 θφh in terms of mφ. As one can see from the relaxion-Higgs mixing (28), the upper

bound on the mixing angle gives an upper bound on f for a given mφ.

The former process with an on-shell intermediate Z boson, which is analyzed by L3

[35], imposes the most stringent bound on the mixing angle for a relaxion mass below

about 30 GeV. For a larger mass up to 116 GeV, the four LEP collaborations ALEPH,

DELPHI, L3, and OPAL provide a bound on the cross section of the latter process with

a final on-shell Z boson [36].

In Fig. (3), we see that the LEP constraints exclude a relaxion heavier than 30 GeV

within the relaxion window, while constraining the relaxion decay constant for a relaxion

13

Choi, SHI  ‘16

• Beam dump (SHiP), Proton EDM

• HL-LHC, CLIC [Frugiele, Fuchs, Perez, Schlaffer ’18]
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Dark Matter : Freeze-in paradigm
McDonald 2001, Choi, Roszkowski 2005, Petraki, Kusenko 2007

Hall, Jedamzik, March-Russell, West 2009

Equilibrium yield

Freeze-in

Freeze-out

•Alternative to freeze-out
•Never in thermal equilibrium: feebly coupled to SM
•Produced via decay or annihilation of particles in thermal bath
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• Observed DM abundance if λ ∼ 10%&' for m) ∼ m*

• Need an explanation for λ ≪ 1!

Ω) ∝ m)
./
01

,        λ'

Φ

3

3
4

Φ 3

3
4

Φ
Φ : particle in thermal bath

χ : dark matter
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QCD-axion freeze-in production
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QCD-axion is cosmologically stable due to its small 
mass (meV~!eV) but cannot be freeze-in DM because 

it shall be hot.

Graf,  Steffen  ‘10
Bae,  Choi,  SHI  ‘11
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Freeze-in ALP dark matter
SHI,  Jeong ‘19

Cold DM with !" > 100 keV while cosmologically stable 
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Suppose that this is an only operator that breaks ALP shift symmetry. 
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Radiative 
correction No phase difference
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ALP is stabilized at ! = 0. The vacuum preserves 
%& symmetry : ! → −!.

So ALP does not decay.
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Around the vacuum,

|H|
2

⇤
⇤3
HC cos

✓
a

f

◆
(21)

F = fn
N (22)

M
2
|H|

2 cos

✓
a

f

◆
+ c�

e
2

16⇡2

a

f
F eF (23)

c� . O(1) (24)

a

fa
G eG (25)

Ya /
MPlTR

f2
a

(26)

V = �M
2 cos

✓
a

f

◆
|H|

2
�

1

16⇡2
M

2⇤2
cut cos

✓
a

f

◆
(27)

V =
1

2
�|H|

2
a
2 +

1

2
m

2
aa

2 + · · · (28)

� =

✓
M

f

◆2

, ma ⇡

p
�ha

4⇡
⇤cut (29)

3

where

: naturally small ) while having large enough mass !
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Fixing ! to obtain the correct relic density, 
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#

#
!$
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#
!
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Experimental probe?

Unfortunately very challenging as much as other freeze-in models 
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For a light ALP around MeV,  there should be a new degree of 
freedom around TeV which couples to the Higgs.

! < 10%&'
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Hidden-color confinement Λ"#$ = Λ&'
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(Λ = ())

Higgs can sizably mix with hidden-color +′ meson of 
mass Λ"#$ .  
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Electroweak Baryogenesis

Appealing framework for experimental testability

ℎ ≠ 0
no sphalerons

ℎ = 0

active 
sphalerons

→ B violation 

diffusion 
of CP 

asymmetry

EW bubble 
nucleation

NP
i) B violation :  sphalerons ✓
ii) C & CP violation : CKM not enough ✗
iii) Out of equilibrium :  strongly first-order EWPT ✗
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where Jb and Jf are loop functions. For small arguments, x ⌧ 1, they have the expansions [30]

Jb(x2) = �
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�
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32
x4 ln(x2/ab) +O(x3), (5)

Jf(x2) = �
7⇡4

360
�

⇡ 2

24
x2

�
1

32
x4 ln(x2/af) +O(x3), (6)

with ln(ab) ' 5.4076 and ln(af) ' 2.6351. At large arguments, x � 1, both loop functions
reduce to [30]

Jb(x2) ' Jf(x2) =

⇣ x
2⇡

⌘3/2
e�x

✓
1 +

15
8x

+O(x�2)

◆
. (7)

This form shows the familiar Boltzmann suppression of particles much heavier than the
temperature.

To illustrate the effect of thermal corrections on the Higgs potential, it is helpful to
write the potential in a simplified approximate form using the high-temperature expansions of
equations (5), (6), noting that heavy particles (m � T ) decouple quickly. This yields [30]

Veff(�, T ) ' D(T 2
� T 2

0 )�2
� ET �3 +

�̄

4
�4, (8)

where D and �̄ are slowly varying functions of T (but not �).
In the limit of E = 0 in equation (8) the phase transition is second-order, with a transition

temperature of T = T0 and a Higgs expectation value for T < T0 of

� = T0

r
2D

�̄
(1 � T 2/T 2

0 ). (9)

For non-zero E in equation (8), the phase transition becomes first-order. Starting from T � T0,
a second minimum away from the origin develops when T = T1 with

T1 = T0

s
8�̄D

8�̄DT 2
0 � 9E2

, (10)

where the temperature-dependent coefficients D and �̄ are to be evaluated at T = T1. This
second symmetry-breaking minimum becomes degenerate with the origin at the critical
temperature Tc, and becomes deeper at lower temperature, as illustrated in figure 3. The degree
to which the phase transition is first-order is typically characterized by �c/Tc, where �c is the
location of the minimum at Tc. In terms of the parameters in the potential, it is

�c

Tc
=

2E

�̄
. (11)

Sometime after the temperature falls below Tc, regions of the cosmological plasma tunnel to the
deeper broken minimum and the phase transition proceeds by the nucleation of bubbles.

Before discussing the dynamics of such a first-order phase transition, it is worth examining
the validity of the perturbative expansion outlined above. This expansion is known to break
down at very high temperatures when the thermal loop expansion parameter g2T 2/m2(�)
becomes large [14, 31] (where g2 is the coupling entering in the loop). Indeed, we saw above
that the leading thermal corrections, which are only generated by loops in this formalism,
completely change the vacuum structure of the theory and induce a restoration of symmetry
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φ
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c

tunnel

Figure 3. Schematic temperature dependence of the effective potential.

at very high temperatures. The breakdown of the perturbative expansion can be postponed by
resumming the most dangerous thermal corrections by incorporating thermal mass corrections
in the propagators. The net result of such a daisy resummation is to generate an additional term
in the effective potential [32]:

V (daisy)
1 = �

T
12⇡

X

{b}0

nb
⇥
m2

b(�, T ) � m2
b(�)

⇤3/2
, (12)

where the sum runs only over scalars and longitudinal vectors, and m2 is the field-dependent
thermal squared mass:

m2(�) = m2(�) + 5(T ), (13)

with 5(T ) / T 2 the thermal contribution to the mass.
The daisy correction is particularly important for a first-order transition because it affects

primarily the crucial cubic term. For example, suppose the contribution to the cubic term
comes from a scalar with a zero-temperature mass of m2(�) = g�2 with a thermal correction of
5(T ) =  T 2. The would-be cubic term becomes

1E�3
=

1
12⇡

g3/2�3
!

1
12⇡

⇥
g�2 + T 2⇤3/2

. (14)

When 5(T ) is large relative to m2(�), this corrected expression ceases to behave as a cubic in
� and the phase transition might no longer be first-order.

When the EWPT is first-order, it proceeds by the nucleation of bubbles of the broken
phase within the surrounding plasma of the symmetric phase. Bubble nucleation is governed
by thermal tunneling [33] from the local minimum at � = 0 to a deeper minimum at � 6= 0. In
nucleating a bubble there is a competition between the decrease in free energy, proportional to
bubble volume, with the increase due to the tension of the wall, proportional to bubble area. As
such, there is a minimum radius for which a bubble can grow after it is formed, and this limits
the tunnelling rate. Bubble formation and growth only begins in earnest when this rate exceeds
the Hubble rate, which occurs at some temperature Tn < Tc, called the nucleation temperature.
Once a sufficiently large bubble is formed, it expands until it collides with other bubbles and
the Universe is filled with the broken phase. The typical profile and expansion rate of a bubble
wall can be computed from the effective potential [30, 34, 35], taking into account frictional

New Journal of Physics 14 (2012) 125003 (http://www.njp.org/)

!"

> 1

strongly first-order EWPT

• A large cubic term is needed.
• It makes two local minima in the Higgs potential.
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Schematic description of EWPT

X = N
T

ℎ

first order phase transition

as ' decreses

Axionic electroweak baryogenesis

K S Jeong,  T H Jung,  C S Shin  ‘18
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3

two local minima ; effective large cubic term 
along the Higgs direction

Picture borrowed by C S Shin’s talk at CERN
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The potential only depends on ! = #
$ , insensitive to % .

àWeak coupling limit % ≫ v. 
à Free from EDM and LHC constraints while allowing 

testability. 

|H|
2

⇤
⇤3
HC cos

✓
a

f

◆
(21)

F = fn
N (22)

M
2
|H|

2 cos

✓
a

f

◆
+ c�

e
2

16⇡2

a

f
F eF (23)

c� . O(1) (24)

a

fa
G eG (25)

Ya /
MPlTR

f2
a

(26)

V = �M
2 cos

✓
a

f

◆
|H|

2
�

1

16⇡2
M

2⇤2
cut cos

✓
a

f

◆
(27)

V =
1

2
�|H|

2
a
2 +

1

2
m

2
aa

2 + · · · (28)

� =

✓
M

f

◆2

, ma ⇡

p
�ha

4⇡
⇤cut (29)

ma ⇡ 1MeV

✓
⇤cut

1TeV

◆4/5

f ⇡ 108GeV

✓
M

1TeV

◆✓
⇤cut

1TeV

◆1/5
(30)

HLHN
c

H +H
†
L
c

HNH +mLLHL
c

H
(31)

V =


µ
2
�M

2 cos

✓
a

f
+ ↵

◆�
|H|

2
� ⇤4 cos

✓
a

f

◆
+ �|H|

4 (32)

3



32

For the correct baryon asymmetry,

CP violation from top Yukawa : !" = $" + &"'()/+

3 TeV ≤ 1 ≤ 10 TeV
GeV ≤ 56 ≤ 20 GeV

Electron EDM Beam dump
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Spontaneous EWBG with 2nd order EWPT

SHI, K.S. Jeong under progress

θ̇#$ ≠ 0 : energy preference of baryons over anti-baryons

B violation C & CP and Lorentz violation

B wash-out by sphalerons

Baryogenesis has to happen just before/during the sphaleron
process turns off (i.e. EWPT) to avoid a strong wash-out.
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As EWPT happens,  ! starts to move due to the Higgs VEV dependent 
potential, while not significantly affecting the SM phase transition structure.

" "#$%& < (&

persistent time scale ~ Hubble

For ) ~ +, the produced baryon asymmetry is negligible. 
For the correct baryon asymmetry,   ) ~ 10.+ (clockwork)
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Top-down approach
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Origin of defining properties of ALP ?

i) Discrete gauge symmetry : 

a ! a+ c (10)

a ! a+ 2⇡nf (11)

L =
1

2
(@µa)

2 +
@µa

f
Jµ +

1

32⇡2

a

f
Gµ⌫

eGµ⌫ (12)

2

axial degree of freedom of 
(elementray or composite) 
complex scalar field

angle variable

string theoretic form 
fields
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ii) Perturbative shift symmetry : a ! a+ c (10)

1

2
(@µa)

2 +
1

32⇡2

a

f
Fµ⌫F̃

µ⌫ (11)

2

; Global !(1) à incompatible with quantum gravity (black hole argument)

à cannot be a fundamental symmetry

àTo be identified as accidental symmetry from gauge                                                                                              

symmetry or discrete symmetry

Example in the SM 

: U 1 & and U 1 ' accidentally originated from the SM gauge symmetries

ALP physics often requires a very high quality of global U(1).

eg) QCD axion, Freeze-in ALP DM, …

How to obtain it specifically?
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High quality global ! 1 #$ :  gauge symmetry origin

Φ& → (&)*+(-)Φ& Ψ0 → (&12+(-)Ψ0

34 54 → 3 + 7(8) ∑& :& + ∑0 ;0 4 54

Two sequestered sectors interacting with each other 
only via gauge interactions (! 1 < and S! > ?)

0 for ! 1 < × A! > ? B
anomaly cancellation

Under ! 1 <

Fukuda, Ibe, Suzuki, Yanagida ‘17
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Φ" → $"%&'Φ" Ψ)

*+ ,+ → * + . ∑" 0" + ,+

We then have two accidental 1 1 34 broken only by 
anomalies.

1 1 34,6

High quality global 1 1 34 :  gauge symmetry origin

≠ 0
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Φ" Ψ$ → &"'()Ψ$

*+ ,+ → * + . ∑$ 0$ + ,+

High quality global 1 1 34 :  gauge symmetry origin

≠ 0

1 1 34,8

We then have two accidental 1 1 34 broken only by 
anomalies.
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Ψ"

The previous construction needs a good sequestering of 
the two sectors. How could it be? 

# 1 % ×'# ( )

Φ+

Extra dimensional locality

H C Cheng and D E Kaplan ’01
Izawa,Watari ,Yanagida ’02
…

Implications for bottom-up ALPs?  To be studied
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! 1 # in string theory

Φ% → '%()*(,)Φ% . → . + 012 3(4)

56 76 → 5 + 3(4) ∑% 0% + 012 6 76

0 for ! 1 # × :! ; < =
anomaly cancellation

Green-Schwarz modulusMatter sector

Witten ‘84
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! 1 # gauge boson mostly gains its mass by eating GS 
modulus remaining accidental ! 1 # for the matter sector.

Φ% → '%()*+Φ%

,- .- → , + 0∑% 2%3 - .-

Matter sector

≠ 0
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In order to preserve supersymmetry, however,

Matter sector

in most of compactifications

! 1 # Fayet-Iliopouls term

It seems hard to get a low scale ALP decay constant. 
The situation is similar for stringy form field ALPs.
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Low scale ALP decay constant from large internal volume

• Large Volume Scenario in Type IIB 

• Warped large 11D in Heterotic M-theory

Balasubramanian, Berglund, 
Conlon, Quevedo ‘05

Svrcek,Witten ‘06
SHI, Nilles, Olechowski ‘19



46

!""

Heterotic M-theory : 5D effective description
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p
2

24
, (26)

and

↵ ⌘ �
2

p
2⇡V0

⇣


4⇡

⌘2/3
Z

X
! ^

✓
trF(1) ^ F(1) �

1

2
trR ^R

◆
, (27)

with V0 ⌘
R
X d

6
x
p
detgAB the zeroth order CY volume. We note that �̂0 is arbitrary up

to the order of 2/3, since it can take any value by reparametrising x11 without changing
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p
1 + �̂, (29)

' M
9
11V0

Z
dx11

✓
1 +

1

2
�̂ + b̂+ 3ĥ
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Polynomially warped 
extra dimension
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4D axions : C-.&& , C01&&

Choi, SHI, C S Shin ‘17
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19

: two continuum clockwork axions

gauge fixing
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The zero modes of �L and �R are localized at the left boundary (x11 = 0) and right

boundary (x11 = r11), respectively, by the second line term of (214). Specifically, the 5D

fields can be expanded as
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modes, and the prefactors are determined to normalize their 4D kinetic terms canonically.
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and their couplings to the 4D instantons are given by (192),
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which correspond to the zero modes at leading order of the string coupling 
2/3. Notice

✏ ⇠ ↵ and A
(0)
5 (x) ⌘ a

(0)
MD(x) so that it reproduces the axion couplings in the weakly

coupled heterotic string theory at one-loop.

20

zero modes

: two axions with kinetic mixing
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2/3. Notice
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(0)
5 (x) ⌘ a

(0)
MD(x) so that it reproduces the axion couplings in the weakly

coupled heterotic string theory at one-loop.
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SHI, Nilles, Olechowski ‘19

!"" can be lowered up to TeV scale.
à Successful QCD axion with !"" lying in the axion window 

SHI, Nilles, Olechowski ‘18

Visible sector
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Kaluza-Klein axions as ALPs from heterotic M-theory

SHI, Nilles, Olechowski ‘19
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Conclusion

• A new physics sector seems to be quite weakly 
coupled to the SM.

• ALP provides a natural candidate as a weakly coupled 
portal for a new physics sector to interact with the SM. 

• It has good potential to resolve the SM problems 
having experimental testability.

• From UV perspective, the origin of ALP shift symmetry 
needs a non-trivial structure in the theories, which may 
have implications for low energy physics.


