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Motivation : Axion-Like-Particles (ALPs)

ALPs : “Dark Matter Candidate” V(Q)

Q) Origin of the potential?
e.g) QCD axions : QCD Instantons
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Motivation : Axion-Like-Particles (ALPs)

ALPs : “Dark Matter Candidate”

Q) Origin of the potential? 0
e.g) QCD axions : QCD Instantons  + other Uft) sources!

1 2 gg a 111
£(,u > AQCD) — i(fha) | G,LWG + ...

3272 f,
Gravity “explicitly breaks” global
/ symmetries : U(1)pqg — UBHpg
1 1
Log(p < Agep) = 5(6’Ma)2 — imgaQ + ...
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Motivation : Axion-Like-Particles (ALPs)

Non-perturbative gravity effects explicitly break U(1) in ALP models

J
Origin for V(0) , Dark Matter Possibility!

i
Objects : Euclidean ALP Wormholes
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s:/d4a: 4]

D.Y. Cheong

Mp

2

(1

§

Mp

(2 — fi)) R(T) +

Wormbhole Induced ALP DM

1
5

(9“,0)2

1 .
_peze

V2




ALP Wormbholes

U(1) complex scalar + non-minimal coupling to gravity & =

s:/d4a: 4]

D.Y. Cheong

Mp

2

§

(1-

Mp

(2 — fi)) R(T) +

Wormbhole Induced ALP DM

1
5

8up)2

1 .
_peze

V2




ALP Wormbholes

U(1) complex scalar + non-minimal coupling to gravity & = -\}ipew
-2 ¢ | | \ -
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ALP Wormholes

U(1) complex scalar + non-minimal coupling to gravity & = -%pew
-2 ¢ | | \ -
S = /d Xz ‘gl _ 9 (1 | 7‘[% (IO fa)) R(P) + 9 (8,&10) + 2,0 (8M(9> | 1 (p fa) |

See e.g. [A. Hebecker, T. Mikhail, P. Soler, (2018)] F IN Ite-a Ctl on SOI U tl ons

PQ Charge of the wormhole

ge =ny €N

Hg, : 3-form field strength, axion dual
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ALP Wormholes

. . . 1 .
U(1) complex scalar + non-minimal coupling to gravity & = ﬁpew
- M? £ 1 1 A >
4 P . 2 2 2 2 2, NP /2 2
s— [dtav/lgl |55 (14 30t = D) RO+ 5 @)’ + 56 0,0+ 5 (7 - £2)°
7 See e.g. [A. Hebecker, T. Mikhail, P. Soler, (2018)] F I n Ite-a Ctl O n SOI u tl O n S

PQ Charge of the wormhole

Qe:nIEN

Hg, : 3-form field strength, axion dual
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ALP Wor thleS [DYC, S.C. Park, C.S. Shin, 2310.11260] [DYC, et.al., 2411.07713]

Wormhole Action « Wormhole Throat

Gl ~ 1 (MP
w fa

77\2%51/2

(metric)
GL<ESME/fa
w —

mv6¢1/2 (Palatini)

SfuzMJ%/fg _ V6rMp
4fa
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ALP Wor thleS [DYC, S.C. Park, C.S. Shin, 2310.11260] [DYC, et.al., 2411.07713]

Wormhole Action , Wormhole Throat
st 1 (M12) (5~ 55
GL<ESMB/fL ”@5”2 N <L1<<£5M1%/f3 )2 = %{3%;1% o
WT\/E £1/2 (Palatini) 2W2£\1//62M12:, (Palatini)
GE=ME/f2 _ V6rMp <L§U=M?>/f§)2 _ 1 |
) 4fa 272V/6Mp fa
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ALP Wor thleS [DYC, S.C. Park, C.S. Shin, 2310.11260] [DYC, et.al., 2411.07713]

Wormhole Action , Wormhole Throat
M T 1
1 P L
S,§)<< ~ lIl ( fa ) ( ) 37T3M2
\/§€1/2 .
7“2%51/2 (metric) 272/ 10M 2 (metric)
51<<€<M /f2 <L1<<£<M /f)

WT\/E fl/ 2 (Palatini) 27726\1//62M1% (Palatini)
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) Radial mode stabilization
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Wormbhole Induced ALP DM - Production DYC el 241107719

Pre-Inflationary + Post-Inflationary

fa > max {Treh, TdS} ‘ Treh — Ceff \/HinfMP f& < max {Treh, TdS}

\
TdS — Hinf/27r
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Wormbhole Induced ALP DM - Production DYC el 241107719

Pre-Inflationary Post-Inflationary
fa > max {Treh, TdS} ‘ Lreh = €eoff \/HinfMP f& < max {Treh, TdS}
, Tas = Hing/2m ,
H. — - 1 [" T
2\ — 2 o 07) = — | d09* = —
<‘9@> QZ_I_(QW]B&) < Z> 27T/_7T 3
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Pre-Inflationary Post-Inflationary
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Wormbhole Induced ALP DM - Production DYC el 241107719

Pre-Inflationary Post-Inflationary

fa > max {Treh, TdS} Lreh = €eoff \/HinfMP f& < max {Treh, TdS}
Tas = Hing/2m

o 42 Hine \* —— z_i/7T 2_77_2
<9i>_9i+( ) <(9@->—2 dOh* = 2

2 f -

Dependence

epoch of ALP oscillation
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Wormbhole Induced ALP DM - Production DYC el 241107719

Pre-Inflationary Post-Inflationary
fa > max {Treh, TdS} Lreh = €eoff \/HinfMP f& < max {Treh, TdS}

Tas = Hing/27

o 42 Hine \° —— z_i/7T 2_77_2
<9i>_9i+( ) <(9@->—2 _d99_3

27 fa T

Dependence

Dependence

start of ALP oscillation

epoch of ALP oscillation

Subject to isocurvature constraints

[PDG, 2022]

Biso %\’ My < 0.038
20T\ Qepm ) 8m3ALf2(0?) |
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Wormbhole Induced ALP DM - Production DYC el 241107719

Pre-Inflationary
fa > max {Treha TdS}

2\ N2 Hinf :
@)=+ (5r7)

Dependence

epoch of ALP oscillation

6° ~ Qa ) Hiznf
20T\ Qepm ) 8m3ALf2(0?)

Post-Inflationary

‘ Tren = €efr \/HinfMP f& < max {Treh7 TdS}

Tas = Hing/27

— - & 2
<9§>:2i/ 466> = -

T J—x

Dependence

start of ALP oscillation

Subject to isocurvature constraints Contributions from cosmic string decays
[PDG, 2022]
str mis
< 0.038 (" = 0dect?,
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Wormbhole Induced ALP DM - Benchmark

Metric, Hiyr = 10° GeV, €. = 10~
aa———rr

an
an
—
av}
—
)
+~
N

>

@

5 3.0 3.5 4.0 4.5
logq &

D.Y. Cheong Wormbhole Induced ALP DM

[DYC, et.al., 2411.07713]

10



Wormbhole Induced ALP DM - Benchmark

Metric, Hiyr = 10° GeV, €. = 10~
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Wormbhole Induced ALP DM - Benchmark

Metric, Hiys = 10° GeV, € = 107
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Wormbhole Induced ALP DM - Benchmark
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Wormbhole Induced ALP DM - Benchmark

Metric, Hiys = 10° GeV, € = 107
| 2 Hose S Hren

<

IDYC, et.al., 2411.07713]

osc. during RD

Stellar B

Jx. s (TOSC)

HOSC Z HC

Pa (02) f2m? /2

sl 2m2g, . (T.) T3/45

osc. right after PT

6
2.0 2.5 3.0 3.5 4.0 4.5

logq &

D.Y. Cheong Wormbhole Induced ALP DM 14



Wormbhole Induced ALP DM - Benchmark

Metric, Hiys = 10° GeV, € = 10
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Wormbhole Induced ALP DM - Benchmark

Metric, Hiys = 10° GeV, € = 10

No Misalignment
/ / / / / / / /

Stellar B

N

Pre-inflation

Post-inflation

3.0
logy &

D.Y. Cheong Wormbhole Induced ALP DM

IDYC, et.al., 2411.07713]

16



Wormhole Induced ALP DM - Metric vs Palatini 5, ... sm10m1s

Metric, Hiyr = 10° GeV, € = 1074 Palatini, Hi,r = 10° GeV, e.qp = 1074
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Radial Mode Inflation?
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Radial Mode Inflation?

- M?Z 1
S = [ataelgl |-23F (14 552~ 2)) RO+ 5 0un)* + 50
i P

Large & values : p can act as an inflaton!
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Radial Mode Inflation? DYC. etal. 2411077131

1

) 2
$— [ a2 (14 152~ D) RO+ 5 @) + 57 0,0)° -
_ P

Ao
4

(p* - 12)°

Large & values : p can act as an inflaton!

1/2
(4?{\26 ) Mp  (metric)

Px =

£ o 4.9 x 10*y/A¢  (metric)
114 x 10\  (Palatini)

22N, Mp (Palatini)

1.4 x 10°GeV  (metric)
Hinf =

22— GeV (Palatini)
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Radial Mode Inflation? DYC. otal. 241107713

- 2 A )
s = [atay/lg] | =252 (14 5707 = 12)) RO+ 5 0u0)" + 572 0,0 + 52 (5 = 12)

Large & values : p can act as an inflaton!

1/2
(4?])2(6 ) Mp  (metric)

1.4 x 10"\  (Palatini)

o {4.9 x 104/ Xe  (metric)

22N, Mp (Palatini)

1.4 x 1013GeV  (metric) Different p value for [ !
Hinf =
5.9x10"2 .
e —GeV (Palatini)
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Wormhole ALP DM - Radial Mode Inflation

Metric, Radial Mode Inflation, € = 10" Palatini, Radial Mode Inflation, e, = 10~

IDYC, et.al., 2411.07713]
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summary
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