Clockwork mechanisms

Seong Chan Park (Yonsei)

SUSY2019

27th International Conference on Supersymmetry and Unification of
Fundamental Interactions

May 20-24th, 2019

Omni Corpus Christi Hotel, Corpus Christi, Texas, USA
Hosted by Texas A&M University — Corpus Christi



CW mechanism

[Choi, Kim, Yun 14], [Choi, Im 15], [Kaplan, Rattazzi 15], [Giudice, McCullough 16]

A mechanism generating exponentially
small couplings/ large interaction scales
from O(1) couplings



CW models

A new useful tool to build a ‘natural’ model

e CW DIimensions anmed. bion 16], [Giudice. * CW Dark matter iy reres, myigat 17

[Marzora, Raidal, Urban 18], [Kim, McDonald 18], [Goudelis, Mohan,

Kats, McCullough, Torre, Urbano 17], [Choi, Im, Shin 17], [Craig, Sengupta 18]

Garcia, Sutherland 17]...

- ® - _
® CW AXIOI'I [Choi, Kim, Yun 14], [Farina, et.al. 16],[Coy, CW NeUtrlno [SCP, Shin 17], [Ibarra, Kushwaha,

Vempati 17], [Patel 17], [Banerjee, Ghosh, Ray 18], [Alonso, et.al. 18],

Frigerio, Ibe 17],|JAgrawal, Fan, Reece 18], [Long 18], [Bonnefoy, [Hong, Kurup, Perelstein 19], [Kitabayashi 19]...

Dudas, Pokorski 19], [Bae, Kost, Shin 19]...

Kim, Shin 18], [Terresi 18], [Im, Nilles, Olechowski 19], [Sannino,
Smirnov, Wang 19]...

- ° .
® CW Inflatlon [Kehagias, Riotto 17], [SCP, Shin 18] CW gra\"ty [Ilbanez, Montero 17], [Saraswat17], [Hong,



Contents

e Basic ideas of CW mechanism
e CW models

e Summary & Discussion



Basic i1deas

[Giudice, McCullough 16] [Choi, Im, Shin 17]



We can easily make an exponentially small number
by multiplying small numbers multiple times:
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A chain of N-fields can generate small effective coupling:
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General CW mechanism

[Giudice, McCullough 16]

* 1D lattice in theory space with (N+1) sites
* Each site has a symmetry S, G=SMN+1}: symmetry of full theory space
* (N+1) massless particles P=(P_0,P_1,...,P_{N+1})

* At a scale m, G is broken due to mass mixings between site(i)-site(i+1); N-links ==> remaining
one symmetry S_0, one massless particle P_0 (a linear combination of P’s)

e CW assumption: Symmetry breaking is asymmetrically with g (>1 or <1) for site(i) and
site(i+1), i=0,1,2,...N-1.

* P_0 is exponentially localized towards one of the boundaries. (P_O0 is exponentially small
(~1/g”"N) at the opposite site ==> leads to suppressed coupling with the localized
operator)



CW theory space

\) : symmetry group
Basic ingredients: ®

P : massless particle

“One-site” model



CW theory space

S S
We can extend to 2
on 1D lattice ‘ ‘

P P

Full symmetry: € 5 §?

2 massless particles: P = (P, P))
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CW theory space

S S
asymmetric soft breaking ‘ ‘
P

parametrized by g>1

P

Full symmetry: € 5 §2 mmmmmeip

1 massless particle P = (P, P,) w—3p
remains |
(semi-localization)
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CW theory space

S S S
“3-sites model” ‘w‘w‘

P P P

Symmetry breaking by 2 links: & O §° s

S0

1 massless particle 1 1

remains: q g3

(semi-localization)
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CW theory space

“(N+1)
sites”

Symmetry breaking by N-links: < SN+1 Ny
(asymmetric) 0

N
. . | 1
1 massless particle remains: P = ) CP  C~—
. q

=0
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CW theory space

zero mode profile
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CW theory space
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symmetry
S

CW model

Shift Chiral gauge diffeomorphism
. . CW graviton,
. neutrino mass, tiny gauge
axion . nhaturalness
flavor coupling

problem




Scalar CW potential

Introduce (N+1)-‘gear fields’ in CW sector
1Po, P15 D2 3, 25 D}

1
Em(zjw <¢i — Q¢i+1)2
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Shift symmetry: ¢, — ¢, +4q7'C

J 2

massless mode m; =0
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Scalar CW potential

Spectrum of CW gears

1 —q 0 . 0 \
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q
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COntlnuum limit
‘ == ( ) i Cb Q¢z+1

i=0 =

P (x) = D(x,y)
G (X) — P(x) = 0, D(x, y)
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Extra dimension

gcwz_J

Field redefinition

1
oA = — | dy—
CW Jyze
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>
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“CW geometry”
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Linear dilaton+Warped geometry

2 2/3
ds? = (m(y)zdx2 + dyz)

address Hierarchy Problem
a la Randall-Sundrum/LED/Linear dilaton (little string)
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CW dictionary

Discrete (N=finite)

1D-Lattice in theory space

Continuum (N->oo)

5th-dimension

CW gears

KK modes

interaction with the boundary site

localized Iinteraction on a brane at
the boundary of compact dimension
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CW axion

[Choi, Kim, Yun 14], [Farina, et.al. 16],[Coy, Frigerio, Ibe 17],[Agrawal, Fan, Reece 18], [Long 18], [Bonnefoy,
Dudas, Pokorski 19], [Bae, Kost, Shin 19]...

_ ™~ ~ I
L= 167T2fGlWG

0 ~

— G
1672¢N f

u G

23



CW graviton

[lbanez, Montero 17], [Hong, Kim, Shin 18], [Terresi 18], [Im, Nilles, Olechowski 19]

Pauli-Fierz theory of massive graviton with Gears

m2 N—-1 y ) 9 V 5
o= 52 (o -~ -]
7=0
1 1 - N M
WAYT,, — BT,  Mp=L1N
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CW inflation

[Kegagias, Riotto 16]
A large field inflation

3

3
A A T )
The problem: (M ) 10

P

3 !
The CW solution: — (—) ~ 10710 V(e



CW Higgs inflation

[SCP, Shin 18]

The ‘Higgs inflation’
M+ &

| A
5 = Jd4x\/fg ( > R — 5((3,465)2 - 1454)

The problem: 4 = 4.4 x 107102 e — e
1|

p
The CW solution: 4=-—:¢° |
1 - Vew(9i) = Z
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CW mechanisms for neutrino mass

[SCP, Shin 17]



CW mechanisms for neutrino mass

[SCP, Shin 17]

e CW Dirac mass, Type-0 T ™ (_) '



CW mechanisms for neutrino mass

[SCP, Shin 17]

e CW Dirac mass, Type-0 m,

% %
&l
Z
N—
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5=

e CW EW scale seesaw, Type-1 m,



CW mechanisms for neutrino mass

[SCP, Shin 17]

Y
e CW Dirac mass, Type-0 m, X (—N) v
q )
y V
e CW EW scale seesaw, Type-1 m, ~ (—N> e
q v
2 2
. y V
e CW Inverse seesaw, Type-ia m, &~ Ny, (—N> —
q mp,



CW mechanisms for neutrino mass

[SCP, Shin 17]

y
e CW Dirac mass, Type-0 My (ﬁ) '
v\
° B m, ~ N o
CW EW scale seesaw, Type-1 v ( qN> My,
v\~ v
e CW Inverse seesaw, Type-ia m, =~ Ny (_N> 2
q mp,
2.2
. MMy YV
e CW Inverse seesaw, Type-ib m, ~ (TN> 7 21,2
q mp + y<v



Type-0 CW diagram

£ = gkm—mz (LR,_; —qLR;+h.c.)—yH/ Ry +h.c.
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“SM”
L = — Yy Ry

‘localized Yukawa”

1 =N
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Type-1 CW diagram

l

Ly L IjN—l Ly
// . /
RO Rl R2 RN—] RN PR UL
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Type-1 CW ‘seesaw’

Majorana
1
__MMRORO

2

[SCP, Shin 17]

“SM”
<L = —yv; Ry

‘localized Yukawa”

1 =N

Unsuppressed Majorana mass,
suppressed Yukawa
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Type-ia diagram

l

|l
[

l

“Inverse seesaw’’

L Ll Z.Q IjN—l l.‘N
I// o "“""’, /
R, R, R, ' Ry -
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Type la CW

[SCP, Shin 17]
RmhR&/I/l W
(0) “SM!!
Majorana Dirac L = -y Ry

1 _

2 “|localized Yukawa”

Inverse seesaw-like
w/ suppressed Yukawa,

Unsuppressed Majorana
(cf) [SCP, Wang, Yanagida 10]
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Type-ib diagram

l

=1

“Inverse seesaw’’
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Type |b CW

[SCP, Shin 17]
“localized Yukawa”
|
& = — yw,R ~5MulnLy
~Mplokt “Majorana”

i=N
Inverse seesaw-like
My ) yv" w/ unsuppressed Yukawa,
g™ ) mp+yv:  Suppressed Majorana
(cf) [SCP, Wang, Yanagida gg]




CW models for neutrino mass

Type-0

Type-I|

Inverse seesaw
Type-ia
Type-ib
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CW models for neutrino mass

Type-0

Type-I|

Inverse seesaw
Type-ia
Type-ib
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Mheavy

heavy modes

TypeI: My = mys.

4 43
i My Yegl My
Type la : M = Mp =+ | T :
yP lat =MD = 757 T o, oM,
m‘ngl%

2(M7 + N2v?)

Type Ib : Mip+ = \/Ml% + A\2v?

with unsuppressed Yukawa coupling!
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Summary

e CW mechanisms are newly proposed to ‘solve’
naturalness problems using ‘CW gears’ and ‘localized

Interactions’.

A
A—-—  ¢g>1N~10

qN

e CW phenomenology is rich with gear fields (N>1) at CW
scale, that often leads to observational consequences.



DISCUSSION

symmetry _ | ] 4D
- St “hiral JAHI® SUSYS diffeomorphism
neutrino mass, | tiny gauge CW graviton,
| ’ 27
CW model axion flavor coupling o nicgs:grenss
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