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1. Introduction

Fine-tuning (naturalness) problem in the Standard M odel

Serious problem: SM vacuum isnot stable under quantum corrections

because Higgs self energy isUV sen:/_\.m% ~ N2

In order to solvethisproblem -» Supersymmetry (SUSY

new

)

New Physics without quadratic divergence in quantum corrections

But... sparticles have not been observed yet
- SUSY should be broken at low energy

Basic model for phenomenology = M SSM with soft SUSY breaking terms

Important issues. Origin of SUSY breaking?

Origin of SUSY breaking mediation to M SSM sector ?




1. SUSY breaking in hidden sector

Singet chiral superfield: X = 62Fy # 0

2. Some mechanism for SUSY breaking mediation

hidden sector
Fyxy =0

T\ ] MSsM

gravity, gauge,...

Effectiveinteraction for SUSY braking mediation

X Fx
Gaugino masses: /d Oc Ktr[WO‘W@] — My =c—= i

XTX | Fx|?
Q Qi — Mm§ = co A7

Sfer mion masses: /d49 o

/\ : SUSY breaking mediation scale

Ex) Gravity mediaiton (MSUGRA): \ — Mp
Gauge mediation: A — Mpmessenger (> 100TeV)



Whatif A~ 1—10TeV ?

< SUSY breaking mediation @ very low scale

1. Isthere any moddl?

2. New phenomenology @ future collider s?

Plan of thisTalk

1. Introduction
2. New SUSY breaking mediation scenario @ low scale
“"Low scale gravity mediation in war ped extra-dimension’’
AN =1—10TeV is possiblewithout any fine-tuning
3. Collider phenomenology on hidden sector fields

low A - stronginteraction among hidden & M SSM sector fields
4. Summary



2. Model  “low scale gravity mediation in war ped extra-dimensions’

War ped Extra Dimension Scenario (Randall-Sundrum type scenario)

Randall & Sundrum,

5-dim. theory compactified on orbifold S*/Z5 PRL 83, 3370 (1999)
slice of AdSs
Npuik < O
R S 3
J , Sg = —E/d :1:./0 dyv/=g (M3Rs + )

Suv = /d4331/_9UV (ﬁUv — /\UV)
No(>0) 6(y) Nr(<0) 6(y —7) TR IR \ IR TR

Solution of Einstein EQs.

ds® = e_2kT|y‘nuydm“de — ’r’gdyQ Flat 4D theory

Appropriate tuning of cosmological constants
Ntk = —24Mzk
No = —Arx = 24M3k

in the bulk and on the branes



Warping down of thescale M — Mw

- mass parameter on IR braneisalways accompanied by

thewarp factor o — e F7'7

ds? = e_zkﬂmnﬂyda:“daju + 'r'gdy2

T : radiusof 5 dim.
e~ 2kry % Yy : angleof S1
UV brane y =0 IRbrane y=m
MP > /\IR = Mpw

“'warping down’’
Effective cutoff (gravity) scaleon IR brane

We need just amild hierarchy

=~ ~0.1Mp
T

Arpr canbe 1-10 TeV!




L ow scale gravity mediation

Setup SUSY warped extradimension

hidden sector field

e~ 2kry | MSSM sector fidds
gravity multiplet %
v

> 5th-dim

UV brane y = 0O IRbraney = 7

Gravity mediation (MSUGRA) on IR brane

Usual 4D mSUGRA

X X F
/ 420"t [WOW,] [ 420" tr[W*Wa] — My p = -
Mp : NIR AIR
t ' XTX Fx|?
[ a5 qla [t ata i = 1
Mp AiRr ATR

Suppr essed by effective cutoff scale /\1R not by 4D Planck scale!




Conseguencein low scale mSUGRA mediation

Scaledown of Arp < Mp duetothewarp factor
(Wetake /\IR ~1—10TeV )

- Strong contact interactions among hidden and visible sector fields

The same L agrangians which provide soft terms

lead to

Re(X)
IR

/d29—t IWW,] — FWE,, + -

XTX Xt x
/d49 QTQ_>< > Z??bq ”8M1pq—|—...
Np NIrRNIRZ2



3. Collider phenomenology on hidden sector field
Itoh, N.O. & Yamashita, in preparation

1/ > X ) c; Re(X)
= [d20 (14 ¢\ WWai = £.,> -G

tr []:-I'W}—”p z]

7

X 4+ xt Re(X .
[ %o (1 + co:) Q1Q;s = Lint D 200 f\iR ) ¢ fermion

If the hidden sector scalar X islight enough = produceat LHC and IL C!

LHC ILC

Z,

v

v

Production processes are similar to Higgs pr oduction




X-production @ LHC via gluon fusion

X particle behaveslike Higgs boson
Higas production via gluon fusion

p ' i P >
g

g ,\' """ X Toploop —1 7"~~~ h

p r p \ >
} ¢ \ Qs
4/\}}{ 167w

Lojf=—— X GG Loffr oo h GGV

eff AN R ny eff 167v g

Suppose myx ~ mp, ¢~ 1

/\[RN 10T€V—)O‘X ~ Op

But, decay processes are quite deferent aswill be discussed in the following




X decay

Couplingsto gauge bosons

1 Re(X)
4 AR

[-"?lnt D)

Coupling to fermions

Re(X :
E’int S 2¢ e( )nggmwn
IR
f

(CgtT[GﬂyG'u,y] + CQtT’[F#pru] + C]_B'UJVB)(LV)

2 3
C m
MX —g9) =225
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FX =) = 647 A2,
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For X decay For Higgs decay

2
MNX — ff) x (%) mx ™ b LW
2

F(X%VV)K(T—X) - R ceeeees v .<_ h ___Q

IR

M(X = bb) < M(X = ~vY) F(h — bb) > (h — )

Branching ratio

X boson (Cl == =Cc= ]_) nggS boson
99 e | e
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Arp = O(10TeV) — (g9 = X) ~o(gg — h)
But, Br(X — ~vv) ~ 100 x Br(h — ~vv)

For light X boson, we can expect very clean signature

of theprocess gg — X — vy for Ajr = O(10TeV)

Event number ratio

10>

LHC s = 14TeV

100¢
- my = m;, = 120GeV

10}

MN(X — gg)Br(X — vv)
r(h — gg)Br(h — ~vv)

1 iSl\[ Higgs case
o1l . | S .
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/\IR(TGV)



X-production @ ILC

X production
et Z

h il
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SM Higgs case
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Angular distribution is different!

For X boson production

For Higgs boson production

do 7 x 2 dozp,
~ (1 cos“ 6 “ >
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One moreinteresting feature
__/d2 ( +ein X )WO"W

1 Fx / T _ ¢ Re(X)

1= 2 /\IR Originate from the same L Lint

tr P:HU.'FMV 2]

AIR ‘
02 m3
M1(Arg): Mo(ArR) @ M3(ArR) (X —gg) = 83 /\2X
IR
=cC1.Cp.C3 2 in2 2.,3
F(X = 4r) = (c1 €OS% 0y + co Sin“ 6y) 'm,2X
64 Ay
i 3
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T 327A?
M M M . IR
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a1(Arr) = a2(Arr) = a3(Argr) V4) = Py A2,

gaugino mass spectrum <«—— Partial decay width of X to two gauge bosons

Oneto one correspondence

Measurementsof M;and ['; - check SUSY breaking mediation mechanism




4. Summary

We have proposed 'low scale gravity mediation scenario’’

in war ped extra dimensions

SUSY breaking mediation in the same manner asin mSUGRA,
but, with low scale Ajp ~ 1 —10TeV

Strong contact inter actions between hidden and M SSM sector fields
Collider phenomenology on hidden sector fields
—> hidden sector field production @ LHC and ILC

We can expect clean signatureof gg — X — vy @LHC

Hidden sector isno more hidden!




