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Motivation

» BSM physics is needed to address Hierarchy Problem

> New ete™ colliders (ILC, CLIC) has been proposed with
high luminosity

» Expected energy: 1 TeV (ILC) and 3 TeV (CLIC)

» Higher energy scale may be probed at these machines

» MET in the final state ttG; can be used to search Large

Extra Dimension



‘ADD’ Model

» Extra p periodic spatial dimension

> ds? =dt? —dx* —dyf —dys — - —dy; ?
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» Each y; is like a circle (with radius R,) 143+p
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» QGravitational field is free to propagate through bulk
» SM fields are confined to brane



ADD Model

» Definition of Planck mass Mp is changed to M

p
MZ*P RY = 2n(4m)2T(p/2) M3
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Grayitational Field

» Bulk gravitational field
R (x4, 5) = z h(n) ity

n
» Mass of each mode: Mq = lRlz

c

» Quasi-continuum states
RP? MP~*

pMz) = —= —
(4m)2I'(5)



Cross-section

> Process:

> ete”™ - ttGy (2b + MET +
leptons)

Vs—2my
o= j dM?p(M?)

2
1
Xz_sf |Me+e-—>thﬁ dds3

» Background:
> ete” > tt

> ete” > ttZ(Z - vv)




Decay of top

> top further decays: t > b+ W' and Wt - It + v,
—»q+q
» Neutrinos are not detected & leaves missing ﬁT

—>mlssmg 2 PvLSLble

» 3 kinds of final states:
» Di-lepton event - 2b + 21 + MET
» Single-lepton event - 2b + [ + MET
» Hadronic events - 2b + MET b
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do/dp, [ab/GeV]

ILC: Two-lepton

4 | Mg = 4.77 TeV
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ILC: Two-lepton
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do/dp; [ab/GeV]

ILC: One-lepton

Ms = 4.77 TeV, p =3
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do/dp, [ab/GeV]

ILC: Hadronic

Mg = 4.77TeV, p =3

1035 """"""""" ARRRERRN [Ty T IMRRF 8 r

- A jets + pr (a) . -_(b)
107 ¢ tE 6 3
i tt+ 27 E
10 :___ tt + Gy ) '; 5 :_
- B E - )
C E 4 - 3
2
1 E E 3 F 4 -
107 | . o . 6 ]
g 1F excluded .
I C discovery limit ]
102 | O L vl il il ]
0.1 1 10 100 1000

Luminosity [ab™]

13



CLIC: Two-lepton -
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do /dp [ab/GeV]

CLIC: Two-lepton

210~ +jets + pr L0~ + jets + pr
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Summary and Outlook

We studied e*e™ — ttG; process at ILC and at CLIC.

Signals for extra dimensions 3 can be observable with ~1 ab™?!
luminosity.

At 3 TeV in ete™ collider, signals for extra dimensions can be
observed with ~ 1 fb~! luminosity.

We will extend this work in the context of LHC.






Kaluza-Klein Modes

Translation along y:
xt - x'™H = xH
y -y = y+ké(xH)
Each KK mode transforms as:

b (x*) > @' (xH) = ¢n(xu)[einy€(x“)/Rc]

\

. K
On =n(z) Gauge Transformation

1~ 1019GeV

c
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Kaluza-Klein Modes

» Scalar field ¢(x*, y) with mass M,
» Fourier series

B(x,7) = ) palai)e /"

» Klein-Gordon equation
2
(O —:7 + M§) p(x*,y) =0
nZ
> (0 +M§ + 5| dn(x*)]= 0
™N KK mode
> Mass of each mode: M,, = \/Mg +
RC
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Hierarchy Problem
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et +e - t+t

» Lowest order Feynman diagrams
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Grayiton Interaction
» QGravity-matter interaction term

Sine = S5 | d*x by (x%) TH (x)

hfj@ f Ax k=M1
M? o« K?
FoodMp(M)I? o« k2R?
—(2+p)
o< M

> Though coupling k « M1, it collectively gives observable
strength
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CUT SELECTION
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dO'/dARl]_,lz [ab]
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: One-lepton

CLIC
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do/dpr [ab/GeV]
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