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New Physics ‘search.@ the ILC

The Standard Model (SM) is one of the most successful models
describing physics below 0(100) GeV. There are, however, some
problems that can not be explained in this framework.

~ Hierarchy Problem ~

& m2 = Tree level + Quantum 3
0 zh GeV)2 mass (my?) Corrections
e 0(10-2)A?

\JT he cutoff scale A should be smaller than 0(]) TeV
~ Dark Matter Problem ~

~

1. No candidate for dark matter in the SM,
2. WIMP seems 1o be natural for the DM,

Neutral & Stable particle with 0(]) TeV mass
- Cold DM & Correct Relic Density of DM!

__ New particle (dark matter) will be at 0(1) TeV.
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New thsacs search@ fhe ILC

New Physics appears at the Tera-scale and it is expected 10 solve
the problems and contains the SM as a low energy effective theory.

A Physics at the LHC
E (GeV) | O Discoveries of New

A ' particles up 1o 0(1) TeV.
New Physics A O Investigating natures
@ I E of colored new particles,
10° —— 1 TeV Scale S
(10-16cm) Ir- = Physics at LC (Direct)
I () O Investigating natures of
B all particles up o ~s!/2,
: — O Investigating interactions
| S
102 : =5 among the new particles.
e ®
(o)
Model i s
O Investigating natures of
heavy particles radiatively.
O Searching NP beyond TeV

scale by precision measurs,
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‘New Physics ‘search.@ the ILC

purposes at the LC experiments is to clarify new physics model
éLagrangian) at the Tera-scale in a model-independent way,

~>

& ; NG
2.

3

B L }Lighfer new

(LHC & ILC have therefore complementary roles, One of imporfam‘]

Mass & Spin
Gauge charges
(SU(2), x U(1)y)
Interactions with

- 4 the new particles.
The natures of lighter particles . Vertex structures
are important because the dark . Coupling constants
QnaHer is one of the particles, j \ i j

Once we Know all about the dark matter, we can predict =
scattering and annihilation cross sections of the DM,

- By comparing astrophysical observations, it (may) be

\ possible to investigate the dark side of the universe, =

Mass

particles in
the NP at the

DM
Tera-scale.

~




Dark ﬂ;Heh dewm“;c_;‘—ion at ILC(I)
& : A\

Too heavy  The case where all new particles (except
o to access.  the DM) are too heavy 1o access at the ILC.
2 ° °
>3 DM should be singlet 1o satisfy EWPO.
¢ DM This case is almost nightmare scenario!
f£ _ L a2 M3 o cs gz s - Interactions as low )
§ = ESMTHOP) mm¢ TRl e T n e dimensional as possible.
. 1 dr _ - Z,-symmetry for the
Lp = Lsu+7x (i@ — Mp) ‘t——H XX — 5o X" X By, &=
; e A e stability of the DM
Ly = Lov— VPV, + Ly ve - gy, v - Lv,ve?, « DM interactions only

] 2 2 + thorough the Higgs

~N

(mpy < my/2) - Invisible decay width of H
(mpy > my/2) > Xsec, through off-shell H

1. s1/Z2 =300 GeV.
2. Accumulating 2 ab ! data
3. Using e~ polarization (80%) )




Dark 'M'SHer detection at ILC(I)

4 Spin | DM Field Comments )
Case S () () Neutral scalar
Case F' | 1/2 x(x) Majorana fermion
\ Case V' | 1 Vilz) Neutral vector )
< . , Lian? M3 o s oo ds g - Interactions as low )
£s st (00) = 570" = S IHTeT = 3¢ dimensional as possible,
1_ a0 CF 2o, AF _ - Z,-symmetry for the
Ly Lsm + 35X (1 — Mp) x — 5| HI"Xx — 577" X By, i
- L AT stability of the DM
Ly = Lsw—VFVi+ SEVV* + ZIHPVV* ~ %[1-;1--"“)'3. - DM interactions only
\_ thorough the Higgs
[ [} [} [}
. 7z -3 (mpy < my/2) > Invisible decay width of H\
© 9 (mpy > my/2) > Xsec. through off-shell H
> 1. s!/2 =300 GeV,
& H*<---DM 2. Accumulating 2 ab! data
~DM

3. Using e~ polarization (80%) 2
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Dark Matter detection at ILC. (I
Sensitivity to detect the signal at the ILC (95%CL)

Scalar Dark Matter — ; Fermion Dark Matter Vector Dark Matter
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53

BWN -

Brown regions: Excluded by CDMS & XENON experiment (2c).
Dark green region: Consistent with the CDMSII result (15 ).
Green line: Sensitivity 1o detect the signal at the LHC (20)
Blue line: Sensitivity 1o detect the signal at the ILC (25)
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Dark Matter detection at il..(f"(l)

Sensitivity to detect the signal at the ILC (95%CL)

Scalar Dark Matter
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Dark Matter detection at ILC. (I
Sensitivity to detect the signal at the ILC (95%CL)
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Dark Matter detection at ILC. (I
Sensitivity to detect the signal at the ILC (95%CL)

Scalar Dark Matter - ; Fermion Dark Matter Vector Dark Matter
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/When mpy < my/ 2, the signal can be detected at the ILC (95%CL)) \
even if the coupling between DM & H is small.
(OK when Br(X > DM DM) > 0.95% at ILC, while Br > 50% at LHC))

When myy > m,/2, it is difficult to detect the signal even at the ILC
when the coupling between DM & H not large,
(There may be other processes for efficient DM detections))
\ (We should consider the processes from higher dimensional Ops.) /




Dark MéHer de}éé;‘ion at ILC(I)

Sensitivity 1o detect the signal at the ILC (95%CL))
Scalar Dark Matter —~ Fermion Dark Matter 1 Vector Dark Matter
1 CDMS & E 3 I> 19 | CDMS &
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¢ F i 195% at ILC, while Br > 50% at LHC)
E P i e —E °
.k w,-10cev | | 10 detect the signal even at the ILC
s E v.-10cev 41 ipling between DM & H not large.
A w1 ses for efficient DM detections.)

BR(H—inv.)

sses from higher dimensional Ops)) /
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Dark MéHer de}éé;‘ion at ILC(I)

Sensitivity to detect the signal at the ILC (95%CL)
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Dark MéHer de}éé;‘ion at ILC(I)

Sensitivity to detect the signal at the ILC (95%CL)
Scalar Dark Matter - j Fermion Dark Matter Vector Dark Matter
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Dark Matter detection at ILC. (I
Sensitivity to detect the signal at the ILC (95%CL)
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/When mpy < my/ 2, the signal can be detected at the ILC (95%CL)) \
even if the coupling between DM & H is small.
(OK when Br(X > DM DM) > 0.95% at ILC, while Br > 50% at LHC))

When myy > m,/2, it is difficult to detect the signal even at the ILC
when the coupling between DM & H not large,
(There may be other processes for efficient DM detections))
\ (We should consider the processes from higher dimensional Ops.) /
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Dark MaHer defechon at ILC (Il)

B _} Heavy! The case where several new parficles,in
sl e addition to the dark matter, are light
é enough 1o access at the ILC.
_DM } Accessible! Da!'k Matter defec:'ﬁon may be po§sible
S e e using the production of new particles, ¥

(When new par-’-icleg are non_single-,- Particles Spins Representative Model \

+ 0

under SU(Z)L’ .,.here exis.'. x+ haVing (XS, Xg (0, 0) Inert Higgs model

)
+he x+—x0—w interaction (XO = DM). (1i . XE) | (1/2,1/2) | Supersymmetric model
(X7s XV7) (1, 1) Littlest Higgs model
)
)

(X7 X (1, 0)

k (x5, AV (0, 1) | |




Dark Matter detection at il_.—CM(II)

Inert Higgs Model

L = i[gz(1/2 = s3)Z" + eA"] [(3,xF) X5 — (9x3) XF]
+(9/2) [= (0"Xx5) XEW, + (X&) XEW,, + he],

\_ /

N\
KWhen new Me.’- Particles Spins Representative Model \
under SU(Z)L, .,.here exis.,. x+ ha g \5 %) (0, 0) Inert Higgs model
"'he X+_xo_w in"'eraC"'ion (Xo Y DM), (lF %) | (1/2,1/2) | Supersymmetric model
(i, ) (1, 1) Littlest Higgs model
(> x8) | (1,0) —
\_ (& V) | (0,1 — Fe




Dark Matter detection at il_.—CM(II)

Supersysymmetric Model

L=—gzXp “# (NLPL 4+ NgpPgr) XpZ, Q‘kp"‘” (CrLP, + CrPg) XFH + h.c.

_/

N\
KWhen new Me.’- Particles Spins Representative Model \
under SU(2),, there exist x* havimg (x5 | (0.0) | Inert Higgs model
"'he X+_xo_w in"'eraC"'ion (Xo Y DM), ()Lif._ %) | (1/2,1/2) | Supersymmetric model
(_hi_.-., V) (1, 1) Littlest Higgs model
(i X8) | (1,0) —
\_ (& V) | (0,1 — P




4 Little Higgs Model N

£ = ig [ (cwZ + swA), Xy, (Oxv" — 9" *)
—(ew Z + swA) Xy, (9" XF7 — 9" xy)
+, (ew Z + swA), ()(?;'“':(; — X1 “xfr”)
+su Wiy, (XY — 0" XV) — suW,ixb, (0" Xy — 0" xy ")
+sp O, W, (XD” — 11 v "') _ SHTV X, (O-.,u v _ g {Df[.)

\ —|—SH[’1«"";:\:1,.—U (d“ﬁtfr” " v “) — s, W, (XD” — \J_ )U__”) ] ‘

KWhen new p ar"'iCIQS ar Ie.,- Particles Spins Representative Model \
under SU(2),, there exist y' havi (0 a8) | (0,0) | Inert Higgs model
+he x+—x0—w interaction (XO = DM) (g, X%) | (1/2,1/2) | Supersymmetric model
(_hi_.-., V) (1, 1) Littlest Higgs model
(i X8) | (1,0) —
\_ (& V) | (0,1 — P




Dark Matter detection at ILC.(If)

5 : }Heavv! The case where several new particles, in 3
el L s addition 1o the dark matter, are light
é enough 1o access at the ILC,
_DM } Accessible! Dark Matter detection may be possible
— using the production of new particles,
\_ J
KWhen new par"'iCIQS are non_single.,- Paiticles Spins Representative Model \
under SU(2),, there exist y* having (-5 | (0.0 Inert Higgs model
,',he X‘+_x()_w in"'eraC"'ion (XO Y DM) ()Lf._ %) | (1/2,1/2) | Supersymmetric model
2 (X, V) (1, 1) Littlest Higgs model
Xvs Xy , g
As a benchmark study, we discuss (v, x%) | (1,0 -
kfhe discrimination of the models, (xg, x%) | (0,1) o P
— XO 500 fb1 ‘ my+ [GeV] myo [GeV]  Cross section [tb]

C Y, 7 % W- Vs =500 [GeV] ‘ 232 44.0 10 & 200

W+ 1. Energy distribution of W,
2. Threshold behavior of x* production,
X0 3. Angular distribution of y*

/




Dark Matter detection at iL'CM(II)

5 5 }Heavv! The case where several new particles, in )
addition 1o the dark matter, are light
enough 1o access at the ILC.

=om | Accessiblet  Dark Matter detection may be possible
= using the production of new particles. 0,

W energy distribution
‘Em:-lx — H-':"'u._:‘El'i' L ij\.‘_:"‘;‘."_:j’}[;-.

m——

- * i - *
‘Em'm — [y EH' — -li,'_= v Py s

_/

\

[

e— 500 fb1 ‘ my+ [GeV]  myo [GeV]  Cross section [fb]

Y, 7 V5 =500 [GeV] [ 232 14.0 10 & 200
W 1. Energy distribution of W,

+ X+ 2. Threshold behavior of y* production,

e [ ] [ ] []
& X0 3. Angular distribution of y* o




Dark Matter detection at il_.—CM(II)

5 5 }Heavv! The case where several new particles, in )
addition 1o the dark matter, are light
enough 1o access at the ILC.

=om | Accessiblet  Dark Matter detection may be possible
= using the production of new particles. 0,

il E
IE2800F
£ 3

%2600F
%2400
2200F
20002—
Angular distributi eock
ngular IStribution 1600F
1400F
1200F
1000;—
800 PP PYPET PP PRTTL POPTY PPOTTITVRY PYTRL | TPP1 PYOT
0 0.50.505"0.40.5060.708"68
Icosg,, |

~N

500 fb1 ‘ myx [GeV]  myo [GeV]  Cross section [th]
V5 =500 [GeV] [ 232 14.0 10 & 200

1. Energy distribution of W,
2. Threshold behavior of x* production,
3. Angular distribution of y* 7




Dark Matter detection at ILC.(If)

5 : }Heavv! The case where several new particles, in 3
el L s addition 1o the dark matter, are light
é enough 1o access at the ILC,
_DM } Accessible! Dark Matter detection may be possible
— using the production of new particles,
\_ J
KWhen new par"'iCIQS are non_single.,- Paiticles Spins Representative Model \
under SU(2),, there exist y* having (-5 | (0.0 Inert Higgs model
,',he X‘+_x()_w in"'eraC"'ion (XO Y DM) ()Lf._ %) | (1/2,1/2) | Supersymmetric model
2 (X, V) (1, 1) Littlest Higgs model
Xvs Xy , g
As a benchmark study, we discuss (v, x%) | (1,0 -
kfhe discrimination of the models, (xg, x%) | (0,1) o P
— XO 500 fb1 ‘ my+ [GeV] myo [GeV]  Cross section [tb]
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W+ 1. Energy distribution of W,
2. Threshold behavior of x* production,
X0 3. Angular distribution of y*
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Dark Matter detection at ILC. (II)

— Energy distribution of W —

2500 T 7 — IH-like
=~ [200fb, BG subfracted _
) " —— SUSY-like
32000 3 LHT like
~ .
£1500 F ; -
[1H]
>
W 1000 F 3
500 [ -
0F P R R -'h.‘h"{“i' ".:"'r"'"."'_
50 100 150 200 250
(b) W energy [GeV]
> 500~ [Hike
I o :_40 fo, BG subtracted ___ . .
S C LHT-like
£ 300 F - =
= C _
9 - .
o 200 F 3
100 F 3
C T 3 ]
0 F— ﬁuﬁ’f} : 'ng-;.'.-'LL,JlLJ:g--fdi_._.%-_;_
I I AL e
50 100 150 200 250

(c) W energy [GeV]

Measurement Accuracy
(o= 40 fb) 0.2 % for y*
45 % for y 0
(o= 200 fb) 0.1 % for y*
1.3 % for y 0

Threshold behavior

S 200 — T T
c - H 40 fb case ]
= 150 SUSY 2 —
Q - - i
m = -
o -
n B
w 100 — e —
O L i i
5 - /,.-/ )
® s50F A =
o e ]
0 F L L 1 L N L L | L L 1
500 550 600
\s [GeV]

Error bars are given by
assuming 50 fb-! data!

€ og(s,n) =a(s — sp)"
n = 0.5 for SUSY case,
n = 15 for other cases.

\(General vector case is )/

~

I+ is possible 1o discriminate
the SUSY case from other

cases (IH & LH cases)




Dark Matter detection at iLVCM(II)

Angular distribution of reconstructed y*
~ Distributions of production angle ~

:I-_

%\q - LA LA AL L AL | 140 % : LA DL AL R L L L L 14[:' %\I : LENLENL N B L L L DL B 140
8 osf 200 fb case 120 8 oef 200 fbcase .._.'. 20 8 osf 200 fb case 120
C 100 C 100 C 100
osF |H osf SUSY ost LH
C 80 - 80 n 80
04f 60 04k 60 n4f = 60
C I 40 C 40 B ™ o 40
n2f 02 M 02F
0 C - . o 0 | L L T o o S e, A T 0
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
|cosa.) |cos,| |cosa.

There are two-fold ambiguity to determine 0 in the reconstruction of y*

~ Comparison between data & theory

'E"E'E'D:'I'TH'I'I.'I'I'I'I'I': E'E'E'D:'I'I'I'I'I'I'l'l'I'. FheAL L S N B S B B L LN N BN
G400} ey G400
o0 | IH Theory 300} SUSY Theory

200 ] 200f ] 200 ]

100k A ] 100f A 100F m ]

D:"-'—'—" . T D:...u.... L EL
3 1

0 1 [T N R B
2 3 4 35 ETB‘S!D
U

[1i] - ]
L400F 3

300 - LH Theorv -

| | | 1 | |
4 5 6 7 8 9 !D 012 3 45 6789 1[] 0
Reduced ¥ Reduced y Reduced y

Comparisons between simulation results and theoretical predictions.




Dark Matter detection at ILC. (II)

Angular distribution of reconstructed y*

~ Comparison between data & theory
'EEED:" e B N B e T T ] 'EEGD:"' e

=T il LI B LI L BN BRLE BLE BRLEN B B

i) F - [iE] - [ ]

1400} IH 3 Z4o00f 1 Zaoof :

r SUSY ] ! ] [ :

00t | IH Theory ; 300f SUSY Theory | 300t LH Theory :

200f : 200} 1 200} ]

100} | A 100f A 1 100 m :

D E .JII PR T PR I | | - P TR ] D . P . T I T S N | - PR ] D : ol | PR T T ST S ]
012 3 456 7 889 !D 012 3456 7 889 !D 012 3 4567289 1[]

Reduced y Feduced y Reduced y

Comparisons between simulation results and theoretical predictions.
~ Separation Power among three models ~

Cross sec. | Physics model | IH template | SUSY template | LHT template
40 fb [H-like - 7.7 2.5
SUSY-like 8.6 - 3.5

LHT-like 2.6 3.5
200 fb [H-like - 54 19
SUSY-like 63 - 25

LHT-like 19 24

Separation power > 19c is obtained with 200 b signal cross section,
In 40fb case, 2.5c separation power is expected between IH & LHT.
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Summary & Dlscu3$|ons

ich Wl" give

NewP ics is expecte appear at the TeV.s |
J:oluhons or_hierarchy_and dark matte IC will “discover

several New Physics s:gnal& whi tich “Wa*f'*"“"“""“*' +o-explore physics
beyond the standard model. s o

One of the important purpos xperiments is the
determination of the Lag a n at'\th TeV scale in a model-
independent way. In parti mveshg ng fhe sector of new light
particles including a dar '

only particle physics bu d cosmology.
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of the dark m/ ter i
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