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m, = 1225-1215 GeV
No BSM Signals @ LHC
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2. Gauge-Higgs Uni,
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. Higgs-less models,

. 4th generation,
Radiative seesaw.

0.Two- hlggs doublet,

® [Kolda & Murayama (2000)]
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1. Little Higgs models (LH)

Little Higgs (Basics)

1. Higgs boson[3, 6 > H 10 TeV
ICfIRELTE pseudo-NG.,

New Physics w/ G

2 HigosEBIBI-HF 32k (Collective breaking)
REKIF1 -loopTH~tuL. % ] TeV
= G/H decay const,
Little Higgs partner ) (A few light particles)
OFEEN LTI FEIND. |
100 GeV
w2 15— 1—(T) OTFLE V(§) ~ e + Rt

m ~ 0(100) GeV & A ~ 0(1)

Collective Symmetry Breaking

No AZ at 1-loop Lv. & LogA exists > m; < 600 GeV for 10%-tuning.




1. Little Higgs models (LH)

Top partner: T(3,1,2/3)

Production:PP > TT + X
Decay modes: T > bW, 1Z, th

Branching ratio

myy, = 500 GeV 08
sinf;;, = 0.1

Parameters: my, sino,, sinop (e
sinfyp |
EWPM - Constraint on sinog
LHC (7TeV) > m; > 500 GeV
[CMS PAS EX0-11-099] B =0
LHC (8TeV) > m; > 650 GeV S

[Harigava, et.al, 2012]
Fine-tuning > m; < 550 GeV
[Harigaya, et.al, JHEP1201, (2011)]
(sin6g 1, then Br(T > th) 1) -

Hl; ' 700 SO0
mip (GeV)

EWPM 95% CL




2. Gauge-Higgs Uni, (GHU)

Basics

1. Higgs boson IF, (&i/R7TO)) Gauge field OO—ER

2. HiggsBRIRICHI DUVREKISF all order TH~ Il

3. #%L) higgs (<200GeV) &=

4. Yukawa [FEUL\ < HERSITERH (model-dep, HiAZE())

flat metric warped metric
little hierarchy [F SM &LIEEL( ) mygx M8 (TTKR)1/2 ~ b BERZELIGD
mKK~V/9, (9=9+2'ﬂ') = 'O%#Q#i:
> 10% %I N ESBERDTE My ~ 2-3 TeV
1 0% BROBsEEES ? KK top, KK gluon O)IR&:%




2. Gauge-Higgs-Uni. (GHU)

Basics

1. Higgs boson IF, (&i/R7TO)) Gauge field OO—ER

2. HiggsBRIRICHI DUVREKISF all order TH~ Il

3. #%L) higgs (<200GeV) &=

4. Yukawa [FEEULY < HRDIHEE (model-dep, HiAZE())

flat metric warped metric
little hierarchy [F SM &LIEEL( ) mygx M8 (TTKR)1/2 ~ b BERZELIGD
mKK~V/9, (9=9+2'ﬂ') = 'O%#Qﬂi:
> 10% IS MES SERTE My ~ 2-3 TeV

. =
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2. Gauge-Higgs Uni, (GHU)

KK gluon

Yukawa Z2E<LJ|CIF, LH- & RH-fermion HhiEICBEIRIC| 1D
- E£55M—AIF IR-brane fllICFS
- KK gluon &£0) coupling h'AZE<5%5: ¢'1/gl0 = 5-7
- BIER7A—7EERLTI\DIRSIFDijet CTHIBRXNTI 1D
[1101.5203+update(ATLAS-CONF-2012-038)]
gluon interaction I¥ model independent:

PP — gfkgKKX — (+KK) (+#%K)X (multi top events)




2. Gauge - Higgs-Uni. (GHU)

KK gluon

Yukawa Z#ZE<LICId. LH- & RH-ferniit
- E55H—hIF IR- brane LE']L.&%

[11015203+upda+e(ATLAs ~CONF - 2012 038)]
gluon interaction [& model independent:
PP — gfkgKKX — (+KK) (+#%K)X (multi top events)

flzIF, <Ag>
SM fermion %&UV - Q/ Vi 15 /
L

brane ICEL1T. BN
..messenger” ':*‘l O N S 7__>
EWSB#% mediate T

(+op [3HE38) - i | 7




2. Gauge-Higgs-Uni. (GHU)

KK gluon

Yukawa &ZE<LICIF. LH- & RH-ferniioe
- &55h—AIF IR-brane IICEFD

- BIERK7r—7EERUTI\DIRnaI3Dijet THIBRX?
[1101.5203+update(ATLAS-CONF-2012-038)]
gluon interaction [ model independent:
PP — gfKgKKX — (+#KK) (+4KK) X

KK top

FHNTL \DIRBETIFEN (~1TeV)ICTHD [Medina, et.al, 2007]
—> Et#%89 model independent?

KK top #%%l& Little Higgs ERU (BEIFPLAZ()
LHC (7TeV) > m; > 500 GeV [CMS PAS EX0-11-099]

LHC (8TeV) > m; > 650 GeV [Harigaya, etal, 2012]
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3. Large Exira-dim (ADD)

ADD theory
spacetime R* x M,, M,, : n-dim. compact manifold (volume V,,)
SM field [ > localized on 3-brane R[ y
gravity [> spread to bulk

) v, B4
fundamental scale M > Mp ~ (Ml%’,l/vn)zﬁ

1s-
f Mp = 10TeV R~ 10%—20(1°T6V) ]

Mp
N 2 3 4 5 6
R[m] 10—6 10—11 10—13 10—15 10—16
1/RGeV] | 107 | 107° | 1072 | 107! 1

m

mass splitting 1

of KK graviton m ~ R continuous spectrum

e SADKK modeD&FESZEUEDLED E, EENELLESD ]



3. Large Extra-dim (ADD)

ADD limit
CMS monOJet

(~5fA- 1)

SN1987a

imits on Mp

H 2 m- n 246
P S ‘

9 S G Mplevl| 41 | 28 | 24

limits on Mp
N 2 4 6
Mpevl| 38 | 3.2 | 2.7

imits on Mp
n 2 4 6 Antoniadis,
MpTeVl| 16 |[0.29 |0.024| hep-ph/0512182




3. Large Extra-dim (ADD)
ADD present status

fine-tuning
A~Mp n=2 A>16TeV > <1%

n=4 A>32TeV C> <10%
n=6 A>27TeV > ~10%
ADD future prospects

= [T ._I""I";::é"'!"
- . Fer - 1 fb A_1 _?Dm _CMS.El:elum.na.w___) I b)_
95% C.L. exclusion limit el O
E BOO[— —

Vs =14TeV = :
00| 6=4 ; ]

(TeV)

~5.5TeV



4. Warped Extra-dim (RS)
RS theory solution of hierarchy problem ! Hidden7
5-dim. spacetime R4 x §1/7, RAEATNS

fixed-point <
positive/negative tension brane % BCi&E

d82 — eXp(_QkRz)n”vdsﬂrd:BU o R2d2,'2 ]_[R/

warp factor

fundamental scale

KR 9 19 o S o w0 2 0 S
—mkR
A M [GeV]| 10° | 104 | 10° [ 10% | 1
KK graviton mass

M, ~ zoke ™ (5 =383, 7.01,--)



4. Warped Extra-dim (RS)
RS limit
ATLAS dilepton (~5fboA-1)

f >.G-K’£ <e+ ) >-G-K’i <‘9+ [ > resonance
q e g e

coupling k/Mp; | 0.01 0.03 0.1
limits on M; |Mi[TeV]| 0.91 1.45 2.16
imitson M | M [TeV] 24 13 5.6
RS present status fine-tuning
A~ M k/Mp =0.01,008 > <1%

k/Mp, = 0.1 e v 1%



future prospects

LH O 8TeV THE:EDIAE
GHU X/ O 13TeV 368
flat /RS
ADD X,/ O 13TeV [FHE
(n<6)/(n>=6)
RS X —




