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IPA 2013, WIPAC,  May 14, 2013	


LHC lights the way:�
the Higgs & Beyond

Tao Han,   Univ. of Pittsburgh	




Announcement �
on the 4th of July, 2012:�

A neutral boson decay to two photons

5/13/13	


Phys. Lett. B716, 30 (2012)	
Phys. Lett. B716, 1 (2012)	


The combined signal significance:	

ATLAS: 5.9σ 	
 CMS: 5.0σ 	


At λ ≈ 10-9 nm.	
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2013 Moriond Update:

5/13/13	


Higgs to 4 leptons 

22/04/2013 9 

Extract signal from 4-lepton invariant mass 

Main backgrounds:  
  SM ZZ* production (irreducible, from MC) 
  Top, Z+jets (reducible, data driven techniques)   

S/B ~ 1.4 

ATLAS-CONF-2013-013 

H→ZZ$
!   The%four%lepton%Qinal%state%is%one%of%
the%cleanest%experimental%
signatures%for%the%Higgs,%enjoying%
excellent%resolution,%but%having%a%
low%branching%fraction.%

!   A%narrow%peak%on%a%largely%Qlat%
background.%
◦  A%fully%reconstructed%Qinal%state%gives%
insight%to%mass%and%quantum%numbers.%

◦  The%presence%of%the%Z→4ℓ$signal%gives%a%
nearRby%reference%for%mass%scale.%

6%May%2013% Phenomenology%2013%Symposium% 11%
ATLAS,CONF,2013,013,%CMS,HIG,13,002%

The “Gold plated” channel:	
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Consistency$of$event$yields$(2)$

UC'Davis,'22'April'2013'Andrey'Korytov'(UF)' 24'

χ2$/$ndf$=$3.3$/$5$
asympto4c'P(χ2>3.3|ndf=5)'='0.65'
pseudoLexperiments:'P'='0.50'

χ2$/$ndf$=$1.3$/$4$
asympto4c'P(χ2>3.2|ndf=4)'='0.52'
pseudoLexperiments:'P'='0.37'

μ=1' μ=1'

CMS/ATLAS	

Signal significance:	


ZZ(4l): 6.7/6.6σ; ϒ ϒ: 3.2/7.4σ; 	

WW: 3.9/3.8σ; bb+ττ: 3.4σ	


Five channels:



What IS it?

5/13/13	


1.  X  ϒ ϒ:	

  - its neutral; can be spin-0	

  - cannot be spoin-1 (Yang’s theorem)	

  - can be spin-2, but unlikely/disfavored 	


3.  X not to µ+µ-, e+e-, but τ+τ- seen.	

  - non universal leptonic coupling (gauge)	


2.  X  ZZ, W+W- seen.	

  - the source for EWSB (vacuum excit.)	


4.  Xtt needed to match, X  bb seen.	

  - non universal quark coupling	

Higgs signal beyond any reasonable 

and unreasonable doubt
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50 year’s work by numerous theorists	


6"

Eilam Gross 



5/13/13	
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25 year’s work by thousands experimenters	


ALEPH@LEP	


CDF@Tevatron	


ATLAS	


CMS	




5/13/13	
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The Higgs hunt …	


Gotcha!	


This is truly a monumental triumph!	

We have reached a deeper 	

understanding of nature!	




Rest of the talk:�
Under the  �

Higgs lamp post

5/13/13	


The discovery has given us 
tremendous confidence for our 
understanding of Nature: 	


The discovery has sharpened	

more profound questions …	


β-decay à W±/Z à Higgs boson!	
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Quest 1:λ, a new force?

The (rather) light, weakly coupled boson:	

            MH ≈126 GeV   à    λ ≈ 1/8 !	


At the verge of uncovering a deeper theory?	

    - λ determined by gauge couplings?	

       In SUSY,       λ = (g1

2 + g2
2)/8 	


     - or dynamically generated by a new strong force?	


 λ is NOT governed by gauge interactions.	
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 For MH = 125 GeV, 	

  then Λ(mt=175) < 107 GeV.	


λ at high energies:	

For small λ, the Top-Yukawa dominates: 	


Much renewed interest, updates:$ 	


To have a stable vacuum,	


$ G. Degrassi et al., arXiv:1205.6497.	


The triviality bound

Let us have a look at the one–loop radiative corrections to the Higgs boson quartic coupling,

taking into account for the present moment only the contributions of the Higgs boson itself.

The Feynman diagrams for the tree–level and the one–loop corrections to the Higgs boson

self–coupling are depicted in Fig. 1.17.

•
•
•

H

H

H

H

• •
• •

+ + +

Figure 1.17: Typical Feynman diagrams for the tree–level and one–loop Higgs self–coupling.

The variation of the quartic Higgs coupling with the energy scale Q is described by the

Renormalization Group Equation (RGE) [127]

d

dQ2
λ(Q2) =

3

4π2
λ2(Q2) + higher orders (1.171)

The solution of this equation, choosing the natural reference energy point to be the elec-

troweak symmetry breaking scale, Q0 = v, reads at one–loop

λ(Q2) = λ(v2)

[
1 −

3

4π2
λ(v2) log

Q2

v2

]−1

(1.172)

The quartic couplings varies logarithmically with the squared energy Q2. If the energy is

much smaller than the electroweak breaking scale, Q2 " v2, the quartic coupling becomes

extremely small and eventually vanishes, λ(Q2) ∼ λ(v2)/log(∞) → 0+. It is said that the

theory is trivial, i.e. non interacting since the coupling is zero [128].

In the opposite limit, when the energy is much higher that weak scale, Q2 & v2, the

quartic coupling grows and eventually becomes infinite, λ(Q2) ∼ λ(v2)/(1 − 1) & 1. The

point, called Landau pole, where the coupling becomes infinite is at the energy

ΛC = v exp

(
4π2

3λ

)
= v exp

(
4π2v2

M2
H

)
(1.173)

The general triviality argument [119, 129] states that the scalar sector of the SM is a φ4–

theory, and for these theories to remain perturbative at all scales one needs to have a coupling

λ = 0 [which in the SM, means that the Higgs boson is massless], thus rendering the theory

trivial, i.e. non–interacting. However, one can view this argument in a different way: one

can use the RGE for the quartic Higgs self–coupling to establish the energy domain in which
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the SM is valid, i.e. the energy cut–off ΛC below which the self–coupling λ remains finite.

In this case, and as can be seen from the previous equation, if ΛC is large, the Higgs mass

should be small to avoid the Landau pole; for instance for the value ΛC ∼ 1016 GeV, one

needs a rather light Higgs boson, MH <∼ 200 GeV. In turn, if the cut–off ΛC is small, the

Higgs boson mass can be rather large and for ΛC ∼ 103 GeV for instance, the Higgs mass is

allowed to be of the order of 1 TeV.

In particular, if the cut–off is set at the Higgs boson mass itself, ΛC = MH , the require-

ment that the quartic coupling remains finite implies that MH <∼ 700 GeV. But again, there

is a caveat in this argument: when λ is too large, one cannot use perturbation theory any-

more and this constraint is lost. However, from simulations of gauge theories on the lattice,

where the non–perturbative effects are properly taken into account, it turns out that one

obtains the rigorous bound MH < 640 GeV [130], which is in a remarkable agreement with

the bound obtained by naively using perturbation theory.

The stability bound

In the preceding discussion, only the contribution of the Higgs boson itself has been included

in the running of the quartic coupling λ. This is justified in the regime where λ is rather

large. However, to be complete, one needs to also include the contributions from fermions

and gauge bosons in the running. Since the Higgs boson couplings are proportional to the

particle masses, only the contribution of top quarks and massive gauge bosons need to be

considered. Some generic Feynman diagrams for these additional contributions are depicted

in Fig. 1.18.

The one–loop RGE for the quartic coupling, including the fermion and gauge boson

contributions, becomes [127]

dλ

dlogQ2
"

1

16π2

[
12λ2 + 6λλ2

t − 3λ4
t −

3

2
λ(3g2

2 + g2
1) +

3

16

(
2g4

2 + (g2
2 + g2

1)
2
)]

(1.174)

where the top quark Yukawa coupling is given by λt =
√

2mt/v. The first effect of this

extension is that for not too large λ values, the additional contributions will slightly alter

the triviality bounds. In particular, the scale at which the New Physics should appear will

depend on the precise value of the top quark mass.

•

• •

•
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•

• •

•

V

Figure 1.18: Diagrams for the one–loop contributions of fermions and gauge bosons to λ.
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A metastable Universe?	
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Quest 2:�
μ2: The Higgs mass

No symmetry to protect MH in the SM.	

à it is unstable against quantum corrections.	


“It is interesting to note that there are no weakly coupled scalar particles in 
nature; scalar particles are the only kind of free particles whose mass term 
does not break either an internal or a gauge symmetry.” -- Ken Wilson, 1970 	


Unnatural: 	

Fine-tuned to   	


     0.05 mm/0.5 cm ~ 10-2	
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Quantum corrections to the Higgs mass:	
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•  Composite Higgs (or dual of extra dimension theory): 	

The Higgs boson as a pseudo-Goldstone boson	

(from a larger global symmetry breaking) 	


•  SUSY:	

Symmetry between different spin-states (opposite statistics)	


Relevant states to Higgs:	
 t̃ (g̃), W̃±, Z̃, H̃±,0

Arkani-Hamed, Cohen, 	

Katz, Nelson, 2002.	


A light Higgs implies new physics near 1 TeV!	
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“Naturalness” argument strongly suggests the      	

  existence of TeV scale new physics.	

	

If you give up this belief, you are subscribing	

    the “anthropic principle”.*	


* A physicist talking about the anthropic principle runs the 
same risk as a cleric talking about pornography: no matter 
how much you say you are against it, some people will think 
you are a little too interested. -- Steven Weinberg 	
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In a given theory with additional symmetries, one may be able 	

- to calculate (in a weakly coupled theory – SUSY)	

- to (g)estimate (in a strongly coupled theory – composite) 	


Pomarol, ICHEP’12	


The fact that  MH = 126 GeV  	

has already provides non-trivial test to some models.  	


Both suffer from some degree of fine-tune (already).	


M2
H = M2

Z cos2 2� + �2
SUSY

M2
H � 3

�

m2
t M

2
T

f2

Measured!	
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A Natural Higgs Sector at LHC 	

1. Supersymmetry:	


Current bounds 	

on the “most wanted”	


are still loose.	


LHC will push stop  	

to the extreme. 	


LHC may be limited 	

to cover gauginos	

and Higgsinos.	




        2. Composite Higgs:	

 e.g. T’ in the Little Higgs Model	


The current ATLAS limit: MT > 480 GeV, for MA < 100 GeV. 	


Future projection: 	

At 14 TeV, 100 fb-1:	


TH, Mahbubani, 	

Walker, Wang, 2008.	


reaching to 	

MT ~ 1.1 TeV at 5σ 	


 3. Light H±, A0, H0 Higgs bosons.	

 4. Electroweak gauginos/Higgsinos.	




5/13/13	
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(a). Neutrino mass generation:	


Quest 3:
Fermion mass and flavors

The Higgs may be the pivot 	

for “seesaw” :	


The Higgs may serve as a probe 	

to  heavy neutrino sector.	


In an extended Higgs sector 	

(doubly charged Higgs in a triplet model), 	


there may be predicted correlations between	

neutrino oscillation and LHC signatures.	
 Fileviez-Perez et al., 2008	


The seesaw gangs, 1977-1980.	


Watch out H à N N  !	


m� � ⇥H0⇤2

MN
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Particle mass	

hierarchy:	


(b). Fermion masses & flavor physics	


What controls the 	

mixing structure:	

“Minimal Flavor 	

Violation”?	


All proportional to v	
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(a). Dark Matter	


Quest 4:
The Higgs portals to Cosmos?

The Higgs boson may serve as a portal to the dark sector.	


Missing energy at LHC	
 Direct detection	
 Indirect detection	
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SUSY DM+Higgs in close scrutiny:	

TH, Z.Liu, A.Natarajan, arXiv:1303.3040 	
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(c). Higgs as an inflaton?	

(d). Higgs field & Dark Energy?	


(b). Baryon – anti-baryon Asymmetry	

For MH = 126 GeV,	

EW baryogenesis needs light sparticles:	

       mstop ≈ 150 GeV, 	

plus a light neutralino, singlets …	


The discovery of the Higgs-like 
boson is merely a beginning�
of a long, exciting journey!

Other potential consequences

Carena et al., 2011;	

Chung et al., 2011.	


Bezrukov, 2008;	

Nakayama, 2011.	


The existence of a fundamental scalar encourages the 	

consideration of scalar fields in cosmological applications. 	




LHC miracles:

5/13/13	


Accelerator and detectors 	

outstanding performances:	


 2.  Direct / indirect searches under 
the Higgs lamp post.	


CMS:$opera<on$

$Stats$for$the$8$TeV$run:$
–  recorded:'''94%'of'delivered'
–  validated$for$physics:'''95%'of'recorded'
–  subFdetector$opera<onal$status:'''96%'L'99%'

UC'Davis,'22'April'2013'Andrey'Korytov'(UF)' 3'

8$TeV$7$TeV$

Each detector has reached 	

the CDF/D0 sum.	
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SM well studied at the Tera scale:	
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No SUSY (yet)	


K.K. Gan! Pheno2013! 18!

Summary of ATLAS SUSY Searches!
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 massg~ = q~1.24 TeV , 8 TeV [ATLAS-CONF-2012-104]-1=5.8 fbL
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Only a selection of the available mass limits on new states or phenomena shown.*
 theoretical signal cross section uncertainty.σAll limits quoted are observed minus 1
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ATLAS
Preliminary

7 TeV, all 2011 data

8 TeV, partial 2012 data

8 TeV, all 2012 data

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 26, 2013)

Inclusive!
!
!
Gluinos!
!

"

Squarks!
!
Neutralinos!
!

Long lived!
!
RPV!

1 TeV!
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Nothing “exotic” (either)	


K.K. Gan! Pheno2013! 34!

Summary of CMS Exotic Searches!

> 0.7 TeV!

> 0.6 TeV!

> 10 TeV!

> 4.5 TeV!

> 2 TeV!

> 2 TeV!

> 0.4 TeV!

q* (qg), dijet
q* (qW)
q* (qZ) 

q* , dijet pair
q* , boosted Z

e*, ! = 2 TeV
"*, ! = 2 TeV

0 1 2 3 4 5 6
Z’SSM (ee, µµ)

Z’SSM (##)
Z’ (tt hadronic) width=1.2%

Z’ (dijet)
Z’ (tt lep+jet) width=1.2%

Z’SSM (ll) fbb=0.2
G (dijet)

G (ttbar hadronic)
G (jet+MET) k/M = 0.2

G ($$) k/M = 0.1
G (Z(ll)Z(qq)) k/M = 0.1

W’ (l%)
W’ (dijet)

W’ (td)
W’→ WZ(leptonic)

WR’ (tb)
WR, MNR=MWR/2

WKK " = 10 TeV
&TC, 'TC > 700 GeV

String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qqbar)

gluino, 3jet, RPV
0 1 2 3 4 5 6

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-&=1.2 TeV
neutralino, c#<50cm

0 1 2 3 4 5 6

Ms, $$, HLZ, nED = 3
Ms, $$, HLZ, nED = 6
Ms, ll, HLZ, nED = 3
Ms, ll, HLZ, nED = 6

MD, monojet, nED = 3
MD, monojet, nED = 6
MD, mono-$, nED = 3
MD, mono-$, nED = 6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2

MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2

MBH, Quantum BH, MD=3TeV, nED = 2
0 1 2 3 4 5 6Sh. Rahatlou 1

LQ1, (=0.5
LQ1, (=1.0
LQ2, (=0.5
LQ2, (=1.0

LQ3 (b%), Q=±1/3, (=0.0
LQ3 (b#), Q=±2/3 or ±4/3, (=1.0

stop (b#)
0 1 2 3 4 5 6

b’ → tW, (3l, 2l) + b-jet
q’, b’/t’ degenerate, Vtb=1

b’ → tW, l+jets
B’ → bZ (100%)
T’ → tZ (100%)

t’ → bW (100%), l+jets
t’ → bW (100%), l+l

0 1 2 3 4 5 6
C.I. ! , ) analysis, !+ LL/RR
C.I. ! , ) analysis, !- LL/RR

C.I., µµ, destructve LLIM
C.I., µµ, constructive LLIM

C.I., single e (HnCM)
C.I., single µ (HnCM)

C.I., incl. jet, destructive
C.I., incl. jet, constructive
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LHC upgrades
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LHC will restart in 2014, till 2017(?):	

~ 13 TeV with expectation of 100-300 fb-1 .	


HL LHC’s ultimate goal, till 202x:	

~ 14 TeV with expectation of 3000 fb-1 .	

à So the curent 7/8 TeV data is only 1% of total!	


In the mean time: 	

ILC (250 GeV-1 TeV), Higgs Factory(?)	
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        Summary:   	

-  The Higgs boson is a new class, 	

   at a pivotal point of energy,   	

   intensity, cosmic frontiers.	

                	


t, W±, Z

t̃, W̃±, Z̃, H̃±,0

An exciting journey ahead of us! 	


                “Naturally speaking”: 	

-  It should not be a lonely particle; has an 
“interactive friend circle”:               	

  and partners                         …	

-  LHC lights the way for the searches.	

-  Higgs factory may reveal their existence 

from Higgs coupling measurements.	


Higgs	




Backup slides
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Yukawa coupling:	


EWSB	

(more Higgs bosons)	


Color/charge 
particles in loops:	


        Measuring Higgs Couplings	
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SFitter: T. Plehn et al., 2012.	


Current accuracies:

Assuming SM:	




Future LHC sensitivities:
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14 TeV LHC with 300 fb-1.	

Peskin, arXiv:1207.2516;  arXiv:1208.5152.	




LHC/ILC Comparison:

34	
 Peskin, arXiv:1207.2516	
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What we need to achieve … 	

      To go beyond the LHC direct search,	

	

1.  Precision Higgs physics at a few %:  

ΔVVH  for composite dynamics;	

     ΔbbH, ττH for decoupling H0, A0;	

     ΔggH, γγH for color/charge loops.	

	

2.  Reach 10% for H à invisible.	


3.  Determine Γtot to 10%.	
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A Word of Expectations 	

1.  LHC: 	

•               measured at 10% level.	

•                               sensitive to 20% level.	

•  No model-independent measure for	


3.  µ+µ- Higgs factory: 	

•    Direct measurement of       by scanning.	


2.   e+e- Higgs factory: 	

•      model-independent  	

      for gZZh at 1.5% level 	

•      Extraction for 	


�obs � g2
in

�final

�tot

�obs/�SM

Br(h� N̄N, ��, ...)

�i, �tot

�tot

�tot � �ZZ/BRZZ
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Not-So Natural Higgs Sector 	

         Example 2: Top quark partner	

The top quark partners are most wanted to cancel the 
quadratic sensitivity to the quantum corrections of MH.	


�hgg �h��

SUSY t̃ 1.4%( 1 TeV
mt̃

)2 �0.4%( 1TeV
mt̃

)2

Little Higgs T �10%( 1 TeV
MT

)2 �6%( 1TeV
MT

)2

Peskin, arXiv:1208.5152;	

TH, Logan, McElrath, Wang, 2004	
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Not-So Natural Higgs Sector 	

Example 3. Composite Higgs	


�hV V �hff

Minimal Composite Higgs �3%( 1 TeV
f )2 �(3� 9)%( 1 TeV

f )2

The Higgs boson as a pseudo-Goldstone boson, 	

so that it is much lighter than the dynamical scale f ~ TeV.	

	

The Higgs boson couplings may receive corrections	

from the other heavy states	


�i � O(v2/f2)

Espinosa, Grojean, Muhlleitner; 2010;	

Gupta, Rzehak, Wells, arXiv:1206.3560. 	


Contino, Nomura, Pomarol, 2003;	

Agashe, Contino, Pomarol, 2005.	




Not-So Natural Higgs Sector 	

Example 4. Missing MSSM at LHC	

For an illustration:	


MSSM �hV V �hbb, h⇥⇥

Tree-level 10�4 3%

�hgg �h��

Loop induced �2.7% 0.2%
Carena, Heinemeyer, Wagner, Weiglein, 1999;	

Carena, Haber, Logan, Mrenna, 2002.	


Peskin et al., 2012, to appear.	


MA = 1 TeV, tan� = 5, mt̃ = 900 GeV :

SUSY is a weakly coupled theory,	

thus with modest corrections.	




LHC @ high L
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Gupta, Rzehak, Wells, arXiv:1206.3560	




ILC Higgs
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F. Simon, arXiv:1211.7242.	
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Example 1: Extended Higgs Sector:	

MSSM: Two Higgs-Doublet Model	


3 Goldstone bosons, 5 Higgs bosons:	


Tree-level masses given by	

Current LHC bounds:	


TH, Su, Christensen, arXiv:1203.3207 	
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SM well studied at the highest energies:	


Mass scale [TeV]
-110 1 10 210
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jjmColor octet scalar : dijet resonance, 
µe

m, µ)=1) : SS eµe→
L
±± (DY prod., BR(HL

±±H ll
m), µµll)=1) : SS ee (→

L
±± (DY prod., BR(HL

±±H
 (LRSM, no mixing) : 2-lep + jetsRW

Major. neutr. (LRSM, no mixing) : 2-lep + jets
,WZT

mlll), νTechni-hadrons (LSTC) : WZ resonance (
µµee/mTechni-hadrons (LSTC) : dilepton, γl

m resonance, γExcited lepton : l-
jjmExcited quarks : dijet resonance, 

jetγ
m-jet resonance, γExcited quarks : 

llqmVector-like quark : NC, 
qνlmVector-like quark : CC, 
)

T2
 (dilepton, M0A0 tt + A→Top partner : TT Zb

m Zb+X, →New quark b' : b'b'
 WtWt→)5/3T

5/3
 generation : b'b'(Tth4

 WbWb→ generation : t't'th4
jjντjj, ττ=1) : kin. vars. in βScalar LQ pair (
jjνµjj, µµ=1) : kin. vars. in βScalar LQ pair (
jjν=1) : kin. vars. in eejj, eβScalar LQ pair (
µT,e/mW* : 
tb

m tb, SSM) : → (RW'
tqm=1) : 

R
 tq, g→W' (

µT,e/mW' (SSM) : 
ττmZ' (SSM) : 
µµee/mZ' (SSM) : 

,missTEuutt CI : SS dilepton + jets + ll
m, µµqqll CI : ee & 

)
jj

m(χqqqq contact interaction : 
)jjm(

χ
Quantum black hole : dijet, F T

pΣ=3) : leptons + jets, DM /THMADD BH (
ch. part.N=3) : SS dimuon, DM /THMADD BH (

tt,boosted
m l+jets, →tt (BR=0.925) : tt →

KK
RS g

νlν,lTmRS1 : WW resonance, 
llll / lljjmRS1 : ZZ resonance, 

 / llγγmRS1 : diphoton & dilepton, 
llm ED : dilepton, 2/Z1S

,missTEUED : diphoton + 
 / llγγmLarge ED (ADD) : diphoton & dilepton, 

,missTELarge ED (ADD) : monophoton + 
,missTELarge ED (ADD) : monojet + 

Scalar resonance mass1.86 TeV , 7 TeV [1210.1718]-1=4.8 fbL

 massL
±±H375 GeV , 7 TeV [1210.5070]-1=4.7 fbL

)µµ mass (limit at 398 GeV for L
±±H409 GeV , 7 TeV [1210.5070]-1=4.7 fbL

(N) < 1.4 TeV)m mass (RW2.4 TeV , 7 TeV [1203.5420]-1=2.1 fbL

) = 2 TeV)
R

(WmN mass (1.5 TeV , 7 TeV [1203.5420]-1=2.1 fbL

))
T
ρ(m) = 1.1 

T
(am, Wm) + Tπ(m) = 

T
ρ(m mass (

T
ρ483 GeV , 7 TeV [1204.1648]-1=1.0 fbL

)
W

) = MTπ(m) - Tω/T
ρ(m mass (Tω/T

ρ850 GeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

 = m(l*))Λl* mass (2.2 TeV , 8 TeV [ATLAS-CONF-2012-146]-1=13.0 fbL

q* mass3.84 TeV , 8 TeV [ATLAS-CONF-2012-148]-1=13.0 fbL

q* mass2.46 TeV , 7 TeV [1112.3580]-1=2.1 fbL

)Q/mν = qQκVLQ mass (charge 2/3, coupling 1.08 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL

)Q/mν = qQκVLQ mass (charge -1/3, coupling 1.12 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL

) < 100 GeV)
0

(AmT mass (483 GeV , 7 TeV [1209.4186]-1=4.7 fbL

b' mass400 GeV , 7 TeV [1204.1265]-1=2.0 fbL

) mass
5/3

b' (T670 GeV , 7 TeV [ATLAS-CONF-2012-130]-1=4.7 fbL

t' mass656 GeV , 7 TeV [1210.5468]-1=4.7 fbL

 gen. LQ massrd3538 GeV , 7 TeV [Preliminary]-1=4.7 fbL

 gen. LQ massnd2685 GeV , 7 TeV [1203.3172]-1=1.0 fbL

 gen. LQ massst1660 GeV , 7 TeV [1112.4828]-1=1.0 fbL

W* mass2.42 TeV , 7 TeV [1209.4446]-1=4.7 fbL

W' mass1.13 TeV , 7 TeV [1205.1016]-1=1.0 fbL

W' mass430 GeV , 7 TeV [1209.6593]-1=4.7 fbL

W' mass2.55 TeV , 7 TeV [1209.4446]-1=4.7 fbL

Z' mass1.4 TeV , 7 TeV [1210.6604]-1=4.7 fbL

Z' mass2.49 TeV , 8 TeV [ATLAS-CONF-2012-129]-1=5.9-6.1 fbL

Λ1.7 TeV , 7 TeV [1202.5520]-1=1.0 fbL

 (constructive int.)Λ13.9 TeV , 7 TeV [1211.1150]-1=4.9-5.0 fbL

Λ7.8 TeV , 7 TeV [ATLAS-CONF-2012-038]-1=4.8 fbL

=6)δ (DM4.11 TeV , 7 TeV [1210.1718]-1=4.7 fbL

=6)δ (DM1.5 TeV , 7 TeV [1204.4646]-1=1.0 fbL

=6)δ (DM1.25 TeV , 7 TeV [1111.0080]-1=1.3 fbL

 mass
KK

g1.9 TeV , 7 TeV [ATLAS-CONF-2012-136]-1=4.7 fbL

 = 0.1)PlM/kGraviton mass (1.23 TeV , 7 TeV [1208.2880]-1=4.7 fbL

 = 0.1)PlM/kGraviton mass (845 GeV , 7 TeV [1203.0718]-1=1.0 fbL

 = 0.1)PlM/kGraviton mass (2.23 TeV , 7 TeV [1210.8389]-1=4.7-5.0 fbL

-1 ~ RKKM4.71 TeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

-1Compact. scale R1.41 TeV , 7 TeV [ATLAS-CONF-2012-072]-1=4.8 fbL

=3, NLO)δ (HLZ SM4.18 TeV , 7 TeV [1211.1150]-1=4.7 fbL

=2)δ (DM1.93 TeV , 7 TeV [1209.4625]-1=4.6 fbL

=2)δ (DM4.37 TeV , 7 TeV [1210.4491]-1=4.7 fbL

Only a selection of the available mass limits on new states or phenomena shown*

-1 = (1.0 - 13.0) fbLdt∫
 = 7, 8 TeVs

ATLAS
Preliminary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

K.K. Gan! Pheno2013! 33!

Summary of ATLAS Exotic Searches!

Extra!
dimensions!
!
Contact interactions!
!
"

W$/Z$#
!

Lepto-quarks!
!

New quarks!
!

Excited quarks!
!

Others!

1 TeV!
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1.  LHC Lights the way 	

     for new physics searches.	


 2.  Under the  Higgs lamp post.	



