VWhat have we learned
from the LHC so far

Hitoshi Murayama (IPMU & Berkeley)
YIPQS Symposium @ YITP, Kyoto, Feb 6,2012
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I3 [@ NEWS

SCIENCE & ENVIRONMENT

27 August 2011 Last updated at 02:41 ET

LHC results put supersymmetry theory 'on the
spot’

By Pallab Ghosh

Science correspondent, BBC News

Results from the Large Hadron Collider (LHC) have all but killed the simplest version of
an enticing theory of sub-atomic physics.
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top quark Ars

A, of the Top Quark
July 2011
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[ w. Hollik and D. Pagani,
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op quark Ars

A, of the Top Quark

M. Kidonakis, July 2011
PRD84:011504 (2011)
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Do we still expect
anything at the LHC?

Hitoshi Murayama (IPMU & Berkeley)
YIPQS Symposium @ YITP, Kyoto, Feb 6,2012
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VWhere we are going

® Complete the Standard Model
® dream since 60’s, finally there
® need to clear the Terascale fog

® Find physics beyond the standard model
® naturalness, unification

® dark matter, baryogenesis
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Terascale

® Fermi formulated the
first theory of the weak

force (1932)

® The required energy scale
to study the problem
known since then: ~TeV
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New Era
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® 1900 reached atomic scale 108cm= I/(0tme)
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New Era

~1900 reached atomic scale 108cm=~ 1/(0tme)

~1970 reached strong scale 10~'3cm~Me=2T/as b0
~2010 reached weak scale 10-""cm=TeV""

known since Fermi (1933), finally there!
fundamental scale!?
® extra dimensions! TeV string theory!?
® 3 derived scale?

® from SUSY breaking? technicolor?
® we expect rich spectrum of new particles!
® We'll start with Higgs boson(s)
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Why the Terascale!?
—weak interaction—
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the weak force

® Gravity pulls two massive
bodies (long-ranged)

® FElectric force repels two }
like charges (long-ranged)

® Weak force pulls protons
and electrons (short-

ranged) acts only over
0.000000001 nanometer

® Ve know the energy scale:
= using 1 and ¢

|5
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® |t doesn’t disturb gravity [FEFEW
or electric force

® |t does disturb weak
force and make it short-
ranged

® |t slows down all
elementary particles
from speed of light

® Whatis it??
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Superconductor
In a supercondlict

or, magnetic field gets repelled (Meif3ner
effect), and penetrates only over the “penetration length”

= Magnetic field is short-ranged!

® [magine a physicist living in a superconductor
® She finally figured:
® magnetic field must be long-ranged

® there must be a mysterious charge-two condensate in her
“Universe”

® But doesn’t know what the condensate is, nor why it
condenses

® Didn’t have enough energy (gap) to break up Cooper pairs
That'’s the stage where we are!

|7
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Some of the SM
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127C.36V-60|0G9|V e " 112.7 < mu< 1155 GeV

1.90 global after correcting for

the LEE in the low mass region except 237-251 GeV
excess 2.4 o local, ~ 2.3 o with LEE
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CERN official statement

Taken individually, none of these excesses is any
more statistically significant than rolling a die
and coming up with two sixes in a row.What is
interesting is that there are multiple independent
measurements pointing to the region of 124 to
|26 GeV.It's far too early to say whether ATLAS
and CMS have discovered the Higgs boson, but
these updated results are generating a lot of
interest in the particle physics community.
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CERN official statement

Taken individually, none of these excesses is any
more statistically significant than rolling a die
and coming up with two sixes in a row.What is
interesting is that there are multiple independent
measurements pointing to the region of 124 to
|26 GeV.It's far too early to say whether ATLAS
and CMS have discovered the Higgs boson, but
these updated results are generating a lot of
interest in the particle physics community.

didn’t stop theorists from speculating!
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What do we learn from
the Higgs boson mass!




"“"Higgs allows a look into

higher energies

d
® Higgs self-coupling can ﬁ)\ ou At g s i

® orow if big L1 Landau pole, composite!
® ¢o negative if small instability 17, o0C Av
® |If my>600 GeV, it grows very quickly,
basically with a few TeV cutoff
® need new physics < a few TeV because of
the inconsistency with low-energy data
® most focused on the light window
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— Perturbativity bound
Stability bound

Finite-T metastability bound
B Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors

—_—

Tevatron exclusion at >95% CL

— LEP exclusion

— at >95% CL //
Mmm

Iogm(A/ GeV)

4

Harigaya, Matsumoto, HM
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LHC exclusion at >95% CL

|

- Perturbativity bound
Stability bound

Finite-T metastability bound—
B Zero-T metastability bound

Shown are 10 error bands, w/o theoretical errors

LHC exclusion at >95% CL

Tevatron exclusion at >95% CL

— LEP exclusion
— at

4 6 8 10 16 18
Iogm(A/ GeV)

Harigaya, Matsumoto, HM
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LHC exclusion at >95% CL

|

- Perturbativity bound
Stability bound

Finite-T metastability bound—
B Zero-T metastability bound

Shown are 10 error bands, w/o theoretical errors

LHC exclusion at >95% CL

Tevatron exclusion at >95% CL

at>95% CL

4 6 16 18
Iogm(A/ GeV)

Harigaya, Matsumoto, HM
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a few points

® [he experimentally suggested Higgs boson
mass is consistent with weak-coupled
theory up to very high energies

® orand unification
® supersymmetry

® if on low end, need new physics below
108GeV to prevent us from decaying

27
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Why the Terascale!?
—dark matter—




“Seeing”
|nV|5|bIe dark matter

* e ’ i . . .
' . ’ - - a . : - i . . ® . .l >
a . . . . - - -’ .
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“Seeing” ¢
invisible dark matter
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“Seeing”

1 .. _ the Universe
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Dim Stars!?

Search for MACHOs
(Massive Compact Halo Objects)
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- g . s -
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\ O | 3
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Search for MACHOs
Massive Compact Halo Objeci

~Large Mag8ll
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Dim Stars!?

Search for MACHOs

(Massive Compact Halo Objeci

s)
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Search for MACHOs EROS collaboration
(Massive Compact Halo Objects) astro-ph/0607207

o
~

MACHO
95% cl

- Large Magéllanic Cloud -~

P > *

1)
o
—
™~
v
~

P

EROS-2 + EROS-1
upper limit (95% cl)

o
b

f

-2 0 2
logM= 2log({tg )/70d)
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Search for MACHOs EROS collaboration
(Massive Compact Halo Objects) astro-ph/0607207

o
~

MACHO
95% cl

- Large Magé'lldnicCloUd." |

1)
)
—
™
<
~—

l-.)

i x *

EROS-2 + EROS-1

o
b

X :9' i ‘_"j.‘ .{\‘ “ : )
N % — upper limit (95% cl)
- 2
Y.-‘ - -Q"‘f “' :
: .

i) 0 2
logM= 2log({tg )/70d)

Not enough of them! 5 **//
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“Uncertainty Principle”

® Clumps to form structure
Mm

&

® imagine VV = Gy
h2
= GNMm2

9. ¢ 9y . | i

& | ~ ~ N & y{
. » » | . N \ - e 4 » P -y Lol | 8 - -
bay | . T Feian TY - -_ U e -. Ec LRl = -, b PRl e b A o
-, - \ - ~ | F — 4 . 1 ) =
A AN LA D 2 g b S "‘ 11 G A IR I CURR EACUNICEZ\ S Ve oy 20 e i o 1
I - - M1 - o Y . 3 5 A g b 1 N e s " Y A X 1\
L 4 s v 4 - i - a .

® “Bohr radius’: 75
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Mass Limits
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Mass Limits

o |03 GeV to 10°0 GeV
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Mass Limits

o |03 GeV to 10°0 GeV

® we narrowed it down to
- within 81 orders of

R N ot N
» ) " k
" “._';--". Y "»'.‘_-"\"""'o F ot )
’ : 1% Ly i

Monday, 6 February 12



BERKELEY CENTER FOR
THEORETICAL PHYSICS

. &

o |03 GeV to 10°Y GeV

® we narrowed it down to
within 81 orders of
magnitude

® 2a big progress in /70 years
since Zwicky
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WIMP

® The dominant paradigm:
WIMP (Weakly Interacting
Massive Particle)




WIMP

® The dominant paradigm:
WIMP (Weakly Interacting
Massive Particle)

Stable heavy particle
broduced in early
Universe, left-over from
near-complete annihilation

~
e . by = a
B Vo ..l"- o = '-_ e e 4 } sty B

2aa S iv L

'_ _I'
el
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WIMP

A ® The dominant paradigm:
MRS WIMP (Weakly Interacting
Massive Particle)

Stable heavy particle
broduced in early
Universe, left-over from
near-complete annihilation

07360+ D35 35 _a? ITeVY

1/2 3 P
8 O ann M Pl SmtH 0 O ann
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WIMP

® The dominant paradigm:
WIMP (Weakly Interacting
Massive Particle)

Stable heavy particle
broduced in early
Universe, left-over from
near-complete annihilation

0.756(n+Dxt" 35, a2 /Tev)’ |

1/2 3 P
8 O ann M Pl SmtH 0 O ann
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Why the Terascale!?
—naturalness—
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Post-Higgs Problem

robust discovery reach by ATLAS/CM.
We will see “what’ is condensed

But we still won’t know “why”

Two problems:
B Why anything is condensed at all

® Why is the scale of condensation
~TeV<«M,=10""TeV

® Explanation most likely to be at ~TeV scale because
this is the relevant energy scale

35
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Strange

® Higgs boson is the only spin 0
particle in the standard model
® one of its kind
® but does the most important job

® |ooks rather artificial

® Higgsless theories: possible but not
favored by EWV precision data

® another problem: naturalness

36

Monday, 6 February 12



Once upon a time, there was a
naturalness problem...

® At the end of |19th century:a“crisis” about electron

® |ike charges repel: hard to keep electric charge in a
small pack

® FElectron is point-like
® At least smaller than 10 !7cm

® Needa Iot of energy to keep it small!
2 YR 10~ 17

e s T Y b i d i 3 y - , =
b gl WSaliall o ud "l gu g ¢S PP Sy ARDI M AT oh AT T at 4 ’ A
. g . e L & S sl ) & Pl - Ay p : R T e 1 = ﬂi
e - { 0 d L4

( _‘..' = o ae D S AN s O e 4 4 _'_.. g ._‘sk,'_ .’_.:..‘ A i P F P
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Anti-Matter Comes to Rescue
by Doubling of #Particles

® Electron creates a force
to repel itself o ¥ g o
® Vacuum bubble of

matter anti-matter
creation/annihilation

® Electron annihilates the
positron in the bubble

= only 10% of mass even

for Planck-size re~10733cm

38
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Anti-Matter Comes to Rescue
by Doubling of #Particles

Y
6—4&— .
e_
e+

e
e+
b
e_

® Electron creates a force
to repel itself

® Vacuum bubble of
matter anti-matter
creation/annihilation

® Electron annihilates the
positron in the bubble

= only 10% of mass even

for Planck-size re~10733cm
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Anti-Matter Comes to Rescue
by Doubling of #Particles

Y
e_ e
=
e+

e
e+
Y
o

04
Am, ~ meﬁlog(mere)

® Electron creates a force
to repel itself

® Vacuum bubble of
matter anti-matter
creation/annihilation

® Electron annihilates the
positron in the bubble

= only 10% of mass even

for Planck-size re~10733cm
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History repeats itself?

® Double #particles again
= superpartners

® “Vacuum bubbles” of
superpartners cancel the
energy required to contain
Higgs boson in itself

® Standard Model made
o 5

consistent with whatever o) |
physics at shorter A7 EmSUSY og(mury)

distances
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Opening the door

EW scale

SM breaks
down here

physics that
answers
guestions
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Opening the door

® Once the naturalness problem
solved, we can get started to = scale
; ’ ] . SM breaks
discuss physics at shorter distances down here

and earlier universe.

physics that |
answers ffachs
qguestions

s LN . » o) 5 ) i I d

- e H K N L -8 N

7w | & ?'6 = % «/’- | — Ay S~
ol - - . -\ A - P = 4
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Opening the door

® Once the naturalness problem
solved, we can get started to
discuss physics at shorter distances
and earlier universe.

~100GeV EW scale
~1TeV 1T SUSY

physics that

® |t opens the door to the next level: y29 - answers
guestions

Hope to probe yet higher energies shorter
distance

40
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LHC exclusion at >95% CL

|

- Perturbativity bound
Stability bound

Finite-T metastability bound—
B Zero-T metastability bound

Shown are 10 error bands, w/o theoretical errors

LHC exclusion at >95% CL

Tevatron exclusion at >95% CL

at>95% CL

4 6 16 18
Iogm(A/ GeV)

Harigaya, Matsumoto, HM
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LHC exclusion at >95% CL

|

- Perturbativity bound
Stability bound

Finite-T metastability bound—
B Zero-T metastability bound

Shown are 10 error bands, w/o theoretical errors _—

HC exclusion at >95% CL

Tevatron exclusion at >95% CL

at

16 18
Iogm(A/ GeV)

Harigaya, Matsumoto, HM
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Harigaya, Matsumoto, HM
200

LHC exclusion at >95% CL

M, [GeV]

180

Tevatron exclusion

at >95% CL EWPT exclusion (S = T = 0) at >95% CL
ool

140

120

LEP exclusion
at >95% CL Stability bound

100 3 A 5
TeV |0TeV log_ (A/GeV)
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Harigaya, Matsumoto, HM
200

LHC exclusion at >95% CL

M, [GeV]

180

Tevatron exclusion

at >95% CL / EWPT exclusion (S = T = 0) at >95% CL
woolb

140

120

LEP exclusion
at >95% CL Stability bound

100 3 A 5
TeV |0TeV log_ (A/GeV)
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Tevatron exclusion

I0ss 400000 NN s s )Y I,

140

120

LEP exclusion
at >95% CL

100 3 a
TeV |0TeV log_ (A/GeV)
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Directions

43
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| hree Directions

Supersymmetry
® Higgs just one of many scalar bosons
® SUSY loops make mp? negative

43
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| hree Directions

Supersymmetry
® Higgs just one of many scalar bosons
® SUSY loops make mp? negative

Higgsless/composite
® Higgs bound state of elementary fermions
® condenses because of strong attractive force

43
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| hree Directions

Supersymmetry
® Higgs just one of many scalar bosons
® SUSY loops make mp? negative

® Higgs bound state of elementary fermions
® condenses because of strong attractive force

Extra dimension
® Higgs spinning in extra dimensions
® new forces from particles running in extra D

43
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SUPERSTRIN G

M-theory heterotic
@ ﬁolonony EQ!E&

Type-EA Type-I

& Groand s'uts)
Unmfication
<0t0)

.

Anti-meatter |
‘t,nmtfr" /
P |

We really don’t know
what is going on at TeV

stupid theorists!

Can we zoom in onto
a point on this map!?

Expect the unexpected

THOUGHT OF
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SUSY naturalness limit

Log1O(Q/1 GeV)

45
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SUSY naturalness limit

LY

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

Log1O(Q/1 GeV)

45

Monday, 6 February 12



BAE-RIK EsLEE o CEE NCIER FF.OIR

DEEE@QR BTEI@AL SPFLY:SES

Ml

SUSY naturalness |

® Higgs mass squared
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SUSY naturalness limit

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

® natural origin of EVSB!

® if stop too heavy, Higgs
mass driven too negative
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SUSY naturalness limit

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

® natural origin of EVSB!

® if stop too heavy, Higgs
mass driven too negative

Am? - - A
m2, /2 500GeV

iy,

\
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7
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SUSY naturalness limit

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

® natural origin of EVSB!

® if stop too heavy, Higgs
mass driven too negative
Am? - - A
‘ 2Hu|N48( my ) 10g—
Wi 500GeV
® mstop < 200 GeV?

iy,
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D
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SUSY naturalness limit

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

® natural origin of EVSB!

® if stop too heavy, Higgs
mass driven too negative

Am? - - A
Wi 500GeV

? sS===

® Mstop < 200 GeV!? “%ﬁ‘gg?__g%
Wrzz=2ss
W2z esess

2 2 2

mz >~ mg + 0.7M:

q g

45
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SUSY naturalness limit

® Higgs mass squared
driven negative by
squark loop (Inoue et al)

® natural origin of EVSB!

® if stop too heavy, Higgs
mass driven too negative

Am? - 2 iy
‘ Hul N48( mt ) 10g—

mz /2 500GeV Geaiui
“——=
® Mgop < 200 GeV!? “%‘223'-.__5%

[]

i
|/
"l’

® mgluino < 300 GeV?

mg e ().7]\492
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H Bachacou
Lepton-Photon 201 |

Oversimplified summary

Unfortunately, no hint of New Physics in the LHC data (yet)

Gauge bosons (SSM) 2 TeV
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H Bachacou
Lepton-Photon 201 |

Oversimplified summary

Unfortunately, no hint of New Physics in the LHC data (yet)

in most cases, LHC limits just surpassed
EWV precision limits = LEP +Tevatron

Gauge bosons (SSM) 2 TeV
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warped extra dim

Tevatron: Run |

Allowed Region
A <10TeV

Oblique Parameters

2.0 3.0
m, (TeV) —m—
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warped extra dim

A <10TeV

Oblique Parameters

2.0 3.0
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Squark-gluino-neutralino model (m __ =0 GeV)
17 ! ATLAS Preliminary

0 lepton 2011 combined
wemm CL, Observed 95% C.L. limit

===+ CL. median expected limit
_ exp. limit 68%, 99% CL
%, '—— 2010 data PCL 95% C.L. limit

L™ =1.04 10", \s=7 TeV
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Squark-gluino- neutrallno model (m __ =0 GeV)
17 ! ATLAS Preliminary

0 lepton 2011 combined
wemm CL, Observed 95% C.L. limit
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M i n i m aI THEORETICAL PHYSICS
Supersymmetric SM

® MSSM has a special relationship between
the Higgs self-coupling and the gauge

coupling )\ = 42 + ¢/
® at the tree-level, mp<mz=91GeV

® only thanks to higher order corrections, it
can be made consistent with data

50
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MSSM already fine-tuned

LEP combined hep-ex/0602042

i
e
&

Msiop=1TeV ~ max mixing

MSSM predicts
mh<mz@tree-level

0 20 40 60 80 100 120 7140 0 20 40 60 80 100 120 14

need heavy stop to increase
Higgs boson mass
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MSSM already fine-tuned

LEP combined hep-ex/0602042

i
e
&

Msiop=1TeV ~ max mixing

MSSM predicts

mp<mz@tree-level
3 Mz Mi
2 D A5 Ligtuslo
mesoe ~ h:v° lo
i L2 5 e

40 60 80 100 120 7140 0O 20 40 60 80 100 120 14
m, (GeV/c")

need heavy stop to increase
Higgs boson mass

400 X
my+ (GeV/c?)
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'Min SUGRA: Fine-tuning

Lawrence Hall
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® No established deviations in

® precision electroweak

® flavor physics
® | EP/Tevatron/LHC searches
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among theorists

® No established deviations in

® precision electroweak

® flavor physics
® | EP/Tevatron/LHC searches

® Maybe we are not IookiTg for right things?

® |s nature fine-tuned! Sometimes this happens
® after all, cosmological constant tuned 1020

® maybe there isn’t anyghing beyond the
Standard Model? * There definitely is!




Two attitudes

® change the SUSY spectrum so that it can be
lighter still allowed by LHC data, trying to
maintain naturalness in the Higgs sector

® abandon naturalness and allow for heavy
masses for (some of) the SUSY particles,
rely on anthropic principle for v« Mp;

® always an interplay between SUSY vs Higgs
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Josh Ruderman (Berkeley)

weaker limit with larger LSP mass

Squark-gluino-neutralino model(m =0 GeV))

2000 ATLAS jets + MET
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No limit if LSP>350GeV
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here we fix,
M; =100 GeV
1= 200 GeV

|GeV]

&

Josh Ruderman (Berkeley)

gluino v stop

Gluino vs Stops

600 vy
i :' \ Atlas 2—4 j + MET -
l \ Atlas b + MET |
i : i Atlasb + 1+ MET -
500 | i CMS HT/mHT |
400 e \
300
f —
20 | - ““", R ‘ S R x‘\ ‘
800 400 600 800 1000 1200
m; [GeV]

ms > 800 GeV
m; > 300 GeV

is OK

there is starting to be borderline fine tuning...
or, said differently, things are now becoming interesting!
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A Natural S ectruwp

General “bottom-up” viewpoint

M Lawrence Hall I I
|
~ "Distant
| TeV - ~ Cousins”
The “Nuclear Family”
of the Higgs
500 GeV, t2 g Key Search Latest
br A theorist
h3 £ ( ) @ excuse?
BT ht — .
h (=)7
( < Closeness to Higgs need also low cutoff

W
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Scherk-Schwarz

y=nR =Y

® For MSSM living on 5D with S'/Z;
orbifold, one can break SUSY with

boundary conditions e 3 2 o R VY

® @tree level, all SUSY particles degenerate
at &/R (x<I, can be very small) i

® all Kaluza-Klein particles degenerate at |/R

® SUSY as light as 500 GeV still OK
HM, Nomura, Tobioka
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M i n i m aI THEORETICAL PHYSICS
Supersymmetric SM

® MSSM has a special relationship between
the Higgs self-coupling and the gauge

coupling )\ = 42 + ¢/
® at the tree-level, mp<mz=91GeV

® only thanks to higher order corrections, it
can be made consistent with data
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M i n i m aI THEORETICAL PHYSICS
Supersymmetric SM

® MSSM has a special relationship between
the Higgs self-coupling and the gauge

coupling )\ = 42 + ¢/
® at the tree-level, mp<mz=91GeV

® only thanks to higher order corrections, it
can be made consistent with data

prefer heavier SUSY
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Giudice-Strumia
SUSY all heavy SUSY scalars all heavy

High—Scale Supersymmetry Split Supersymmetry

Non—perti

urbative

—_
D
)

7 SplitSUSY _ -~~~
_ - _Metastable _ -~

~

Higgs mass m,, in GeV
Higgs mass my, in GeV

1012 1014 1016 1012 1014 1016

Supersymmetry breaking scale in GeV Supersymmetry breaking scale in GeV
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Giudice-Strumia

Predicted range for the Higgs mass

Split SUSY

Higgs mass my, in GeV

Experimentally favored

1012 1014 1016 1018

scale in GeV
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Ibe-Yanagida

tan8=>5

anf=2

= tanf=1  up = Msus |
100 1000 50 100 500 1000
Msusy/TeV wup/TeV

anomaly-mediated SUSY breaking
with heavy scalars, higgsinos
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100 1000 50 100 500 1000
Msusy/TeV wup/TeV

anomaly-mediated SUSY breaking
with heavy scalars, higgsinos
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uneasiness In

cosmology

® Before COBE, upper limit
on CMB anisotropy kept
getting better and better

® Before 1998, the universe
appeared younger than

oldest stars
- ® cosmologists got antsy

¥ 2% PR . 2 ‘
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uneasiness In

cosmology

Before COBE, upper limit

on CMB anisotropy kept ey
getting better and better Big Bang not yet dead

Before 1998, the universe but in decline”
PRSI ELIESL LR Datuea 22 LACLOS0)

oldest stars
cosmologists got antsy
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on CMB anisotropy kept
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uneasiness In
cosmolog

® Before COBE, upper limit
on CMB anisotropy kept
getting better and better
® Before 1998, the universe
appeared younger than
oldest stars
® cosmologists got antsy | " angular scale
® ‘““crisis in standard o
cosmology”
® it turned out a little “fine-
tuned”
® |ow quadrupole
® dark energy

100 500
Multipole moment [
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patience

It took |0 years for CDF to discover the top quark.

VOLUME 74, NUMBER 14 PHYSICAL REVIEW LETTERS 3 APRIL 1995

Observation of Top Quark Production in pp Collisions with the Collider Detector at Fermilab

F. Abe,'* H. Akimoto,** A. Akopian,?” M.G. Albrow,” S.R. Amendolia,?* D. Amidei,!” J. Antos,? C. Anway-Wiese,*
S. Aota,*? G. Apollinari,?” T. Asakawa,’> W. Ashmanskas,'> M. Atac,” P. Auchincloss,?® F. Azfar,??
P. Azzi-Bacchetta,?! N. Bacchetta,?! W. Badgett,!” S. Bagdasarov,?” M. W. Bailey,!° J. Bao,* P. de Barbaro,?
A. Barbaro-Galtieri,!> V. E. Barnes,> B. A. Barnett,'? P. Bartalini,** G. Bauer,!® T. Baumann,’ F. Bedeschi,?*
S. Behrends,® S. Belforte,* G. Bellettini,?* J. Bellinger,>* D. Benjamin,3! J. Benlloch,'® J. Bensinger,®> D. Benton,??
A. Beretvas,” J.P. Berge,” S. Bertolucci,® A. Bhatti,?” K. Biery,'? M. Binkley,’ D. Bisello,?! R. E. Blair,!
C. Blocker,? A. Bodek,?® W. Bokhari,'® V. Bolognesi,?* D. Bortoletto,?> J. Boudreau,?> G. Brandenburg,’

L. Breccia,? C. Bromberg,'® E. Buckley-Geer,” H. S. Budd,?® K. Burkett,!” G. Busetto,?! A. Byon-Wagner,’
K.L. Byrum,! J. Cammerata,'?> C. Campagnari,” M. Campbell,!” A. Caner,” W. Carithers,!> D. Carlsmith,** A. Castro,?'
G. Cauz,* Y. Cen,*® F. Cervelli,?* H. Y. Chao,” J. Chapman,!” M.-T. Cheng,? G. Chiarelli,>* T. Chikamatsu,>?
C.N. Chiou,? L. Christofek,!' S. Cihangir,” A.G. Clark,?* M. Cobal,”* M. Contreras,’ J. Conway,?® J. Cooper,’
M. Cordelli,® C. Couyoumtzelis,?* D. Crane,! D. Cronin-Hennessy,® R. Culbertson,® J. D. Cunningham,?® T. Daniels,!®
F. DeJongh,” S. Delchamps,’ S. Dell’ Agnello,>* M. Dell’Orso,?* L. Demortier,?” B. Denby,?* M. Deninno,?

P.F. Derwent,!” T. Devlin,?® M. Dickson,?® J.R. Dittmann,® S. Donati,* R. B. Drucker,'> A. Dunn,'” N. Eddy, '’

K. Einsweiler,"” J.E. Elias,” R. Ely,!” E. Engels, Jr.,>? D. Errede,!! S. Errede,'! Q. Fan,?® 1. Fiori,” B. Flaugher,’

G. W. Foster,” M. Franklin,” M. Frautschi,!” J. Freeman,’ J. Friedman,'® H. Frisch,” T. A. Fuess,' Y. Fukui,'*

S. Funaki,*? G. Gagliardi,?® S. Galeotti,* M. Gallinaro,?! M. Garcia-Sciveres,!> A.F. Garfinkel,”® C. Gay,’ S. Geer,’
D. W. Gerdes,!” P. Giannetti,?* N. Giokaris,?” P. Giromini,® L. Gladney,?? D. Glenzinski,!? M. Gold,!® J. Gonzalez,??
A. Gordon,? A.T. Goshaw,® K. Goulianos,?’” H. Grassmann,”* L. Groer,?® C. Grosso-Pilcher,’> G. Guillian,!”

R. S Guo 29 C. Haber,'® S.R. Hahn,” R. Hamilton,’ R. Handler 34 R.M. Hans 35 K. Hara,*? B. Harral,?? R M Harr1s

X x A X XX A o~ xx 1 0 » xw 1 20 x ww - 1 D) » & xx 18 -~ xwx 1 1 29 ¥~ xx 2

Monday, 6 February 12



too early to tell

® SM Higgs boson most likely be settled with
this year’s data

® but it could take longer if not SM
® no sign of SUSY or other new physics

® not much better than what we already
knew from LEP

® |imits would improve ~200 GeV this year
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® Ve are entering a hew era
® “twice in a century’ opportunity!
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® Ve are entering a hew era
® “twice in a century’ opportunity!
® All the reasons for are still valid
® | HC is now surpassing precision EWV limits
® We will definitely learn something on EVVSB
® Standard Model is indeed not the whole story:
five evidences
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® Ve are entering a hew era

® “twice in a century’ opportunity!

All the reasons for are still valid
LHC is now surpassing precision EVV limits

We will definitely learn something on EVVSB
Standard Model is indeed not the whole story:

five evidences

Theorists getting antsy: good job, LHC!
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® Ve are entering a hew era

® “twice in a century’ opportunity!

All the reasons for exploring Terascale are still valid
LHC is now surpassing precision EVV limits

We will definitely learn something on EVVSB
Standard Model is indeed not the whole story:

five evidences

Theorists getting antsy: good job, LHC!

Sometimes nature can be a little devious
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® “twice in a century’ opportunity!

All the reasons for exploring Terascale are still valid
LHC is now surpassing precision EVV limits

We will definitely learn something on EVVSB
Standard Model is indeed not the whole story:

five evidences

Theorists getting antsy: good job, LHC!

Sometimes nature can be a little devious

® hope LHC is just a beginning of the new era
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® Ve are entering a hew era

® “twice in a century’ opportunity!

All the reasons for exploring Terascale are still valid
LHC is now surpassing precision EVV limits

We will definitely learn something on EVVSB
Standard Model is indeed not the whole story:

five evidences

Theorists getting antsy: good job, LHC!

Sometimes nature can be a little devious

hope LHC is just a beginning of the new era

LHC won’t stand alone: need other probes to reveal
the picture at Terascale and beyond
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| feel lucky to
live in this era!
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