ILCNDEAfRF &
KEDIRIK

Hitoshi Murayama (IPMU & Berkeley)
[ ETHER S/ NEE S Jan 23,2010




Multiple VWavebands
in Asj;ronomy

o

Infrared (ESANISOIL.Vigroux et al.) Radio (NRAOMLA) &




Telescopes vs
Accelerators

aim need telescopes accelerators
s i better better mirrors, e B
P P resolution CCD S &7
larger
. g arge more powerful
better image telescopes, beams
exposure : S,
more time (luminosity)
el visible, radio, protons,
multiple probes | X-ray, infrared, electrons,

understanding

UV, gamma neutrinos




® clementary particles

® well-defined energy,
angular momentum |_HC
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Obstruction to
Cosmology

S.Weinberg “Gravitation and
Cosmology” (1972)

15.11 The Very Early Universe

If we look back into the first 0.0001 sec of cosmic history, we
encounter theoretical problems. At such temperatures copious
number of strongly interacting particles will be in a state of
continual mutual interaction and cannot reasonably be expected
to obey any simple equation of state.

There are two extremely different simple models that reflect
two divergent views of the nature of the strongly interacting
particles. Neither model can be taken seriously.



Why | look forward




My Ph.D. thesis 1991

“Study of the Symmetry Breaking Physics at JLC”
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New physics looks alike

missing E1, multiple jets, b-jets, (like-sign) di-leptons

+little Higgs with T-parity, vwarped ED with Z3 baryon



Che New Jork Cimes

July 23,2011

The Other Half of the World Discovered

Geneva, Switzerland

As an example, supersymmetry

“New-York Times level” confidence
still a long way to

“WVe have learned that all particles we
observe have unique partners of different spin
and statistics, called superpartners, that make
our theory of elementary particles valid to
small distances.”



Reconstruct Lagrangian

from data

® Specify the fields
® mass
spin:Klein-Gordon, Dirac, Majorana, gauge

SU(3)xSU(2)xU(1) quantum numbers
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pre

=07 PDG 2012

The following data are averaged over all light flavors, presumably u, d, s, ¢ with both
‘ chiralities. For flavor-tagged data, see listings for Stop and Sbottom. Most results
assume minimal supergravity, an untested hypothesis with only five parameters.

Alternative interpretation as extra dimensional particles is possible. See KK particle
listing.

SQUARK MASS

VALUE (GeV) DOCUMENT ID TECN COMMENT

® SUSY SPECtrOSCO 538+10 OUR FIT mSUGRA assumptions

532+11 'ABBIENDI 11D CMS Missing ET with
mSUGRA assumptions
541+14 °ADLER 110 ATLAS Missing ET with

e o ¢ \We do not use the following data for averages, fits, limits, etc @ o o

wave anal)’SiS, Dal 652105 *ABBIENDI 11K CMS extended mSUGRA
. with 5 more parameters
analysis, etc

'ABBIENDI 11D assumes minimal supergravity in the fits to the data of jets and
missing energies and set Aj=0 and tanf3 = 3. See Fig. 5 of the paper for other choices
of Ay and tanf3. The result is correlated with the gluino mass M,. See listing for
gluino.

. P 1cl B » ?ADLER 110 uses the same set of assumptions as ABBIENDI 11D, but with tanf = 5.
reCISIon mass’ SABBIENDI 11K extends minimal supergravity by allowing for different scalar masses-
measurements

squared for Hu, Hd, 5* and 10 scalars at the GUT scale.

SQUARK DECAY MODES

MODE BR(%) DOCUMENT ID TECN COMMENT
j+miss 325 ABE 10U ATLAS

j |4+miss 73x10 ABE 10U ATLAS lepton universality
Jj e+miss 22+8 ABE 10U ATLAS

j W +miss 257 ABE 10U ATLAS

qy seen ABE 10U ATLAS
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Extra D

® measure the number of
dimensions

® |ocation of the wave
functions

Location of e, in an extra dimension
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warped extra D J

measure the “shape” SRS

e*e"— U U for various curvatures of 5th D



Geometry

® Mathematics: the complete set of harmonic
functions < geometry

® Physics: harmonic functions = KK modes
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New force: Z

Mass of Muon Pair (TeV) 05
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Einstein’s Telescope

® With both LHC and ILC, we hope to see

way beyond the energy scale we can probe
directly, ie. GUT and string scales




Producing Dark Matter
in the laboratory

® Collision of high-energy particles — 1% B

mimic Big Bang
® We hope to create Dark Matter
particles in the laboratory :
® Look for events where energy anc
~ momenta are unbalanced

e RN

e




Dark Matter

abundance direct cross

Dark Matter Mass (TeV)
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STAU COANIHILLATION

LHC data are not sensitve
to mass difference
betewnn LSP and stau

ILC@1TeV give
important imformation

orobability density dP/dx

0Q2
167% (LHC@300fb-1)

18% (ILC@500fb/-1)

Shimizu, taken from E. Baltz et al

30

N
D)

]

0

EEGS

Ll G )

B R a0

WMW

O

OO5

Qh2




Superpartners as probe

® Most exciting thing
about superpartners
beyond existence:

They carry information of
small-distance physics to
something we can measure
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“Are forces unified?”
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cf. gauge coupling
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Gaugino and scalars

Gaugino masses test * Scalar masses test beta functions
unification itself independent at all scales, depend on the

of intermediate scales and particle content

extra complete SU(5)

multiplets, also GMSB (Kawamura, HM, Yamaguchi)

testing matter unification
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The Cloud of
Symmetry Breaking

24 [

Supersymmetric
Particles

Still Under
Construction
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The Cloud of

Symmetry Breaking Big Bang

Supersymmetric
Particles
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Need “New Physics”
A<10"GeV

® Now that there must be Majorana operator at

A<a few x10'*GeV < MgurT, we need new

particles below Magur

L5 = (LH)(LH) — + (L(H))(L{H)) = m, v
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scalar masses

tell them apart

T T T T T T T T T T T T T

T T T T T

= Standard Seesaw
I 15+15*

I 3(24)

——

EETCRTC)
Energy (GeV)

1012




No new gauge

non-singlets below Mgurt

1

Ls=(LH)(LH) — A(L(H})(L(H)) = W,

® [f data come out this way, only possibility is
gauge singlets if M<10'*GeV

- ® Nothing but the right-handed neutrinos







Can’t ignore LHC

® There is no way to make a case for |ILC
without results from LHC any more

® depending on what we see at LHC,
dlfferent scenarios for ILC




Early ILC

® LHC turns on 2009
® find Z'—=pu*u-in 2010, mz=800 GeV
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Normal ILC

® | HC finds new physics (missing Er, multi-jet
multi-leptons, etc) ~201 |

® figures out the mass scale ~2013 with
some uncertainty:
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Late ILC

® | HC discovers Higgs my=130 GeV ~2015

® some sign of new physics, not clear how to
interpret, keeps running
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No ILC?

® | HC finds my=210 GeV in H—>ZZ ~ 201 |,
more-or-less consistent with precision EW
® spin parity determination, gHzz, gHww
couplings measured ~10% by 2012
s " -- ! . : s | ” '

ST




22221

® | HC doesn’t find Higgs, nothing else till
2015
® |uminosity upgrade ~2016
® still nothing ~2020, 30 signal of strong WW
scattering at high energies
@ maybe scientifically most interesting!
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HEP Community

® | buy the need for an e*e- machine iff

® | HC finds new physics
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Perception in the US

o LHC ~2010-2014
® | HC upgrade ~ 2016-2020




even Chu




Righ Energy Physics

“I like the idea of a little
competition” Brinkman told the
panel, referring to Fermilab’s
Tevatron and the Large Hadron
Collider. Approximately 1,000
U.S. scientists work at the
LHC.About the LHC, he
commented: “hopefully it will be
an exciting time.” “We want to
keep alive high energy
experimentation in the U.S., but
need continued strong
justification” he said, adding the
science case made to Congress

William Brinkman
Director, Office of Science



ILC

Responding to a question
from a HEPAP member
about the proposed
International Linear
Collider, now estimated to
cost $20-$25 billion,
Brinkman said “/n my
opinion, the price pushes
it way out . . . onto the
back burner.” Kovar said
the decision that was to
have been made in FY
2012 about the ILC will

William Brinkman
Director, Office of Science



Why $20-25B!

® GDE: ~%$6.7 billion ILCU

® Common understanding in the community:
“escalation”
® US budget needs to include “escalation” to
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Bit depth 13
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® The only lab with HEP accelerator
® Fermilab was once bidding to host ILC

® Now they are focused on
nto FY201 |
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NAtUreNews

Published online 18 November 2009 | Nature 462, 260-261 (2009) | doi:10.1038/462260a

News

Muon collider gains momentum
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Conclusion




