Concluding Remarks

\lmoows ON THE UNIVE

""'~.- SRR LASTRTEAG 74

=lnaug ural orﬂ’ere ce.

INTERNATIONAL=CENTERFOR 'I RDWUNAHE?NEE DUC?

—i A -

Barry Barish - Caltech

Rencontres du Vietnam August 11-17, 2013 — ICISE — Quy Nhon - Vietnam



“Summary Talk

?
Van s message --

= “Would you accept to give this important talk : the summary
of the conference.

" [t does not necessarily have to be a strict summary of all the
talks at the conference. Y ou may choose to cover the highlights (in
your judgment), combined with your own vision/ conclusions/

perspective”

My talk will not even attempt to cover the rich set of
~ 100+ contributions over the next 60 minutes.

Therefore, if you don’ t get your 30 seconds, so be it!
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The Extreme
Optimistic Scenario

The Higgs(-like) boson = SM Higgs

Direct production of SUSY particles

Detection of Dark Matter, in the
sky, underground and at the LHC

Strong guidance for the next steps!

ILC, CLIC, HL-LHC, VLHC, HHC, ...
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Inguiry based science

How can we solve the mystery of datk energy?
Are there extra dimensions of space?
Do all the forces become one?
Why are there so many kinds of particles?
What is dark matter?
How can we make it in the laboratory?
What are neutrinos telling us?
How did the universe come to be?
What happened to the antimatter?

Are there undiscovered principles of nature:

New symmetries, new physical laws?
from the Quantum Universe



Experimental Probes

High Energy pp Colliders

» Opening up a new energy frontier
(~1TeV scale)

High Energy Lepton Colliders

» Precision Physics at the new energy
frontier

Neutrinos

» Particle physics and astrophysics
using a weakly interacting probe

Particle Astrophysics/Cosmology

» Dark Matter; Cosmic Microwave, etc




and more Experimental Probes

Precision Physics
» SuperB factories

» Fermilab: g-2; u = e; etc.

Gravity

» Gravitational waves; quantum gravity

Dark Energy

» Space missions

New Generations of Accelerators

» Plasma/laser wakefield acceleration




Addressing the Questions

* High Energy pp Colliders

» Opening up a new energy frontier
(~1TeV scale)

* High Energy e"e” Colliders

» Precision Physics at the new energy |
frontier
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Exploring the Terascale
the tools

The LHC

» It is leading the way and has large reach

» Quark-quark, quark-gluon and gluon-
gluon collisions at 0.5 - 5 TeV

» Broadband initial state

A Lepton Collider (e.g. ILC or ?)

. . fq o o o ’
» A second view with high precision
» Electron-positron collisions with fixed
energies

» Well defined initial state

Together, these two types of accelerators are
our tools for uncovering physics at the
terascale
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LHC

The Higgs has been discovered.
What about supersymmetry?
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Events / 2 GeV

Events - Fitted bkg

ATIAS: Higgs Evidence (YY)

Result of the ATLAS search for H = vy

Full dataset ATLAS-CONF-2013-012 ATLAS-CONF-2013-012
10000 T T T T T p— o 103
Selscted diphoton sample 7] Q. 102
- e  Data201142012 ] s 10
SigeBkg Fi (m =126.8 GeV) . § -

........ Big (4th order polynomial) ] 10! —_—— = ke
€000 ATLAS Preliminary — 102 p— 2c
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6-71bv.fm-4am" - ‘|0:6
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m,, [GeV] my, [GeV]

* p, value for consistency of data with background-only: ~ 1013 (7.4c observed)
for the combined 7 TeV and 8 TeV data; (4.3c expected)
(minimum found at m_ = 126.5 GeV)

- Establishes the discovery of the new particle in the yy channel alone
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ATLAS: Higgs Evidence (4 leptons)

“Golden” channel, high S/B,
excellent mass resolution,
but low statistics

L
d
H
(ol
H

Signal significance 6.60, expected 4.4c (SM)
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Again, categorisation of events to enhance VBF
and VH sensitivity

Combining H=yy and H = 4¢, obtain

m_ =125.5+ 0.2 £ 5 GeV
H
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CMS: Higgs Evidence (ZZ - 41)

— Oserved T TaV I

- — Clnerved B TaV
10 10 — Clomerved T8 TaV Y
10.11 N eeee: Expocied .:f

-12 .'! .x. pa— E:’ TG
10 LY CMS Preliminary
10‘13 ‘s Ho>2ZZ-4
1 0‘14 W VE=7TeV.LuS1m" ;
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p-value: Expected: 7.10 |
Observed: 6.70
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LHC/CMS: 5 Main Higgs Channels

For a mass of my = 125.7 GeV CMS-PAS-HIG-13-005

Decay Expected Observed

77 7.10 6.70

YY 3.9 0 3.20
5.30 390

2.20 210 } 3.4 ¢ combined!
2.6 0 2.80

bb: includes VH and VBF
WW: includes ggF, VH, VBF
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How about the other Higgs characteristics?

" Spin (must be spin 0)

" Coupling (couples to mass)

= Are there more Higgs particles?
* What is the self-coupling

" etc

These questions will be a major focus of the
LHC program after the upgrade; but so far, LHC
results are consistent with a simple Higgs

17



ATLAS: Spin 0?

Spin-parity

Use H-yy, H=4¢, HoWW=-E8vey
Variables sensitive to decay
angles

Make pairwise hypothesis
tests J" vs O

Events /0.1
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Data are consistent with 0" on every test

arXiv:1307.1432 1
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CMS: Higgs coupling vs mass

CMS Preliminary ys=7TeV.L<51f" {s=8TeV.L<196fb"
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Is there a high mass Higgs?

High Mass Higgs Searches

High mass Higgs
searches with SM
channels WW, ZZ
updated with 2012
Statistics

Sensitivity reaches
now up to ~ 1 TeV

Interpretation of the
data in eg EW-singlet
models; Benchmark
models proposed by
the LHC XS WG:

See CMS-PAS-13-008
CMS-PAS-13-014
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What about supersymmetry?

BEYOND THE STANDARD MODEL

: Gross
s | STRONG
T O :
T iSupersymmetry
F :
N O\Nﬂi
G R :
o :
H PLANCK
GRAVITY smlu‘E
/ 1013ev 1028ev ENERGY

Present day
observation@

21



Are there Supersymmetric Particles?

SUSY can solve a lot of
problems “at once”

— Hierarchy problem—
— Dark matter candidate

— Forces unify more
nicely?

——

gauge couping soft phrameter unification
mass spectrum (m§UGRA/CMSSM)
and little sqmething

QCD interacting
A particle mass

scalar mass unification
important for FCNC

EW interacting
particle mass
unificgtion )

. From Mihoko Nojiri |

wo higgsino mass Reduction due to
YUKAWA correction stop and higgs mass in RGE

Rappoccio — LP2013
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We expect a rich spectrum of new particle

800
m [GeV]
700 L
MSSM
600L mMSUGRA g ;
— 2
iin, dp e - squarks and
- '&R-.d'L : ’?2
iy by sgluons heavy
yielding long
400 Lpo. 40 H* _U o - .
Yo v ——h decay chains
300 L ending with
LSP neutrilino
: j_ ——— T
200 L {){;_ T2 Xg X{ﬁ
hY I g
100 L )“(ill
0
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CMS: Supersymmetric Particles

Incandela

Incl. searches

Natural SUSY

ghuino peo chction

o ark

shothos

EWX gaugno s

T (5 W)

Summary of CMS SUSY Results* in SMS framework

- - e e e e e e e e e e S e e e s e s e s o S

"Observed limits, theory uncertainties not included
Only a selection of avaiable maas limits

Probe "up to” the quoted massa Emit

LHCP 2013

Mass scales [GeV]




Extended

Natural SUSY Incl. searches

LLP + RPV

MSSM

ATLAS SUSY Searches* - 95% CL Lower Limits

Charlton

ATLAS: Supersymmetric Particles

ATLAS Preliminary

“Only a selection of the availsble mass limits on new states or phenomena is shown. All imits quoted sre observed minus 1o-theoretical signal cross section uncertainty

Shtus: LP 2013 [Ldt=(44-220) b 5=7,8TeV
Model e,y Jots ET™ [ram) Mass limit Reference
T T LB l T T T T T T L I T T T T T T T
MSUGRA/CMESM toux 3spts Wws 203 |§ any n(y) ATLAS-CONF.2013-062
MSUGRA/CMESM 0 70k ws 203 |§ any n(y) ATLAS-CONF.2013-064
7%, 3—qt1 [ 26)ts  we 203 |§ miTE0 G ATLAS-CONF.2013-047
32,3905 [ 26)ts  we 203 |§ 13TV T Ga ATLAS-CONF.2013-047
2B a—mff-o Wet] Tep 38Ks ws 203 |§ mTL e 200GV, M M OSITE3 en(zl | ATLAS-CONF.2013.0682
“_.mu(a%ﬂ 264(88) 3jts we 207 |§ T B0 G ATLAS-CONF.2013-007
GMSB (£ NLSP) 204 24Ks Y 47 ngais 12084588
GMSB (£ NLSP) 12 o2Ks s 207 [§ 1AWV ng>18 ATLAS-CONF.2013-008
GGM (bino N_SP) 2y o Yos 48 ™ BIGaVY 12000753
GGM (Wino N_SP) 10,44y [} Yos 48 it b BIGaVY ATLAS-CONF.2012- 144
GGM (riggsino-bino NLEF) ¥ 15 s 48 miTi b 206V 12111167
GGM (higgsino NLEP) 20u(Z) O3jts ws 58 mif}> 200 GaV ATLAS-CONF.2012-182
Gravtting LEP [ mono-jt  Yes 105 migh> 10 ATLAS-CONF.2012- 147
i 3_.bw; 0 3b ws 201 [§ 12T miTE R BI0 GV ATLAS-CONF. 2013061
F o] [ T0pE ws 203 |§ 194 TV miT}) <200 GaV ATLAS-CONF.2013.064
T o 3R 0104 3b ws 2201 |§ 138 TV i A0 GV ATLAS-CONF-2013-061
W' o ke 016, 3b ws 201 |§ 13TV i 300GV ATLAS-CONF-2013-061
b by, by—b8] [ 2b ws 201 |& 100-630 GoV T 100GV ATLAS-CONF-2013-063
hb. b,..g?f 204(85) 03b Ws 207 |& 430 GeV T2 miTs) ATLAS-CONF-2013.007
ff0igh), - 3 1260  12b Ws 47 M ES G 1208 4205, 1200.2102
£, %, 0ight), £, — WEE] 204 O2js ws 203 |§ 220 GaV MTE) T(E M WE0 BaY, MG he<ms) | ATLAS-CONF.2013.048
fify (modum), §— 667 20.p O2jts ws 203 |u 160-440 GV T} ) GV, ik HTiES e 10 GV ATLAS-CONF-2013.048
i i/ (medum), fi— 667 0 2b we 201 |& 150-580 GeV T} b 200 Ga, TS -mifs Ju 6 Ga¥ ATLAS-CONF-2013.063
i hoavy), i—tF] 1o.u 15 ws 2207 | 200-610 GeV miTi ) Gav ATLAS-CONF.2013.067
® i (oavy), 1,_.&! [ 2b Vs 22085 |§ 320650 GV 0 GV ATLAS-CONF.2013-004
M {f (ratural GMSE) 20@) 16  Wws 207 |§ 500 GaV Tt 150GV ATLAS-CONF.2013-005
fify, R +Z sex@) 16 ws 207 |G 520 GaV mir,) T3l 180 GaV ATLAS-CONF.2013-005
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z,' 1y =2 ) 20,4 ] Ys 203 |& 125450 GeV T M0 GaV, miZ, 50 SImiTE i3 ATLAS-CONF-2013.040
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Stablo, stoppad § R-hadron [ 15Kkts Ys 220 |§ 857 GeV T 100 G, 10 peer(g}<100 5 ATLAS-CONF-2013-067
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58, F1— 13, longivosf] 2y ] Yos 47 OAerfl] J<2ns 1304 5310
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1 11 I 1 1 1 1 1 1 Ll l 1 1 1 1 1 1 1
Vi=8TeV 10! 1
g full data Mass scale [TeV]

25



Supersymmetric Particles NOT ruled out

SUSY Theory phase space

= | HC excludes squarks and
gluinos > 1 TeV and > 1.8 TeV

respectively in the CMSSM

= But, this is only really probing a tiny
part of a large parameter space

CMSSM

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

Incandela
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Addressing the Questions

* High Energy pp Colliders

» Opening up a new energy frontier
(~1TeV scale)

* High Energy e"e” Colliders

» Precision Physics at the new energy |
frontier
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Glashow - International Collaboration

International Scientific Cooperation
A Paradigm for Peace among Nations

Basic scientific research is among the few areas wherein nations of
the world cooperate. Modern science emerged as an multinational
endeavor: Copernicus (a Pole), Tycho Brahe (a Dane), Kepler (a
German), Galileo (an Italian) and Newton (an Englishman) taught
us our place in the heavens. Whilst these were all white, Christian,
European men, today everyone can contribute to the Scientific
Adventure regardless of nationality, religion, race or sex. Among
many international collaborations:

» Alpha Magnetic Spectrometer: 16 nations

International Space Station: 15 nations

International Linear Collider: 19 nations _

»
=
» ITER (Thermonuclear Research): EU + six nations
=

CERN: Scientists from over 100 nations

28



A Global Initiative for an ILC

International Committee for

Future Accelerators (ICFA) COLLIDER TECHNOLOGY c

representing major particle CHEP ‘ONWEN"E 2004 BE”'NG

physics laboratories
worldwide.

" Chose ILC accelerator
technology (SCRF)

" Determined ILC physics
design parameters

* Formed Global Design
Effort and Mandate
(TDR)

29



Globally Coordinated SCRF R&D

Figure 1.2-1: A TESLA nine-cell 1.3 GHz superconducting niobium cavity.

- Achieve high gradient (35MV/m); develop multiple
vendors: make cost effective, etc

- Focus is on high gradient; production yields; cryogenic
losses; radiation; system performance

30
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8 3 =3 S

~N
o

o

Progress in Cavity Gradient Yield

2nd pass yield - established vendors, standard process

¢ >28 MV/m yield M >35 MV/m yield

Production yield:
94 % at > 28 MV/m,

Average gradient:
37.1 MV/m

|
Vo]
4
i
LCWS 2012
l
§ § § §
; §
v test date (#cavities) v

31




ILCSC/ICFA Parameters Studies
Dhysics driven input

Key Parameters

» Luminosity =2 [I.dr= 500 fb-' in 4 years

» E_., adjustable from 200 — 500 GeV
» Ability to scan between 200 and 500 GeV
» Energy stability and precision below 0.1%

» Electron polarization of at least 80%
Options

— The machine must be upgradeable to 1 TeV

— Positron polarization desirable as an upgrade
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GDE -- Design a Linear Collider

pre-accelerator
few GeV

/

damping
"Ing few GeV
few GeV

—

bunch main lindi .
compressor collimation

Superconducting RF
Main Linac

23-April-13 ECFALGIobal Design Effort 33




RDR Design Parametets

Max. Center-of-mass energy 500 GeV
Peak Luminosity ~2x103% | 1/cm?s
Beam Current 9.0 mA
Repetition rate 5 Hz
Average accelerating gradient 31.5 | MV/m
Beam pulse length 0.95 |ms
Total Site Length 31 km
Total AC Power Consumption ~230 |MW




ILC Technical Design Report Layout

Ring to Main Linac
(RTML)

(inc) bunch, compressor:

nottoo scale @=- Main Linac

Polarised
positron
source

Damping Rings
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b 4
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Beam Delivery
System (BDS)
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35



IL.C Physics Potential

e ILC 250~500 GeV

» Higgs
— Generate ~30K Higgs every year (w/ pol) S T foot ot 850 Bl
* 5 o Higgs discovery sensitivity in ~ 1 day Oplanicron ool
. | cbservable (0 7~ L
— Higgs Brs (table later) ‘ ) e
* H —» cc, invisible; & model independent )
— I'\;t0 5%
* Br(H—» WW) & g(HWW) by ete- -+ vwH
* Br(H —+ ZZ) & g(HZZ) by ete- -+ HZ
— CP to 3~4% (on mixing coeff)
* top
— my(msbar) to 100 MeV
— Anomalous ttZ, tbW, ttg coupl
* New physics through SM

— Composite Higgs scale to 45 TeV
— Anomalous WWYV coupl

(.8 |- ti threshold - 1s mass 1

cross-section [pb]

)

-~
=

» New unexpected particles!




IL.C Physics Potential

A Measurement errors of Higgs couplings

| and ILC 500 GeV 500 fb-1

. Klute et al
"= 3000 fb, 14 TeV LHC arXiv:1301/1322v2

500 fb!, 500 GeV LC
@ HL-LHC + LC500
HL-LHC + LC500 (A, = A)

500 fb! of ILC@500 GeV
1.8 E34/cm?s : ~3 years
(1yr=1E7s)

Apart from v, ILC errors are 1/3~1/10 of LHC
(statistical equivalent: 1~2 orders of magnitude more- at about the same cost )

* LHC may improve systematics (both theoretical and experimental)
e ILC by full simulation with bkgs. May improve analysis methods

Great prospect for HEP : ILC and LHC running in parallel!




IL.C Physics Potential

ILC @1 TeV

Higgsstrahlung

250GeV  350GeV  500GeV 1 TeV
ole*e” = ZH) 240 fb 129 b 57 13fb
ole*e” = Hv.ve) 8fb 30 75 b 2101fb

Int. £ L R el Luminosity

# ZH cvents 60.000 45,500 28,500 13,000 each energy for ~3 years
# HveVe events 2.000 10.500 37.500 210,000

At higher Ecm * Good for Higgs self coupling
— W fusion dominant e+e- - vvHH
— More Higgs — Effect of irreducible diagrams less important
— New particles ! SA/A=0.76 6c/c @ 1 TeV
(6A/A =1.66 66/c @500 GeV)
O AMA=17% (2abl@ 1TeV)




Glashow - Accelerators

How ‘Atom Smashers’ Became Big Business

Cyclotrons were created for pure research: to study the basic
building blocks of matter. But these and other particle accelerators
contribute directly to wealth creation and human welfare. Some
30,000 accelerators operate today. Very few do fundamental
research. Mostly they are used for industry and medicine: lon
Implantation, Material Processing, Particle Beam Therapy, Medical
Isotope Production, Food Irradiation, Nondestructive Inspection
etc.

Energy loss due to ‘synchrotron radiation,” once a problem at
electron accelerators, has become a multi-billion dollar bounty.
Synchrotron light is useful for many basic sciences, medicine and
industry. About 70 of these large, expensive and sophisticated light
sources are deployed in 20 countries. Far more powerful ‘Fourth
Generation’ light sources are on the horizon.
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Accelerators: Economic Impact

12000
. 10000 +px2 Total built to date >24 000,
5 with >18 000 in operation
Q 8000 -
Sales increasing ~10% per
€ 6000- & T4p
o year
- ' 4
g 4000 Presently >70 accelerator
? 1500 1500 | vendors worldwide
Vendors primarily in US,

Europe and Japan, but
growing in China, Russia
and India

Equipment sales ~S3B per
year worldwide

All the products that are processed, treated or inspected by

particle beams have an annual value exceeding S5008B

o =
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Future of Accelerator Based
Particle Physics?

Future of Accelerators (eliminate materials!)

a Short laser pulse c Laser beat wave

@\
Plasma/Laser \*“

Wakefield Acceleration B i i S

laser pulse —
§ NVVVVk
evolves into

Modulat d beat wave

Courtesy of W. Mori & L. da Silva
Time= 0.74[ps] g

1 i ; )
k-,/ [ I 'wo. o--o’ :‘-=»

Im
RF cavity

100 pm
Plasma cavity
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Compact Acceleration
50 Gel”/ meter has been achieved

FFTB at SLAC
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-
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= th
+
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T4+ + + - W 4o E 4+ 4 electron %
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Defocusing . Decelerating (E.) 2
~®  Accelerati ecelerating (&, T
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S oes Sema=Es - --'% beam
Accelerated Witness Bunch
40
FACET at SLAC
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LBNL

Divergence [°]

_J- Ne=6.0x10 18/(:1723
Laser 200 100 S0

Controlling the beams

Breakthrough: 85 MeV e-beam with %-level

energy spread from laser acc

Beam profile

A Unguided

/ Guided \

#e/MeV ]

E ,"/‘8_ '
9=7.9x10 4 7cmF e
<

clerator (LBNL)

Spectrum

* Electron Spectrum
1 | —Detection Thresh.

1000

o
o

Charge Density(pC/MeV
S

©

20 80
Electron Energy(MeV)

0 . S
0201

" Charge>100 pC
0.10

005+ )

b " 4

70 75 80 85 90
Energy [MeV]

b :

Monoenergetic spectrum

20 <

Energy [MeV] 3°

Reducing
energy spread
to ~ percent level

Reducing
angular divergence

(< 1degree)
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Advanced Accelerator R&D projects

FACET

BELLA

SLAC National Accelerator Laboratory

Lawrence Berkeley National Lab

Creates electron wake using
an electron beam in a plasma

Creates electron wake using
a laser beam in a plasma

Based on previous experiments that
doubled the energies of a few
electrons—from 42 billion to 85 billion
electron volts—in 84 centimeters

Based on previous experiments that
accelerated tightly packed electron
bunches—the kind needed for physics
experiments—{rom zero to 1 billion
electron volts in 3 centimeters

Stimulus funds: $14.5 million

Stimulus funds: $20 million

Next step/midterm goal:

is to create tighter electron bunches
and accelerate them from 23 billion to
46 billion electron volts in 40
centimeters

Next step/midterm goal:

is to accelerate already-tight electron
bunches to higher energies, from zero
to 10 billion electron volts in 80
centimeters
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Experimental Probes

High Energy pp Colliders

» Opening up a new energy frontier
(~1TeV scale)

High Energy Lepton Colliders

» Precision Physics at the new energy
frontier

Neutrinos

» Particle physics and astrophysics
using a weakly interacting probe

Particle Astrophysics/Cosmology

» Dark Matter; Cosmic Microwave, etc
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Experimental Probes

" Neutrinos

» Particle physics and astrophysics 21\/
using a weakly interacting probe - 1%

]
1

= Particle Astrophysics/Cosmology

» Dark Matter; Cosmic Microwave, etc
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Neutrinos — Broad field; Specialized Expts

" Neutrino Properties

» Why are neutrino masses so small and what is their
mass scale?

» Separation and ordering of neutrino masses?

» Are neutrinos their own antiparticles?

" Neutrinos in Astrophysics

» Astrophysical sources of neutrinos, and their
contribution to the dark matter?

" Neutrinos and Fundamental Particle Physics

» CP violation in neutrinos, leptogenesis, possible role
in the early universe and in understanding the
particle antiparticle asymmetry in nature?
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Ice Cube: Neutrino Astronomy

" Neutrino Astrophysics — Investigating astrophysical
sources emitting ultra high energy neutrinos

B 1 I | { | 1 1 1 I
atmosgheric
() o —al verdcal/horizeontal
J
e ¢ 15
FIrcias
L ' quasas
~
|
*E -6 e .
IceCube Lab 'z blazars g B>
\- 80 Siatons, sach with &) defects
50m[— A ZIQ?g:'é;:mmmvdeloctorlanks - - uE =
2 optical sensors per tank —-— ot B
320 optical sensors 3 —
- SN
2010: 79 strings in operation ‘ - / source
2011: Project completion, 86 strings A iS
y =8 )= UHE CR
-, - / UHE C
IceCube‘Arr%y ) “‘
86 strings including 6 DeepCore strings St
60 optical h st
(b) 5!6?;:‘-&:&0“0"“‘: string 2 2 1n
m— / AMANDA E -2 - GRB
f%{ iy DeepCore lceCube
e | ;zlms&a;r:gommsdmlmrmrgies : / s },e“rs
qsmmmw -10 A L 1 | 1 i 1
324 .
. 4 R ST S A K T

. log,,[E/GeV)

Bedrock

South Pole
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Is the neutrino its own antiparticle?

" Neutrinoless Double Beta Decay

V=YV

= If neutrino is a Majorana particle (own antiparticle)
» Determine neutrino mass scale
» Importance for Grand Unification
» Lepton number violation

» Implications for leptogenesis
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Neutrinoless Double Beta Decay

= Experimental Challenges — What technique?

» Isotopes decaying to monochromatic electrons over
continuum background. No obvious best isotope?
Therefore, several large-scale experiments are likely needed.

» Which technique scales to the needed mass (Xenon,
Germanium, ?77)
= Experimental Challenges — Scale required
» Present experiments — 10 kg => sensitivity to m, <1eV
» Need ~ 1 ton detectors to reach atmospheric m,, ~50 meV

» Need ~ 50 tons to reach solar m, ~ 1 meV scale

" Other issues: Low background environment; costs;
etc
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Reactors —v oscillation results for Sin20,,

40

25

20 |-

15 -

I I I

I
Measurements of sin? 20

005 010 015 020
sin‘*2913

13

Daya Bay

= Gd: Sin?20,;=0.089 + 0.010°%+ 0.005*
Double Chooz

= Gd: Sin?(2613) = 0.109£0.030%*0.025°*
= H: Sin%(2813) = 0.097+0.034%+0.0345V
RENO

= Gd: Sin?20,;=0.113 + 00135+ 0.019%*

— RENO
Daya Bay
Double Chooz

— T2K
MINOS

— Average

1

0.25
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Long baseline neutrinos - LBNE

* Mass hierarcy
* CP violation

MINOS & NOvA=. =

— < _Current-& near-term long-baseline —

e

. N Y b

LBNE North Dakota
tana P ~
Research

\H—/ﬂ____»_a~-- neutrino experiments.
= - > > e = _ - 3

in L:'c M nt‘_h'l‘g an

~.

J
™~
<

r

Scholberg

52



LBNE — Cost / Schedule

Scope Cost (TPO)

LBNE 34 kTon@4850L

andneardetecior .~ 0P

LBNE Phase I, 10 kTon

SUEEACE. 070D
T — 235
e ——————

"DOE Critical Decisions

* CD-0O (“Mission Need”) approves the need for the
project.

* CD-1 (“Alternative Selection and Cost Range”) approves
overall design, cost and schedule.

* CD-2 (“Performance Baseline”) approves the precise
technical design, cost and schedule.

* CD-3A (“Approve Long-Lead Item Procurements”)
approves early start of selected parts of the project.

* CD-3 (“Start of Construction”) approves the start of
construction.

* CD-4 (“Project Completion”) approves transition to
operations.

Jan 2010
Dec 2012
(for phase 1)
Early 2017
Early 2016

lLate 2017

2023
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LBNE — mass hierarchy

* 700 kW beam

* 10 kton detector on the surface
* 10 yrs running (5 yr v + 5 yr vbar)

Mass Hierarchy Sensitivity

I |

T2K+NOvA+LBNE10

. T2K

NOVA

LBNE10

N

{ 2
_)<1
1
©

Scholberg

T2K 750 kW x 5 yr (7.8x10*pot) v

NOvAT700kWx B3yrv +3 yr ;) (3.8 x1021pot)

LBNEI1O (80 GeV*) 700 kWX (Syr v + 5 yr V)
*Improved over CDR 2012 120 GeV MI proton beam

Bands: 10 variations of 0,3, 6,3, Am;,?
(Fogli et al. arXiv:1205.5254v3)

54




LBNE - CP violation sensitivity

CP Violation Sensitivity
Significance for 020

g [TrueNormal  ToK.NOvA+LBNE1O
Hierarchy not
known T2K
NOvA
4 LBNE10 )
NX
< 3 A5
P £ .
]| ," Y
b 2 - 'a' “‘ -
1} \ :
0 , | |




Approaches

= Particle Astrophysics/Cosmology

» Dark Matter; Cosmic Microwave, etc
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The Energy Budget of the Un1verse

003/

| Anti-Matter 0% |

Neutrinos:
0.3%

Dark Energy
Dark Matter

Free Hydrogen
and Helium:
4%

Dark M2’ (er:

Dark Energy:
10%
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Searching for WIMP Dark Matter

| Underground | '
. - . R /

* Direct Detection: WIMP !
Look for the elastic scattering of dark matter with nuclei m\'

In Space ~~ ®  Neutrinos
\,\/f/\‘o - NSV, Photons

* |Indirect Detection:

Look for the annihilation products

° Electron-Positron,
~— Antimatter

| On Accelerators |

Look for signals of new physics
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WIMP—nucleon cross section [cm2]

Sadoulet

Searching for Dark Matter

SuperCDMS Soudan CDMS-ite
SuperCOMS Soudan Low Threshold

Nao»dns

S

GO

ENON 10 82 (201
DM e Lo Thveshold (2011

=

1 \‘ri-' " T
. |\

Asymmetric

Npm ~ Ng

1106
11077
1108
§10-?
410710

110~

1000
WIMP Mass [GeV/c?]  Figueroa-Feliciano (2013)

1
v background: Billard, Strigari,

-~ 10~3

{1074

10-3

MP—-nucleon cross section [pb]

—

"%

. 10—12

0-13
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Searching for Dark Matter: Xenon100

XENONI00(2012)

e sV Jimit (0% CL)

Expected Limit of this run

» Data taken between February 2011 and [RERINEEENNNR A
5 A e (01 Ry 420 expected
March 2012 (reduced background) A \ RN |

» 2 events observed with a background | -\
expectation of 1 £ 0.2 NN g

.p'l)‘w’ ‘ :I \ N

7 . ”‘ - ‘_J;\ISC""\“ b -
» 0 = 2.0x10%6cm? for a 50 GeV .~
WIMP (90% CL) |

H

T
WIMP Mass [GeV/c)
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The future: experimental strategy

2 directions
1. Improve sensitivity at
large mass (e.g., liquid
hoble)

2. Improve sensitivity at
small mass

(low temperature detectors)

log o

/ Now

| l ,
5GeV/cz 50 GeV/e? log M

Combination of liquid Xe/Ar + low temperature detectors
can approach fundamental neutrino limit +%Be detection

Sadoulet
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Indirect searches for dark matter

« Dark matter may pair annihilate

Low-energy photons  positrons

In our galactic neighborhood to Quis _ ~ ~

'
q f Aﬂﬂ A n»»

Medium-energy
gamma roys

~ *i Neutrinos
A .

« Photons
« Neutrinos
« Positrons
* Antiprotons
« Antideuterons

X

" ~
Vv /] '/'

* The relic density provides a —
target annihilation cross section Rt

(6aV)~3 X 102 cm?/s
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Indirect searches: photons

Future: Cerenkov Telescope Array

Core-energy array: High-energy section:
Low-energy section:

k. SRste s diEostion oy — aia b’ 24
i g R A ﬂm pa s
= e 125 1O

Yy thies

of some 10s of GeV




Indirect searches: photons

102 = XX — bb
10% - o
= = P S
m -
n B -
E b 3
2‘ 10-25 e e e
.'5\ E e ,-‘
< = - -5 Sl
~ PR
10-26 = (
= AT 1
107 - CTA GC Halo (500 hrs
— ' [ 1 b U ll 1 1 1 | { L

M, [GeV] Funk (2013)

» Fermi-LAT has excluded a light WIMP with the target
annihilation cross section for certain annihilation channels

+ CTA extends the reach to WIMP masses ~ 10 TeV



Indirect searches: neutrinos

Current: IceCube/DeepCore, Future: PINGU
ANTARES
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~
A
\
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Planck — Cosmic Microwave Background

Giraud-Heraud

Telescope (36 K)
Secondary at 39 K

Baffle (42 K)

Focal Plane
HFI: 100mK
LFI: 20K, loads at 4K

V-groves radiators
(46, 90, 140 K)

Service module

oK) ——0__§ 14

Helium gas storage

Solar panels (385 K)
First cosmological resuits from Planck ICISE 2013 (Vietnam)




Planck — Resolution

The Cosmic Microwave Background as seen by Planck and WMAP

Giraud-Heraud Planck
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Comparison between
Planck and WMAP temperature spectra

6000
5000 E
4000 E
3000 E
2000 |

1000 |

T 1 T L T T T T T T T T T T T

Planck vs SPT+WMAP7

Planck

SPT+WMAP7

0 b

1 1

A PR PR Tt L PR T L | — PR Tt
1000 1500 2000

Giraud-Heraud

ICISE 2013 (Vietnam)




Expansion rate (Hubble constant)

Planck

—

® HO=67.3+1.2 km/s/Mpc WMAP9

GG

Cepheids+SNela
- J

® Difference with WMAP |
Carnegie HP
comes from large matter —
content preferred by » 5T Key Project
Planck UGC 3789
RXJ1131-1231
® Tension at 2.50 between SZ clusters
Planck and Cepheids or b - e

SN EREESNEUERS I
Ho [km s 'Mpc™']

Gil’ aud-H cr aud ICISE 2013 (Vietnam)




Mass and number of neutrinos

| |

~ Planck+WP+high
Planck+WP+highL+BAO

/

Giraud-Heraud

® much of this is from
lensing and in

conjunction with
BAO

® m,<023eV

ICISE 2013 (Vietnam)




Gravitational Waves

Static gravitational fields are
described in General Relativity
as a curvature or warpage of
space-time, changing the
distance between space-time
events.

Shortest straight-line path of a nearby G V_ 8T[T vV
test-mass is a ~Keplerian orbit. H Lo M

M /
If the source is moving ' %{]
(at speeds close to c), i | N
eg, because it's orbiting a companion, =
the “news” of the changing AL
gravitational field propagates outward i e .
as gravitational radiation - : T el
a wave of spacetime curvature ] i i S L
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2.

“*“* The Advanced GW Detector Network

GEO600 (HF)

Advanced LIGO_. oy
Hanford ga= i %3

Advanced LIGO «

Livingston Advanced

Virgo




Strain (1/+ Hz2)

10 TS T

10°

10

10

10

21

107

24

Interferometric Detectors

18

T

. Better g
“Nseismic , 4,
- I8Qlation - R
| | Kj..;:f: L

85 (LLO 2007.08.30)
Initial LIGO goal

R S6 (LHO 2010.05.15) |
- | ===~ Advanced LIGO goal ||

and

suspension
Frequency (Hz)
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[ 1 ° ) 4 °
A new window on the Universe

e

Visible

Infrared -

The history of Astronomy:

new bands of the EM spectrum

opened — major discoveries!

GWs aren’t just a new band, they're

a new spectrum, with very different

and complementary properties to EM

waves.

« VVibrations of space-time, not in space-time

» Emitted by coherent motion of huge masses
moving at near light-speed:;

not vibrations of electrons in atoms
« Can't be absorbed, scattered, or shielded.

GW astronomy is a totally new,
unique window on the universe
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CREDIBLE Dcenario

The Higgs(-like) boson # SM Higgs

Direct production of SUSY particles

Detection of Dark Matter, in the
sky, underground and at the LHC

Strong guidance for the next steps!

ILC, CLIC, HL-LHC, VLHC, HHC, ...




Rencontres du Vietnam

“WiNDOWS ON THE UNIVERSE

=

I have discussed a non-inclusive set of exciting
opportunities, and am confident we can look forward to
a new era of discovery and a rich future for our field!

Congratulations ICISE, where we look forward
to visiting, presenting and discussing these
exciting new discoveries



