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Unification Theories

Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand
Unification and Superstring theories
attermpt to describe this unified
force and make predictions
which can be tested with
the Tevatron
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A long way down...
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Water

= High Energy Physics is
concerned with the lowest
level (most fundamental)

Melecule aspects of Nature
= Main goal is to find the
Hydrogen underlying theory from
phtem which all observed
physical phenomena
follows (at least In
Syuarks an principle)
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Quarks

Standard Model
of elementary particles

Leptons

electron

neutrino e neutrine p neutrino T

Bosons

= Fermions (matter)
= Bosons (forces)

» Almost all particles
observed

= tquarkin 1995
(m,=175GeV)
= N, neutrino in 1999
= Higgs particle
= electroweak symmetry
breaking
= m,>114 GeV @ 95% CL




Physical laws & symmetries

Symmetry (Greek)= same measure

Any physics law can be expressed as a particular symmetry
(= independence from certain parameters)

Example:

Conservation of energy follows from the independence of
physical laws from time ( symmetry with respect

to translations in time)

High Energy Physics tries to explain the most fundamental
symmetries of nature

The hard part is to explain how symmetries break




Symmetry= Ability to predict In the real picture, Symmetr
IS wonderfully broken
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Pilero della Francesca: Polittico della Misericordia




.The spectrum of elementary constituents
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Evidence for
Massive Neutrinos

Event - 13311 Fam: 144298 EvertType : DATA | Unprese: 3,32,353 2,343,354, 536 5 10,11,12,13,49,19,21 23,29 Presc: 0,32,35 .2 344,




v’'s from home:

GeV

Cosmic Ray neutrinos
Showers \\A
Neutrino Beams
made

from Reactors ) M QV

VRN >- ii neutrinos
Neutrino Beams made from Particle Accelerators
- v'sfromcosmos.
| our sun A \
supernovae keV

relicneutrinos neutrinos



What makes neutrinos so interesting, anyway?
Neutrinomass has big implications for the Standard Model

« MNS matrix— not diagonal dominant

e CP and CPT violation
» sterile neutrinos
« do not interact weakly —— mix with standarg

................ and big implications for the unlverse
e supernovae neutrino bursts
e structure formation of galaxies(HDM)

 leptogenesis- baryon asymmetry

Neutrinoproperties. new interactions, magnetic moments, etc.
— which beyond-the-Standard Model theory?



PV > Ve)= SIN?26sin?(1. 27 AL /E)

For v beam with energy E

AL=nE /(1.27Am?)

Distance from v source (L)

Probability

sin® 28 __=2«P

Oscillation Probability dependson: & *

*Two fur21damental parameters e
e AM
e SiN220 |

*Two experimental parameters )
e L: distance from neutrino source ~ *|°&

to detector o - 'E'm;”-ﬁ..t_ﬁj, JP

e E: Neutrino energy €/



Super Kamiokande

SUPEREAMIOKANDE DETECTOR Elpctronics catchlng ngtrinus

About once every S minuires, a neutring interacts in the detector

charmber, generating Cherenhkoy radation. This cplical aquivalent of
& sonic boom creates a cone of kght that is regisiered on the
pholomultipliers that line the tank. Characteristic ring patterns tell
physicists what kind of neutrines imeracted and in which direction

thay wers haaded.

] HEN . —— 12.5 million gallon |
iy tank of ultra-pure
- ma N waler

o Mountains fiter cut other signals
EEE iy that mask nautrino detection.
| |
B | | A fewr neutrinos inkeract
Cid | | within the huge tank of super
-4 | | pura wabter, ganarafing a

cone of light.

00| |

| I'I'H.'rli?clgis

| debec by

| phola sansars
[ tan, and

| transiated imo a
| digital image.

_ Uriversiny of Howa| media graphic |




neutrino oscillations

with this plot from SuperK in 1998, everybody
started believing in atmospheric V oscillations

g‘- ﬁ }ﬂl+l_f_+-+_ l
E L g ]

RET IR BRI BRI BN EEt

1 10 '1I:I2 103 1I:ZIIl 10
LIE, (km/GeV)

&




neutrino oscillations

but the situation with solar neu o
was more confused..

and the LSND re



solar neutrinos




ot

27 - Ammy T
%

' - conversion of solar v’s

effeCt

Rk e )
e 1

ity




v Reactions in SNO

" Jv,+d=>p+pte

-Good measurement of v, energy spectrum
-Weak directional sensitivity o« 1-1/3cos(a6)
- v, enly.

- Equal cross section Foar all v types
- Measure total 38 + fluy from the
sun.

@ v, Te = pte”

-Low Statistics
-Mainly sensitive to v, . some sensitivity tov, and v,
-Strong directional sensitivity




bye (10°cm?s™h)
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Shape Constrained Neutrino Fluxes
signal Extraction in @, Oye, Peg- Erporno> 5 MeV

D_.(v.) =1.76 205 (stat.) 01 (syst.) x108 cm-2s-!

@ . (v,) = 2.39 552 (stat.) 072 (Syst.) x10° cm2s!

@_.(v,) = 5.09'541 (stat.) ‘043 (syst.) x10% cm2s!

Signal Extraction in @, @, ..

@, =1.7600s (stat.) ‘vos (Syst.) X108 cm-2s-!

+0.45 +0.48

@ . =3.41545(stat.) o045 (syst.) x108cm2s

Purely sterile oscillations excluded at 5.4 O



are we converging on a
STAaNDARD MopeL of V oscillatio



Neutrino Oscillation Signals

3 independent Anm?!
v

too many for the three
standard model
neutrinos!

Terrestrial neutrino
experiments
at medium and high Am?




1s the LSND result correct?

With the latest results on solar, atmospheric, and accelerator
v-oscillation searches (3 Am?s), we have an interesting situation:

Only 3 active v: 3 active+1 sterile v:  CPT violation:
-_—V

S ¥ 4 4 3
3 OHI-- OH m DRIII?
o E m ? .v_
% é -V, o -ty
= V = ! B
— = il Y — g
v I Vv 1
I
o » EAY )
solar:v_— 1y solar:v —v ,v_ solar:v —v,
: 2 = ¥V %
armos. vﬂ-+vﬂvf armos. 1!" vT Armas v” W

LSND:9,~v —v, LSND:v,~V —~V, LSND:V,~V,
- not a good fit to data - possible(?) - possible(?)
Need to definitively check the LSND result!

Rex Tayloe, Indiana U.
Neutrino 2002, 5/02




miniBooNE:

Goal: to definitively test
the LSND signal.

First, with a

v — Vv_appearance search.

Then, with a
i-u > irE appearance search.

Then, if a signal is seen,
with a 2nd detector.

Dec. 1997:
Proposal submitted

June 2002
experiment begins




KamLAND is looking for LMA “solar” oscillations in
reactor antineutrinos.

In CPT violating scenario, KamLAND does not see
oscillations!

: _Erane

Rock lining

¥ Outer water tank

Inner tank

Lig.-scinti.
Container

Aluminum sheets

Phototubes
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Has time run out on Einstein’s theory?

Atomic clocks on the space station might reveal truth

June 5, 2002 Posted: 11:42 A EDT (1542 GHT)

B Eleni Berger
CHM

{CNN) - - Experirents with high- precision clocks in
space could help shed light on whether Einsteins
theory of relativity is ... well, relative.

"I don’t think it's really possible to theosy Einstein’s
theory out entizelyw, because it cextaindy bolds to a fantastic
degree of precision,” says De. Alan Kosteleckar, professor
of ptorsics at Indiana Wnisersity in Bloommiong tore, " The
question is whether at sens sroall scales you seould need to
adjust the theornr to account for adjustroents in

space - tiroe "

A toroic clocks that axe scheduled to be placed oo the

international space station within the next feswrwears could

E@ SeWE THIS help zesearchers find out — — if station ceeswes pexforrn the
@ i:f MOST POPULAR  tests Kastelecky and his colleagues axe proposing.

(@ (= PRINT THIS

Einstein's Special Theonr of Eelatisity postulates that the

laws of plarsics and, the speed of Light are always the sarne

to an obserser mosning at a constant speed. That moeans a coin

w1l alseaws fall streaight dosem, shether wowdzop it sehile standing still o swhile inside a roosAng srebicle.

Likewrise, a clock onits 5ide wll tick at the saroe rate as a clock that is 3 EXTRA BMATION
upright - - atleast itwill onearth. PR

Click hiere to see an
animation of the proposed

eHperiments

EBut neswrer theories inwnolsning gravity and particle phorsics bawe led sorne
scientists to speculate that Einstein’s idea ooy ot buold teoe inospace.

Precision in time and space

NTERNET
PECIALS




Evidence for
Dark Energy

Event - 13311 Fam: 144298 EvertType : DATA | Unprese: 3,32,353 2,343,354, 536 5 10,11,12,13,49,19,21 23,29 Presc: 0,32,35 .2 344,

Et = 2310 GeV




what else does the Standard Model not explain ?

95% of the Universe!
e T
y @ T
. T
I @480
T 4 A
..
e

25



Type la Supernovae Measurements

Distance measurements to 19 SNe

dx 104

x 104

Velocity {_ﬁ[lel;'fS]

104

Type Ia supernovae and every
—| other distance indicator used
provides results consistent with
4 the Hubble Law: other galaxies
1 are receding from us, and their
recession velocities are pro-
portional to their distances, in
other words, the farther away
the galaxy, the Faster it travels
away from us.

' Riess Press & Kirshner Apd 1996 -

Blue points: 19 5Ne
Red line: Hubble Law with
H=19.6 km/s/MLy d

500 1000
Distance [MLy]

1500



Anisotropy
of Cosmic Microwave
Background (CMB)

CMB is isotropic and homogenous to a
high degree; its average temperature Is

T=2.725+ 0.002 K

Dipole contribution due to Sun motion

Milky way radiation

"Standing waves" sensitive to the
large-scale structure of the Universe
with the amplitude

D T= 0.000 003K




Boomerang (1998)

MAP (launched 2001)

MAP Simulated Sky Map

Wonderful angular resolution!




large-scale structure of spacetime

talk by Max Tegmark

/.a’"

cosmic
Backgrouna
Imagel

We are getting lots
of information about
the cosmological
parameters!



Biggest discovery in cosmology of past 5 years:
real error bars!
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'eurse we antlclpate
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51ps at the TeV scale Sl




Waiting for

New Discoveries
at

New Colliders

Ewent - 13311 Fam : 144298 EverdType : DATA | Unpreze: 0,322,353 2,34, 3 354358 5 10101213 49,1921 23 28 Presc: 0,532,535 2 34 4,




New Physics Exists! But, at what scale?

800

Illlll_lllllllll

1) Weakly-coupled SM

values of m,, S =
. EWSB stability crisis & **° d”ﬂ}aﬁ" Riqas]
1f-couplings

New Physics must appear
by few TeV!

2. Stability of V

0
103 106 102 1012 1015 1018

2) Strongly-coupled SM A [GeV]
WW scattering unitarized at scale of few TeV

Expect New Physics at the TeV scale !!




supersymmetry

fermions «— \___— bosons

PARTICLES THAT PARTICLES THAT
MAKE LIF MATTER MEDIATE FORCES

CHARE ELECTRON FHOTOMN GLUGOMN HIGGS

i ‘.4 b Q Q U

THEORETHCAL

THEIR
“SPARTICLE" “SQUARK™ “SELECTRON" o “GLUIND™
PARTNERS

» none of the Sp articles have be .
> most of the dark matter
ill the llniverse m ‘



SUSY and extra dimensions at haGEGHS_———
talk by Dave Stuart "’"’""":::::::::::::’.::;;;;;;j.’fiifff:":"'"""'/

» Tevatron and LHC are our energy fr "-f;:.::::..iffi-7"'f"'f":":;f
colliders for at least a dozen ,/,,,,..::f;,,;:::::::::::::.....::..........

> If you don t U—nderstand ﬂ'/';":,,','.'.'.:";jj"'.'.'f":"""""""ﬂ
baCkgroundS as Sec —
you are llkely



Tevatron Run Il takes off now

Et= 2310 GeV

IR R0m

FEURRT TEIXIA 1S

HIETYEET

Frorh®-¥h

Weaw 1

Live events from




Co:mputing In LHC experiments

(30 minimum bias eyvents)

All.charged tracks with pt > 2 GeV

Reconstructed tracks with pt > 25 GeV

04/07/2001 L. Maiani_What is CERN?

The data
transmitted In
ONE SECOND
of LHC running

IS equivalent to:

the information
exchanged by
WORLD
TELECOM

(= 100 million
phone calls)




Status of Standard Model 2002

EWWG Winter 2002

Measurement Pl (O™ _OM™™
= =2 =1 9 123
m,[GeV] 91.1876+0.0021 .01 oy )
I [GeVl  24952+0.0023 -42 Probability of X fit
0
o, bl  41540+0.037 163 ~ 0
R, 20.767+0.025  1.05 ~ 1.7 /0
A 0.01714 £0.00095 .70
A(P.) 0.1465 + 0.0033 -.53 0 b
R, 0.21646 + 0.00065 1.06 ’
R, 0.1719+0.0031  -.11 Afb . Largest Pulls
AP 0.0994+0.0017 -264 <= in Standard Model
o 0.0707 £0.0034 -1.05 .
A, SRibaas .o Electroweak Fit
A, 0.670 + 0.026 .06 NuTeV,
A(SLD)  0.1513+0.0021  1.50
sin“0!?(Q,) 0.2324+0.0012 .86
m, [GeV] 80.451+0.033  1.73 oy 2
I, [GeV] 2134+ 0.069 59 Prob ablllty of X fit
GeV 1743+ 5.1 -.08 .
l:il:ll\*e' ‘\']N} 0.2277 + 0.0016 3.00 (“,lth()llt NUTeV)
: = ~ 14 %
+ Moller scattering | 3210123




Higgs mass from Standard Model fit

Winter 2001 result

® my = 98tgg GeV
e my < 212 GeV (95 % CL)

Direct search :

e my > 113.5 GeV (95 % CL)
(November LEPC)

e Fits using ZFITTER, TOPAZ0

i —0.02761+0.00036
} - 0,02788+0.00020

5 _
Al g =

| Excluded &

Preliminary

m, [GeV]




Maybe a hint of Higgs...

i-CL
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Higgs Discovery Potential at Tevatron Run 1l

combined CDF /DO thresholds

— 95% CL Imit
—— 30 evidence

@
Q

— 50 dlscovery

a 102

8 30 fb~
) 4

B 10 110 fb
£ I

£

= ]

g 2 fb™
b

B

o

Q

=

80 100 10 10 B0 180 200
Higgs mass (GeV/c?)




Perturbation Theory
in Strong Interactions

QCD enjoys the property 0.4 T T T TTTT]

that the coupling strength
decreases as the energy

increases 0k
Known as asymptotic i !
freedom Uttt

Means we can use )
perturbation theory

There is a simple
diagrammatic technique
called Feynman diagrams

0.1

0.0

a. =

g°/(ap)

i 2 5

10 20

1 (GeV)

50 100 200



Electron-proton scattering

Canonical testing ground
for QCD Is ep scattering

Early ep scattering

experiments lead to &

discovery of quarks (1990 . ) z;e a

Nobel Prize) - - - - - ‘
State-of-the-art ep facllity is | : "

in Hamburg, Germany at = T N
DESY i SA

Elektron

Machine is called HERA






Dijet event

Run date 08/10/94

Class: 2 4 8 9 17 20 22 43 24

Run 88800 Event 43058

= 200 GeV

-Jel Mass

Jel




Ratio to CTEQ6

Uncertainties of PDF's :

2.[rr|'|||||| T T | T T T T T T 1 T 2‘0“|"|"| T |
) u at Q = 3.16 GeV d at Q = 3.16 GeV b
© ;
[« )
E ....
i st © e
R e = Epm
o)
B
o
[0
005-I|||||| [ | | | N 0.5 I_I|I I| 11 | | |
10°1070™° 01 .02 05 .1 2 3 45 67891 10°10707® o01.02 05 .1 2 3 4 5 .8.7.8.091
X X

Gluon : better constrained now by DIS and jet data
Sl ARN R |
i gluon at Q = 3.16 GeV
§ N I L
5 HHH‘ |||||||||||||||||||||||HHWH1TWWH
2 AT
og il | .




The phase diagram of water

Pressure

RN

Solid Liquid

melfing
fre¢zing

sublimafion — triple point

7 >
-
//lefosilmn Gas
»

Temperature

critical point




EXPLORING the PHASES of QCD

Temperature
T Relativistic
*.  Heavy Ion
(\\\ Collisions
Quark—Gluon Plasma
~150 \‘
MeV Critical
Y vy Point
Universe
Color
WO /
Hadron Gas Superconductor
“ CFL
Y ‘ae -
Neutron |Stars?
‘) l’tbaryon
Vacuum Nuclei Crystalline

Color Superconductor

"Density"



GUEST

GUEST

GUEST

GUEST
"Density"

GUEST
Temperature


——> not yet!




a real neutron star?

» outer crust

»superfluid nuclear matter
»crystalline CS quark matter
»transparent CFL quark matter



Hot quark matter at RHIC

ey G ey A
YA

hot = 2 trillion degrees K



RHIC physics agenda




RHIC results: particle ratios

In an equilibrium system, two
parameters are sufficient to
predict the “chemical” mix:

(# pions) / (# protons)

(# kaons) / (# pions)

(# anti-protons)/(# protons)
et cetera.

Phobos preliminary

=

+_

=

—1.025+0.006(stat) £ 0.020

+_

R 0.95+0.03(star)

< SO

> Temperatt



Pressure (Pa)

The phase diagram of water Il

—_—
=]

Solid

e s ————m—

0 100

200 300 400

Temperature (K)

500

600 700 800
Density.® Dielectric,
Ice polymorph o o ? Protons Crystal Symmetry ey Notes
Th, Hiz:gcmal 0.9z disordered Hexagonal one Cg 97.5
Ic, Cubic ice 0.92 disordered Cubic four Gy
Lo denS:L_t,‘y 0. 94 disordered Hon-crystalline may he mixtiires ot
amorphous ice® sewveral types
High dens:l_.tye 1.17 disordered HNon-crystalline moy e miatiire st
amorphous ice several types
II. Ice-twmo 1.17 ordered Fhombohedral one Gy 3. 66
III. Ice-three 1.14 disordered Tetragonal one G4 117 protons may be partially
ordered
I¥, Ice-four 1.27 disordered [Rhombohedral one Gy netastable indoe ¥
phase space
¥, Ice-five 1.23 disordered Monoclinic one Cp 144 protons may be partially
ordered
E : =t b tl
¥I, Ice-six 1.21 disordered Tetragonald one G, 193 Eigeggs can he partly
W : g two interpenetrating
WII. Ice-seven 1.50 disordered Cubic four Cy S e
S a low temperature form
WIII, Ice-eight 1.4 ordered Tetragonal one Gy SF sie Tl
IX., Ice-nine 1.16 ordered Tetragonal one G4 374 Low tembefatuce form
of ice III
L : i symmetric proton form
#, Ice-ten 2. 51 symmetric cuhic four Cy St ice Wi
XI, Ice-eleven 0.9z ordered 0Orthorhombic three G, low tempsrature form
of ice Th
XI, Ice-elewven »2.51  isymmetric Hezxagonald distorted Eﬁ?_';d in simulations
EII, Ice-twelwve 1.29 disordered Tetragonal one Gy metastable in ice ¥
phase space




¢ and ¢ searches at the Tevatron

Several signatures:
¢ Dileptons + jets + Fp
CDF, PRL 8T, 25180 (3001)
D0, PRD-RC 63, (91102 (2001)
o Multijets + Fr
CDF, PRL 88, (41801 (2002)
D0, PRL &3, 4937 (1006)

¢ = + jets + Ky
f D), T OEA0S00R2

DY hig- 2L NED D] Seemut:, U, St Tharksurn P 10



Er + jets search

Events/(5 GeV)

10

10

CDF PRELIMINARY |Ldt=84 pb' vs=1.8 TeV
| | Entries 2517998 ]

MET trigger ]

1st Selectien
B >rJ Selection

100 200 300

Z: (GeV)

42



MISSING ENERGY + MULTIJET
STANDARD MODEL COMPONENT

Z( > 1) + jets E
W(C - Iv) + jets
tt , single top W
Diboson K
QCD multijet

Note: The missing energy
IS a QCD sample

43




Comparisons SM predictions-Data

EWK (W/Z/t/diboson/single t)
+ QCD
B Uncertainty

—*— Data

E=
i
T ——
o]
b
=
g
s

P
-

Summary of predictions and data around the Blind Box

3 4 5 6
BIN NUMBER



jets search

CDF PRELIMINARY |L=84 pb™ Vs=1.8 TeV
BOX. §M Prediction=76, Data=74

‘ %-L

— —
—_——

S

Events/(5 GeV)

S

[
— o

Evgltsf(S GeV)
]

o

100

Events/bin

—
o

S

—

—
o

'
o

Events/(20 GeV)

—
=]

150 200

E; Leading jet (GeV)
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Mg (GeVic’)

200

450

400

330

300

250

200 |

130

100

20 |

——

12

e

E, .+ = 3 jets search for gluinos and squarks

CDF PRELIMINARY
JLdt=84 pb 1 vs=1.8 TeVv

1<0 ISAJET 7.37 + PROSPINO
mSUGRA tanp—3

Q5% C.L.

q=u,d,s,c
w=800 GeV/ic°
M S 5M

CDF 84 pb™
CDF 19 pb™ |

AT e

m g (Gev/c)

600



gluino candidate event
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attacking the Big questions

> what is the dark matter?

»> what is the structure of spacetime?



what is the dark matter?

» stable weakly interacting massive particles N
are attractive CDM candidates

* for large p ortions of the "?/:;.'.'.'-:'ff'."::"""'l"f
COHSGI‘Ving SUSY mOdGlS, -



what is the dark matter?

a 5-pronged attack:

» study DM distributions, clustering
» look for hlgh energy gamma rays
from neutralino annlhllatlon in th o
> look for hlgh cnergy "/'/'/':',',;':’ffff.’.
neutralino annihilation in /::;:"',',',','
» detect DM partlcles /.?,'.'.,., "in



what is the dark matter?




what is the structure of spacetime?

Really many questions, all hard:

= large-scale structure of spacetin
" extra dimenSionS Of ,



" microscopic structure of spacetime?

= extra dimensions of spacetime?

* quantum dynamics of spacetime?



» require 7 extra space dimensions
» and give us ways to hide them




6 or 7 extra dimensions?

AJ

Experlments can actua%

String theory deman
dimensions.



. Extra space dimensions?

*\Waves (and particles) of large wave
length (small energy) simply do not
fit In the curved dimension

how small is R?

Kaluza & Klein
1930’s

« If a'cat would disappear in Pasadena and reappear |
Erice, this would be an example of global cat conserva
This Is not the way cats are conserved » (R.P. Feynme
.... In 4 dimensions

Superstring theory not consistent in 4 dimensions
Extra curved dimensions required

= 2
Scale® 1/Mp,,1cx
04/07/2001 L. Maiani_Symm.&Symm.Breaking




THE
MEGAVERSE

brane-worlds




How do we look for ,

colliders?



Gravitons at the Tevatron
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Extra dimension search in vy
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Gravitons at the Tevatron
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Event - © RFun: 1 Eventlype - 1

Only qgbar->g 6 (PYTHIA 6.115 + graviton process),
d=6, M=1TeV, Vs=2TeV, GEANT CDF preliminary
RUNTII simulation and display



Visions of Future

Ewent : 13311 Pam ; 144296 EventTiype - DATA| Unpresc: 0032332534 3354365 10111213 49,1921 23 29 Presc: 0,32,33.2 34,4,

e

Et= 2310 GeV




HEPAP Subpanel on
Long Range Planning

* Process
* Recommendations
+ Long Range Plan

Web site: http://doe-hep.hep.net/lrp panel/
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Subpanel Membership

Jonathan Bagger - Johns Hopkins University (Co-Chair)
Barry Barish - California Institute of Technology (Co-Chair)

Paul Avery - University of Florida

Janet Conrad - Columbia University
Persis Drell - Cornell University
Glennys Farrar - New York University
Larry Gladney - Univ of Pennsylvania
Don Hartill - Cornell University

Norbert Holtkamp - Oak Ridge Natl Lab
George Kalmus - Rutherford Appleton Lab
Rocky Kolb - Fermilab

Joseph Lykken - Fermilab

William Marciano - Brookhaven Natl Lab
John Marriner - Fermilab

Jay Marx - Lawrence Berkeley National Lab
Kevin McFarland - University of Rochester
Hitoshi Murayama - Univ of Calif, Berkeley
Yorikiyo Nagashima - Osaka University
Rene Ong - Univ of Calif, Los Angeles

Tor Raubenheimer - SLAC

Abraham Seiden - Univ of Calif, Santa Cruz
Melvyn Shochet - University of Chicago
William Willis - Columbia University

Fred Gilman (Ex-Officio) - Carnegie Mellon
Glen Crawford (Executive Secretary) - DOE
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The Particle Physics Roadmap

20040 2005 20140 2015 202

=]
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Supar B Factory
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Not all projects illustrated on the roadmap can be pursued.




What is the Next Big Step?
Exploration of the TeV Scale

« This exploration requires the CERN LHC -

— A proton-proton collider with an energy seven times that of
the Tevatron.

Together with a high-energy e+e- linear collider.

— The LHC and a linear collider are both necessary to
discover and understand the new physics at the TeV scale.

— A coherent approach, exploiting the strengths of both

machines, will maximize the scientific contributions of
each.

The centerpiece of our roadmap is the thorough
exploration of the TeV scale.




e

new accelerators for new physics

o

Large Hadron Collider (CERN, 2007)



| Paimt | - PX14 shafi - July 15, 2000 - (CERN ST-0CE

Paiai | - Cominetg of @ s lisn of thie et wall in US41S - Spiembier I, 1000 - UER™S ST-0E

04/07/2001 L. Maiani_What is CERN?




new accelerators for new physics




underground and in the sky

dark energy

FRR Shc Rl 1HL 98 R R
LU TR T 1L THC

SuperNova Acceleration Probe (SNAP) s



the triple coincidence problem

How can it be that we are experiencing, at the same tim

* the Golden Age of flavor physics
» the Golden Age of cosm

= the advent of the Hig;
new physics of the





