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e
D25 Mass shapes the Universe el

...through gravitation, the
only force that is important
over astronomical distances

o Despite the successes of general relativity, we still do not understand
gravity in a quantum framework

 but we believe we are getting closer to understanding the origin of
mass
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Mass in the cosmos

Masses of Atoms
— are made up from
e rest masses of the fermions
e plus binding energies

Dark Matter

— mass implied by dynamics (rotational velocities) is much greater
than visible luminous material

— primordial nucleosynthesis predicts D/He abundance as a function
of nucleon density
— all this mass cannot be “"baryonic” (protons and neutrons)

e new particles?
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Mass of Hadrons

Mass of a proton = 938 MeV
Mass of two u quarks plus a d quark = 10 + 5 MeV

— 999% of the mass of a proton (and therefore of the mass of a
hydrogen atom) is due to the binding energy

Quantum Chromodynamics (QCD)
— the strong force that acts on quarks
— a gauge theory (like electromagnetism)

— unlike electromagnetism, the vector bosons of the theory (gluons)
themselves carry the charge (“color”)

e gluons are self-interacting s

e coupling constant runs rapidly — :
force becomes strong for small  *f \;,
momentum transfers os P N0

e confinement o

Compilation of
experiments

2
1 10 0 (Gev) 10
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Understanding QCD

e As we have seen, precisely testable QCD
calculations are available for high momentum
transfer processes at particle accelerators

— e.g. production of jets of high momentum
hadrons through quark-antiquark scattering
in pp collisions

o Soft QCD is calculable only numerically — lattice

gauge theory

results

initially somewhat disappointing

recent advances in computing, and in the
techniques used, lead to reasonably credible

m (GeV)

o predicted and measured hadron masses
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Does this mean we understand mass?

e There is not much doubt that QCD is the theory of the strong

interaction, and we are making progress in understanding how to
calculate reliably in this framework

— and recall that 99% of the mass of the (visible) universe is QCD

e But:

— we still need to understand fermion masses

o second and third generations of quarks and leptons are much
more massive

o the masses exhibit patterns

— we still need to understand vector boson masses

e mass of the W and Z bosons is what makes the weak force
weak
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e
D25 Fundamental particles and forces e

masses n_ 1 Tev
e J|eptons q=1 e w T
q= 0 Ve Vu Vi 1 GeV
1 MeV
 ure o, _—|| _—|| _—|| % m m
q=-1;
1 keV
Forces
 QCD m 1eV

o Electroweak force
— interaction between quarks and leptons, mediated by photons
(electromagnetism) and W and Z bosons (weak force)

e same couplings to matter
mass = 80.4 GeV

(except a ng Ies)
=

o very different masses :
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I
What does mass mean? b

e For an elementary pointlike particle
— propagates through the vacuum atv < c

— Lorentz transform mixes LH and RH helicity states: IL A

symmetry is broken

e mass is equivalent to an interaction with the
(Quantum Mechanical) vacuum

e coupling strength = mass

 For a spin-1 state like a photon, there is an extra effect
— massless — two polarization states
— massive — three polarization states
o where does this additional degree of freedom come from?

Massless field

\ . i i
o

Something else
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The Higgs Mechanism

e Hence, in the Standard Model
(Glashow, Weinberg, Salam, 't Hooft, Veltmann)

— “electroweak symmetry breaking” through introduction of a scalar
field ¢ — masses of W and Z

— Higgs field permeates space with a finite vacuum expectation
value

o cosmological implications! (inflation)
— If ¢ also couples to fermions — generates fermion masses

e An appealing picture: is it correct?

— One clear and testable prediction: there exists a neutral scalar
particle which is an excitation of the Higgs field

— All its properties (production and decay rates, couplings) are fixed
except its own mass

Highest priority of worldwide high energy physics program: find it!
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Searching for the Higgs

e Over the last decade, the focus has been on
experiments at the LEP ete~collider at CERN
(European Laboratory for Particle Physics)

— precision measurements of parameters

of the W and Z bosons, combined with

Fermilab’s top quark mass measurements,

set an upper limit of m, of 193 GeV

direct searches for Higgs production exclude

m, < 114.4 GeV

e Summer and Autumn 2000: Hints of a Higgs

115 GeV (right at the limit of sensitivity)

Large Hadron Collider or LHC)

e All eyes on Fermilab:
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— the LEP data may be giving some indication of a Higgs with mass

— despite these hints, CERN management decided to shut off LEP
operations in order to start construction on a future machine (the

— until about 2008, we have the playing field to ourselves
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w Runl > Run?2

e The Tevatron is a broad-band quark and gluon collider

Huge statistics

A . - -
Number for precision physics
of at low mass scales
Events

processes

Formerly rare processes
become high statistics

Runl

Increased reach
for discovery physics
at highest masses

Extend the third orthogonal axis:
the breadth of our capabilities

>

Energy in the subprocess
center-of-mass
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D25 Typical detector

] Calorimeter
Intera_ctlon Magnetized volume Induces shower
point Tracking system in dense material Absorber material
v
— ol 0
# 1 \ 7
Innermost EM layers \ T /

tracking layers

o fine sampling Hadronic Muon detector
use silicon

layers

a
m ... ————TTTTTRY “ Experimental Signature
of a quark or gluon
m Bend angle - momentum

, > “Missing transverse energy”

Signature of a non-interacting (or weakly

interacting) particle like a neutrino
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Scintillating Fiber Tracker

Tracker geometry
and simulation of
particle tracks

Ribbon manufacture

Lsmm 10 20 yLpC chip
(photon detector)

_ Cylinder nesting
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I
Forward muon Muon Detectors ¥

truss

(supports C layer
detectors

and shielding)

Forward mini drift tube detectors
(from JINR, Dubna, Russia)

Forward muon trigger scintillators
(From Protvino, Russia)
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Muon Detector Installation

Trigger scintillator Mini drift tube
Shielding mounted Plane complete plane complete
on support truss (10m x 10m) (10m x 10m)

f!f{"[//"/ i
WEZS ST )
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e
D25 Displaced vertex tagging e

e The ability to identify b-quarks is very important in Higgs searches
(also top, supersymmetry)

e b quark forms a B-meson, travels ~ 1mm before decaying

e to reconstruct this decay, need to measure tracks with a precision at
the 10um level
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D5 Displaced vertex tagging

The ability to identify b quark jets is very important in Higgs
searches

Interaction point

/'6
\ /f/’ﬁ/ \ \
7 <
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Beampipe ___

Silicon detector i
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B decay vertex
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Fe.
B-tagging W

o Typical algorithms

— require 2 or 3 tracks with significant impact parameter (distance
of closest approach to the fitted primary vertex)

Impact X
parameter

— reconstruct a secondary vertex

Secondary
Vertex
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D@ Silicon Detector

e The silicon detector is the closest detector element to the collision
point; ~800,000 channels of electronics

o tagging efficiency at p; = 50 GeV/c
— ~ 509% for b-quark jets, ~ 10 % for c-quark jets
— ~ 0.5% fake tag rate for u,d,s quark jets
— efficiency rises as a function of p;
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Ladder insertion
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~ Zeiss coordinate measuring machine e
~at Fermilab’s Silicon Detector Facility Me

Measuring ladder position
after insertion
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Empty carbon fiber
support cylinder

Insert first barrel/disk |
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Two barrel/disk assemblies in place

Insert forward disks
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All barrels & disks installed

Putting cover on

R

A o > Wi/, Cabled up and ready for D@
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Je
New tools: all new software b

ff**??****##********##**?*****

e Full rewrite of online code,

bool LATCaltnpTool: :DoThi=Tool{) §

level 3 trigger and offline R
reconstruction in C++ if { wapack_all == 0 3 {
SeedTowers = GekbtTrigieedTowers(y;
s cont << "“wnGetting trigger seed towers" << endl;
e 1 oelse {
L cont << "‘nlnpacking Entire Detector" << endl;

return f _DoThisToold) 3;

}

.I.I'l',l'****************************

EXPERIMENTERS
BET on
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www.higgsboson.com

Here are some of my fawourite albums.

Pat Metheny

Pat Wetheny Group

A5 Falls wichite 5o Falls Wichite Falls
AmMetican Garage

First Circle
Elug Hats
Bill Bruford
d Master Strokes 1975 - 1955
1am basicallya classically freined pianist who sterfed playing at the %‘jﬂ?
age of eight. Prominentinfluences as a child were Chopin and Aposirophe
Hﬁ' — '-q Rachmaninow athough my st fadher being s Hi A lunatic during FRony i Elsewhers
the 805 and P05 meant that | was accasionally subjected to the
odd Hammand & Go Go record, | think I'm just about geting over Steely Dan
that now. Ranel Scam
iy life strted to change from about the age of twelve when | first Al
encountered progressive rack. It seems unbelievable now but that
encounter was actually Led Zeppelin Il A friend of mine boughtit Brand X
!} ¥ ot the dasire to become fashionable and | strung along through Hasques

fear of being leftout. | remember thinking it was the biggestload
of bollocks I'd ever heard, howewer | did ata later dade recognise
its originality and it was out of this desire for originalite thit
would be the driving farce of mylife.

Do They Hurtr

o be confinued...

HIGGS BOSON

e Higgs Boson is the name of a British musician
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If you know the Higgs mass, then
the production cross section and

Boaz Klima (Fermilab)

decays are all calculable within the 10%;
Standard Model -

Higgs Hunting at the Tevatron

inclusive Higgs cross sectionis __ '°

a(pp— H + X} Ipbl
vs =2 TeV

quite high:
e ~ 1pb = 1000 events/year

but the dominant decay H — bb
is swamped by background

10 7 s
thus the best bet appearstobe _—¢
associated production of H plus 53|

aWorZz

........
.......
.........
.........
--------
""""""""""

leptonic decays of W/Z help give 15—

the needed background rejection
e ~ (0.2 pb = 200 events/year

100

9th Vietnam School of Physics

120 140 160 180 200

M, (GeV/c?)
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Higgs Discovery Channels

m,, < 130-140 GeV

e WH->Ivbb backgrounds Wbb, WZ, tt, single top
e ZH->I1I1bb backgrounds Zbb, ZZ, tt
e ZH —> vvbb backgrounds QCD, Zbb, 22, tt
— powerful mode but requires relatively soft missing E; trigger
(35 GeV?)

m,, > 130-140 GeV

e gg—>H-> WW* backgrounds Drell-Yan, WW, WZ, ZZ, tt, tW, <t
initial signal:background ratio ~ 7 x 103!

— Angular cuts to separate signal from “irreducible” WW background

Boaz Klima (Fermilab) 9th Vietnam School of Physics 30
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Higgs mass reach

combined CDF /DO thresholds

025——— 11 T T

i my probability
oo density, J. Ellis .
i (hep-ph/0011086)

Q.15 .

3

Probability

010 | . -

—— 95% CL bmit | wosh ]
— 30 evidence P i
— S0 discovery L i

1 1 L 1 H glosle v 10 T : . |

80 100 20 #0 160 180 | 200 R
. Higgs moss (Gev/c?) | : :

k.

integroted luminosity /expt. (fb™)
=

110-190 GeV

“that's where the money is”
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What about m,; = 115 GeV?

If the LEP hints are incorrect, we can exclude at 95% with 2fb-1 of

data (2003) if no evidence is seen

Evidence at 3 standard deviation level with ~ 5 fb-1 (2004-5)
With ~ 15 fb1 (2008?) we expect a 5 standard deviation signal

— expected events in one experiment:
Mode Signal Background S/vB

Ivbb 92 450 4.3
vvbb 90 880 3.0
I1bb 10 44 1.5

If we do see something, we will want to test whether it is really a

Higgs by measuring:
— mass
— production cross section
— Can we see H - WW? (Branching Ratio ~ 9%)
— Can we see H — tt? (Branching Ratio ~ 8%)

Boaz Klima (Fermilab) 9th Vietnam School of Physics
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D Challenges

Is the Tevatron Higgs search credible?

— It is an exercise similar in scale to the top discovery, with a similar
number of backgrounds and requiring similar level of detector
understanding, though it will be harder: the irreducible
signal:background is worse

e some serious challenges:
— maintaining detector performance at high luminosities
— mass resolution on bb system is critical

e it has already caught the imagination of experimenters

— factor ~ 1.3 improvement in S/B demonstrated with neural
network

— possibility to exploit angular distributions (WH vs. Wbb)

e never underestimate the ingenuity of physicists confronted with real
data!

— similar simulation studies before run I indicated that the
maximum reachable top quark mass would be ~ 140 GeV

— in 1995 we discovered it at 175 GeV

Boaz Klima (Fermilab) 9th Vietnam School of Physics 33
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B e
D55 bb mass resolution il

e Directly influences signal significance
e Requires corrections for missing E; and muon
e Z — bb will be a calibration signal: silicon trigger

CDF observation in Run I D@ simulation for 2fb-1 Higgs simulation for 30fb-1
CDF FRELIMINARY
- B F E />\
E ?m — +++ P EH#HK'}— 3 350 L A datain 30 fb™'
oL w Fredced by, E I © z B 120 GeV Higgs
E e — + + "'5 §300 L total backg
WL w it Emm_ 2 B Zbb, Wbb
wE t = §250 | Wttt
E = [ W zz,wz
o = L
200 -
" 150 | a9
0 r [
2000 100 |
P w Buess ower background 50 :
— Expected M shape (PYTHIAY
-molllalnlllqullIslolIIslolllmln”|1;|33H|1.I1.0”I15Innl1;ﬁlllzn [} earer mrararts il - hh g 0
Dijiet TuaHant Mass imew/ed) i} 25 50 75 100 125 150 175 204 0O 20 40 60 80 100 120 140 160 180 200
mibb} (GeV) b—tagged jet—jet mass (GeV)

m,, = 120 GeV
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Di3 Beyond the Higgs

e The standard model works at the 10-3 level and would be completed
by the discovery of the Higgs

— but there are good reasons to believe that the Higgs is in fact the
first window on to a new domain of physics at the electroweak
scale

e Strong suggestions that the Higgs is not all we are missing

— This Higgs boson is unlike any other particle in the SM (no other
elementary scalars)

— a fundamental Higgs would have a mass unstable to radiative
corrections (quantum effects): my would become very large

e my ~ 1015 GeV, unless parameters fine tuned at the level
of 1 partin 1026

— the patterns of the fundamental particles suggest a deeper
structure

— the SM is a low energy approximation to something larger

e Theoretically the most attractive option is supersymmetry

Boaz Klima (Fermilab) 9th Vietnam School of Physics 35
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Supersymmetry

e Introduce a symmetry between bosons and fermions:

all the presently observed particles have new, more massive
superpartners

SUSY is a broken symmetry
Allows a fundamental scalar (the Higgs) at low mass:
e additional bosons cancel the divergences in my

e my can naturally be of order the SUSY scale
(SUSY partner masses ~ electroweak scale, 250 GeV?)

closely approximates the standard model at low energies

allows unification of forces with common couplings at much
higher energies

provides a path to the incorporation of gravity and string theory:
Local Supersymmetry = Supergravity

o lightest neutral superpartner (neutralino) is massive, weakly
interacting and stable

cosmic dark matter candidate!

Boaz Klima (Fermilab) 9th Vietnam School of Physics 36
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Y
Supersymmetry searches A

e Supersymmetry predicts multiple Higgs bosons, strongly interacting
squarks and gluinos, and electroweakly interacting sleptons,
charginos and neutralinos

— masses depend on unknown parameters,
but expected to be 100 GeV - 1 TeV

Direct searches all negative so far
e LEP
— squarks (stop, sbottom) > 80-90 GeV
— sleptons (selectron, smuon, stau) > 70-90 GeV
— charginos > 70-90 GeV
— lightest neutralino > 36 GeV

e Tevatron Run I
— squarks and gluinos
— stop, sbottom
— charginos and neutralinos
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Supersymmetry signatures

e Squarks and gluinos are the most copiously produced SUSY particles
e As long as R-parity is conserved, cannot decay to normal particles

— missing transverse energy from escaping neutralinos (lightest
supersymmetric particle or LSP)

_ ) ] Missing E;
Possible decay chains always end in SUSY backgrounds

q q 200 5000 _I_I—|_|__

0 1 1 1 1 0 1 I L L
S q%cp// 0 50 100150200250300 O 50 100150 200 250 300

q @ g M, =0 GeV, M,,= 90 GeV tt My, = 170 GeV/c?
d 400 E 10000
@ 200 | 5000 J—LL._

0 NI BRI B SRS ST AP P 0 1 | L
0 50 100150 200 250 300 0 50 100150200 250 300
q q M, =100 GeV, My, = 90 GeV W — v + 3 jets

e, = s éy/q 2 1000

400 ¢ 500

Mo = 250 GeV, M, = 70 GeV Z v+ jets
(50 < Zpy < 100 GeV/c)

Search region typically > 75 GeV

q a -,
- = 0 1 1 I L 0 1 | |
x;’t 9 0 50 100150200 250300 0 50 100 150 200 250 300
g tq £ (GeV)
g
q -
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D5 Run I search for squarks and gluinos ™F

e Two complementary searches
— jets plus missing E; and no electrons/muons
— 2 electrons, 2 jets + Missing E;

% i mSU?RADfrgmeters — D Jets + £ (79.2 pb") -
(D 140 B anAE ;D D& Dielectron (82 .8 pb'1}l <_ ReaCh W|th 2 fb-l:
Nqogll "7 G e e, gluino mass ~ 400 GeV
= I
100
80 |
60 | Run I reach
40 : Run I excluded gluino ~ 200 GeV
I D@ Preliminary squark ~ 250 GeV
20 [ % 95% CL Excluded Region
A
I
) o Y
0 100 200 300 400
M, (GeV)
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Chargino/neutralino production

e "“Golden” signature: three leptons

£ [cOFPrlminary  JLdt=106pb 3
— very low standard model = | ]
backgrounds :
S 1 E -“\._ -
E .
e This channel was searched in Run 1, %
but limits not competitive with LEP =
= - -!_I_. K — “‘x.u"’.' tn —
— however, becomes increasingly ;’;’“” I R
important as squark/gluino I S
production reaches its kinematic - e S
limits (masses 400-500 GeV) I T S - '*j;c;ﬂ'
M(x1) (GeVic)

e Run II reach on y* mass ~ 180 GeV (tan § = 2, u< 0)
~ 150 GeV (large tan )

e Challenges
— triggering on low momentum leptons
— how to include tau leptons?

It is quite conceivable that we discover

. , SUSY in this mode before we find the Higgs!
Boaz Klima (Fermilab) )
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Stop and Sbottom

o Often the SUSY partners of b and t
are the lightest squarks

o Stop

— stop —» b + chargino or W

(top like signhatures)

— stop — ¢ + neutralino
— top — stop and gluino — stop

e Sbottom

— 2 acollinear b-jets + E;™iss

CDF Run I stop and sbottom limits

[ BR (L — c+ = 100%
80 - —— max 12" coupling
C ool
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Stop sensitivity
~ 150-200 GeV in Run II

an

=14

20

0 50 100 150 200 250 300
Mstop (Gev,/c”)

Sbottom sensitivity
~ 200 GeV in Run II
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D23 Has SUSY been discovered?
° - - - 7 g
Is this selectron pair production? E DG vy
Event: 2 e+2y+E, or " kg
10 ML =(-160,4000010)
o ©2 5 2 events observed
6 2.3 + 0.9 expected
il
Phar b
0 EIfJ 40'_‘;6 SIG lfI}O ]5‘_0 Ialm L6 IJS(} '2_{][}
E; (GeV)
Ft=53 GeV G'(L'IL'_ o --?Erln iy @) 2 C{Pﬁ'}
¢ No! Already been ruled out by LEP PTPRPRINRE - -y W
- -
. 3 | @ | LEP
e All we can say is that searches for ™M
related signatures have all been negative | EL |
— CDF and D@ yy + missing E;
— D@y + jets + missing E, '
— LEP

NOT YET I? -]

Bovoall s i G Vi1
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F
D5 Gauge mediated SUSY A

e Standard benchmark is so-called "minimal supergravity inspired”
(mSUGRA) models — but other scenarios for SUSY breaking give other
signatures

e e.g. Gauge mediated SUSY:

— lightest neutralino decays to a photon plus a gravitino, maybe
with a finite path length

e Run II D@ direct reconstruction with ¢, = 2.2 cm, ¢, = 1.4 cm

I I | | |
CeutraL] Cyloriimeier

EM calorimeter X%ijﬁjﬂ gﬂ?ﬁ J

noid

=5

piE——
_.-f;
R e =
I|I ﬁ‘ | I| I| I| I
\
\

Preshower

—

I I’ 1sc
EEE ([
:s.l | V
AN

Central Fiber Tracker
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e
D23 SUSY Higgs sector at the Tevatron W

Assuming 1 TeV sparticle But not always so straightforward:
masses, u < 0

Fixed A (= —u = 1.5 TeV here) suppresses
hbb, htt couplings for certain (m,, tanp)

minimal stop mixing

3% Bxchgion  ft s, ML TV S Discoseny A M1 TV
50 [ 2t 3 st' @ nt' mm ot

<0 [ st 3 wt' 3 ot @ ot

35% Exlusion A=—p=15Te¥ 5S¢ Disow ey A==l 5 Ter
3zt - Stl /| vh E ob [ st 3 ot @3 ab - b
50 50

z00 z50 00 50 400 100 150 o0 z50 0 i
1, 03 1) e, (31)

maximal stop mixing (heaviest h)

ano z50 00 50 a0 100 150 znn 250
. 10 3Ly
n A MLt TeY e 5 Tiscousy, i ML TeV g ) i

45K E:
50 1t - Sﬁ = nt' ot st [ b 03 ot ook

Enhances h — yy
(branching ratio as high as 10%7?)

[ 00 3500 400 100 150 ET 250
il (0210 il (Gl
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q b
//ah 0+g
\A

q b

B

SR

100 120

Theoretically
Inaccessible

0 20 40 60 80

.40 B
A +
E - g
b

c ~ 1 pb for tanp = 30
and m, = 130 GeV

bb(h/H/A) enhanced at large tan f:

b

b

CDF Run I
3 b tags

140

2
m, (GeV/c")
9th Vietnam School of Physics

Boaz Klima (Fermilab)

Strong SUSY Higgs Production
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bb(h/A) —» 4b
0.1 b~ 1 fp~'f /2 b
1401 5 fb™
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100 -
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60
or =25
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e Tevatron search in top decays

e Standard tt analysis, rule out competing decay mode ¢ - Hb
e Assumes 2 fb'1, n,,; = 600, background = 50 +5

2
(1] = 100 15 2 LG
H 2

I'l‘l.t = 175 o LA

z 3
10 10
tanp

Charged Higgs

100

Run Ila

Run I

LEP 2002

79 GeV

10

e LEP not really sensitive to MSSM region (expect m, > m,)
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D5 Excluding SUSY

o Itis amusing to note that typical minimal supergravity-inspired SUSY

models are already excluded at the 95% level
(e.g. Strumia, hep-ph/9904247)

Still allowed

1000 /
300 t ................................... Tevatron 2fb-1

100 LEP limit

a0
10

chatgine mazz in Qe

il 2
1 b
3 10 30 100 300 1000

hargino

nafuralness puobabilite

o Either we should expect to see something soon, or we are on the
wrong track . ..
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Technicolor

e Alternatives to SUSY: dynamical models like technicolor and topcolor

the Higgs is a composite particle: no elementary scalars
many other new particles in the mass range 100 GeV - 1 TeV
with strong couplings and large cross sections

decaying to vector bosons and (third generation?) fermions

Technicolor p; > Wn; — Ivbb
Tevatron, 1fb-1

30 Topological cuts
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- Fe.
D5 Connections with Gravity e

e While supersymmetry is required for supergravity, it was normally
assumed that any unification of forces would occur at the Planck scale
~ 1019 GeV

— very large hierarchy between the electroweak scale and
gravitational scales

e Powerful new idea:
Gravity may propagate in extra dimensions, while the gauge particles
and fermions (i.e. us) remain trapped in 3+1 dimensional spacetime

— extra dimensions not necessarily small in size (millimeters!)
— true Planck scale may be as low as the electroweak scale
— @Gravity could start to play a role in experiments at ~ TeV
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A Far-Out Theory Describing What's Out There

Prvsicists have long sought a unified theory to explain
all ihe forces and malber in the universe, Superstring
thesory is an attemgt ai such a unification, and now
*brane” theory expands on it, proposing that our
universe is ang of many mambranes that “leat” in a

miiidimensional megaverss

Brane Theory

It expands supersiring
theary to nclude vibrating
mambranas, or branes,
which rray have many
dimensions.

Owr universe can be
thought of as a thres-
dirnansional brane lgating
TSI & Four-aNTIansond
megaverse,

(2]

Mos! sirings that compose
o uiverse are aitached o
the brane’s surface, and 20
mas! particles that exisl on
ouwr brane are confingd 1o is
threg-dimansional space.

(3]
However, the parlicies thal

CONVEY gravily, gravitons, ara

nad Iightly comfined lo any

particutar brang, ang some of

them roam Scross o obher
branes in the megaverse.

Socrcas 0 i for CoankaT, © by Sofn Grabben
“ha ks of Facbohr Fhysecs. " Dy J L Dood!
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SUPERSTRING THEORY Sinca malter can b gesenbed in lerms

AL il mos! basic v,
the universe conslsts of
tiny loops of string that cg-g?

wibrate at diffarant o
[requencias,

THE
MEGAVERSE

ANOTHER
BRANE -,

of gnergy; each frequency (energy)
corresponds [o a8 vpe of parficls
(matter) jusl as different frequencies
cormurig rorm & wolin's Sinngs produce
different Notes

SFPACE-TIME
CURVATURE
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The sinngs are
Io an atom...

g

SIFE

... 2% an ailorm is lo the
SOIar Systerm

BRAME THEORY AND GRANITY
Gravity is described by relativity
Thendry s cunvid Space-limea, and
il is the weakest of the forces in our
universe, Brane theory containg a
possible explanabion.

(1]

Gravitons, comveyors of gravity,
may be concenirated on a different
brane wherg the space-time of the
megaversea is saveraly curved.
Ol & small nurnber of gravitons
ke ther way here, o gravily s
felt as & waak force,

DARE MATTER

Cosmaologists suggest that it makes
up 80 percent of our universe. It
naither emits or absorbs kght, but it
exgfls gravity, According bo brang
sy, It My |ust be ordinary
matter concentrated on other
branes, and its light cannot shine
throwgh 16 this universe.

The light from dark matler,
comvayed by particles called
photans, wowkd ciing o the
surface of the foreign brans, but
gravilons might seep across the
divide. Pulted by our galaxes”
local gravilational force, the
GrAVIoNS Wollkd cluster i Naies
around the galaxies.
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D5 Large extra dimensions

e New D@ Run I limits on scale of extra dimensions: virtual graviton
effects on ete™ and yy production

L, 120 F L
: | DO Prelimina_r]'y g DO Preliminary
Virtual Graviton Emission Run [, 127 pb Run [, 127pb
Fermion or VB pairs at hadron or e*e” colliders ¢ Diclectrons and diphotons i e and dphatons
f f v [ E[(EM) > 45 GeV "o § Y 1 < 10 or 15 < [n] < 25
o < Llor15 <[y <25 b *
GKK GKH 1 :— - .
40 - F /
? F v ot Instrumental ) 3 Iggg('gpﬁmgl
[ harkeraynshn 2
' L] IIjZ 1II.4 O.Iﬁ O.I!i 1 1 lll Illi(r ZII]II _\IIIII 4[IHI :'-4IJ|I Il\ll}
cos(68"), EM-EM M(EM-EM), GeV
Data agree well with the SM Note zero-events bins at high masses!
e Limits: 1.0 - 1.3 TeV for 2-7 extra dimensions
e Prospects for Run II: —
- -1 i#
1.5 - 2.5 TeV (2fb™*) [Rizzo, hep-ph/0001247]
2-1 = 3-5 Tev (20fb-1) 104
'E 1d
[
i
Effects could be spectacular: "

RS Gy
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.‘ Sle

e A new approach: attempt at a truly model-independent analysis
framework to search for new physics

— will never be as sensitive to a particular model as a targeted
search, but open to anything

e Proof of principle using D@ Run 1 data (Phys. Rev. D 2000)
— eujj+ X sample, using p;¢ and Missing E;
as a measure of rarity

o if background = WW, fakes and 7, 1

Most interesting events

the top signal is seen at the 2; level 08 |
(Standard Model Probability = 3%) ;
« if top is then included in the o 0% F
background, no excess is seen ~ 0.4

(Standard Model Probability = 31%)

0 0204086 08 1
{a)

(Er)
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D25 Are there any hints in Run I data?

o Systematic Sleuth study of 32 final states involving electrons, muons,
photons, W'’s, Z's, jets and missing E; in the Run 1 data

e The only channels with some hint of disagreement were
— 2 electrons + 4 jets
o observe 3, expect 0.6+ 0.2, CL = 0.04
— 2 electrons + 4 jets + Missing E;
e observe 1, expect 0.06+0.03, CL = 0.06

e While interesting, these events are not an indication of a deviation
from the standard model, given the number of channels searched

— 89% probability of agreement with the Standard Model, alas!

This approach will be extremely powerful in Run 2
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What are we doing nhow?

e Run II started

e Both experiments are up and running, accumulating data fast
 Detectors, trigger systems, and software are all operational

e First results were presented at Moriond 2002

e First physicsresults were presented at ICHEP and HCP 2002

Come to the seminar on “Status of the Tevatron Collider Program”

e Planning has already started on the additional detector enhancements
that will be needed to meet the goal of accumulating ~15 fb-1

e Detector upgrade has been approved by DOE and is underway

Very exciting future ahead of us !!
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Conclusions

e The Tevatron collider program in the next 8 years offers a real

opportunity to significantly advance our understanding of the
fundamental properties of matter

o Itis an exciting, challenging program that goes straight to the
highest priority of high energy physics worldwide

e We want to find the Higgs! And more!!

"supersymmetry...and beyond!"
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