The Hunt for the Higgs

(and other interesting stuff at the Tevatron)
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The Standard Model of Particle Physics states:
The world is comprised of Quarks and Leptons that
interact by exchanging Bosons

World is comprised  Periodic Table of the Particles

of quarks and
leptons

Each particle has its
own anti particle

Quarks have
fractional charge!

Good description of
particles and their
interactions

Extensively tested

matter: fermions forces: bosons
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Hydrogen

28 Up Quarks
H,O - 26 down quarks

10 electrons
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photons
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Why is top so heavy?
“Why are there so many particles?”
“Where does mass come from?”
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Analogy by Prof. David Miller
University College of London




2010 Sakurai Prize

.. for "elucidation of the properties of spontanecous symmetry breaking
in four-dimensional relativistic gauge theory and of the mechanism for
the consistent generation of vector boson masses."

Engler Briouw Higgs Guralni‘ Hégen Kibble

PRL 13, 321-323 (1964) PRL 13, 508-509 (1964 PRL 13, 5685-587 (1964)

Soln nonor of tnair Wors ..,
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@ Add scalar field throughout the universe

P Potential is symmetric
P Ground state breaks symmetry

@Cleverly

P Masses are generated for the fermions due to their interaction
with this non-zero field

P Theory preserves symmetry (gauge invariance)
P Standard Model calculations no longer fail
P A new particle is predicted: the BEHHGK boson

@ Finding the BEHHGK boson

P Means BEHHGK field exists
O Means we confirm our theory for the origin of mass



| will use “Higgs” and
“BEHHGK” boson
interchangeably in this talk,
but will refer to

the H particle
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Making Particle X

Thanks to Einstein we know that a high energy collision of particle
A and B can result in the creation of particle X

E = mc?

particle beam anti-particle beam

energy energy

As long as E_ + E, >> M, c?



E +E.>M + M.



America’s Most Powerful Accelerator:
Fermilab’s Tevatron




Detector design is always a
compromise

$$$

available space
technological risk

readout time and
construction time

Goal is to completely
surround collision with
detectors

Arrange detectors in layers
based on functionality

— Measure particle’s position,

momentum and charge first

— Type and kinetic energy

second




®* The Collider Challenge

— 1.7 Million Collisions/second inside our
detectors

® Detectors

— Very complicated with lots of information
available on each collision

® The problem
— You can’t write out each collision to tape!
— Don’t worry — not every collision is interesting and warrants saving...

® The Solution

— A Device called a “trigger”
— Examines every event in real time and identifies the most “interesting”
— Reject 99.991% of events and collect data at ~60-100 hz


http://images.google.com/imgres?imgurl=http://www.closeoutpackaging.com/i/red-white-trigger-sprayers.jpg&imgrefurl=http://www.closeoutpackaging.com/closeout-trigger-sprayer-pumps.html&usg=__lDiS1zLb6IoyPIK1gwFaFecRMm4=&h=500&w=400&sz=69&hl=en&start=9&um=1&itbs=1&tbnid=PzIqUBtb5jXpDM:&tbnh=130&tbnw=104&prev=/images%3Fq%3Dtrigger%26hl%3Den%26rlz%3D1T4GGLJ_en%26sa%3DN%26um%3D1

Our “camera” is not fast enough to take a picture of
say a top quark! We have to infer based on the
information provided!!!!

What do we know?

— Conservation of Energy
Conservation of Momentum

What do we want to identify?

E=mc?

Electrons
Muons

Quarks
Neutrinos
b quarks
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CDF m

¢ 15 Countries™
¢ 63 institution
¢ 602 authors

DO
¢ 18 Countries

¢ 90 institutions %

¢ 507 authors R
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Tracking Electromagnetic Hadron hAucn
charmber calorimeter  calorimeter charnber

Innermost Layer... P .. Cutermost Layer

Basic principle is the interaction

of particles with matter
« Momentum/Charge Measurement: [ Bear Pipe

(center)
- need to affect particle as little as
possible

- use dilute/thin absorber medium
W E-M

(gas, thin silicon wafers): Tracker Calorimeter
[ Hadron

 Energy Measurement: Calorimeter
- want to fully absorb particle

- use thick absorber medium
(lead, steel, uranium): Calorimeter

B Magnet Cail



Event : 1417831 Run: 153661 EventType : DATA | Unpresc: O,1,33,3'6,37,39,400,13,15,48,17,49,50,19,51,21,23,24,25,57,26,58,59,28,60,

A Single
Top quark
Candidate
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It is a Statistical Process!

Budget approval pending for FY11 running e~ 12 fb
Everyone is on board - we are planning on it

12 fb! delivered ~doubles the current dataset
and results in analyses with about 10 fb!
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Tevatron Experiments publishing >100 papers/year
Over the last few years, ~60 PhD’s/year

Present >200 talks at conferences each year
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Precision, New Research Unique Window into the

Discoveries unknown
* Mixing, CKM Constraints and ® Searches for Supersymmetry,
CP Violation Extra Dimensions, Exotica
®* Heavy Flavor Spectroscopy
* New Heavy Baryon States * Still at the Energy Frontier
* Tests of Quantum — Proobing the Terascale as
Chromodynamics the luminosity increases

®* Precise measurement of Top-
quark and W-boson Masses ® The Standard Model BEHHGK

* Top Quark Properties (Higgs) Boson is within reach!

®* Di-Boson production and SM
Gauge Couplings

®* New Exclusive/Diffractive
Processes
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___Tevatron Run Il, pp at\s = 1.96 TeV
ijets

Heavy Flavor
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measurement

80.436 + 0.081

————

CDF Run 0/

i 80.478 £ 0.083

DO Run |

AST MC

| Eackground

- Data

= 48/49

v?/dof

80.413 £ 0.048

CDF Run |

80.432 + 0.039

Tevatron 2007

80.402 + 0.043

DO Run ll

80.420 + 0.031

Tevatron 2009

80.399 + 0.023 GeV

|

80.399 + 0.023

World average




Mass of the Top Quark (*Preliminary)

CDF-I I4]
DO-I 1+]
"CDF-Il I4]
'DO- I+]
CDF-l all4

‘CDF-Il all

"CDE-Il trk

CDF-I di-l 167.4+10.3+4.9
_ s

DO-1 di- 168.4 +12.3+ 3.6

. _ -

CDF-II di-l 1712127129

. -

DO-I1 di-I

Tevatron March'09
hep-ex/0903.2503

174.7+2.9+24

176.1£ 5.1+ 5.3
— e

180.1£ 3.9+ 3.6
1721+ 0.9+ 1.3
173.7+ 0.8+ 1.6

°
186.0+10.0+ 5.7

1748+ 1.7+£1.9
———

175.3+6.2+ 3.0
- -

(stat.}) + (syst.
y?/dof = 6.3/10.0 (79%.

173.1£ 0.6+ 1.1 4

150

160

170 180 190 200
m,,, (GeV/c?)

Surnzry of Top Wass

M,=173.1 + 1.2 GeV
<1% Precision

We now know the mass of
the top quark with better
precision than any other
quark!!!

15 short years from
discovery to this....


http://www-cdf.fnal.gov/physics/new/top/2009/mass/tevcombination_march/topmass_tev0309v1.eps

Winter 2007

_ Il LEP 2 and Tevatron %
(Preliminary) | | @:t aa®

| 68%CL .

i 3 had =
* i — 0.02758+0.00035

i 1 - 0.02749+0.00012

Excluded v Preliminary
30 100 300
m,, [GeV]

Mw vs Mtop My <157 GeV at 95% C.L.
Preferred My, — 87"3°,, GeV
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Production
qgaQ—H

Branching ratio

Cross section (pb)
o

160 200

Higgs are produced in several diferent ways...

Higgs decay into different “final states”
depending on the mass of the Higgs

To find it, we need to look at all these final decay states
and combine the results




60
50
40
30
20
105 P>

10 140 150 160 170 180
Higgs mass (GeV)

These are production numbers -
trigger, acceptance etc.not yet factored in...




From the previos page.... we expect to make 40-60 Higgs
events inside each detector for every 1/fb of data

We now have 6 /fb of data — so we expect to have made
250-350 BEHHGK (Higgs) candidates

If our efficiency for finding them is a few percent, we are
trying locate a handful of events out of billions of
collisons!

This is a Hard Way to Make a Living!!!



CDF II Preliminary
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A1 Exaunola - fliggs — YWY

¢ Signature: Two high pT leptons
and Missing Energy

— Primary backgrounds: WW 9

W
and top in di-lepton decay QQQM{ o
channel 9 Y,
— Key issue: Maximizing lepton
acceptance
®* Most sensitive Higgs search ~
channel at the Tevatron T

CDF Run Il Preliminary

) 10° | OS 0 Jets, High S/B
M, = 165 GeV/c?

05

Events /0

Stanidard Mp del 5

1=

110 120 130 140 150 160 170 180 190 200
NN Output Higgs Mass (GeV)

0.8 -06 -04 -0.2 0 02 04 06 08 1
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CDF Run Il Preliminary, L=2.0-4.8 fb™!
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http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/combcdf_nov09/figures/collectedlimits_nov6.eps
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CDF Run Il Preliminary, L=2.0-4.8 fb™’
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o Statistically combine channels

« Use a procedure to account for correlated
uncertainties



http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/combcdf_nov09/figures/cdfcomb_nov6.eps
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Neither experiment has sufficient power to span the entire mass range
using the luminosity we expect to acquire in Run ||

Tevatron Run Il Preliminary, L=2.0-5.4 fb™
VAL A ] T
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2xCDF Prellmlnary PrO|ect|on mH=160 GeV

e Summer 2004
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January 2008
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Integrated Luminosity/Experiment (fb )

For a160 GeV Higgs



http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/combcdf_nov09/figures/twotimescdf160nov09log.eps

rlow YWell Can YWea Do?7Y

Tevatron Run Il Projection Tevatron Run Il Projection

1
January 15, 2009 January 15, 2009
0.9 Preliminary Preliminary

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

——  Analyzed L=10 fb"/Exp.

——  Analyzed L=5 fb™'/Exp.

[/}
7]
]
()
x
w
)
N
Y—
(o]
>
L —
el
©
2
(]
S
o

— Analyzed L=10 fb"'/Exp.
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CDF Run Il Preliminary
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®* High Energy Colliders provide physicists with a
tool to explore the fundamental questions about
nature

®* The Tevatron has been remarkably successful
from the discovery to the top quark, to the
observation of B_s mixing to the remarkable
precision measurements of the Top quark and W
boson mass just to name a few

® Evidence for the Higgs is within reach and the
Tevatron. Its going to be an exciting next couple
of years !!!






¢ Step 1 - select events using simple kinematic cuts
(high pt lepton, missing energy, b jets in the event

¢ Step 2 - Make use of other distinguishing features
— Fits to kinematic distributions

— Multivariate techniques (neural nets) to make optimal use of
the information in each event
¢ Step 3 -- Optimize
— Improve triggering
— Improve lepton acceptance
— Improve background rejection
— All of this is very hard pain staking work

¢ Step 4 - Combine efforts
— Combine all the different decay channels together
— Combine results from both experiments
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http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/combcdf_nov09/figures/twotimescdf115nov09log.eps
http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/combcdf_nov09/figures/twotimescdf160nov09log.eps

