Vivo | Wb ==t B

AGE | TODAY'S PAPER | VIDEO

HOME P.

~ Cd ~

Ehe New YJork Eimes Science

WORLD @ US. N.Y./ REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION
ENVIRONMENT SPACE & COSMOS Fair 8 gy
Anceq Searc h
l ON AIR N
o ow,
T1aet H
a .
PPen,ng Now

Oc ‘ “ l( ‘/ Z;rt - / JonSconandJ
Higgs Bosol u 1 [
Th e e Iu ) Wilg Nature ai Healsh
’ SIV N "' & Space Science / Travej /

n as Key to Universe Publsheq
- , “V 05, 2012

-~

_.,______—___.._-

Physicists Find Elusive Particl
O\ 3 - HE

> _—

g e — \

H %] Dpan Simon, Contributor
¢ Talking about banks talking

o Pool ph - Denis Ba\ibouse. " .4: sy Y
icle that looks like the ‘i\(ﬂ Follow (7)

NEURS | 7/06/2012 @ 10:45AM | 1,927 views

Scientists in Geneva on Wednesday applauded the discovery of a subatomic pa
ENTREPRE

, Colo. — ignaling a likel end to one of the longest, mos .
e i g g scitence, phytsicists fai(; t Ot / 3 Ways the nggs Boson
! “Discovery Will Impact Financial

expensive searches in the history of
s Atommwered 2 new subatomic particle that

Eureka! Physici
a! Physicists celebrate evidence of particle , understanding
Services

iJO:N HEILPRIN, Associated Press
pdated 02:43 p.m., Wednesday, July 4, 2012
Cy,
4 r-l-vh
- / .
e In praise of charter schools
Britain's banking scandal spreads

VIEW: LAR
GER | HIDE 4UT ETE
1o0f 12 < PREV HOR
o .
. E C O n 0 mi S t Volkswagen overtakes the rest
A power struggle at the Vatican

> 1

)l » g : = Eccnneist.com When Lonesome George met Nora

v Ti, 95 B A B

0 < . . .

%é/A 2t OSop; - glant Ieap for
- .0

Un; erey . 3% s 7 Al

o ; S | LE Qs -

y S e Y ¥ oK 7 1

By DENNIS OVERBYE

Published: July 4, 2012 122 Comments

[OIZe

Higgs Boson Discovery: Why It's Important to

All of Us
" . Finding the

Higgs boson
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What is the Higgs Boson!

Peter Higgs T. W. B. Kibble, Gerald S. Guralnik, Carl R. Hagen,
Francois Englert, and Robert Brout.



Subatomic Structure

electron
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- proton
@ (neutron)
nucleus |
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A The Standard ModeI

ANIMAL MASSES

i waises fundamental particle zoo

e4.physik.uni-dortmund.de/bin/view/ATLAS/Bildergalerie

MYSTERIES

Flavor:

Why do similar
fermions have
different
masses?

Electroweak:
Why are the

W & Z bosons
heavy while the
photon is
massless?



Higgs Field and Higgs Boson




background within the universe. Each
particle would interact with the Higgs
boson to a different degree.

A variety of masses

The Higgs field would form a uniform

The more strongly a particle
interacted with the Higgs, the
more mass it would gain and the
more 1nertia it would display




2% Fermilab

press room

Search for the Higgs Particle
Status as of July 2010 95% confidence level

Excluded by
Tovatron

Expenments

Standard Higgs
Disfavored

| |
100 114 120 140 158 175 185 200 GeV/c?

Higgs mass (GeV)



What did CERN observe!?



iders Seeking Answers

Fermilab

Tevatron
(1983-201 1)

CERN LHC (2008 - )




Proton

Parton
(quark, gluon)

Particle

11/15/2010

jet

Collisions

The First LHC Data

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10"2 eV)
Luminosity

103 cm? s

Crossing rate 40 MHz

= 107 - 10°Hz

Selection of 1 in
10,000,000,000,000

Bing Zhou




Results from Two Experiments

Spokesperson
Fabiola Gianotti

Spokesperson
CMS Joe Incandela




Slides from the Official Talks

s of Standard Model
Higgs searches in ATLAS

Using the full datasets recorded in 2011 at /s= 7 TeV
and 2012 at /s=8 TeV: up to 10.7 fb!

ACP Higgs-viewing
party 7-4-2012
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Most recent electroweak and top cross-section measurements

ATLAS Preliminary

LHC pp {5 = 7 TeV

Theory

Outer error: total

Inner error: statistical

m Data 2010 (L= 35 pb™)
o Data2011(L=1.0-4.7fo™)

LHC pp ¥s = 8 TeV
msm Theory
® Data2012(L=5.7 ")

I III|I|I| I II|I|II|

O Important on their own and as foundation for Higgs searches
0 Most of these processes are reducible or irreducible backgrounds to Higgs

O Reconstruction and measurement of challenging processes (e.g. fully hadronic tt,
single top, ..) are good training for some complex Higgs final states

ATLAS: Status of SM Higgs searches, 4/7/2012
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CMS
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p-values

= Probability that background
fluctuates to give an excess

as large as the (average)
signal size expected for a
SM Higgs.

= Takes into account all analysis
steps, estimated backgrounds,
etc. for the 5 search channels
indicated.

= Excellent prospects for
exploring properties

1 0-1 0 [_| Expected p-values
10_11 Combined
H— bb

1012 — Ho CMS Preliminary

-13 —H — Y -1
10 — o WW \s=7TeV.L=5.11b
1014 —H:ZZ \s=8TeV,L=5.31b"
10-15 ' I SR S ST SR A SR SR BN ST A S S

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT

Run/Event: 194108 / 564224000
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% S/B Weighted Mass Distribution

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval
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2e2 candidate with m,,,,= 123.9 GeV

pr(eepp)= 18.7,76,19.6,7.9 GeV, m(e‘e)=87.9 GeV, m(uy) =19.6 GeV
12 reconstructed vertices

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST




CMS
Results: m(4l) spectrum
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5 Yields for m(4l)=110..160 GeV |

Channel de 4y 2e2u 4¢ .

ZZ background | 2.65 +0.31 | 5.65 £0.59 | 7.17 =0.76 | 15.48 +1.01 ' )

Z+X 1207098 | 09270 = 2. 297:% g}) 441722 80 100 120 1 40 1 60 180
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3 64 events expected in [100, 800 Ge b

3 164 p , 800 GeV]™ Event-by-event errors

172 events observed in [100, 800 GeV] 57
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Characterization of excess near 125 GeV
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* high sensitivity, high mass
resolution channels: yy+4l

" YY: 4.1 O excess
= 4 leptons: 3.2 o excess
= near the same mass 125 GeV

= comb. signiﬁcance

= expected significance
for SM Higgs: 4.7 O
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Combined results: the excess

|
ATLAS Prellmlnary 2011 + 2012 Data
—— Obs. Vs=7TeV: |Ldt=4.6-4.8 fb"
Vs =8TeV: JLdt 5.8-5.9 fb

LAS Prellmlnary
—— Obs. Vs=7TeV: [Ldt = 4.6-4.8 "
-+ Exp. Vs=8TeV: [Ldt=585.9fb"

Expected Expected | iz

from SM ' N from SM 3
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Local Significance
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Maximum excess observed at m,=126.5 GeV

Local significance (including energy-scale systematics)
Probability of background up-fluctuation

Expected from SM Higgs m,=126.5
Global significance: 4.1-4.3 o (for LEE over 110-600 or 110-150 GeV)




What Comes Next!?



Evolution of the excess with time
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Compatibility with SM Higgs boson

event yields in different modes (2)

[
m,=125GeV |  CMS Preliminary

H— bb

H— 1t
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2 3 4
Best fit G/GSMH
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m,=125GeV |  CMS Preliminary
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= Eventyields in different decay modes are self-consistent

= Eventyields in different production topologies are self-consistent
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What Comes Next?

e This data is our first tantalizing view of a new, exciting and
long-awaited particle.

e LHC will take 2x more data in the rest of 2012 ...
and then continue running through 201 3.

* Priorities include measuring the Higgs in as many different
decays and by as many methods as possible, to fill in the details.

e Above all, we want to know how “standard” the observed
Higgs boson is and whether there are hints of exciting new
particles yet to come.

guardian

Higgs boson discovery: now the real
work begins






