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Physicists Find Elusive Particle Seen as Key to Universe
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Scientists in Geneva on Wednesday applauded the discovery of a subatomic particle that looks like the Higgs boson.

By DENNIS OVERBYE

Published: July 4, 2012 122 Comments

ASPEN, Colo. — Signaling a likely end to one of the longest, most

expensive searches in the history of science, physicists said

Wednesday that they had discovered a new subatomic particle that

looks for all the world like the Higgs boson, a key to understanding

why there is diversity and life in the universe.

Like Omar Sharif materializing out of

the shimmering desert as a man on a

camel in “Lawrence of Arabia,” the

elusive boson has been coming slowly

into view since last winter, as the first

signals of its existence grew until they

practically jumped off the chart.

“I think we have it,” said Rolf-Dieter Heuer, the director

general of CERN, the multinational research center

headquartered in Geneva. The agency is home to the Large

Hadron Collider, the immense particle accelerator that

produced the new data by colliding protons. The findings

were announced by two separate teams. Dr. Heuer called

the discovery “a historic milestone.”
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The Higgs Boson: Why You Should Care

Jul 6, 2012 4:45 AM EDT
Tiny particles visible for fractions of a second? Turns out the

implications are a very big deal for how we understand the planet,

the universe, and ourselves.
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On the west side of Geneva, about 20 minutes outside the city center, is a

research lab so big, so novel, that it literally straddles two countries. It’s a lab rich

with history: it’s where physicists first realized they could isolate atoms, and

where neutrinos, for the first time ever, were accelerated faster than the speed of

light. Perhaps most recognized, it’s where computer scientists began to

assemble the Web. Not the Internet, but the more core system. The World Wide

Web.
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This week scientists at the

CERN laboratory in

Geneva announced the

discovery of the long

sought after Higgs Boson,

the subatomic particle that

completes the so called

standard model and is

responsible for creating

mass in the universe. Much is being made of the scientific impacts

of the discovery but what of the implications for the financial

services industry? Here are 3 predictions:

The End of ‘Too Big to Fail’

The problem with most banks and insurance companies in 2008

was that they had simply become too massive to be allowed to fail,

costing taxpayers billions of dollars in bailout money. By isolating

the Higgs Boson, scientists may be able to dramatically reduce the

mass of systemically important financial institutions (SIFIs), thus
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Cloud Computing News

Higgs Boson Discovery: Why It`s Important to

All of Us

There are 3 user comments on this Cloud Computing story.

  Table of Contents:
1. Higgs Boson Discovery: Why It`s Important to All of Us

2. Higgs Research Could Lead to Unimagined Discoveries

NEWS ANALYSIS: Even though there are no apparent practical applications for

the discovery of the elusive Higgs Boson, a subatomic particle that gives mass

to everything else in the universe, there is no telling what role it may play in the

future. It will certainly expand our understanding of how the universe took

shape.Higgs Boson Discovery: Why It`s

Important to All of Us 

( Page 1 of 2 )
It’s impossible to overstate the importance of the Higgs Boson, the discovery of

which was announced at CERN (Conseil Européen pour la Recherche

Nucléaire). Without this particle, you wouldn’t exist. For that matter, the

universe wouldn’t exist. That’s because the Higgs Boson creates a field that

gives other particles mass, giving weight and shape to all the matter we see in

the universe 

Or, to describe the indescribable, what the

Higgs Boson does is create a field of virtual

particles that pop in and out of existence, and

while they’re in existence those virtual

particles provide mass to other particles that

are able to interact with them. Photons, which are being created by the bazillion

(to use the precise scientific term) by the monitor in front of you, are the particle

manifestation of the electro-magnetic field we call “light.” Photons are very real

and depending on how they’re observed can appear as either particles or

waves. 
Photons have little mass, so little in fact that it takes something as massive as a

star (or a former star in the form of a black hole) to affect them. In the rest of the

universe, the photon can be considered massless. Another particle with which

you’re familiar is the electron, which does have mass, although not a lot. 
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Published July 05, 2012 LiveScience

Physicists at the world's largest atom smasher announced July 4 that

they are more than 99 percent sure they've found a new, and heavy,

boson particle, that may be the Higgs boson.Two experiments at the Large Hadron Collider (LHC) in Geneva,

Switzerland, show this new particle has a mass of about 125 GeV, with

1 gigaelectron volt about the mass of a proton. The LHC is the most

powerful machine on Earth, capable of producing huge explosions of

energy that generate new and exotic particles inside the 17-mile (27

kilometer) loop underneath Switzerland and France. [New Particle Is

Likely the Higgs Boson ]
If the discovery can be confirmed as the Higgs boson, it will have wide

wide-reaching implications. Here are five of the biggest.1. The origin of mass
The Higgs boson has long been thought the key to resolving the

mystery of the origin of mass. The Higgs boson  is associated with a

field, called the Higgs field, theorized to pervade the universe. As other
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There are 3 user comments on this Cloud Computing story.
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2. Higgs Research Could Lead to Unimagined Discoveries

NEWS ANALYSIS: Even though there are no apparent practical applications for

the discovery of the elusive Higgs Boson, a subatomic particle that gives mass

to everything else in the universe, there is no telling what role it may play in the

future. It will certainly expand our understanding of how the universe took

shape.

Higgs Boson Discovery: Why It`s

Important to All of Us 
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It’s impossible to overstate the importance of the Higgs Boson, the discovery of

which was announced at CERN (Conseil Européen pour la Recherche

Nucléaire). Without this particle, you wouldn’t exist. For that matter, the

universe wouldn’t exist. That’s because the Higgs Boson creates a field that

gives other particles mass, giving weight and shape to all the matter we see in

the universe 
Or, to describe the indescribable, what the

Higgs Boson does is create a field of virtual

particles that pop in and out of existence, and

while they’re in existence those virtual

particles provide mass to other particles that

are able to interact with them. Photons, which are being created by the bazillion

(to use the precise scientific term) by the monitor in front of you, are the particle

manifestation of the electro-magnetic field we call “light.” Photons are very real

and depending on how they’re observed can appear as either particles or

waves. 

Photons have little mass, so little in fact that it takes something as massive as a

star (or a former star in the form of a black hole) to affect them. In the rest of the

universe, the photon can be considered massless. Another particle with which

you’re familiar is the electron, which does have mass, although not a lot. 

Today's Featured Video

Newest Videos

1 12
67

Videos sponsored by

02:38

Articles Labs/How-To Multimedia

Connect with the The Future of IT Architecture

blog. (sponsor)

1:
Physicists Find Evidence of Higgs Boson

Particle  (2012-07-04)

2:
HP Velocity Software Optimizes Networks

for Thin Clients (2012-06-28)

3:
After Successful Collisions, CERN Readies

Large Hadron Collider for Data Collect (2010-

4:
Technical Glitch Doesn't Stop Large Hadron

Collider from Setting World Record (2010-03-

5:
Converting Waste Heat into Electricity (2010-

10-07)

6:
Data Loss Poses Huge Risks for Small

Suggested Related Content:

03:16 03:39 07:05 07:05

07:30 06:34 03:21 03:08

7/6/12 1:33 PM

Higgs Boson Quest Inspires Epic LHC Art : Discovery News

Page 1 of 10

http://news.discovery.com/space/higgs-boson-quest-inspires-epic-art-at-the-lhc-120703.html

skip to main content

earth
space
tech and gadgets

animals
history
adventure
human
brain games

video
rss feeds
discovery.com

 
Discovery News > Space News > Higgs Boson Quest Inspires Epic LHC Art

Higgs Boson Quest Inspires Epic LHC Art

Analysis by Ian O'Neill 

Wed Jul 4, 2012 12:01 AM ET 

(1) Comments | Leave a Comment

Print

7/6/12 1:43 PMEureka! Physicists celebrate evidence of particle - SFGate

Page 1 of 4http://www.sfgate.com/news/article/Eureka-Physicists-celebrate-evidence-of-particle-3683368.php

1 of 12

2 37

Like

0

Eureka! Physicists celebrate evidence of particle
JOHN HEILPRIN, Associated Press
Updated 02:43 p.m., Wednesday, July 4, 2012

VIEW: LARGER |  HIDE

FILE - In this May 20, 2011 file photo, a wall painting by artist Josef Kristofoletti is seen at the Atlas
experiment site at the European Center for Nuclear Research, CERN, outside Geneva, Switzerland. The
painting shows how a Higgs boson may look. Scientists at CERN plan to make an announcement on
Wednesday, July 4, 2012 about their hunt for the elusive sub-atomic particle. Physicists have said
previously they are increasingly confident that they are closing in on it based on hints at its existence
hidden away in reams of data. Photo: Anja Niedringhaus / AP

 
GENEVA (AP) — Scientists at the world's biggest
atom smasher hailed the discovery of "the missing
cornerstone of physics" Wednesday, cheering the
apparent end of a decades-long quest for a new
subatomic particle called the Higgs boson, or "God
particle," which could help explain why all matter
has mass and crack open a new realm of
subatomic science.
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Newsflash: 
CERN Reports on the Higgs

Elizabeth H. Simmons                  
Michigan State University

  July 6, 2012

What is the Higgs Boson?
What did CERN observe?

What comes next?



What is the Higgs Boson?

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

Peter Higgs



Subatomic Structure



MYSTERIES

Flavor:
Why do similar 
fermions have 
different 
masses?

Electroweak:
Why are the 
W & Z bosons 
heavy while the 
photon is 
massless?

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



Higgs Field and Higgs Boson

Nambu-Goldstone modes



A variety of masses:!
   The Higgs field would form a uniform 

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

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



Higgs mass (GeV)

LEP excludes
Fermilab 
excludes

Standard Higgs
Disfavored

Excluded by
LEP Experiments
95% confidence level



What did CERN observe?



Colliders Seeking Answers

Fermilab 
Tevatron 
(1983-2011)

CERN LHC (2008 -  )



Bing Zhou!



Results from Two Experiments

ATLAS

Spokesperson 
Fabiola Gianotti

CMS Spokesperson 
Joe Incandela



1 

Fabiola Gianotti (CERN),  
representing the 
ATLAS Collaboration 

Using the full datasets recorded in 2011 at √s= 7 TeV 
and 2012 at √s=8 TeV: up to 10.7 fb-1 

Status of Standard Model 
Higgs searches in ATLAS 

Fabiola Gianotti (CERN), representing the ATLAS Collaboration 

Status&of&the&CMS&&

SM&Higgs&Search&

Joe&Incandela&

UCSB/CERN&

July%4,%2012&

Raw ΣET~2 TeV 
14 jets with ET>40 
Estimated  PU~50 

2 

Slides from the Official Talks

ACP Higgs-viewing 
party 7-4-2012
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SM	  Higgs	  exclusion:	  signal	  strength	  

Observed:	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  110	  	  –	  122.5	  	  	  	  	  	  	  ....	  	  	  	  	  127	  –	  600	  GeV	  at	  95%	  CL	  

90 



13 

Most recent electroweak and top cross-section measurements 

Inner error: statistical 
Outer error: total 

  Important on their own and as foundation for Higgs searches 
  Most of these processes are reducible or irreducible backgrounds to Higgs 
  Reconstruction and measurement of challenging processes (e.g. fully hadronic tt,  
     single top, ..) are good training for some complex Higgs final states 
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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	  

CMS	  Discovery	  potential	  

14 



Ju
ly

 4
th
 2

01
2 

 T
he

 S
ta

tu
s 

of
 th

e 
H

ig
gs

 S
ea

rc
h 

   
J.

 In
ca

nd
el

a 
fo

r t
he

 C
M

S
 C

O
LL

A
B

O
R

AT
IO

N
 

H èγγ 
candidate 
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S/B	  Weighted	  Mass	  Distribution	  
§  Sum	  of	  mass	  distributions	  for	  each	  event	  class,	  weighted	  by	  S/B	  

§  B	  is	  integral	  of	  background	  model	  over	  a	  constant	  signal	  fraction	  interval	  

43 



38 

2e2μ candidate with m2e2μ= 123.9 GeV 

pT (e,e,µ,µ)=  18.7, 76, 19.6, 7.9 GeV,    m (e+e-)= 87.9 GeV, m(µ+µ-) =19.6 GeV 
12 reconstructed vertices 



Ju
ly

 4
th
 2

01
2 

 T
he

 S
ta

tu
s 

of
 th

e 
H

ig
gs

 S
ea

rc
h 

   
J.

 In
ca

nd
el

a 
fo

r t
he

 C
M

S
 C

O
LL

A
B

O
R

AT
IO

N
 

Results:	  m(4l)	  spectrum	  

164	  events	  expected	  in	  [100,	  800	  GeV]	  
172	  events	  observed	  in	  [100,	  800	  GeV]	  
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12 Data

Z+X

*,ZZaZ

=126 GeVHm

µ, 2e2µ7 TeV 4e, 4
µ, 2e2µ8 TeV 4e, 4

CMS Preliminary -1 = 8 TeV, L = 5.26 fbs ; -1 = 7 TeV, L = 5.05 fbs

 [GeV]4lm
80 100 120 140 160 180
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Characterization	  of	  excess	  near	  125	  GeV	  

91 

§  high	  sensitivity,	  high	  mass	  
resolution	  channels:	  γγ+4l	  	  

§  γγ:	  	  4.1	  σ	  excess	  
§  4	  leptons:	  3.2	  σ	  excess	  
§  near	  the	  same	  mass	  125	  GeV	  

	  

§  comb.	  significance:	  5.0	  σ	  	  

§  expected	  significance	  	  
for	  SM	  Higgs:	  4.7	  σ	  	  
	  



44 

Combined results:  the excess 

5σ Expected  
from SM  
Higgs at 
given mH 

Global significance: 4.1-4.3 σ (for LEE over 110-600 or 110-150 GeV) 

Maximum excess observed at  

Local significance (including energy-scale systematics)  

mH = 126.5 GeV 

5.0 σ 

Expected from SM Higgs mH=126.5  4.6 σ 

Probability of background up-fluctuation 3 x 10-7 

Expected  
from SM  
Higgs at 
given mH 



What Comes Next?
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Evolution of the excess with time  

Energy-scale  
systematics 
not included 
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Compatibility	  with	  SM	  Higgs	  boson	  	  
event	  yields	  in	  different	  modes	  (2)	  

§  Event	  yields	  in	  different	  decay	  modes	  are	  self-‐consistent	  
§  Event	  yields	  in	  different	  production	  topologies	  are	  self-‐consistent	  

100 



What Comes Next?

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

•   LHC will take 2x more data in the rest of 2012 ... 
and then continue running through 2013.

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

•  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.

7/6/12 11:35 AMHiggs boson discovery: now the real work begins | Science | guardian.co.uk

Page 1 of 4http://www.guardian.co.uk/science/2012/jul/04/higgs-boson-discovery-real-work

Proton-proton collisions as measured by the European Organisation for Nuclear Research (Cern) in its search for the
Higgs boson particle. Photograph: Fabrice Coffrini/AFP/Getty Images

The search for the arcane, theoretical particle known as the Higgs boson has drawn on
the world's largest scientific instruments and occupied thousands of researchers over
more than two decades. The discovery – or probable discovery – at Cern, the particle
physics lab near Geneva, will go down as a triumph of science, engineering and
collective hard graft. Now the real work begins.

Months and years of analysis lie ahead to confirm that the particle is the elusive Higgs
boson. If so, physicists want to know whether it is the simplest kind of particle put
forward in physicists' theories, or something more unusual – and more exciting.

"It's clear there's a great deal more to be done experimentally, even after they announce
a discovery," says Steven Weinberg, a professor of physics at the University of Texas at
Austin, who won the Nobel prize in 1979 for work that used the maths behind the Higgs
theory to show how two forces of nature, the electromagnetic force that carries light,
and the weak force, which drives some kinds of radioactive decay, were one in the early
universe.

Sign into the Guardian using your Facebook account

Higgs boson discovery: now the real
work begins
Scientists at Cern are confident they have found the 'God particle',
but months and years of analysis lie ahead

Ian Sample, science editor at Cern, Geneva
guardian.co.uk, Wednesday 4 July 2012 09.37 EDT




