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Higgs fever: Overflow crowd hears about
new particle (w/ Video)

July 18 2012, By Robert Sanders

Diagram of a two-photon decay of a Higgs boson in the ATLAS experiment at
the Large Hadron Collider in Geneva.

Worldwide excitement over the possible discovery of a new fundamental
particle, the Higgs boson. spilled onto campus Friday,July 13, as
hundreds of people — more than the Valley Life Sciences Building’s
Chan Shun Auditorium and an overflow room could hold — turned out to
hear UC Berkeley physicists explain the hoopla.

If not for the Higgs boson, “our universe wouldn’t be at all what it is
today,” Beate Heinemann told the crowd, which ranged from teenagers
to retirees. “The electron would be massless, we wouldn’t have any
atoms, no stars, no galaxies, nothing.”

Heinemann is a member of the ATLLAS experiment team, one of two
large collaborations that announced their results July 4.
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The reigning theory on how matter and energy interact, the 50-year-old
Standard Model predicts a Higgs field that permeates all of space.
Particles moving through it interact and gain mass, like swimmers
slowing down as they moves through water, Heinemann told the crowd.
The more particles interact with or slow as they move through the Higgs
field, the larger their mass.

Theoretical physicist Lawrence Hall noted that the field can’t be detected
directly, but Peter Higgs in 1964 pointed out that this field should have
an associated particle, the Higgs boson, that would be detectable. In a
classic 1975 paper, UC Berkeley physicist Mary K. Gaillard and two
colleagues considered a wide range of masses for the proposed particle,
and the newly discovered boson was found at the upper limit of that
range.

“This influential paper started the search for the Higgs boson. These
were the first calculations of how we could imagine finding the Higgs
boson,” Hall said in a shout-out to Gaillard, who was in the audience.

Europeans unite to build collider to find Higgs boson

The dream of detecting the Higgs boson drove European governments to
pool almost $10 billion dollars to build in Geneva, Switzerland, the
Large Hadron Collider, which was completed in 2008 by the European
Organization for Nuclear Research (CERN). At 16.5 miles around, the
state-of -the-art particle accelerator dwarfs the first particle accelerator
or atom smasher, a 5-inch-diameter device built by UC Berkeley’s Ernest
O. Lawrence in 1932.

“We are just looking for what we think are the basic elements of the
theory of nature,” Hall said of the huge, 10-year project to build the
collider. And if the two teams are right, the Large Hadron Collider has
been a success worthy of a Nobel Prize. The Higgs boson is, in fact, a

2/6


https://phys.org/tags/standard+model/

PHYS 19X

third “type” of elementary particle.

“There are three types of stuff, not two types of stuff,” Hall explained,
betraying his own amazement at the successful detection of the new
particle. Until now, he continued, there were “the matter particles — the
first one, the electron, discovered in 1897 — and the force particles, the
first one, the photon, indirectly discovered in the early 1900s. In the
century since then, we discovered more types of matter particles and a
few force particles. Guess, what? It looks like we have discovered at the
Large Hadron Collider a third type of elementary particle, one that ...
will be with us for the decades to come.”

The big question now, he said, is whether the new particle discovered by
the ATLAS team and the competing CMS team is really the Higgs
boson.

Higgs emerges from colliding proton beams

The new particle was created by slamming two proton beams head on,
generating half a billion proton-proton collisions per second, each of
which annihilates into 3,500 billion electron volts (gigaelectron volts, or
GeV) of energy from which a Higgs boson might emerge.

The ATLAS experiment alone analyzed 800 trillion collisions between
the time the beam turned on in 2010 and June 2012. Of these, eight
interactions appear to have produced a Higgs boson that decayed in a
characteristic way (a pair of Z bosons), while about 200 decayed into
two photons. According to Heinemann, the chances of this happening if
there is no new particle is 1 in 3,500,000, which in the world of particle
physics counts as the discovery of a new particle. The CMS team
counted a similar number of interactions with the same level of
certainty.
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The observed mass, between 125-126 billion electron volts (125 — 126
GeV), i1s within the range of masses predicted for the Higgs boson,

though Heinemann acknowledged that that range is very large, up to 700
GeV.

“We know we have discovered a Higgs-like particle, but don’t know if it
is the Higgs,” she told the crowd.

The Large Hadron Collider continues to collect more data around the
clock, which should tell experimentalists whether the particle’s spin and
other properties coincide with predictions for the Higgs boson. If not,
physicists won’t be too disappointed.

“From the experimental point of view, we are hoping to measure the
properties of this new particle, and while we say we want to see whether
it agrees with the Standard Model Higgs, I think we will all be hoping it
won’t,” said experimentalist Marjorie Shapiro, a member of the ATLAS
team. “We are all hoping this is the beginning of many discoveries and
not the last discovery in our careers.”

In part, the panelists said, this is because the Standard Model Higgs has
problems. To fix them, alternatives have been proposed that involve a
composite Higgs — one composed of other matter particles — that has
extra spatial dimensions beyond our three known multiple universes and
something called supersymmetry.

“The Higgs is a horrible, horrible thing. It is not like the beauty of the
matter particles and force particles connected by symmetry; the Higgs is

this horrible object that we are forced to put into the Standard Model
theory in order to get complexity,” Hall said.

Multiple universes and supersymmetry
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Some variants of the Standard Model, for example, predict not one but
five Higgs bosons. When the Large Hadron Collider reopens in 2014
after a year of upgrades, its energy will double, and other Higgs particles
may be seen.

The dominant variant, however, is supersymmetry, which was first
discovered by UC Berkeley physicist Bruno Zumino in 1974 and applied
to the Standard Model in the 1980s.

The implications of discovering the Higgs, if it is a Higgs, Hall
concluded, is that theorists must now confront the problems in the Higgs
Standard Model and come up with tweaks to the theory. “If I had to
guess, [ would guess that it is going to be supersymmetry,” he said. In
fact, supersymmetry predicted that the mass of the Higgs boson could
not be more than 135 GeV, which is just above the observed 125 GeV.

All this uncertainty is good news for the next generation of physicists,
represented by fellow panelists Miller post-doctoral fellow Josh
Ruderman and graduate student Louise Skinnari.

“What for me 1s most exciting is finding out whether this is consistent
with the Standard Model and whether this is an indication of other new
physics,” Skinnari said.

And as the Large Hadron Collider produces more and more data, young
scientists like Ruderman and Skinnari have the opportunity to discover
new stuff.

“One of the things that is nice for graduate students like Louise is that
that means there are lots of different searches to do,” Shapiro said.
“Each individual is likely not to find anything, but someone is going to
be lucky and win the lottery.”
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