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A Conversation with a Neutrino

Neutrinos are elusive critters, but scientists are learning how to listen to the tales they tell,

by Christopher Wanjek

culrinos are ghostlike particles thas
can pass throwgh hillions of kilo
micters of lead withowt touching o
single alem, Meutrinos are indeed the uli-
sl cosmic snobs, hardly interacting with
matler al all, but that's not stopping scientisis
from striling up a conversation with them,
Meutrinos have o compelling story Lo
tell. Meutrings from the Sun's core are the
telleale signature of nuclear fusion, Neotri-
s from o the  lasl SUPETTIONG,
AX19EFA, revealed that star explosions area
prime source of these particles, which bathe
the universe. helped
Ravmond Davis [eoand Masatoshi Toshiba
garner the 2002 Nobel Prize in Physics,
Neutrinos are elementary particles with
no electrical charge and very litle mass,
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Mese  findings

They come in three Tavers: electron neutri-
nos, muon pealrines, and tao neutrinos.
Each tvpe is similar Wo its namesale particle,
o the charge, And each tepe of neutring
has the ability to mutate into another type of
nendring, yel another recent discovery.
Meutrinos” snobbishness makes them the
perlect cosmic chroniclers, because no incer-
vening matter distorts their message. Con-
steler the case of a black hole or neatron star;
As i strong source of gravity, such compac
objects pull in dust and gas from their vicin-
iy, The environment directly surrounding
the compact  objec
enshrouded, Light

quickly  becormes
— even penclrating
SAMIMA ras
commaotion. But neutrinos pass on through.
With a new peneration of neutrino

cannol easily oscape this

detectors now under construction, scien

tists expect 1o explore the universe as well as
the nature o matter and energy in ways
never before imagined. " Meutrino astronony
i5 in its infancy, wilth great results soon o
come,” says Luis Anchordogui of Northeast

ern Liniversily, For example, he adds, "nen-
trings can offer brand new information
about how neutron stars world”
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Anchordogui is the lead author of an
upcnning  Astraplipsical Journal paper
descriling neulrines from a well-studied
neutron star named AGSAS 26, which s
part of a binary system, His team sugpests
that neutrinos are produced in the flow of
matier Trom the companion star onto the
neutron star The neutrinos avise from pro-
tons whipped elose to light speed by the
neulron stars magnetic field, a teillion

Limes stronger than our Sun's Held,

Morc important, a neutring calcher now
being built at the South Pole, called Toe-
Cube, will be able to detect these neutrinos,

lceCube will use optical sensars to record
Cerenloy radiation (Hue cone, upper left) result-
ing from high-enesgy neutrinos passing through
Antarctic ice. lllustration courtesy of Jodi
Lammoureix and MSF,

This would mark the frst delection of
neutrines from a specific souree other than
the Sun or SN1987A [eeCube, funded in
part by the Matinnal Science Poundation. is
an international, culbic-kilometer detector
built in the elear, decpice of the South Pole.
leeCube attempls Lo catch neatrines as they
enler and pass entively through Earth,
e neutrines lrom ADZI54H26 would
overwhelm those from any other neucron
star sysrem we konow,” savs study coauthor
Lawrence  Livermaore
Mational Laboratory "AD335+26 05 a peri-
orclic sowree, and it fust may be the brightes
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ubservable scurce of the highest-energy

newlrinos [in the range leeCube detects], W
could do multiwavelengthe particle astron-
omy and reconstruct the formation and loss
ol the averetion disk by combining observa-
Lions in }-ravs, gamma rays, and neatrings,”

The team suggests that AN535+26 could
e just the tip of the iceberg for leeCube,
Neutrinos might also be prodieced inside a
neutron star core. Detection of this type of
neutring would be tantamount o sampling
neutron star matter, 2 paramiount achicve
ment that would ar leng last reveal the
nature of the nentren star inlerior and the
physics of matier under extreme graviey.

I a recent Phystea! Review Letiers, Pete
hészires of Penn Slate reported that new
trines could also provide & [-second warn-
ing before a gamma-ray burst, According 1o
the popular fireball model, many gamma-
ray hursls are massive star explosions.
Before the fireball exits the stellar envelope
to ke ganuma ravs, it underaoes internal
shocks. These shocks aceelerate protons,
which collide with X-rays in the newly
forming jeb cavity, which in twrn create
electrons, neutrines, and antineutrinos, The
neutrings punch througly the stellar enve-
lope at least 10 seconds before the gamma
ravs are generated.

Furthermore, neutring bursls appear
even when there is no pamma-ray bursy,
when the stellar envelope chokes off wamma
rays. " There could be a far larper number of
similarly violent bursis detecrable only
through their ulirahigl energy neutrines,”
sy Mésrirns, These baarsts, too, would be
in leetahe's range,

Because of their chameleon-like charac-
teristic of changing lavors so readily,
netrines speak of fundamental pliysics:
the nature of various particles and the
properly ol mass, The conversation is just
ndder way, and ifs sure to be a doogy, 23
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