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:ﬁPicture Database

Classic images from the world of particle physics featuring discoveries, people, experiments, or
images that are simply good to look at. A simple explanation accompanies them. There is also an
archive!

29 April 1998

A new neutring telescope

Today sees the official opening of the Sudbury Neutring Observatory (SNO), located in the
Creighton mine in Sudbury, Ontario. SNO has been designed to catch neutrinos from the Sun - in
particular, it will use 1000 tonnes of heavy water in an attempt 1o solve the puzzle as to why
previous experiments seem to deteet oo few newtrinos, This image shows the 12-m diameter
acrylic vessel built to hold the heavy water. It bristles with the 10,000 light-sensitive phototubes
which will detect light Mlashes (Cherenkov radiation) emitted when neutrinos interact in the water.

Credit: Ernest Orlando Lawrence Berkeley National Laboratory
Please contact persor or institirtion ramed for information abour permission for public er cemmercial e,

Previous pictures, Picture index, Alphabetical Index, Picture of the Week

e 2ece) Cool |This website is supported through a grant from the Particle
Site |Physics and Astronomy Research Council (PPARC)

No warranties are given as to the correctness of information contained in this web,

Mo liability can be accepted for any situation arising from use of information contained in this
weh,

For problems or questions regarding this web please contact the WebMasier,

hup:ihepweb.rlac.uk/ppUKpicsPOW/pr_980429 html 31201
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Classic images from the world of particle physics featuring discoveries, people, experiments, or
images that are simply good to look at. A simple explanation sccompanics them. There is also an
archive!

16 June 1999

A neutrine’s eye-view inside SNO

A view inside the Sudbury Neutrino Observatory (SNO) shows the geometric arrangement of the
phototubes that detect light flashes emitted when the elusive particles called ncutrinos interact in
the detector, SNO, located in the Creighton mine in Sudbury, Ontario, has been designed o catch
neutrings from the Sun. In particular, it uses 1000 tonnes of heavy water in an attempt 1o solve the
puzzle as to why previous experiments seem 1o detect too few neutrinos, This wide-angle image
shows the view inside the 12-m diameter acrylic vessel built to hold the heavy water.

Altogether, 10,000 phototubes surround the vessel, to detect the flashes of light (Cherenkoy
radiation) emitted by electrically charged produced when neutrinos interact in the water. (The
phototubes, and their light-concentrating "collars” can be seen more clearly in a closer image) .

Credit: Ernest Orlando Lawrence Berkeley National Laboratory
Mease contact person or institution named for inforutation abont permission for public er commercial wse.

Previous pictures, Picture index, Alphabetical Index, Picture of the Week

Opnlhecky Cogl This wehsite is supported through a grant from the Particle
Site |Physics and Astronomy Research Council (PPARC)

Mo warranties are given as to the correctness of information contained in this web.

No liability can be accepted for any situation anising from use of information contained in this
web.

For problems or questions regarding this web please contact the WebMaster,

httpa/fhepweb.rlac uk/ppUKpicsPOW/pr_990616.himl 3601
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Classic images from the world of particle physics featuning discoveries, people, experiments, or
images that are simply good to look at. A simple explanation accompanies them. There is also an
archive!

9 June 1999

SNOYs first images

Within days of commencing full operation the Sudbury Meutrino Observatory (SNO) observed this
striking event, shown here in an image in which the detector is seen from side. The white lines
indicate geodesic support strecture for the 10,000 photomultiplier tubes (PMTs) that detect light
(Cherenkov radiation) emitted by charged particles produced in the interactions of neutrinos in the
1000 tonnes of heavy water within the detector. This light is emitted in a cone around the panticle’s
path, and 50 forms a circular pattern when it strikes walls of the detector.

The coloured hexagons reveal the PMTs that have registered photon hits (light) in this event. The
arca of hits with the pink centre appears to have been caused by a muon exiting the detector, (The
black area within this pattern is the hole in the PMT sphere for the chimney at the top of the acrylic
heavy-water container.) This shows that the muon was headed almost straight up. The neutrino
that reacted within the detector to create this muon would have to have been produced in a cosmic-
ray interaction within the atmosphere on the other side of the Earth. The second ring of hits with a
hollow centre is probably from a particle (a pi-meson) produced when aguark struck by the
neutring was ejected all the way from its parent proton or neutron in a nucleus in the heavy water,

Credit: SNO collaboration

For the full event display see here; and further images of this event can be accessed here (jpg
and tiff format).

See also pictures from inside the acrylic vessel; a phototube and light concentrators; SNO under
construction: and see here for a further selection of images

Please contacted credited institutions if you require higher resolution images

hupeffhepweborlac uk/ppUKpicsPOW pr_ 990609 himl 31201
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e 2y Cool |This website is supported through a grant from the Particle
site |Physics and Astronomy Research Council (PPARC)

No warrantics are given as to the correctness of information contained in this web,

Mo liability can be accepted for any situation arising fram use of information contained in this
web,

For problems or questions regarding this web please contact the WebMaster,

http:fhepweb.rlac.ub/ppUK pics/POW/pr_ 9609 himl 31201



Search for M, : » cscilladions

OPPRAraNce. experimenis
disoppearance xperiments’

Disoppearase *
Start with on infense beam of V), (o)
ond count tham for oway 1y See If

o froction hos disoppenned.

duveed by sun. So/. disoppecred
e e

S‘bmyd-kmhmm puie beam of ¥

of one Hype ond See l'FMt.d\M\&Q
mio oncther Hype

2.9.CEeN (Chorus «Nowad )
Stost w’i‘l-k?um bwnmdf \'J’_
cheti |F+I\m, ar prodicing >
Yy VAMd—T

eg. Cotwmie o4 DT M YV, o



Foress
Grayity
Bﬁomﬂnd\‘c. Weak. Streng

/9 ep inlH alowe
Grovity PE. 4o
Elec\rnma& % o

e.f. SISC-OF PM"W & ]o"'sm
S 5 |
3e of wniv. €105 55 ye
< Jo*®
'D-“o‘.‘:- Rodivs o{:éon
Podws OF Uni verfe
" \S‘\DW G‘NWH'\/ -F:f wdividval
ﬁgﬂ\d@ of prasent enepyics
(in m loggth or o &V am_;wﬂ)




Io* colhsmh/w 9|
“Todw © Bo:50chance per P



PORCES Sommany

(cemember thot wowes a—s porHcles)

NAME ackion CARRIER

Gravity M“ graviton ?

Eleciro '

T e
ot op

s B-eockoackvily  wh - 20
P2 He inSun

-S'l'rnng quotks gfoed frs
inside PR 98:1:«%)
P in nueley

Onl Hhe meok force carriers have MASSes

M, ~ BO Gey/e>



1864
Moxwel| umfies electricity and magnetism
® electromagnehism

[00 years later
Gloshew Salam Weinberg propese
unificathion of Electromagnehe and weak

electro-weak

They use Higgs mechonism

—> predict force carriers
Wt W- 20 5

= ™Masses prediched,

1983- 84

W ond 2 poartelas found by Cerv
'.npmtnts UA! B UA?.

(my=0))

- T
Rubbia +von dar Meer—> Nebal Rrie



Z Tone E +E =M c" =91V
+ 2

Z vastoble . Decoys dmocra&m\ly ks
93 €€ Py TE
VR P NN o

% of decey pals

Y

Since 19% LEP €100 Gov) + & (lookay) » wiw
+ loeke -qu le e




2 Liferime

H"“‘"Lﬂ-‘j Unculo.l\w}y Rrinciple.
AE At ~% « bx lo"z‘ GeY Sec

oomple At = Lifehme of unstoble parfice
» AE=AMS = bxlo™GV
At (se)

¢te»2 (produchim probobiliky)

A
- E

E 2916y

M= AE = 2.5 GeV

25
*Li“’ﬂ".‘:[o Sec



fa

e

L &\ﬂmﬂ. z.U

E2 M, o unfreeze”



¢ — 3

€] =) €9









P
w ~ :
gL
> LL I
5t O(3oGY)
Q) SuxU  eSwangks
2 1 ﬁ &
M ., ~°0(%0) GeV

W is “wrwal”  Ag » 2o Gev
Ax € cp\r 101.4; lg’li'; s @ =









Elc.;;_ ‘ _Ah,m
o\“ﬂﬁﬂ STAT'CS b“\d& Hﬂd"‘ﬂﬂ.‘i

ChromoMAGNETIC pecibaticn

€9. ig cne.r&’
(o ) ———-{"E—_ $$ gsil.

“2: ;: __ $ * ' s,o

o6 —_—— $$ %, §1Ton)

a a %t 'Sﬁ w(&:-nf-iﬂf)

m__d *“ A (1240NY)

\"'__‘*& P (Y4oMey)



Electo « Cheordf R SF

QD qok-pa - Wl

/v\ L1 /L\"f Sluon

At source










ERDE=UmS

FPFL=2AT




QCD = b drell + s

P 1B

“0! g exh-q feature
}. in GCD but m}-winﬁ@b

P different ling range V(r)
=2 new qutmﬁm eﬂtdﬁ
Sraernel 4 Yol
QED &

= GLUEBALLS



I'irtm : ﬂfec“l_\le Skexghhs @volve™ nith bregyy

/o Gy



3ig By C+P
Thermal Equilibrium:

e P ﬂvff
.

e+ QP e—> P + .

Temperature (energy) drops = -

After 1 PSeC = one way only: ."-'ié
A P g, v P
. — . + @ + o

Buf of the some hme.:

®o+0 — @ (@

then like processes 2 and 3 in +he
Suunhi] all the. neutrons have gone
X maArKING
Helivm =
Partickes So for apart In the
2rpondwy universe that they

o |on_qtr nreract



1'=_l/4:¢c aF'T!; Bld'—'ANl—

~ flewtrinos are free
( thefirst fossils in the Universe)

move. at hgh speed
ond if they have mass they
stort clustering
—>contribute %o formation of galaxes

Bilhon » 'PEFG"O“\
> £ my) > mproton)/10% =leV

they will clommate mass
density of the Univarse

® m,, big question

for fuhre o universe
and its formakion



D




Rate depends en pressure
which dependS on the
temperadvre in the gas and
Hhe number of neutrines inside
e gos volume (densriy)

and s Cepends o



TEM . u'm— offer Big BAne

757 pretons
ZA.Z ?H'-::ium Nuele,
+Small amount of deuterons

T3 ¥ species |
elivm obundance® o wmk
deperds on expansion rate of the.

Dh“m whch M on nmd
neutrmo S

B port of DARK MATER pezk



Time Posses. Tamp crops

300,000 vews |ater  F<looy
T< 1p*K

electrons combine with nuclel
ond moke neudral odoms
/M

o
eleciromognehc rodiohon was sel free
Universe becomes dronsperent

10

T vews later
E 2 shedehed : Mcrowone Rowd.
‘Blomgho@hnd@mﬂ 3K W

(Smu fmchahos vk Wuwave red
= hints of profo structures, galoxier

"M mlﬁ uui‘-!ﬁt)



DARK MATTER

Rototion speed via gravity

atound o cemtral wass

CARE>-

2

Newton: F=GMm _ myv

R* R

2_ GM
L

Speed goes down as J'E




Super K - tank i [easncnttt Page 1 of 2

<2 Picture Database

Classic images from the world of particle physics featuring discoveries, people. experiments, or
images that are simply good to look at. A simple explanation accompanies them. There is also an
archive!

10 June 1995

Super-Kamiokande - 9000 neutrino eyes

One thousand metres underground in a mine in Kamioka in Japan, a huge tank of water, 42 m high
and 39 m in diameter, watches for the interactions of the elusive particles called neutrinos. The
walls, ceiling and floor of the tank - which is the major part of a detector called Super-
Kamiokande - are covered at regular intervals by 11,146 light-sensitive phototubes, each about 50
cm in diameter, These pick up light (Cherenkov radiation) emitted as the energetic charged
particles produced in the neutrino interactions travel through the water, This picture shows about
Q000 of the tubes - the small bright spots - on the walls and ceiling of the tank, before it was hilled
with water, Super-Kamiokande detects neutrinos emitted in nuclear interactions in the Sun, and
also in the interactions of cosmic-ray particles in the atmosphere. Measurements of these
“atmospheric neutrinos” suggest that neutrinos may “oscillate”™ - change from one Lype 1o another -
which they can do only if they have some mass, although this mass must be very, very small.

Credit: Super-Ramiokande
Flease connmct person or institieion named for tnforauion abont permission for public or commercial nxe,

Previous pictures, Picture index, Alphabetical Index, Picture of the Week

oalecy Cogl [This website is supported through a grant from the Particle
Site |Physics and Astronomy Research Council (PPARC)

No warranties are given as to the comrectness of information contained in this web.

hitp:fihepweb.rlac. uk/pp UK picsPOW/pr_980610.html 312001
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images that are simply good 1o look at. A simple ¢xplanation accompanies them. There is also an
archive!

6 December 2000 )

Neutrinos - 70 years on

On 4 December 1930, theorist Wolfgang Pauli wrote a famous letter in which he dared b
hypothesise the existence of new particle - the particle now known as the neutring. Pauli proposed
the new particle to explain why energy seemed 1o go missing in the form of radioactivity known as
beta-decay. The neutrino would took away encrgy bul without being detected, as it has no electric
charge and a very small mass. It was 1o be another 26 years before Fred Reines and Clyde Cowan
claimed the first detection of Pauli’s "undetectable” particle,

Nowadays. neutrinos are detected in many experiments throughout the world, In this IMAge an
clectron-neutring - the kind of neutring that steals the energy in beta-decay - has been detected in
the vast tank of waler that forms the super-Kamiokande experiment in Japan. Imagine looking
down into the cylindrical tank, 42 m deep. The dots are phototubes on the curved walls, and the
coloured blocks show where light has struck a tube, The ring of light has been produced by an
electron moving through the water faster than light does, to produce Cherenkov radiation. You can
find out more about this image, and a comparison with a muon-neutring here.,

Credit: Super-Kamiokande/ Tomasz Barszceak
FPlease contect person or institusion mamed for infarmation about pernission for public or commercial e,

Previous pictures, Picture index, Alphabetical Index, Picture of the Week

pen Direc Cool | This website is supported through a grant from the Particle
Site |Physics and Astronomy Research Council (PPA RC)

Im]:-:.-f.fhcm-.-ch.rl..'l-::.ul:fppUKerx."P(}W.l’pr_{m 1 206.himl 3201
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Picture Database

Classic images from the world of particle physics featuring discoveries, people, experiments, or
images that are simply good to look at. A simple explanation accompanies them. There is also an
archive!

20 December 2000

Seasons greetings and best wishes for a prosperous New Year to all !

Three {or more 7) Cherenkov light rings

“On the thivd day of Chiristmas, my plysicist sent to me ...". Multiple rings of Cherenkov light
brighten up this display of an event found in the Super-Kamiokande neutrino detector in Japan,
The pattern of rings - produced when electrically charged particles travel faster through the water
in the detector than light does - is similar to the result if a proton had decayed into a positron and a
neutral pion. The pion would decay immediately 10 two gamma-ray photons that would produce
fuzzy rings, while the positron would shoot off in the opposite direction (o produce a clearer ring.
Such kinds of decay have been predicted by “grand unified theories" that link three of nature’s
fundamental forces - the strong, weak and electromagnetic forees. However, there is 5o far no
evidence for such decays; this event, for example, did not stand upr to closer scrutiny.

Credit: Super-Kamiokande/Tomasz Barszezak
Plense contact persen or instituifon named for information abont permission for prblic er commercial nae.

Previous pictures, Picture index, Alphabetical Tndex, Picture of the Week

7 Cool [This website is supported through a grant from the Particle
E@ Site |Physics and Astronomy Research Council (PPARC)

Mo warranties are given s to the correctness of information contained in this wehb.
No liability can be accepled for any situation arising from use of information contained in this
wich,

hitp:ffhepweb.rl.ac.uk/ppUK pics/POW/pr_001220.htm| 312001
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Cfficial Super-Kamiokande Press Release from Japan

MEDIA ADVISORY for afternoon June 5, 1998, Takayama,
Japan

EVIDENCE FOR MASSIVE NEUTRINOS

We announce today at "Neutrino "98", the international physics conference underway in Takayama,
Japan, that the Super-Kamiokande Experiment has found evidence for non-zero neutrino mass,
Neutrinos are tiny, electrically neutral, sub-atomic particles. Papers related to the results were
submitted to the scientific journals "Physical Review Letters” and "Physics Letters.” The experiment
yields results that are outside the standard theory of panticle physics, which deseribes the fundamental
constituents of matter and their interactions. Until now, there has been no firm evidence that
neutrings possess mass.

The new evidence is based upon studies of neutrinos which are created when cosmic rays,
fast-moving particles from space, bombard the carth's upper atmosphere producing cascades of
secondary particles which rain down upon the earth. Most of these neutrinos pass through the entire
carth un-scathed. The Super-Kamiokande group uses a large, 50,000 ton tank of highly purified
water, located about 1000 meters underground in the Kamioka Mining and Smelting Company
Mozumi Mine. Faint flashes of light given off by the neutrino interactions in the tank are detected by
more than 13,000 photomultiplier tubes that were manufactured for the experiment by Hamamatsu
Corporation.

By classifying the neutrino interactions according to the type of neutrine involved (electron-neutrino
or muon-neutring) and counting their relative numbers as a function of the distance from their
creation point, we conclude that the muon-neutrinos are "oscillating”. Oscillation is the changing
back and forth of a neutrine's type as it travels through space or matter. This can occur only if the
neutring possesses mass, The Super-Kamiokande result indicates that muon-neutrinos are
disappearing into undetected tau-neutrinos or perhaps some other type of neutrino (e.g.,
sterile-neutrino). The experiment does not determine directly the masses of the neutrinos leading to
this effect, but the rate of disappearance suggests that the difference in masses between the oscillating
types is very small. The primary result that we are reporting has a statistical significance of more than
5 standard deviations. An independent measurement based on upward-going muons in the detector
confirms the result at the level of more than 3 standard deviations.

The Super-Kamiokande Collabaration includes scientists from 23 institutions in Japan and the United
States, Principle funding for the experiment is provided by the Japanese Ministry of Education,
Science, Sports, and Culture (Mombushe) while funding for the detector’s outer most region is
provided by the United States Department of Energy. In addition to advancing our understanding of
basic science, the collaboration has established a strong interational partnership between the
Japanese and American teams.

Since the beginning of its operation in April, 1996, the Super-Kamiokande experiment has been the
maost sensitive in the world for monitoring neutrinos from various sources, In our studies, we have
found interesting results in the measurements of electron-neutrinos coming from the sun. The number
detected is about 35% of the number predicted by the well established theoretical model of the sun's
neutrino producing processes. In addition, we obtained an indication that the observed energy
spectrum of those neutrinos is deformed from the the predicted one. Super-Kamiokande's observation
of too few electron-neutrinos coming from the direction of the sun also may be interpreted as due to
oscillations. We are continuing to study this exciting possibility.

Reflecting on the significance of the new finding, we note that massive neutrinos must now be
incorporated into the theoretical models of the structure of matter and that astrophysists concerned
with finding the "missing or dark matter' in the universe, must now consider the neutrino as a serious
candidate,

laf2



The Super-Kamiokande Collabeoration

MEDIA ADVISORY for afternoon JUNE 5, 1998, Takayama,
Japan

SUPER-KAMIOKANDE OPERATION
JEOPARDIZED BY BUDGET CUT

The Super-Kamickande experiment, using a gigantic water filled detector, began operation over 2
years ago in April, 1996. Today, we announced that evidence has been found for non-zero neutring
mass (See attached, EVIDENCE FOR MASSIVE NEUTRINOS). This important physics result
follows from our precise measurement of the compesition of atmospheric neutrinos. We will continue
our observations and will study the details which may clarify the role of the mysterious neutrinos in
elementary particle physics and in the universe,

In addition, we will continue to study the characteristics of electron-neutrinos from the sun; we will
maintain a vigilant watch for neutrino bursts arising from supernovae explosions within our galaxy;
and we will search for proton decay to the longest lifetimes ever probed experimentally. We expect
results from these studies to be as significant as the present finding of finite neutrino mass through
our study of atmospheric neutrinos.

The sensitive measurements being made by Super-Kamiokande require continuous operation of the
detector facility to obtain maximum efficiency for acquiring data. This is essential if important new
physics results are to be achieved. Unfortunately, due to the financial difficulty of the Japanese
government, the operating funds for Super-Kamiokande have been reduced by 15% for the present
fiscal year. This is a serious budget cut for the experiment and may require us to cease operation for
up to 2 months this year.

An additional 15% cut back is expected in the next fiscal vear, resulting in a 30% reduction compared
to the JFY97 budget. Under these circumstances, we will have no option but to stop the operation of
the experiment and make no observations for a certain time, perhaps as long as 4 months. We regret
that these culs in government funds are being applied equally, across-the-hoard, to all institutions,
without consideration of the relative scientific importance of the projects or the devastating impact
that such cuts may have,

Super-Kamiokande has begun to produce physics results which will require changes in our standard
pictures of particle physics and the universe. More results are expected with continued operation of
the experiment. Budget cuts which stop the detector operation, jeopardize the strength of the
international collaboration and could result in the loss of important observations, such as a rare
supermnova event. The U.S. collaborators are requesting that ICRR, The University of Tokyo, make
every effort not to interrupt the experiment. We ask everyone to understand the importance of this
international collaboration for obtaining new observations in basic physics research, We appeal for
continuous operation support for Super-Kamiokande.

The Super-Kamiokande Collaboration,

2afl
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