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March 1989
First proposal written at CERN by
Tim Berners-Lee.

October 1990
Tim Berners-Lee and Robert
Cailliau submit revised proposal
at CERN.

November 1990
First prototype developed
at CERN for the NeXT.

March 1991
Prototype linemode browser
available at CERN.

January 1991
First HTTP servers outside
of CERN set up including servers
at SLAC and NIKHEF.

July 1992
Viola browser for X-windows
developed by P. Wei at Berkeley.

November 1992
Midas browser (developed at
SLAC) available for X-windows.

January 1993
Around 50 known HTTP servers.

August 1993
O’Reilly hosts first WWW Wizards
Workshop in Cambridge, Mass.
Approximately 40 attend.

February  1993
NCSA releases first alpha version
of “Mosaic for X."

September 1993
NCSA releases working versions
of Mosaic browser for X-win-
dows, PC/Windows and Macin-
tosh platforms.

October 1993
Over 500 known HTTP servers.

December 1993
John Markov writes a page and a
half on WWW and Mosaic in the
New York Times business sec-
tion. Guardian (UK) publishes a
page on WWW.

May 1994
First International WWW Confer-
ence, CERN, Geneva, Switzer-
land. Approximately 400 attend.

June 1994
Over 1500 registered HTTP
servers.

July 1994
MIT/CERN agreement to start
WWW Organization.

October 1994
Second International WWW Con-
ference, Chicago, Illinois, with
over 1500 attendees.
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TECHNICALLY the World Wide
Web hinges on three enabling
protocols, the HyperText

Markup Language (HTML) that speci-
fies a simple markup language for
describing hypertext pages, the
Hypertext Transfer Protocol (HTTP)
which is used by Web browsers to
communicate with Web clients, and
Uniform Resource Locators (URL’s)
which are used to specify the links
between documents.

Hypertext Markup Language
The hypertext pages on the Web

are all written using the hypertext
markup language (HTML), a simple
language consisting of a small num-
ber of tags to delineate logical con-
structs within the text. Unlike a proce-
dural language such as Postscript
(move 1 inch to the right,  2 inches
down, and create a green WWW in 15
point bold Helvetica font), HTML deals
with higher level constructs such as
“headings,” “lists,” “images,” and so
on. This leaves individual browsers
free to format text in the most appro-
priate way for their particular environ-
ment; for example, the same docu-
ment can be viewed on a Mac, on a
PC, or on a linemode terminal, and
while the content of the document
remains the same, the precise way it
is displayed will vary between the dif-
ferent environments.

The earliest version of HTML (sub-
sequently labeled HTML1), was delib-
erately kept very simple to make the
task of browser developers easier.
Subsequent versions of HTML will
allow more advanced features.
HTML2 (approximately what most
browsers support today) includes the
ability to embed images in docu-
ments, layout fill-in forms, and nest
lists to arbitrary depths. HTML3

(currently being defined) will allow still
more advanced features such as mathe-
matical equations, tables, and figures
with captions and flow-around text.

Hypertext Transfer Protocol
Although most Web browsers are

able to communicate using a variety of
protocols, such as FTP, Gopher and
WAIS, the most common protocol in use
on the Web is that designed specifically
for the WWW project, the Hypertext
Transfer Protocol. In order to give the
fast response time needed for Hypertext
applications, a very simple protocol
which uses a single round trip between
the client and the server is used.

In the first phase of a HTTP transfer
the browser sends a request for a docu-
ment to the server. Included in this
request is the description of the docu-
ment being requested, as well as a list of
document types that the browser is
capable of handling. The Multipurpose
Internet Mail Extensions (MIME) standard
is used to specify the document types
that the browser can handle, typically a
variety of video, audio, and image for-
mats in addition to plain text and HTML.
The browser is able to specify weights
for each document type, in order to
inform the server about the relative
desirability of different document types.

In response to a query the server
returns the document to the browser
using one of the formats acceptable to
the browser. If necessary the server can
translate the document from the stored
format into a format acceptable to the
browser. For example the server might
have an image stored in the highly com-
pressed JPEG image format, and if a
browser capable of displaying JPEG
images requested the image it would be
returned in this format; however, if a
browser capable of displaying images
only if they are in GIF format requested

World  Wide Web Prot oc o ls
the same document the server would
be able to translate the image and
return the (larger) GIF image. This
provides a way of introducing more
sophisticated document formats in the
future but still enabling an older or
less advanced browser to access the
same information.

In addition to the basic "GET"
transaction described above the HTTP
is also able to support a number of
other transaction types, such as
"POST" for sending the data for fill-out
forms back to the server and "PUT"
which might be used in the future to
allow authors to save modified ver-
sions of documents back to the
server.

Uniform Resource Locators
The final keys to the World Wide

Web are the URLs which allow the
hypertext documents to point to other
documents located anywhere on the
Web. A URL consists of three major
components:

<protocol>://<node>/<location>
The first component specifies the

protocol to be used to access the
document, for example, HTTP, FTP, or
Gopher, etc. The second component
specifies the node on the network
from which the document is to be
obtained, and the third component
specifies the location of the document
on the remote machine. The third
component of the URL is passed with-
out modification by the browser to the
server, and the interpretation of this
component is performed by the
server, so while a document's location
is often specified as a Unix-like file
specification, there is no requirement
that this is how it is actually inter-
preted by the server.



THE SPIRES database and SLD
information featured in this arti-

cle can be accessed from the
SLAC home page at:

http://www-slac.slac.stan-
ford.edu/FIND/slac.html
The illustrations on the Web in

this article show the Midas WWW
browser developed at SLAC. Infor-
mation on obtaining and using this
browser is available from:

http://www-midas.slac.stan-
ford.edu/midas_latest/intro-
duction.html
Pointers to other pages men-

tioned in this article:
Global Network Navigator:
http://nearnet.gnn.com/gnn/
GNNhome.html
CommerceNet:
http://www.commerce.net
Stanford Shopping Center:
http://netmedia.com/ims/ssc/
ssc.html
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Operating Solar Neutrino Experiments

Name Target Mass Threshold Detector Type Location
(tons) (MeV)

Homestake 37Cl 615 0.86 radiochemical Black Hills,
South Dakota

Kamiokande H2O 680 7.5 electronic Japanese
Alps

GALLEX 71Ga 30 0.2 radiochemical Gran Sasso,
Italy

SAGE 71Ga 57 0.2 radiochemical Caucasus
Mtns., Russia



SOLAR
NEUTRINO

FLUXES

The spectrum of solar neutri-
nos that is predicted by the
standard solar model is

shown in the graph below. The
basic low-energy neutrino fluxes,
from pp and pep neutrinos, are
most closely related to the total
solar luminosity and are calculated
to an estimated accuracy of about
1 percent. These reactions initiate
the nuclear fusion chain in the Sun
and produce neutrinos with a max-
imum energy of 0.4 MeV (pp neu-
trinos) or an energy of 1.4 MeV
(pep neutrinos). Electron-capture
by 7Be ions produces the next
most abundant source of neutri-
nos, a 0.86 MeV neutrino line,
whose flux has an estimated theo-
retical error of 6 percent. Neutrinos
from the beta decay of 8B can
have energies as high as 14 MeV;
they are rare and their flux is cal-
culated to an estimated accuracy
of only 15 percent.

pp: p + p → 2H + e+ + νe

pep: p + e− + p → 2H + νe

7Be: 7Be + e− → 7Li + νe

8B: 8B → 8Be + e+ + νe

→

→ −

The energy spectrum of neutrinos from
the pp chain of interactions in the Sun,
as predicted by the standard solar
model. Neutrino fluxes from continuum
sources (such as pp and 8B) are given in
the units of counts per cm2 per second
per MeV. The line fluxes (pep and 7Be)
are given in neutrinos per cm2 per sec-
ond. The pp chain is responsible for
more than 98 percent of the energy gen-
eration in the standard solar model. Neu-
trinos produced in the carbon-nitrogen-
oxygen CNO chain are not important
energetically and are difficult to detect
experimentally. The arrows at the top of
the figure indicate the energy thresholds
for the ongoing neutrino experiments.





THE HOMESTAKE AND THE KAMIOKANDE solar neu-
trino experiments are not consistent with each other
unless some physical process—not included in stan-

dard electroweak theory—affects the energy spectrum of 8B
neutrinos. The argument leading to this conclusion goes as
follows:

The most recent result of the Kamiokande experiment for
the rare 8B neutrinos is

Flux (8B) = (2.89 ± 0.41) × 106 cm−2s−l, (1)

where I have combined quadratically (both here and below)
the statistical and systematic errors. I have shown else-
where that if standard electroweak theory is correct, then
the shape of the energy spectrum from 8B solar neutrinos
must be the same (to 1 part in 105) as the shape deter-
mined by laboratory experiments. The absorption cross sec-
tion is known accurately for 8B neutrinos with a standard
energy spectrum incident on a 37Cl nucleus. Therefore, if
standard electroweak theory is correct, the capture rate in
the Homestake chlorine experiment from the 8B neutrino
flux observed in the Kamiokande experiment should be

Rate in Cl (8B) = (3.21 ± 0.46) SNU, (2)

where 1 SNU = 1 neutrino capture per 1036 target atoms per
second. But the observed rate in the chlorine experiment
from all neutrino sources is

Obs Rate in Cl = (2.55 ± 0.25) SNU. (3)

Subtracting the rate due to 8B neutrinos as determined
by the Kamiokande experiment (2) from the rate due to all
neutrino sources (3), we find that the best estimate for the
capture rate in the chlorine experiment from all sources
except 8B neutrinos, assuming standard electroweak theory
to be correct, is

Obs Rate in Cl(pep + 7Be + CNO) = –0.66 ± 0.52 SNU, (4)

where CNO represents the sum of all neutrino-producing
reactions in the CNO cycle. This negative value for the sum

of the capture rates from three different neutrino sources is
the simplest expression of the “solar neutrino problem.” It is
independent of the solar model used.

Although the best estimate for the residual capture rate
for pep, 7Be and CNO solar neutrinos is negative, the physi-
cal capture rate for any set of neutrino fluxes has to be posi-
tive definite. Adopting the conservative procedure used by
the Particle Data Group in analogous discussions (for
example, upper limits to neutrino masses), we find:

Rate in Cl(pep + 7Be + CNO) < 0.68 SNU (95% conf.). (5)

We can refine this result by utilizing the fact that the flux
of neutrinos from the pep reaction is directly related to the
basic pp reaction, which is the initiating fusion reaction that
produces nearly all of the solar luminosity in standard solar
models. The total spread in the calculated capture rates for
pep neutrinos for the 11 recently published standard solar
models (calculated with different codes and input parame-
ters) is 0.22 ± 0.01 SNU. Subtracting this accurately-known
pep flux from the the upper limit for the three neutrino sour-
ces shown in (5), we obtain:

Rate in Cl(7Be + CNO) < 0.46 SNU (95% conf.). (6)

The 7Be neutrino flux is predicted with reasonable accu-
racy; the results from the 11 different standard solar models
yield the value

SSM Rate in Cl(7Be) = 1.1± 0.1 SNU. (7)

Thus the upper limit on the sum of the capture rates from
7Be and CNO neutrinos is significantly less than the lowest
value predicted for 7Be neutrinos alone, by any of the 11
recent standard solar models. I did not subtract the CNO

neutrino capture rate from the sum of the two rates because
the conflict between the measurements and the standard
models (solar and electroweak) is apparent without this
additional step and because the estimated rate from CNO

neutrinos, 0.4 ± 0.08 SNU, is more uncertain than for the
other neutrino fluxes being considered.

The Ch lor ine-Wat er  Prob lem



The Gal l ium Prob lem

THE GALLEX AND THE SAGE gallium solar neutrino experiments have
reported consistent neutrino capture rates (respectively, 79±12 SNU and
73±19 SNU). From the weighted average of their results, the best esti-

mate for the gallium rate is

Obs Rate in Ga = 77 ±10 SNU. (8)

All standard solar models yield essentially the same predicted event rate
from pp and pep neutrinos, 74 ± 1 snu. Subtracting this rate from the total
observed rate, one finds that the residual rate from 7Be and 8B solar neutrinos
in gallium is small,

Rate in Ga(7Be + 8B) = 3 ±10 SNU, (9)

which implies that the upper limit on this rate is

Rate in Ga(7Be + 8B) < 22 SNU (95% conf.). (10)

This combined 7Be and 8B rate is less than the predictions from 7Be neutri-
nos alone for all 11 recently-published standard solar models.

Moreover, one should take account of the 8B neutrino flux that is observed
in the Kamiokande experiment, which in the gallium experiments translates to

Rate in Ga(8B) = 7.0+7
-3.5 SNU, (11)

where the quoted errors are dominated by uncertainties in the calculated neu-
trino absorption cross sections and I have assumed that the shape of the
energy spectrum of 8B solar neutrinos is the same as measured in the labora-
tory. Subtracting this rate for 8B neutrinos  from the combined rate of 7Be and
8B neutrinos, one again finds that the best-estimate flux for 7Be neutrinos is
negative.

Rate in Ga(7Be) = –4+11
–12 SNU. (12)

Following the same statistical procedure as described earlier, one can set a
conservative upper limit on the 7Be neutrino flux using the gallium and the
Kamiokande measurements:

Rate in Ga(7Be) < 19 SNU (95% conf.). (13)

The predicted rate given by the 11 standard solar models is

SSM Rate in Ga(7Be) = 34 ± 4 SNU. (14)

The discrepancy between these two equations is a quantitative expression
of the gallium solar neutrino problem.

The present results for the gallium experiments are close to being in conflict
with a model-independent, unrealistically conservative upper limit on the count-
ing rate. This minimum counting rate of 80 SNU is calculated assuming only
that the Standard Model is correct and that the Sun is currently producing
nuclear fusion energy at the same rate at which it is losing photon energy from
the surface. To reach the lower limit of 80 SNU in a solar model, one must set
equal to zero the rates of all nuclear reactions that produce 7Be in the sun. We
know that this limit cannot be satisfied in practice because we observe high
energy 8B neutrinos and 8B is produced by proton capture on 7Be—and
because the cross section for creating 7Be has been measured in the labora-
tory to be competitive with the other solar fusion rates.
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In a simple picture of inelastic
electron-proton scattering the
electron emits a virtual photon

(γ*) which transfers a kick Q and an
energy ν to the proton in the proton
rest system (see figure below).

The exchanged photon, which can
be thought of as a neutral current
flowing from the electron to the pro-
ton, is virtual and has a mass
squared ,

mγ
2 = –Q2.

If Q is large, so that ∆ is small com-
pared to the radius of the proton,

Q >>1 GeV,

the photon does not interact with
the proton as a whole but rather
with one of its quarks. (Since the
photon couples only to electromag-
netic charges, it does not interact
directly with gluons, which are elec-
trically neutral.) In the simplest
case, the basic process is the elas-
tic scattering of an electron on a
quark. The quark carries a fraction
x of the proton momentum which is
related to Q2 and ν by

x = Q2/(2 mpν),

where mp is the proton mass. The
struck quark knocked out from the
proton as well as the proton rem-
nant left behind carry color charge
and cannot directly be observed.
Both fragment into jets of strongly
interacting particles (hadrons) such
as nucleons, pions and kaons. One
assumes that at the end of the
fragmentation process the color
charges from the struck quark and
from the proton remnant neutralize
each other.

Inelastic
Electron-Proton

Scattering
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The density of quarks,
q(x,Q2), in the proton can
be obtained from the struc-

ture function of the proton,

F2(x,Q2) = Σq eq
2 x × q(x,Q2),

which is directly measured in deep
inelastic electron-proton scattering.
Here, eq is the electric charge of
the quark q; for instance, eq = (2/3)
for up quarks and (–1/3) for down
quarks The measured quark distri-
butions depend on the resolution
and therefore on Q. As Q is
increased, the probing electron
resolves more and more of the
substructure in the proton, with the
main effect being that an increas-
ing number of soft quarks and glu-
ons should be found.

Density of Quarks
in the Proton
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Suggestions for Further Reading

“Astrophysics in 1994” by V. Trimble and P.J.T.
Leonard is scheduled to appear in the January
1995 issue of Publications of the Astronomical
Society of the Pacific. It contains the original
references to the items mentioned here, and
many others.



N eu -
trino Astrophysics






