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News

All the world’s a hadron

Following the coming into operation of the

6 GeV Bevatron at Berkeley in February
1954, the particle population explosion
defied understanding. Then came a beautiful
application of unitary symmetry theory,
which grouped particles in an orderly way
with well-defined relationships between
them. Noting an absent member in one of
these groups, the omega minus was predicted
and, in February 1964, Brookhaven
identified this particle, crowning one of the
great achievements of high-energy physics.

The famous quark hypothesis is one
attempt to explain the particle grouping and
relationships. It postulates three types of
fractionally charged particles [up, down and
strange] coming together in different ways to
build up the multitude of discovered hadrons
(which respond to the strong interaction).
However, quarks have never been isolated
as separate entities despite a multitude of
searches, and some results do not line up
precisely with predictions.

The past 10 years have seen no let-up in
the accumulation of fresh information. This
has been particularly true of recent years
when the opening up of new energy ranges
has produced fascinating results. The 76 GeV
proton synchrotron at Serpukhov, the CERN
Intersecting Storage Rings [ISR], and the
400 GeV proton synchrotron at NAL Batavia
have all contributed something new. Fresh
surprises from experiments on electron—
positron storage rings were reported by
B Richter (SLAC) at the American Physical
Society Meeting in Chicago,4—7 February.

The high-energy collision of an electron
and a positron brings matter and antimatter
together, resulting in annihilation into
energy. This energy (photons) can convert
into hadrons (predominantly pions). Thus
hadrons emerge from lepton collisions.

The first inkling that things were going
adrift came from experiments at the
electron—positron storage ring ADONE
at Frascati. Measurements indicated the
hadron-production cross-section up to 3 GeV
centre-of-mass energy is over twice that
expected. A few measurements with electrons
and positrons at energies up to 5 GeV centre
of mass then came from the Cambridge
bypass. They were very much higher than
predictions, but the accelerator was closed
down before they could be checked. In recent
months the same energy range has been
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The detection system surrounding a beam
collision region at SPEAR, used in gathering
the new astonishing results on hadron
production.

covered at the electron—positron storage ring
[SPEAR] at Stanford. Experiments there

have resoundingly confirmed the Cambridge
measurements and completely overthrown
our understanding of what is going on.

The total cross-section for the production

of hadrons is about 25 nb and is virtually
constant over energies up to 5 GeV. This is in
complete contradiction to the prediction of the
quark model, which says that the cross-section
should fall off as the square of the energy.

The quark model gets another jolt when
the total cross-section for producing hadrons
is compared with that for producing pairs
of muons. The simple quark model says the
ratio should be constant at 2/3, independent
of energy. ADONE results had already upset
the apple cart but they were still compatible
with a more complicated variant of the
quark model involving “coloured” quarks
(introducing a property for the quarks like an
ultra-strangeness). The coloured variant still
insisted on a constant value for the ratio, this
time of 2. But the Cambridge and SPEAR
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The ADONE storage ring at Frascati, where
combined electron—positron energies of up
to 3 GeV had already indicated that the
hadron-production cross-section was high.

measurements can be explained by no quark
model, no matter how coloured. They show
the ratio rising with increasing energy and by
5GeV ithas reached a value of about 6.

The results can also be applied
subversively to another revered concept —
scaling. Scaling makes it possible to predict
the energy distribution of the hadrons at
any energy once they have been measured
at another energy. It has worked beautifully
in studies of lepton—hadron interactions, for
example the elastic scattering of electrons off
nucleons. Why then does scaling not apply
for electron—positron collisions?

Itis also intriguing that the hadron
energy distribution from electron—positron
collisions looks like that in very high energy
proton collisions, such as pion production
data at 90° in the centre of mass at NAL and
the ISR. It is as if the electron is sensitive to
the strong interaction within a tiny radius of
10-"°cm. So, is even the best-known lepton
really a hadron at heart?

o Compiled from texts on pp39-42.

Compiler’s Note

In 1964, Gell-Mann and Zweig proposed a quark model of hadrons,
purely for bookkeeping purposes. But increasing accelerator energies
brought growing evidence that the hypothetical up, down and strange
quarks were in fact real and point-like. For example, particles with high
transverse momentum were emerging from proton—proton collisions at
the ISR, reminiscent of the large-angle scattering of alpha particles that
led to Rutherford’s discovery of the atomic nucleus. The GIM mechanism,
proposed by Glashow, lliopoulos and Maiani in 1970, required the
existence of a fourth, heavier quark, and by the end of 1974 it had been
identified, by Richter at SLAC and Ting at BNL, in the charm/anticharm
J/p meson. And with real quarks, there was no need for hadronic leptons.
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. WICNER

Plein & Baus Elektronik A Phoenix Mecano Cornpany

new Mpod version 2

e New very compact design , cooling from side to
side

e Removable fan unit including air filter

e Mpod Mini crate for 4 LV or HV modules

e LV and HV modules freely combinable

e MPOD-Controller with Ethernet, CAN-bus, USB

o Web-ready + SNMP, OPC server , EPICS

e Low Voltage: 8 channels 0..8V to 0..120V
range,
low noise (<2mVpp 20MHz)

WIENER Mpod LV parallel module

e Mpod module with 4 low voltage DC channels, up
to 120V and 100W/channel
combinable with 50W channels for example
2x100W and 4x50W output channels/module

e |owest noise and ripple <3mVPP, high stability
0,2%/10k ; voltage or current controlled
operation, 0,5mA/0,5mV resolution

e all channels are individually controlled, floating
and sensed programmable trip points, ramps,
failure action and group behavior

VME 475 Mini

e 7 slot monolithic backplane
VME/VMEG4, cPCI/PXI backplane, 250
or 500W total power

e Very compact design, variable cooling
options (front to rear, side to side)

e WIENER CML Shelf Manager for local
and remote monitoring and control,
monitors and controls power supply, fan,
remote on/off, SYSRES, thermal
monitoring, user |/0 programming, with
Ethernet (SNMP V3) and USB interface

W-IE-NE-R, Plein & Baus GmbH — Linde 18, D51399 Burscheid (Germany)
Fon:+49 2174 6780 — FAX: +49 2174 678 55

Web: www.wiener-d.com
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CAEN m Electronic Instrumentation

GHECK THIS OUT!

The perfect mix of sampling rate, resolution and channel
density for the maximum flexibility

e

i
=4

i

M emour

a .
S EL
1
g
2
- ——
1

- ..o
©) 1), =gl
are 6 () L-l:-_'
2 : ; S,
-3 We -
en " <."'r‘"
@) : 8
: i

g;lli'i 1 G

| - — o
& & p

[ ° Ol fclc @4’@9’@#@0‘

| ' i £

o - ﬂ‘-@-m @.,,_@ i 4 r"f".fp.;-“;r'

® CAEN

Tools for Discovery

ktop Digitizer ()

The improvement in the technology and CAEN longstanding
experience in developing digital DAQ solutions lead to the
725 and 730 digitizer families, CAEN best seller models
selected by many users and experiments Worldwide.

The mix of sampling rate and resolution, the channel density, the dual
programmable input range, the improved FPGA capabilities make these
digitizers the ideal solutions for many application in the Physics and
Nuclear Engineering fields. Major advantages are recognized in a more
precise signal reconstruction, improved energy resolution, pulse shape
discrimination and, for the first time, sub-nanosecond timing capability.

These enhanced performances are particularly suited for many

Arrays of these
detectors are easily managed thanks to the recognized scalability of
CAEN Digitizers.

FIRMWARE

SOFTWARE

Software developments followed the release of these digitizers and include
now a complete suite of solutions, from Libraries (C and LabVIEW®) for custom
developments, to all-in-one multi parametric Control and Acquisition Software.

APPLICATIONS

* Nuclear and Particle Physics

+ Dark Matter and Astroparticle Physics
* Neutrino Physics

+ Fast Neutron Spectroscopy

+ Fusion Plasma Diagnostic

=N

™) » Environmental Monitoring

* Homeland Security

www.caen.it
Small details. .. Great differences
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WELCOME

CERN Courier — digital edition

Welcome to the digital edition of the January/February 2017 issue of
CERN Courier.

The detection of gravitational waves by the twin aLIGO detectors, announced
in February last year, is one of the most significant discoveries in physics

for decades. It is also further spectacular confirmation of Einstein’s theory

of gravity, general relativity. Although the existence of gravitational waves
had already been established from precise measurements of pulsars, their
direct detection by interferometers opens a new vista on the universe. This
issue of CERN Courier explores what we can expect from the new era of
gravitational-wave astronomy, from understanding the internal machinery of
black holes to probing the very early universe, and describes the remarkable
technological feat that enabled aLIGO to detect a displacement 200 times
smaller than the proton radius. We also survey the broader experimental
status of general relativity, which enters its second century without any signs
of cracking. Upcoming experiments at CERN’s Antiproton Decelerator are
about to test the gravitational free-fall of antiatoms, while searches for extra
dimensions at the Large Hadron Collider continue to place tight constraints
on more exotic models of gravity. Despite being the first force to be tamed

by mathematics, gravity is still riddled with enigmas. Dark energy and dark
matter are among them, but perhaps the deepest mystery of all is how gravity
relates to the other three forces — a challenge that has outfoxed the best minds
for the best part of a century.

To sign up to the new-issue alert, please visit:
http://cerncourier.com/cws/sign-up.

To subscribe to the magazine, the e-mail new-issue alert, please visit:
http://cerncourier.com/cws/how-to-subscribe.


http://cerncourier.com
http://ioppublishing.org/
http://home.web.cern.ch/
http://cerncourier.com/cws/sign-up
http://cerncourier.com/cws/how-to-subscribe
mailto:cern.courier%40cern.ch.?subject=CERN%20Courier%20digital%20edition
http://cerncourier.com/cws/our-team
http://cerncourier.com/cws/Pages/digital-edition.do
http://cerncourier.com

	vol57-issue1-p066-e
	vol57-issue1-p067-e
	vol57-issue1-p068-e
	vol57-issue1-p069-e
	vol57-issue1-p070-e
	vol57-issue1-p071-e
	vol57-issue1-p072-e

	Btn Fullscreen 2: 
	Page 3433: 
	Page 3534: 
	Page 3635: 
	Page 1: 



