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LXXIX. T'he Scattering of « and B Purticles by Matter and
the Structure of the Atom. DBy Professor Ii. RuTHERFORD,
I"R.8., University of Manchester . :

§ 1. I'l' is well known that the « and 8 particles suffer
deflexions from their reetilinear paths by encounters

with atoms of matter. This seattering is far more marked
for the B than for the « particle on account of the much
smaller momentum and energy of the Former particle.
There seems to be no doubt that such swiltly moving par-
ticles pass through the atoms in their path, and that the
deflexions observed are due to the strong electric field
traversed within the atomic system. Tt has generally been
supposed that the scaltering of a pencil of « or B8 rays in
passing through a thin plate of malter is the result of a
multitude of small scatterings by the atoms of matter
traversed. The observations, however, of Geiger and
Marsden t on the scattering of « rays indicate that some of
tho & purticles must suffer a deflexion of more than a right
angle at a single encounter. They found, for example, that
a small fraction of the incident « particles, about 1 in 20,000,
were turned through an average angle of 00° in passing
through a layer of gold-feil about ‘0000 em. thick, which
was equivalent in stopping-power of the « particle to 1-6 milli-
metres of air,  Geiger § showed later that the most probable
angle of deflexion For a pencil of « particles traversing a gold-
foil of this thickness was about 087, A simple calculation
‘based on the theory of probability shows that the chance of
an a« particle being deflected thromgh 90° is vanishingly
small.  In addition, it will be seen later that the distribution
of the « particles for various angles of large deflexion does
not. follow the probability law to be expected if such large
deflexions are made up of a large number of small deviations.
It scems reasonable to suppose that the deflexion through
a large angle is due to a single atomic encounter, for the
chance of a second encounter of a kind to produce a large
deflexion must in most cases be exceedingly small, A simplo
calculation shows that the atom must be a seat of an intense
electric field in order to produce such a large deflexion at a
single encounter.

Recently Sir J. J. Thomson § has put forward a theory to

* Communicated by the Author. A brief account of this pnper was
communicated to the Manchester Literary and Philosophical Society in
February, 1011.

1 Proe. Roy. Soc. lxxxii. p. 495 (1000).

1 Proe. Roy. Soc. Ixxxiii. p. 402 (1910).

§ Camb, Lit. & Phil. Soc. xv. pt. 5 (1910).
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experimentally whether such a simple relation holds also for
‘the lighter atoms. In cases where the mass of tho deflecting
atom (for example, hydrogen, helium, lithium) is not very
different from that of the « particle, the genoral theory of
single seattering will require modidication, for it is necessary
to take into account the movements of the atom itselt
(sce §4).

It is of interest to note that Nagaoka * has mathematically
considered the properties of a ©° éufurniun " atom which he
supposed to consist of a central attracting mass surrounded
by rings of rotating electrons. He showed that such a
system was stable it the attractivo force was large. I'rom
the point of view considered in this paper, the chance of
Jarge deflexion would practically be unaltered, whether the
atom is considered to be a disk or a sphere. 1t may be
remarked that the approximate value found for the central
charge of the atom of gold (100 ¢) is about that to Le
expected if the atom of gold consisted of 49 atoms of helium,
each carrying a charge 2. This may be only a coincidence,
but it is certainly suggestive in view of the expulsion of
helium atoms carrying two unit charges from radioactive
matter,

The deductions from the theory so far considered are
independent of the sign of the central charge, and it has not
fo far been found possible to obtain definite evidence to
determine whether it be positive or negative. It may he
possible to settle the question of sign by consideration of the
difference of the laws of absorption of the B particle to be
exJ;ected on the two hypotheses, for the effect o% radiation in
reducing the velocity of the 8 particle should be far more
marked with a positive than with a negative centre. 1f the
central charge be positive, it is easily seen that a positively
charged mass if released from the centre of a heavy atom,
would acquire a great velocity in moving through the clectric
field. It may be possible in this way to account for the high
velocity of expulsion of a particles without supposing that
they are initially in rapid motion within the atom.

Further consideration of the application of this theory to
these and other questions will be reserved for a later paper,
when the main deductions of the theory have been tested
experimentally. Iixperiments in this direction are already

in progress by Geiger and Marsden.

University of Manchester,
April 1011,

* Nagaokn, I'hil. Mag. vii. p. 445 (1004).
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OBSERVATION OF VERY LARGE TRANSVERSE MOMENTUM JETS AT THE CERN §p COLLIDER
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The distribution of total transverse energy TET over the pseudorapidity interval -1 <n <1 and an azimuthal range
A = 300° has been measured in the UA2 experiment at the CERN pp collider (/5 = 540 GeV) using a highly segmented
total absorption calorimeter. In the events with very large ZET (ZET 2 60 GeV) most of the transverse energy is found to
be contained in small angular regions as expected for high transverse momentum hadron jets. We discuss the properties of
a sample of two-jet events with invariant two-jet masses up to 140 GeV/e? and we measure the cross section for inclusive
jet production in the range of jet transverse momenta between 15 and 60 GeV/e.

1. Introduction. The suggestion that hard scattering
of hadron constituents should result in two jets with
the same momenta as the scattered partons [1] has
motivated an intense experimental effort [2]. Earlier
ISR experiments [3] have reported observations of
such double-jet structures. However these jets were
not as clearly identified as they are in the hadronic
final states of high-energy ¢”e™ annihilations [4], be-
cause in hadronic collisions the jets carry only a frac-
tion of the total energy available. As a consequence,

! Now also at Istituto di Fisica, Universitd di Udine, Italy.
2 Now also at Istituto di Fisica, Universita di Perugia, Italy.

jets are accompanied by several soft hadrons which
may make their identification more difficult and in
general they are not collinear.

The recent successful operation of the CERN pp
collider [5] has opened a new possibility to observe
: igh transverse momentum hadron jets. At v/s = 540
GeV the yield of jets with Ep > 20 GeV is expected
to increase by about four orders of magnitude with
respect to the top ISR energy [6] whereas the average
particle density in the central region for an ordinary
collision has increased by less than a factor of 2 [7].

We report here on results from the UA2 experiment
at the CERN pp collider. This experiment uses a large
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(a)

(b)

Fig. 4. Configuration of the event with the largest value of ZET, 127 GeV (M = 140 GeV): (a) charged tracks pointing to the inner
face of the central calorimeter are shown together with ceil energies (indicated by heavy lines with lengths proportional to cell en-
ergies). (b) the cell energy distribution s a function of polar angle 6 and azimuth ¢.

(C1, C2) in each event (we assign to each cluster a
four-momentum (Eu, E), E being the cluster energy
and u the unit vector pointing from the event vertex
to the cluster center). We measure Py to be 6 GeV/e
on the average, of which at least 3 GeV/e are of in-
strumental nature (non-inclusion of large angle frag-

=l l}'sn'ﬁw !
2030 EF > 1« Gev w0
(] [
H
oMl s il :
0 30 w0 0 %0 180
49 (degrees)

Fig. 5. (a) Azimuthal separation between C1 and C2 (see text)
for 4 > 10 and 14 GeV. (b) Azimuthal separation between
C1 and the forward/backward sector having £ > 5 GeV for
E1> 10 GeV and E4/E < 0.4 (see text).

208

ments in the cluster, energy rescluticn, edge effects,
etc.). :

The above observations support the interpretation
of §;; as a sample of two-jet events resulting from a
hard parton collision. We remark however that the
spectacular configuration illustrated in fig. 4 is not re-
presentative of the whole sample. As shown in fig. 3a
the two-jet system accounts for only a fraciion of
ZEy. The rest of the transverse energy in the v 2nt,
E., is distributed among clusters, of which typically
2 to 3 are in excess of 1 GeV. Their detailed study is
beyond the scope of the present report. We simply re-
mark that they are only weakly correlated with the
jet directions and ihat their multiplicity and transverse
energy distributions are the same as in events having
IEy=Er.

Given the presence of relatively abundart and hard
clusiers accompanying the two-jet system, we further
ascertain the emergence of a two-jet (as opposed to
multi-jet) structure by measuring the dependence

upon ZE7 of the ratiosry = EXE} andryy =E13-iE%.

As ZEy increases, 7y, increases and ry; decreases (fig.
3b), again illustrating the dominance of two-jet events
for ZE exceeding =60 GeV.
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Figure 8.21 Examples of differential cross-sections for pointlike scattering via a 1/r potential.
The upper plot is of the results of Geiger and Marsden (191 1) for scattering of a-particles from
radioactive sources by gold and silver foils, demonstrating the existence of a nucleus to the atom,
scattering the a-particles through the Coulomb field. Their results involved momentum transfers
20.1 GeV? and are consistent with the Rutherford formula dN /dQY oc sin ™ (6/2).

The lower plot is the two-jet angular distribution found at the CERN pp collider, at
g* = 2000 GeV?, showing that the scattering of pointlike (quark or gluon) constituents of the
nucleon also obeys the Rutherford law at small angles, and hence that the QCD potential varies
as 1/r at small distances. At large angles, deviations from the straight line occur because of
relativistic (spin) effects and because scatters of § > n/2 have to be folded into the distribution for
0 < m/2. The full-line curve is the QCD prediction for single vector gluon exchange. Scalar
(spin-0) gluons are excluded, as they predict a very much weaker angular dependence.
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