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ABSTRACT
We report on a study of the charge-exchange reaction pp - nA++(1232) at the
CERN Intersecting Storage Rings (ISR) in the energy range Vs = 23 to 53 GeV. From
our analysis of the energy dependence of the total cross-section, of the differen-
tial cross-section do/dt and of the decay angular distributions we find evidence
that pion exchange is dominant up to vs = 23 GeV and that (p + Ay) exchange dom-

inates the reaction for vs > 30 GeV, as described by simple Regge-pole models.
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**The study.of chargerexchange reactions has been Of:oﬁtstandingfimPOrtance
. because of their simplieity for'our. theoretical understanding of strong intérac-
¥, tionsi- In the case of proton charge exchange these are the reactiomns:
pn > np. Sl e o (D
“vand
PP nA++(1232) i e T ci o (2)
':K£ ioQ}enérgiéé [1] (ﬁiéi < 50 GeV/c)'theirytotalzéross¥secti6ﬁé were fbun&yéo
decrease approximately like Png' These reactioﬁs are fairlyFWéli déséribé&'EZJ
~in terms of exchange of a single Regge pole, that of the pion. It is expected
.that, at sufficiently high energy, the amplitudes of higher lying poles such as

.. .the p and the A, would start to dominate, manifesting themselves by a less rapid

..energy dependence of their cross-section, in the form pI;b'»‘

Our initial study [3] of reaction (2) at the CERN ISR had not given conclusive
results because of lack of statistics. We are reporting here new results on a
o gtudy of ‘reaction (2) at centre-of-mass energies Vs = 23, 31, 45, and 53 GeV
“using the Split Field Magnet (SFM) at the CERN Intersecting:Storage Rings.(ISR).
The SFM detector hésbbéeh:descriﬁéd'élseWhEre [47]; it comsists of two forward
telescopes equipped with 28 multiwire proportioﬁal éhambefé, df‘tWOIWire’plaﬁes
"éééh; and of 'a déntral’detector*ESJ equipped with six multiplane proportional cham—
““bers, ' ‘The average magnetic field is 0.5 T.at v5.= 23 GeV, 0.65 T.at Vs =:30-GeV,
“and 1'T at' Vs = 45 and 53° GeV, resulting in a-mass resolutiom of 20. MeV . (FWHM) for
A++(1232). We have added two neutron hqqoscqpes_[6ﬁ tq,thg‘foywarﬁ telescopes, con-
sisting.of‘a,carbonvcpnygpter“plate:(éo_x 40 cmz)‘gf lp_gpzphigkggs§;§nd mg}tiwire
proportional chambers to reconstruct the neutron inte;ag;%pnrppint, The neutron
hodoscopes are positioned at‘9 m distance. from. the hgams,inteygecgién;: ;hgx de-
“(‘Eegtwngu;;qu_within the angular range from 0 to 23 mrad With‘an efficiency of 67

and a resolution of #2.5 mm on the neutron vertex.

o
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Events are selected in three steps; a fast trigger. requires at least one
charged particle in one of the telescopes, using signals from the proportional
wire chambers, a neutron conversion in the opposite hemisphere and no charged par-
ticle in the central detector. A slow trigger selects events using memory levels
of groups of wires E73 with a decision time of 2 usec. It requires two charged
particles in one telescope and no charged particle in the opposite, neutron-side,
telescope. Events with single-prong showers in the neutron detector were‘rejected

on-line by a fast filter code.

The geometrical acceptance of the neutron hodoscopes extends from t.= 0 to

-t = 0.1, 0.15, 0.32, and 0.5 GeV at vs = 23, 31, 45, and 53.GeV, respectively.

We have processed events with an off-line analysis chain consisting of three
programs. A pattern recognition program [83 finds track candidates and the meutron
interaction point. The trajectories of the charged particles are reconstructed
using a geometrical fit program [9], and their direction, charge, momentum, and
vertex are calculated. Finally, a kinematical fit with three constraints is per-
formed assuming that the positive particle of higher momentum is the proton and
the other one is the pion of reaction (2). This choice is always correct for

(pﬂ+) mass values below 1350 MeV.

In order to separate genuine events of reaction (2) from the large baquround,
we have examined the distribution of missing momentum calculated by imposing energy

and momentum conservation. We select events satisfying the following criteria:

i) invariant mass M(pﬂf) <1350 MeV/c?%;
ii) missing'tfansverse momentum in the plane of magnetic deflection:
|Bp, | < 100 Mev/ec;
Ciii)” missing'longifudinal neutron momentum IApn| < 3 GeV/e;
éndrébtain a‘distribution of events in the‘other component 6f missing transverse
momentum, Apz, perpendicular to the plane of magnefic deflection, as shown in

Fig. la for /s = 23 GeV. We observe an accumulation of events around Apz = 0 which
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we attribute to reaction (2) and a broad distribution due to background. The
mass distribution of events with ]Apz‘ <>50 MeV/c,kdisplayed in Fig. 1b, shows
clear evidence of the A++(1232). To éubtract the backgréund in this interval,

- we use the |Apz] distribution of a sample ofrbagkground.events chogen by the con-
ditign 200 < |ApX[ < 300 MeV/c and normalized to the background region with
]Apzl > 200 MeV/c. This agrees well with a simple linear extrapolatiqn of this

region to the |Apz| < 50 MeV/c bin.

To correct the differential distributions, we use the corresponding normalized

distributions of background events chosen by the criterion:

200 < lApXI < 300 MeV/c

100 < |Ap | < 200 MeV/e .
Sz

- The number of events of reaction (2) and of the background found in this way is

summarized in Table 1.

The observed number of events and their differential distributions must be
corrected for the geometrical acceptance of the detector and of the trigger and
selection criteria, for the neutron detection efficiency, for loss of events due
to absorption and scattering in the beam tube and in the frames of the wire cham-
bers. Events were simulated by Monte Carlo methods using the following initial

parametrization of the fourfold differential cross—section of reaction (2):

i) dependence on four-momentum transfer t as exp (12t);
ii) a Breit-Wigner mass distribution of the A** around M = 1228 MeV/c? with a
width T = 60 MeV/c?;
iii) a decay angular distribution in the Jackson [10] frame, following low—-energy
data [1]. -
These events are processed in the same way as the observed ones, their dis-
“tributions are compared, and the parametrization of the t distribution and of the
decay angular distribution is corrected at each energy.  After a second iteration

the data are described in a satisfactory way. .
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ihtegfating over thehdifferehtial distributions'and'assumihg éhﬁexfenentiel
hdependence in extrapolatlng do/dt to large values of t we find the total cross-
" section. The absolute normallzatlon is obtained as described before [3] u51ng the
Van der Meer mefhed'[iij. The results are summarized in Table 1 and showﬁ'ih Fig. 2
together with data at lower energles in the form of p1 ab O as a function of

'”equlvalent beam momentum pl b

3eV/c we observe consistency with a pl ab dependence,
suggesting dominance of one-pion exchange. A dramatic change takes place at

Piap 500 GeV/c. Above this momentum the cross—section is consistent with a

PI;b dependence, suggesting ‘dominance of p and A, exchange.

The energy dependenee of the differential cross-section do/dt, shown in
Fig. 3, is consistent with this picture. At Vs = 23 GeV we observe an exponential
dependence starting at t = 0, typical of one-pion exchange [1].‘At higher energies

we observe a flat t dependence near t = 0, consistent with the typical picture of

- a helicity-flip amplitude in p exchange; for comparison we also show the t depen-

dence of the reaction

mp > n'n - (3
© as observed at'plab = 199.3 GeV/c [12], which is well described by p exchange.

' We obsetve a third;¢but weaker, piece of evidence in the energy dependence
of the spin density matrix‘elements. The decay angular distribution of a spin Yy
state is described by the expression:

,WS/Z[GJ’?J] % P33 sin® 05+ (0.5 - ps3) [— * cosz QJ]

_(2) (= 2 .
[/5] [Re P3, -1 sin GJ cos 2¢J + Re p, ; sin ZGJ cos ¢J] . @

' 'The fit of ‘expression (4) to our events integrated over the range 0 < |t] < 0.3 Gev?,
restults in a determination ‘of a set of pij‘Values presented 'in Table 2 with the
corresponding fit qualities. The value of p33 increases with Vs, reflecting an

increase of do/d cos GJ at GJ = 90° as: expected for ‘p exchange [131;
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In conclusion, we have found clear experimental evidence for a long-ago pre-

dicted claim of Regge thgpry;‘;hé d9miﬁance'of‘higher lying poles at high energy.

| We Qi§h ﬁé thaﬁk C; Méyers’fdf the vér§‘usefﬁl discﬁééioﬁé‘ﬁeihave had with
him, éﬁdﬁN. Kwak for contributions in the early stages of the experiment. The
excél}éﬁt sup?o?t of the>SFM'detector an& data—handling gréﬁps is gratefully
acknowledged. The group from the University of Hamburg wishes té écknowledge
financial support from the Bundesministerium fir Forschung und Technologie, Bomn,

Germany.
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. Table 1 =

- Total cross-sections

Number of events after
’s P1ab background subtraction Background ot

(GeV) | (GeV/e) (%) (ub)

- 23 280 240 w24 1,2 +£°0.17
31 . 510 110 22 | 0.58 $‘0,09 ‘
45 1090 126 31 0.21 + 0.04
53 | 1500 58 37 0.17 + 0.04 |

Table 2
Spin density matrix elements
ixz confidence

/s Pss Re Ps,-1 Re 04,, level
(GeV) (%)

23 0.24 + 0.07{0.14 +0.05; 0.06 = 0.05 34

31 0.31 £ 0.1 {0.069 £ 0.05|-0.2 £ 0.1 75

45 0.44 + 0,11 |0.11 + 0.08|-0.11 = 0.1 75
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Figure captions

Fig. 1

Fig. 2

Fig. 3

a) Distribution in one transverse component of missing momentum
|Apz|, observed at Vs = 23 GeV. Events in the shaded area are
selected. The dashed histogram represents the estimate of back-
ground. The full line shows a linear background extrapolation.

b) Invariant mass of (pﬂ+), at Vs = 23 GeV, of events with small
missing transverse momentum !Apz! < 50 MeV/c. The dashed line
represents simulated events generated following a Breit-Wigner

parametrization of the A++(1232).

Total cross—section of the reaction pp ~ nA++(1232) multiplied by

the square of the equivalent laboratory momentum as a function of

Plap

Differential cross—sections do/dt at four ISR energies. At

Vs = 23 GeV the data are consistent with one-pion exchange. The
dashed lines shown at the other energies represent the t dependence
at 199.3 GeV/c of the p exchange reaction 7 p + m°n [12]. The data

are consistent with these distributions.
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e Compilation CERN-HERA 73-1+ |
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