To b? submitted to - COMITATO NAZIONALE PER LENERGIA NUCLEARE
Physics Letters - Laboratori - Nazionali di Frascali

LNF-74/70(P)
12 Dicembre 1974

J. Banaigs, J, Berger, M, Cottereau, F,L, Fabbri, L. Goldzahl,
C.Le Brun, P, Picozza and L, Vu~-Hai: EXPERIMENTAL TEST
OF CHARGE SYMMETRY IN STRONG INTERACTIONS THROUGH
THE REACTION d +d —» He? + 7°,

Servizio Documentazione
dei Laboratori Nazionali di Frasceli del CNEN
Casella Postale 70 - Frascali [Roma)




Laboratori Nazionali di Frascati del CNEN
Servizio Documentazione

LNF-74/70(P)
12 Dicembre 1974

J, Banalgs( x) d. Berger(x), M, Cobtereau(o') F, L., Fabbri, L, Goldzahl( x)
C.Le Br'um(o) ) P, Picozza and L., Vu-Hai(X) EXPERIMENTAL TEST
OF CHARGE SYMMETRY IN STRONG INTERACTIONS THROUGH THE
REACTION d+d —>He%+ #°,

ABSTRACT, -

The reaction d+d -—»He4‘+ 7°, forbidden by isotopic spin conser-
vation, has been studied using 1, 89 GeV/c incident deuterons, The
upper limit of the differential cross sectlon (do/ dQ) obtained for this
reaction at 8, ., =79° is: 1,9x 1035 cm?2/sr,

Charge independence and charge symmetry belong to the elemen-
tary symmetries assumed to be valid for hadronic interactions, Howe~
ver, a violation of charge-independence amounting to (2,13 T o, 52) %,
after data correction for long-range electromagnetic effects, has been
shown experimentally(l , and some evidence ~ though indirect and some
what unclear - seems to exist also for a charge-symmetry breakmg(
These violations may be consistent with effects of electromagnetic ori-
gin ; however, no complete theoretical explanation has been provided.
for them, The breaking of charge independence in strong interactions
should be primarily due to the mass splitting of mesons, For charge-
symmetry breaking, a possible nzlechanismg may be the isospin mix-
ing, occurring whenever states with the same quantum numbers, except
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isospin, are nearly degenerate: in particular the electromagnetic mix
ing of isovector and isoscalar mesons (p~ @ ~-f-and 7~ 7). Such effects
lead to a true charge dependence of the nuclear forces,

W(‘Vé'a*have studied the process:

1.0, (1)

d +d — He
where m° production through strong interaction is forbidden by isotopic
spin conservation, Actually, the absence of 7° production in this reac-
tion would simply confirra the validity of charge symmetry 1)“ Process
(1) then provides a good test for charge symmetry since the long-range
electromagnetic forces don't affect this process, and the short-range
ones can only give small contributione (e, g, electromagnetic n° produc
tion with a ¥ reabsorbed, which is a second-order effect in the fine-
structure constant), The most relevant mechanism expected in process
(1) is based on virtual 7© production and w°- 50 mixing(4). "Thus the
study of this reaction may be a way of measuring experimentally the
- w-1 mixing, the theoretical value of which varies between 1% and 4%(1"5).

This experiment was performed with the extracted deuteron beam
‘of the synchrotron Saturne at Saclay. The incident momentum was 1, 89
GeV/e, and a particles were detected at 0 = 11° in the laboratory fra-
me, The experimental layout was basically the same as that already
used previously in another study of dd interactions(6 .

The incident extracted beam of 1-2x1011 deuterons per pulse was
focused on a liquid deuterium (or hydrogen) target of 6 cm length, The
position and the vertical and horizontal profiles of the beam were per-
manently controlled by two wire chambers located at the beginning of
the transport channel and in front of the target, The incident beam in-
tensity was monitored by two telescopes of counters ; both informations
were constantly checked to be in agreement with each other within T 19,
The method used for determination of the incident intensity has been
presented in a previous paper ). The uncertainty in the absolute moni
toring was about -10%. The incident deuterons' momentum was deter-
mined within T o, 59, by measuring the momentum spectrum of protons
-produced through stripping of the deuterons on the target, Particles
emitted from the target at 11° in the lab frame were analysed by a
double~focusing magnetic spectrometer, which had been calibrated in
our previous experiments 3), The uncertainty in the momenta of de-~
tected particles was T 0,5%. Two contiguous scintillation counters,

. placed at the intermediate spect: meter image, selected two momen~

tum bins ; each one of them was in coincidence with three super-imposed
counters located at the final image, 14 meters down-stream from the
intermediate image, The particles were identified without ambiguity
through the time of flight and the energy loss in the four plastic scintilla
tors, A collimator defined a solid angie of 2.2x10"% sr. For each
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spectrometer channel, the momentum resolution, constant in the range
analyzed, was Ap/p =¥ 0,86%; the reduced acceptance Ap AQ/p,
which was a monotonic function of the momentum, varied between 2,1
and 2,9x10-6 sr, The lab, angle of the scattered particles was checked
by using dd elastic scattering,

The kinematics for the reaction
d+d > Het +X (2)

with X =y, 1°; 20° is shown in Fig. 1, .We have measured the a par-
ticles' yield from the target filled with deuterium or hydrogen, for six
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FIG, 1 - Kinematics of the reactions d+d ~>» I—Ie4+'y, d+d —
~ Het+ 7°, and d+d —> He®+ 21 at Py = 1,89 GeV/c, Lab,
angle QHe‘l vs momentum PH(:A' The full circles correspond to

center-of-mass angles which are multiple of 10°, The dotted
lines show the angular aperture of the spectrometer, The arrows
indicate the momenta of the points measured.

different values of analysed momenta, For each measurement, the
stability of the experimental apparatus was verified with a very good
accuracy by checking the constancy of the high rate of scattered deu-~
terons ; this stability appeared to lie within 1%. The particle fluxes
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for 1014 incident deuterons are given in Table I, The counting rates

TABLE I - Counts per 101% incident deuterons,

,P;(He{%) o counts Total deuterons counts
(MeV/c) D, target | H, target D, H,
1682 21.7% 1,3 | 21,9% 1.4 3 3
23x10 16x10
1714 28.2%F1,5 | 25.4F 1.5
1810 35.1%t1,8 | 32,5% 1,5 3 3
, 100x10 48x10
1842 42,7t 1,9 | s1.5%F 1.7 )
1952 48,9% 2.3 | 49 8% :
01 s42x10%|178x10°
1988 42,1t 2 1 | 38.7 .t 1,9

of a particles are also shown in Fig, 2. Only the data at 1810 and
1842 MeV /c are in the kinematical range expected for w° production

60 - N(Heé’) -
i % ]
¢ ¢ 3
40 = % i’ ({ 1
20~ & . | | _
, , .\ P(He4)
1700 . 1800 1900 2000  MeV/c

FIG, 2 - a yields from reaction d+d - He®+ ° for ltt)’M inci
.dent deuterons, vs a momentum, e measurements with a deg
terium target; o measurement with a hydrogen target,
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(see Fig. 1), taking into account the spectrometer's momentum reso-
lution and angular acceptance, At the four momentum values which are
"off-kinematics®, tha data obtained are to be considered as background,
essentially due to the production of a particles from deuteron interac-
tion with the target windows. On the other hand, the hydrogen data also
give the background of our measurements, since a particles cannot be
produced in deuteron-proton collisions,

In order to evaluate the cross section of reaction (1), we have
added together the data from both contiguous spectrometer channels,
so that we could define the momentum of the a particles by its avera
ge value, i.e. 1698, 1826, 1970 MeV/c for the three sets of data re-
spectively. The difference @ p = ap obtained by subtracting the hydro
gen data (a counts) at 1826 Me'V/q:: from the deuterium resulis at the
same momentum yields the net o signal from dd collisions at this
momentum value, If we assume this signal to be entirely due to reac-

. . = 700 .
tion (1), we obtain at Gc'm. 79% ¢

(dG/dQ)c m - (3.8 +1.6)x1073% cm?/sr . (3)

There is however some strong evidence that not all ¢ particles were
produced through reaction (1), Actually, since the data for both deute-

rium and hydrogen at 1698 MeV /c and 1970 MeV /c should have mea-
sured the same background, we expected a zero signal ap- 0y for
these momentum values ; however we obtained here again a net positive
vield of « particles (see Fig, 2). This positive signal should be due to
secondary effects, such as the inelastic scattering, from the liquid
target, of a particles produced by the deuteron beam at (and before)
the target windows ; that scattering should be larger from the deuterium
than from the hydrogen target, We have taken into account all these
experimental informations in order to determine an upper limit of the
cross section for reaction (1), We made the assumption - which looks
reasonable - that the yields from a ~Qys due to the secondary pro-
cesses just described, varied ]Linear%y with the momentum, By linear
interpolation of the data ap~a.; within the interval between the points
1698 and 1970 MeV/c, for which the kinematics excludes w° production,
we obtain the number of a particles produced through the same secon-
dary effects at 1826 MeV/c, where the 7° is located, This value, i.e.
(5.8 T 2.3) @ counts, was to be considered as a further background add
ing itself to the hydrogen data for the same point. On the other hand,
the counting rate experimentally obtained from ap= Oy at 1826 MeV/c
was: (1.8 1 3, 5)q particles, The difference between these two values
gives the number of a particles possibly produced by reaction (1), The
thus obtained c¢.m. cross section, i.e., (0.9 7T 2, 0)x 10-39 cmz/sr,
allows us to define an upper limit O.m, = 799 for 1, 89 GeV/c incident
deuterons



(do/dQ) oS L 9x107%% cm?/sr , (4)

with 68% confidence level. This value is five times smaller than the
smiallest of the previously obtained values, The results of these for- o
mer experiments, performed at Berkeley and at Dubna, are shownin -
Table II, ‘

TABLE II

- Pinc 0c,m, ; Results Ref,
<GeV/c (deg) cm?/sr
1,39 ALl 0, = 70x10733 cm? 9
1.29 559 < 9x10"3% with 90% C. L. | 11
1,39 90° < (0.097%0,027)x 10733 10
1. 89 79° <2x1073% with 68% C. L. | our exp,

There exists no rigorous method in order to derive a limit of va- e
lidity of a law such as charge symmetry from the experimental study
of a reaction which is forbidden by this law. In the case of reaction
(1), the previous limits were obtained through a comparison either with
the allowed reaction d+d — He%+ Y, or with an estimation following
the method developed by Greider(12) on the basis of the impulse appro
ximation, This method provides a value for the differential cross sec
tion of the reaction d+d —» He?+ 10, which is derived - ignoring iso~
spin - from the differential cross sections(13) of the reactions p+d~—>
—> He3+ 7° and n+d -> H% + 79, In order to relate our experiment
to the former results, we have performed that computation for our ex
perimental conditions, thus obtaining: T

(da/dﬂ)calculated = 7 1x 10-33 sz/sr

From the comparison of this value with our experimental result
(4), it would result that isospin conservation amounts to at least 99,7 3%
This value is of the same order as those obtained at lower energy, .

»

Finally, the study of reactior {1} shows no evidence for the existen -
ce of an isoscalar particle in the pion-mass region, such as predicted
in a recent gauge theory model of strong interactions(14),
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