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ABSTRACT
We present differential cross-sections for the reactions

T p B° (1235)n, B? + o%n° , and T p 4-D°(1285)n, p° + now+w—

+ - o

T S Yy
at 8.45 GeV/c. The data were obtained at the Argonne ZGS with the Charged
and Neutral Spectrometer which detected both charged pions and all y rayé

'in these final states.
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Relatively little experimental information exists on charge exchange
production of axial vector mesons. Such information is especiallj inter-
esting because several members of the two axial vector nonets are either

missing or poorly established. The A., for example, has not been unambig-

1°
uously identified in forward charge exchange reactions, and the two iso-
scalar companions of the B, which can best be looked for in c¢harge exchange
production, have never been ;een.

We present here differential cross section data for the reactions

(1) 7 p > 0°1285)n

+ -
m

nm
L

(2) 7w p > B%(1235)n
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w m

L

and

YY

at 8.45 GeV/c. The experiment was conducted at the Argonne ZGS with the
Charged and Neutral Spectrometer, shown in Figure 1 and described in more
'detail elsewhere.l’z' This apparétus measured the vector momenta of both
charged pions and all y's in the ﬂ+ﬂ_n° and w°r® final states; the recoil
neutron was not detected. Momentum analysis of the.w+ and T was performed
in a large apérture magnetic spectrometer using conventional magnetostric-
tive spark chambers. Immediately downstream was a thiﬁ (1% radiation

length) lead converter followed by three magnetostrictive spark chambers to
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record the shower conversion points. A rather coarse-grained array of 56
lead glass Cerenkov counters measured the shower energies. The whole ap4

paratus was made as short and wide as possible to maximize the acceptance -

for these multiparticle final states: the ﬁagnet was less than a meter deep,

and the 1.52 x 1.52 m2 lead glass array was only 3.8 m from the hydrogen
target. Scintillator hodoscopes allowed apprqximate selection of éhargéd
and shower multiplicities, and scintillator-léadJsandwicheé surrounding the
targét rejected most recoils other thén neutrons. |

The data sample presented here represents final analysis of 907% of the
eﬁeﬁts collected beforeAJanuary, 1977. Our 1977 data, taken with a thicker
converter, is cﬁrrently being analyzed. It will eVentualiy’inérease the
statistics for reaction (1) by a factor of 2 to 3, and for geaction (2) by

a factor of 3 to 5.

The Reaction ﬂ-p » D°n.

Analysis of reaction (1) is summarized in Figures 2 and 3. Observing

. . ) : + - . .
this reaction with' n -+ yy, rather than n > m w 7°, has the distinct advant-

.age of eiiminating coﬁbinatorial backgrounds. Figure 2 shows spectra of YYy .

= o ~ R _ -
mass and nucleon mass squared for n' - nw 7 events, which are very clean,

and for events above the h', which are somewhat dirtier. The arrows indi-

cate the cuts on M(yy) and Mz(nuc) for events to be retained. The n' peak

"tresulting from a two comstraint fit to events with the cuts is also shown.

The full‘nﬂ+ﬂ— mass spectrum from a 2C fit to the events surviving
the cuts in Figure 2 is shown in Figure 3, both raw data (histogram) and

with an approximate acceptance correction (points with error flags). The

-
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histdgram is dominated by the n' peak, scaled down by a factor of 10 to fit(
én the page. A second prominent nmarrow peak which we ideqtify with the D
meson is centered at a mass‘of 1276 MeV. |

| We have studied the sensitivity of the D mass to systematic errors in
measured variables ‘such as y energy, and have concluded that it is»véry dif-
ficult to move the D peak more than + 3 MeV without préducing completely un-
écceptable masses for the n and/or n'. We thus quote MD = 1276 + 3 Mev.
The width of the D peak in Figure 3 is 25 to 35 MeV. "A Monte Carlo simula-
tion Qf our experimental resolution, whicﬁ reproduces the widths of the' n,
n' and nucleon peaks, indicates that the meson mass resolution is 20 MeV
FWHM at 1275 MeV. The natural width of the D therefore lies in the range
15 to 30 MeV.

Preliminary results from an isobar-model phase shift .analysis of the

data in Figure 3 have been submitted to this Conference.3 These results

P

‘strongly support the J = 1+ assignment for the D.

To obtain the differential cross section the narrow D signal was ex-
tracted by making a background subtraction in each bin of momentum trans-

fer t. The D region was taken as 1.25 - 1.30 GeV, and the intervals 1.175 -

1.225 and 1.325 - 1.375 were used for the background estimate. Signal and

béckground were of comparable size in all bins of t. There is still a very
significant D peak even beyond -t = 0.80.

Corrections were applied to the data for events cqt from the tails of
the D, n and neutron peaks (.75, .86 and ;95 respectively),.fOr trigger and

chamber efficiency losses, Yy conversion efficiency, and for unseen decay
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" modes of the n. A Monte Carlo acceptance appropriate to a 1+ object de-
caying via 87 was used.3 We estimate that the systematic error in the data

is approximately + 207%.

The Reaction n_p + Bon.

The procedure4 used to extrgct the B differential cross section is
illustrated in Figure 4. Reaction (2) has four gammas in the final state,
so there are three possible combination of yy pairs to make each wo. We
have kept only that combination of yy.pairs for each event with the high-
est probability for the 2C fit to the 27° hypothesis. The spectrum of
masses for this best combination is plotted in Figure 4a. Each event con-
tributes two yy péirs to the histogram. Events for which the x2 probability
- for the 2C fit is greater than 5%, and for which both n° masses lie between
95 and 175 MeV, were retained for further analysis.

The histégram of nucleon missing mass for events with the 2C fit is
shown in Figure 4b. Events with nucleon mass between 0.55 and 1.2 GeV:
and with x-2 probability greater than 5% for the 3C fit to the W+n_#°n°n
final state were kept. The w+ﬂ—n° mass (two combinations per event) for
these 3C-fit events is histogrammed in Figure 4c. There is a prominent w
peakwwith a measured width of 26 MeV, dominated by the experimental res-
olutibn. Events with at least one combination of w+n-ﬂ° méss in the in-
terval .74 - .82 GeV were subjected to a 4C fit which assumed zero natural
width for the w. Once again, only events with confidence level greater

~than 5% were retained.
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For approximately half of these.events there remained an ambiguity of
whi:chﬁ"0 to assign to the w. This decision was made on the bésis of the
Dalitz plot density for w decay, which is known to be nearly linear in the
variable X = I;; x\EL|2. For the ambiguous events the combination with the
higher'vaiue of A Qas chosen. Figure 4d iilustrates this procedure: the un-
shadedwhistogram is of all acceptance-corrected combinations from the w re-
gion (0.75 - 0.82 GeV) of Figure 4c, while the shaded histogram corresponds
to the selected combinafion.

The final sample of 1782 woﬂo events is shown in Figure 4e; it is dom-
inated by the B° peak. A good fit to this spectrum is obtained from a iin—
ear combination of acceptance-~corrected wn® phase space, a Breit-Wigﬁer
shape for the Bb, and a small amount of distorted B°A° background. The
resulting parameters for the B® are M(8°) = 1232 + 8 MeV, I (B°) =147 +
20 MeV, in reasonable agreement with those5 for the charged B. This fit
was repeated, with fixed mass and width of the B® in four bins of t to de-
fermihe the fractiop of B° e&ents in the mass region 1155 - 1305 MeV és‘a
function of t; this fraction varied from 0.58 to 0.75. The background
subtractions for the smaller t bins used for the differential cross—sgction
were obtained by intérpoléting between these fitted points.

Corrections to the data were applied for events lost in the B tails
and in the X2 probaBilit& cuts, for trigger losses and chamber inefficiency,
y conversion probability, geometric acceptancé and unseenAdécay ﬁodes of
the wo., We believe that the largest systematic efrors arise from uncer-
tainty in the conversion efficiency for 4y, and from uncertainty in the
acceptance because of the presently unknown distribution'of_BQ helicities,

giving rise to a total estimated + 30% systematic uncertainty in the



‘differential cross section.

Differential Cross Sections

The differential cross sections for n—p -> Don and W_p - Bon

nﬂ+ﬂ_ \+ woﬂo

\
are presented in Figure 5. To compare these data note that B decays pre-

dominantly5 into ww, while D% - ﬁﬂ+w—/all6 is about %(0.5) = 0.3. Also.shOWn

in Figure 5 is the differential cross section for the pseudoscalar charge

exchange reaction m p * n n from this experiment. The production of n"is‘

8

believed to be dominated by A, exchange, which has also been proposed7’

2

: i . X . o o.
as the most important mechanism in producing B and.D

The shape of the D° cross section is quite flat, roughly described by
3t

A2 exchange, .which couples mainly to helicity flip at the baryon vertex.

The B° data, which have better statistics over a more limited t range, def-

"' 1nitely have no forward turnover and are completely consistent in shape

"e” ", with no evidence for the forward turnover predicted7 on the basis of ‘
" with the D° data in the region of overlap in t. Results from the phase
~ shift analysis3 indicate that the D° is préduced mostly (~80%) with t-chan-
nel helicity zero. |
The integrated Bo cross section is quite small, about 11 ub, sig- 1
nificantly lessAthan the small n' cross section which is suppressed by
the:strange quark content of the n'. After branching ratio corrections
the D° cross section is even smaller, about 5 ub.
It thus appears, both from the léck of forward turnover and from the

small integrated cross sections, that A, exchange does not play a strong

2

role in B° and p° production. A similar conclusion has been reached9



from analysis of éharged B production. Exchange degeneracy arguments
then suggest that p exchange should not contribute strongly to the

charge exchange production of the Al or of the isoscalar members of the
\

B nonet.
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FIGURE CAPTIONS

Figure 1.

Figure 2,

. Figure 3.

Figure 4.

Figure 5.

Plan view 6f the Charged and Neutral Spectromefer. The scale.
along the beam direction has been slightly expanded for clarity,
and the spark chambers which measure the beam direction are not
shown. '

\
Effective mass of yy and nucleon mass squared for the n" region

(a,b) and for events above the n' (c,d); effective mass of nmow

in the n' region (e).

Effective mass of nn+wf;

(a) Yy mass spectrum from 7 p - n+n-(4y) (missing mass)
(two combinations per event).
Missing mass spectrum from ﬂ_p > ﬂ+ﬂ—ﬂoﬂo (nissing maés).ﬁ
n+n_ﬂ° spectrum from ﬂ_p - n+n_w°w°n (two combinations pef event) .
Histogram of acceptance—corrected events vs. A = (E; X ;l) for
both assignments of no'to the w (unshaded), and for the chosen
combination (shaded).
w°n® mass spectrum for the final data sample.' The vertical
lines indicate the region used to obtain the B° differential

cross section.

Differential cross sections for n_p -+ Bon, B » wono; ﬂ_p > Don,

+ - -
p° » nrT 3 Tp-+n'n, n' + all.
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‘Combinations

Figure 4
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