STATE RESEARCH CENTER OF RUSSIA
INSTITUTE FOR HIGH ENERGY PHYSICS

Uwme s

IHEP

THEP 2006-13

N.M. Agababyan !, V.V. Ammosov, M. Atayan 2, N. Crigoryan 2,
H. Gulkanyan 2, A.A. Ivanilov *, Zh. Karamyan 2, V.A. Korotkov

THE TOTAL YUIELDS OF K*(890), =*(1385) AND X

IN NEUTRINO-INDUCED REACTIONS AT < E, >~ 10 GeV

Submitted to Yad. Fiz.

1) Joint Institute for Nuclear Research, Dubna, Russia
2) Yerevan Physics Institute, Armenia
* E-mail: ivanilov@mzx.ihep.su

Protvino 2006



UDK 539.1.07 M-24

Abstract

Agababyan N.M., Ammosov V.V., Atayan M. et al. The Total Yuields of K*(890), X7 (1385) and X°
in Neutrino-induced Reactions at < F, >~ 10 GeV: IHEP Preprint 2006-13. — Protvino, 2006. — p. 5,
figs. 3, tables 2, refs.: 12.

Using the data obtained with SKAT bubble chamber, the total yields of K+ (892), X7 (1385) and X°
are estimated for the first time in neutrino-induced reactions at moderate energy < E, > = 10.4 GeV.
It is shown, that the recently observed enhancement of the K° and A yields in vA interactions as
compared to vN interactions is contributed only slightly by the K*(892) and X1 (1385) production.
The contribution of resonances to the K° and A yields is found to be in qualitative agreement with
higher energy (< E, > > 40 GeV) data. It is shown, that the energy dependence of the K (892) mean
multiplicity in ¥ N interactions is approximately linear in the range of < F,, >~ 10-60 GeV, while that
for % in v A interactions (A = 20-21) is approximately logarithmic in the range of < E, >~ 10-150 GeV.

Annorarus

Ara6aban H.M., Ammvocos B.B., Atagu M. u ap.  ITomueie soxomsr K T(890), 1 (1385) u X0 B meit-
TPUHHBIX peaklnaAX Mpu cpeaneii sueprun < F, >~ 10 GeV: IIpenpuntr OB 2006-13. — IIporsuno,
2006. — 5 c., 3 puc., 2 tabxa., bubsmorp.: 12.

[Tommeie Bexomer K T(892), ¥ (1385) u X0 Brepsble oneHeHbI B HEHTPUHHBIX PEAKIUAX TIPH CPeIHei
saeprun < E, > = 10.4 I's3B. Ilokazano, uro K1(892) and ¥ (1385) nator Manblii BKIaJ B HEJABHO
HabronenHoe yBesmuenue Buixonos KO and A mo cpasrenmio ¢ vN-p3auMoneiicrsuamu. Haiigeno, uro
BKJI&JI PE30HAHCOB B BBIX0I6I K 1 A HAXOIUTCA B KAYECTBEHHOM COTTIACHH C JAHHBIMH IPH 00/Iee BHICOKIX
(< E, > > 40T3B) sueprusx. [Tokazano, 9To sHepreTryecKas 3aBUCUMOCTD CPEHEH MHOXKECTBEHHOCTH
K™ (892) B vN-zaumoyieficTBusx NpubAM3UTEIbHO JUHelHa B objiactu < E, >=2 10-60 3B, B To Bpems
kax g X0 B vA-szammoneiicteuax (A = 20-21) ona NpUOAMZHTETHLHO JOTapubMUYecKas B 00JACTH

< FE, >~ 10-150 I'sB.
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As it has been shown recently [1,2], the total mean multiplicity of neutral strange particles
(K°, A) in neutrinonuclear interactions exceeds noticeably that in vN interactions. As a re-
sult, the ratio of yields of strange and non-strange mesons, R(K°/7n~), exhibits a significant
A-dependence [2]. While the multiplicity gain for A is shown to be dominated by secondary
intranuclear processes TN — AX, only a small fraction of that for K° can be attributed to
secondary reactions 7N — KX [2]. In this context, it is interesting to investigate the nuclear
medium influence on the total yields of other strange particles, in particular, of £° hyperon and
strange resonances »(1385) and K (892), in neutrino-induced reactions.

Hitherto, the total yield of X9 is measured only in vA interactions at A = 20 [3,4,5] and
A ~ 12 (6], while those for ¥(1385) and K (892) are extracted for vN [7,8,9], as well as for vA
interactions at A ~ 12 [6]. These studies are performed at relatively high energies, the mean
neutrino energy being in the range of < E,, > = 40-150 GeV.

In this work, the first attempt is undertaken to estimate the total yields of X0, X7 (1383)
and K1 (892) in neutrino-induced reactions at moderate energies, < E, >~ 10 GeV. To this
end, the data from the SKAT bubble chamber [10], filled with a propane-freon mixture, were
used (see [2| and references therein). The total number of accepted events with the invariant
mass of the hadronic system W > 1.8 GeV (exceeding the threshold value for the strange
resonance production) was equal to 4888, the corresponding mean neutrino energy being equal
to < E, > 10.4 GeV. The selection criteria for the decay of neutral strange particles and the
procedure of their identification were similar to those applied in [11]. The number of accepted
neutral strange particles (V%’s) was 104 out of which 44(60) had the biggest probability to be
identified as K°(A). The corresponding average multiplicities, corrected for the decay losses, are
< nyo >= (8.1340.80) - 1072, < ngo >= (4.9740.75)- 1072 and < ny >= (3.214+0.41) - 102

For the further analysis the whole event sample was subdivided, using several topological and
kinematical criteria, in the ’quasinucleon’ subsample (A = 1) and the nuclear subsample, the
latter having an effective atomic weight A ~ 21 (see |2,12] for details). The mean multiplicities
of K% and A in these subsamples are, respectively, < ngo >n= (3.44+0.86)-1072, < ngo >4=
(5.07+0.76) - 1072 and < np >y= (2.19£0.50) - 1072, < npy >4= (3.33+£0.43) - 1072,

The effective mass distributions for systems Ay, AT and K%zt, plotted in Fig. 1, indicate
on signals (being, do to the restricted statistics, of low confidence level) near the masses of,
respectively, 30 %+(1385) and K (892) for the nuclear subsample and of K1 (892) for the
'quasinucleon’ subsample. No signals are seen for the systems Ay and A7 in the quasinucleon’
subsample (not shown). The dashed curves in Fig. 1 represent the background distributions



obtained by particle combinations from different events of similar topologies and normalized to
the experimental distributions outside the signal region. The distribution on the A~y effective
mass is corrected for the efficiency of the v detection. The effective mass resolution for the
systems Ay, ArT and K%zt around the the signal region is equal to, respectively, 40, 58 and
47 MeV. The distributions were fitted as a sum of the fixed background distribution and a
Gaussian one (for the case of Ay) or a relativistic Breit-Wigner distribution (for the case of Ar™
and K°7T) taking into account the experimental mass resolution (see the solid curves in Fig. 1).
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Figure 1. The effective mass distributions for systems Ay, A7+ and K%z+.

The extracted mean multiplicities of K+ (892), 7 (1385) and X0, as well as those for K? and
A, are presented in Table 1. The upper limits of < n(37(1385) — An") >y and < n(X%) >y for
‘quasinucleon’ interactions are estimated by simply subtraction of the normalized background
distribution from the experimental one. The last column of Table 1 shows the nuclear multiplicity
gain, 0p =< np >4 — < np >N.



Table 1. The mean multiplicities < n >xn and < n >4 of strange particles and the multiplicity gain
<n>p—<n>y (in1072).

Particle <n>pyN <n>ap <n>p—<n>yn
KO 3.4440.86 | 5.07+0.76 1.634+0.86
K*(892) — K% | 0.8840.53 | 1.02+0.48 0.1440.53

A 2.1940.50 | 3.334+0.43 1.1440.48

¥+ (1385) — Ant <0.13 0.3940.21 <0.39+0.21

0 < 0.53 0.824+0.45 < 0.82 + 0.45

For the first time, an indication is obtained that this gain for resonances, dg+gg) and
dx:+(1385), Plays only a minor role in that for daugther particles, being significantly smaller than
dgo and &y, respectively.

The decay contribution to the mean multiplicities of K° and A is quoted in Table 2 and
compared with the available data [3,4,5,6,7,8,9] in Fig. 2. The data of Fig. 2 do not indicate on
a noticeably energy or A- dependences for the ratios R(K(892)/K") and R(X°/A) which are
more or less consistent with averaged values 0.16+0.01 and 0.0940.02, respectively (see dashed
lines in Figs. 2a and 2c), while the data on R(X7(1385)/A) demonstrate larger discrepancy,
mainly due to the value at < E, > = 45 GeV for A ~ 12 [6].

Table 2. The decay contribution to the mean multiplicities of K° and A.

Ratio vN VA

K+(892)/K° | 0.26+0.17 | 0.2040.10

$H(1385)/A | <0.08 | 0.11£0.06

$O0/A < 0.18 | 0.24+0.14
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Figure 2. The E,-dependence of the decay contribution to the total yields of K° and A.

The energy dependence of < n(KT(892)) >x (corrected for the decay mode K*(892) —
K+t7%) and < n(X% >4 (at A ~ 20-21) is plotted in Fig. 3. As it is seen, the data on
< n(K*(892)) >y in the energy range < FE, >=~ = 10—60 GeV can be described by a linear
dependence < n(K*(892)) >y=b- (< E, > —E) with b = (1.12 £ 0.12) - 1073/GeV, while
the energy rise of < n(X°) >4, being much weaker, is consistent, in the range of < E, >~
— 10—150 GeV, with a logarithmic dependence, < n(X°%) >4= a-In(< E, > /E) with
a = (2.60 + 0.56) - 1073, where E'*" is the threshold neutrino energy for the corresponding reso-
nance production.

In conclusion, the total yields of K (892), X% (1385) and X0 are estimated for the first time
in neutrino-induced reactions at moderate energies (< E, >~ 10 GeV). The contribution from
the decay of those particles to the yields of K® and A is found to be rather small, being in a
qualitative agreement with other, higher energy (< E, >> 40 GeV) data. It is shown, that
only a small fraction of the nuclear enhancement of the K% and A yields (observed recently in
[1,2]), < n% >4 — < n% >y and < ny >4 — < np >y, respectively, can be contributed by
the K (892) and X" (1385) production. It is shown, that in a wide energy range, the energy
dependence of < n(K*1(892)) >y in vN interactions is approximately linear, while that of
< n(X% >4 in vA interactions (for A ~ 20-21) is consistent with the logarithmic one.
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Figure 3. The E,-dependence of < n(K*(892)) >x and < n(X%) >4 for A ~ 20-21.
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