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Abstract: We study the inclusive production of strange vector K*(892)" mesons in 7~ A reactions at near-threshold

laboratory incident pion momenta of 1.4-2.0 GeV/c via a nuclear spectral function approach. The approach accounts

for incoherent primary 7~ meson—proton 7~ p — K*(892)*X~ production processes as well as the influence of the

scalar K*(892)" —nucleus potential (or the K*(892)* in-medium mass shift) on these processes. We calculate the ab-

solute differential and total cross sections for the production of K*(892)" mesons from carbon and tungsten nuclei at

laboratory angles of 0°—45° and at the aforementioned momenta in five scenarios for the aforenoted shift. We show

that the K*(892)* momentum distributions and their excitation functions (absolute and relative) possess a high sensit-

ivity to changes in the in-medium K*(892)* mass shift in the low-momentum region of 0.1-0.6 GeV/c. Therefore, the

measurement of such observables in a dedicated experiment at the GSI pion beam facility in the near-threshold mo-

mentum domain will allow us to get valuable information on the K*(892)* in-medium properties.
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1 Introduction

The study of the modification of the hadronic proper-
ties (masses and widths) of light non-strange vector
mesons, p, w, ¢; light strange pseudoscalar mesons K and
K; pseudoscalar mesons, n, 17'; as well as open and hid-
den charm mesons D and J/y in a strongly interacting en-
vironment has received considerable interest in recent
years owing to the expectation to observe a partial restor-
ation of chiral symmetry in a nuclear medium (see, for
example, [1-13]). The in-medium properties of hyperons
at finite density have also been a matter of intense theor-
etical investigations in the last two decades [14-24]. An-
other interesting case of medium renormalization of had-
rons is that of the strange vector K*(892) and axial-vec-
tor K;(1270) mesons with the same charge states (or with
the same quark structure ¢5 or gs with g = u,d); for these
mesons, the in-medium mass difference, as is expected
[25-27], is sensitive to the chiral order parameter, giving
rise to the possibility to identify unambiguously the ef-
fect of the breaking of chiral symmetry in a nuclear medi-
um. The K*(892) and K;(1270) mesons in the quark mod-
el are kaonic excitations with angular momenta of 1 and
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with opposite parities. Namely, their isospins, spins—par-
ities are 1(J*)=1(17) for K*(892) and 1(J*)=1(1*) for
K1(1270). They are chiral partners and have relatively
large vacuum decay widths of 50 and 90 MeV, respect-
ively, corresponding to mean lifetimes of 4 and 2.2 fm/c.
On the theoretical side, in the literature there are sev-
eral publications devoted to the study of the in-medium
properties of hadronic resonances K*(892) and K;(1270).
Thus, the properties of K*(892) and K*(892) mesons in
cold nuclear matter have been investigated in Refs. [28-30]
and [30, 31], respectively, on the basis of a chirally mo-
tivated model of the meson self-energies. In particular, it
was shown that the K*(892) in-medium width is enlarged
beyond 200 MeV at normal nuclear matter density po,
whereas that of K*(892) is barely influenced by nuclear
matter. The model also predicts, for the K*(892) and
K*(892) mesons, moderately attractive and repulsive real
low-energy nuclear potentials (or their in-medium mass
shifts) of about -50 and +40 MeV, respectively, at dens-
ity po. These are similar to those for light strange mesons
K and K. In contrast, a negative mass shift of about -20
MeV has been predicted for the K*(892)* meson, with the
same quark composition u§ as that of the K* one, at rest
and for saturation density powithin the quark-meson
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coupling model [32]. Mass shifts of the K*(892) and
K1(1270) mesons of about -40 and -150 MeV at density
po were obtained in more recent calculations in the
framework of the three-flavor extended linear sigma
model [33]. Other recent calculations performed in Ref.
[26] using the QCD sum rule show that the upper limits
of the mass shifts of K| and K; mesons in nuclear mat-
ter are -249 and -35 MeV, respectively.

Concerning the experimental situation, up to now
only scarce data on K* production in heavy-ion and pro-
ton—proton collisions have been collected in the experi-
ments performed in the SPS [34], RHIC [35], and LHC
[36] energy domains. At SIS energies, the subthreshold
and deep subthreshold production of K*(892)° mesons in
Al+Al and Ar+KClI collisions at beam kinetic energies of
1.9 and 1.76 A GeV, respectively, have been reported by
the FOPI [37] and HADES [38] collaborations. While the
K*(892)°/K° yield ratio deduced in the FOPI experiment
is found to be in good agreement with the corresponding
prediction of the UrQMD transport model, this ratio ex-
tracted in the HADES experiment is overestimated by the
model by a factor of about two. Less discrepancy would
probably appear here if in-medium modifications of kaon
properties were implemented into this transport model.
The medium modification of the K;(1270) meson could
be probed at J-PARC through the K~ reaction on various
nuclear targets [26]. Such measurement together with that
of K*(892) will shed light on the partial restoration of
chiral symmetry in nuclear matter [26].

As guidance for such future dedicated experiments,
and as a first step in the implementation of this program,
herein we give predictions for the absolute differential
and total cross sections for near-threshold production of
K*(892)* mesons in 7~ '2C — K*(892)*X and =~ '8*w —
K*(892)*X reactions, at laboratory angles of 0°—45°, by
incident pions with momenta below 2.0 GeV/c; in addi-
tion, we give predictions for their relative yields from
these reactions under different scenarios for the K*(892)*
in-medium mass shift. These nuclear targets were em-
ployed in recent measurements [39] of ¢ meson produc-
tion in 7~ A reactions at the GSI pion beam facility using
the HADES spectrometer and, therefore, can be adopted
in studying the n~A — K*(892)*X interactions here. The
calculations are based on a first-collision model using an
eikonal approximation, developed in Refs. [9, 10, 21]
for the description of the inclusive ¢ and 1’ mesons as
well as A(1520) hyperon production and extended to ac-
count for different scenarios of the K*(892)* in-medium
mass shift. This model is based on the quasiparticle pic-
ture; therefore, it is more appropriate for consideration of
the K* meson production in nuclei than for the study of
K* meson creation here because, contrary to the
K*meson, the K* meson behaves in the medium as a qua-
siparticle with a single-peak spectral function and a modi-

fied effective mass [30, 31]. Our calculations can be used
as an important tool for possible extraction of valuable in-
formation on the K*(892)* in-medium mass shift from
data that could be obtained via a dedicated experiment at
the GSI pion beam facility.

2 Model: direct mechanism of K*(892)* meson
production in nuclei

As we are interested in near-threshold incident pion
beam momenta below 2.0 GeV/c, we have accounted for
the following direct elementary K*(892)* production pro-
cess, which has the lowest free production threshold mo-
mentum (1.84 GeV/c):

7 +p— K*(892)" +X. (1)

We can ignore in the momentum domain of interest
the contribution to the K*(892)* yield from the processes
7~ p— K*(892)*An~ and n~N — K*(892)*%x due to lar-
ger their production thresholds (=~ 1.97 and 2.15 GeV/c,
respectively) in 77 p and 7~ N collisions. Moreover, tak-
ing into consideration the results of the study [9] of pion-
induced ¢ meson production on 2C and ""'W nuclei at
beam momentum of 1.7 GeV/c, we neglect in this do-
main by analogy with [9] the secondary pion—nucleon
aN — K*(892)*A and nN — K*(892)*X production pro-
cesses. For numerical simplicity, in our calculations we
will account for the medium modification of the final
K*(892)* meson participating in production process (1)
by adopting its average in-medium mass < mj. > instead
of its local effective mass my.(|r|) in the in-medium cross
section of this process, with < my. > defined according to
Refs. [9, 10] as

< PN >

<my. >=mg-+Vp . 2)
PO

Here, mg. is the K*(892)* free space mass, Vj is the
K*(892)* effective scalar nuclear potential (or its in-me-
dium mass shift) at normal nuclear matter density pg, and
<pn > 1s the average nucleon density. For target nuclei
12C and '#*W, the ratio <py > /po was chosen as 0.55
and 0.76, respectively, in the present work. With regard
to the quantity Vj, in line with the above-mentioned, we
will adopt the five following options: i) Vy=—-40 MeV,
ii) Vo =-20 MeV, iii)) Vp=0 MeV, iv) Vy =420 MeV,
and v) Vy=+40 MeV throughout the study. Following
the predictions of the chiral effective field theory ap-
proach [18, 40] and the SU(6) quark model [41, 42] for
the fate of hyperons in nuclear matter and phenomenolo-
gical information deduced from hypernuclear data [6, 43],
i.e., that the X hyperon experiences only a moderately re-
pulsive nuclear potential of about 10—40 MeV at central
nuclear densities and finite momenta as well as a weakly
attractive potential at the surface of the nucleus, we will
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ignore the modification of the mass of the £~ hyperons,
produced together with the K*(892)" mesons in process
(1), in the nuclear medium. The in-medium threshold en-
ergy1 \J8}, =<my. > +ms- of process (1) resembles that
for the final charged particles, also influenced by the re-
spective Coulomb potentials, due to the cancellation of
these potentials, we will also neglect their impact on
these particles here.

The total energy E}. of the K*(892)* meson in nucle-
ar matter is expressed via its average effective mass
< mj. > and its in-medium momentum p}. by the expres-
sion [9, 10]:

B = 0 + (< o) o

The momentum pj. is related to the vacuum

Jo-Prim)

K*(892)* momentum pg- as follows [9, 10]:

Fio = (o) + (< >) = pi om = Ee. @

where Ex- is the K*(892)" total energy in a vacuum.

As the K*(892)*—nucleon total cross section is expec-
ted to be small [44], we will neglect both inelastic and
quasielastic K*(892)*N interactions in the present study.
Then, accounting for the distortion of the incident pion in
nuclear matter and the attenuation of the flux of the
K*(892)* mesons in the nucleus due to their decays here”
as well as using the results given in [9, 10, 21], we repres-
ent the inclusive differential cross section for the produc-
tion of K*(892)" mesons with vacuum momentum pg- in
nuclei in the direct process (1) as follows:

Ao k-(892) x (Pr PK) 7\ |40 po ke (892) 5 (Pzr,p}() dpl.
=Iy[A, bk ] (—) - . (5)
dpk- A dp. A 4Pk
where
IV[A,HKJ:Aerer f dzp(w[ri+z2)exp -0t A f p( ri+x2)dx
0 -\R-~ —R-r
2 1Ok ) d
x f dpexp|— f al : (6)
Ak (Va2 +2a(0k- @) x+ b+ R?)
0 0
a(fg-,¢) = 7cosOx- + 1, sinbx-cosg, b =12 +7>—R*, (7) Ae-(Ir) = p—K mi. () = mg. + VO‘M
my. (Ir)I 'k
9)
IOk, p) = \Ja* (O, ) — b—a(bk-, ), (3) and
do s p—k-(892)-3 | P> P dog ok 892ys-[ VS, < my. >, ms-, p.
< Tp : (7( K)> =ffPA(pt,E)dp,dE><{ p K(892)}:[\/_/ k- >3 PK]}’ (10)
dpi. A dpi.
[
The K*(892)* meson is produced with in-medium mo-
=(Er +E)? = (pr +p)°, 11 .
$= Er +E)" =P+ 1) (D mentum p/. in process (1) at the 7~ p center-of-mass en-
ergy +s. Er- and p, are the total energy and momentum
Ey= Ma— \[(=p* + (M —my + EV. (12)

Here, dO’,rp_>K*(892)+zf[ ﬁ,< m;( >,mzf,p;<,]/dp;<, is the
off-shell inclusive differential cross section for the pro-
duction of the K*(892)* meson and X~ hyperon with
modified mass <mj}. > and free mass ms-, respectively.

of the incident pion (E; = \/m2+p>; m, is the free-
space pion mass); p(r) and Ps(p;,E) are the local nucle-
on density and the spectral function of the target nucleus
A normalized to unity (the concrete information about
these quantities, used in the subsequent calculations, is

1) Determining mainly the strength of the K*(892)" production cross sections in near-threshold pion-nucleus collisions.
2) Eq. (9) shows that for typical values pj. ~ my. and vacuum total K* (892)* decay width in its rest frame I'g+ = 50 MeV the K*(892)* decay mean free path
Ag+ is equal to 4 fm. This value is comparable with the radius of 12C of 3 fin and it is much less than that of 184 W of 7.4 fm.
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given in Refs. [9, 45-47]); p, and E are the internal mo-
mentum and removal energy of the struck target proton
involved in the collision process (1); o, is the total
cross section of the free 77N interaction (we use in our
calculations the value of o, =35 mb for initial pion
momenta of interest); Z and A4 are the numbers of protons
and nucleons in the target nucleus, and M, and R are its
mass and radius; my is the free-space nucleon mass; and
Ok- 1s the polar angle of vacuum momentum pg- in the
laboratory system with the z-axis directed along the mo-
mentum p,- of the incident pion beam.

doy pos k8925 [ Vs, < M. >,mz-, ple.] B

In line with [9], we assume that the off-shell differen-
tial cross section doy p—k 892y [ Vs, <mly. > ms-, pl.1/
dp}. for K*(892)" production in channel (1) is equivalent
to the respective on-shell cross section calculated for the
off-shell kinematics of this channel as well as for the fi-
nal K*(892)"and hyperon in-medium mass < mj. > and
free mass my-, respectively. Accounting for the two-body
kinematics of process (1), we obtain the following ex-
pression for the differential cross section doyp—k+(892)s-

[Vs.<my. > ms,py.1/dpk.:

do - pok-(892) 3 ( Vs, <my. >, mzfﬂ}.)

ap).
“w+E)

where

Lls.<mly. >ms] = gﬁ[s’(< mKS ) ’m%’], (14)

A(xy.2) = \/x—(x/&+ Vi |- (- vl as)

" bls,<mi. >,ms 1E}.

Ao pos k922 (VS <M. >oms-,0x) O posk-3922-(VS, 4f53)

Q.

w+E;— \Jm +(Q+p)°|. (13)
w=Ex —El, Q=pr—P. (16)

Here, dox pok-892ys (Vs,<my. > ms ,0,.)/dQ%. is the
off-shell differential cross section for the production of
K*(892)" mesons in process (1) under the polar angle 6.
in the 77 p c.m.s. It is assumed to be isotropic in our cal-
culations of K*(892)* meson production in 7~A reactions:

Q.

Here, o7 p—k-892)5-( Vs, \/ﬁ) is the "in-medium" total
cross section of channel (1) with the threshold energy
\/sy, defined above. According to the above-mentioned,
i the
O p—k-892)2-( Vs, VSm), in which the vacuum threshold

it is equivalent to vacuum Cross section

T pok-(892y 2 (VS, V5m) =

As can be seen from Fig. 1, the parametrization (18)
(solid line) fits the data [48] (full circles)” for the
7~ p— K*(892)*X™ reaction reasonably well. One can
also see that the on-shell cross section o p_k-892)-3-
amounts to approximately 31 pb for the initial pion mo-
mentum of 2.0 GeV/c and a free target proton at rest. The

67.30( V5~ vsm) - [ublfor 0 < v5— s < 0.355 GeV,
5.66/(V5— vsm)  [ublfor V5— 5 > 0355 GeV.

Vi¥ig (7

energy +/sm = mg +msz- =2.089 GeV is replaced by the
in-medium one, /sy, and the free collision energy
s = (Er +my)* —p> by the in-medium expression (11).
For the free total cross section o ,—x-892)z- ( Vs, V5t)
we have adopted the following parametrization of the
available scarce experimental data [48]:

(18)

off-shell cross sections o ,—k-(392):s-, calculated in line
with Egs. (11), (12), and (18) for pion momenta of 1.4
and 1.7 GeV/c, a target proton bound in '>C by 16 MeV,
and with relevant internal momenta of 500 and 250
MeV/c, are about 28 and 35 ub, respectivelyz). This opens
up the possibility of measuring the K*(892)* yield in 7~ A

1) It should be noted that these data correspond to the initial laboratory 7~ momenta belonging to the range 1.97 GeV/c < pp- < 4.0 GeV/c.

2) It is interesting to note that the excess energy is equal to -67 MeV for a pion momentum of 1.4 GeV/c and a target proton bound in '2C by 16 MeV and having in-
ternal momentum of 250 MeV/c directed opposite to the initial pion beam. This means that the main contribution to the deep subthreshold K*(892)* production on nuc-
lei comes from the dynamically formed compact nucleonic configurations — in particular, from pairs of correlated pn, pp clusters.
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0.1 1
S‘1/2_Sth1/2 [GeV]
Fig. 1.  (color online) Total cross section for the reaction

7 p— K*(892)*S" as a function of the excess energy
Vs— +/su. The left and right arrows indicate the excess en-
ergies s— /s, =46 MeV and s - +/sq, =99 MeV corres-
ponding to the incident pion momenta of 1.4 and 1.7 GeV/c
and a target proton bound in '>C by 16 MeV and with mo-
menta of 500 and 250 MeV/c, respectively. The latter ones
are directed opposite to the incoming pion beam. The
middle arrow indicates the excess energy +vs— s, = 70
MeV corresponding to the initial pion momentum of 2.0
GeV/c and a free target proton at rest. For the rest of the
notation see the text.

reactions both at the near-threshold and far-below-
threshold beam momenta at the GSI pion beam facility
with a sizable strength. It should be pointed out that the
use in the calculations for the in-medium K*(892)* angu-
lar distribution of the same anisotropic form as was adop-
ted in Ref. [45] for the n7p —» K*X™ reaction, namely:
A0 p poi-(so2y 5 (V- < M. >, 0.) /Ay = [1+|cos .|

O p—k-(892)z- ( VS, 1/s;‘h)/67r instead of isotropic one (17)
leads to only insignificant corrections to the absolute
K*(892)" momentum differential cross sections presen-

ted in Figs. 2, 3 and 4. They are about 5%—10% for sub-
threshold pion momenta of 1.4 and 1.7 GeV/c (at which
these cross sections possess a high sensitivity to changes
in the in-medium shift V of the K*(892)* mass) as well
as ~15%—-20% for incident pion momentum of 2.0 GeV/c,
as our calculations showed. The corrections to the pre-
dicted in the paper on the basis of Eq. (17) enhancement
factors (see below) are even smaller. They are about
3%—5% at beam momenta of interest. In view of numer-
ical results given below, this means that employing of the
isotropic distribution (17) in calculations of the near-
threshold K*(892)" production in n~A reactions with the
aim of studying of a possibility of distinguishing between
considered options for the K*(892)* in-medium mass
shift is very well justified. In Egs. (6)—(8) we assume that
the direction of the K*(892)* three-momentum is not
changed during the propagation from its production point
inside the nucleus in the relatively weak nuclear field,
considered in the work, to the vacuum far away from the
nucleus. As a consequence, the quantities <do-,r oK+ (892)%
(Pr»Py)/dpy. > N and dp./dpk-, entered into Eq. (5), can
be put in the simple forms <da-,r p—k 8925 (P P Ok-)/
p}?‘dp}@dﬂﬂ , and  pi./pk-, where Qg (Ok-.¢x) =
P/ pk-. Here, ¢k is the azimuthal angle of the K*(892)*
momentum pg- in the laboratory system. Accounting for
the HADES spectrometer acceptance as well as the fact
that in the considered energy region K*(892)" mesons are
mainly emitted, due to the kinematics in the forward dir-
ectionsl), we will calculate the K*(892)* momentum dif-
ferential and total production cross sections on >C and
184W target nuclei for laboratory solid angle AQg. =
0° < Ok- <45° and 0 < ¢k <27, Upon integrating the full
inclusive differential cross section (5) over this angular
domain, we can represent the differential cross section for
K*(892)* meson production in 7~A collisions from the
direct process (1), corresponding to the HADES accept-
ance window, in the following form:

(prim) (prim)
Ao sms k892 x (P> PKY) Ao as k892 x P> PK)
de‘ = dQK Pk~
AQ,.
1 d (PrPybx)
VA 2 O k(8925 (D= s P, Ok
=zn(—)(pf<) f dcosex‘lv[A,eK»]< Tl PP > - (19)
AN P dp/.dQx- A

cos45°

At HADES the K*(892)* mesons could be identified
via the hadronic decays K*(892)* — K%z* with a branch-
ing ratio of 2/3 or via their radiative decays K*(892)* —
K"y with sizable branching ratio of 10° [49].

3 Numerical results and discussion

In the beginning, we consider the absolute K*(892)*
momentum differential cross sections from the direct

1) Thus, for instance, at a beam momentum of 2.0 GeV/c the K*(892)* laboratory production polar angles in reaction (1) proceeding on the target proton being at

rest are < 19°.
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Fig. 2. (color online) Momentum differential cross sections for the production of K*(892)* mesons from the primary

7~ p — K*(892)*~ channel in the laboratory polar angular range of 0°—45° in the interaction of 7~ mesons of momentum 2.0 GeV/c
with 12C (left) and 13*W (right) nuclei, calculated for different values of the K*(892*) meson effective scalar potential V; at density
po indicated in the inset. The arrows indicate the boundary between the low-momentum and high-momentum regions of the K*(892)*
spectra.
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Fig. 3. (color online) As in Fig. 2, but for the incident pion beam momentum of 1.7 GeV/c.
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Fig. 4.

K*(892)* production mechanism in 7~ !>C and n~ %W
collisions. These cross sections were calculated accord-
ing to Eq. (19) in five considered scenarios for the
K*(892)* in-medium mass shift at density py at laborat-
ory angles of 0°—45° and for incident pion momenta of
2.0, 1.7, and 1.4 GeV/c. They are presented, respectively,
in Figs. 2, 3, and 4. It is seen that the K*(892)" meson
momentum distributions are notably sensitive to its in-
medium mass shift, mainly in the low-momentum region
of 0.1-0.6 GeV/c, for both target nuclei and for all con-
sidered beam momenta. Here, there are sizeable and ex-
perimentally accessible differences between the results
obtained by employing the different K*(892)* in-medium
mass shifts under consideration, which for each target
nucleus are practically similar to each other at these ini-
tial pion momenta. Thus, for example, for incident pion
and outgoing K*(892)* meson momenta of 2.0 and 0.3
GeV/c, respectively, in the case of a '>C nucleus, the
K*(892)* yield is enhanced at mass shift Vo =+20 MeV
by a factor of approximately 4.1 compared to that ob-
tained for the shift Vy=+40 MeV. When going from
Vo=+20 MeV to Vy=0 MeV, from Vy=0 MeV to
Vo=-20 MeV, and from Vy=-20 MeV to V,=-40
MeV, the enhancement factors are about 2.8, 2.2, and 1.8,
respectively. In the case of a '3 W target nucleus, these
enhancement factors are about 14.0, 3.5, 2.1, and 1.7, re-
spectively. At an initial beam momentum of 1.4 GeV/c
and the same outgoing kaon momentum of 0.3 GeV/c, the

p, [GeVic]

(color online) As in Fig. 2, but for the incident pion beam momentum of 1.4 GeV/c.

corresponding enhancement factors are similar: they are
about 5.0, 3.3, 2.6, and 2.5 and 6.0, 3.3, 2.4, and 2.0 in
the cases of >C and '8*W target nuclei, respectively.
However, the K*(892)* low-momentum production dif-
ferential cross sections at a beam momentum of 1.4
GeV/c are very small (in the range of ~0.0001 —0.1
pub/(GeV/c)) and they are less than those at pion mo-
menta of 1.7 and 2.0 GeV/c by about two to three orders
of magnitude. Therefore, the measurements of the
K*(892)* differential cross sections in 7~ A reactions in
the near-threshold incident pion momentum region (at
1.7-2.0 GeV/c) with the aim of distinguishing between
considered options for the K*(892)" mass shift in nuclear
matter look promising.

The sensitivity of the low-momentum parts of the
K*(892)* meson production differential cross sections to
the related in-medium mass shift V,, shown in Figs. 2, 3,
and 4, can also be studied from such integral measure-
ments as the measurements of the total cross sections for
K*(892)* production in 7~'2C and 7~ "**W reactions by
1.4, 1.7, and 2.0 GeV/c pions at laboratory angles of
0°—45° in the low-momentum region (0.1-0.6 GeV/c) and
in the full-momentum region allowed for a given beam
momentum. These cross sections, calculated by integrat-
ing Eq. (19) over the K*(892)" momentum pg- in these
regions, are shown in Fig. 5 as functions of the mass shift
(or effective scalar potential) Vj. It can be seen from this
figure that again the low-momentum range of 0.1-0.6
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(color online) Total cross sections for the production of K*(892)* mesons from the primary =~ p — K*(892)*X~ channel in C and

W target nuclei with momenta of 0.1-0.6 GeV/c (upper two panels) and with all allowed momenta > 0.1 GeV/c at a given beam mo-
mentum (lower two panels) in the laboratory polar angular range of 0°—45° by 1.4, 1.7, and 2.0 GeV/c n~ mesons as functions of the
effective scalar K*(892)* potential V, at normal nuclear density. The lines are visual guides.

GeV/c shows the highest sensitivity to this potential.
Thus, for instance, the ratios between the total cross sec-
tions of K*(892)* production by 1.4, 1.7, and 2.0 GeV/c
pions on 2C and '8*W target nuclei in this momentum
range, calculated with the potential Vy = -40 MeV, and
the same cross sections as those obtained in the scenario
Vo = +40 MeV, are about 21.0, 5.0, and 3.0 and 14.0,
10.0, and 4.0, respectively. These ratios in the full-mo-
mentum regions are about 21.0, 3.0, and 1.4 for '>C and
14.0, 4.0, and 1.7 for '#*W, respectively. In the low-mo-
mentum region of interest the highest sensitivity of the
K*(892)* production total cross sections to the potential
Vo is observed, as is expected, at the initial pion mo-
mentum of 1.4 GeV/c. However, these cross sections are
small and they are less than those at beam momenta of
1.7 and 2.0 GeV/c by several orders of magnitude. As the
latter ones have a measurable strength ~0.1-5 b, the
low-momentum total cross section measurements of
K*(892)* meson production in nuclei in the near-
threshold incident pion momentum region ~1.7 2.0
GeV/c, with regard to the aim of distinguishing between
adopted options for its mass shift in nuclear matter, look
promising as well.

The fact that the low-momentum range of 0.1 -0.6
GeV/c shows the highest sensitivity to the K*(892)* in-

medium mass shift V; at the central density pg is also
clearly supported by the results given in Fig. 6. Here, the
ratios R of the K*(892)* meson production total cross sec-
tions, calculated for the mass shift V;, and presented in
Fig. 5 to the analogous cross sections determined at
Vo =0 MeV are shown as functions of this mass shift. It
is worth noting that an analysis of these ratios has the ad-
vantage of no dependence on the absolute normalization
of the calculated and measured cross sections. As seen
from this figure, the highest sensitivity of the ratios in
both considered kinematic ranges to the quantity Vj is in-
deed observed at a pion momentum of 1.4 GeV/c. For ex-
ample, at this momentum and for these ranges the cross-
section ratios R for V, = —40 MeV are about 4.5 and 3.2
for 12C and '3*W, respectively. As the pion-beam mo-
mentum increases to 1.7 and 2.0 GeV/c, the sensitivity of
the cross-section ratios to variations in the mass shift Vj
decreases. Thus, in the case where K*(892)* mesons of
momenta of 0.1-0.6 GeV/c are produced by 1.7 and 2.0
GeV/c pions incident on '?C and '3*W targets, the ratios
being considered for Vy = —40 MeV take smaller yet size-
able values of 2.1 and 1.6, and 2.6 and 1.8, respectively.
The analogous ratios for the production of K*(892)*
mesons in the full-momentum regions by 1.7 and 2.0
GeV/c pions in '2C and '"®*W nuclei are even smaller at
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(color online) Ratio between the total cross sections for the production of K*(892)* mesons from the primary

7~ p— K*(892)*=~ channel on 2C and '8*W target nuclei at laboratory angles of 0°~45° with momenta of 0.1-0.6 GeV/c (upper two
panels) and with all allowed momenta > 0.1 GeV/c at a given beam momentum (lower two panels) by 1.4, 1.7, and 2.0 GeV/c n~
mesons, calculated with and without the K*(892)* in-medium mass shift V, at normal nuclear density, as a function of this shift. The

lines are visual guides.

about 1.6 and 1.2, and 1.9 and 1.3, respectively.

Therefore, we conclude that a comparison of the low-
momentum "integral" results shown in Figs. 5 and 6 with
the respective near-threshold experimental data, which
could be obtained in future experiments using 7~ beams
at the GSI pion beam facility or at J-PARC [50], will also
allow the study of the in-medium properties of the
K*(892)* mesons.

These properties can be also investigated [5] from
other integral measurements such as the measurements of
the excitation functions for K*(892)* production in 12C
and 7~ '8*W reactions at laboratory angles of 0°—45° in
the low-momentum (0.1-0.6 GeV/c) and full-momentum
regions. They were calculated for five adopted scenarios
for the K*(892)* in-medium mass shift and are given in
Fig. 7. One can see that the absolute values of the excita-
tion functions show a wider variation for the mass shift
range of Vy = —40 to +40 MeV in the low-momentum re-
gion for all considered beam momenta. In this mo-
mentum region and at beam momenta not far below the
threshold (at p,- ~ 1.6-1.84 GeV/c), there are well separ-

ated and experimentally distinguishable differences (~
25%-45% for 12C and ~ 30%-60% for '84W) between
all calculations corresponding to different options for the
K*(892)" in-medium mass shift. Here, the total K*(892)*
production cross sections have a measurable strength
~30 -=3000 nb. At above-threshold pion momenta of
1.84-2.0 GeV/c, the impact of the K*(892)" meson mass
shift on its yield decreases. Here, the respective differ-
ences are ~20%—-30% for 12C and ~25%—-35% for 184 W,
but one might expect these to also be measured in future
experiments at the GSI pion beam facility. Since, as one
may hope, the precision of these experiments can reach
the same value ~ 15% as was achieved in recent meas-
urements here [39] of 7~ meson-induced K~ meson pro-
duction in 7~ '*C - K*X and 7~ '®*W — K*X reactions at
1.7 GeV/c beam momentum.

Considering the above, one can conclude that the
near-threshold K*(892)* differential and total cross sec-
tion measurements at K*(892)* momenta of 0.1 -0.6
GeV/c in n~A interactions will allow us to shed light on
the possible K*(892)* in-medium mass shift at these mo-
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(color online) Total cross sections for the production of K*(892)* mesons from the primary 7~ p — K*(892)*=~ channel on '2C

and '8*W target nuclei at laboratory angles of 0°-45° with momenta of 0.1-0.6 GeV/c (upper two panels) and with all allowed mo-
menta > 0.1 GeV/c at a given beam momentum (lower two panels), calculated with the K*(892)* in-medium mass shift v, at normal
nuclear density depicted in the inset, as functions of the incident pion momentum.

menta.
4 Conclusions

In this paper, we elucidate inclusive strange vector
meson K*(892)* production in n~A reactions at near-
threshold laboratory incident pion momenta of 1.4-2.0
GeV/c via a nuclear spectral function approach. The ap-
proach accounts for incoherent primary n~ meson—pro-
ton 7~ p — K*(892)*X~ production processes as well as
the influence of the scalar K*(892)*nucleus potential (or
the K*(892)" in-medium mass shift) on these processes.

We calculate the absolute differential and total cross sec-
tions for the production of K*(892)* mesons in carbon
and tungsten target nuclei at laboratory angles of 0°—45°
and at the aforenoted initial pion momenta within five
scenarios for the above shiftt We show that the
K*(892)*momentum distributions and their excitation
functions (absolute and relative) possess a high sensitiv-
ity to changes in the in-medium K*(892)* mass shift in
the low-momentum region of 0.1-0.6 GeV/c. Therefore,
the measurement of such observables in a dedicated ex-
periment at the GSI pion beam facility in the near-
threshold momentum domain will allow us to get valu-
able information on the K*(892)* in-medium properties.
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