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The production of backward nucleons, N (180◦), at 180◦ in the nuclear target rest frame in proton-nucleus
(p + A) collisions is studied. The backward nucleons appearing outside of the kinematically allowed range of
proton-nucleon (p + N) reactions are shown to be due to secondary reactions of heavy baryonic resonances
produced inside the nucleus. Baryonic resonances R created in primary p + N reactions can change their
masses and momenta due to successive collisions R + N → R + N with other nuclear nucleons. Two distinct
mechanisms and kinematic restrictions are studied: the reaction R + N → N (180◦) + N and the resonance decay
R → N (180◦) + π . Simulations of p + A collisions using the Ultrarelativistic Quantum Molecular Dynamics
model support these mechanisms and are consistent with available data on proton backward production.
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I. INTRODUCTION

A large fraction of the particles produced in inelastic
nucleon-nucleon (N + N) collisions fraction appears from the
decays of meson and baryon resonances, e.g., from � and
N∗ isobars, which decay subsequently into a stable baryon
and one or more mesons, dileptons, or photons. The large
number of resonance states and their large decay widths have
led Hagedorn to postulate that the resonance mass spectrum
behaves as a continuous exponentially increasing function
[1]. This is indeed experimentally found up to masses of
approximately 3 GeV [2], larger masses are not easily iden-
tified. An exponentially increasing mass spectrum ρ(m) ∼
exp(m/TH) of the hadronic states at m → ∞ leads to the
limiting temperature T = TH for strongly interacting matter.
Later theoretical suggestions [3–5] transformed the concept
of a limiting temperature to the concept of a temperature of
a phase transition or a crossover to a new high-temperature
state—the quark-gluon plasma. The crossover model with
Hagedorn states does indeed describe the lattice QCD data
[6]. Microscopic transport models of high-energy collisions
[7–11] model the Hagedorn states by string excitations [12]
or include them directly [13].

Experimentally produced nucleons emitted in proton-
nucleus (p + A) collisions have been observed in backward
direction, at 180◦, in the nuclear target rest frame [these
nucleons will be further denoted as N (180◦) and named back-
ward nucleons). Note that the backward nucleons appear in
a kinematic region forbidden in binary proton-proton (p + p)
reactions. The production of backward nucleons and mesons
was observed experimentally [14,15] and is referred to as

*Corresponding author: panova.oleksandra@gmail.com

a “cumulative effect” since two or more nuclear nucleons
should be involved in this process. Several models were
proposed to explain the data. One group of models suggests
that an extension of the kinematic limit of nucleon-nucleon
(N + N) collision is possible in p + A reactions due to the
short-range proton-neutron correlations in the nuclear target
[16–21]. These correlations lead to the presence of long tails
in the nucleon momentum distributions inside a nucleus and
thus extend the kinematic region of the emitted particles in
p + A reactions. It was also suggested that the cumulative
effect is a result of the presence of multinucleon targets
(“grains”) with masses 2m, 3m, . . . (where m is the nucleon
mass) inside the nucleus (see Refs. [22–26]). In both these ex-
planations, all necessary requisites for the cumulative hadron
production are present inside the nucleus before the p + A
reaction.

Our present study is based on an alternative model scenario
[27], see also Refs. [28–35]. The kinematically forbidden
regions in N + N collisions can be explored in p + A reactions
due to creation of heavy hadronic states and their successive
collisions with nuclear nucleons. We assume that a heavy
baryonic resonance R, created in a primary proton-nucleon
(p + N) reaction, can propagate further through the nucleus,
and it has a chance to interact with another nuclear nucleon
earlier than its decay to a stable hadron occurs. Therefore,
several nuclear nucleons are involved in the backward nu-
cleon production. Two mechanisms for the production of a
backward nucleon N (180◦) will be considered: the reaction
R + N → N (180◦) + N and the resonance decay to nucleon
and pion R → N (180◦) + π .

Excitations of heavy baryonic states and their subsequent
rescattering can be also probed in the subthreshold production
[36–38] of massive hadrons in A + A collisions. Recently this
approach was used to describe the data on strange and charm
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particle production [39–41]. The two phenomena in p + A
reactions—the production of hadrons outside the kinematic
region of N + N collisions and the subthreshold production
of strange and charmed heavy hadrons—have probably the
same origin, namely, the creation of heavy resonances and
their further interactions with nuclear nucleons.

This paper is organized as follows. In Sec. II we calculate
the maximal energy for the backward production of nucle-
ons in p + A reactions if n = 2, 3, . . . nuclear nucleons are
involved in this reaction. The mass of the baryonic resonance
needed for this production is also calculated. These results are
obtained as a consequence of energy-momentum conserva-
tion. In Sec. III the results of the Ultrarelativistic Quantum
Molecular Dynamics simulations are presented. Section IV
summarizes the paper.

II. KINEMATIC RESTRICTIONS FOR BACKWARD
NUCLEONS

In this section we consider general restrictions on the
energy of the backward nucleon emitted at 180◦ relative to
the direction of the projectile proton in p + A reactions in the
rest frame of the target nucleus. The restrictions obtained are a
consequence of the energy-momentum conservation laws. We
are interested in the maximal value of the backward nucleon
energy. The production of any additional particles and/or a
presence of a nonzero transverse particle momentum in the
final state would require extra energy and would cause a
reduction of the final energy of the backward nucleon. Thus,
to find the maximal value of its energy we assume that no
new hadrons are created, and all nucleons move longitudi-
nally. Therefore, our kinematic analysis is reduced to the
one-dimensional (longitudinal) problem. Besides, we assume
m = 0.94 GeV for the nucleon mass and neglect the small
difference between proton and neutron masses.

A. R + N → N + N(180◦)

The energy-momentum conservation in the reaction p +
N → N + · · · does not permit backward nucleon production
in the target nucleon rest frame. If two nuclear nucleons
are involved in the p + A reaction the conservation laws for
energy and momentum are

√
p2 + m2 + m + m =

√
k2

2 + m2 +
√

p2
1 + m2 +

√
p2

2 + m2,

p = p1 + p2 − k2, (1)

where p is the momentum of the projectile proton, k2 > 0 is
the momentum of the backward nucleon N (180◦), the lower
index in k2 denotes the number of nuclear nucleons involved,
whereas p1 and p2 are the final longitudinal momenta of the
two nucleons.

Let us denote the maximal value of k2 as k∗
2 . From Eq. (1)

and the maxima criteria ∂k2/∂ p1 = ∂k2/∂ p2 = 0, one finds
nucleon momenta p1 = p2 = (p + k2)/2 which maximize the
backward nucleon momentum k2 = k∗

2 . This leads to the
following algebraic equation for the maximal kinetic energy,

E∗
2 ≡ √

(k∗
2 )2 + m2 − m, of the backward nucleon:

E∗
2 = m +

√
p2 + m2 − 2

√
m2 +

(
p + k∗

2

2

)2

. (2)

The solution of Eq. (2) for the kinetic energy, E∗
2 , is presented

in Fig. 1(a) by the lower solid (red) line.
The value of E∗

2 increases with the projectile proton mo-
mentum p, and the upper limit E∗

2
∼= 0.24 GeV is reached at

p → ∞.
We assume that a backward nucleon with kinetic energy

E∗
2 is created through a two-step process. First, the reaction

p + N → R + N takes place, and a resonance R with the mass
M1 is created. The backward nucleon production then takes
place at the second step in the following reaction:1

R + N → N (180◦) + N. (3)

To reach the maximal energy E∗
2 [Eq. (2)] of the backward

nucleon the baryonic resonance mass M1 after the first p + N
collision should be equal to

M2
1 =

⎡
⎣√

p2 + m2 −
√(

p + k∗
2

2

)2

+ m2 + m

⎤
⎦

2

−
[

p −
(

p + k∗
2

2

)]2

. (4)

The resonance mass M1 after the p + N collision is shown in
Fig. 1(b) as a function of the projectile momentum p by the
lower solid (red) line.

If n � 2 nucleons are involved in the reaction p + A →
N (180◦) + · · · with a backward nucleon production, the
energy- and momentum-conservation equations are

√
p2 + m2 + n m =

√
k2

n + m2 +
n∑

i=1

√
p2

i + m2 ,

p =
n∑

i=1

pi − kn. (5)

Similar to the case of n = 2, one finds the nucleon momenta
p1 = p2 = · · · = pn = (p + kn)/n which maximize the back-
ward nucleon momentum kn = k∗

n . This leads to the following
equation for the maximal kinetic energy of the backward
nucleon:

E∗
n = (n − 1) m +

√
p2 + m2 −

√
n2m2 + (p + k∗

n )2. (6)

A solution of this equation for n = 3 is presented in
Fig. 1(a) by an upper solid (blue) line. The value of E∗

3
increases with the projectile proton momentum p, and the
upper limit E∗

3
∼= 0.63 GeV is reached at p → ∞. Note also

that the resulting conservation laws and final expression (6)

1Note that the reactions � + N → N + N were discussed in
Ref. [42] where these reactions were proposed as a mechanism
of pion suppression in nucleus-nucleus reactions at small collision
energies (see also Ref. [43]).
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FIG. 1. (a) Maximal kinetic energies E∗
2 and E∗

3 of the backward nucleons given by Eq. (6) are shown as functions of the projectile proton
momentum p by solid red and blue lines, respectively. Horizontal dotted lines show the upper limits at p → ∞. (b) The resonance masses M1

and M2 given by Eq. (7) are shown by solid red and blue lines, respectively. Dashed lines on (a) and (b) represent the same quantities but given
by Eqs. (12) and (13), when the additional production of a pion, R → N (180◦) + π , takes place.

for E∗
n are the same as for a collision of the projectile proton

with an n-nucleon “grain” in a nucleus.
To produce a backward nucleon with energy E∗

n (6) in
reaction (3) a baryonic resonance with mass Mn−1 needs to be
formed in n − 1 preceding collisions with nuclear nucleons.
For example, to reach the energy E∗

3 within the reaction (3)
the following two preceding reactions have to take place:
p + N → R1 + N and then R1 + N → R2 + N .

The straightforward calculations give

M2
n−1 =

⎡
⎣√

p2 + m2 − (n − 1)

⎛
⎝

√(
p+ k∗

n

n

)2

+ m2 − m

⎞
⎠

⎤
⎦

2

−
[

p − (n − 1)

(
p + k∗

n

n

)]2

. (7)

For n = 2, Eqs. (6) and (7) are reduced to Eqs. (2) and (4),
respectively. The resonance mass M2 after two successive
collisions with nuclear nucleons is shown in Fig. 1(b) as a
function of the projectile proton momentum p by the upper
solid (blue) line.

From Fig. 1 one observes that E∗
n increases strongly with

the projectile proton momentum p up to p ∼ 10 GeV/c. This
corresponds to a mass region of the baryonic resonances not
larger than 3–4 GeV. A further strong increase of the baryonic
resonance masses at p > 10 GeV/c seen in Fig. 1(b) leads to
only a slight increase of E∗

n shown in Fig. 1(a).
The momentum of a baryonic resonance with mass Mn−1

after n − 1 collisions with nuclear nucleons should be equal
to

Pn−1 = p − (n − 1) pn = p − (n − 1)
p + k∗

n

n
. (8)

The solutions of Eq. (8) for n = 2 and 3 are presented in Fig. 2
as functions of the projectile proton momentum by the solid
upper red and lower blue lines, respectively.

B. R → N(180◦) + π

Let us assume now a resonance decay into the backward
nucleon and pion. If n nuclear nucleons are involved, the
conservation laws for the energy and momentum are

√
p2 + m2 + n m =

√
k2

n + m2 +
n∑

i=1

√
p2

i + m2

+
√

p2
π + m2

π , (9)

p =
n∑

i=1

pi + pπ − kn, (10)

where mπ and pπ > 0 are the pion mass and longitudinal
momentum, respectively. At a given value of the projectile

FIG. 2. Solid lines present the momentum Pn [Eq. (8)] of bary-
onic resonance in reaction R + N → N + N (180◦) for n = 2 (upper
solid red line) and n = 3 (lower solid blue line). Dashed lines present
Pn [Eq. (14)] in reaction R → N (180◦) + π for n = 2 (upper dashed
red line) and n = 3 (lower dashed blue line).
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proton momentum p, the maximal value of the backward
nucleon kn is reached at the conditions p1 = p2 = · · · = pn,

and pπ/mπ = pn/m , i.e., the n nuclear nucleons and created
pion should move with the same velocity. The maximal kinetic
energy E∗

n of the backward nucleon N (180◦) and the mass Mn

of a resonance before its decay into the backward nucleon and
pion,

R → N (180◦) + π, (11)

are calculated as

E∗
n = (n − 1)m +

√
p2 + m2

−
√

(p + k∗
n )2 + (nm + mπ )2, (12)

M2
n =

⎡
⎣√

p2 + m2 − n

⎛
⎝

√(
p + k∗

n

n + mπ/m

)2

+ m2 − m

⎞
⎠

⎤
⎦

2

−
[

p − n

(
p + k∗

n

n + mπ/m

)]2

. (13)

The solutions of Eqs. (12) and (13) for n = 2 and n = 3 as
functions of the projectile proton momentum are presented in
Figs. 1(a) and 1(b) by lower (red) and upper (blue) dashed
lines, respectively.

The momentum of the baryonic resonance before its decay
to the backward nucleons and pions is

Pn = p − n pn = p − n
p + k∗

n

n + (mπ/m)
. (14)

The solutions of Eq. (14) for n = 2 and n = 3 are presented in
Fig. 2 by upper red and lower blue dashed lines, respectively.
One can see that the resonance should move backward at small
p to produce a backward nucleon with maximal energy.

III. UrQMD SIMULATIONS OF p + A REACTIONS

In this section an analysis of the backward production
of protons within the Ultrarelativistic Quantum Molecular
Dynamics (UrQMD) transport model [7,8] is performed.
The mechanisms of the backward nucleon production by
heavy baryonic resonances suggested in previous sections are
probed by microscopical simulations of p + A collisions. The
UrQMD model performs simulations by the Monte Carlo cal-
culations of stochastic two-particle collisions and resonance
decays, and it includes nucleon N∗ and � resonances with
pole masses in the region 1.232–2.250 GeV; higher masses are
possible due to the finite widths in Breit-Wigner distribution
for unstable particles. The hadron-like states with masses
higher than 2.250 GeV are effectively modeled by string
excitation; this mechanism is dominant for inelastic hadron
collisions at the center-of-mass energy of the nucleon pair√

sNN > 3 GeV. Contrary to hadronic degrees of freedom,
the string degrees of freedom do not interact with other
objects; they are only subject to fragmentation.2 Therefore,

2Note a novel string model for high-energy p + A and A + A
collisions where the string-string interactions are considered [44].

in UrQMD simulations the strings are not able to contribute
to the suggested mechanism of successive collisions with nu-
clear nucleons. Within UrQMD the Fermi motion of nucleons
is modeled with the random distribution of nuclear nucleon
momenta in the range of 0–300 MeV in a nucleus rest frame.
The Fermi motion allows widening of the available kinematic
region for backward proton production. An another theorized
source of cumulative particle production, nuclear short-range
correlations [20], cannot be studied within UrQMD because
of a lack of implementation of the phenomenon. The imple-
mentation of the nuclear short-range correlations in a transport
model is still a conceptual problem and a subject for future
studies.

For the simulations of p + A energetic collisions the stan-
dard setup of UrQMD-3.4 is used. In this setup the mean fields
and the hydrodynamic stage of collision are not considered.
The backward nucleons are defined as nucleons emitted in a
narrow cone with respect to the beam axis, 180

◦ ± 6
◦
. The

UrQMD simulations are performed in p + A collisions with
different nuclei 4He, 12C, and 208Pb at the two values of
the projectile proton momenta p = 6.9 and p = 158 GeV/c.
These two momenta correspond to available energies at the
Dubna Synchrophasotron and the top energy of the CERN Su-
per Proton Synchrotron, respectively. The backward nucleon
production is a rare phenomenon and requires a large sample
of events to study energetic cumulative particles. For each
p + A reaction a number of Nev = 108 collision events were
simulated. To enlarge a production of the backward nucleons
the central p + A collisions with zero impact parameter b = 0
are mostly considered. The calculated spectra are presented
in Fig. 3. To avoid experimental problems with neutrons,
only the backward protons are considered in the analysis.
Therefore, a straightforward comparison with experimental
data can be done.

The UrQMD results presented in Fig. 3 suggest that the
backward proton spectra increase strongly with the atomic
number A of the target nucleus. Both the number of backward
protons and their largest kinetic energy increase with A. This
behavior goes in line with the results from the analysis in
Sec. II as the possible number of primary and successive col-
lisions with nuclear nucleons increases strongly with A. The
maximal energy of the backward protons does not show a no-
ticeable increase with p from p = 6.9 to p = 158 GeV/c. This
observation just reflects an absence of baryonic resonances
with a mass larger than M > 3 GeV in the present version of
the UrQMD model. An inclusion of resonances with masses
larger than M > 3 GeV or an implementation of string-hadron
interactions in the UrQMD simulations would allow widening
of the kinematic range for cumulative particles. This is a point
for future studies.

In Fig. 4(a) the UrQMD values of the backward proton
spectra at the kinetic energy E = E∗

2 = 0.17 GeV are pre-
sented in p + A collisions at p = 6.9 GeV/c as a function of
A. Approximating these values by ≈ Aα dependence, one finds
α ∼= 2.46 for light nuclei (from He to C) and α ∼= 0.67 for
heavy nuclei (from C to Pb).

The UrQMD results demonstrate also a strong depen-
dence of the backward proton spectra on the centrality in
p + A reactions. In Fig. 4(b) we present the backward proton
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FIG. 3. Spectra of the backward protons as functions of their kinetic energy. For each reaction a sample of Nev = 108 central collision
events with zero impact parameter is used. The vertical dashed lines show the maximum kinetic energies of the backward nucleons at the
corresponding initial projectile proton momenta p as calculated with Eq. (6), for collision numbers n = 2 (red lines) and n = 3 (blue lines).

spectra for UrQMD simulations in p + Cu reactions at the
projectile momentum p = 9.5 GeV/c. The lower (red) his-
togram presents the UrQMD results for the peripheral col-
lisions with impact parameter b = 7 fm, the upper (yellow)

histogram for the central collisions with b = 0, while the
intermediate (green) histogram for the minimum bias p +
Cu reactions. These minimum bias UrQMD results are in
a good agreement with the data presented in Ref. [45] and
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FIG. 4. (a) The backward proton spectra at the fixed kinetic energy E = E∗
2 = 0.17 GeV in p + He, p + C, and p + Pb collisions at

p = 6.9 GeV/c. (b) Comparison of the UrQMD results for proton spectra at 180◦ with the data [45] in p + Cu reactions at p = 9.5 GeV/c.
The histograms correspond to the UrQMD results for peripheral (b = 7 fm), minimum bias, and central (b = 0), from below to up. The vertical
dashed lines show the values of E = E∗

2 = 0.19 GeV and E = E∗
3 = 0.49 GeV calculated with Eq. (6).

shown in Fig. 4 as full circles. Note, however, that in our
calculations a backward proton is defined as observed at
angles of 180◦ ± 6◦. We have to use an additional normal-
ization factor for the measured data to compare them with our
results.

Figures 5(a) and 5(c) show the contributions of different
sources to the final spectra of the backward protons as func-
tions of the proton kinetic energy at the projectile proton
momentum 158 GeV/c in p + C and p + Pb reactions, respec-
tively. To enlarge the event statistics we define now backward

FIG. 5. (a) and (c) The UrQMD spectra of the backward protons (180
◦ ± 15

◦
) produced from the different sources as functions of the

backward proton kinetic energy in p + C (a) and p + Pb (c) collisions at the projectile momentum p = 158 GeV/c. (b) and (d) present the ratios
of the spectra of the backward protons created in reactions R + N → N + N by heavy resonances R with masses M > 1.5 GeV to the spectra
of all backward protons created in this type of reactions.
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protons as being emitted within the cone of backward angles
180

◦ ± 15
◦
.

The Fermi motion of nucleons inside nuclei with momenta
up to ≈300 MeV is implemented in the UrQMD model. This
allows the production of backward nucleons even in a primary
p + N collision with the nuclear nucleons. On the other hand,
the strong nucleon motion inside the nucleus due to the short-
range correlation effects are absent in the present version of
the UrQMD model. The multinucleon target grains inside the
nucleus are also absent.

From Figs. 5(a) and 5(c) one observes that there are three
sources of the backward protons: (multiple) elastic N + N
(re)scatterings which take into account the Fermi motion of
nuclear nucleons, the resonance decays R → N + · · · , and
the reactions R + N → N + N . At low kinetic energies of
the backward proton, elastic (re)scattering effects dominate.
On the other hand, at larger E values the backward proton
production due to reactions R + N → N + N becomes the
dominant source.

Figures 5(b) and 5(d) show the ratios of the spectra of
the backward protons created in reaction R + N → N + N by
resonances with heavy masses M > 1.5 GeV to the backward
protons produced in this type of reactions by all resonances R
with any mass. A partial contribution from heavy resonances
with m > 1.5 GeV appears to be rather small, but it strongly
increases with E .

IV. SUMMARY

The production of backward nucleons N (180◦) in p + A
collisions in the nuclear target rest frame is studied. This
kinematic region is forbidden in p + N reactions. It is sug-
gested that the backward nucleons can be created by heavy
baryonic resonances produced in several successive collisions
with nuclear nucleons. A baryonic resonance formed in a
primary p + N collision propagates through the nucleus and
can interact with other nuclear nucleons earlier than it decays.
Thus, several nuclear nucleons, n = 2, 3, . . ., are involved in
the backward nucleon production. To find the largest pos-
sible energy of the backward nucleons in such a scenario
the two competitive mechanisms are considered. The first
one assumes that the baryonic resonance R is formed in
the n − 1 preceding collisions, and then it creates the back-
ward nucleon in the nth collision via the reaction R + N →
N (180

◦
) + N . The second mechanism assumes the baryonic

resonance formation in n successive collisions with nuclear
nucleons and then its decay into the backward nucleons and
pion, R → N (180

◦
) + π . In both considered mechanisms, the

largest possible energy of the backward nucleon increases
with the number of nuclear nucleons involved in the p + A →
N (180

◦
) + · · · reaction. It also noticeably increases with the

projectile proton momentum p up to p ≈ 10 GeV/c and then
goes gradually to its limiting value at p → ∞. The largest
energies of the backward nucleon appear to be close to each
other in both discussed mechanisms and coincide at p → ∞.
However, the masses and longitudinal velocities of baryonic
resonances in these two mechanisms are rather different.

Different aspects of backward proton production in p + A
reactions are also studied within the UrQMD simulations.

The reactions p + 4He, p + 12C, and p + 208Pb at the projec-
tile momenta p = 6.9 and 158 GeV/c, energy at the Dubna
Synchrophasotron and the top CERN SPS energy, respec-
tively, are considered. The energy spectrum of the backward
protons behaves as ≈ Aα , where α ∼= 2.46 for light nuclei
and α ∼= 0.67 for heavy nuclei. We have also found that the
maximal energy of the backward proton increases strongly
with A.

The UrQMD results show that the decays R → N (180
◦
) +

π and the reactions R + N → N (180
◦
) dominate in the

UrQMD production of the backward nucleons with large
kinetic energy. The second reaction appears to be the main
source of the backward nucleons in p + Pb reactions. This
is qualitatively different from the pion backward production
considered in Ref. [34] where only resonance decays R →
π (180

◦
) + N are permitted.

Short-range p-n correlations inside the nuclei are not
implemented in the present version of the UrQMD model.
Their implementation would result in a strong increase of
particle production in the kinematic regions forbidden in
p + p reactions due to the quasielastic collisions of the pro-
jectile with nuclear target nucleons. Considered simultane-
ously, both the short-range correlation effects and inelastic
rescatterings of heavy hadron-like states in nuclei are expected
to be the competitive mechanisms for a production of final
hadrons with momenta forbidden in p + p reactions and for
the subthreshold hadron production in low-energy p + A and
A + A collisions. We hope that further experimental studies
of p + A reactions allow us to search for the new heavy
hadron-like states and an extension of the hadron mass spec-
trum to higher mass values. This research can be done by
the NA61/SHINE Collaboration at the SPS CERN as well
as in GSI-HADES, and future FAIR-CBM and NICA-MPD
experiments. Particularly, the NA61/SHINE Collaboration
started the experimental program on the nuclear fragmentation
properties. For this purpose, different nuclear projectiles were
collided with a proton target at the SPS energies. The test
run was successfully done in 2018 [46], and proposals for
new measurements in 2021–2024 have been formulated [47].
Within the inverse kinematics of these reactions—high-energy
beams of nuclei and a proton target—the backward low-
energy proton produced at 180

◦
in the nucleus rest frame

becomes the high-energy proton emitted at 0
◦
. This leads to

several technical improvements for the detection and precise
measurements of these protons. Note also that one of the main
goals of the future FAIR-CBM and NICA-MPD experiments
is to observe very rare signals in p + A and A + A reactions,
e.g., production of multistrange baryons and charmed hadrons
at rather moderate collision energies. Thus, they will need to
accumulate many millions of collision events. This will be
a good chance to observe and study the spectra of protons,
pions, and other hadrons outside of the kinematic limits of
proton-proton reactions.
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