SINEPHA ®I3VKA TA EHEPTETHKA / NUCL. PHYS. AT. ENERGY 27 (2026) 016-025 ISSN 1818-331X

AJEPHA ®I3UKA
NUCLEAR PHYSICS

YK 539.125.17+539.126.17 https://doi.org/10.15407/jnpae2026.01.016

Ya. D. Krivenko-Emetov!?3* B. I. Sydorenko??

! National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ZInstitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine
3 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

*Corresponding author: y.kryvenko-emetov@kpi.ua; krivemet@ukr.net

INCLUSION OF THE LONGITUDINAL COMPONENT OF THE TRANSFERRED MOMENTUM Q;
AND THE TRANSVERSE RELATIVE MOMENTUM p
IN THE DIFFRACTION APPROACH TO THE H(d, p)X REACTIONSP

In this work, within the framework of the Glauber - Sitenko approximation, we present an analysis of the differential
cross section for deuteron breakup with proton emission in the reaction H(d, p)X at small proton emission angles
(6, <7 prad). The study employs several parameterizations of the deuteron wave function, including the single-
Gaussian, the multi-Gaussian K2 parameterization, and models based on the Av18 and Nijm I nucleon-nucleon
potentials.

Particular attention is paid to the effects of small longitudinal components of the transferred momentum
(1Q,1<0.5GeV/c in the laboratory frame) and the transverse momentum of the proton-neutron pair

(pL =(p,,0)<05 GeV/c) in the antilaboratory reference frame. The results are compared with available experimental

data, especially in the region of longitudinal momenta k, = p, = 0.25-0.5GeV/c (in the antilaboratory frame), where

quark effects are expected to become significant. Calculations show an increase in the differential cross section with
increasing transverse momentum, as well as a small shift — and a noticeable enhancement — of the cross-section
maximum when the longitudinal component Q; is included.

Keywords: deuteron, diffractive breakup, relativistic effects, quark structure, differential cross section, Glauber -
Sitenko approach, longitudinal momentum, transverse momentum, dibaryon, d*(2380).

1. Introduction

The deuteron, being the simplest bound system of
nucleons, continues to serve as one of the key sub-
jects of investigation in nuclear physics, particularly
for understanding the non-central nature of nuclear
forces, as well as exchange, relativistic, and short-
range quark-gluon effects. Despite significant pro-
gress in the theoretical description of the deuteron,
aspects such as its relativistic dynamics and behavior
at high momentum transfers remain insufficiently
explored. These issues are closely linked to funda-
mental problems in the theory of strong interactions,
especially to the application of quantum chromody-
namics (QCD) to few- and many-body nuclear sys-
tems (for details, see, e.g., [1-6]).

One of the most promising approaches to
studying deuteron structure is through the analysis of
its high-energy breakup reactions on nuclear targets,
particularly inclusive processes such as A(d, p)X-
type reactions. Experiments carried out at momenta
of about 2.1-10.8GeV/c [7-16] have revealed

significant discrepancies between experimental data
(including differential cross sections, tensor
analyzing power T, and polarization transfer
observables) and the predictions of traditional
models based on the impulse approximation.

These discrepancies, as demonstrated in several
studies, underscore the necessity of accounting for
short-range quark structure the deuteron [3, 7, 14,
17-19] and for the role of intermediate dilepton
contributions [20-22].

Despite the success of quark-based models in
describing the deuteron structure in hard processes,
several open questions remain for (d, p) breakup reac-
tions. Experimental studies [7, 9, 12-17, 23, 24] were
performed at small proton emission angles
(6, < 7 prad), corresponding to the applicability con-
ditions of the Glauber - Sitenko multiple diffraction
scattering theory [25-27] (also known as MSDT).
This framework, among other results, predicts that
Coulomb interaction effects can noticeably influence
the A(d, p)X cross section [28-31].

© The Author(s), 2026

Published by INR of NAS of Ukraine as an open access article under the CC BY-NC 4.0 license

2 |nstitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine (retired).
bpresented at the XXXII Annual Scientific Conference of the Institute for Nuclear Research of the National

Academy of Sciences of Ukraine, Kyiv, May 26-30, 2025.

16


https://jnpae.kinr.kyiv.ua/
https://doi.org/10.15407/jnpae2026.01.016
https://ror.org/00syn5v21
https://ror.org/052kdcb58
https://ror.org/02aaqv166
mailto:y.kryvenko-emetov@kpi.ua
mailto:krivemet@ukr.net
https://ror.org/052kdcb58
https://creativecommons.org/licenses/by-nc/4.0/
https://indico.kinr.kyiv.ua/event/4/book-of-abstracts.pdf
https://indico.kinr.kyiv.ua/event/4/book-of-abstracts.pdf

INCLUSION OF THE LONGITUDINAL COMPONENT OF THE TRANSFERRED MOMENTUM Q,

Glauber - Sitenko multiple diffraction scattering
theory [25-27] (also known as MSDT). This frame-
work, among other results, predicts that Coulomb
interaction effects can noticeably influence the
A(d, p)X cross section [28-31].

Beyond the Coulomb contribution, unresolved
issues within MSDT include the role of the longitu-
dinal transferred momentum component Q. (see,
e.g., [32, 33]) — neglected in classical diffraction
theory [25, 26] — and the transverse momenta of the
proton-neutron pair p, in the antilaboratory frame

[34, 35]. Several studies [31, 32, 34] have shown
that ignoring these effects in standard MSDT may
lead to misinterpretation of experimental data.

In this work, we analyze the H(d, p)X reaction,
taking into account both the longitudinal transfer Q,
and the transverse nucleon momenta p, in the anti-

laboratory frame. Using different nucleon-nucleon
potentials, particularly the Nijmegen (Nijm I) poten-
tial [36], we examine their influence on the differen-
tial cross section and compare the results with expe-
riment. Special attention is paid to the region of
large relative momenta (k, > 250 MeV/c, in the anti-
laboratory frame), where conventional models show
marked discrepancies with the data [7, 9, 11, 14].

The objectives of this study are:

1. To include Q; in the laboratory frame and
transverse nucleon momenta p, in and analyze their

effect on the cross-section shape.

2. To assess how these factors influence previ-
ous conclusions regarding the manifestation of quark
degrees of freedom in the short-range part of the
deuteron wave function.

The second point of the stated objective deserves
separate discussion. The relevance of this study is
emphasized by the fact that, soon after the pionee-
ring works [7, 18], where the observed rise of the
invariant cross section in the antilaboratory frame
(300 - 500 MeV/c) was attributed to an S-wave
guark component in the deuteron wave function,
several alternative explanations were proposed (e.g.,
[37, 38]) suggesting a pion-rescattering origin.
However, this interpretation raises doubts.

The antilaboratory frame in scattering problems is
analogous to the s-channel: the position of maxima in
the differential cross section can indicate the mass of
intermediate exchange particles, as in the relativistic
Breit - Wigner resonance description. If the pions
mentioned were on-shell, their energies would be
below the characteristic 300 - 500 MeV range.

Moreover, studies of quark behavior in the
nuclear medium show that the effective masses of
light quarks (u, d, s) increase to 300 - 500 MeV/c?
[39], which qualitatively contradicts the pion-
dominant explanation (m, = 135 - 140 MeV/c?).

In addition, several works [22] have shown that
nucleon-nucleon collisions with a total energy of
about 2380 MeV can produce a six-quark dibaryon
resonance d*(2380). ubtracting the deuteron mass
(1876 MeV/c?) yields an excess energy of
approximately 0.5 GeV — consistent with the region
of the observed enhancement. The first lattice-QCD
simulation addressing the possible existence of
d*(2380) was reported by the HAL QCD Collabora-
tion [40].

Although these arguments are mostly qualitative,
they support the hypothesis of a quark origin of the
enhancement and motivate further investigation. The
MSDT framework naturally includes mesonic
degrees of freedom — explicitly, through realistic
NN potentials (e.g., Nijm | based on meson
exchange), and implicitly, via the profile-function
parameters. The observed enhancement lies within
the MSDT applicability domain, making it a useful
tool for testing the quark-based interpretation.

2. General formalism

As is well known [25-27], the diffraction appro-
ximation applies when the incident particle’s velo-
city is sufficiently high that the internal structure of
the target nucleus remains essentially unchanged
during interaction. Under these conditions, the
nucleon internal dynamics can be neglected, and the
process may be described by a small transferred
momentum Q =(Q,,Q,), |Q| <<|P|, where P is the

incident momentum.

This assumption implies both a small scattering
angle and a small energy transfer. Since high-energy
scattering predominantly occurs at small angles, this
kinematic regime is of particular importance. In this
limit, |Q| << |P] and the vector Q can be treated as
orthogonal to P, i.e., lying in the xy plane [41].

In the standard diffraction theory of composite-
nucleus interactions, each deuteron nucleon is
assumed to scatter on the target center with a phase
shift determined solely by the transverse momentum
transfer — an assumption valid for elastic scattering
at small angles.

In inelastic deuteron breakup, however, a nucleon
may gain not only transverse but also longitudinal
momentum Q;, e.g., when one nucleon is slowed by
nuclear forces while the other continues forward,
effectively “tearing” the deuteron apart. This effect
is absent in the standard MSDT and in the elastic
profile function.

It can, however, be incorporated by extending
MSDT to include small longitudinal momenta in the
transition form factors and inelastic terms in the
profile function. As shown in [32, 33, 42], accoun-
ting for the longitudinal component can notably
affect theoretical predictions.
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We consider the general Glauber - Sitenko for-
malism for the deuteron breakup reaction H(d, p) in
the regime of longitudinal proton momentum
P, ~ Py /2 (lab frame) and small transverse momen-

tum p, , where the deuteron momentum equals that

of the incident particle P. In this case, inelastic scat-
tering naturally appears as a modification of the
elastic term.

Although the Coulomb interaction is important
for the precise reproduction of experimental fea-
tures, in the specific H(d, p) breakup process, it
involves only the two protons (neglecting the neu-
tron’s electric form factor) and can therefore be
ignored in the first approximation.

Neglecting the Coulomb interaction, the strong-
interaction amplitude of deuteron breakup
Fsr.(p1, p3,Q) takes the form:

Fstr(pm pst) =
= izi:c_l.dzBeiQ’BJ.d%\l!E()(l’)(l— S(B, r))\lfo(r), (1)

where y,(r) is the deuteron wave function,
v, )(r) is the distorted final-state wave function of

scattering operator; here p. and p, denote the trans-

verse and longitudinal proton momentum compo-
nents, Q=(Q., Q;) is the momentum transfer,
B=b,+b, the average impact parameter, r, =,

the longitudinal component of r=r, -r, .
The

k:[pL

frame, p; +

relative momentum (non-relativistic) is

—%Ql, psj, for relativistic (in antilaboratory

. 1 *
n3:0): kL:pL_EQLl k3:kz = Ps.

Within the optical approximation:

S(B,r)=1—F1(B+%rl]—F2[B—%rL)+

+F1(B+lrlJF1(B—lrlj, 2
2 2

where r| is the projection onto the xy-plane, and Iy,
I'; are profile functions of deuteron nucleons.

Using B:bp—%n:bn+%rL the amplitude

the pn-pair, and S(B,r) is the Glauber - Sitenko | decomposes as:

Fstr(pu pgiQ) =

:%IdZB eaQL.Bjderg—)(r)[ (b, Q,.1)+ 1 (b,.0,.1,)-

(bn'Qz’ ||) (bp'Qz’ ||)]‘4’0(r)=

= Fs?r(pL’ pS’Q) + str(pj_' pS’Q) + Fs';rlj(pli pS’Q)' (3)

Here we have selected the inelastic scattering profile functions accounting for the longitudinal momentum
component Q. in the most general form, including both linear and quadratic terms in the exponential

argument (see [32, 33]), as follows (N =n, p):

(- 1)"’N pIQz z

s e U

N

F(bN 'Qz’rz)

where the amplitude of nucleon scattering on the
nucleus takes the form:

mn:%exp( B2 (12 + - Q )j
12 =1 )

where o, is the total nucleon-proton scattering
cross-section, and p,, is the ratio of the real to ima-

ginary parts of the amplitude. According to the opti-
cal theorem, at the considered energies, the p,

parameter is small, while the cross-sections, follo-

et gy = PO ‘*Xp{ (D0, E(E_ o} sz}

(4)

wing Pomeranchuk’s theorem, differ only slightly.
Therefore, if — as both theory and experiment sug-
gest — op =~ on, We will subsequently use the follo-
wing natural approximation o, = on=c and p, <1.

In the profile function, the parameter o is dimen-

sionless and characterizes the ratio of the longitudi-
2

LZ
nal and transverse nuclear scales A~
N

parameter by defines the characteristic transverse
spatial scale (Gaussian width in coordinate space) of

the nucleon-nucleon interaction, while B, ~1/b,
sets the corresponding scale in momentum space.

The
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For the deuteron with L;~1-2fm and by~ 1 -
3fm, one obtains o~ O(1). The term a-B;Q7

describes the longitudinal breakup of the deuteron
2

—N_ determines its transverse
N

along Q; whereas

2
structure. Therefore, when a.-B3Q? <<b—g‘ the longi-
N

tudinal term can be neglected. Substituting typical
nuclear scales By~ 0.2-0.6 GeV gives a practical
(0.2-0.6)

N

servative assumption is |Q,| S 0.5 GeVic; at larger

estimate |Q,| < GeV/c. For o ~ 1, a con-

|QZ|, the longitudinal structure of the deuteron must

be taken into account (see, e.g., [33]).
With these considerations, the profile functions in

our approximation take the form (N =n, p):

F(bN’QZ,rZ)N%exp((—l)mi@;’ ;E j

N

(6)

Then, introducing the standard definition for the
transferred form factor:

G(—5 Q) = Ja'r- Ty O y(r) - ()
we obtain the compact expressions [42]:

Fay = {Pu)0uPy pZ)G“ Pa (-0 2Q, k)exp(_lﬁiQij,
o 2 2
| ®)
n l- p 2
FPP=——%d |d° f (I
str 4TCpnppj. p P( P)X

[QL ] (Q.-1)  ®

This generalized MSDT formalism thus provides
a comprehensive description of both transverse and
longitudinal mechanisms in deuteron breakup,
essential for accurate theoretical predictions.

3. Wave functions and normalization issues

To draw general conclusions, both analytical and
numerical calculations were performed for a broad
class of Gaussian-type deuteron wave functions,
including the single-Gaussian parametrization [33],
multi-Gaussian K2 [43], and realistic AV18 [44] and
Nijm | [36] potentials.

As an example, for the Nijm | potential, the S-
and D-wave components are approximated as

ISSN 1818-331X AJEPHA ®I3MKA TA EHEPTETUKA 2026 T.27 Nel

u(r) = riAe’“irz, w(r) = r3iBie’Bir2,

and the normalized bound deuteron state i

Wo(r) = N, (1) + N w, () =

1

= u(r) +w(r)),

\/ﬂr( (r)+w(r))
where Ns and Ng are the probabilities of the S-
and D-wave components (|Ns| + [Na| = 1), and v,
v, are normalized and orthogonal: _[\y:\ysd3r=1,
[wived’r=1, iy, dr=0.

As is known, for Gaussian wave functions, it is
impossible to construct an unbound pn state that
exactly satisfies orthogonality and completeness

[45]. Following [31, 45], the unbound state can be
written as

Wy, (r) = De"™ — C (g, (K)w, () +

+0y (KW, (1)) ~ De™ —Ca, (K)w,(r),

1 u(r)

———— an
(47_[)1/2 [NS

Fourier transforms of the S (D — components). For

the S-wave [33], (}:(k)— o )3,2.“/ (r)-e™"d°r =

where y_(r) = d ¢, (9 (K)) are the

k2
Z 40ti.
(Z(X, )3/2

Orthogonallty to the bound state requires
f\u;\psd?’rzo, i.e. C=(2n)¥*D, but in this case,
the exact normalization of the continuous spectrum
<y, ly, >=(2n)*8¥(k-k’), which cannot be
strictly satisfied. This condition is approximately
fulfilled when a; approaches zero; for example, in
the single-Gaussian case D approaches unity for

both non-zero and zero values of k — k' (see
Appendices B and C in Ref. [42] for details).

4. Comparison with experiment

As shown in the previous section, following the
standard MSDT (see, e.g., [29-33, 42, 45]), the
wave function can be expressed in terms of the
standard two-nucleon deuteron wave functions (in
our case K2, AV18, Nijm I), renormalized according
to the condition formulated in [31, 42].

The differential invariant cross-section is defined
by the formula

19
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d’c
Ep_d3k =
1 . d%"
=B o) QNP (PP QU QI By

(10)
where E’; denotes the proton energy in the antila-

boratory frame (E in the laboratory frame).

Unlike in Ref. [31], we retain both the transverse
components of the proton-neutron relative momen-
tum p. and the longitudinal component of the
momentum transfer Q. which enables a detailed
study of their kinematic contributions to the inva-
riant cross section.

— MSDT (with [32] w.f.)

O Experimental data (1992)
® Experimental data (2019)

-0.1 0.0 0.1 0.2 0.3 04 0.5
k,, GeV/c

a

d%

Fig. 1. a — Dependence of E, ED

3

As mentioned above, to obtain more general con-
clusions, the comparison with the experimental data
[7] (1992) and [34] (2019) was carried out for a
broad class of deuteron potentials. Since for realistic
deuteron potentials even when only the S-wave
component is taken into account, the invariant cross
section acquires an extremely cumbersome analyti-
cal form (see [42], Appendix D), we restrict our-
selves here to a graphical representation of several
characteristic consequences of including Q, and p, .

We obtained the following results: for the single-
Gaussian parametrization [33] (Figs. 1 and 2); for
the multi-Gaussian parametrization K2 [43, 46]
(Figs. 3 and 4); for the multi-Gaussian parametriza-
tion Av18 [44, 47] (Figs. 5 and 6); and for the realis-
tic Nijm I potential [36, 47] (Fig. 7 and 8).

— MSDT (with [32] w.f.)

» . O Experimental data (1992)
2 @ Experimental data (2019)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5
k,, GeVic
b

on k;, using Gaussian [33] at px = 10~ GeV/c and Q,=10"° GeV/c. Points — data,

curve — MSDT. b — The same Epchkjvs k;, at px = 0.5 GeV/c and Q, = 10°°GeV/c. (See color Figure on the journal

website.)
o | 2 510t — MSDT (with [32] w.f.}
‘2 N: O Experimental data (1992)
cle 410*
o " ® Experimental data (2019)
o h.@' 310
S % 2.0t
W
1-10%
0

01 00 01 02 03 04 05
k5, GeVlc
a
Fig. 2. a — The same as Fig. 1 at px = 10°GeV/c and Q,

— MSDT (with [32] w. £.)

O Experimental data (1992)
@ Experimental data (2019)

alaTaTalaTalalaTarars —
030 035 040 045
Kz, GeVie
b
0.5 GeV/c. b — Within the MSDT model with Gaussian,

A

0.50

dibaryon states with energies above 0.25 GeV/c are not supported (px = 107 GeV/c, Q, = 107 GeV/c). (See color Figure

on the journal website.)
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510* " 510
¢ — MSDT (with K2 w.f.) — MSDT (with K2 w.f.)
o | B 410t |5 4104
~ ‘% . O Experimental data {1992) o % O Experimental data (1992)
£ 310 £ 10
o ® Experimental data (2019) O 310 ® Experimental data (2019)
) o |
o o ;; 2.10*
Q
w490t
OF¢ . - "
-01 00 01 02 03 04 05 -01 00 01 02 03 04 05
k,, GeV/c k,, GeV/c
a b
. d’c . . . 5 5
Fig.3.a- E, K Vs kz, using the multi-Gaussian K2 [43, 46] at px = 10~ GeV/c, Q, = 10~ GeV/c.

3

b —The same E, ((jjT(kj vs k;, at px = 107 GeV/c, Q, = —0.05 GeV/c. (See color Figure on the journal website.)

30
Wl - : 25} e
o | B 510 e MSDT (with K2 w..) - — MSDT (with K2 w.f.)
N 4F ) | & oob ®
_g %’ 410 O Experimental data (1992) & o o O Experimental data (1992)
) o oe
_O 3-10*F ® Experimental data (2019) E © 15F ’ Co ® Experimental data (2019)
mb [+) I o
o %
Ll._lq
O Oy e m
20000050666
0.25 0.30 0.35 0.40 0.45 0.50
kz, GeVic ke, GeVic
a b

Fig. 4. a — The same as Fig. 3 at px = 0.05 GeV/c, Q, = 10~° GeV/c. b — Within the MSDT model (K2 wave functions),
dibaryons and possible S-quark states are not excluded in the region below k, = 0.40 GeV/c (px= 107 GeV/c,
Q: =0.015 GeV/c). (See color Figure on the journal website.)

5-10%
o | B a0t — MSDT (with Av18 w.f.) | T — MSDT (with Av18 w.f.)
(4] 7] o [ 4
a ‘% 4 O Experimental data (1992) jé ‘% 510 O Experimental data (1992)
El& 310
© ® Experimental data {2019} O 410 @ Experimental data (2019)
N N . 4
09: : 2.10% ‘:’: «z 3-10
N > 2-10%
w g0t w
4
1-10
0 Ui . , : %
-01 00 01 02 03 04 05 -01 00 01 02 03 04 05
k,, GeVic k,, GeV/c
a b
. d%c . . . s s
Fig. 5. a— E, —— vsk;, using multi-Gaussian Av18 [44, 47] at px = 10~ GeV/c, Q, = 10~ GeV/c.
P d%
d’c - . . .
b - The same E, e vs kz, at px = 10~ GeV/c, Q, = -0.05 GeV/c. (See color Figure on the journal website.)
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— MSDT (with Av18 w.f.)

o | 2
2 510
_g (\% 410% O Experimental data (1992)
h(D 4 ® Experimental data (2019)
o | & 310
RS
LLIQ

0.2
k,, GeV/c

0.3 0.4

a

30 =
25t e
- MSDT (with Av18 w.f.)
| 5 20 ®
a ‘% C,. © Experimental data (1992)
E O 7 %0 ® Experimental data (2019)
o .0
S |% 10F R
a el
o "
5 C000,
(g =
of— - - ‘-)OLJ.I‘IJ'-‘\{_)I")(]-{_\'\'\f“_\/‘:\:"‘?
0.25 0.30 0.35 0.40 0.45 0.50
k., GeV/c

b

Fig. 6. a — The same as Fig. 5 at px = 0.05 GeV/c, Q,=10"°GeV/c. b — Within the MSDT model (Av18 wave
functions), dibaryons and possible S-quark states are not excluded in the region below k, = 0.40 GeV/c
(px = 1075-0.12 GeV/c, Q, = 1075-0.5 GeV/c. (See color Figure on the journal website.)

— MSDT (with Nijm-1 w.f.)

O Experimental data (1992)

® Experimental data {(2019)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5
k,, GeV/c
a
. d’c
Flg. 7.A- Ep ﬁ

3

Gev? srd

Fo mb-cd

E
PPk,

— MSDT (with Nijm=I w.f)

o Experimental data (1892)
® Experimental data (2019)

0.3
k,, GeVic

0.2

b

vs k;, using multi-Gaussian Nijm | [36, 47] parametrization at px = 107 GeV/c, Q, = 107 GeV/c.

b - The same E, dTG vs k;, at px = 107 GeV/c, Q, = —0.05 GeV/c. (See color Figure on the journal website.)

o mb-c?

dk

— MSDT (with Nijm-1 w.f.)

O Experimental data (1992)
@ Experimental data (2019)

0.2

0.3 0.4
k,, GeV/c

a

[5~]
(=]

mb-c?
GeV? srd
(=]

c co
Pk,
Ao
(=] (=]

i)

®oe.
®*sgs,

- ""C"3OC-@<“:5’6PSE'{R?“I3' data (1992)

—— MSDT (with Nijml w.f.) ]

CO00000000
® Experimental data (2019)

0.25 0.30

0.35 0.40 0.45 0.50
kz, GeVic

b

Fig. 8. a— The same as Fig. 7 at px = 0.05 GeV/c, Q, = 10~°GeV/c. b — Within the MSDT model with Nijm I,
d*(2380) is not excluded. Other dibaryons and possible S-quark states allowed below 0.5 GeV/c (px = 0.145 GeV/c,
Q. =-0.015 GeV/c, N, — 0.94). (See color Figure on the journal website.)
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The MSDT parameters obtained based on the wave functions [33, 46, 47]

Range parameter,
Refs. [33, 46, 47]: Cross-section: Slope parameter: Ns, probabilities of the
The model 1 on, mb Bn, fm S-wave component
7]
Gaussian (R—;f(.).[53137]) 85 0.52 1
K2 = [46] 65 0.75 1
Av18 S [47] 45 1.25 1
Nijm | S 47 45 125 1(0.94)

Other parameters are presented in the Table.
Parameters M, —1.87 GeV/c and p, —1-107° are

the same for all models.
5. Conclusion

Comparison with the experimental data (Figs. 1-8)
show that the single-Gaussian model is inadequate
and that an updated or alternative parameterization of
the deuteron wave function is required. Small longi-
tudinal momenta can account for the observed shift of
the proton-yield maximum but do not significantly
influence the dibaryon-like “enhancement” in the
differential cross section.

Calculations within the Glauber - Sitenko frame-
work using the K2, Av18, and Nijm | potentials do
not confirm the existence of the dibaryon state

d*(2380) (although the Nijm I potential leaves this
possibility open). Nevertheless, other dibaryon-type
resonances at lower momenta (0.23 - 0.4 GeV/c) and
possible contributions from S-quark configurations
cannot be excluded.

The enhancement observed in the 0.3 - 0.4 GeV/c
region cannot be explained by multiple-scattering
theory, supporting a quark-level interpretation rather
than an explanation in terms of rescattered-pion
contributions, in agreement with Refs. [7, 18, 20]. In
the reaction H(d, p)X, the differential cross section
increases with both the transverse momentum p,

and the magnitude of the longitudinal momentum
transfer |Q.|. A definitive assessment of the roles of
Q: and p, requires inclusion of the corresponding

Coulomb amplitudes in future calculations.
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BPAXYBAHHS 10310BKHbOI KOMIIOHEHTH NEPEJAHOI'O IMITYJIBCY Q,
TA MIONEPEYHOI'O BIZJHOCHOI'O IMITY.JIbCY p.
V JA®PAKIIMHOMY HIIXO/I 10 PEAKIIIH H(d, p)X

VY pamkax HaOmmkeHHS [nayOepa - CuTeHka TpoaHali3oBaHO AW(epeHIliaTbHIA TMepepi3 posnanay IeHTpoHa 3
BHUXOJIOM TPOTOHA TIpu Maimx Kytax (0, < 7 Mxpan). Bukopucrano mapamerpu3aiii XBHIBOBOI (QYHKILI HeHTpOHA:
OJIMH TayciaH, a TakoX Mojen Ha ocHOBI NN-morenmianiB K2, Av18 i Nijm I.

JocnijpkeHO BIUIMB IIO3J0BXKHIX KOMIOHeHT iMmynscy (|Q,|<0,5TeB/c) Ta momepeuHoro immyibcy mapu

[IPOTOH-HEUTPOH (|p L O,5FeB/c) B aHTHiIa0OpaTOpHi cucTeMi. Pe3yipTaTH MOpIBHAHO 3 EKCIEPHUMEHTOM Y
niamasoni k, = p; = 0,25 — 0,5TeB/c, ae ouikyerbes nposiB kBapkoBux edekris. [omepeaHi OLiHKH IOKa3yHOTh
301IBIICHHS TIepepisy 31 3pOCTaHHAM P, Ta 3CYB i HOCHICHHSA MaKCHMyMy TIPH BpaxyBaHHi Q..

Kniouosi cnosa: neitpoH, nudpakmiifHuil po3nan, pelsITUBICTCHKI €(pEeKTH, KBapKOBa CTPYKTypa, Iepepi3 peaxiii,
migxing [naybepa - CuteHka, anTuiaboparopHa cuUCTeMa, ITO3J0BXKHIM IMITyJIbC, IMONEPEYHUH IMITyJbC, IMUOApioH,
d*(2380).
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