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We investigate the dynamics of an anisotropic Bianchi type VIj cosmological model within the framework of f(R, L,,) gravity by
adopting a curvature—matter coupled form f(R,L,,) = % + L%. A hybrid expansion law a(t) = €At is employed to describe the
cosmic evolution, allowing a smooth transition from an early decelerated phase to a late-time accelerated expansion. The parameter
a = 0.4 is chosen to ensure stable and physically viable behavior of the model. The analysis shows that the scale factor and spatial
volume increase monotonically with cosmic time, indicating a continuously expanding universe. The deceleration parameter exhibits a
transition from positive to negative values and approaches the de Sitter limit at late times. The equation of state parameter evolves from
a matter-dominated regime toward the quintessence region and asymptotically approaches w = —1. The energy density remains positive
and decreases with time, while the pressure stays negative throughout the evolution, supporting accelerated expansion. Furthermore,
the statefinder diagnostics in the {r, s} and {r, ¢} planes demonstrate that the model deviates from standard cosmology at intermediate
epochs and converges to the ACDM fixed points at late times. These results indicate that the proposed model provides a consistent and
viable description of dark energy-driven cosmic evolution.

Keywords: f(R, L,,) gravity; Bianchi type VIy universe; Hybrid expansion law; Anisotropic cosmology; Statefinder Diagnostics;
Cosmic acceleration

1. INTRODUCTION

Modern cosmology has undergone a significant transformation following compelling observational evidence indicating that the
universe is currently undergoing a phase of late-time accelerated expansion. This phenomenon was first established through observations
of Type la supernovae (SNe Ia) [1,2], and was subsequently supported by measurements of the cosmic microwave background (CMB)
radiation [3], large-scale structure (LSS) surveys [4], and high-precision observations from the Planck mission [5]. Within the
framework of standard cosmology, the ACDM model provides the simplest explanation for this acceleration through the inclusion of
the cosmological constant A. Despite its remarkable observational success, this model suffers from well-known theoretical issues,
particularly the fine-tuning and cosmic coincidence problems [6—8]. These limitations have motivated the development of alternative
theoretical approaches beyond general relativity. Among these, modified theories of gravity have emerged as promising alternatives.
In particular, extensions such as f(R) gravity and related frameworks have been extensively studied [9-11]. A further generalization
is provided by the f(R, L,,) theory of gravity, in which the gravitational action depends on both the Ricci scalar R and the matter
Lagrangian density L,, [12]. This formulation introduces a non-minimal coupling between matter and geometry, leading to modified
field equations and non-conservation of the energy-momentum tensor [13, 14]. Recent investigations have explored the cosmological
implications of this theory in various contexts, including anisotropic models and hybrid expansion behavior [15-17]. Although the
Friedmann-Lemaitre—Robertson—Walker (FLRW) metric successfully describes a homogeneous and isotropic universe, it does not
account for possible anisotropies that may have existed during the early stages of cosmic evolution. In this context, Bianchi-type
cosmological models provide a natural generalization by allowing directional dependence in expansion rates. The pioneering works
of Ellis and MacCallum [18], along with Collins [19], established the importance of anisotropic cosmologies. several studies have
demonstrated that such models can effectively describe more realistic cosmic scenarios and their dynamical evolution [20,21]. To
describe a realistic cosmic history that includes both early-time deceleration and late-time acceleration, the hybrid expansion law (HEL),
given by a(r) = ef't”, has been widely employed due to its ability to unify both phases of cosmic evolution [22]. In addition, the
statefinder diagnostic pair {r, s} introduced by Sahni et al. [23] provides an effective tool for distinguishing different dark energy models
and for comparing them with the standard ACDM scenario. In particular, Bianchi type VIp cosmological models within modified
gravity frameworks have been investigated in several studies, including those addressing anisotropic dynamics and exact solutions [24].
The formulation and field equations adopted in the present work are closely related to recent developments in this direction [25]. More
recently, considerable attention has been devoted to examining the cosmological viability and broader implications of f(R, L,,) gravity.
Singh et al. [26] investigated a constrained cosmological scenario within this framework and demonstrated its potential for describing
the observed accelerated expansion. The applicability of matter—geometry coupling to early-universe phenomena was further explored
by Jaybhaye et al. [27] in the context of cosmological baryogenesis. Shukla et al. [28] analyzed FLRW dynamics by incorporating an
equation-of-state parametrization, while Solanki et al. [29] extended the scope of f (R, L,,) gravity to wormhole configurations. A more
comprehensive examination of the cosmological background and perturbative evolution was presented by Sahlu et al. [30], providing
useful constraints on the model parameters and its observational behavior. Beyond conventional late-time cosmology, bouncing scenarios
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and their dynamical stability have also been investigated within this theory [31]. Recent studies have further applied matter—geometry
coupling to string cosmological models [32], illustrating the versatility of the f (R, L,,) framework in describing different matter sources
and cosmic geometries. The growing emphasis on observational consistency is evident in recent analyses of late-time cosmic dynamics
using contemporary datasets [33], as well as Bayesian investigations aimed at assessing the ability of f(R, L,,) models to alleviate the
Hubble tension [34]. Navarro-Coyd’an et al. [35] showed that matter—geometry coupling can support an accelerating late-time Universe
and de Sitter-like evolution without adding a separate vacuum contribution. Goswami and Pradhan [36] assessed the consistency of
this gravity framework with current cosmological observations and obtained bounds on the model parameters. Recent studies have
further explored the cosmological relevance of f(R, L,,) gravity by investigating its implications for anisotropic cosmological models,
matter—geometry coupling, and the evolution of different matter sources under modified gravitational dynamics [37]. Collectively, these
developments indicate that f (R, L,,) gravity provides a flexible theoretical setting for studying early- and late-time cosmic evolution,
non-standard matter configurations, anisotropic effects, and observational departures from the standard ACDM paradigm.

Motivated by these developments, the present work investigates a Bianchi type VIy cosmological model within the framework
of f(R, L,,) gravity by employing a hybrid expansion law. The physical behavior of the model is analyzed through key cosmological
parameters, including the deceleration parameter, equation of state parameter, and statefinder diagnostics. The results are examined to
assess the consistency of the model with current observational data and the standard cosmological paradigm.

1.1. f(R, L,,) Field Equations

The gravitational dynamics in f (R, L,,) gravity are described by a generalized action in which the Ricci scalar R and the matter
Lagrangian density L,, are treated as independent variables. The action is given by

S:/f(R,Lm)ﬁd“x. ey

where g denotes the determinant of the metric tensor.
In the present work, we consider the specific functional form

R
F(R.Ly) = 5+ L, @

where « is a constant parameter that characterizes the strength of the matter—geometry coupling. The corresponding partial derivatives
of the function are
_of 1

— = — = a-1
fR = OR = 27 fLm aLm (YLm . (3)

By varying the action with respect to the metric tensor, the field equations in f(R, L,,) gravity are obtained as [12, 14]
1 1
JRRij — E(f = JLnLm)gij + (80— ViVj) fr = EfLmTij, (C))]

where O = VKV, is the d’Alembert operator and V; denotes the covariant derivative.
In f(R, L,,) gravity, the choice of matter Lagrangian density for a perfect fluid is not unique. Common choices such as L,, =
—p and L,, = p have been widely discussed in the literature [12-14]. In this work, we adopt the physically motivated choice L,, = p,
which yields
fm = ap®h. s)

Since fr = % is constant, the derivative term vanishes identically, i.e.,
(80— ViV;)fr = 0.
Substituting the above results into the field equations, we obtain

1 1(R 1 _
3 ij—§(5+(1—d);0“)gij=§0lp“ 'T;;. (6)

Multiplying throughout by 2 and simplifying, the modified field equations reduce to
1 -
Rij = 5Reij = ap® 'Tij - (@ = 1)p“gij. (M

This equation represents a modified form of Einstein’s field equations in which the effective gravitational coupling becomes
matter-dependent through the factor p®~!, and an additional term proportional to p® emerges, which can be interpreted as an effective
cosmological contribution arising from matter—geometry coupling.

2. GEOMETRICAL SETUP AND FIELD EQUATIONS
We consider a spatially homogeneous but anisotropic Bianchi type VI space-time, represented by the metric
ds® = —di* + A%(1) dx? + B2 (1) e 2 dy? + C?(1)e** dZ?, ®)

where A(t), B(t), and C(t) denote the directional scale factors corresponding to the three spatial directions.
In order to analyze the geometrical structure of the model and derive the corresponding gravitational field equations, it is necessary
to evaluate the curvature quantities associated with the metric. In particular, the Ricci tensor R;;, which characterizes the curvature of
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space-time, is obtained through contraction of the Riemann curvature tensor. It can be expressed in terms of the Christoffel symbols
Ffj as follows:
Rij = ajr{‘k—akr{}+ri’;r§k—rfjr,’d. 9)
The Ricci scalar, which provides a measure of the curvature of space-time, is defined as the contraction of the Ricci tensor with the
metric tensor, and is given by
R =g"R;;. (10)

For the considered Bianchi type VIy metric, this expression reduces to

R:—Z(A B C)_2(AB BC AC 2

atstc) *\agtBcTac)t a (v

We assume that the matter content of the universe is described by a perfect fluid in a space-time characterized by the metric signature
(=, +, +, +). The corresponding energy—momentum tensor is given by

Tij = (p + p)uiuj + pgij, (12)

where p and p denote the energy density and isotropic pressure of the fluid, respectively, and u’ represents the four-velocity vector. The

four-velocity satisfies the normalization condition .
u'u; = —1. (13)

For a comoving observer, the fluid remains at rest in the chosen coordinate system, and hence the four-velocity is expressed as
u' =(1,0,0,0). (14)

Using this form of the four-velocity along with the metric components, the non-zero components of the energy—momentum tensor

are obtained as
Too=p. Ti=pA>, Tp=pB’e ™, Ty=pCe™. (15)

3. FIELD EQUATIONS FOR BIANCHI TYPE VI, SPACE-TIME

By substituting the metric functions corresponding to the Bianchi type VI space-time into the modified field equations of
f(R, L,,) gravity, we obtain a set of coupled non-linear differential equations that govern the dynamical evolution of the model. The
independent field equations can be written as follows:

—+—+—+—=ap® 'p-(a-1)p°, (16)

B C BC A?

A ¢ AC 1 el @

X+E+R—E—a’p P—(a/_l)P, (17
A B AB 1 .

O o I VRIS DN 1
Atstag oty (a=1)p°, (18)

AB BC AC 1

L+ — =(1-2a)p" 1
a8 "BC T ac T n2 ( p7s (19)
B C
5_Y_ 2
B C 0 (20

Equation (20) establishes a first-order differential relation between the metric functions B and C. This relation can be expressed in the
form

%(lnB—lnC) =0, 1)

which indicates that the difference In B — In C remains invariant with respect to cosmic time.
Integrating Eq. (21), we obtain

InB-InC =Ink, (22)
where k is a constant of integration. This relation can be rewritten as
B
— =k. 23
c (23)

Since the constant k can be absorbed through an appropriate rescaling of the spatial coordinates, it is convenient to choose k = 1
without affecting the generality of the solution. Consequently, Eq. (23) reduces to

B=C. 24)

This result imposes a constraint on the metric potentials, effectively reducing the number of independent scale factors. As a
consequence, the system of field equations becomes simpler and more manageable for further analysis. By applying the condition B =
C obtained in Eq. (24), the system of field equations (16)—(19) simplifies considerably. The resulting set of independent differential
equations can be expressed as
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. )
B (B 1 O
25*(5) + 5 =app—(a=1p", (25)
A B AB 1 a-1
4,222 ° 2 —(a-1)p% 2
1Tt ag - P (e-Dp” (26)
AB (B\® 1
22— 4|2 - = = (1-2a)p° 27
AB (B) a2 = (1=2a0p @n

4. HYBRID SCALE FACTOR AND PHYSICAL PARAMETERS

To close the system of field equations, we assume that the ratio of the shear scalar o to the expansion scalar 6 remains constant,

ie.,
o
i constant. (28)

This condition leads to a linear relation among the directional Hubble parameters and, upon integration, yields
A=B", (29)
where m is a constant characterizing the anisotropy of the model. Using the relation B = C (Eq. (24)), we obtain
A=B"=C". (30)
The average scale factor a is defined through the relation
a’ = ABC, (3D
which corresponds to the spatial volume. Substituting Eq. (30), we get
a@® = B2, (32)

leading to

3m

B=C=am, A=ana, (33)
To describe the cosmic evolution, we employ a hybrid expansion law characterized by the scale factor

a(r) = Py, (34)

where 8 and y are positive constants. This form allows a smooth transition from an early decelerating phase to a late-time accelerated
expansion. Differentiating Eq. (34) with respect to cosmic time ¢, the first derivative of the scale factor is obtained as

i =ePyy (,B + %) , (35)
The second derivative takes the form
i =P (’3_‘. Z)Z_l , (36)
t 2
and the third derivative is given by
33 2
_ YD (5 2) 2
a=eP'tY (,B+t) p (ﬁ+t 5 (37

The Hubble parameter, which characterizes the rate of expansion of the universe, is defined as
H=2. (38)
a
Substituting the expression for ¢ from Eq. (35) into Eq. (38), we obtain
H:ﬁ+%. (39)

The spatial volume of the anisotropic universe is given by
V= a3, (40)

which represents the total volume expansion of the cosmological model. Using the hybrid scale factor defined in Eq. (34), the volume
can be expressed as
V=eFrr, 1)

The expansion scalar 6 describes the rate of volume expansion of the universe and is related to the Hubble parameter by

0 =3H. (42)
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Substituting the expression for H from Eq. (39), we obtain
- Y
9_3(,3+t). (43)

The deceleration parameter g provides information about the acceleration or deceleration behavior of the universe and is defined
as

g=-1-—. (44)

= - (45)
Substituting Eqgs. (39) and (45) into Eq. (44), the deceleration parameter is expressed as
Y
g=-1+—"——. (46)
(Bt +y)?

From Eq. (46), it follows that at early cosmic times (small ¢), the second term dominates, leading to g > 0, which corresponds
to a decelerating phase. In contrast, for sufficiently large values of ¢, the parameter approaches ¢ — —1, indicating a transition to an
accelerated expansion phase consistent with late-time cosmological observations. By utilizing the reduced field equations (25)-(27)
together with the hybrid scale factor defined in Eq. (34), the expression for the energy density of the cosmic fluid is obtained as

@

1 |9@m+1)
1-2a | (m+2)?

(B+2) - — 7

t (eﬁtty)ﬁ

p(t) =

with the restriction @ # % to avoid singular behavior.
Substituting the above expression for the energy density into the modified field equations, we obtain the corresponding pressure
of the cosmic fluid as

1
a/p(l—l

(15 — 6m)
(m +2)?

p= (B+2) + — 5 — —(1-)p°|. (48)

(eﬁt t)/) m+2

] s S N

5. STATEFINDER DIAGNOSTIC

To analyze the evolutionary behavior of the proposed cosmological model, we make use of the statefinder diagnostic, which
provides a geometrical characterization of dark energy models through higher-order derivatives of the scale factor. The statefinder
parameters are defined as

r=—, (49)
Rl (50)

where g denotes the deceleration parameter.
Using the expression of the deceleration parameter derived earlier, we write

oy
2(p+2)

Substituting the expressions for a, d, d, and & from Eqgs. (34), (35), and (37), along with the Hubble parameter given in Eq. (39),
into Eq. (49), we obtain the statefinder parameter r in the form

g=-1+ 51)

2
SR R (52)

2B+ A+

Further, substituting Egs. (51) and (52) into Eq. (50), the parameter s can be expressed as

— 2
5= 3y + 24 . (53)

a2’ (a-d) e+ (o-4)
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Figure 1. Evolution of the scale factor a(¢) and spatial volume V (#) with cosmic time ¢ for 8 = 0.5 and y = 0.6.
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Figure 2. Energy density p(#) versus cosmic time ¢ for 8 = 0.5,y = 0.6, and @ = 0.4.
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Figure 3. Thermodynamic pressure p(¢) as a function of cosmic time ¢ for 8 = 0.5 and y = 0.6.
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Evolution of Deceleration Parameter ¢
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Figure 4. Deceleration parameter ¢(¢) versus cosmic time ¢ for 8 = 0.5 and y = 0.6.
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Figure 6. Statefinder trajectory in the (¢, r) plane for 8 = 0.5 and y = 0.6.
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Figure 7. Equation of state parameter w(¢) versus cosmic time ¢ for 8 = 0.5 and y = 0.6.

6. DISCUSSION AND CONCLUDING REMARKS

The present study investigates a dynamical dark energy model governed by a hybrid expansion law within the framework of
f(R, L,,) gravity. Based on the analytical expressions and graphical analysis of the cosmological parameters, the following conclusions
are drawn:

= The evolution of the scale factor a(¢) and spatial volume V(¢), shown in Fig. 1, demonstrates a continuous and monotonic increase
with cosmic time. This confirms a persistently expanding universe without any indication of recollapse. The rapid growth of the
spatial volume at later times reflects the accelerated expansion governed by the hybrid expansion law.

= The energy density p(t), depicted in Fig. 2, remains strictly positive throughout the evolution and decreases monotonically with
time. The initially large value of p at early times followed by gradual dilution is consistent with an expanding universe and satisfies
the Weak Energy Condition.

= The thermodynamic pressure p(t), shown in Fig. 3, remains negative for all cosmic time. The large negative pressure at early epochs
gradually approaches a small negative value at late times, providing the repulsive effect responsible for the observed accelerated
expansion.

= The deceleration parameter ¢(¢), illustrated in Fig. 4, exhibits a smooth transition from a decelerated phase (¢ > 0) to an accelerated
phase (g < 0). The transition occurs at early cosmic time, and at late times g asymptotically approaches —1, indicating convergence
toward a de Sitter phase.

= The statefinder diagnostics in the {r, s} and {r, ¢} planes, shown in Fig. 5 and Fig. 6, respectively, reveal that the model deviates
from the ACDM behavior during intermediate stages and eventually converges to the fixed points (0, 1) and (-1, 1) respectively.

= The equation of state parameter w(t), illustrated in Fig. 7, evolves from values close to zero at early times into the quintessence
region (—1 < w < —1/3), and asymptotically approaches w — —1. The condition w < —1/3 is consistent with the negative values
of the deceleration parameter shown in Fig. 4, confirming accelerated expansion.

Overall, the proposed model successfully describes a transition from an early decelerated phase to a late-time accelerated universe.
The consistent behavior of ¢, w, p, and p, along with the convergence of statefinder parameters toward the ACDM limits, confirms the
physical viability of the model as a realistic description of dark energy-dominated cosmic evolution.

6.1. Statefinder Diagnostic Analysis

The {r, s} statefinder diagnostic, introduced by Sahni et al. [23], is employed to characterize the evolutionary trajectory of the
proposed dark energy model and to distinguish it from standard cosmological scenarios. As shown in Fig. 5, the trajectory originates
in the vicinity of the ACDM fixed point (s,r) = (0, 1) and then evolves into the region s > 0 with r < 1, which is typically associated
with quintessence-like behavior.

A notable feature of the evolution is the non-monotonic, hook-like trajectory observed in the s—r plane. The model departs from
the ACDM point during the intermediate stages of cosmic evolution, reaching a minimum value of the statefinder parameter r before
turning back toward the fixed point. This behavior reflects the dynamical nature of the dark energy component.

The directional arrows in the figure indicate the progression of cosmic time, showing that the trajectory gradually returns and
asymptotically approaches the de Sitter attractor at (s,r) = (0,1). This convergence suggests that the model becomes effectively
indistinguishable from the ACDM scenario at late times.

Overall, the characteristic loop-like evolution in the {r, s} plane highlights the transient deviation from the cosmological constant
behavior and provides a useful diagnostic feature for comparing the present model with other dark energy scenarios.
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6.2. Geometrical Diagnostic in the {r, g} Plane

To further investigate the expansion dynamics, we analyze the trajectory in the {r, g} statefinder—deceleration plane, as shown
in Fig. 6. This diagnostic provides a geometrical interpretation of cosmic evolution by relating the deceleration parameter g and the
statefinder parameter r [23].

The trajectory begins in the decelerated regime (¢ > 0) with  ~ 1, and then evolves toward lower values of r as the universe
transitions into the accelerated phase (¢ < 0). A distinct minimum in r is observed during the intermediate stage of evolution, indicating
a departure from the standard ACDM behavior.

As cosmic time progresses, the trajectory turns upward and asymptotically approaches the de Sitter fixed point (¢, r) = (-1, 1).
This convergence confirms that the model ultimately evolves toward a late-time accelerated phase consistent with the ACDM scenario.

The smooth and continuous nature of the trajectory across the ¢ = 0 transition demonstrates a stable evolution from deceleration
to acceleration, without any abrupt changes in the expansion dynamics. The characteristic curved path in the {r, g} plane reflects the
dynamical nature of the model and distinguishes it from the constant behavior of the standard cosmological constant model.
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AHI3OTPOITHA KOCMIYHA EBOJIIOHIA TA JIATHOCTHUKA CTAHY BCECBITY THUITY B’AHKI VI,
3 IIBPUJTHAM MACIITABHUM ®PAKTOPOM V f(R, L,,,) TPABITAIIIT
B. P.Iarix', A. C. ITanypkap?, I1. A. Boake’
' Kagpeopa mamemamuru, mucmeums, nayxu ma xomepuii, Konedc, Yixxardapa, oxpye Ampagami (MS), Indis, 444807
2Kagpedpa mamemamuxu, npogp. Incmumym mexnonoziii ma docaidxcens in. Pana Meze, Baouepa,
oxpyez Ampasami (MS), Inois, 444701
3Kagpedpa mamemamuxu, npogh. Konedor inxcenepii ma menedxcmenmy in. Pama Meze, Baduepa, oxpye Ampasami (MS), Indis

Mwu JocIiIKyeEMO IMHAMIKY aHi30TpOIHOI KocMoJtoriuHoi Mozeni tuny b’ suki VI B pamkax rpasitauii f(R, Ly,), npuiiMaioun popmy
3B’ 3Ky KpuBM3HHU Ta Matepil f(R, L,,) = % + L{},. Ind onucy KoCMi4HOI €BOMIOLiT BUKOPUCTOBYETCS TiOPHIHUI 3aKOH PO3IIMPEHHS
a(t) = eP't”, mo no3BoNsAe MIABHMIT NepeXia Bil paHHbOI YMOBiNbHEHOT (ha3y 10 TIPUCKOPEHOro PO3IIMPEHHs HANPHKiHIi uacy. ITapa-
meTp @ = 0.4 BuOpaHo 1151 3a0e3redeHHs CTabIbHOL Ta (Pi3UYHO KUTTE3AATHOI MOBEAiHKYA MOJEi. AHaI3 MOKa3ye, 0 MacIITaOHUIA
KOe(ILIiEHT Ta MPOCTOPOBHI 06’ €M MOHOTOHHO 3pOCTAIOTh 3 KOCMIYHMM 4acoM, 110 BKa3ye Ha Oe3nepepBHO po3IMpioBaHuil BeecBir.
IMTapameTp yrnoBiIbHEHHS IEeMOHCTPYE MEPEXi/l Bil HOBUTUBHUX JI0 HETAaTHMBHUX 3HAYEHb Ta HaOJKaeThes 10 Meski e CiTTepa Ha Ii3HiX
erarnax yacy. [lapaMeTp piBHSIHHSI CTaHy €BOJIOI[IOHYE BiJl peKMMY TIOMiHYBaHHSI MaTepii 10 00JIacTi KBiHTECEHIii Ta aCHMITOTUYHO
HaOJIMKAEThCS 10 w = —1. [ycTHHA eHeprii 3a/MIaeThCsl HO3UTHBHOIO Ta 3MEHIIYEThCS 3 YACOM, TOJI SIK THCK 3aJIMIIAETHCS HETaTHUB-
HHM MPOTSTOM YyCi€i eBOMOLii, 0 MiJTBEp/KYE NpUCKOpeHe po3irpeHHs. KpiM Toro, aiarHoctrka cTaHy B momuHax {r, s} ta {r, q}
JIEMOHCTPYE, 1110 MOJEJb BiIXUISEThCS Bijl CTaHIAPTHOI KOCMOJIOTiI B MIPOMiXHI €MOXU Ta CXOIUThCs O (pikcoBaHUX Touok ACDM
Ha Mi3HiX eTamnax 4yacy. Lli pe3ynbTaTi BKa3yloTh Ha Te, IO 3apONOHOBaHA MOJEJb 3a0e3Meuye MOC/TiIOBHHI Ta KUTTE3AATHUN OIKC
KOCMIYHO{ eBOJIIOLi1, KEPOBAHOI TEMHOIO EHEPTIEIO.

Keywords: f (R, L,,) epasimauis; Bceceim muny B’ anxi VIy; 2i6pudnuil 3axorn po3uupenns,; aHizomponta KOCMoao0zis; 0lazHoCmuKka
statefinder; kocmiune npuckopenms
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