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Abstract

The present thesis primarily focuses on the investigation of in-medium properties
of various light and heavy flavor mesons (HFMs) in the extreme environments of
baryon density and/or strong magnetic fields. In low-energy regime of quantum
chromodynamics (QCD), the strong coupling constant is large and perturbative
approaches are not valid. An effective field theory (EFT) approach is employed,
which is inspired from the symmetries and symmetries breaking effects of low energy
QCD, to describe the strongly interacting matter. An effective chiral Lagrangian is
constructed based on the principles of chiral symmetry and scale symmetry along
with their symmetry breaking effects. The scalar (o, ¢, and ¢) fields are introduced
within the context of chiral SU(3) model to imitate the scalar quark condensates
which arise in the QCD vacuum due to spontaneous breaking of chiral symmetry.
The effects of scale symmetry breaking, which leads to trace anomaly of QCD, are
considered through a scalar dilaton () field. We use a mean field approximation of
the chiral Lagrangian and derive the equations of motion for scalar fields. The effects
of baryon density (pp), isospin asymmetry (7), and magnetic field are incorporated
through number (p;) and scalar densities (pf) of the ith baryons. The medium
modifications of the QCD condensates (scalar quark and gluon condensates) are

thus calculated.

We further introduce the QCD sum rule (QCDSR) approach to relate the parameters
of high energy regime of QCD (in terms of quark and gluon degrees of freedom) with
the low-energy QCD quantities (in terms of hadronic parameters). The correlator
functions are the quantities, in QCDSR approach, which can be calculated reliably
in both high energy perturbative regime of QCD as well as in hadronic framework.
The finite energy sum rules (FESRs) are solved to find in-medium masses of light
vector mesons (p,w, and ¢) from medium modified QCD condensates. These light
vector mesons can lead to e™e™ production in heavy ion collision (HIC) experiments,
and hence the dilepton pairs can serve as good experimental probes to observe their
mass variations. The in-medium characteristics of vector mesons can affect dilepton

creation in the invariant mass range of these LVMs.

We also discuss the open strange mesons (vector K* and axial vector K;) in (mag-

netized) isospin asymmetric hadronic matter. The in-medium masses are calculated

iv



within the QCDSR approach and the effects of baryon density and isospin asymme-
try are studied. The effects of strong magnetic field, like Landau quantization and
PV mixing, are also investigated on the masses of vector K* mesons. The in-medium
K* — K7 and K; — K*r decay widths are studied from the mass variations of K7,
K* and K mesons, using the 2Py model. The decay width for the K* and K; meson
is also determined using a phenomenological Lagrangian approach. This present
analysis of open strange particles might find relevance in HIC experiments in the
Relativistic Heavy Ion Collider (RHIC) low-energy scan programme and the High
Acceptance DiElectron Spectrometer (HADES) Collaboration at GSI, Darmstadt.

We also investigate the in-medium masses of charmonium and bottomonium states
in isospin asymmetric nuclear matter in presence of an external magnetic field within
a chiral effective model. These mass modifications are obtained from the medium
modified dilaton field. The values of the dilaton field () along with the scalar (o, ,
and 0) fields are solved within the chiral SU(3) model by accounting for the effects
of Dirac sea (DS) as well as anomalous magnetic moments (AMMSs) of nucleons.
When AMMs are neglected, both at zero density and at nuclear matter saturation
density, pg, the Dirac sea contributions are found to result in enhancement of the
quark condensates (through o and ( fields) with increase in magnetic field, an effect
called the ‘magnetic catalysis (MC)’. However, the inclusion of AMMs is observed
to lead to the opposite trend of ‘inverse magnetic catalysis (IMC)’ for pgp = po.
Further, the magnetic field leads to PV mixing and these effects are quite notable
for larger magnetic field. This might have observable consequences on the creation
of the heavy quarkonia and open HFMs, resulting from ultra-relativistic peripheral

HIC experiments, where the created magnetic field can be huge.

We further study the production cross-sections of heavy quarkonium states (HQS),
such as ¥(3770) and Y(4S), from the scattering of DD and BB, respectively, in
magnetized nuclear medium. These are studied from the medium modifications
of the masses and partial decay widths to open charm (bottom) mesons of these
HFMs. The contributions of PV mixing, Dirac sea (DS), and the AMMs of nucleons
are also considered. The radiative decay widths of vector (V) HQS to pseudoscalar
(P) mesons (J/¢ — n.(1S)y, ¥(25) = n.(25)y and ¢(1D) — n.(25)~ for the char-
monium sector and YT(NS) — ny(NS)vy, N = 1,2,3,4, for the bottomonium sector)

are also investigated, from the medium modified masses of involved mesons. The



PV mixing induces a mass difference in the transverse and longitudinal component
of vector meson, which is seen as a double peak structure in the invariant mass
spectrum of the production cross-section of 1(3770). The modifications of the pro-
duction cross-sections as well as the radiative decay widths of HQS, in magnetized
nuclear matter, might have observable consequences on the creation of these HFMs

resulting from ultra-relativistic peripheral HIC experiments.
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GIN

T8 a9 AR To1 FU I e e Ta SR/ meied deeid aFf 3
uRkfRufadl & fafte gop ok U iR BHl & O & T W digd g $ie
PSR (QCD) & 7 Foll YU § Hoige Z RRT® B T S1el gt 7 3R
faefsr q-iich T=T To1 oIt o | T TuTdt & Rigia &1 Srpri foban St 8, < fob
Soit QD & Rigidl iR Rigid dien & wmal @ URkd g, @i Aoigd THTa &R aTal uened
@1 afvfd fHar o1 9| Td YuTdt SrRd adlforas &1 fRffa fear man g, < fo arra
FREGAT, THIET AT 3R 91y g 390 Rigid dis & yHial & fgial &R snemid g1
3T FRRA WG (o, ¢, AR ) B BERA SUR) Hied & deH & I foar Srar g
I PRRA THETAT & WA-pd ged & DR QCD d9gH § 3Iad g arat sifew
HTD-UCIDTD Houcy & YHIT Bl Add [6hdl ol Fob | AT FHEYT ge, S $T QD H
T fognia &) 571 31 8, S UHTd Bl SR Hisd B T THId iy fEeeH B () &
A1 3 M a1 ST § | H HRRA Ao SISt & A1 Wics JfAded &I ST
PR © AR PRRA BIGH (0, ¢, 5, AR y) & fou Miogs Favrd S &1 SRIaT &7 (o),
SR SR (1), 3R GIHIT &F P THIT B WA T (p;) IR N T (pf) B
e § Aiaiferd fovar T 81 Jeerd &5 & YUId B I8 99 3R SHfew v9@ ¥ droid
Rl F ATSIS TG IRAONGRU & AEH F 3R ST & S TDH 1 Hcy
(AMMs) & HTe0H A foba W1l 81 39 YHR QCD & hadey (AW HIh-TemTdh
HeucH IR T3 Hegcey) & At gxne Fufid foar s gl

B QCDSR (®icH HIHSHAINT I faH) T¥HI0 &1 0% IR § ol QCD & I Sl
THRT (@1 IR TS & H1eqd ) & WRTHIeR! BT Fg-%ei QCD AR (88 IRTHIeR!
& TegH W) ¥ e Fx & AU Uged g1 81 HRaCR HarH QCDSR eI & [ S
o) aTelt at e B O b Fea Sl Qed & gy &1 3R a1y € RS & Mo
F 1 fayaeig & | S o | framl (FESRs) BT 5 fobar e 8 anfh Treny § |xnfer
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BT Houcy AR AT HeucH Ied! & gRT daex B! & Weafiid SEHE & udl
TR S 9 | 9 QCDSR EXHIV & iR SR AT TRDH 1T IRAY] U & o
T gob AdeR BIAI (w, p, 3R ¢) T ATAD FHUM BT 30T HRA ¢ | HRI-SMTT FHH0r
TN & Bep X WG (0, p, 3R ¢) ERIT e+e~ B I fobaT S Tball B, TIRIT
fgdipd SISl &1 37 §b daex B! &I GOHM URAdA $I UM B & U o=y
TRINTRITCH THTON & 0 B JUIRT 351 S GabelT & | §9 39 B! & SodHH URad 3! aolg
Y 3ad G T H U 941 g3 fgap Sdre o 3uflg &R Iad g

BH Ga 3rolle AT (@9eR K 3R K, Tloae daeR) & U Bl (Gay) SMgEi faufia
geite® uerd I 1 Aaeg 31eqgs avd § | 39 A SouHH &t QCDSR ERHIU &
IR U1 1 1l § SR S T SR ST fawwdr & yuia &1 sree fosan S
81 97 K BT & A1l Soamml R Aolgd gaaid &3 & yuTal of ot g &1 St g
fagadta sy & ary =nfofa k* BTT &1 @i ufkamfiaRur & SR g & sifafkad
UREd Biel 8 IR g9 felTal, TP STl Joobid & B Hioall # FERDR baf (K)
3R AFER (K*) BA Bt dgad Ifgdadr ©ed & g f=-Myor gid1 81 39 orerml, Th
b Bh-UCdId Siel [Afr Afsa srifd 3p, Aisd &1 ITANT 9RP, K;, K, AR K
BT & ATeafies gyl & 7199 ¥ K, - K'n 3R K* - Kr 3[q9ed A1 & qreafis
UECT SIS HT g fohar ST g1 Ja 3roia Hull Bt A1eaflies o &1 98 Idam
fazavor HrS-omaa IHYUT yAnT, S fF RHIC & SH-Solf W SEFH AR GS|,
Darmstadt &1 HADES Wgarht T11e+, § Hgaayul g1 9 g1

&1 IRAITA SR ST Ry & Aaflie gogdFl & ot s IR § S
g aIfu faufia Tt ard & Te a1 gad i &7 3t HigeT § SrRRd SUR) Hisd &
R S 9 €1 A soamH uRads ta sifewr f3deq Wi, y, & ®1RRd sU(3) Afsd |
i gl § U fore o 81 981 R fEe® 9R (Ds) & quTd SR gfaed & s
DI AHCH (AMM) & JUTT DT & H IGH SIRA SU(3) TISd DI et g Tl ol
T4 {1 a1 81 AMM & 3FET TR W, dagH T9@ 3R faerr gerd &t ufkgofar
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T, p,, | FE& AR & ANTEH! BT W01 {3501 T 8, W81 b haucy &1 adiy
HiTs & 1Y o™ ST 8, U uia R deaia wifshdr (MC) gl ST 31 BTaifes, AMM
& AT I p, = p, P AT I e wifsbar (M) B fawsia vgfa St 718 81 39
AT, GEDHT it ERPeR AR daeR Ted & ag H oy of U7 ot § S 3=
D1 Wics &3  Hgayul 81 Iabdl §1 T8 I SAMeH Sof aret I=-Ufaarht 4R 3mae
o Tt F AT B T U SThiia SR A WY iR BT & Sared W yTa
STTT A ¢, T8 S g Gab1g & §gd 981 & Tl ¢

T @1 iR I1eH § 5D 3R BB & Fued ¥ g ard YRT SIS aRTaf, o
& ¥(3770) 3R Y(45), & IaTe TATU Pl +ff 3T TR §1 T 3ATTH 370 A
SO 3R QA I (@led) B F fuged dieTs & Areafie gMeHl F HRa g1 Py
e, feve IR (DS) SR faaa=g @1 sifgdia Jaaa Abcy (AMM) & IiTeH & off
T T B & foran T 81 4R (V) U ST 1A SaRTS B R (P) Tl &
feufea smuc gk @MIAEH & F 1/ - n (1S)y, Y(25) - ne(2S)y, MR p(1D) -
1.28)y , SR ST AT Y(NS) > ny(NS)y, N = 1,2,3,4,) F Areafie et &1 of
T FM § 3w foar g1 pv AR dee} AHF & uifsper ok dlRiegfea
FIHe & S H gomFl &7 SR HR a1 8, B »(3770) F IdTE J&UU & 3=Id
S WaeH & T S9d Ui WRal & ©U & 3@ Il § | gahig o A1eqd o gt
BHIPIIH P Ie HAUUT SR FSTT siuge AT $t YA HT 34 WK WIe 7
¥ IdeT R Hf T=gaF TRumM 8 AT, WRER 3@ Jull Ldefdied URURA gl
3T Tere YAt 3, STgt ST 71 g & 98 991 8l ghdl g
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