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Abstract

The spectral properties of hadrons (mesons) are studied in the nuclear matter en-
vironment, at finite magnetic field for both zero and non-zero temperatures. The
quantities like spectral functions, production cross-sections of the meson states can
be modified due to their mass, decay widths in the produced medium. This may
have important observable impacts, such as in the production and propagation of
particles in the high energy heavy ion collisions. These quantities are studied for
the neutral p and A; mesons in such a medium, considering the effects of inverse
magnetic catalysis (IMC) and magnetic catalysis (MC). The effects of Dirac sea
at finite magnetic field are emphasized on the spectral properties of the spin-one
vector p, w, and axial-vector A; mesons. Their masses are computed using the
Borel transform of Quantum chromodynamics sum rules (QCDSR) followed by the
finite energy sum rules. The strong hadronic decay widths are calculated using an
effective interaction vertex of the initial and final state particles. The medium ef-
fects are incorporated through the QCD light quark and scalar gluon condensates,
which appear in the operator product expansion side of QCDSR. For light mesons,
the contributions up to dimension six scalar four-quark condensates are considered.
The condensates are connected to the scalar fields in chiral SU(3) model. At fi-
nite magnetic field, the contributions of protons’ Landau quantization, anomalous
magnetic moments (AMMs) of the nucleons, and the magnetized Dirac sea are in-
corporated into the scalar densities of the nucleons. The effects of temperature is
incorporated via Fermi distribution functions into the scalar and number densities
of the nucleons. There are observed to be important spectral modifications of peak
shifting and width broadening of the neutral mesons spectral functions due to the
phenomena of IMC and MC. The vectorial spectral function has direct experimental
connection to the dilepton invariant mass spectrum in heavy ion collisions. The
heavy quarkonia (QQ;Q = c,b) produce at the early stages of heavy-ion collisions,
during which the strength of the produced magnetic field can still be large in the
case of peripheral collisions. The masses of 15- and 1P- wave states of charmonia
(1S: vector J/v, pseudoscalar n.; 1P: scalar x. and axial-vector y.;) and bottomo-
nia (1S: vector Y(15), pseudoscalar ny; 1P: scalar y, and axial-vector x,;) are
studied in nuclear matter at finite magnetic field, incorporating the effects of IMC

and MC. Their masses are computed using the moment sum rule method. Medium



effects are incorporated through that of the gluon condensates of dimension four
which are further connected to the scalar fields of chiral model. The magnetized
Dirac sea contribution is derived through the nucleonic one-loop self energy func-
tions in the weak-field expansion of fermion propagator, corresponding to the scalar
mesons-nucleon interactions within the effective model Lagrangian. The effects of
density, isospin asymmetry, and magnetic field of an external medium are incorpo-
rated through the scalar and number densities of the nucleons into the scalar fields’
equations of motion for the isoscalars non-strange o, strange (, the isovector  and
the dilaton field x. The scalar fields are treated to be classical in solving their cou-
pled equations of motion. The nucleons are treated to be quantum in the Dirac sea
calculation. The Dirac sea contribution leads to the considerable modifications in
the scalar light quark condensates with the magnetic field. The (decrement) incre-
ment of their magnitudes with increasing magnetic field is called (inverse) magnetic
catalysis. The effects of (inverse) magnetic catalysis on the masses of the heavy
quarkonia are seen to be prominent as compared to the case when this effect is not
taken into account. The Pseudoscalar vector mesons (PV) mixing is studied for the
1S-wave states of QQ;Q = c,b. The effect is obtained between the pseudoscalar
(P) and (longitudinal) part of the vector (V) mesons. It is studied for charmonia
(n. — J/¢!l) using an effective Lagrangian formalism. A spin-magnetic field interac-
tion Hamiltonian is used for the mixing of (n, — Y!I(15)). The effects of IMC and
MC are considered in addition to this mixing effect. There occurs an energy level
splitting due to the mixing phenomena, resulting in an increment (decrement) to

the mass of VII(P) with increasing magnetic field.
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TRATY] Uerf TafaRur § 8 (1) & Juish T 0T T e fasan STl &, T 3R IR gl
! & foe Hifa Jeeta & w1 aufwmdia S, 29 Tl & Iare HY-JaRH Sl HEm
B Tl & SIed ATeqH | 3% G, & AISTs & HRUI YN fohaT S Webd § | XS T8
@YU HTTH-1T THTT §, S o Iare ofR TR & e rolt arel URY ST eahvTa | 7| 34
AT BT 31 T ST § U= A1edy H de p 3R A, A, b & THIG IR fIaR #3d gU
YA Bl (SMETA) SR JaP1T FHeforin (Trfh) | 31 IR &1 gHTg uRfid daei
& FUA-9 % quishHa Ui R SR feaT ST 8 daex p, w, 3R 31efia-daex A, BT | 3% SHHH
BT AT BT JUANT HRb BT STt § HicH HEISHHTIR T T (FIHISTTIR) BT IR
TGS 39 a1G faar a1 uRfid ol anT gy, Aeigd 831 &1 A1STs &1 TUHT U I
JUANT RS B Tl § RIS 3R AT a1 & BT o1 THTat - =i | ez v st
BT HTch 3R TheR AT HSIC P HILH J M T 7T §, S QCDSR & HTIRER IS
foaR ver 7 foxarg 3a §1 8o B9 & fof, ST B8 WheR IR-$16 be-Ric ddb & IRTEH IR
TR foran e 81 He-Rie fore way(s) Aisa & ifwr &1 ¥ 3 g &1 uRkfid R daaia &,
el & det uRaToiiexur &1 anrerF, famfayul gfeadd & @i &1 (TTATH), 3R b
SRS IR M § e & I a9 o | AT9HM o7 YHT1G 8 BHf faaror st & A
3ifersr 3R T uied B T1fvet famam 7T gfeTei . RRR & Ty qufiia g 2@ e
Tery DT JUlch e STl & RIFTR 3R ASTS P AR & BRUT TS TAYT 3R T & geamd |
JaeROd qUitHIg HaRM $T Ude! T & HRT 319 ehral § f$ap sraRad-ig goaam
TWIeH A G | UR BTH AT (00;Q = ¢, b) URI-3HTT THRIG P YRS RUTH I ST g, o
ERM I GBI & I dreha 3t ot ot €1 bt B ufefar eebrra b1 ArHer. i 3 1s-
3R 1p- TIT AT BT GHHM (15: AGR I/, ”SRBR ne; 1P: ThaR yeo AR 3HET-IFR xc1)
3R ST (15: TR ¥(1S), TSRBTR np; 1P: THTR xp0 SR 31&T-IFR xp1) T SHTSTHAN P 1At
I M HR g, Rt Jaera & T o] uer o1 e o mar 3iR w3t 3% S|
I UM YT AN faw faf 1 IuahT R B S S| HEH T S IR & TGS g
& w1 @ e fPU Sd € S 3 fRRer A & 3ifw 851 A oS gU R | grafehd favie 9R
F1 TG T -9 -l S & HeH I U1 8l @ TheR & ITEY Bt
IR & HHOR-8 faaR & nurdt Hisa i & iR ATH-=gfaerai- $evaR | 396 YU
T, TS fAwadT 3R a1t Aread o1 Jaapig & A § Sifewr & & gfeerai— & sifewr
3R G U9 & HIHH ¥ SSURBR TR-36ld o, 36id ¢, 3MedIdae? 6 3R & fw ad &
iR feaeT wies x. sifexr & & I9F T B g B W ARAT T &Il § T &
TrfieRur. fE1 AR B YfFeri= &1 SHicH AT ordl § AT 316 9PR & e § s
eIyl TR gU SR UHT ST e & & 1y Wafd gar g1 @) 3 ded e
& & T ISP URHT B (IACT) YIB I FHYT ol § ISRV | U GIHHH W (I JaB
IR BT GHIT SIHIRT I HIHA B o § U ¥ J 2 W1l & 19 I GHIT T8l 8l &
wmﬁ;mlvﬁwawﬁﬂﬁ(tﬁaﬁ)ﬁwwammm% 00;Q = ¢, b BT 1S-aqT
SERITY | GHIT FSRHER & aiid U el & (B 3R (3rgaed) dae &1 fown (d ||) 7T | e
g FrEiET & e fosam S @ (ne - /) T muTdt S Shoaiasdr $1 SuahT FRa
B U FRUA-aa1a & SexavM sfiieef~ e &1 IUaRT (n, - YI(1S)) F Mo & fere fasan S
B MSUH & THTT 3R 3 307 wuta & Sifafvad wHit v +ff fa= fawan Sia 81 agi wes Suif
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