Proceedings of SAIP2018

Magnetic and physical properties of new hexagonal
compounds PrPt, X (X = Ag, Au)

Michael O Ogunbunmi and André M Strydom

Highly Correlated Matter Research Group, Physics Department, University of Johannesburg,
P. O. Box 524, Auckland Park 2006, South Africa.

E-mail: mogunbunmi@uj.ac.za, moogunbunmi@gmail.com

Abstract. We have synthesized PrPtsAg and PrPt4Au compounds for the first time and
report their crystal structure, as well as magnetic and physical properties in the temperature
range of 1.9 K to 300 K. Both compounds are derived from the substitution of Pt with Ag and
Au, respectively in the parent compound PrPts which crystallizes in the hexagonal CaCus-type
structure. Here we observed the preservation of the hexagonal CaCus-type structure under such
substitutions, which is in contrast to the observations in PrCusAg and PrCusAu adopting the
cubic MgCusSn-type structure upon substitution on parent hexagonal PrCus. The temperature
dependences of specific heat C),(T'), and electrical resistivity p(7') of PrPt4Ag show an anomaly
at 7.6 K. This is absent in the magnetic susceptibility x(7"), thus suggesting a possible multipolar
ordering of the Pr3" moment. PrPt4Au on the other hand does not show any anomaly but an
upturn in Cp(T)/T below about 10 K and attains 1.23 J/(mol K?) at 1.9 K. In addition, p(T)
~ T for nearly a decade in temperature. These observations for PrPt4Au are the hallmark of
a non-Fermi liquid (nFL) behavior and is characteristic of a system near a quantum critical
point. The analyses of the low-temperature Cy,(T") for PrPt4Ag and PrPt4Au give values of the
Sommerfeld coefficient, v = 728.5 mJ/(mol K?) and 509.1 mJ/(mol K?), respectively, indicating
a significant enhancement of the quasiparticle mass in the two compounds.

1. Introduction

PrPts is a Van-Vleck paramagnet that has been studied mostly for nuclear cooling by adiabatic
demagnetization [1]. This technique profits from the high nuclear spin (I = 5/2) of the only
known stable '4!'Pr isotope. It crystallizes in the hexagonal CaCus-type structure with space
group P6/mmm (No. 191) [2]. It has been observed that the lack of magnetic ordering in
PrPts is associated with its weak exchange interaction [3]. In addition, magnetization studies
have revealed a nuclear spontaneous ferromagnetic Weiss temperature, 6, = 2 mK, which is
attributed to nuclear hyperfine enhancement in the system [4]. In a substitution study by Malik
et al. [5], the RPt4In (R = La-Tm) compounds, which represent a doping of 20% on the Pt
site, were reported to adopt the cubic MgCuySn-type structure with the exception of TmPt4In
which forms in the CugAu-type structure. Also, ErPt4In and HoPt4In were observed to possess
a mixture of MgCuySn and CusAu phases as evidenced from the X-ray diffraction patterns.
PrPt4In was reported to remain paramagnetic down to 4.2 K [5]. Here we report the synthesis,
as well as the magnetic and physical properties of the new compounds PrPt4Ag and PrPt;Au.
Interestingly, it was found that both compounds crystallize in the same hexagonal CaCus parent
structure. This is in contrast with the observations in PrCusAg and PrCuyAu [6, 7] which adopt
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Figure 1. Powder X-ray diffraction patterns of PrPt4Ag and PrPt4Au shown in (a) and (b)
with Rietveld refinements (black lines) based on the P6/mmm space group. The vertical bars
are the Bragg peak positions, while the difference between the experimental and calculated
intensities are shown as pink and gray lines, respectively. The peak in the PrPt4Au spectrum
marked with an asterisk does not belong to the major phase as discussed in the text.

the cubic MgCuySn-type structure similar to those of RPt4In compounds reported by Malik et
al. [5].

2. Experimental methods

Polycrystalline samples of PrPtyAg and PrPtsAu were prepared by arc melting stoichiometric
amounts of high-purity elements (wt.% > 99.9) on a water-cooled Cu plate under a purified static
argon atmosphere in an Edmund Buehler arc furnace. The weight losses for both compounds
were ~ 0.09%. The arc-melted pellets were then wrapped in Ta foil, placed in an evacuated
quartz tube and annealed at 800°C for 14 days so as to improve the quality of the samples.
Room temperature powder X-ray diffraction (XRD) patterns were recorded on pulverized
samples using a Rigaku diffractometer employing Cu-Ka radiation. The XRD patterns with
the Rietveld refinements [8] employing the FullProf suite of programs [9] are shown in Fig. 1.
The lattice parameters obtained from the Rietveld refinements are presented in Table 1. For
both compounds, the XRD results confirm phase formation of the desired compounds. For the
case of PrPt4Au, a spurious peak, barely resolved above the background noise was detected at
20 = 48°. It was verified that this peak does not have its origin in any of the elements Pr, Pt
or Au thus the origin of this peak remains unknown.

Magnetic properties were measured using the Magnetic Property Measurement System
(Quantum Design Inc., San Diego) between 1.8 K and 300 K with an external magnetic field
up to 7 T. The four-probe DC electrical resistivity, specific heat and thermal transport between
1.9 K and 300 K were measured using the Physical Property Measurement System also from
Quantum Design.

3. Magnetic properties
The temperature dependences of magnetic susceptibility x(7") of both compounds in an external
field of 0.1 T are shown in Fig. 2 (a) and (b). From the plots, x(7") of both compounds are
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Table 1. Lattice parameters of PrPt4Ag and PrPt4Au obtained from the Rietveld refinements

of their XRD patterns.

Compound | a (A) c (A) V(A% [ R, (%) | Rup(%) | X2
PrPt,Ag | 5.344(2) | 4.399(2) | 108.8(9) | 9.597 | 12.25

4.596
PrPtyAu | 5.343(3) | 4.378(5) | 108.3(8) | 8.957 11.89 | 4.875
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Figure 2.

(a) Temperature dependence of magnetic susceptibility x(7) of PrPt4Ag in an
external field of 0.1 T with a Curie-Weiss fit shown as a white line. Inset: Isothermal

magnetization of PrPt4Ag at 1.8 K and 10 K. (b) Plot of x against T' for PrPt4Au with a

Curie-Weiss fit represented by the white line. Inset: Isothermal magnetization of PrPt4Au at
1.8 K and 10 K.

qualitatively similar and show no visible anomaly down to 1.9 K. For temperatures above
100 K, x(7T') for both compounds follow a Curie-Weiss behavior based on the expression:
X(T) = Nap?/(3kp(T — 0,)), where peg is the effective magnetic moment, 6, is the Weiss
temperature, N 4 is the Avogadro number and kg is the Boltzmann constant. From the least-
square fits shown as white lines in Fig. 2 (a) and (b), values of peg = 3.30up/Pr, 6p = 95.10 K
and peg = 3.15 up/Pr, Op = 99.16 K for PrPtyAg and PrPt4Au, respectively are obtained.
These values of peg are slightly reduced in comparison to the value of 3.58 up/Pr calculated for
a free Pr3T ion. Such reduction in jeg can be attributed to the crystalline electric field (CEF)
effect on the Pr®t moment. The isothermal magnetization for both compounds measured at
temperatures of 1.8 K and 10 K are shown in the insets to Fig. 2 (a) and (b). The magnetization
trend shows a little curvature at 10 K which becomes more pronounced at 1.8 K for both
compounds. PrPtyAg and PrPt4Au attain magnetization of ~ 1.8 up/Pr at 7 T, which is about

50% reduced compared to the value of 3.2 up/Pr expected for a free Pr3* ion. Assuming that

at a temperature of 1.8 K no higher-lying levels of the J = 4 multiplet of Pr are occupied,

we attribute this deficiency in the extracted magnetization to the effects of magneto-crystalline
anisotropy in both compounds.

4. Specific heat

The temperature dependence of the specific heat Cp(T") between 1.9 K and 300 K for PrPts;Ag
and PrPt4Au are shown in Fig. 3 (a) and (b). Values of ~ 150 J/(mol K) are observed at room
temperature for both compounds, which correspond to the Dulong-Petit value. In inset (i) of
Fig. 3 (a), the low-T" plot of C),/T against T for PrPt4Ag is shown. At 7.6 K an anomaly with
a broad feature is observed. The electrical resistivity results to be presented in Section 5 also
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Figure 3. (a) Temperature dependence of specific heat C,(T") of PrPt4Ag. Inset (i): Low-T
plot of C,,/T against T" with the arrow indicating the phase transition at Tg. Also shown is the
calculated entropy (blue line) with axis on the right. Inset (ii): Plot of C,/T against T? for
PrPtsAg together with a linear fit (red line) to extract the Sommerfeld coefficient. (b) Plot of
Cy against T for PrPt4Au. Inset (i): Plot of C},/T against T" on a semi-log axis. The red line
is a guide to the eye indicating a logarithmic divergence of C,(T")/T. The calculated entropy
(green line) is also shown with axis on the right. Inset (ii): Plot of C),/T against T? for PrPt4Au
together with a linear fit (red line) to extract the Sommerfeld coefficient.

reveal an anomaly around the same temperature. No such an anomaly is however observed in
X(T') presented in the previous section, thus suggesting a possible multipolar ordering of the
Pr3* moment in PrPtyAg. This is supported by the Van-Vleck paramagnetism observed in
X(T') indicating that spins or dipolar order do not play a detectable role in the anomaly. In
the absence of a long-range magnetic order in Pr systems, the 4 f-electrons orbitals are the only
effective degrees of freedom and multipolar ordering of the Pr3* moment can be realized [10, 11].
Also shown is the plot of the calculated entropy. At Ty only an amount of 0.3RIn(6) is released
which is only about one third of the total entropy expected. The plot of C),/T against 7" on a
semi-log scale for PrPt4Au shown in inset (i) of Fig. 3 (b) shows an upturn below 10 K reaching
a value of 1.23 J/(mol K2) at 1.9 K. We have also observed a linear-in-T' behavior of p(T') which
is discussed in Section 5. These observations in PrPt4Au are the hallmark of a non-Fermi liquid
(nFL) behavior. Among many other reasons, proximity to a quantum critical point or possible
spin/elemental disorder such as in doped systems could be responsible for such behavior [12].
The calculated entropy is also presented in the same plot. At 8 K, the recovered entropy is
about 0.9RIn(6) which is close to the full entropy expected.

We further analyzed the low-T behavior by plotting of C,/T against T for both compounds
as shown in inset (ii) of Fig. 3 (a) and inset (ii) of Fig. 3 (b). Least-square fits to both sets of data
(represented as red lines) based on the expressions: C,/T = v + T2 and 8 = 127*nR/(50%)),
where n and R are the number of atoms per formula unit and universal gas constant, respectively,
v is the Sommerfeld coefficient and 6p is the Debye temperature are shown. From the fits, v =
728.50 J/(mol K?) and 509.10 J/(mol K?) are obtained for PrPt4Ag and PrPtyAu, respectively.
The observed « values for these two compounds are more than two orders of magnitude greater
than what is expected for an ordinary metal and qualitatively similar to those of the heavy
fermion (HF) systems, where significant enhancement of the quasiparticles mass have been
observed [13].

SA Institute of Physics ISBN: 978-0-620-85406-1 59



Proceedings of SAIP2018

Table 2. A collection of estimated characteristic HF parameters of PrPt4Ag and PrPt Ag.
Compoundly (mJ/(molp, K?))[A (uQcm/K?)[A/y? ( x 107°uQem(molp, K/mJ)?)[ R,
PrPt,;Ag 728.50 0.010 0.00188 1.38
PrPt4Au 509.10 0.117 0.0449 1.62

5. Electrical transport

The temperature dependence of the electrical resistivity p(T") for PrPtsAg and PrPtsAu
investigated between 1.9 K and 300 K are presented in Fig. 4 (a) and (b), respectively. The
observed values of residual resistivity are =6 and =3 for PrPt4Ag and PrPt 4Au, respectively.
Both compounds show typical metallic behavior down to low temperatures. A broad curvature is
observed at intermediate temperatures in PrPt4Ag, which is common to rare-earth intermetallic
systems; possibly associated to thermal de-population of the crystal field levels as temperature
is lowered. A plot of p(T) against T? presented in the inset of Fig. 4 (a) indicates a power
law behavior based on the expression: p(T) = po + AT?. A fit of the expression to the data
is shown as the red line. The residual resistivity, pg = 10.46 pufQdcm and the coefficient of
the quadratic term, A = 0.010 uQem/K? are obtained. The Kadowaki-Woods ratio (KWR)
[14], A/4? = 1.88 x 1078 puQem(mol K/mJ)? is obtained by using v = 728.5 mJ/(mol K?)
obtained from C,(T") analysis. The relationship between x(7") and 7 is also evaluated using the
Wilson ratio [15] given as: Ry, = m2k%x(T — 0)/(u2¢y). Using the observed low-T values of
x(T — 0) = 0.5025 emu/mol, v = 728.5 mJ/(mol K?) and e = 3.30 pup/Pr yields R,, = 1.38
which is comparable to a value of unity expected for HF systems. Also, a little anomaly is
noticeable in the low-T" plot at ~ 7.6 K which coincides with the anomaly observed in C,(T)
around the same temperature.

PrPt4Au on the other hand is quasi-linear in nature down to low temperatures. In the inset of
Fig. 4 (b), the low-T" behavior of PrPtyAg is shown together with a fit (shown as red line) using
the expression; p(T) = pg + AT™. From the fit, the residual resistivity, pg = 14.58 puQdem, n =
1 and A = 0.117 pQ2em/K are obtained. Such a temperature dependence of p(7") deviates from
the Fermi-liquid behavior expected at low temperatures for normal metals. Results from C,(T)
of PrPt4Au discussed in Section 4 have also shown a temperature dependence that deviates
from those of ordinary metals. Using the values of A = 0.117 pQem/K? and 509.10 mJ/(mol
K?), yields KWR = 4.49 x 1077 pQcem(mol K/mJ)2. Also, using the values of x(T — 0)
= 0.3743 emu/mol, v = 509.10 mJ/(mol K?) and peg = 3.15 up/Pr yields R, = 1.62. The
parameters observed in PrPtsAg and PrPty4Ag reveal both compounds as new HF systems.

6. Discussion and conclusion

The existence of the hexagonal PrPt4Ag and PrPt4Au compounds are reported together with
their physical and magnetic properties. PrPtyAg shows a putative multipolar ordering at
Ty = 7.6 K. From the crystal field levels permitted for the J = 4 multiplet in a Dgj, local
symmetry, one would expect to have 3 I's non-Kramers doublets and another 3 I'; singlets.
However, the observation of such an anomaly at Ty makes I's the likely ground state in PrPtsAg.
In contrast, the low-T" region of PrPtsAu shows a logarithmic divergence of C,(T")/T, and a
linear-in-7" behavior of p(7T") below 10 K which is typical of a non-Fermi liquid behavior. These
behaviors are likely associated with spin scatterings observed for a system in the proximity of a
quantum critical point. Further analyses of C},(T") of both compounds reveal v = 728.50 J/(mol
K?) and 509.10 J/(mol K?) for PrPt4Ag and PrPt,Au, respectively. In Table 2, a collection of
characteristic HF parameters are presented for easy comparison with the observations in this
work. The observation of enhanced 7 value in systems with a I's non-Kramers ground state
are often associated to the quadrupolar Kondo effect [10, 11]. Future studies will focus on
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Figure 4. (a) Temperature dependence of electrical resistivity, p(7"), of PrPt4Ag. Inset: Low-T'
plot of p against T2 together with a fit (red line) described in the text. (b) Plot of p(T') against
T of PrPt4Au. Inset: Low-T plot of p and the red line is a fit described in the text.

experiments below 2 K in order to further unravel the physics involved in the ground state of
these two non-Kramers-ion systems.

Acknowledgment
MOO acknowledges the UJ-URC bursary for doctoral studies in the Faculty of Science. AMS
thanks the SA-NRF (93549) and UJ-URC for financial support.

References
1] Andres K and Bucher E 1970 Phys. Rev. Lett. 24 1181

| Buschow K H J 1972 J. Less Common Met. 29 283

| Narasimhan K S V L, Rao V U S and Butera R A 1973 AIP Conf. Proc. 10 1081
] Karaki Y, Yotsui K, Kubota M and Ishimoto H 2000 Physica B 284-288 1688

]

Malik S K, Vijayaraghavan R, Adroja D T, Padalia B D and Edelstein A S 1990 J. Magn.
Magn. Mater. 92 80

[6] Zhang S, Mizushima T, Kuwai T and Isikawa Y 2009 J. Phys. Condens. Matter 21 205601

[7] Zhang S, Isikawa Y, Tayama T, Kuwai T, Mizushima T, Akatsu M, Nemoto Y and Goto
T 2010 J. Phys. Soc. Jpn. 79 114707

[8] Thompson P, Cox D E and Hastings J B 1987 J. Appl. Crystallogr. 20 79
[9] Rodriguez-Carvajal J 1993 Physica B 192 55

[10] Suzuki O, S Suzuki H, Kitazawa H, Kido G, Ueno T, Yamaguchi T, Nemoto Y and Goto
T 2005 J. Phys. Soc. Jpn. 75 013704

[11] Tanida H, S Suzuki H, Takagi S, Onodera H and Tanigaki K 2006 J. Phys. Soc. Jpn. 75
073705

Schofield A J 1999 Contemp. Phys. 40 95

Stewart G R 1984 Rev. Mod. Phys. 56 755

Kadowaki K and Woods S B 1986 Solid State Commun. 58 507
Wilson K G 1975 Rev. Mod. Phys. 47 773

SA Institute of Physics ISBN: 978-0-620-85406-1 61



	Proceedings of SAIP2018
	Table of Contents
	Conference Chairs and Committees
	Message from the Conference Chair
	Message from the Editor
	List of Reviewers
	FULL RESEARCH PAPERS
	DIVISION A – DIVISION FOR PHYSICS OF CONDENSED MATTER AND MATERIALS
	Electronic and Optical Properties of Lead-Free Hybrid Perovskite CH3NH3SnI3 from First Principles Calculations
	I O Abdallah, D P Joubert and M S H Suleiman

	Structural, elastic and electronic properties of binary titanium-based shape memory alloys
	M E Baloyi, R Modiba, P E Ngoepe and H R Chauke

	First principles investigation of structural, elastic, electronic and optical properties of Barium seleno-germanate, Ba2GeSe4
	A Barde and D P Joubert

	Growth and structural characterization of germanium on Pt(111)
	C Dansou, G B Geetha, E Carleschi and B P Doyle

	A numerical study of heterogeneous annealing in a nite one-dimensional geometry
	J Lethoba, P M Bokov and P A Selyshchev

	ZnO nanoparticles doped with cobalt and indium mechanochemically for methane gas sensing application
	M F Manamela, T E Mosuang and B W Mwakikunga

	First principle studies of palladium nanoparticles on titanium dioxide surfaces for catalytic application
	A F Mazibuko, R G Diale, H R Chauke and P E Ngoepe

	Effect of temperature on the structure and dynamic properties of metal sulphide nanostructures via molecular dynamics simulation
	M A Mehlape, T G Mametja, T E Letsoalo and P E Ngoepe

	Lattice thermal conductivity of bulk PtTe2 and PtSe2
	H A H Mohammed, D P Joubert and G M D Nguimdo

	Magnetic and physical properties of new hexagonal compounds PrPt4X (X = Ag, Au)
	M O Ogunbunmi and A M Strydom

	Crystal structure and thermodynamic properties of the non-centrosymmetric PrRu4Sn6 caged compound
	M O Ogunbunmi and A M Strydom

	Thermoelectric properties of CdGa2O4 spinel
	E Rugut, D P Joubert and G Jones

	The structural, electronic, and optical properties of CH3NH3PbI3
	A S A Sidahmed and D P Joubert

	Structural and optical properties of spin coated graphene oxide films
	B C Tladi, R E Kroon and H C Swart


	DIVISION B – NUCLEAR, PARTICLE AND RADIATION PHYSICS
	A comparative study of the high fluence neutron radiation effects on the properties of plastic scintillator UPS-923A for the TileCal of the ATLAS detector
	V Baranov, Y I Davydov, R Erasmus, C O Kureba, J E Mdhluli, B Mellado, G Mokgatitswane, E Sideras-Haddad, I Vasilyev and P N Zhmurin

	AdS/CFT predictions for correlations, suppression, and flow of heavy flavours at RHIC and LHC
	R Hambrock and W A Horowitz

	Performance of missing transverse energy reconstruction in pp collisions at 13 TeV in the diphoton channel with ATLAS
	S Liao, B Mellado and X Ruan

	Background estimation for multilepton and b-jets analysis at ATLAS at the LHC
	J Monnakgotla, L Mokoena, L Mashishi, Y H Jimenez and B Mellado

	Studying the effects of pileup on the leptonic properties in the H -> ZZ -> 4l channel using the ATLAS detector
	O Mtintsilana and T Lagouri

	Mitigating the effect of fake missing energy using Machine learning technique in the ATLAS experiment
	K G Tomiwa, X Ruan and B Mellado


	DIVISION C – PHOTONICS
	Measurements of phase distortions through pulse characterization
	G O Dwapanyin, G W Bosman, P H Neethling and E G Rohwer

	Using optical tweezers to measure the forces exerted by molecular motors in onion cells
	A Erasmus, G W Bosman, P H Neethling and E G Rohwer

	The effect of photobiomodulation at 660 nm on the differentiation of diabetic wounded WS1 human fibroblasts into myofibroblasts
	D R Mokoena, N N Houreld, S S Dhilip Kumar and H Abrahamse

	Investigation of a specifically targeted photosynthetic nanoparticle drug delivery system for enhanced photodynamic therapy treatment of metastatic melanoma
	C Naidoo, C A Kruger and H Abrahamse

	Simulation of time-domain terahertz ellipsometry measurements towards data extraction
	S Smith, P Neethling and E Rohwer


	DIVISION D1 – ASTROPHYSICS
	Dark matter gets DAMPE
	G Beck and S Colafrancesco

	Probing the intergalactic magnetic field through observations of high-energy gamma rays produced by electromagnetic cascades
	B Bisschof, B van Soelen and P J Meintjes

	Gamma-Gamma Absorption in 𝜸-ray Binaries
	D C du Plooy and B van Soelen

	Ha images of nearby galaxy groups NGC193 and NGC940
	S Hattingh, S I Loubser, A Babul and E O’Sullivan

	Star formation histories of Brightest Group Galaxies in CLoGS
	O C Havenga, S I Loubser, E O'Sullivan, A Babul and A Ratsimbazafy

	Search for Gamma-ray emission in the White Dwarf pulsar of AR Scorpii
	Q Kaplan, H J van Heerden, P J Meintjes, A Odendaal and R Britto

	The search for 𝜸-ray emission from AE Aquarii using Fermi-LAT Pass 8 Data pipeline 2008-2018
	S T Madzime, H J van Heerden, P J Meintjes, A Odendaal and R J Britto

	Did Dark Matter Kill the Dinosaurs?
	M Sarkis and G Beck

	Probing quantum gravity at low energies
	J Tarrant, G Beck, and S Colafranesco

	Implications for gamma-ray production from updated orbital parameters for LMC P3 with SALT/HRS
	B van Soelen, N Komin, D du Plooy, P VŁaisŁanen and A Kniazev


	DIVISION D2 – SPACE SCIENCE
	dSECS: Including Variometers in Geomagnetic Field Interpolation
	M J Heyns, S I Lotz and C T Gaun


	DIVISION E – PHYSICS EDUCATION
	The relativistic length transformation: more than a Lorentz contraction
	R E Kroon


	DIVISION F – APPLIED PHYSICS
	Migration behaviour of selenium implanted into polycrystalline-SiC
	Z A Y Abdalla, T T Hlatshwayo, E G Njoroge, M Mlambo, E Wendler, J B Malherbe

	Photodynamic therapy using Sulfonated Aluminium Phthalocyanine mix for the eradication of cervical cancer: an in vitro study
	E P Chizenga and H Abrahamse

	Experimental and Numerical Measurement of the thermal performance for parabolic trough solar concentrators
	K Mohamad and P Ferrer

	Tuning the Bandgap of Bulk Molybdenum Disulphide using Defects
	P V Mwonga, S R Naidoo, A Quandt and K I Ozoemena

	DFT Study of selected croconate dye molecules for application in dye sensitized solar cells
	T S Ranwaha, N E Maluta and R R Maphanga


	DIVISION G – THEORETICAL AND COMPUTATIONAL PHYSICS
	Quasi-normal modes of spin-3/2 fields in D-dimensional Reissner-Nordstrom black hole spacetimes using the continued fraction method
	A S Cornell and G E Harmsen

	Full phase space simulation of the relativistic Boltzmann equation in the context of heavy-ion collisions
	E W Grunow and A Peshier

	Bose-Einstein condensation from a gluon transport equation
	B A Harrison and A Peshier

	Quantitative Predictions of Heavy Flavor Photon Bremsstrahlung in Heavy Ion Collisions from AdS/CFT
	W A Horowitz

	Oscillating cosmological correlations in f(R) gravity
	N Namane, H Sami and A Abebe

	Using the Ultra-relativistic Quantum Molecular Dynamics (UrQMD) model to extract the thermal conductivity transport coefficient of hadron gas
	T Nemakhavhani and A Muronga





