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Emerging Rashba Phenomena: Repercussion on Charge Carrier Recombination
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Emerging Rashba Phenomena: Repercussion on Charge Carrier Recombination

» Time reversal symmetry: E (k, 1) = E (-k, |)
* Spatial inversion symmetry: E (k, 1) = E (-k, 1)
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No Rashba spin splitting Rashba spin splitting
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SOC Effect
E=E, 5
S Befr = —m(k X E)
v = hk/2m*
L >

The Rashba Hamiltonian:

Hr = agr(k x 2) - 0 = ar(kyox —

The Dresselhaus Hamiltonian:
Hp = Bp(kxox — kyoy)

The Persistent Hamiltonian:

Hpst = apst(kxoy)

The 3D Rashba Hamiltonian:

apeh apeh?

4mic?

HEP = [VV xP]- o =
4m,

« Rashba Hamiltonian:

~ eh "
HR:ﬂ(U-B)zaR(UXk)~Z

h2k?

om +ar(o xk)-2

Ar =

« Corresponding eigenvalues-

h2k2 hZ 2
Ei = H:EQR/(— ﬁ(kikR) + Er
2Eg
AR = 4
kp

» And corresponding eigenstates

*e

st = 35 (*5 ")

» The Hamiltonian for a 2DEG, including the Rashba term:

« The spin texture can be calculated from the expectation
value of Puali’s spin operator o, exprssed as

cost
(Wx(k)|olL(k)) =+ (—siné))
0

or (ths”[‘(ky(fx)

Origin of Rashba Splitting

Broken Spin-inversion
Symmetry in Non-
centrosymmetric structure,
prevailed with Relativistic
Spin-Orbit Coupling

® The Rashba splitting strength influences the e-h recombination rate.

keoy)

Weak Rashba effect

Energy

Y.

High

irecombination

Strong Rashba effect

! Low
irecombination

Mrale

Energy

(2)C2[ x E]-o

@ Band splitting due to Rashba effects enhances the lifetime of charge carriers because of

spin-forbidden transitions!»2.

@ spin—charge conversion, creation and detection of spin currents - spintronics

3

Wavevector

Wavevector

Ref. - DOI: 10.1021/acs.jpclett.9b02936
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Observation of Rashba Splitting in Hybrid Perovskites
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Connecting Rashba Physics with Pressure Driven Tuning of Structural, Electronic
and Optical Properties: Piezochromism



Connecting Rashba Physics with Pressure Driven Tuning of Structural, Electronic
and Optical Properties: Piezochromism

. K . PR ) . . . Reveallng an unusual transparent phase of superhard
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i e S Cory STRR— of Structural/ ] a e
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Excited State Thermodynamic Finite Shift of Optical Access new structure,
Dynamics Distribution of Response Peak/ Band not possible through
Lattice Defects Gap Tuning conventional syntheses

ybrid Perovskites with Soft
Lattices exhibits LARGE
Pressure Response

Pressure-Induced Metallization of the Halide Perovskite (CH;NH;)Pbl;
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CeTaN; and CeNbNs;: Prospective Nitride Perovskites with Optimal
Photovoltaic Band Gaps
Viet-Anh Ha, Hyungjun Lee, and Feliciano Giustino™
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Pressure Driven Rashba Splitting in Inorganic Nitride Perovskite CeTaN;
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Pressure evolution of band structure and Rashba splitting of CeTaNj: (a, e) 2 GPa; (b, f) 4 GPa; (c, g) 6 GPa; (d, h) 8 GPa.

» Rashba splitting decreases with pressure in (e—f) (zoomed-in view)

» Spin splitting of valence and conduction bands disappears at 6 GPa and 8 GPa, respectively.
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Pressure Driven Rashba Splitting in Inorganic Nitride Perovskite CeTaN;
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Spin textures of CelaN; around I point

Pressure  a b ¢ AEs, E; a(CB) a(VB)

0 5.613 5.729 7.962 -6.555 0.436 0.399 0.079 0.282 0.154
5.596 5.709 7.943 -6.552 0.364 0.418 0.078 0.294 0.144
5.580 5.690 7.924 -6.538 0.290 0.406 0.065 0.300 0.124
5.563 5.670 7.904 -6.517 0.218 0.062 0.012 0.047 0
5.550 5.6564 7.883 -6.492 0.216 0 0 0 0
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Pressure Induced Rashba Evolution in

PHYSICAL REVIEW MATERIALS 8, 055405 (2024)
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Crossover between Rashba—>Rashba-Dresselhaus—> Persistent Spin Texture (PST) in
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Quasi-2D Hybrid Perovskites

Pressure driven interplay of Rashba, Rashba—
Dresselhaus and persistent spin texture in lead-free
quasi-2D hybrid perovskites

Sy i
Rashba Rashba -

Jagjit Kaur and Sudip Chakraborty (2 *
Dresselhaus
(a)(A-Pyr),Gel, (b)(A-Pyr),Snl,
f A A A R 2 A 2
P R %
RBRE

@ Quasi 2D - Orthorhombic (space group Pca2;)

o Lattice parameter: (A—Pyr),Gel, a = 17.67 A, b = 10.24 A, c= 8.14 A,
(A—Pyr),Snl, a = 18.16 A, b = 10.51 A, c= 8.16 A.

e Bond length: Ge-l = 3.09 A, Sn-1 = 3.18 A
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Spin texture in (A-Pyr),Gel,
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Implication of Rashba Phenomena in 2D Materials

Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer
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Implication of Rashba Phenomena in 2D Materials

Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer
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FIG. 1. (a)Top and (b)Side view of relaxed crystal structure of Janus BiClS monolayer; (c) and (d) represent the band structure
considering SOC and hybrid exchange-correlation functional. The pictures (e), (f), and (g) show the spin-texture at conduction
band minimum along Sz, Sy, and S, projections, respectively.
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Implication of Rashba Phenomena in 2D Materials

Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer
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FIG. 2. Band structures of compressive strained BiCIS monolayer obtained using PBE+4SOC. Fig. (a) to (f) show the band
structures of monolayer under the compressive strain from 0.5 % to 3 %. The valence band maxima is set to zero. The values
with red (blue) color in all plots represent the bandgap and percentage of applied biaxial strain.
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Implication of Rashba Phenomena in 2D Materials

Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer
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FIG. 3. Band structures of tensile strained BiCIS monolayer obtained using PBE+SOC. Fig. (a) to (f) show the band structures
of monolayer under the tensile strain from 0.5 % to 3 %. The valence band maxima is set to zero. The values with red (blue)
color in all plots represent the bandgap and percentage of applied biaxial strain.



Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer

Implication of Rashba Phenomena in 2D Materials

Spin-Texture under compressive strain
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Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer

Implication of Rashba Phenomena in 2D Materials

Spin-Texture under tensile strain
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Implication of Rashba Phenomena in 2D Materials

Strain Induced Rashba Assisted Proton Reduction Tuning: BiCIS Janus Monolayer

TABLE 1. Bandgap of pristine and bi-axial strain induced Janus BiClS monolayer with PBE+SOC and HSE06+SOC consid-
eration. The negative and positive value in column of strain denotes compressive and tensile strain. The last column contains
formation energy (Eform)

Strain(%) PBE+SOC E, (eV) HSE06+SOC E, (eV) Eform (eV/atom)
2.02

-0.5 1.36 -0.6745
-1.0 1.40 2.07 -0.6743 TABLE II. Rashba splitting ar determined using PBE+SOC and HSE06+SOC along I'-M and I'-K. The negative and positive
- 1.5 1.43 2.08 -0.6734 value in first column denotes compressive and tensile strain.
-2.0 1.46 2.11 -0.7618 PBE+SOC HSE06+SOC
-25 1.48 2.14 -0.6695 -M I-K I-M I-K
-3.0 1.51 2.17 -0.6666 Strain (%) [ar (eVA) ar (eVA) ag (eVA) ag (eVA)
© 0.0 1.35 1.99 -0.6748 -0.5 1.08 0.90 1.12 0.94
0.5 1.32 1.96 _0.6731 1.0 1.00 0.82 1.04 0.86
1.0 1.30 1.94 _0.6715 -1.5 0.93 0.75 0.96 0.77
1.5 1.27 1.91 _0.6693 -2.0 0.85 1.35 0.87 0.68
2.0 1.24 1.88 _0.6665 -2.5 0.78 1.28 0.78 1.29
-3.0 0.70 1.21 0.69 1.21
L
0.5 1.22 1.05 1.25 1.10
1.0 1.28 1.11 1.35 1.17
1.5 1.34 1.17 1.43 1.26
2.0 1.41 1.25 1.50 1.33
2.5 1.47 1.30 1.57 1.40
3.0 1.52 1.36 1.10 1.47

LAlZ
LAl

&)

Non-centrosymmetric Janus BiClS monolayer k, (A" 20



Can we establish a correlation between Rashba Splitting Strength and
Excitonic Lifetime??

Transition Dipole Exciton Energy

o . . Q . 2 2 2 3/2
s () (T) = v e M5 ([ Fs(O

. . ' 3egm VE5(0) 2M5mc kBT

in 1sotropic bulk crystal -

Exciton Mass



Excitonic Physics in Light-Matter Interactions
(Treating Many Electrons with Many Body Perturbation Theory): GW & BSE

Excitons?
PHYSICAL REVIEW B 112, 125107 (2025)
Chaton @ o Excitons are charge-neutral quasiparti-
Impact of strain on excitonic radiative lifetime in a polar Hf ;ZrSg monolayer: exciton cles jchat are formed in sem_|conductors
Theoretical insight based on many-body perturbation theory and insulators upon absorption of pho-
tons.
. . . E . .
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aterials eory jor Lnergy scavenging La. oratory, ondense atter ysics, Harish-Chandra Research Institute,
A C.I of Homi Bhabha National Institute, Chhatnag Road, Jhunsi, Prayagraj 211019, India _CBM—E._¢ and a hole that are . bound .together by
By a screened Coulomb interaction.
® (Received 2 May 2025; revised 28 July 2025; accepted 5 August 2025; published 3 September 2025) E, J\I\[\( o The attraction between the electron and
Eopt : :
& e hole produces excitons with an energy Eqyx
hv L that is lower than the quasiparticle (QP)
VBM h QP
band gap E; .
h'.‘ / \
L ' \
L a)
Q < Long Exciton e Types of Excitons
QO Exciton = x
o Lifetime = : } :
== o Wannier-Mott excitons: Delocalised states that can move freely throughout the crystal
O 8 with large radius.
L I‘ﬂ . o Frenkel excitons: Localised states which are bound tightly with small radius.
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Rhodium Halide Perovskites under Lattice Compression
Jagjit Kaur and Sudip Chakraborty*

Cite This: https://doi.org/10.1021/acs jpcc.5c08785 I: I Read Online



First bright exciton wave function in Real and Reciprocal Space

Excitonic Physics in Light-Matter Interactions
(Treating Many Electrons with Many Body Perturbation Theory): GW & BSE

* First bright exciton wave function spread in reciprocal space
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 Exciton is more delocalised,
confirm Wannier-Mott nature.
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* First bright exciton wave function spread in real space

e Exciton formed by direct transition
from VBM to CBM at I point.

* Hole position is fixed near to S
atom.
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Crossover of Frenkel and Wannier-Mott Excitons through Halide
Composition Tuning in Mixed Halide Perovskites

NANO MICRO Cs;Bi,Cls Cs;Bi,Bre Cs;Bijl. Cs3Bi,lsCl. Cs;BiylsBr,
RESEARCH ARTICLE "

Oty o P
www.small- ]ournal com A Y A }}
9. - 414
.

Crossover of Frenkel and Wannier—-Mott Excitons Through
Halide Composition Tuning in Mixed Halide Perovskites

Jagjit Kaur and Sudip Chakraborty*

Mott-Wannier CS3BizBl‘sI3
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Square moduli of excitonic wavefunctions showing cross-over from Mott-Wannier type to Frenkel type of exciton

(a) and (b): Top and Side perspective of Cs;Bi1,Br4l;
(d) and (e): Top and Side perspective of Cs;Bi1,ClBrs;.
(c) and (f) represents the first bright exciton located in the band structure. 24



Towards Light Induced Superconductivity
Quantum Electrodynamical DFT (QEDFT) for Strong Light Matter Interaction
Origin of new Hybrid States - Polariton!
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Towards Light Induced Superconductivity

Quantum Electrodynamical DFT (QEDEFT) for Strong Light Matter Interaction
Origin of new Hybrid States - Polariton!
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Planck Hamburg, Germany
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Photo-excitation at terahertz and mid-infrared frequencies has emerged
as an effective way to manipulate functionalities in quantum materials,

in some cases creating. quilibrium phases that have no equilibrium

# Check for updates.
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Electron-Phonon Physics and the repercussion on Superconductivity

PHYSICAL REVIEW B 00, 004500 (2025) Side V"‘”
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ono ediated Superconductivity ===
BCS theory

Q Attractive electron - electron

Allen-Dynes modified McMillan formula

! . . Electron 1 collides with Q T, can be calculated from:
interaction mediated by phonon the lattice here, creating a Wlog —1.04 (1+2)
i i Electron 2 path aft T, = exp[ ]
— Cooper pairs phonon with wavevector k ectron 2 patnarer ¢ 120 A—pg (1+0.622)
collision with lattice: C
Ele_ctron 1 Wavevector ky+k
Q T. can be calculated from: tha\ path; ) a IsoTropic Elaishberg spectral functions and EPC strength are:
1 avevector k, dk dq
T. = 1.14 Op exp (—?) O(ZF((*)) = anvf |gmnu(k q)|2 X 8((’3 - Uoqu) X S(Enk -
N(0)V
SF) X 8(£mk+q - SF)
0O Does not account for the 2F (@)
i - r=2[—=dw
reTardaflon Of iz el p.h Electron 1 path after Electron 2 absorbs Electron2 and I o
interaction, Fails to explqm collision with lattice: the phonon here |\;1V|t|al paﬁ;; )
anisotropic  superconductivity  Wavevectorkyk avevecary O Needs dense k- and q- meshes to converge A, Fails for multiband
etc.

and/or anisotropic Superconductivity

Migdal-Eliashberg Formalism

Q Solve ME equations self-consistently:
T Wy

Z(ky, iy ) =1+ 2 A(ky, kp,ny — 1) 8(ex,)
\/mﬁz + A%(ky, iwy,)

nT Ak, iwy,)

NF(,\)nl o

Z(kq,i0p, ) A(ky, iw,, ) = X[Aky, kz,ny — np) — NpV(ky — k3)18(ex,)

N
F ong \[mﬁz + A2(ky, i0p,)

Q Anisotropic Eliashberg spectral function and EPC strength are:
2
o®F(ky, Ky, ) = Np Zy|8i (K )| 8(0 = 0k, —1, ) and Aky, Kz ny = np) = [ dor ——=2— a?F(ky, ko, ®)

(0n; —Wny)? + w2
Q Solve Z and A along imaginary energy axis for each Matsubara frequency — solve it along real energy axis via analytic continuation —» obtain quasiparticle
energy from poles of the normal Green's function

[ Z(k W)+ €K 2 _
Gk 0) = [0 Z(kw)]? — £ —[Z(kw) Ak w)]? and Ejc = [

ZRED + A% (K, Ey)

QO Have taken retardation into account, Captures anisotropic superconductivity, Neglect non-adiabatic effects (Migdal theorem)
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Electron-Phonon Physics and the repercussion on Superconductivity

K

T | 8y
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O What happens if we apply external hydrostatic pressure?

O A topological change of the Fermi surface — Lifshitz transition occurring at 76.69 GPa
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Q Lifshitz transition induced enhanced nesting — sudden increase of A and T, at 76.69 GPa
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Other Thrust Area: Electron-Phonon Physics and the repercussion on Superconductivity
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O Four bands at the Fermi level — d-orbital characteristics
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QSingle gap anisotropic phonon mediated superconductor having A = 0.88, TAMS® = 19.30 K
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Towards Light Induced Superconductivity
Quantum Electrodynamical DFT (QEDFT) for Strong Light Matter Interaction
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In-house Code Development for Non-linear Poisson Boltzmann Solver

+ Challenges: qu)( ) ( ) Poisson
7 r|=-4nolr :
i + « Solvent (Electrolyte) PT)| Equation
- R « Electric field In presence of Dielectric
o SR . Medium &(r)
electron transfer Iy’ 3 ) * Slow Potential decay Solid/Liquid Interface
\ s = * Boundary conditions
:\_,_ TR, * « Electron transfer V[g(r)V(I)( )] —47[/)( )‘
4 +
Poisson Boltzmann
-+
? Equation
L +n
— e
2
H=-1V%4 Vio V. FV._
P A 4 't

re Vs X '/'
' Hartree Potential V,,via | |

Higher order Finite iterative solution of
Difference (FD) P Poisson-Equation
operators for V¥ Vion = Viee + Z D,, Pin /P ‘ VZV‘_\, =-4np
Im

Norm conserving
Pseudopotentials (PP)

Higher order FD
operators for [Vp|in
Gradient Corrected
Functionals

Development of Standalone Poisson-Boltzmann Solver



In-house Code Development relevant to Energy Materials

Development & Applications of Transition Pathway Prediction Method
DFT + Hybrid Eigen-vector Following (EF) Interface

EEMATERIALS

Mapping Structural Changes in Electrode Materials: Application of
the Hybrid Eigenvector-Following Density Functional Theory (DFT)
Method to Layered Liy;MnO,

leuan D. Seymour,” Sudip Chakraborty,” Derek S. Middlemiss,® David J. Wales,” and Clare P. Grey*"

Our newly developed interface for Unbiassed Transition
Pathway Prediction is available (svn version under GPL)

@

http://www-wales.ch.cam.ac.uk/OPTIM

—u— [B-Na,V,04 Li migration in B-K,V,05
—u— B-KV,05 Initial state Final state

0.5 1

E,=0.46 eV E,=0.32eV

Li migration in 3-Na,V,05
Initial state

Final state

-1.0 4

Relative energy (eV)
)
w

-154 §

Migration distance (A)

Fixed Local Minima Fixed Local Minima
Each replica moves to minimize the force perpendicular to the path (Nudged Elastic Band)

« Cooperative Nature of Many Transitions
The Bottleneck —— | % Multiple Atoms & Large System Requirement
+« Need to know Start & End points

Specifically Locate Transition
States for Complex Migration
without prior knowledge about
next minima

Single-ended Hybrid R
Eigenvector Following (EF)

+

DFT

Electronic + Ionic Diffusion
for Structural Phase
Transformations

 ———

Potential Energy Surface (PES)

1% and 2% Derivatives of Energy Required
approximated as Locally Quadratic

Computationally Expensive

[

B+ &) + B, — &) — 2E(X)

i)

a_ Ve, Varational Approsch 0 indsmallen2 - MlOTE accurate Kinetic Stability of
> No nced of Full Hessian Matrix H . A
Q Xy particu g<a1 exleniatin determination of Metastable State
R A T W L4 Ton Migration
y Ratio
iction & e step in an arbitrary direction

Energy Maximizing in one direction
& Minimizing in all other directions
until —ve & is obtained

y
that will be followed uphill

nature materials

Article https://doi.org/10.1038/s41563-024-01842-y

Effect of pre-intercalation onLi-ion diffusion
mapped by topochemical single-crystal
transformation and operandoinvestigation
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Electronic Structure Codes (Density Functional Theory Formalism based codes)

VASP - Vienna Ab-initio Simulation Package (Fourier-space DFT) T i oyt e, 0]

0 Accurate Structure Relaxation with Spin-orbit Coupling (SOC) and (vdW) dispersion. -

0 Density of States and Optical Response with GGA+U, HSE06 (Hybrid) Functional

OFree Energy based Reaction Coordinate of Catalytic Reactions (HER/OER/ORR) solvent
Phonopy (Phonon Dispersions) Gas Phase Calculation Solvation Calculation

0 Dynamical Stability based on Phonon Dispersion

0 Thermal Properties (Heat Capacity, Free Energy, Thermal Expansion) C:vlw,ate — ft% . C%wme G;nera,izvedtmssozfo, .
0 Bulk Modulus (B,) and Elastic Moduli =~ s = =
GPAW - Grid-based projector Augmented Wave (Real Space DFT) ['V‘V“VK:;“hTi:aTV““"‘E"’ [‘y’VZ’V““‘KV}hrj*h‘irnv“"V"“'w‘E”’
0 X-ray Absorption (XAS), Emission (XES), EELS i et £l fas"iifﬁ? e+ £l

0 TDDFT based Dielectric Response, More Accurate E,

a Implementing Poisson Boltzmann Solver

Our newly developed interface for
Unbiassed Transition Pathway Prediction
is available (svn version under GPL)

@
http://www-wales.ch.cam.ac.uk/OPTIM

- Challenges: V2 Poisson

- r)=-4mp(r ;

3 & - Solvent (Electrolyte) (I)( ) p( ) Equation
F— |2+ « Electric field In presence of Dielectric

Medium &(r)

* Slow Potential decay Solid/Liquid Interface
+ Boundary conditions

« Electron transfer V[g(r)V(D(r)]= —4ﬂ'p(7’)

WL
| Wt 85 8
: + & \7 / POiSs;:uz:ilct:‘mann
= +m
A - : 1 2
H=oiV Y ¥
P _ = Y — N - ~

. N [

\ [ Hartree Potential V..via | 4
iterative solution of
Poisson-Equation

ViV, =-4np

Higher order FD
operators for |[Vp|in
Gradient Corrected
Functionals

Norm conserving
Pseudopotentials (PP)

Vion = Vioe + 2 Dy |Pin {Pim |
Im

Higher order Finite
Difference (FD)
operators for V3¥

Development of Standalone Poisson-Boltzmann Solver



Excitonic Physics in Light-Matter Interactions
(Treating Many Electrons with Many Body Perturbation Theory): GW & BSE

Quasiparticle Energy Corrections e Exciton radiative lifetime at zero temperature:

o DFT as starting point for the GW approximation, in the single shot GoW, the electronic self energy € h2CA
z (r,r,w) = L Gy(r, 7, w + &YWy (r,r,®)e " dw' TS(O) = yS(O)_l e u
e PESO)
® Gois the single-particle Green’s function 1
* Wo is the Coulomb potential 0% ¢ ) e Exciton radiative lifetime at non-zero temperature:
* Quasiparticle energy within GoWy approach: Plasmon Pole Approximation
E®=¢c, + an[Z (e) — v] (t)(T) =7 0)~!'x 3 [M}
. o i § S A (02
7 b el ,ug Exciton transition dipole moment matrix
. [1 . dZ;k(w) ]_1 A,. Area of unit cell
(0]

Es(0) Energy of first bright exciton

Excitonic properties
Mg Exciton effective mass

 Bethe-Salpeter Equation (BSE) in matrix form

A B\ (%) _g (-1 0)(%s ¢ Types of excitons—
B* A*)\Ys) S\ 0 1)\Yg
1. Dark excitons——optically inactive—— oscillation strength

where A is the excitation, B is the coupling between excitation and de-excitations equivalent to zero

¢ Bethe-Salpeter Equation (BSE) within the Tamm-Dancoff approximation, means B is set to zero 2. Bright excitons ——optically active — — finite oscillation
strength
S 1AM\ A S — OSAS
(B — Eg)AS, + D (vek| K, |VEK)AS = QSAS, .
k'v'e'
E,E, Single-(quasijparticle energies, B e e Exciton binding energy defines the strength, which is

deference between bandgap and exciton energy.

g
Avck Exciton amplitude (eigenvectors) Keh Electron-hole kernel



Excitonic Physics in Light-Matter Interactions
(Treating Many Electrons with Many Body Perturbation Theory): GW & BSE

Optical Absorption Spectra, BSE+GoWo

Note- As we used truncated Coulomb potential, the imaginary part of the dielectric function become zero.

e Optical absorption spectra are calculated from imaginary part of macroscopic polarisability, with long-wavelength

limit (q = 0)

9) 2.2
Im[a;P(w)] = :wez Z ZASYCk(vklf»“ck) 5w — Q) — (2)
3

v,c.k

2.5

)

.
v

Absorption (a.u.

0.0-

Energy (eV)

e B; is first bright exciton
e Energy of B; = 1.885 eV (optical gap)

e E,=0.88¢eV

2

¢ Blue solid lines represent the exciton
oscillation strength.

D AS,(ck |, | vK)
cvk

Linear combination of the square of the dipole
transition matrix elements

¢ Exciton binding energy

_ pGoWy+SOC __ ropt
E, = Ef E

~  Velocity operator along the
M direction of polarization

1.900

1.895 A

1.890 A

1.885

1.880 A

Photon Energy (eV)

1.875 A

1.870

Black lines — Dark excitons
Red lines — Bright excitons

Exciton Fine Structures
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Can we establish a correlation between Rashba Splitting Strength and
Excitonic Lifetime??

Exciton Fine Structure

(:; 1834 ps(3.9 ps) P(i[; Z(Z; 8035 ps(11 ps) . . . 5 .
= Radiative recombination rate! of a specific ex-
citon state S at temperature T:

§ 230 5 a0[3%4 ps(0.74 ps)| 205

~
N
[

2.30
Cs3Bi>Clo Cs3BizBro Cs3Bixlo

2.20 2.20 1.95

e ez e () 8\/mee2hp2 Es(0)2 \¥?
. 2Msmc2kg T

322 2381 11141 ps = 3€0m2 VES(O)2

2220 2.35 (24 ps)

‘gus 2.05 2.33

5210 2.00 230

205 227 : .

500 Cs3Bi2I6Cl3 |, o5 |Cs3BizIgBr3| 225 Cs3BixBrels Q ES(O) - eXClton energy

@ [ ‘©

_ o8 215 a8 339 ps(0.73 ps) o pS . tranSition dip0|e

% |155 ps(0.34 ps) . }

255

g 191190 ps(0.41 ps) . o * *
@ Ms - exciton mass, Ms = mg + mj.
c 2.05

Saas 2.30

s . . . . . _1
S e Radiative lifetime is (15) = (vs)

: OCSsBuCIsBral% Cs3BiClgIz - Cs3Bi,BreCl3 S 75

23 2.20

"H-ov. Chen, V. A. Jhalani, M. Palummo, and M. Bernardi, Ab initio calculations of exciton radiative lifetimes in bulk
crystals, nanostructures, and molecules, Phys. Rev. B 100, 075135 (2019)



