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This talk is concerned with opelneveudant
ansymtems hyeskcrnéebaedi aeadr PWasibasar at hy ¢
ochastic differential equations. This f
mil tonian, whose internal variables rem
antum dynamucseg oVetimhbe making such sys
antum memory devices. lvenai monmemteatospl

fanememory decoherence horizon as the ti
viation of -atdje ywd etnorv acfi addlefsl o nHit hlee sty
om its initial valwue to become remitati vel
finite symmetric weighting matrix and a
finition uses the real part of the matr.i
consider a problem of maxirmixiimat itchn sf rd
uncated Tayl or series expansi on i nvol vi
coherence time with respect to the fid
coherence time or its approxwiemate t\her gii a
rameter over the energy and coupling pa
antum memory in its storagewphaébzeetrln€Eond
mil tonian delivers a suboptismal s®olcwiniso m
rr system interconnections.
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two pillars of modern physics are t
m Mechanics (QM). After decades of t
one theoretical framewor k (orfetneani m e f
ndent. To some this situation is so
one of the theories is wrong i-n som
| abs | mprdowcersk i mge wa te xtpteee | inwtodrstha oe |
realized. Such experiments wild/ hop
f oraftthee sumughtcati on to be finally ac

talk, | will present three experim
pl anned. The first involves cl ock
sition experiences t wiot adiifofnearldnyt ir
t The second involves the observa
d in the quantum domain. While the
S massi ve odbdia&mndrrdmsgs Mdeeatgdinc alr ldy,r sn a
relative to the atomic exgalilment
mass, where not only the gravitatio

peri ment s-Gar éabhsedtenf Stematry. Ti
to also address more technical quest
rence ari se.
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Optimi zed mititgegdteigora pdef dregpprhdacs nigi bysspeich @
contr ol

Abstract

Spectator qubits (SQs) +#4m@e cae stsoalattao gmib
SQ, designed to be much more sensitive to
accumul ated results are used rarerleyhanot c ol
exampl e of dephasing from random telegrap

met hod employing complex |inear maps, wh i
measurement and cont r e@lasprdotOpdalmi zMOAA AAR p(t
I n Atlshyempt ot i ¢ Regi me) . Il n the asymptotic r ¢
to the RTN transition rates is | arge, t he
by 1.254 times t hEehissquegtea bolfi sthheissworhaktsi ot. h
arbitrarily well i n the right regime. We a
noindeal conditions, including parameter un
del ay in readout and reset pr aoxces soens tadfe tSt
We derive bounds on the i mperfections suc
approxi mately the same as under ideal <cond



Dmi t r yer BudKk

Johannes Gutenber,g Genmanmnyity,

Ti t | e:

Spdbmsed quantum sensors for fundament al S C

Abstract

We wi | | begin by Dbriefly introducing th
and coll aborator s ersomrgEmeoE fgear cnhaegsn eftadrc
bi omagnetic measurements of humans,-tani mal
utrdliewd nucl ear magnetic resonance (ZULF
i ncludosgi lsledatfi ng devi cespomercatuiphg ngn fmeq
sa@aal lorscid | ator s.
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Trapped and | aser cooled ions provide a
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Programmabl e Quantum Nanophotonics.

Abstract

Anal og quantum si mulators present a uni

compl exorodygnysystem on a computer, we can pi
measurabl e Amodel guantum systemo to mi mi ¢
and nWesew fAsynthetic quantum metamateri al
naturally occurring material s. Photons pr
guantum si mulati on, as quantum states of ¢
engr@and extremely weak interaction with t]|
direct measupa&meindl efcanurldgliati ons and pres
room temperature thanks to their hitghi senei
nNow possi bl esctaol ec rpehactteo nliacr gient egr ated <circ
functionalities on a chip. Unfortunately,
Simulati on: programmability ainkhe nowdi ektfor
mitigate these two iIssues and create a pr
Specifically, using a silicon pjhucatlaniyc fcacct
resonators and equi pped wipthansdp slite atl ¢1ys ¢
Il ndependent control of cavities, we demon:
tidphtindi ng Hamiltonians wintth ggcecepesttamt h#
~50% reduction in the thermal her ceaavtidalyk ab
compared to traditional heaters and then |
array to -bi gdiveg HKHamihltt oni an. We al so devi
algorithm to characterize the whbye atanmih
edge/ boundary. Finally, I wi | | di scuss ou

nanophotonic platfor ms.
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Demonstration of Quantum Estimation in Opt

Abstract

Quantum estimation iIs an essenti al t ec
all ows us to estimate parameters or syste
hel ps us gain better control over qgquantum
tmography technique t o esnbidmateuaandmc ldaHt
specifically evaluating I t's entangling ca
guantum states I n an optical parametric
technigoegh This work, we improved the pur

had been degraded by environmental -afnft er ac
bet ween the recovery of purity and squeezi
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Titl e:
Optimal Control of Flying Qubits.

Abstract

The transmission of flying qubits <carrtr

guant um communi cati on net wor ks. | n addi
temporal/ frequency profiles of flying qubi
mat c h remotverr qubits. Il n this talk, w e r e
control of flying qubits. The framewor k |
equations (QSDEs) that -desput beeltaei dnnyi a
standinogn gyanem (e.g., a superconducting
conti nuvomudert e anapnhboetro nb a s i-dsi, metnhsei oinnafli NnQ S EE |
to a sysdiememdi droawl deterministic ordinary
uni taeyoswuwuaten of the standing quantum sys
can be calculated in the form of randomly
to analyze gener al cases when the number
framework | ays the foundabiboncobootrohesyets
opti mal contr ol point of wview, within whioc
i ncorporated for practical applicahiogs. S
and steering of -drl ytilhhegeep h @atr @ mgs it bugd @& dewdo.
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Uni versity of War wi ck,

Ti t | e:

A tensor network appr aeemdh etro i sndregiarcg i gopnant

Abstract

When a quantum matter system is probed
Il nevitably 1 ost. It i's essenti al to quant
estimating parameters i n this practical ¢
however, |l eads to a tripartiddegeanedmasdgs
Eval uating guantum information theoretic
i nformation were heretofore impossible.
Il will show this impossibility has fundame
then show how we succeed by expressing the
matrix product operator. We appl ypuwlusredme't
spectroscopy. For booptthi ,mawe t gu arft icfoyntti mai ow
phoedomunti ng measurements in parameter esti
photon Fock state pulses all ow Mhemgdeartr 9tratc
Our method should be usefmalt tiem tmé estuody o
|l i ght spectroscopy, guantum stochastic the

NN
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Ti t | e:

Quantum Mernr rOpemySyst en:habretean Qluaimeénetm Sen
Estinbtht Nonse Parameters

Abstract

Quantum sensors are used to estimate pal
possible result for classical-Raensoursd, Fwh

relates the uncertainty i n the eesnndhmdri ko.n
Extension of this bound to open systems ha
of i ntde]r,esa r[ell evant generalization in vi e\
Ent angl ement may then pl ayagan iitmgporl tnda retr ersd
the parameter to be estimated is related
actually increase the precision. This tal§k
to precision boundsppflorcartdiosnys s ys ttehnes ,e swii
and depolarization of I ight.
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Ti t | e:

Exploring Condensed Matter Physics with a

Abstract

Understanding the magnetic properties

condensed matter physics. Il n recent -year s,
di mensi onal materials research, guantitati
have become increasingly important.

A wide range of techniques has been deve

(magnetization), I ncl udtompg i lcar e rKtez frmand rca OC
magnetic circular dichroism microscopy, m.
Hal Ibeprma croscopy, and scanning SQUID micr
weal th of knowl edge. However, the very fa
i ndicates that no single definitive method
andplaipcati on of | ocal magnetic field measu
chall enges for experiment al researcher s.
Recentl vy, there has been growing interest
vacancy (NV) centers in diamond as quantun
uni que internal energy | evel s, amdtti lcail rl ys
detected magnetic resonance (ODMR). Becau
exhibits Zeeman splitting in a magnetic
precision measurements of the | ocal magnet
are developing a Aquantum spin microscope
guantum sensor s, to quantitatively =eval ua
various materials. I n this presentapion, w
mi croscopy, including:

(1) Observation of superconducting quantum vVvo
(2) -wbgpvien propagati on,

(3) Observation of <chiral magnetic domain wal

NO
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Fabrication and chaan asuérmipnat i inmmosfitcalsel de
electron tunneling functionalities medi ate

Abstract

Silicon nanodevices f ordmay hrearbadll edd tnrgo roi
as moext i@deemi ¢ o n d uecftfoeactf iterfadnsi st omng uQMOEBERT
diodes. As technology advances, guantum tu

developing new functi-onménsi esalbietcyauste ©hhe
working as active el ements of t hree sdeenvciec eosf.

guantum dots due to i mpuri-ei estr(dmptaonsg|
transistor s, whil e high doaprngwcdepéepti ani
tunnel di oded -bparnodmattuinnnge | bi anngd.

n our | ab, we i nveshelggianhg BHuobdt igumaltiutm e

I
transistors and di odoerisns walldt ofrab(rS @la)t eslu b snf
cleanroom technol ogy.

I n nanoscale SOI transistors, we rely on d
but Tahsomost iitnop ocrrteaanttel yt he quandiume Wit an & I
channel s. Based een eocutrr orne ptourntnsevliol di udag nnOg8 BeT )
[ B] , when doping concentration is relative
of electronics dealing wiatthd med leareecht @by, cW
Il ncludes cofdegtts onf mpimodg lpen s b deg kel negchter o n
transfer. When concentr-domoms i cannactaasd(
may have higher barriers wunder certain c
demonstrated for the first tturmes SaEnTd oepveerna t
temperatur e, by combining very high doping
[ 11, 12]. Furt hedonpoirneg iwsh-adooccneep ti(owistjh, BSET f u
emerge with higher yi el dt urle3s]., Seuscphe cd eV il ¢y
suitable for-pwotlbinngeaecsiomgl en a wide r an

The above devices are typically de-signed
junctions are critical structures for deve
nanoscale diodes, when doped at | ow concen

a critical role antdemparbeudkbaerbéeedri st e

N



More recently, we aim fdonbrghaoamiBems rtad i

t hd yrmqpe -taynpde pr egi ons in the SOl | ayer, so t
[ 17] . Under suttdhaodntdubnehbinba@BddBilgniemmar
for transport, with applications possibly
medi ated by dopant st-ane@scdd OQDs als2@]el il n a
depl etion | aymrr dioddeosur wshQlc hp suggestus r &€ ht
enhancement by suitable arrangement of dop
The technol ogies demonstrated in oluevevor Kk:
physics can be explored based o@gersetrl atcioon
el ectronics functionalities. Such functi o
cmputing schemes, i ncluding quantum comput
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Ti t | e:

Experi ment al parameter tracking for cont i
Mon€Car |l o estimati on

Abstract

Ti me evolutions of an open quantum syst

guantum control . Such evolutions are gove
equations, and measurement outcomes over t
we ncatilise records of continuous weak me;
parameters. OQur work demonstrates a metho

tran-gmont experi ments using the Sequenti g
genegartamdom particles on the parameter sp
according to the Stochastic Master Equati

construct the probability weights of such
using the Bayesian estimator. Our result ac
gain insight into the stability of the par
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Ti t | e:

Optically addressable spin systems in dian

Abstract

Optically addressable spins have attrac

guantum sensing technologi es. I n the firs
advances uwiam@noytn(dNyencenters in dda amond
resonance ( NMR)} ompiedar odsicaompoynnd NM at f or ms ena
| ocal magnetic resonance signals into opti
field using a camer a. This novel -apageroach
sampling with magnetic field gradients, a
current l i mitations of this novel mi cr osc
devel opment s.
Il n the second part, I wi | | highlight our
protdesiprex i f i ecbaalsleyd fclrayvpitnoc hr ome pr ot ei ns. U
generate radical pairs that caghbeadietewae
controlled spin chemistry. We further show
protein structure. I wi || explesitmmbhow htehle
center and discuss their gmttiemt $ ahs arss gfea
applications.

NT
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Titl e:
Silicon Photonic-ScaeehQaoabhagymfonf hmpti on
and Challenges

Abstract

Photonic I ntegrated Circuits or l nt egr a
thanks to the CMOS fabrication process com
t he silichmasghotomncssei ver modul es ar e
commauatii on mar ket space, many other potent.
to reap the full benefits of semiconducto
have been intense attention and invest men
pl ayers for the devel opment of quantum inf
phot oni c sl obsass eodp tliocwa | Il nt er ¢c on nde cstt hisgos| purtoi so r
and cons of silicon photonics technology f
progress on silicon photoni eGP PtleCcSh n o llolg yMac
wi || be also highlighted.
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Ti t | e:

Singhet on and Superradiant Emission from N

Abstract

Quantum,cloarssnegmal , dsugihht asmissaigbe phot
phot ons, superraddiasntof agdowiqmngeizeded e gtht f
technol ogi es. These | ight sources are i mr

communn,catand precision sensing/ metrology.
categories of guantum -phghonaaddtpenetitoica
emi ssion f«amamMNeyr Ohy¥ph defect centers in
under set asnedc otehlelr c or r el@az2t)i)o no ff uenntitsisoinon( fr om
measur ed via a Hanbury Br own and Twi ss

demonstrapghaomtgors ienmgilesi on from NV centers ir
how the physical struktdmuaoh rag ®dgd gmerta fstehree anre
I wi || then address emission that i kely

considering both fluorescEBrefluUuntet omes Ea|
ressland a brief overview of our developed
I wi || di scuss quantum random number gene
coupled NV centers, comparing their measur
based on an entropic model
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Titl e:
Ultra Sensitive Short Wave I nfr-AteBmsSadcgl e
Silicon Single Electron Transistor

Abstract

Ultra sensitive short wave infrared (SW
ne-generati on guantum communication. Howev
CMOS compatible silicon technological pl a
negligrpbpbteoabsoefficient for silicon-in th
atom based single electron tranS)lstider € .,SEV
present-abdmcealntsi ngle el ectron device, wh

Wehave fabrdamddkdsial iccoon based SET in a si
transistor (SOI FET) configuration, which
range with wultra high sensitivitye [s6hi.f tT hie
the onset of the SET current peaks and by f
under | ight irradiation, as compared to t|
calcul ated sensitivity of touprowleervi(cNeEP)i,n it
W Hzi1/ 2, which is significantly far highe
detectors.
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di agram of the device under dark (d) and 1|igh
l'ight of wavelength 1780nm with different dos

Ref erences:

1. M. Fuechsl e, J. NARyuMi wa, LS*.e,Mah a pMatrrsa,h kk.w,
G. KIl'i meck, and M-at¥.m Sirmmacns,t oA ,siNmagl.e Nanot e
2 . M. Tabe, D Morar u, M LigowsKki, M-EArewd m,0onR
Transport through SiRnghe EDhopamnsmennh, aPBgpanRe
(2010) .

3. D. Moraru, A Samant a, LT Anh, T Mizuno, H
coupled donortsr amsissitlarcso,n S$cin.o Rep. 4, 6219 (2
4. A. Samant a, M Muruganat han, M Horal, ect rOnro ,

guantization at -fredoonm otre ngpuearnattuunt ed gitannisan s$ iolris¢ o
Phys. Lett. 110, 093107 (2017).

5. P. Sudha, S. Chakraborty, D. Mor aru, A. S
phosphorus donotrrsanisn sd idlrascpeno antaaiogbhtsn mmg | unne
Appl . Phys. Lett. 127, 023506 (2025).

6 . P. Sudha, S. Mi yagawa, A. Samanta, D. Mor al

111
=z



Ti t

Ari ji1t Shar ma
| I' T Tirupat.

e .

Progr e

Abstr

The
progr e
as one
progr e
cal ciwu
oper at
applic
synchr

wor k

a

figleg.l
techno

The

Sy

| aser

stabil
contro
compon
design
Apertu

and

SO

ss t owalradseaop &irtaaplp,e dporotnabl e at omi ¢

act

pur swietnesgfat nert ti mekeeping technol
ss in the devel opment-iom cytsit @anls & tma
of the most precise and stablde pl at
ss toward aomr apspecrat abtemicagpedk b
m i on, engi nefehaerd tfa eqombicyge ascara
l on outside traditional | alpotanoi wl
ations i n chronometric geodesy, nayv
oni zastciadre cfcileatgéi c facilities 1in

ims to take a stgamdteo vegurtkd cdeelri frogri magn
oyabl e pl atfor ms, thereby expandi n
| ogi es.

stem integhiagl@csuamcpanplade ufFdaorias en t
systems for cool i ngc awnpgl ecd oacpkt iicnatler
I zati on. Key innovations areiexpect
|, vi bratisems iatnidv et hep tmad a | referen
ents enabling portability. We wil/| h
of a compact helical resonetrarc atl o
re)iditedtophi cal Il maging system, a
me initial calcium spectroscopy usin
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NI SEBRh wmbe swar

Ti t | e:

Precision magnetometry based on magnetoel e

Abstract

Magnetoel ectric effect I s a parametric
frequency magnetic field with atomic vapor
Detection of newly generated opticabguéiel

gi ves t he i nformati on aboutaghbéei cpreisehd
magnetoelectric effect can be enhanced by
the Zeeman sub | evel which @@mamgnelt oimaatreglyl
tal k, l wi || present the recent progress o
our | ab at NI SER Bhubaneswar.
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PRL Ahmedabad

Ti t | e:

Understanding r ebloedsy ofet dtoadmi ¢ omampr ove un
clock candidates and probing fundament al p

Abstract

Atomic clocks are the highest precisior

Though Cs microwave clock is still consi de
ot her atomic clocks, operating both in th
established in the | aboratories among whi c

Cs microwave clock as the primary frequenc
be suitable for serving as time mihedpiusgf de
t o pmabnd dau nadfament al physics owing to thei
i n the <c¢clock frequency measurements. |t

systematics such as electric quadrupol e sh
by det eeglme mti migc guadrupol e moment s and d
However, calcul ations of these quantities
and +haomdy met hods empl oyed.ed”Asamom@stulhe ,cala
from different methods are often noticed i
and new physics by combining frequency me

demand reliabilities iaveéhtudetieoms nahdow
understanding of behaviour of electron cor
tal k, I shall di scuss some of t helseedyaspe
met hods in the accuratieveatlcothtaonasnoc¢l aa
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Sour av Dutt a
Tl FR, Mu mb a i

Titl e:
Observation of guantunrr eapedotoene nceecit n o
Il mplications for secondary portable optica

Abstract

Do p pflreere-p it omtoo n spectroscopy I 'S a stand
measurement of transition frequewpciaedsd osf d
transitions in atoms. |t also formbasbad ba

on the r-bddi dramsibsion at 778.1 nm. The acc
transition frequency measurement depends ¢c
a model |l i neshape and on pr opbesrerevset,i niaotri otnl
ti me, a subtle systematic effect arising

pat hways -fi me épdipopgdoenr spectroscopy [ 1]. The

as asymmetric | ineshapessiodn/tohses pbgpeafi odé
through spontaneous emissitnnet@Wdaweng Eke
i nterference arises because there are two
the initial guantum sWNagéetoi hbet henalff qa
Sspectrum to a Lorentzian orsNofgs bifneshap
in the -¢dstumnésti on. On the other hand,

I nterference | iapmdirageeti fleisrodAWdad ti loaal |y,

guantum interference vanishes at a partic
polarization and the detection axis, provi
of the quantluim eisnhtaepref.erTehnec er esul t s have in
measurement @fs RySdr dggeannsligs i on frequencies

hyperfine splittings of any el ement.

[ 1] Bubai Rahaman, Sid C. Wright, and Sour ayv
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Joyee Ghosh
| ' T Del hi

Ti t | e:

Entangl ed/ Correl ated Photons (for Discrete
Variable) applications in Quantum Sensing.

Abstract

The generation, mani pul ati on, and det e
fundament al to modern quantum technol ogi e
guantum communicati on, guantum key -distr]|
enhancedamdednmehgol ogy. These noncl assi cal

continuous variable (CV) and discrete var.
generating these statescormrverpoindmnedRIBC)p air
media thatrrptadede paored photons which a
phot ons for DV and as squeezed - it ®etigeat éd
waveguaseed quantum |l ight sources based on
l' ithium niopatgedP®LN)es,jdare lucrative fo
These sources -armetiamploemeinf ari oeailn secur

and quantum sensing systems. Such pflragd or m
architeenureb;dfepd ofyabl @8 quantum nodes. Ba
woul d highlight the recent results from t
particul ar, for DV-4 nit egirlat edalkbualbest of haew
ent adngolheot on pairs (of fidelity SQBER- (t2ypi
6 %) Qquantum communicati on. For-guiVvd e dves ihnagvl

mode squeezing achieving 17T1.81N0.05 dB of
0. 05 dmBerodt egde squeezi-hgndn Wéhehitgehleicom Ci t
potential and sensing performance under r e
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Bi kash Ghosal
| SRO Ahmedabad

Ti t | e:

|l ndi abds First-Quadi ge@eduXRuilbSpdicem Frequenc)
Desi gn-Ordomd IPerf ormance in satellite navic

Abstract

Rubidium atomic clocks are critical CO|
of fering compactness, |l ow power consumpti o
presents the jJjourney behind the devel opme
spaqgqeal i fied Rubidium Frequency Standard (

satellites of the Indian Navigation Satel/]l
The talk wild/l begin with an overview of t
clocks, i ncluding atomic transitions, buf
frequency | ocking techniques. |t wanddusthen
RFS, covering subsystems such as the physi
t her mal management . The gualification pr
environmental tests, el eedturroanhia gonne tsitnte bbctol, m pt ay
will be discussed.

Finally, the |ecbubéetwpkerfbrohhcghofthaei R

payl oad, which has successfully completed
achi evedemmshoedquency sUt/|abeialcihtiyn gof3.33. 3 71101
seconds, -twertnm far elgounegncy dr i ft of | ess than

mar ks a significant-r elliilaenscteb niere d s1igaonedm @ 0 S )
opening new frontiemssenshagi gathool agdegqgu
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Titl e:
Zero Point Fluctuations of wvortices in a v
Abstract

I n a-l t ypaperconductor, the vortex <core
Consequent lpyar ttilhcd es idregilsa ty of statesl in t
superconductor remains either fl at zoerr of for
bias due to the iler @@aMatersi wdn thheurChrotlat e
Her e, I di scuss an unusual observation
measurements in a weakl|ly piiwanwved stulpiens cfoinldm
Mo Ge , namel vy, that a soft gap in the | ocal
center of the VC. We ascribe this observat
mean position that blurs the badauncdear ygakpete
superconducting region outside. Analyzing
show that the variation of fluct u®toiioin am
motion of vortices.
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| | T Roor kee

Ti t | e:

Tel ecom band quantum emitters in silicon.

Abstract

Quantum emitters (color centers) in sem
for applications in quantum sensing, cCompu
form when dopants are introduced into the
radi ation and ther mal annealing. Quantum i |

from color centers that can be formed rel.i
and opportunities for material rprceaeé¢s sviom .
synt hesgiuzael ihtiyghcol or centers using a wide r

Il on beams, and pl asmas. -dJsiimgn tieam wlae a ms o
various el ement s, i ncl udi nog shiolriocno nandAl mtnhy
| ag ®em pd raisvmean approach, t he resul ts fror
conventional met hods wi | | al so be present
annealing, H2 pl asma, etc.)sinmglnemal iy, | ade
i rradiation |l eading to the det@mumilnitgt icool
centers in Silicon wil!/ be presented. Thi :
scal able integration of Si color centers f
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Ti t | e:

Defining Ti me: Quantum Advances in the Rea

Abstract

The definition and realization of the |
progressed from astronomical observations
mi crowave transition in Cesium atomsn def.i
fountain clocks that underpin gl obal ti mes
A new era is emerging with the applicatic
Opti cal clocks based on single iPons and
mi crowave standards by several order-s of r

eabl ed freqguenstyabdoemblsaseulst,r aand advance
techniqgues are making such performance r e|
parall el , quant um dcva nmmurpitad actail o @ anmbetrw mrakdd is i
| obgseline clock comparisons at the 10 T
standards as the new definition of the sec

Recognizing this progress, the 26th Gener a
2022) adopted a resolution to prepare for
Commi ttee for Time and Frequency (CdCilF), |

Quantum Technol ogies, is steering internat
a smooth transition. | mportantly, Cesium f
coming decade, ensuring conti nsuhitfyt .and tr a
Beyond redefining the SI second, guantum
ti mekeeping: enabling relativistic geodesy
supporting fundament al tests of physics.

tielhkeeping i s becoming a centr al pill ar of
I n conclusi on, t he t al k wi || highlight

ti mekédkpomgoptical standadwisi [teo egnpamatsu m i
Il nternational coll aboration required to re
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Si kkim University

Ti t | e:

Understanding Electromagnetic I nduced ResoO

Abstract

Il n this presentation, we wi || present
el ectromagneti c | R8d7u cveadp orre soom aaelsi c ant i Robn
fields. |l n presence of high magnet iia afnitel d
and its effects are observed in the |l inesh
We observed asymmetric features which is &
because of the presence of <cllose Isthiape <ta
controlled by tuning the parameters |ike
rel axation coating (ARC) vapor cel | . We |
parameter s, we can | i mit t he riemstpeornasd tbil cen
asymmetry. We established our result by pe
where by | imiting the velocity dependent

asymmetry. Finally, we al soon nEleTs.t i Tghaet etdh it
conver-¢tlsr canfabtyipce syst edne Wektyqppea sfyst e m. EXpce

studies reveal a switch from absorption t
conversion is explained by | ight shift m
presentation wil/ presemi sahrooglof umiddr pth:
87Rb which have promising applications in

contributing to the advardament of technol
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| I T Bombay

Ti t | e:

3D magnetic field imaging with a quantum d

Abstract

Quantum diamond mi cr os cvogcecya n(cQD M)NWVU s i cnegn
di amond offifelrds,ewhsidgthi vi ty 1 maging of magnet
ambient conditions. I wi || pr es antmernesd eomta |
t o ewlhrmensi onal (3D) I magi ng, enabling vol
This 1 ncludes apdperpotahc hNe\6 eunssienngb Ineusl,t iadvanc
and detection, and computational reconstr
cunteflow in devices to probing magnetic t
di scuss kéguchabhkbkedgesh resolution and opt
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Ti t | e:

At omi ¢ Magnetic Field .Sensors and Their Ap

Abstract

At omic sensors exipiohtingteraciisensatoim
measur ement capabilities. We ppesemt a0y a
( NMOR) magnetometry, achieving 1 pT/ aHz se
perf oad mamabl es detection of weak and trans
magnet ometer a pbowktd ob@wvl et doNMRprwhere subt
signals can be measured without strong ap
miunt e field variations al so benefits adv

| aboratory use, the same technology shows
detection of neur onal and cardiac fields,
magnetic anomalies relevant to environment
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Ti tl e:
Rydberg afdtmaceabée field probes and commu

Abstract

Quanbamed standards ar e replacing physi c:
accuracy and stability. This abstract det
group at CSI RNPL in developing and i mplem
varsioel ectromagnetic guant i tfiieesl.d -Tdred € H g
measur ements, fiaetltdens@ansiomg, Eantenna facto

| everaging the intrinsic quantum propert:

pri marydstahda are inherently more precise
Hi ghly excited Rydberg states possess a
frequency (RF) resonance. Even at room term
for vdéleopgment of broadband RF electric fie
Il n this study, we investigate diedpgl grearers

and its | mpalawnens tshpel iAtuttilreg ( ATS) darceédt he
Transparency (dEIliTV)enp seemismeh a | mg aodr eBment .

presents the design and i mplementation of
transmission |ine. This structure ensures
Rydberg vapor cel . Utse ng mihnismsmtdet e wiea
of 0O.75 mV/ cm, corresponding to an input
achieved sensitivity S 41 OV/ cm/.a98z2.4 8A ¢
calcul ated across all readi ngs, confirms a

i nput power and the measured electric fiel
witHi &l ds generated using a eqplamhirevbhma
mi ni mum detectable field of 0.93 mV/cm wit

Additionally, the work is also compa+ed an
band waveguide adapter, which 9 ewVeaclns wa tnhi
sensitivity of 54.2 OWicen/ di Hme ag ur2enbeOntOW
mi ni mum detectable field is 0.86 mV/cm wi't
for reafctelve measurement. Théseolesoft &Fhs
optimization in enhancing sensibtaisveidi g d n d
sensors. The outcomes indicate that RF str

for the genkiraldohnhoo fblehhee ecEa psaecnistiitvievliyt yc o u |

on



has uniform field gewsearnatidomhorwhintegmake ®n

Efield sensing, and it can be incorporated
to the advancement-t wfabcloempaand samyiuteinvcel o
study frequency agi |l iftiyelodf waosp | nmenaasru rsetdr iapc

over a broad frequency -friaenlgde nieraosnu r8e neeHwzt st o:
at 10.22 GHz, 13.43 GHz, and 17 .T0hde GHzn,i ncu
detectalellad Bmpl i tude is 0.35 V/m at input
GHz and 13.43 GHz, -frieslpeecafi vel y¥e Whiml es ame
power of 251 OW at 17.04 GHz. Ekhmeepwith

simulated field distributions. A |linear r ¢
field strength and the square root of the
predictions. The -fpebpdoseaensangmi gd wlarEd toeg m
characterizati on of mi crowave structur es
el ectromagnetic compatibility ( EMC) analy
guantum radar, and gquantum communicati on.
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Titl e:
Frequency Stabilized RF sources for Modul a
cooling of Yb ions.

Abstract

EIl e®©Otptoc Modul ators (EOM) are most comm

or modul ati ons of optical freqguencies 1iIn
changes its refractive index when an exter
apipdd RF frequency, It gener at es addition
frequency. However, the EOMs require stabl
precise and stabl e sideband frequencies.
devel opfmewndlothage | | ed oscill ators (VCO) b a

tuneabl e RF fr eqglucecnkeeda de sl caonpd (aP LpLh) a sfeor st a
frequencies with respect to a reference si
diregitdl synt hesis (DDS) evaluation boar

tuneable with a resolution of 10MHz and t
power . The effectiveness or acceptabil it
char adtierni zof the generated sidebands i1 n 1t
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Ti t | e:

Magnetometry with Diamond Quantum Sensor s.

Abstract

Nitrovgeancy (NV) centers in diamond hayv
physi cal guantities such as magnetic fiel
ambi ent c&8rdi tTihoenys hlalve al so deewosnist irai eide
di fferent NV magnetic sensing pltatfmamgmetduy
fields [4]. My talk will d&ppluisc atdi eonrssei uNsvisn
ensembles in a quantum di amaolngdo yhircsr@disscso poeu
efforts towartdess laac hsieenvsiintgi vpiitcyo wi t h a di ami

References

1 R. Schirhagl et al, Annual Reviews in Phys
2 P. Peddi bhotla et al, Nano Letters, 2017,
3. S. Kumar et al , 2023 Quantum Sci. Technol
4 J. Rovny et al, NaG &re2 R24) ews Physics 6,
5 P. Dubey et al, https://arxiv.org/ abs/ 2506.
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Ti t | e:

Atom I nterferometry and Gravimetry.

Abstract

Atom interferometry is a versatile and
traditional optical i nterferometry by sev
sensitivitlyasd&adlihkted i @ghaomet er s, whineh r el
atom interferometers exploit the quantum w
detect minute variations i n gravity, accel

Owi ng to this exceptional wsiednes i ap palcitopastsiadn

mul tiple domai ns. Il n geol ogi cal monitorin
earthqguakes, and track groundwat eirnvaesvieves.
detection of underground de@adsti dssudwneyxivu
Sstructures, enhancing safety in urban pl an
atom interferometerisndppendeatng pamidt | naGR
solutions.

I n this talk, I wi || introduce the princ
applicatiomtihe g@mravciimet mepasur ement of gr a

al so present recent results from our ong
demonstrated a -gdiecmneoptogicral gpawiometry usi
with iEiBecseiat eontdleins achi evement mar ks a
devel opment odeploonpaacite oueennwom deapgplisc &Di
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Ashok Vudayagilri
University of Hyderabad

Ti t | e:

Compacgr doumg Magneto Optic Trap for | aser

Abstract

Laser cooling is a techniqgue of reduci ng¢
the corresponding Boltzmann temperature. S
divided into six parts and made to incide
directions. However, a different methheadol o
1st order di ffractions, whi ch make the sys
our | aboratory and the results tarlea sdars ccucsacsl
system and atom chip, with a goal to be wus
tal k.
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| I T Kharagpur

Ti t | e:

Quant um Enhanced Sensing I n Nonlinear I
| mpl ement aftilom Lint Fihum Ni obate Pl atfor m.

Abstract

The sensitivity in optical interfer omet
called standard quantum noi se, arising fro
enhance the sensit-qgqwantyurmelyiomidtl aissti tsthchsn sl e fr
l i ght at the input of the interferometer.
to change the interferometer-calrlcend t 80t e
nonlinear interferometer, amd whecdhmhbihrei rog ¢
paths i n the interferometer are replaced
amplification. This par ameltlrdd saingpA alf i &amd
exhibiting quantum correl atrwarei aeblten)erori ni
guadr at ur ev arcioanbtlien)uousont r asrpyl itta ean tdradi nce
compl etely uncorrel ated coherent states
recombinati on on a secondaddesarcaanme tax lainlohiatpd a
guantum | imit noise, allowing phase measur
t al k, I wi | | di scuss sensitivity esti mat.i
practi cal | mper f ectsi oinmss, i dien amar tad uwtud iad e t!
foll owi ng atnheionrfearinga taipopnr oac h. To concl ude
practical i mpl ementati on of -fai Inmonlliitnheiaurm in
wavegui de, an emempitugn phatfomnm ft@echnol ogi
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UGC DAE CSR, Kol kat a

Ti t | e:

Optically Active Color Centres in Diamond

Abstract

Diamond is a metastable allotrope of <ca
are arrangemndt emed ¢abec cr-pastatd matectales. .
for their high ther mal stabil ity cansd imme cthha
di amond crystal that have attracted much a
the worl d. Due to a very | arge band gap (5
optically active defect s, whu rc hc earrter egseon.e r
i ndi vidual <colour centres are often referr
photons per excitation and relaxation <cyc
guantum system. The optintoanld pdreoppeenrdt i cers tolfe

atom, charge of the color centers.

The Nitrogen Vacancy (NV) centre is one of
What sets the NV centre apart from others
the spin state and optical readoiual odattdgeo

of condensed matter systems exhibiting opt
The detection and manipul ation of the el ec

|l ong coherence time of iIitsieheofromespi BYy:
phoimendi ated entangl ement, quantum teleport
I n this presentation, synthesis, character

fluorescent diamondttowar sl bi beodi salbsapg
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Ti t | e:

Probing Atomic Clocksd Candidates Using Pr
Sensors and Their Applications

Abstract

At omic systems offer a plethora of f un

therefore are of |1 mportance to several key
l ons can serve as I mportant pr obreesv eirrmsall u
viohatiand the search for the variations i
however, fboady acomapnlyex system for which th
This poses a serious challenge in hédeet he
systems. I n this ceaedtuesxter r(eICat)i vtihsetoircy cio
reliablbedymatmlyeori es for structure and prop
Il n our group at I 1' T Del hi, we have devel
calcul atishegl vfal emese@hene¢evoat omi c systems
are implemented as sophisticated pasaht el

some of our recent wor ks on the c¢clock traprn
charged ions.
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Ti t | e:

Quantum Weak measurement using Polarized p

Abstract

The weak measurements and weak value am

by Aharonov, Al bert , and Vai dman, has pr o
extremely usef ul for numer ous metrol ogi ce
concept aasn olwmel wsdeg t he wave iIinterferenc
realized in both classical and quantum opt
the WWVA concept can be intredrattead nwmt hopte
waven@mena through the common platform of
show how WWVA can be realized in standard
coupling between the path degree of freed
degrfed reedom of | ight. | shal/l present son
measurements using various degrees of freece
Sspin orbit interaction (SOl) of |light wusi:H
ad circular polarization (spin) states, neé
i nterference of Fano re@damsanone ci rsylsy @misd it :
coupling between polarization and i eterf el
shape of resonance in precisely designed
frequency (spectral | ine shape) and pol ari

using the above weak measur ement approach
deevceo and ndAweak measur ement mi croscopeo
applications in sensing and high precision
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Ami t Kumar
TI FR Mumbai

An Experimental Study of NV
Centers for Single-Photon
Emission

Amit Kumar

July 2025

This work explores nitrogen-vacancy (NV) centers in fluorescent nanodi-
amonds as promising single-photon sources for quantum communication ap-
plications. Using time-correlated single-photon counting., we observe photon
antibunching with a measured second-order correlation function, g?(0) < 0.5,
conclusively demonstrating true single-photon emission. To enhance photon
collection efficiency—a critical requirement for practical quantum communi-
cation—we aim to couple these NV centers to optical cavities, particularly
whispering-gallery-mode resonators. Additionally, determining the spin-lattice
relaxation time (T} ) of NV centers remains an essential forthcoming step to char-
acterize their suitability for quantum networks. This research lays foundational
groundwork for robust and etficient NV-center-based quantum communication
svstoms,
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Quantum Fisher Information and the Curvature of Entanglement

Zain H. Saleem.! Anil Shaji.® Anjala M Babu,® Da-Wei
Luo.* Quinn Langfitt,” Ting Yu,* and Stephen K. Gray®
"Mathematics and Computer Science Division,
Argonne National Laboratory, Lemont, IL, USA
*School of Physics, IISER Thiruvananthapuram, Kerala, India 695551
SSchool of Physics and Applied Physics,
Southern llinois University, Carbondale, 1L, [/SA
L Center for Quanium Science and Engineering and Department of Physics,
Stevens Institute of Technology, Hoboken, New Jersey 07030, USA
5 Department of Compuler Science, Northwestern University, Evanston, 1L, U.8.A.
S Center for Nanoscale Materials, Argonne National Laboratory, Lemont, IL, USA
Abstract
We explore the relationship between quantum Fisher information (QFI) and the second derivative
of concurrence with respect to the coupling between two qubits, referred to as the curvature of
entanglement (CokE). The QFI characterises the theoretical limit on the achievable precision in
quantum measurements and sensing. Entanglement in the quantum probe is typically required for
saturating this bound in practical implementations of quantum limited metrology. We establish a
direct connection between the QFIL and entanglement in the quantum probe and its readout. For a
two-qubit quantum probe used to estimate the coupling constant appearing in a simple interaction
Hamiltonian, we show that at certain times Col = —QFI: these times can be associated with the
concurrence, viewed as a function of the coupling parameter, being a maximum. We examine the
time evolution of the concurrence of the eigenstates of the symmetric logarithmic derivative and
show that, for both initially separable and initially entangled states, simple product measurements
suffice to saturate the quantum Cramér-Rao bound when CoE = —QFI, while otherwise, in general,
entangled measurements are required giving an operational significance to the points in time when

CoE = —QFI.
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Estimation of Statistical and Systematic Uncertainties of the Primary
Frequency Standard

Amnjali Bisht'2, Manoj Das'?, Amitava Sen Gupta'? and Poonam Arora'?
ICSIR-National Physical Laboratory, New Delhi, India
Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, India
* The North Cap University, Gurugram, Haryana, India

NPLI-CsF1 is a primary frequency standard developed in India that contributed to International
Atomic Time (TAI) in 2015. In 2023, the system was successfully revived, and significant
upgrades were implemented in the optical subsystems and detection electronics. A
completely redesigned optical setup has been introduced to address the low signal-to-noise
ratio (SNR), which was a limiting factor during its previous operation. After the system
upgrades, we carried out a detailed evaluation of the cesium fountain atomic clock to verify
its improved frequency stability and its capability for continuous participation in TAl. Multiple
clock runs were conducted to determine the frequency stability and to re-evaluate the four
major systematic uncertainties: second-order Zeeman shift, blackbody radiation shift,
gravitational redshift, and cold collisional shift. The recent evaluation shows consistent results
and has comparable performance to those obtained during the 2015 operation in terms of
frequency stability and systematic uncertainty. However, the cold collisional shift continues to
be the dominant source of uncertainty and requires more precise characterization. Despite
improvements, achieving a high SNR remains a challenge, and further optimizations of the
system are currently underway [1-3]. This paper presents the first comprehensive estimation
of both statistical and systematic uncertainties following the revival and upgradation of the
NPLI-CsF1 system.

o FREQUENCY STABILITY
=
~B .
;h
2 -~
= "
E-—c L 2
g 5 4
=1!
5 :
E 4
g |
To° ”III(I]' ' "”1';:1 ' I”I.Il;'r‘ ' Tt w0
Averaging Time, T, Seconds L

Fig : Modified Allan deviation plot corresponding to one of the clock runs.

[1] Wynands, R., & Weyers, 5. (2005). Atomic fountain clocks. Merrologia, 42(3), S64.

[2] Gerginov, V., Hoth, G. W., Heavner, T. P., Parker, T. E., Gibble, K., & Sherman, J. A. (2025). Accuracy
evaluation of primary frequency standard NIST-F4. Metrologia, 62(3), 035002,

[3] Acharya, A., Bharath, V., Arora, P, Yadav, 5., Agarwal, A, & Gupta, A. §. (2017). Systematic uncertainty
evaluation of the cesium fountain primary frequency standard at NPL India. Mapan, 32, 67-76,
doi.org/10.1007/s12647-016-0190-4
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Electric Field Sensing via Multi-Photon Rydberg
Electromagnetically Induced Transparency in Cesium
Vapor for L-Band Quantum Radar Receiver Applications

Aparajita Das', Kevin J. Weatherill?
Department of Physics, Durham Umiversity, South Road, Durham, DH1 3LE, England, UK

Email:'aparajita.dasi@durham.ac.uk, *k.j.weatherill@durham.ac.uk

Rydberg alkali atom-based sensing of radio-frequency (RF) and microwave (MW) electric
fields is gaining increasing attention due to its precision measurement capabilities and
emerging applications. This sensing method uses nonlinear optical effects in ensemble of alkali
atoms such as Cesium (Cs) and Rubidium (Rb), which become highly sensitive to RF or MW
fields when excited to Rydberg states with high principal quantum numbers (n). RF or MW
sensing typically involves the use of two or more lasers to establish electromagnetically
induced transparency (EIT) [1] condition and probe the atoms. The external RF or MW fields
are detected by observing changes in the EIT window in spectral profile. In this regard,
experimentally feasible multi-photon excitation schemes are particularly advantageous. For
example, the three-photon EIT scheme [2] can reduce spectral Doppler broadening and enables
access to higher Rydberg states using convenient diode laser systems. In the present work, we
have studied RF or MW sensing, using a four-level cascade-type system with three-photon
excitation involving Rydberg states in Cs vapor. A weak 894 nm probe beam connects states
|6512) and |6P;2). Both the 1359 nm dressing beam and 780 nm coupling beam counter
propagate with the probe to excite the transitions [6Py2) — [7S12) and [7S12) — [nP32),
respectively. Such a system exhibits three-photon EIT with two transparency windows when
all the driving lasers are on resonance. Interestingly, when the coupling and dressing fields are
equally and oppositely detuned, the system effectively reduces to a two-photon EIT with a
single transparency window. Applying an external MW field between another higher Rydberg
state (fifth state) and the [nP3;) state causes the single EIT peak to split into two. The separation
between the peaks, dependent on MW field strength, can be used to measure the MW electric
field strength. The theoretical predictions are experimentally realized through corresponding
measurements. The results of this study show potential for application as a quantum receiver
in atom-based radar systems [3]. Choosing a suitable principal quantum number for the fifth
state allows this setup to be optimized for L-band (1-2 GHz) radar system for drone
surveillance. The proposed Rydberg atom-based setup is also 1deal for detecting pulsed RF or
MW signals with high sensitivity and resolution. In conclusion, our study offers a promising
route towards quantum receivers for advanced L-band radar systems.

Keywords: Electromagnetically induced transparency (EIT), Three-photon EIT, Two-photon
EIT, Atom-based quantum receiver, L-band radar system

AD and KJW acknowledge EPSRC: UK Quantum Technology Research Hub in Sensing,
Imaging and Timing for providing financial support.
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Progress Towards Dual Species Atomic Clock

A. Sahu,!** A. Linek,! I. Nandi,!
R. Ciurylo,! M. Zawada,! and M. Witkowski'
Y Institute of Physics, Faculty of Physics, Astronomy and Informatics,

Nicolaus Copernicus University in Toru,
Grudzigdzka 5/7, PL-87-100 Torur, Poland

Optical atomic clocks have achieved remarkable progress, providing far
greater precision than conventional microwave-based clocks by orders of mag-
nitude. By relying on optical transitions with extremely narrow linewidths.
they enable highly accurate measurements and deep insights into fundamen-
tal physical laws. The use of multiple components in an atomic clock offers
the potential to improve its stability and accuracy. To enhance frequency ac-
curacy, atoms with two reference transitions exhibiting significantly different
sensitivities to external fields may be employed and mercury with extremely
narrow metastable clock transitions ('Sg-Py and 'Sp-*P5) stands out as an
excellent candidate for an optical clock in this regard [1].

This work presents the experimental progress achieved in the dual trap Hg-
Rb system, aimed at being utilized as a two-component atomic clock [2]. In
this system, the two reference clock transitions (1Sy-Py) Hg and (1Sy-*Pa)
Hg, corresponding to wavelengths of 266 nm and 227 nm, respectively will be
generated through a fourth-harmonic frequency conversion process applied to
two fundamental lasers (1064 nm and 908 nm), both being tightly stabilized
to a dual-color (1064 nm and 908 nm) high-finesse ultra-stable ULE cavity [3]
using the Pound-Drever-Hall technique.

[1] M. Witkowski et al., Joint Conference of the FEuropean Frequency
and Time Forum and IEEE International Frequency Control Sympo-
sturn (EFTF/IFCS), April 24-28, 2022, Paris, France: proceedings, doi:
10.1109/eftf/ifcs54560.2022.9850819.

2] M. Witkowski et al,Opt. Express 25 3165-3179 (2017), doi:
10.1364/OE.25.003165.

[3] A. Linek, et al, Joint Conference of the Furopean Frequency and
Time Forum and IEEE International Frequency Control Symposium
(EFTF/IFCS) , 15-19 May, 2023, Toyama, Japan: proceedings, doi:
10.1109/EFTF /TFCSH7587.2023.10272089.
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Noise resilience of Dicke superposition state probes in phase estimation tasks

Sudha,!-2-* B.N. Karthik,! A. R. Usha Devi,*?2 and K. S. Akhilesh*

! Department of Physics, Kuvempu University, Shankaraghatta-577 451, Karnataka, India
2 Inspire Institute Inc., Alerandria, Virginia, 22303, USA.
3 Department of Physics, Bangalore University, Bangalore-560 056, Karnataka, India
1School of Computer Science and Engineering, RV University, Bangalore, 560 059, Karnataka, India.
(Dated: July 25, 2025)

We explore the metrological performance of superpositions of N-qubit Dicke states
Dy k) = \% % — k), k=0, 1, ... N which are eigenstates of the collective angular momentum
operators J? and J.. Specifically, we examine their utility as probe states in quantum-enhanced
phase estimation tasks involving phase encoding through the Hamiltonian J -7, with i being a unit
vector that sets the optimal quantization axis. We compute the maximal quantum Fisher informa-
tion Iax and phase sensitivity Af for various Dicke superpositions. Our findings show that certain
superpositions yield Iuax values approaching N? thereby surpassing the shot-noise limit. Addition-
ally, we demonstrate the robustness of these states against different types of noise, emphasizing their
practical advantages for precision metrology in realistic environments.
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ladder-type transitions of *'Rb atoms
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We observed electromagnetically mmduced transparency (EIT) i a ladder-type three-level
system involving the 58,2 — 5P3y2 — 5Ds transitions of *’Rb atoms (Fig. 1). The experimental

spectra, obtained using a weak probe laser and a strong coupling laser, reveal signatures of

double resonance optical pumping (DROP) within the EIT signal [1]. Two-photon excitation
to the 5Ds» state 1s confirmed through the detection of 420 nm fluorescence signal using a
photomultiplier tube (PMT), resulting from the radiative cascade 5Dsz — 6P3z — 5812
transitions [2]. We found the experimental observations to be in good agreement with the
analytical predictions based on the density matrix formalism under strong probe conditions.
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Fig. 1: (a) Ladder-type atomic level scheme in *'Rb atoms, showing the cascade excitation via 55,2 —
5P32 — 5Dsp transitions. The energy separation between hyperfine levels is on the order of megahertz
(MHz). (b} Schemes of the ladder-type five-level atomic system.

Fig. 2(a) shows a typical probe transmission spectrum along with the blue fluorescence
spectrum from PMT when the coupling beam has been scanned. When the probe intensity is
weaker than the coupling intensity, three distinct peaks can be observed in the probe
transmission corresponding to three different hyperfine levels £ = 2, 3, and 4, respectively.
Out of these three transmission peaks, we have found a dual structure in the transmission profile
corresponding to the closed transitions 58,z (F'=2) — 5Py (F'=3) — 5Dsn (F"=4) of ¥Rb
atoms. These dual structures are attributed to the DROP and EIT phenomena. The broad
spectrum arises due to the optical pumping effect, and the narrow EIT spectrum arises due to
atomic coherence. Distinet EIT features only appear on the closed transition because EIT in the
cycling transition arises from atomic coherence, as the population of the F = 2 ground state

remains mostly unaffected by optical pumping due to the selection rules.

e

ear

PN



" n n " n 3 1 L L 1 1 AL L

Fit=4 w1} signal
= PMT signal
F'=3

i i
—

Probe transmission (arb. unit)
420 nm Fluorescence (arb. unit)
Probe transmission (arb. unit)

[

20 0 0 4 6 8 60 40 20 0 20 40 6
Coupling detuning (MHz) Coupling detuning (MHz)

Fig. 2: (a) Experimental probe transmission signal along with the blue fluorescence spectrum detected
with the PMT. (b) Theoretical probe transmission spectrum, derived with our theoretical formalism.
Probe intensity is 1.64 mW/cm? with the coupling intensity of 534 mW/cm?.

However, these features are not observed for F” = 2 and 3 open transitions. For these energy
levels, the population of one of the ground states, /=2, becomes depleted as atoms are excited
to the 5Ds; state and subsequently undergo optical pumping into the other ground hyperfine
state (F = 1) via the intermediate 5P state. The presence of multiple excitation channels breaks
the condition for the formation of atomic coherence. Therefore, the observed signals
corresponding to F" = 2 and 3 primarily arise due to the DROP effect. By introducing a
repumping laser resonant with the /" =1 — F'= 2 transition, we can resolve a DROP-free EIT
signal corresponding to F' = 4 closed transition. Additionally, this repumping effectively
suppresses the DROP associated with /=2 and 3 open transitions.

Both the photodiode (PD) and PMT signals revealed a fourth peak corresponding to the F"'=1
level (Fig. 2(a)). This additional feature is attributed to a velocity-selective two-photon
resonance, arising due to Doppler shifts. Fig. 1(b) presents a simulated EIT spectrum for the F
= 4 transition, using the same laser intensities as in the experimental case. Furthermore, we are
employing lock-in-amplifier (LIA) techniques to improve the signal-to-noise ratio.

[1]1H.S. Moon, et al., Double resonance optical pumping effects in electromagnetically induced
transparency, Optics Express, 16, 12163 (2008).

[2] River Beard, et al., Two-photon rubidium clock detecting 776 nm fluorescence. Optics
Express, 32, 7417 (2024).
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Continuous variable entanglement using optomechanics
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Abstract: This study introduces a method to entangle two spatially separated propagating laser
fields from an optomechanical cavity. Unlike standard methods that drive the two-mode squeezing
part of the linearized optomechanical interaction, our approach utilizes the quantum back-action
nullifying meter technique. This enables entanglement generation outside the blue sideband
frequency in both resolved and unresolved sideband regimes. Notably, the optomechanical mirror
does not need to be in the ground state to create entanglement. The system remains stable where the
Duan criterion for inseparability is met. We also investigate the impact of thermal noise on the
entanglement.
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Spatial Leggett-Garg Inequalities
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We formulate a spatial extension of the Leggett-Garg inequality by considering three distant
observers locally measuring a many-body system at three subsequent times. The spatial form, in
particular, is specially suited to analyze propagation of quantum perturbations through spin chains,
by capturing how a measurement at one site can later affect distant sites due to the interactions.
We illustrate our proposal for a Heisenberg chain in a magnetic field, showing indeed that the
first inequality-violation time scales proportionally to the distance between measuring parties. We
attribute this phenomenon to Lieb-Robinson physics and, confirming this connection, we find that
violations are anticipated when increasing the interaction range. The inequality violation, readily
observable in current experiments, demonstrates the incompatibility between two-point correlation
functions and the macrorealistic hypothesis. In outlook, spatial Leggett-Garg inequalities constitute
a new tool for analyzing the non-relativistic dynamics of many-body quantum systems.
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Quantum Electrometric Sensors Based on Atomic Coherence in Hot
Rydberg Alkali Atoms for Metrology and Radar Applications
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Abstract

Electric field measurement is a fundamental aspect of numerous technological
applications, such as telecommunications, wireless networks and quantum information
processing. Precise detection in the microwave and radio frequency regimes, is crucial for
enhancing device performance and advancing research. However, existing measurement
techniques often face challenges regarding sensitivity, accuracy, and non-invasiveness.
One promising solution lies in Rydberg clectromagnetically induced transparency (EIT)
in atomic systems, a quantum interference phenomenon that enhances field sensitivity.
Building on these findings, we aim to perform detailed theoretical analysis of Rydberg EIT
electrometry using cesium (Cs) atoms in a four-level configuration by employing density
matrix formalism.
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Figure 1: (a) Level diagram of a four-level system where probe (A,), control (A:) and RF (Arr) fields detunings.
Q, denotes the Rabi frequency of field J. (b) Geometric arrangement of probe, control and RF fields relative to the
Cs vapor cell and photo detector in experimental setup.

Keywords: Quantum interference, Quantum information processing, Electrometry
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Dual-species optical dipole trap to explore fundamental
interactions
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The experimental setup based on a dual-species single-beam optical dipole
trap (ODT) for cold Rb and Hg atoms enables the investigation of new hadron-
hadron interactions [1| through both heteronuclear and homonuclear photo-
association spectra. Rubidium and, especially, mercury atoms forming Hgs,
one of the heaviest two-atom molecules, are well-suited for this experiment.
The Hg-Hg Van der Waals interaction is well characterized [2] and signifi-
cantly weaker than in Sre or Ybs, reducing conventional interatomic effects
and enhancing sensitivity to new physics beyond the Standard Model at the
nanometer scale.

For the first time, two-color photo-association [3] spectroscopy will be con-
ducted in a dual-species Rb-Hg ODT to investigate the bound states of Hgs
and Rb-Hg molecules near the dissociation threshold. The experiment will be
carried out using the double-species experimental setup [4]. Photo-association
resonances can also be regarded as optical Feshbach resonances, which serve
as a powerful tool for controlling atomic interactions [5]. The Hgs molecules
will also be emploved to investigate the potential for the realization of an
optical molecular clock [6].

(1] E. G. Adelberger, et al., Annu. Rev. Nucl. Part. Sei 53 77 (2003)
[2] M. Krosnicki, et al., Ph’i,rS Rep 591 1 (2015).

[3] M. Kitagawa, et al., Phys. Rev. A 77 012719 (2008).

(4] M. Witkowski et al., Opt. Ezpress 25, 3165 (2017).
[5]
[6] M

1

R Ciurylo, et al., Phys. Rev. A TT7 030701(R)-4 (2005).

6! M. Borkowski, et al., Phys. Rev. Lett. 120 083202 (2018).
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Title: Two-photon Raman Spectra in a Cold 87Rb Atomic Fountain for Gravimetry
Applications

We report on the study of two-photon Raman transition spectra in a cold #Rb atomic fountain,
conducted as part of the development of a portable cold atom gravimeter. The experiment
utilizes stimulated Raman transitions between the hyperfine ground states (F=1 and F=2) of
the 5S, manifold, driven by phase-coherent laser beams near the D2 line. A detailed analysis
of the Raman spectra is carried out as a function of experimental parameters such as Raman
pulse duration, detuning, magnetic bias field, and laser polarization. We compare the spectral
characteristics under co-propagating and counter-propagating beam configurations,
highlighting differences in Doppler sensitivity and velocity selection. Furthermore, we
demonstrate magnetic field measurement based on a stimulated two-photon Raman
transition. Ongoing efforts are focused on employing Raman spectroscopy for improved state
preparation and velocity selection of Rb atoms in fountain. These studies aim to further
enhance the performance and accuracy of cold atom based sensor for precision gravimetry.
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Realisation of an atom State Interferometer with Vector light beam
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Perhaps one of the most salient features of light is the fact that it can interfere, particularly vector light corre-
lated with polarization and spatial degrees of freedom shows fascinating behaviour in the context of interference.
[1, 2]. On the other hand, an atom can be a valuable interface to shape light because by its very nature the atomic
dipole interactions are sensitive to polarization via selection rules [3]. In this work, our goal is to investigate the
role of structured light for atom state interferometers, where it facilitates local interference dictated by the orienta-
tion of an external magnetic field, optical and atomic polarization.

Here, we realize an atom state interferometer in 87Rb driven by a vector light beam which excites two optical tran-
sitions from F' = 1 to F’ = () hyperfine state in a A (figl(a)) configuration and a transverse magnetic field couples
between the ground levels creating a closed loop configuration to make a phase sensitive system. We consider a
very generic form of light field embedded in left and right hand circular polarization to study internal dynamics of
Rb®" atom delving into a fully analytical description. We investigate the inner atomic process observing transition
probabilities between our derived partially dressed states according to some order of perturbation theory. The re-
sults show that the transition rates between the partially dressed states depends on the phase and polarization profile
of the light, as specified by the coordinates on a Poincare sphere[4], and the direction of the external magnetic field.

Fig. 1: (a): Atomic level scheme (Ground states £1 couples optically to the excited states and also the ground states£1, 0
states are coupled by transverse component of an external magnetic field) , (e): partially dresssed state basis form a ladder
like system, where the excited state |¢} coupled optically and |¢},|g) and |d) are magnetically coupled . (f), (g) and (h) show
transition rates between |d) to |e) with varying magnetiic field angle (#) corresponding to different beam profiles ((b)the
probe is homogenously right circularly polarized (RCP), (c) Arbitrary polarized and (d) radially beam. Tt is also to be noted
that for homogeneously RCP beam as the close loop configuration (figl: a)disappears results in the vanishing of spatial phase
dependency in absorption .

Our fully analytical model allows to associate parameters of the structured light with specific atomic transition
rates, and hence absorption profiles. Our study enhances the understanding of vector light-atom interaction, and
may pave the way to designing devices for quantum magnetometry and metrology.
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The precise measurement of electric (E) and magnetic (B) fields of the microwave (MW) or radio-
frequency (RF) wave has played a vital role in the domains of quantum sensing and metrology [1].
Recently, the utilization of Rydberg atoms in a light-matter interaction system has emerged as
powerful platforms for precision fields measurement under electromagnetically induced
transparency (EIT) protocol (2, 3]. The key feature of Rydberg atoms is that it has an extremely
large transition dipole moments (ie., high-lying cnergy states), making it highly sensitive to
external electric or magnetic fields. In Rydberg-EIT system, the coupling between the probe, pump,
control, and MW/RF fields with a multi-level atomic system allows high-resolution quantum
sensing of E- or B-fields of MW or RF signal, where the changes in the spectral profile of EIT
window or Autler-Townes (AT) splitting is monitored [4]. In this work, we theoretically measure
the MW-electric field in a four-level atom-laser coupled system involving Rydberg states under EIT
regime. The required optical Bloch equations (OBE) are derived from Liouville’s equation of
motion under semiclassical density matrix formalism. The OBEs are analytically solved using an
iterative perturbative technique to obtain the probe coherence term. We have observed that the
spectral resolution can be improved by using system parameters. The effect of Doppler-broadening
has also investigated. Furthermore, minimum detectable strength of MW-electric field is
theoretically measured. Moreover, we investigate the other effects on the high sensitivity of the
system. Our findings demonstrate that this four-level scheme can significantly enhance electric field

sensitivity and offers a promising platform for high-resolution quantum sensing and metrology.

Kevywords: Rydberg atom, electromagnetically induced transparency (EIT)., Autler-Townes (AT) splitting,

microwave (MW), electrometry.
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Ultra-low pressure CVD approach for the direct integration of crystalline silicon on SiO2
for SOI applications

Crystalline silicon-on-insulator structures are becoming essential building blocks for modern
technologies, including advanced transistors like FInFETs and TFETs, quantum devices like
silicon qubits, and applications in 5G, high-performance computing, automotive electronics,
MEMS, and energy-efficient processors. In this study, we demonstrate a simplified and scalable
approach for fabricating high-quality SOI structures by directly depositing crystalline silicon
thin films on thermally grown SiO»/Si substrates using ultra-low pressure thermal chemical
vapor deposition. The c-Si films were synthesized through the pyrolytic decomposition of
hydrogen-diluted silane at 900 °C for 60 minutes under chamber pressures ranging from 7 to
150 mTorr. Field-emission scanning electron microscopy confirmed uniform pressure-
controlled film thickness, while grazing-incidence X-ray diffraction and symmetric (400) -
scans revealed a strong (100) peak and high crystallinity. Raman spectroscopy exhibited well-
defined LO-TO phonon modes, and high-resolution cross-sectional transmission electron
microscopy further verified the formation of a single-crystalline silicon layer atop the
amorphous Si0Oz, thereby confirming the formation of a crystalline SOI structure. Furthermore,
a strong dependence of crystalline quality on deposition pressure was observed, with lower
pressures yielding improved structural order. This work provides a cost-effective and
controllable route for the direct fabrication of SOI structures, offering strong potential for
integration into a wide range of next-generation electronic and quantum devices. This product
can also be adapted for the manufacturing of silicon-on-insulator wafers enriched with Si-28,
enabling applications in silicon-based quantum computing platforms.
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Abstract

We propose a quantum-enhanced magnetometry scheme that combines vacuum-
induced coherence (VIC) and weak-value amplification (WVA), further enhanced
via photon recycling, to detect ultra-weak magnetic fields with high sensitivity and
precession. VIC, arising from quantum interference between spontaneous decay
channels in a multilevel atomic or molecular system, is utilized to enhance Faraday
magneto-optical rotation (MOR). The MOR-induced phase shift is then converted
into a measurable spectral shift using the WVA protocol, where nearly orthogonal
pre- and post-selected polarization states yield large imaginary weak values. Build-
ing on this, we incorporate cyclic weak-value amplification (CWVA), where the
probe undergoes multiple postselection cycles, boosting both signal strength and
Fisher information without increasing photon budget. Simulation results show sig-
nificant amplification of spectral shifts and enhanced sensitivity to magnetic fields,
even under detector-limited conditions. Our analysis demonstrates the scalability
of this approach, highlighting its potential to reach 1074 T resolution. This hybrid
VIC-WVA-CWVA framework establishes a new route for high-precision quantum
magnetometry applicable to biomedical diagnostics, precision navigation, and fun-
damental physics.

2N



Nandi ni Mondal
NI SER, Bhubaneswar

Ti tl e

Mi crowave Field Sensing Using Rydberg At om

Abstract
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Investigations on Morphological Evolution in Tellurium Nanostructures

Nidha hind K K', Pinki Rani, Manjima Sudheer', Shashikant P. Patole’ and Prashant S.
Alegaonkar'

'Department of Physics, Central University of Punjab, Bathinda, Punjab, India — 151401
’Division of Physics and Applied Physics, School of Physical and
Mathematical Sciences, Nanyang Technological University, Singapore — 637371

IDepartment of Physics, Khalifa University of Science and Technology, 127788, Abu Dhabi, United Arab

Emirates

nidhahindkk@gmail.com

Abstract

Tellurium nanostructures (TeNs) interact exclusively via van der Waals forces and exhibit a
quasi-one-dimensional electronic band structure, yielding properties that differ markedly from
bulk Tellurium (Te). Here, we report a facile, one-step, room-temperature wet-chemical
synthesis of TeNs and systematically examine their morphological evolution. Building on Rani
et al.[1] observation that Mo additives induce time-dependent phase transitions in Te nanotubes
at 120 °C (and thermodynamic insights by Sudheer et al.[2]), we extended the investigation by
varying the reaction temperature (ambient to 135 °C) and reaction time. Using field-emission
SEM and high-resolution TEM, we found that at 120 °C Te initially forms nanotubes which
convert into nanoflakes after 6 h and then revert in consistent with findings of Rani et al.[1]’s
report. At 135 °C, however, the intermediate flake stage is entirely suppressed, and Te nucleates
and grows directly as uniform one-dimensional nanorods. FTIR, XRD, and XPS analyses
confirm that at 120 °C Mo-O-Te-O and Te-Mo-Te linkages form selectively at 6 h, whereas
at 135 °C full reduction proceeds without intermediate bonding rearrangements. EDX shows
higher elemental Te content at 135 °C, and thermal conductivity measurements reveal that the
nanorods possess enhanced thermal stability. This work thus introduces a novel, solution-based

route to stable Te nanorods with improved structural and thermal properties.

Keywords: Structural phase transformation, Temperature, Time, catalysis, Nanorods,

Nanoflakes, Nanotubes, Morphological evolution
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Optical atomic clocks based on dipole-forbidden transitions in trapped atoms or ions have
achieved an unprecedented precision, with fractional uncertainties reaching below 1078 Their
exceptional accuracy makes them powerful tools not only for redefining the SI second [1] but
also for exploring physics beyond the Standard Model [2] and probing the variations in the
fundamental constants [2]. For instance, comparing clock frequencies of systems with
different sensitivities to the fine-structure constant a allows for stringent constraints on its
possible temporal variation [2]. While current accurate optical clocks such as Sr, Yb, and Al*
offer excellent stability [1], their clock frequencies are not very sensitive to the variation in a.
In contrast, highly charged ions (HCIs) exhibit greater sensitivity due to their compact
structure, strong relativistic effects, and large 1onization energies [3].

In this study, we explore three thallium-like HCls, Cf'7*, Cm's*, and Bk'®*, as potential
candidates for next-generation optical clocks. Using Fock-space relativistic coupled-cluster
theory [4], we have calculated the excitation energies, transition wavelengths, lifetimes,
hyperfine structure constants, and sensitivity coefficients for low lying states in these HClIs.
We also analyze the major systematic effects such as electric quadrupole shifts, quadratic
Zeeman shifts, and blackbody radiation shifts which contribute to the errors in clock. Our
results demonstrate that Cf'7*, Cm's*, and Bk'¢* offer favorable clock transitions that are robust
against external perturbations and exhibit strong sensitivity to a variation.
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