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Frequency comb breathalyzer at the record

performance limit
Qizhong Liang
JILA & University of Colorado Boulder, USA

Abstract:

Trace molecules exhaled from human breath vary in concentration with medical conditions,
enabling non-invasive, rapid, and low-cost diagnostics. After achieving ultra-high detection
sensitivities (>100 ppt) for breath, we reported the first use of optical frequency combs for
breath diagnostics: a 170-subject COVID-19 trial found 85% accuracy via supervised
machine learning. For broader diagnostic utilities, we present Modulated Ringdown Comb
Interferometry (MRCI), a new technique that allows for the detection of far more molecules
from gas samples of arbitrarily complex and unknown composition. Demonstrated with 20
species simultaneously quantified from breath varying in concentrations by 7 orders of
magnitude, we have not only set a new performance record for universal gas sensing (>1 ppt
sensitivity and >1,000 cm-1 coverage) but also demonstrated a robust and effective
instrument for collecting large-scale datasets. Behind MRCI, the key is the mathematical
reinterpretation of interferometry, which enables the parallel detection of distinct, real-time
periodic dynamics encoded onto more than 100,000 mid-infrared comb lines. Combining
record-breaking capability with unprecedented practicality, MRCI promises to deliver the
cleanest and highest-quality odor datasets to fully understand the diagnostic potential of
exhaled breath. Its extension to other odor applications powered with artificial intelligence is

readily apparent.

Biography:

Dr. Qizhong Liang received his Physics PhD degree in 2025 from Prof. Jun Ye’s group at
JILA and the University of Colorado Boulder, where he continues as a postdoctoral
researcher. His research on frequency comb breath diagnostics, or comb breathomics,
integrates ultrafast optics, precision metrology, machine learning, statistics, and medical
science. His work has been featured in Scientific American, Physics World, and Photonics
West Show Daily, and he has delivered over 10 invited talks at conferences including CLEO

and Photonics West, and universities including Stanford, Chicago, and Maryland.
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Junyin Zhang

Swiss Federal Technology Institute of Lausanne, Switzerland

Abstract:
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Biography:

TRIRIR, % i SR EE T 4Bt (EPFL) #)¥ R L 54, A Tobias J.
Kippenberg ##%, 2022 AR T EBFAROR RS KA 5t L2 R A T A48
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Nature. Nature Physics. Physical Review. Optica ZEHiH.
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Rui Chen

Massachusetts Institute of Technology, USA

Abstract:
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Biography:

PR L BLTE R PR B T2 B 115, 7F Juejun Hu 241 A B 78 RS 2 MR A
M¥r G WEWE SN Arka Majumdar #8%2. fliF 2018 SE3RAWITL KL
B2t 2m A, JFT 2020 EIRAFEHMG LE IR E A2 E A7 (R39S 2020 MS honored
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Hanfeng Wang

Massachusetts Institute of Technology, USA

Abstract:
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Biography:
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Yingsi Qin
Carnegie Mellon University, USA

Abstract:
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Biography:

ZAE, By R W MR AN TR LR, 302 Aswin
SakaranarayananfiiMatthew 0’ Toole#(#% . AFIENTFEHE LI KA THEHLEL: R AE
IR R R, BV W57 B0 TR A B ae s s R 48, i
AR =4EDTIR SR SRR RE, JyiRE IS 5 HLEL 5
TR Tt AP TAER GG, THREE. (B 5403, THEN R 5P 5 ) 5%
Z 2RI . B R R R AEACM Transactions on Graphics. ICCV. Journal of Optics
SETRIT G2 FHFIRAFSTGORAPHIR 18 33 . TOCVIR IR SUR A IR A4 2 TCCP AR f
TR S E BRI, DL J James Sprague Presidential FellowshipZ2E%. ¥ fEMeta

Reality Labs. Snap Research. Google Search. FIZAERSZIGE L],



The 10™ International Forum of Advanced Photonics for Young Scientists

Interfacial and Precursor Chemistry
Engineering for Perovskite Multijunction

Photovoltaics
Shuaifeng Hu
University of Oxford, UK

Abstract:

etal halide perovskite is a class of ABX3-type crystalline materials — in most cases — with the A being
both the organic (e.g., formamidinium, methylammonium) and inorganic (e.g., Cs+) monovalent
cations, B being divalent cations, e.g., Pb2+, Sn2+, or their mixture, and X being the halide anions, e.g.,
I-, Br—, Cl—. Thanks to their superior bandgap tunability and high absorption coefficient, metal halide
perovskites demonstrate great potential for fabricating both single- and multi-junction photovoltaics
capable of achieving high power conversion efficiencies at a low cost[1,2,3].

For “all-perovskite” multi-junction photovoltaics, one of the major challenges lies in the low quality of
narrow-bandgap (~1.25 eV) mixed tin—lead perovskite films used as rear absorbers[2]. In the forum, we
will present our recent studies on the modification of the mixed tin—lead perovskites interfaces,
covering the tin metal chelating[4], surface dipole[5,6], and in situ surface reaction[7] modification
strategies. On the other hand, we also show our recent investigations into the solution chemistry and
crystallisation behaviour of tin—lead perovskites[8,9]. We aim to provide general material insights for
improving film quality and device performance.

As a result, we have achieved efficiencies exceeding 23.9% in single-junction tin—lead perovskite solar
cells, with open-circuit voltages up to 0.91 V. Building on optimisations of middle (~1.6 eV),
wide(~1.8 eV) and very-wide (~2.0 e¢V) bandgap neat-lead perovskites, we further demonstrate the
successful integration of improved tin—lead perovskite absorbers into monolithic, two-terminal, double-,
triple-, and first-ever quadruple-junction solar cells, reaching efficiencies over 29%, 28%, and 27%,
respectively, with the quadruple-junction cells show device photovoltages of up to 4.94 V. In addition,
we will outline promising strategies to enhance both the light and thermal stability of these perovskite
subcells, aiming to improve the reliability of efficient multi-junction photovoltaics. Some preliminary

outdoor stability results on prerovskite-on-silicon tandems will also be presented and discussed.

Biography:

Shuaifeng Hu is a postdoctoral researcher at the University of Oxford. His research focuses on
enhancing solar energy conversion using next-generation semiconductor materials — called metal halide
perovskites — to develop more efficient and sustainable solutions to global energy challenges.

At Oxford, Dr Hu’s research has expanded to solar technologies that integrate multiple light-absorbing
layers to capture more energy from sunlight with potential efficiencies exceeding 50%. His work
primarily focuses on understanding the chemistry of perovskite precursor materials and the design of
materials to enable optimal current flow and light management in multilayer optoelectronic devices.
Through his research, he aims to bridge fundamental materials innovation with practical optoelectronic

applications, thereby contributing to the development of sustainable and low-carbon energy
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technologies.
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Sunyun Gu

Lawrence Livermore National Laboratory, USA

Abstract:
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Biography:
RS, 5, 20195 AR THNL RS Rl 5 TR, 20234 4 Ell A
R, HAESE [ 57 AR R 96 SR X St AR I S 7T 03 o W75 R RS S A =4
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Jianfeng Chen

National University of Singapore, Singapore

Abstract:
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Biography:
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Lei Sun

Eidgenossische Technische Hochschule Ziirich, Switzerland

Abstract:
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Biography:
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