Vlsnyquue M noacyetT OaMHOYHbIX qI)OTOHOB

Lecturers:
MnTpuit 3yes dD faculty of
i 4 PHYSICS
Assistants:
Snyapn Arees
Ann CyHb
BuTanunm fpolueHko

ApTem JlapuvH

Language: Educational Program:
English

. . HaHooToHMKa
Credit points:

6 1, 3 cemecTpbl
3.e.

e . mbpuaHble MaTepuransbl
Monitoring type: L 5 e
dk3ameH '

KBaHTOBbIE MaTepuasibl

1, 3 cemecTpbl
KoMnbloTepHOe MogenmpoBaHne KBaHTOBbIX
M HAHOMOTOHHbLIX CUCTEM

1, 3 cemecTpbl

Prerequisites:
KBaHTOBas onTuka
DKCnepuMeHTallbHble METObI

HaHOMOTOHUKN |

Lectures Practice Labs
(a.h)* (a.h) (a.h)

24 6 2

*1 academic hour = 45 minutes

[JaHHbIi KypC HanmpaB/ieH Ha opMupoBaHMe 6a30BbIX 3HAHWIA B 0671aCTU M3yYeHWs U NMoACYETa OAUHOYHBIX (OTOHOB. MoapobHo
6ynyT onmMcaHbl NMPUHLUMBI NOACYHETa OANHOYHBIX POTOHOB C KOppensumner no BpeMeHn, COBPEMEHHbIE MeToAbl BpeMsipaspeLlleHHon
MUKPOCKOMUN 1 KOPPENALNOHHON CNEKTPOCKONUU, a TakKe UX MpYMeHeHne AN pasfiMyHbliX obnacTei pU3NKM N HayK O XKU3HW.
Takxxe 6yAyT pacCMOTPeHbl BOMPOCHI 3KCMNEPUMEHTasIbHON KBAaHTOBOW HaHO(OTOHWKMW, CBAI3aHHblE C MCMOJIb30BaHMEM Pa3/INYHbIX
MaTepuasoB A5 reHepauumn oANHOYHbIX (POTOHOB, YNPaBJieHNEM VX N3JTyHEHWEM N CO3aHNEM KBaHTOBbIX YCTPOWUCTB Ha Yune.

This course represents basic information in the field of radiation and counting of single photons. The principles of single photons
counting with time correlation, modern methods of timeresolved microscopy and correlation spectroscopy, as well as their application
in physics and life sciences are described in details. The issues of experimental quantum nanophotonics associated with the use of
various materials for generating single photons, controlling their radiation and creating quantum devices on a chip are also
considered.
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Course content
MnaH Kypca

CTpyKTypa Kypca

YacTtb 1. NoacyeT oAUMHOYHBbIX (pOTOHOB

e BBegeHuve: uctopnyeckas cnpaska, KoHoKaslbHass MUKPOCKOMNUSA, psiyopecLieHTHass MUKPOCKOMNMsA
o KoppenupoBaHHbIl N0 BpeMeHU cYeT 0AMHOYHbBIX hoToHOB (TCSPC): npuHumnbl paboTsl

e MIHcTpyMeHTapun ana TCSPC: NCTOYHMKIK BO3OYKAEHNS, ONTUYECKME CUCTEMbI, 3JIEKTPOHUKA

e [leTeKTOpbl ANna noacyeTa GoTOHOB

e TecT Ha ocHoBe 1 YacTu

YacTb 2. U3nyyeHne oAMHOYHbIX (POTOHOB

e BBegeHuve: 3a4eM HaM HY>KHbl OANHOYHbIE POTOHbLI?

o XapakTepuUCcTkn ofHOMPOTOHHOrO WUCTOYHUKA (MHTepdepomeTp XBT, cnekTpanbHas SpKOCTb, GYHKUUM Koppenaumn
MHTEHCUBHOCTN)

e OOHO(DOTOHHbIE WCTOYHUKM (HAaHOMOTOHMKA asiMa3sa, KBAHTOBble TOYKM W HaHOTPYbku, 2D MaTepuasibl, COBPEMEHHbIE
MaTepuanbl)

e KOHTPOJIb 0AHO(OTOHHOIO N3Jly4eHNs B HAaHOOTOHMKe. KBaHTOBas HaHOMOTOHMKA Ha 4une.

e TecCT Ha OCHOBe 2 YacTu

YacTtb 3. NpuMmeHneHue metonos TCSPC

e M1KpOCKOMMVA BU3yanu3sauunum BpeMeHn Xu3sHu dyopecuerumnm (FLIM)

o dnyopecueHTHasa KoppensumoHHas cnekTpockonus (FCS)

o OlyopecueHTHbIN pe30HaHCHbIN nepeHoc aHeprum (FRET)

o MunkKpockonusa Ha OCHOBE NoAaBJIeHUA CMOHTaHHOro ucnyckaHus (STED)
e TecT Ha ocHOBe 3 4YacTu

JNlabopaTtopHblie

e I3MepeHne BpeMeHn XN3HU IIOMUHECLEHLNN
e Pernctpaumnsa ogHOPOTOHHOIO U3Ny4YeHnsa
o Mukpockonua Bu3syaansaumm BpeMeHn XN3HU dhayopecueHLnm

CeMMuHapbl

e Jloknaabl CTYAEHTOB MO UCciefoBaHNAM B obnactu M3Jly4eHNa OANHOYHbBIX (POTOHOB U UX perncTpaumn

Plan of a course

CTpyKTypa Kypca
Part 1. Single-photon counting

o Introduction: historical background, confocal microscopy, fluorescence microscopy
o Time-correlated single-photon counting (TCSPC): work principles.

o Toolkit for TCSPC: excitation sources, optical systems, electronics

o Detectors for Photon Counting

e Test on the basis of the Part 1

Part 2. Single-photon generation

Introduction: why do we need single photons?

« Single Photon Source Characterization (HBT interferometer, Spectral Brightness, Intensity Correlation Functions)

« Single Photon Sources (Diamond nanophotonics, Quantum dots and nanotubes, 2D materials, Advanced materials)
« Single photon radiation control in nanophotonics. Quantum nanophotonics on a chip.

e Test on the basis of the Part 2

Part 3. Application of TCSPC Techniques

Fluorescence Lifetime Imaging (FLIM)
Fluorescence Correlation Spectroscopy (FCS)
Fluorescence Resonance Energy Transfer (FRET)
e Stimulated Emission Depletion Microscopy (STED)
e Test on the basis of the Part 3

Labs

o Lifetime measurements L
¢ Single-photon radiation detection
e FLIM

Seminars

e Students talks on single photon emission and counting applications



Recommended resources

1. Prawer, Steven, and Igor Aharonovich, eds. Quantum information processing with diamond: Principles and applications. Elsevier,
2014.

2. Becker, Wolfgang, ed. Advanced time-correlated single photon counting applications. Vol. 111. Berlin, Germany: Springer, 2015.

3. Pico Quant wiki https://www.tcspc.com/doku.php

Grading Policy

- 5-6annbHas WKana oueHnBaHuS.
- "ToroBas oueHKa OCHOBaHa Ha NTOrOBOM JK3aMeHe.
- Ka)xpas 4acTb IeKLMin conepXnT 15-MUHYTHBIM KOHTPOJIbHbIN TecT (Bcero 3 TecTa).

- CTyAeHTbl C Ny4YWMMn pesysibTaTaMy MMeT BO3MOXHOCTb MOAYy4uThb: a) + 2 6anna K NTOroBOM OLEHKE Ha dK3aMeHe B cny4ae,
ecnu gonyuieHa Tonabko 1 owmnbka Bo Bcex 3 TecTax 6) +1 6ans K NTOroBol OLLEHKE Ha 9K3aMeHe B cjlyyae, ecnv gonylieHa TosbKo 2
olwnbkM Bo BCcex 3 TecTax.

- CTyAeHTbl C NyYWwmnMn pesysibTaTaMmy Ha ceMrnHape 6yayT umeTb +1 6asn K MTOroBOM OLEeHKe Ha 3K3aMeHe.
- CTyLeHTbI C lyyLWMuy pe3yibTaTaMun Ha nabopaTopHbix paboTax byayT nmeTb +1 6ann K UTOrOBOW OLLEHKE Ha 3K3aMeHe.

- Nepecpayva TECTOB, CEMMHAPOB U 1TAGOPATOPHbLIX PAGOT HE BO3MOXKHA.

- 5 points grading scale (5 - excellent, 4 - good, 3 - satisfactory, 2 - failed).
- Final grade is based on the final exam mostly.
- Each part of lecture contains a 15-min control test (3 tests total).

- Top students with the best average grade on the tests will have: +2 grade-level on the exam in case of only 1 mistake in all the 3
tests +1 grade-level on the exam in case of 2 mistakes in all the 3 tests.

- Top students with the best grade on the seminar will have +1 grade-level on the exam.
- Top students with the best grade on the labs will have +1 grade-level on the exam.

- No options to retake tests, seminars and labs.



