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2. KpaTKana aHHOoTaumA:

[laHHbI Kypc HanpasaeH Ha GopMMpoBaHMe 6a30BbIX 3HAHUI B 061aCTU U3yYEHUA U NoacHeTa
O04MHOYHbIX PpoTOHOB. MoapobHO ByAyT onMcaHbl MPUHLMMNbLI NOACYETA OAUHOUYHbIX POTOHOB C
Koppenauuen nNo BPemMeHW, COBPEMEHHble METOAbl BPEMAPA3PEeeHHON MUKPOCKONUU U
KOPPENALMOHHOM CMEeKTPOCKONMU, a TaK¥Ke UX MPUMEHEHWE A8 pa3InYHbIX obnacTel GUsnKu n
HayK O W3HW. Takxe OyayT pPacCMOTPEHbl BOMPOCHI 3KCMEPUMEHTANbHON KBAHTOBOW
HaHOPOTOHMKK, CBA3AHHbIE C WMCMNO/Jb30BAaHMEM PA3/IMYHBIX MATEPMANoB AN FeHepauuu
OOMHOYHbIX POTOHOB, YNpPaBNEHNEM UX U3IYYEHUEM M CO3L4AHMEM KBAHTOBbIX YCTPOMCTB Ha
yune.

Short annotation:

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 time-
resolved 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.

3. HazsaHue nporpammbi 1 cemecTp: HaHOPOTOHMKA N MeTamaTepuanbl, TPETUN CEMECTP
Study program and semester: Nanophotonics and metamaterials, 3" semester.

4. fletanbHOe onucaHue Kypca ¢ pa3bueHnem no nekunam/cemmHapam/npakTukam:

| Tema | Tun 3ansTH
Yacts 1. [loacuer oiMHOYHBIX GOTOHOB

1 BBenenue: ucropuyeckas cnpaBka, KOH(QOKaIbHAs Jlexuust
MUKPOCKOTHS, QIIyOpecIeHTHAss MUKPOCKOITHS

2 KoppenupoBaHHbIii 10 BpeMeHU CUeT OAMHOYHBIX GOTOHOB | Jlekius
(TCSPC): npunIums! padboThl

3 Wuctpymentapuii it TCSPC: nctouyHuky Bo30yXK1eHUS, Jlexuus
ONITUYECKHE CHCTEMBI, dJIEKTPOHUKA

4 JleTekTopsl A5 moacyeTa (POTOHOB Jlexust

Tect Ha ocHOBe | yacTn




Yactp 2. U31yyeHHe 0OAUHOYHBIX (JOTOHOB

5 BBenenue: 3aueM HaM HY>KHbI OJJUHOYHBIE (DOTOHBI? Jlexuus
6 XapakTepucTUK OAHO(DOTOHHOTO HCTOYHHUKA Jlekuus
(maTepdepomerp XBT, ciekrpanbHas ApKOCTh, GYHKIIUHA
KOPPEJISIIIM UHTEHCUBHOCTH )
7 OnHOOTOHHBIE UICTOYHUKH (HAaHO(DOTOHMKA amasa, Jlexmms
KBAaHTOBBIE TOUKH U HAHOTPYOKH, 2D marepuansl,
COBpEMEHHBIE MaTepUabl)
8 Kontponbs 0aAHO(GOTOHHOTO U3NTy4eHHs B HAHO(OTOHHKE. Jlexmust
KBanToBasg HaHO(QOTOHHMKA Ha YUTIE.
TecT Ha ocHOBE 2 yacTu
Yacrtsp 3. [Ipumenenune metogoB TCSPC
9 Mukpockonus BU3yaiu3aluu BPeMEHU KU3HU Jlexuus
dbnyopecuenipu (FLIM)
10 dyopeciieHTHas KoppessiironHas cnekrpockomnus (FCS) Jlexnust
11 dayopeciieHTHBIN pe3oHaHCHBIN nepeHoc sueprun (FRET) Jlexmms
12 MuUKpOCKOIHS Ha OCHOBE MOJABJICHUSI CIIOHTAHHOTO Jlexmusa
ucnyckanus (STED)
TecT Ha ocHOBe 3 yacTu
JlaGoparopHble
1 W3mepenue BpeMeHH KU3HU JTFOMUHECIEHITUU Jlaboparopnas
2 Peructparust o1HOQOTOHHOTO U3TYyYEHUS Jlaboparopnas
3 MUuKpOCKOIIHS BU3yaIM3alli BPEMEHHU KU3HU JlaGopatopHnas
bayopecteHIIUU
CemuHapbl
1 Jloknajpl CTYIEHTOB IO HCCIEA0BaHUSAM B 00JaCTH Cemunap
H3JTY4CHUA OAVHOYHBIX (1)OTOHOB N UX pEruCTpanmuun
Detailed content and structure with sectioning of lectures/seminars:
\ Topic Class type
Part 1. Single-photon counting
1 Introduction: historical background, confocal microscopy, Lecture
fluorescence microscopy
2 Time-correlated single-photon counting (TCSPC): work Lecture
principles.
3 Toolkit for TCSPC: excitation sources, optical systems, Lecture
electronics
4 Detectors for Photon Counting Lecture
Test on the basis of the Part 1
Part 2. Single-photon generation
5 Introduction: why do we need single photons? Lecture
6 Single Photon Source Characterization (HBT interferometer, | Lecture
Spectral Brightness, Intensity Correlation Functions)
7 Single Photon Sources (Diamond nanophotonics, Quantum Lecture

dots and nanotubes, 2D materials, Advanced materials)




8 Single photon radiation control in nanophotonics. Quantum Lecture
nanophotonics on a chip.

Test on the basis of the Part 2

Part 3. Application of TCSPC Techniques

9 Fluorescence Lifetime Imaging (FLIM) Lecture
10 Fluorescence Correlation Spectroscopy (FCS) Lecture
11 Fluorescence Resonance Energy Transfer (FRET) Lecture
12 Stimulated Emission Depletion Microscopy (STED) Lecture
Test on the basis of the Part 3
Labs

1 Lifetime measurements Lab

2 Single-photon radiation detection Lab

3 FLIM Lab

Seminars
1 Students talks on single photon emission and counting Seminar
applications

5. PekomeHpoBaHHAA anTepaTypa:

Textbooks:

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

6. MpeaBapuTenbHO NpoiiAeHHbIE Kypcbl, HeobxoaMmble Ana n3yyeHus npegmera.

BasoBble Kypchl (bakanaBpuar): O6wana dunsmnka, OnTnka

[ononHuTenbHble Kypcbl (MarucTpatypa): KBaHToBas onTuKa, BeegeHWe B aKCNEPUMEHTAIbHbIE
MeToAbl HAHOPOTOHUKM, IKCNEePUMEHTaNbHAA HAHOPOTOHMKA

Course prerequisites:

Basic Courses (Undergraduate): General Physics, Optics

Additional Courses (Master): Quantum Optics, Introduction to Experimental Methods of
Nanophotonics, Experimental Nanophotonics

7. KaK oueHuMBaeTca ycneBaemocCTb No Kypcy:

- 5-6annbHas WKana oLEHUBAHKUA.

- UTorosas oLeHKa OCHOBaHA Ha NTOFOBOM 3K3aMeHEe.

- Kaxkaas yacTb IeKunit cogepuT 15-MUHYTHbIA KOHTPO/IbHbIN TecT (Bcero 3 TecTa). CTyAeHTbl
C NIY4LWKUMN pe3yibTaTaMM MMEIOT BO3MOMXKHOCTb NONYYUTb:

a) + 2 6anna K UTOroBOM OLLEHKE Ha 3K3aMeHe B C/ly4ae, ecnum AonyuieHa TobKo 1 owmnbka Bo
Bcex 3 TecTax

6) +1 6ann K UTOroBOM OLEHKE Ha SK3aMeHe B C/ly4ae, ecn AoNyL,eHa ToNbKO 2 owmnbKn BO
Bcex 3 TecTax

- CTyAeHTbI C Iy4WnMK pe3yibTaTaMmn Ha cemuHape byayT umeTb +1 6ann K UTOroBon oueHKe
Ha 3K3ameHe.

- CTyAeHTbI C Iy4WwmnMm pesybTaTaMmn Ha nabopaTopHbix pabotax b6yayT umeTtb +1 6ann K


https://www.tcspc.com/doku.php

NTOrOBOM OLLEHKE Ha 3K3ameHe.
- Nepecaaya TecToB, CEMMHAPOB M 1abopaTopPHbIX PabOT HE BO3MOXKHA.

Grading policy:

- 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.

8. flononHuTeNbHble KOMMEHTaPUMK:
NHdopmaLmsa B nekumax ¢ 7 no 12 6yaet NoCTOAHHO 0BHOBAATLCA C Y4ETOM CBEXKMUX CTaTel.

Additional comments: Information in lectures from 7 to 12 will be constantly updated with the
latest articles.



