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ZVN TR o3 HE . REEEMR ISR & a0 P SMOGAE RN PRI E 3t DU T RS AE RS/
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REPEOGE FH BURIGOREE K (PUKIER. QKB PURIERED (AR T IUTN 65 LA 9K R £
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2 : GHz HEHUR WHEOGE A HRAR . Sk RO & DL R SO 2745 77 T R B
BRI SIS T RMIE AR (2 00, RO T A4 R0, 3K GHz TR MR R BHOL
By B IR TN R A SR K, EUR s K S 300 ko A R P (R R SE BB a2 e 1 — K
el [T Yb 4[4 GHz w/REHBUE W RO S, U4 1L mW 5% T mW 1T
Sy Y 3R B PR ) L PSR AR SO B TR S R B B R AE Yb 4 WO
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[1] Mayer A S, Phillips C R, Keller U. Watt-level 10-gigahertz solid-state laser enabled by self-defocusing nonlinearities
in an aperiodically poled crystal[J]. Nat. Commun. 2017, 8: 1-8.
[2] Kimura S, Tani S, Kobayashi Y. Kerr-lens mode locking above a 20 GHz repetition rate[J]. Optica, 2019, 6: 532-533.
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BRABAE. P RE T —AF R A 19 6 R4 972 nm FFARBL B AR B A AR T 2 A T i
F BT ILABRAG 10kW B Z A4 T A& RBEA . @A 555 ARG ELILRGF 2,

M FE5 & REAHARE &R 06 THAEABRAEMES REAEBBAEESF, TR HIEHM
FTERENLEMILT, A300mm HERKEAAEZAT AR L —ARBELRKERDF LI
10441 kW, EFAZ 21 mm. &5 246 nm 492 A IE48 T Rkt , & RBFE L F] 98.2%.

AR 10kW 7= A JE AR T & RO TR T 413 25 & Fo fAAR 69 Ho @ SOE S LR 5, HHILR A2 A1 2]
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# OE: WA EAEENEHME. B2, WA RIW P EEER GEEZE. RS
Ve R R AN ETT A IR R Z R[] Bk, ST SEI 25 FARA i i s, TR R
Fr e R B . HERIEAN v . A LIBS $iR 5 LR £ 641t 1% (PCA, LDA Fl SVM)
ARG G, DASEEUN RS = b (R PO IR . SIS IR 1 ORAE H LT 8 /N A 1 AR A )
220-880nm Y N LIBS Yeitf. B EEAIH PCA ¥t T ERAT OB LIBS Yeit, H 3y
AR, PCA MR F 0= B & TR X 2o Ak, FRATSIN S4B MR 77k
LDA A1 SVM, ¥4 B PCA A3 RIHT 30 AN E N LDA 5 SVM K N8 31T @A ik,
FHHNGELSMREZ LR 7:3. T REKH, LDA Ml SVM BLAYE BA BT R AR,
BT 5 PCA Sa E0I a7k, 1537 0 48 dr B8R Ay b 7= Hb (1) R 3 9 B 2R 40 3l R 97.5 %
96.25% . XTI TAERI, LIBS 51X =FfZ uRiT ik e G705 e WA it - 2A B R
71, WAEBERMHEIRK, FHSEE PR s .

KA BOGH R HO0E, WA i, Zoogiit ik
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[1T] Zhou Q, et al., Variation in the Concentrations of Major Secondary Metabolites in Ginkgo Leaves

from Different Geographical Populations[J]. Forests, 2017, 8(8): 266.
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W OB POLiESEFEIER AR (Laser-induced Breakdown Spectroscopy, LIBS) J& —FhJE
SR RS HAT TR AT IR, HEAPGE. SLhf . BRFEmHSSEE2MmE, o 2N
T AR A St Al o SRTTHE LIBS BOR B3 H TR IS, AR B3 30 Wit 22 5 21 LIBS
RE SR e 2 3 5 M R[1-2]. Ak, ASOFRE T Mot B o R & 77
%, MG TIREEASFARE, OGRS THRE AT DA 258 G 7 AR 8 2 AR IS St SI 56 0 8 PR 52 )
NWEFE BN )5 B, SEE S A 532 nm (RESLEAE A AR IR RO g R ) R A R AT
MR Ag (B 1D, BIP A EagEkRmBOE NS 7, BkifEEEN 75 mJ, CCD #RMZERS 4 540 ps,
A DA R A b e i SRR O NI 1 5 — 7 I I, A oS 105 o s 4. i sk
BSEAETS, X FSGHC B A HI A [FIVR BE R Nay CrO, JEWRE T, FF0) Cr 1(357.82 nm)#EAT & & i 45
RS SRR A THEE, S5 R 2 fizR, Cri(357.82 nm)ZEPEAU & A G ME RECKF 0.99, Kl
PEA 31.5 pg/mL. SEES S5 SRR, %07 E 0 LA BUH TR E SR o s 1 m =R ks R

REEE: WOLHE SO WA AR

160 ~Equation  y=a +b'x

Equat T T T
140 | Rz 6.03841 ]
Pearsonisr | 0.98727
120 {Adj R-Squa =~ 0.99319
Value  Standard E
I~ intercept | -09476 103399
-"E“ 100 ~{Mean ;:;:ED 02867 001061
=
8 80
z
2 60
[}
=
= 40
20
0
T T T T T
0 100 200 300 400 500
Concentration(ug/mL)
R N PN =3 . ‘; N — S
1 WOt 2RI S 1 I 52 R 18 P 2 Cr1(357.82 nm) E AR Hi 2k

EEPE

[1] D. C. ZHANG, et al. Simple method for liquid analysis by laser- induced breakdown spectroscopy (LIBS)[J]. Optics
Express, 2018, 26(14): 18794-18802.

[2] Hironori Ohba, et al. Effect of liquid-sheet thickness on detection sensitivity for laser-induced breakdown spectroscopy
of aqueous solution [J]. Optics Express, 2014, 22(20): 24478-24490.
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on two chemometric methods[J], Plasma Science and Technology, 2020, 22(7), 074012.
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[11 W. Tian, C. Yu, J. Zhu, D. Zhang, Z. Wei, X. Xu, J. Xu, “Diode-pumped high-power sub-100 fs Kerr-lens
mode-locked Yb:CaYAIOs laser with 1.85 MW peak power,” Opt. Express 27(15), 21448-21454 (2019).

12


mailto:jfzhu@xidian.edu.c
mailto:zywei@iphy.ac.cn

S EEMELES B KRSE
ZEMm, g2 G, R, ARzl xEL
BE L, KRR, kgLt A5 2T
' gw FHBERFWHE AL TSR, L 710071
2P EAFIRHEA AT RRESHEERLERE, 4% 100190

Email: “jfzhu@xidian.edu.c; “zywei@iphy.ac.cn

TE: WBOLRCRR IE 2N TR EOERE . MR S T iR Rl A, (A%
A CURAE U RE RS AR L 5 ) B Aar s8N o P B RS IR ORI T RS . R, EE
SRAEIRAR 2L R VR Th RS 100 MW 548 4 B A0 O BCA YE IR R 508 OB 7o i o
ALK 1030 nmy BRI 75.3 Mz eI &9 14. 7 nmy BKPHSEE 105 s, Hfikp
AR 0. 8 nJ AUBN-FHOGE T — %k SN W KR AT Rk o v 2 1 R AD, R AR BN
Yb:CALGO d i) FRAERE, aniEl 1 B, TEZMIhR)y 32.5 Wi, 343 7 FITh% 10. 6 W HIECR
fth o BEEHUERE TR 1 MHz i, BORHSRIEAKm e R 10 v . PP EgEsit, FEH
JBURIKFRFERE AN 610 fso Ja 4@ MEE ARG M B A B AvE R T X, 3BT WK
FITh e, AERBORBOCHIGT SE R, SR AMG IR 17 A B4 5 Al o

REgwW: KRN, BREE, SEM, FAERCR

Yb-Oscillator Regenerative amplifier
GTI /2 PBS HV PBS FR 1/2  CVBG
| | I 1L B I e /2 %
HR _IA
GTI PC LE1R
HR
. PBS
Yb:CGA HY TFP /2 FR 1/2 =t=
Ll GTI

HR — | I <] HR
. PC \ 3 i
HR —
GTI TFP
E
(0))
Pump Pump

DM Yb:CGA

| BESMEEES MM
SE 3k
[1] *B3L, XUSE, VEUE, ERIPH, FEIE, SiEE, KITE, S5 PRI WG =4 S0t ok e,
PR
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Efficient multi-cycle terahertz generation based on a multi-lines source
Wenlong Tian'?, Halil T. Olgun', Lu Wang', Giovanni Cirmi', Yi Hua', Damian N. Schimpf', Hiiseyin
Cankaya', Mikhail Pergament', Michael Hemmer!, Jiangfeng Zhu’, Nicholas Matlis', Franz X. Kirtner!
'CFEL, Deutsches Elektronen-Synchrotron (DESY), NotkestraBe 85, 22607 Hamburg, Germany
2School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710071, China

wltian@xidian.edu.cn

Abstract: Optical-to-narrowband THz conversion efficiency (CE) of 0.89% has been demonstrated in
a cryogenically cooled 5% MgO doped PPLN using difference frequency generation. High efficiency
was achieved by multiple cascaded usages of the driving optical photons with a flat-top temporal profile
with 250 ps (FWHM). In this setup, the maximum THz pulse energy was 40 pJ, with should be scalable

to the millijoule level using currently available large aperture MgO doped PPLN.

Key Words: Multi-cycle THz, PPLN, DFG

Using a home-built multiline laser source specifically developed for narrow-band THz generation, an
internal CE of 0.49% and 0.89% are achieved for 286 GHz and 530 GHz, respectively, which are so far
the recorded in the literature. As the numerical simulations predict, these efficiencies could be further
increased by increasing the number of lines in the optical spectrum. The next step will be scaling up the
energies by increasing the optical pulse energies by combining the multiline laser with a commercially
available 1064 nm high energy laser.

References

[1] K. Ravi et al., “Terahertz-induced cascaded interactions between spectra offset by large frequencies,”

27, 19254 (2019).
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Classification of skin cancer based on fluorescence lifetime imaging and machine
learning
Meijie Qi%, Zhaoging Wu®, Qiangian Yang®, Lixin Liu**‘, Peng Gao®
School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710071, China; State Key
Laboratory of Transient Optics and Photonics, Chinese Academy of Sciences, Xi'an 710119, China;
°CAS Key Laboratory of Spectral Imaging Technology, Xi'an 710119, China
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Abstract: Early diagnosis is very important for prompt treatment and clinical prognosis of skin cancers.
However, it is difficult to evaluate the development stage of skin cancer accurately because of the lack of
doctors' experience and the diversification of the pathological characteristics of cancerous tissues.
Nowadays fluorescence lifetime imaging microscopy (FLIM) has gained widespread attention in the
diagnosis of skin cancer due to its high sensitivity, high spatial and temporal resolution and dependence
on changes of surrounding microenvironment. In this paper, we used the FLIM system based on
time-correlated single-photon counting (TCSPC) to acquire fluorescence lifetime images of skin tissues.
In the cases of full sample data, three kinds of sample set partitioning methods, including bootstrapping
method, hold-out method and K-fold cross-validation method, were used to divide the samples into
calibration set and prediction set, respectively. Then the binary classification models for skin cancer were
established based on random forest (RF), K-nearest neighbor (KNN), support vector machine (SVM) and
linear discriminant analysis (LDA) respectively. The results showed that FLIM combining with
appropriate machine learning algorithms can achieve early and advanced canceration classification of
skin cancer, which could provide reference for the multi-classification, clinical staging and diagnosis of
skin cancer.

Keywords: skin cancer, fluorescence lifetime, machine learning, binary classification



7R SRR e i e Y e N e

15 LD ERFRBEHR IR EQALEE

AN N
1w FTHBERFHWEE L TSR, H% 710071
2o A F R R A E EERE, LT 100190
E-mail: *jfzhu@xidian.edu.cn; **zywei@iphy.ac.cn
FE: BERIE 5 A2 —Moe 2 TR BEVE B8 A A0 S OB/ I, U AE RV ST R = A 0
W EE A TS AL . B A ARG A TSR B, 2 RAEE RO 4
AW LB eI BB S ST Rl . BT IR RN A% & 5
SR, FRKEABOCRMEEREA TN AR SURESCEOLRE (LD) 1,
BT TEREABOCAH IR R %, RUERHESOE LD BRI T AHOLE, TR PRI gk
FABOCRMBRATAI. [ 2016 i, KA IHEET LD HEEHERFEABOLRAR, LR
SEHL T W6 LD BRI A 5 R B B BRI K T R A KRR AR . Ok LD BRI
10 fs R FABOL RS [1,2]0 ARG RERATR A G LD U ZE ISR T A7 5L i T 36 B R0 4 sh A iz
R SEIS TAE, 1527 370 mW ki . RPN 3.5 WL 465 nm [ 2B LD /E A E A
BOLSRIO IR, BB RGO HOGRBH TR, HR. SR ABON T, T RE, &
WIEHZERH Y —A F=75 mm PR E TR EAMEkZ b, SEPRBEHEESN 120 pm X
61 pm. IR X B, W 1), M1-M3 2R H #2488 100 mm 1SS, 63
FENEBE AR LN 34 um, £ —4E B J5 ) FREDE S BRI TR R aRUL A . A TAE B fESRIIE
LD B IR E A RO IR R /1, MW LD it D2 i K, 38 3% R R & 6%
AIERAR 711 mW FES M . 7\ SESAM J5, A 3RAF 370 mW (18 iS4 H LK B[R] AT R HE £
ThRRE M, HAOwKN 815 nm, i ma 48 0.96 nm. BT 18 N AR S AT (iR,
S R e FE A 12 ps (B 1.(b))e TEJG SRR TAEF, E— DAL IEH A, B o R gt 2
500 mW,

(a) b
El (b)
<
El: E2: I3 L4 M1 Ti:sa M2 L8 L7 L6 L5 %‘
=1
F 4 E 12 x1.543 ps
305
465 nm-LD 465 nm-LD N
£
————— 5
M3 “
_____ 0.0 1 1 1 1 1
{] SESAM 30 20 -10 10 20 30

0

Delay (ps)
Bl 1.(a). SRE R E I (b) kit i

B HREABOE, WL, BB
223k
[1]. Han Liu, Geyang Wang, Ke Yang, Renzhu Kang, Wenlong Tian, Dacheng Zhang, Jiangfeng Zhu, Hainian Han, Zhiyi Wei,
“Diode-pumped Kerr-lens mode-locked Ti: sapphire laser with broad wavelength tunability,” Chin. Phys. B 28, 094213
(2019).
[2]. Han Liu, Geyang Wang, Jianwang Jiang, Wenlong Tian, Dacheng Zhang, Hainian Han, Shaobo Fang, Jiangfeng Zhu,
Zhiyi Wei, “Sub-10 fs pulse generation from a blue laser-diode pumped Ti: sapphire oscillator,” Chin. Opt. Lett. 18(7),
071402 (2020).
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[1] Yang W, Kim J, Hutter O, et al. Benchmark performance of low-cost Sb.Ses photocathodes for unassisted solar
overall water splitting. Nature Communications, 2020, 11, 861.
[2] Wang X, Tang R, Jiang C, et al. Manipulating the Electrical Properties of Sba(S, Se)s Film for High-Efficiency
Solar Cell. Advanced Energy Materials, 2020, 2002341.
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[1] Zin N. Recombination-free reactive ion etch for high efficiency silicon solar cells[J]. Solar Energy Materials & Solar

Cells, 2017, 172: 55-58.

[2] Suh D. Efficient implementation of multiple drive-in steps in thermal diffusion of phosphorus for PERC solar cells[J].
Current Applied Physics, 2018, 18(2): 178-182.

20



PR TSR B LR AR S KA BN E
PR FARIE R A FFHFRIENFE TR
WARAE, T A5 AT &, 5 # UL B

Bk K FHEFIE,H% 710127
*1 38 3T 44 -yduan@nwu.edu.cn ,*? i 0 ER 48 :qixycn@foxmail.com

TG B S5 B R 2 B0 I AR R 9 K 1 5RO 5 3 5 % O 1 (Laser Induced Breakdown Spectroscopy,
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Plasma Study of Nanoparticle Enhanced Laser-Induced Breakdown Spectroscopy
Yao Yagian,Luo Zewei,He Fan,Qi Xinyuan™,Duan Y.."

School of Physics, Northwest University, Xi 'an 710127
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Abstract: The evolution of plasma parameters has important research significance to the mechanism of Laser Induced Breakdown Spectroscopy
(LIBS).Compared with ordinary LIBS enhancement technology, nano-enhancement technology has high reproducibility, greatly reduces the
detection limit, and realizes the high-sensitivity detection of elements to be tested. However, the mechanism of nano-enhancement is still
unclear. The plasma parameter evolution characteristics of the elements to be tested were detected by dry drop analysis.In this study,
nano-particles of different sizes were used to detect and quantify the sub-ppm level concentration, and the rapid response was achieved.By
analyzing the plasma parameters (plasma density and electron temperature), the enhancement mechanism of nanoparticles was explained.The
small sample size and low concentration have a good application prospect for medicine and law.

Keywords: laser-induced breakdown spectrum, nano-enhancement, plasma density, electron temperature
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Pulsating Solitons in Ultrashort Pulse Fiber Lasers
Yueqing Du and Dong Mao
Northwestern Polytechnical University
yqdu@nwpu.edu.cn

Abstract: The pulse in the mode-locked fiber laser is referred as the dissipative soliton. The soliton will
lose its stationary state when it suffers overdriven nonlinearity. In both simulations and experiments, we
find several kinds of pulsating solitons that evolve with a periodic manner in the temporal domain. We
analyze the mechanism and evolution of those pulsating solitons. The results are interesting and insightful
to understand the dynamics in mode-locked fiber lasers.

Key Words: Fiber Laser, Soliton, Ultrafast Optics
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The acquirement and application of original photo—electric

signal in digital laser gyro
LiRui. WuFan. JiangYingzi
The Flight Automatic Control Research Institute of AVIC,Xi’ an 710065,China

Abstract: Digital laser gyro is the higher stage of laser gyro development. The integration
and encapsulation of laser gyro and electronic component has many advantages, such as digital
1/0. small size. light weight. high reliablebility. low power consumption. low cost. The
acquirement and application in one kind of digital laser gyro is researched . According to
the principle of weak signal detection, the performance property of original photo—electric
signal has been acquired. With the signal,a fit amplifier and its basic configuation has
been chosen. Through testing and adjusting the magnifying signal, the signal gets into
control circuit without saturation. distortion and large noise. So the digital laser has
been effective contorlled

Keywords: Digital laser gyro; Photo—electric signal; Signal amplification;

Signal test
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