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Performance evaluation of a 2-pm differential absorption lidar using a superconducting
nanostrip single-photon detector for temperature profiling
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Abstract: Taking advantage of a high system detection efficiency of the superconducting nanowire single-photon
detector at 2 pm, an enhancement to the direct detection 2-um water vapor differential absorption lidar (DIAL) system
is proposed to enable atmospheric temperature profiling. The performance of the temperature estimates from the DIAL
is described and analyzed using a Monte Carlo simulation for lower-troposphere measurements with accumulation time
of 10 min and range resolution of 100 m.
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1. FC&HIC

MR AT 2 ERMZ L L THBOFAM PO DI, KBRKOMRMN - ZHOCEBERBERSEE
TH5H. NICT TIECO#Hlo7d0ER 2umEO L —VoEEHREEFLEBEIED, ab—1L v KX
DIKFER W T A ¥ — (KZKS DIAL) DOBAZE &7V, JA & KZK K O FHIMERE D BGE & EIEE AT - 72 2.
L2»L, ae—Lbry hbFRiEe—d kD a vy b ) A ARXBENTHDID, EEHIREEZTICHES
T THHAIIT SN b, S F D AKFEK OB SR ECBRIERE, oML n L2 0N ®LWY. 2ok
O, BEE) ) UAYHE T HRIE (Superconducting nanowire Single-Photon Detector: SSPD) % F v 7= B $2
i 7 D KRR DIAL Ol # Bt L7=. SSPD T EFIEHRERENEH CIHEEFERER (1.55 um) ITBWT
BRHEBERR, K/ A X0 TRt e L CHFEREERANZED DN TWAD. NICT TIHEE 2 um #12
BWTHLHHEZZRN 80%% B2 5 SSPD B ENTWD . Z @ SSPD # AWV EERIE X0 KER
DIAL i 24TV, 2k —L > M HFROKEL DIAL [T T, B SMES L OB EMZ I ETX 57
BHEZIRLE 9 ARTE, KEAKERARICEERIGAERCHIRIROFHRMGELEBEINIRERZE
OWVWTHRAEIToTEDT, TOMREIZOVWTHET 5.

2. SBBIEREOMEETMAE

W 2 pm #HOKAK DIAL TIEAKZAERIC K 2 WRILA BV R (Aon=2050.550nm) & WU 2355 WK &
(Loff=2051.103nm) O L —F K EZHEHET E7- D0 EERE L LT, CO» DTILHER (Ac02=2050.967nm) I
Oy 7 &N L—FHEHNTWNE., EREL1co2 DL —FHE2RKFICHRE LEES, EE Mff O L —3
L DFESWUL (CO2DIAL) 12XV, TR L RFTHEFEINIE S At , Nt H SN 5.

1 [Nyrr(R2)Ngoo (R
Aoy (Ry,Ry) = =1n orr (R2)Neo2 (Ry)

= Ngp, A0, T,P)AR + ny,,Ag, T, P)AR
2" [Neoz2 (R Nogs (Ry) c0280co2 (T, P) 12000420 (T, P)



KRIEK D E nmo XK DIAL (JEER don & doff) O EHINSME A WS, AKHKA DIAL Tk,
& don & Aoff T 755 W LT 1 8 Adcop = |oon — G| PEIEE R &2 D728, CO2IT K 2L D 58 % EAH T %
5. CO2DEEIE ncox 1% 410 ppm T—HRIC A LTV D LRE L, CO2 DIAL 205 H XN D Atepy pra & D 2
Wh/NE DKM T ERE P CHRE SN D 255 WU 8 55 Aoco, (T, P) = | 0002 — 0opp| % Bl B FIEIC L 0 BRER T
% . WU 87 fE (X HITRAN Application Programming Interface (HAPI) Y% W CHHE T 2. £mETCHOT L P
OMEEILH LK BBP NSO E SN DHEEH WD

ARBCTEHERRELCHBEFTOY I OAT 7 A N—L—FffD Ho:YLF L —H 9% WD HAZHE L
72 (VOV A 3L ¥ —39 m], i E i 600 Hz, /S/V AF 160ns). 32 )5% & LT, SSPD O #i & 1T 0.84,
HFET7 4 NF —OFIERIE 1nm, ZHBEF30em ZHELL. —F, RKOEHRE LT 2020 4 H FIZ NICT
KENPOHEKLEZ VA Y T ORI, [UE, KEKOERICE & # 2 72 Tropical atmospheric model V% A \»
13&% (Mon, Aoff, Aco2) DIA X —FEHEAEKLE. £, KA THE SN BAMWAEZENIEZED T

L#EZ AW T, CO2 DIAL 75 EH &N D Atepypa & SLE THE L, Z DAtcoppa & PENR /N E R D

AJCOZ(T,P), DEVRETERIEPABRBTLZEVTANMNBRY I 2 b —2 3 U &2fTo 7.
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3. MREEREM@EAER

X 1b,c 12 2020 4£ 7 A 13 H 8 FF 51 3IZ NICT KNS HMER LT U4 Y T ORIR, KE, KEKDOT
— X (BM) % ELICHEHES R HE 100m, %%H%F'EJ 10 TRIBERIEEZHE LR Z T, KE & REDOH
EE GRAR) XRHE % 100 BEAT L2 FHME (RAL) & IEHER=E <I§~/<~) TRLTWD., #EEShT-
R[RIBEREETEE3Ikm F CEMMEMR—F%L, HBE 1.2km & 3km o EELHBITEDLZ LN bh»
5. [EBLOKEOERERFZILEE 2km T0.8K, 0.3hPa, 3km T4.1K, 1.4hPa THD. FATHIEEL
Fémcmm@*aﬁ 232 (X la) 1 EEE 2km TO0.1%, m/E 3km T0.5%TH Y, [IEHEMZE 1K 2T
D7 OITITERER CODIALBRAERNLETHDLIZ LERLTND.

4. F&EH
KR 2 pm # D SSPD & Ml W o MR 5 D KZE S/ CO2 DIAL TOEE S5 XIRAIERE &2 R L7,
%I RGE R B E K EBHEORF LT TETH D.
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Fig. 1. (a) Local optical depth, (b) temperature, and (c) pressure as a function of

height using a range resolution of 100 m and an accumulation time of 10 min.



