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Figure 1 (Color online) (a) ***U and (b) »**Th decay series, showing the position of **’Rn and ?*’Rn isotopes and their progeny. The radionuclides
measured by DORN (alpha emitters) are circled in blue. Half-lives and decay modes are also indicated [13]. (c) Illustrates the decay mechanism of
280 into **’Rn and its progeny on the lunar surface. The diagram shows the production, release and transport of radon in the lunar soil and exosphere,
followed by the formation of a radioactive veneer at the surface of the Moon due to the implantation of radon decay products (only alpha emitters are

shown).
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Figure 2 (Color online) (a) Spatial variations of 219 observed across the Apollo 16 ground track [7,8]. (b) Alpha spectrum measured by Apollo 16
APS showing >'°Po, ’Rn, and >'®Po peaks [7,23]. The *'°Po peak is larger than *’Rn and *'®Po, while at secular equilibrium, under steady state, it
should be lower. (c) ?*’Rn and (d) 2'°Po maps measured by Lunar Prospector APS [10]. In addition to large spatial variations, disequilibrium between
the two radionuclides is also observed, indicative of time-variable radon release. The **’Rn signal has also varied between the Apollo missions and
Lunar Prospector. The letters A and K indicate the location of the Aristarchus and Kepler crater, where ?Rn or *'°Po anomalies have been observed

by three missions (Lunar Prospector, Apollo 15 and Kaguya-Selene).
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Table 1 Summary of *'°Po surface activities measured or derived from previous missions, experiments or models

PRIX 42k PRI Kl R U 2Opo K %% (Bq m™2) 2R
ESR Y Explorer 35 B 7R 3 R A A <1100 [3]
4 A RIS AY Kranerfs 1200 [14]
Mare Tranquillitatis Surveyor 5 Rif JR VRO U A 420140 [4]
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Figure 3 (Color online) (a) Locations of robust optical transient lunar phenomena (the size of the symbols encodes the number of reports per
features). Marked features include: (1) Aristarchus, (2) Plato, (3) Alphonsus, (4) Gassendi, (5) Ross D, and (6) Kepler (Photo credit: NASA). (b)
Location of shallow (¢) and deep (+) moonquakes. Both processes show significant correlation with Mare/Highlands boundary [30].
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Figure 4 (Color online) (a) Front appearance of DORN. (b) Back appearance of DORN. (c) System composition of DORN (from top to bottom:
sensor probe, electronics box, and mechanical mount). (d) Final integration state of DORN on the Chang’e 6 probe (within the red square).
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Table 2 Radionuclides measured by DORN, with half-life, alpha
energy and alpha decay yield

EEbAS P afit & (MeV) FEH (%)

PURAE

22Rn 3.8235d 5.49 100

218py 3.05 min 6.00 100

2l4pg 164 ps 7.69 100

210pg 138 d 5.30 100
232Th§§%§

220Rn 55.6s 6.29 100

216pg 0.15s 6.78 100

*’Bi 60.6 min 605 22

6.09 9.6

212pg 3x107" s 8.80 100
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Figure 5 (Color online) Alpha spectrum of **Rn, *°Rn and short-
live decay products measured under vacuum (the blue dashed square
refers to the range of interest for detection).
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B 6 (M4 foR DA SRR TRNPR SR 2 B, (a) HHEMZ RS, (b) A HE 7R & E; (o) f RN
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Figure 6 (Color online) Schematic diagram of DORN’s surface detection state field. (a) The near-field of view on the lunar surface; (b) the far-field
of view on the lunar surface; (c) schematic diagram of DORN on the lunar surface.

229601-10



ol s, hE R WY )% RO

2026 £ HsS6eE 2

AT, AR OR I AT BT R I s A 0 X A 7
(El6(c)), LA LR AT 7 1 LRI &A1, S
PRICR: M8 BE FABRET B 2o e T R 2R AR, &
Fiti 2% b 22 25400 B W B 4(c) .

AR PR St KRR R EE
T A BRI S A 1A B AR IR R RN
25°C. AT RATREFARIA IR B 21, RIZE I S,
SUAIRIAAE H 3R TAEAIR, 452 4b T35 i 2% 5 BH
MsIX, se4axit G KBH B 5. fERMTSME, &
i 2 USRI . (R G0 R FH U B FL U
WiT(26-32 V), A1 FH Tk 225 i ik 7 v
MLE EAGFEE, HAMEEH T3 AR A TIERM
BHERIN TAE L R AR S IR fh i, AR EC B
SEARY R K gk B AT ORI T 29 VBTN R, B
SERUFEA R T33 W, Hp— kAN T33 W (B
TAE12 W, TAEI#21 W), ELEm#VN T30 W.

RFR RG] SEME, AR & 7 e 1A
WEIEAE RS, 8 bk 1 % H IR R ]

SIS W I AR, I Bt e o o 0 e A [ 3
Tz . AR DI 2 i 35 1438815 % )
RS422544% ) LA115.2 kbps (£3%%75 25 38 45 Vi 4
17 TARRSERAE B H. 255 B MR 5
P S B AR HIFES.S GbitsbAN, i b R AT
1Al A,

6.4 HKMEBITIZIT

SRR ARSI B T 2 AR O BB A, LT
FH T BRI S He A R A 3R 3 R T ekl T %
TCKH e R SRR EE B0, FZE B A
T BRLBROMRL . BT TR SRS . AT
HRAFNVEAL S B2 (7 ().

A AR A BRI P AR I & R T PR
(CEOLFERBA RURL 1 52 |7 9 42 SR 2 B 5 RIS AN
J& AT AR 1 3 AR R RRAE (KL, AUSERIIACR
T =EB R

(1) BRiA e

(a)

/ B
.’.

<O

-

-
B

IR

N R

~ SR TE ]

@

SHERRT

B 7 (MR (a) Kl 4L IRl (b) -200RAETRAL IR, () £h-209K8EDD; (d) A5 & Beit s = Kl

Figure 7 (Color online) (a) The detection unit; (b) the Polonium-209 calibration source; (c) Polonium-209 calibration ball; (d) schematic diagram of

anticoincidence design.
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Radon is the decay products of uranium and thorium. Monitoring the radon cycle on the lunar surface could provide
critical insights into gas transport mechanisms and internal geological activity on the Moon. The China-France Detection
of Outgassing RadoN (DORN) instrument, equipped with a highly sensitive silicon semiconductor detector, measures o
particles emitted by the decay of radon and its daughter nuclides. Designed to exclude interference from other particles in
the lunar environment, DORN also incorporates a Polonium-209 calibration source to address contamination issues
encountered in prior missions. As part of China’s Chang’e-6 far-side lunar mission, DORN—the first active French
instrument deployed on the Moon—conducted the first in-situ radon measurements on the lunar surface. Combined with
orbital observations, it returned 1059.54 Mbits of scientific data. These findings are expected to yield new constraints on
the sources, spatiotemporal distribution, and transport mechanisms of radon and other volatiles. This collaboration not
only highlights China’s aerospace technological capabilities but also establishes a pioneering model for international
cooperation in deep-space exploration.

Chang’e 6 mission, Detection of Outgassing RadoN (DORN), radon, alpha spectrum, China-France collaboration
PACS: 07.77.-n, 23.60.+e, 29.30.Ep, 95.55.Pe
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