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Fig. 1. (a) Three-dimensional schematic of the single-sphere neutron spectrometer; (b) photograph of the single-sphere neutron spec-

trometer.
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Fig. 2. (a) FLUKA simulation structure; (b) simulated re-

sponse functions of the single-sphere spectrometer.

MR TR T T, 2788 6 41
PRI T ORI AT BR AR
HEAL) 6 FLAEIN 3 PRI TR RIS T
WL BRH R(F) 53 TR AR

Enax

N; = Ri(E)P(E)dE, (1)
Ein

Hop, NS iR A det; (i = 0, 1, 2, 3, 4,
5) W FIHHECR; R(E) e o AR & Y Hh el
N PREL D(E) RFF v FRERE. ARG 2(b) 45
(AN 25 1) - . pRE. R(E), 3 kSR A 7 R A
(1), FHARDNES B T3 BT B b Al v
REdE. b T TIHE, M Lkneit bl B al ik A4 T g
X, Bk RTINS T R e

9 108—10% MeV, LA Alg(E) = 0.1 J—fERIX
], BIHULE R RE X RSB0 110, T 2R R
BRI e X B N B . (HE, H
BRrh B RIHRI h FIHECR R 6 1, BRI R
2 (1) v pyph STy RS EGE D TR NE L
I, FRER RS A A T S R X
URE AETETCTS 2050 sR AL (E) #RARE I 2 7 72
A (1), BHASE DEBIREY R IR A 42 1.

DR (1) ANAFAEME—ff, T 2 e R fE
BT I AR . AR SR FH L T e MR i 3 A i
KA % B (maximum entropy deconvolution,
MAXED) 551 PU S5, SR I BA TR 45
FERE B IRGIET, W E SRR M R G
A3 MAXED 3 55 R s e O I Bk 4
TR R TR TR TCST 2R, R BIAF
B BRI S5 BLRS (BB R — 4, 2 e i G B,
T oA R PUE TS (eI 5 ) AR b 7 A R
B, BRI SRR Bk A PR AR 22 A 2K FERR
il S A SR A0 e AR vh 7 RE S B MAXED
ARG S

2.3 HBRKARFIEEIRE

K E M RE L) 21 Am-Be 1 7B A Cf-252
G BRLER R A AT B IE FIAR . ] 3(a)
g BAER o T RE S ANAE 2 Am-Be W TR _EUEFTRE
T PRI & 2 Am-Be H TR SRIE N 5.3
10° 5L, PR RE RN 4.5 MeV. WA T4
W BERAT PG, BRI B4 700 mm, 5 702 mm .,
i 220 kg, HEE LR O ZED . AWMU
PN, BERPFREIE A 2 X R
SHL, DI IR 1.2 me AR IR, 4
THEER TSR PR, AR T I ECRE R
TEAS RN R SEIAEE A 3(b) Frs. S5E AR 21 Am-
Be 7B X EG, S RETEAE 4.5 MeV £
WA BRI 5 T 1 — 3, (RO AEARBERR /A Ao g v
Fig. [ 4(a) AERERHFRETEAAE CF-252 HhF I
AT REIE N B R B 1. CE-252 Hh IR B T R
1 2x107 Bq, FFA&HH N 2.87x100 n/s. HF5f
WA AR 25 4 N BL B AMEK YR A 5 em 45 . 30 cm A1 1
5 cm MIEP, HFfLIE EHAE R 10 cm. 8GR
BRI o il X R AL, A R
B FUE 1.5 m. ARG AR A TR
i 145 2 A S e TS 1A 4(b) BT, AHEE T EVA

100801-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026) 100801

10000

(b) —=— SEHAEL
o il

8000

6000

4000

2000

il / (n-em—2.s71)

0

sl sl

10-8 10-¢ 10-4 10-2 100 102

A/ MeV
B3 (a) Bk FRERE AN Am-Be PRI 5 (b) BBk T AR IS ALK Am-Be 7 IR A9 7 115 25 5L

Fig. 3. (a) Experimental setup of a single-sphere neutron spectrometer measuring an Am-Be neutron source; (b) unfolded spectrum

obtained with the single-sphere spectrometer for the Am-Be source.
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Fig. 4. (a) Experimental setup of a single-sphere neutron spectrometer measuring a Cf-252 neutron source; (b) unfolded spectrum

obtained with the single-sphere spectrometer for the Cf-252 source.
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Fig. 5. (a) CEB525 aircraft employed for airborne deploy-
ment; (b) installation of the single-sphere neutron spectro-

meter inside the aircraft cabin.
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Fig. 6. Total neutron counts as a function of time at vari-

ous altitudes along the Suining-Changsha flight route.
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Fig. 7. Unfolded atmospheric neutron energy spectra at dif-
ferent altitudes along the Suining-Changsha flight route.
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Fig. 8. Comparison between the unfolded neutron energy
spectra obtained at different altitudes along the Luoyang-
Suining flight route and the corresponding model calcula-

tions.
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Table 1. Comparison of measured and calculated neut-

ron flux along the Luoyang-Suining flight route at differ-
ent altitudes.
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5385 185 202 -8.4% 140 140 0%
4826 137 159 -13.8% 104 109 —4.6%
4207 117 116 0.86% 89 80 11.3%
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Fig. 9. Variation of high-energy neutron flux with altitude,
dotted line represents measured data, solid line denotes fit-

ted curve.

100801-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026)

100801

LA 19l;

B(t) = Boe™, (4)
Hrp, 828 6, = 6.706 n-cm 2h L, X7
AR o = 5.191x 10 m L JElE, KA
Tl B 20 km BTk 2 ME 2. 7F iR
KIFHRLAT, AT LIARYE (4) SAMEA [RIE4K = B AL
(14) 25 E P 73

5 %4 %

AR S LS SRR A, SE T
4.2—7.6 km Z5 sk AN [R] g BE AR A9 R 1 RETE U
B OZPERP I ORI EAR N 29.5 cm IR LM
BRI AR, A R RE b 84 s b1 A
AT LIRS A BRA R E BEAL Y 36 4> OLi-"Li
RS INHRAR B b TR . SLi BB DA SRR RE [] it
Mg 187 H - AN D A5, "L BT DAL AR FH 0 6
ChAJERAR T RE L BES DN AR AR R 21 fy v 5~ 5
RAE SR DA RS, B2 4. 16
RIS UERPHA 1 cm JERETERSE, B KIEM
k] AE P T RYIRINACR. LT Bonner Z28Kki%
ASC, BABR e 3SR A RURI E i R /N, 7T LAY
S RATHE I B R . ORI FLUKA {5 B3R T
FARR AR AR 2 P R R PR, R TR
VA AT LIARSEZRIN % h B RO Uh TR
1R SR T T REE- S EXPACS RREARTHE NS
Fe, Bk 7 s A5 R A R M. R S B RS
TREN, T LABREO 2 G SR B RO0 ™ A

BTRR B9 P 7R AR R T, P B EL R 2
N 0.76. [RJIN, Bl A i B 3 R, RS T
TR RS . LIRER A SRS R R
TR AT RIS A

S 0k

[1] Ziegler J F 1996 IBM J. Res. Dev. 40 19
[2] Barth J L, Dyer C S, Stassinopoulos E G 2003 IEEE Trans.

(11]

(12]
(13]

(14]

20]
(21]

22]
(23]

(24]

(25]

100801-7

Nucl. Sci. 50 466

Zhang Z G, Yang S H, Lin Q, Lei Z F, Peng C, He Y J 2023
Acta Phys. Sin. T2 146101 (in Chinese) &N, B/, Mt
FEEE, WM, MEAE 2023 YF2A4R 72 146101)

Autran J L, Munteanu D, Roche P, Gasiot G 2014
Microelectron. Rel. 54 1455

Autran J L, Roche P, Borel J, Christophe S, Karine C C,
Daniela M, Thierry P, Gilles G, Jean-Pierre S 2007 IEEE
Trans. Nucl. Sci. 54 1002

Normand E 1996 IEEE Trans. Nucl. Sci. 43 461

Goémez-ros J M, Bedogni R, Moraleda M, Delgado A, Romero
A, Esposito A 2010 Nucl. Instr. Meth. Phys. Res. A 613 127
Serre S, Castellani-coulie K, Paul D, Lacoste V 2009 [EEE
Trans. Nucl. Sci. 56 3582

Burgett E A, Hertel N E, Howell R M 2009 [EEE Trans.
Nucl. Sci. 56 1325

Masuda A, Matsumoto T, Harano H, Nishiyama J, Iwamoto
Y, Hagiwara M, Satoh D, Iwase H, Yashima H, Nakamura T,
Sato T, Itoga T, Nakane Y, Nakashima H, Sakamoto Y,
Theis C, Feldbaumer E, Jaegerhofer L, Pioch C, Mares V,
Tamii A, Hatanaka K 2012 IEEE Trans. Nucl. Sci. 59 161
HuZ M, Ge L J, Sun J Q, Zhang Y M, Cui Z Q, Gorini G,
Zhang H, Chen J, Chen J X, Li X Q, Fan T S 2019 Nucl.
Instr. Meth. Phys. Res. A 940 78

Hubert G, Cheminet A, Nuns T, Lacoste V 2013 IEEE Trans.
Nucl. Sci. 60 4660

Cheminet A, Lacoste V, Hubert G, Boscher D, Boyer D,
Poupeney J 2012 IEEE Trans. Nucl. Sci. 59 1722

Peng C, Lei Z F, Zhang Z G, Yang S H, Lai P, Lu G G 2023
High Power Laser Part. Beams 35 059001 (in Chinese) [82i#,
TR, SR, AR, SR, BEIEDE 2023 SREOL SR TR
35 059001]

Leray J L 2007 Microelectron. Rel. 47 1827

Dyer C S, Truscott P R 1999 Microprocess. Microsyst. 22 477
Normand E, Baker T J 1993 IEEFE Trans. Nucl. Sci. 40 1484
Goémez-ros J M, Bedogni R, Moraleda M, Esposito A, Pola A,
Introini M V, Mazzitelli G, Quintieri L, Buonomo B 2012
Nucl. Instr. Meth. Phys. Res. A 677 4

Bohlen T T, Cerutti F, Chin M P W, Fasso A, Ferrari A,
Ortega P G, Mairani A, Sala P R, Smirnov G, Vlachoudis V
2014 Nuclear Data Sheets 120 211

Liu B, Yang H R, Lv H W, Li L, Liu J J, Jing F T, Yan M
F, Wei S P 2019 Nucl. Instr. Meth. Phys. Res. A 925 217
Reginatto M, Goldhagen P, Neumann S 2002 Nucl. Instr.
Meth. Phys. Res. A 476 242

Sato T 2015 PLoS One 10 e0144679

Ibe E, Taniguchi H, Yahagi Y, Shimbo K, Toba T 2010 /[EEE
Trans. Electron Dev. 57 1527

Weulersse C, Houssany S, Guibbaud N, Segura-Ruiz J,
Beaucour J, Miller F 2018 IEEE Trans. Nucl. Sci. 65 1851
Wen S J, Pai S Y, Wong R, et al. 2010 IEEE International
Integrated Reliability Workshop Final Report (IIRW), South
Lake Tahoe, CA, USA, October 17-21, 2010


https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1147/rd.401.0019
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.1109/TNS.2003.813131
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.7498/aps.72.20230161
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1016/j.microrel.2014.02.031
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/TNS.2007.891398
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1109/23.490893
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1016/j.nima.2009.11.011
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2031141
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2009.2019272
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1109/TNS.2011.2175406
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1016/j.nima.2019.06.004
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2013.2282219
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.1109/TNS.2012.2201500
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.11884/HPLPB202335.220353
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/j.microrel.2007.07.101
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1016/S0141-9331(98)00106-9
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1109/23.273514
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nima.2012.02.033
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nds.2014.07.049
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/j.nima.2019.02.026
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1016/S0168-9002(01)01439-5
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1371/journal.pone.0144679
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TED.2010.2047907
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
https://doi.org/10.1109/TNS.2018.2813367
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 75, No. 10 (2026) 100801

Measurements of atmospheric neutron spectra at various
flight altitudes using single-sphere neutron spectrometer”

PENG Chaot CAI Zhiyan?  ZHANG Zhangang! ZHUANG Kai?
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FENG Baotong?  ZHANG Hong! ZHU Meiling ?
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1) (State Key Laboratory of Reliability Technology for Electronic Components, the Fifth Electronics Research Institute
of Ministry of Industry and Information Technology, Guangzhou 511370, China)
2) (Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)
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Abstract

This paper utilizes a high-performance aircraft to carry a single-sphere neutron spectrometer to measure the
cosmic-ray atmospheric neutron energy spectra at different flight altitudes. The single-sphere neutron
spectrometer employs a polyethylene sphere with a diameter of 29.5 cm as the moderator to thermalize neutrons
of different energies. Neutron detection is achieved using 36 SLi-"Li glass scintillators distributed at various
depths within the polyethylene moderating sphere. The 6Li glass scintillator responds to both neutron and
gamma signals, while the "Li glass scintillator is used to measure the gamma background signal. By subtracting
the gamma background from the mixed neutron-gamma signal detected by the SLi glass scintillator, the neutron
counts can be obtained. A 1 cm thick lead shell embedded within the polyethylene moderating sphere extends
the neutron energy response of the detector up to 1 GeV, enabling the measured neutron energy spectrum to
cover the range from thermal neutrons to the GeV region. The neutron response function of the single-sphere
neutron spectrometer detector was obtained using FLUKA simulations, and the atmospheric neutron energy
spectrum can be derived from the detector neutron counts based on the unfolding algorithm. Flight-based
experiments were conducted on the Suining-Luoyang and Suining-Changsha routes, obtaining measured data of
the atmospheric neutron energy spectrum in China’s airspace at altitudes of 4.2-7.6 km. The neutron energy
spectra at different altitudes exhibit similar shapes, consisting of four energy regions: a thermal neutron peak
below 0.4 eV, an epithermal neutron plateau region between 0.5 eV and 0.1 MeV, an “evaporation” peak
between 0.1 MeV and 20 MeV, and a cascade peak above 20 MeV. The accuracy of the measurement results
was verified by comparing the measured atmospheric neutron energy spectra with the calculated values from
the Excel-based Program for calculating Atmospheric Cosmic-ray Spectrum (EXPACS) model. Based on the
measured atmospheric neutron energy spectra, the fluxes of thermal neutrons and high-energy neutrons, which
contribute primarily to single-event effects in semiconductor devices, can be obtained, with a ratio of
approximately 0.76 between the two. As the flight altitude increases from 4.2 km to 7.6 km, the high-energy
neutron flux above 10 MeV increases from 117 n-cm2-h™! to 358 n-cm2-h™'. With increasing altitude, the high-

energy neutron flux approximately follows an exponential growth trend.
Keywords: atmospheric neutrons, single-sphere neutron spectrometer, airborne deployment, single event effect
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