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Estimation of Neutron Energy Spectrum of Cf-252 using 
Single Bonner Sphere with TLD-600 and TLD-700

Sunghwan Kim1,+, Jongkyu Cheon2, Jae Jin Lee3,  and Uk-Won Nam3

Abstract

We designed a single polyethylene bonner sphere with several thermo-luminescence dosimeters (TLD), for measurement of neutron
energy spectrum. For the separation of the neutron dosage in the neutron-gamma mixed field, we used 21 ea TLD-600s and TLD-700s,
respectively. Because, TLD-600 is sensitive to neutron and gamma rays, and, TLD-700 is sensitive only to gamma-rays, we could
determine the each dose by neutron and gamma rays. The neutron response function of the bonner sphere with TLDs was calculated by
MCNPX (ver. 2.5.0) Monte Carlo simulation in the energy range from 10-1 to 20 MeV. For the Cf-252 standard neutron source in KRISS,
we could estimate the neutron energy spectrum by unfolding method using the response function. 
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1. ≠–

∏ ∏¬–∫° ˆμ™«ÊÁ±°Îœ©¯§Ã°…œÌ,

ŸÁ—ÊÁ±À‚‚°˚Îœ©¨ˆ≠, ©Ø–fl°≠ÊÁ±¯

§°¿Î«Ó‘∏Á, Ø˜fl∫⁄«° ˆ∫ÂÆ≥¯§°Á˜

ÁÎ«Ì÷Ÿ[1-3]. ˜ÊÃŸ•©Ø≥«∏ ∏ªŒ°ÊÁ±

À‚‚¶÷Ì, ∏ ∏ºÆ°≠¯§»·˙¶ÃÆËÍ»›¿‘

ˆ¶ ÁÎœ© ˙˘‘∏Œ· Îœ© fl∫⁄ ° ˆ ∫ÂÆ≥ª

¯§“ˆ÷Ÿ. œˆ∏, ∏ ∏¬° ˆ–ÿ…Ã™⁄Ì, ̇ ÆÃ

´≈Ó‹°Ã÷Ÿ. ı∏™˜ÊÃŸ•©Ø≥«∏ ∏¶ÁÎ

ÿflœ«Œ¯§Ã¯≈ŒÏÁ, ̄ §√√£ÃπÃ…Æ¬Æ¶°

μ÷Ÿ[4]. ∏ ∏«ÃØ—‹°ª∏œœ‚ßœ©©Ø¨∏°

ˆ‡«˙∏Á, Toyokawa Ó[5]∫‹œ∏ ∏Õß°À‚‚¶·

’œ©fl∫⁄«° ˆ∫ÂÆ≥ª¯§“ˆ÷¬ÊÁ±À‚‚

° Î— ¨∏¶ ˆ‡œ¥Ÿ. Kimura Ó[6]∫ ÛÎ ‹œ ∏ ∏Õ

He-3 Ò Ëˆ¸°Î—Ø∫ªÚ°œ¥∏Á, Drake Ó[7]∫≠

fl∫⁄°Î—�μ¶ÙÃ‚ßœ©≠fl∫⁄Ìˆ‹È˚Ã´ÿ

“¶⁄√—∏ ∏°Î—¨∏¶ˆ‡œ¥Ÿ. 

ª¨∏°≠¬‹œ∏ ∏¶⁄ŒœÌ, ÊÁ±À‚‚Œ≠¸

§±Æ(TLD, Thermoluminescence Dosimetry)¶ÁÎœ©fl∫

⁄° ˆ∫ÂÆ≥ªÚ°œÌ⁄œ¥Ÿ. fl∫⁄Õ�∂±Ã•’

» ÊÁ±Â°≠ fl∫⁄° «— ∫–∏ –Æ ¯§œ‚ ßœ©

TLD-600˙ TLD-700ª ÁÎœ¥∏Á, ¶¤» ‹œ∏ ∏Õ

TLD°Î—›¿‘ˆ¬Û◊ÆŒ√ƒπÃ«∏ŒËÍœ¥Ÿ. Ë

Í»›¿‘ˆ¶ÃÎœ©Cf-252 fl∫⁄° ˆ∫ÂÆ≥ªÚ°

‘∏Œ·‹œ∏ ∏«°…∫ªÚ°œ¥Ÿ. 

2. «ËÊ˝

2.1 ‹œ∏ ∏«≥Ë

1ª÷Î–≥ ÊÁ±–˙(Department of Radiological Scenece,
Cheongju University)
DoRS 8-430, 298 Daesungno, Sandang-gu, Cheongju 360-764,   
Korea

2≠Û˙Î–≥ÊÁ± (̇Department of Radiology, Sorabol College)
DoR 302, 165 Choonghyodong, Gyungju 780-711, Korea

3—πμÆ¨∏ (̄Korea Astronomy and Space Science Institute)
KASI, 776 Daedukdaero, Yousung-gu, Deajeon 305-348, Korea

+Corresponding author : kimsh@cju.ac.kr
(Received : May. 6, 2013, Accepted : May. 22, 2013)

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License(http://creativecommons.org/licenses/by-
nc/3.0)which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.



|50|

J. Sensor Sci. & Tech. Vol. 22, No. 3, 2013 -224-

Kim Sunghwan§Cheon Jongkyu§Lee Jae Jin§Nam Uk-Won

ª¨∏°≠˜Ê 30 cm ̇ Æ°øª(–μ 0.97 g/cm3) ∏ ∏¶

≥Ëœ¥Ÿ. Fig. 1°≠∏¬ŸÕ∞Ã∏ ∏ªŒ° X‡◊ Y‡

°Îœ© 2.5 cm £›∏Œ TLD-600˙ TLD-700ª¢¢ 21≥ø

‘“ˆ÷‘œ¥Ÿ. TLD-600˙ TLD-700∫ LiF¶ºŒœ

¬ ÊÁ± ±ÆËŒ≠ Øø¯⁄¯£° Zeff=8.2ÃÁ, Œº« Øø

¯⁄¯£Œ Zeff=7.42ÕØÁœ©, Œº«Ìˆ±Æª˜¢¯§“

ˆ ÷Ÿ. TLD-600(6LiF:Mg,Ti)∫ ≠fl∫⁄ Ìˆ‹È˚Ã ´ 6Li

¶ ºŒ ÁÎœ«Œ fl∫⁄Õ �∂± Œ ¯§Ã °…œÁ,

TLD-700(7LiF:Mg,Ti)∫ 7LiªºŒœ‚ßÆ°�∂±∏¯§

Ã °…œŸ[8]. ˚Û≠ Œ æ˘« TLD¶ ÃÎ‘∏Œ· fl∫⁄Õ

�∂±•’»ÊÁ±Â°≠ŒÊÁ±Æª¢¢–Æœ©Ú°“

ˆ÷Ÿ[9, 10]. 

2.2 Û◊ÆŒ√ƒπÃ«ªÃÎ—›¿‘ˆËÍ

fl∫⁄« ° ˆ° ˚• ›¿‘ˆ¶ ·§œ‚ ßœ©

MCNPX(ver.2.5.0)[11]ªÃÎœ©Û◊ÆŒ√ƒπÃ«ª«√œ

¥Ÿ.Fig. 2¬ Û◊ÆŒ √ƒπÃ«« ≥‰μÃŸ. ‘Á fl∫⁄«

° ˆ¬ œ›˚Œ ⁄¨ ØÊ°≠ ™∏™¬ 0.1-20 MeV° Îœ

©, 1 MeV £›∏Œ√ƒπÃ«ª«√œ¥∏Á, ∏ ∏«Á˙∫

˙Æ°øª(0.97 g/cm3), ÊÁ±À‚‚¬˜Ê 1 mm, ÊÃ 5 mm

«LiF(2.635 g/cm3, Zeff=8.2)Œ⁄˘œ¥Ÿ. 

Fig. 3∫ ‹œ ∏ ∏° Îœ© Û◊ÆŒ √ƒπÃ«ª Îœ©

·§» TLD«›¿‘ˆÃŸ. °Œ‡∫‘Áfl∫⁄ˆ˙™ı—X

‡Ê∏Œ∏ ∏°≠«ÌÃÃÁ, ºŒ‡À‚‚°ß°—ˆ°°

≠Û◊ÆŒ√ƒπÃ«∏ŒËÍ—À‚‚«›¿·˙ÃŸ. ‘Á

fl∫⁄«° ˆ°∑ªˆœ•È°°ÓÓŒ–«±ÆÃı°œ

Á, ‘Áfl∫⁄«° ˆ°ı°“ˆœ∏ ∏Õfl∫⁄«Û£¤

ÎÃ�“œÈ≠ÁÌÃ°Îœ©›¿μ°�“œ¥∏Á, «©

«ÌÃ°ı°œ¥Ÿ. ËÍ»›¿‘ˆªÃÎœ©‘Áfl∫⁄«

° ˆ∫ÂÆ≥ªƒ(1)Œ·§“ˆ÷Ÿ[4]. 

©‚≠ Ri,j¬ Û◊ÆŒ √ƒπÃ«∏Œ ËÍ» ›¿‘ˆÃÁ,

Ng¬ √ƒπÃ«√ ‘Á fl∫⁄« ° ˆ æ˘« πˆÃÁ, Ci¬

TLD-600∏Œ¯§—™°≠ TLD-700«¯§™ª´™∏Œ¢

¯§ˆ°°≠«fl∫⁄ÊÁ±Æ°ÿÁ—Ÿ, ıj¬ j̄ ∞° ˆ«

fl∫⁄≠μÃŸ. 

3. ·˙◊Ì˚

3.1 fl∫⁄±Æ˙�∂±Æ«–Æ

Fig. 4¬ª«Ëªßœ©—π•ÿ¨∏¯«Cf-252 fl∫⁄∂

Á«°≠ ‹œ ∏ ∏Õ •ÿ± (̄2.36ø108 n/cm2s, ≥§œ⁄:

2012‚ 11̆ 9œ)ªÃÎœ©«ËœÌ÷¬◊≤ÃŸ. Cf-252 ±

Fig. 1. Designed a single bonner sphere.

Fig. 2. Block diagram of MNCPX Monte Carlo simulation.
Fig. 3. Calculated response functions of the single bonner sphere.

(1)
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¯∏ŒŒÕ 50 cm ˆ°°fl∫⁄¶¯§œ¥∏Á, ¯§ˆ°°≠

fl∫⁄°«—±Æ≤∫ 53.9 mSv/hr Ã˙Ÿ. 

Fig. 5¬ Cf-252 fl∫⁄ •ÿ±¯∏ŒŒÕ 50 cm ˆ°° 2

mSv¶ ∂Á— ƒ ‹œ ∏ ∏« fl…« øœ— ß° ÷¬ TLD-

600̇ TLD-700«≠¸§≠μ¶¯§—◊≤ÃŸ. ≠¸§¯§∫

Neo TL «∂‚(Neosys Korea Co.)¶ ÁÎœ¥∏Á, °¬≤∫ 5

…/s, ¯§¬μ¸ß¬ 50-350…Œ≥§œ¥Ÿ. Fig. 5°≠∏¬

ŸÕ∞Ã TLD-600«≠¸§≠μÓ±∫ 167, 196 ◊ 219…« 3

≥««©¶∏¥Ÿ. Cf-252¬›�‚° 2.65‚ÃÁ, ÷Û° ˆ

2 MeVŒfl∫⁄±¯∏Œ≠fl∫⁄Õø√°�∂±ªÊ‚—Ÿ.

œˆ∏fl∫⁄««—±Æ°Òœ©�∂±°«—±ÆÃ≈Ï˚

Ó≠ Fig. 5Õ∞Ã TLD-700∏Œ¯§»�∂±°‚Œ—≠¸§

≠μ°˚‘™∏μŸ. TLD-600∏ŒŒÕ¯§»·˙°≠ TLD-

700∏Œ ¯§» ·˙¶ ¶≈‘∏Œ· fl∫⁄∏° «— ±Æª Ú

°“ˆ÷Ÿ. 

Fig. 6∫ Cf-252 fl∫⁄ ±¯∏Œ ∂Á— TLD-600« ≠¸§

≠μ Ó±« «©Èª –Æ— ◊≤ÃŸ. ≠¸§≠μ Ó±∫

TL/OSL Glow Curve Analyser ver. 1.1.0(by KAERI and GNU)

Œ–Æœ¥∏Á, 167…(«© 1), 196…(«© 2) ◊ 219…(«© 3)«

3≥«©Œ∏∫»Ÿ. «© 1, 2, ◊ 3«≠¸§Æ¶«∞∫≠° 

ˆ¬¢¢ 1.71, 1.73 ◊ 1.84 eVÃ˙∏Á, ¢«©È«÷ƒˆŒ⁄

¬¢¢ 1.2ø107 s-1, 5.2ø107 s-1◊ 2.3ø107 s-1Ã˙Ÿ(Table 1).

Table 1. Trap parameters of TLD-600 glow peak

1 1.71 1.2ø107 s-1

2 1.73 5.2ø107 s-1

3 1.84 2.3ø107 s-1

Peak
Number

Activation
Energy (eV) Frequency factor (s-1)

Fig. 4. Photograph of experimental set up.

Fig. 6. Analysis of TL glow curves of TLD-600 irradiated by Cf-
252 neutrons.

Fig. 5. TL glow curves of TLD-600 and TLD-700 irradiated by
Cf-252.

Fig. 7. Comparison between estimated and calibrated neutron
energy spectra.
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3.2 Cf-252 fl∫⁄° ˆ∫ÂÆ≥

Fig. 7∫ —π•ÿ¨∏¯« Cf-252 fl∫⁄ •ÿ±¯° Îœ

©ËÍ»›¿‘ˆŒ˙˘ª«√—ƒ◊·˙¶•ÿ±¯«°

 ˆ∫ÂÆ≥˙ Ò≥— ·˙ÃŸ. Fig. 7°≠ «±∫ •ÿ fl∫⁄

±¯«° ˆ∫ÂÆ≥ÃÁ, °∏Œ•√»Œ–∫ TLD¶¯§—

fl∫⁄±Æ∏ŒŒÕ›¿‘ˆ°Îœ©˙˘∏ŒËÍ»·˙Ã

Ÿ. Fig. 7°≠∏¬ŸÕ∞Ãfl∫⁄° ˆ∫ÂÆ≥ªŸÁ˚∏

Œ∏“ˆ÷ΩªÆŒœ¥Ÿ. 

4. ·–

ª¨∏°≠¬fl∫⁄° ˆ∫ÂÆ≥ªÚ°œ‚ßœ©˙Æ

°øª‹œ∏ ∏¶¶¤œ¥Ÿ. ¶¤»‹œ∏ ∏«ªŒ°fl

∫⁄Õ�∂±ª–Æ¯§œÌ, fl∫⁄«° ˆ∫ÂÆ≥ª·§

œ‚ßœ©¢21≥« TLD-600 ◊ TLD-700 ±ÆË¶œ§—£

›∏Œ ˆ˜ Ë°œ¥Ÿ. fl∫⁄ ° ˆ° 0.1-20 MeV° Îœ©

Û◊ÆŒ√ƒπÃ«∏Œ‹œ∏ ∏«fl∫⁄›¿‘ˆ¶ËÍœ

¥∏Á, —π•ÿ¨∏¯« Cf-252 ±¯°Îœ©ËÍ»›¿‘

ˆÕ ¯§» TLD ±ÆË« ™∏Œ ˙˘— ·˙ fl∫⁄ ° ˆ

∫ÂÆ≥–Æ°Ê–—∞Î°…∫ªÆŒœ¥Ÿ.

�Á«¤

ÃÌÆ∫ 2012‚μ§Œ(Ã°¢∂˙–Œ)«Á¯∏Œ—π¨∏
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