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Abstract

In the neutral K-meson experiment area at J-PARC Hadron Experimental Facility, all lighting equipment were
upgraded from fluorescent lamps to commercially available LEDs in 2023 because of the discontinuation of fluorescent-
lamp production and the energy-efficiency improvement. The experimental area is a radiation environment, consisting
mainly of neutrons with energy up to several GeV and photons with energy up to 0.1 GeV. Currently, there is limited
knowledge regarding the lifespan of commercially available LEDs in such an environment. Thus, lifespan evaluation was
examined during beam operation from April to May in 2025 by installing new LEDs near a beam dump, where the
radiation level is relatively high in the experimental area. This paper reports on the dose estimations until the LED failures

and the behavior of the LED at the failure.
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Figure 1: Plan view of the Hadron Experimental Facility at
J-PARC.

KL B — AT A [2-411%, BRI D 16 FEORY HL A
CHRRL T 2R T HEMRE — LT AT, 2 BEO&R
Y A=Z IV AT IE SV K -2 — 2% KL
FEERTU T kL TS, KL EBRT) 7 TIHHAE Ko
O B ORR BE I E 3£ BR J-PARC El14 KOTO
experiment)[5, 6]3THIL T D, KL B — L7142 T,
Y A—FWIZH5 Dipole M ERAIZIY _EFENHD ]

# nabe@post.kek.jp

R FEHHEBRL WD, Fi2, B =T A0 EIRICES
7em DOERLY L~ T 7 — R RREBEINTEVELD

MEDH < FERFL T D, KL BE—AT7 A H A=
TRV 7 A DHIZFVVTIE, Beam-line simulation[2, 5]
5, 92 kW (8.1x10'3 protons/4.24 F)iEHARED 0.1 MeV
LbEov —2aT7Tpgmael T, HETFDH
770 <100 /4.24 Fb 7T~ #3870 x10° ff/4.24 F .
Ke T35 9 x10° {if/4.24 FREEDINELEESH
TS, FRZHPEFIT =L —205%) 300 MeV T,
K 8GeV BEFTOT o—RRZ X —ATML
LIEFESNTEY., B F—fHETFNRLNZ 8% KL
E— AT D1 DD THD, 723, K FEFIEF
BJ= RV =034 1.5 GeV T, H o ~H#THK 6 MeV 2
EDOH =X —LHEESN TN,

— _Wall-LED3 T
— WallLED- < WallLEDZ cmet, T
AN 4

— i Vacuum wndow

L
In-beam detectors '

W | (=
\in-beam detector
j‘\ (Leadfaerogs\ sandwith-type)

and vacuum window

~21m

Figure 2: Plan view of KL experimental area (KL area).
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Figure 3: Photograph of wall-LEDs in the KL area (Bird’s
eye view).
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Figure 4: Photograph of the experimental apparatus around
the KL beam dump (side view).
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Figure 5: Photographs of the experimental equipment.

- 760 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

AL, BARIZIE, X #rey B EL THIEH T AR
B3 GUEELPH 10 keV — 10 MeV) | FHETFHEL THEA
B Hi 07 oD CR-39(HIE #iFH 0.025 eV — 15 MeV) %
FEFL7ZH0 T, B E S & H*(10)23HE TE5H 0
Thbd, KL FEBRTUTIIE = RF — 0320 B
BLESNZ-0, CR-39 OHIERFEN Tieh E %
NF—TH5 14.8 MeV O HAA T TEIGS AR
[ QUL DR EBIEE A A L7z, £7-, Dump-LED
I, B =y MBI O LED Jebk Bz K FUEGE
xﬁ}:ﬂ&@ﬁ JCIRERARATTHOEEHIZ, LED EifER
SOV —IERERE L, EREIXEHHE Current
transformer ZA~7"C, LED &l — 7 —/LF 41—
18 CTT-10-CLS-CV5 ZfHEHL, V—2&EjitiL H EE

R AL CM4003 25 LT AC100V OFEEHRE THIEL .

ZOWH T —Hual)—TCiedkLi-,

AR ERER X, 2025 424 H 17 H2H 5 A 19 HIZH
T TOE — L ZALIIEDLETERMLI-LDT, BEK
420 RFFE D FRAFHRER T, 59 3 X 10" proton-on-target (pot)
BEOE—LAETHoI,

uauit%ﬁéﬂtﬁbf 030 (M 2AT) Ok RE
LED EJRERIZ An?%fﬁ%éﬁéﬂ@%ﬁﬁmﬁ
110 E%F'ﬁ%ﬁmbf_o ZhuE, B Lz o kB SEE
DIABEFIZOAEIDBRTHH-0, TEmETHILR
Frm A e CTEH A r@a:m FDORERDT- DI T
Lm)@f&;é B —AaT B DR RN, 2021 e

A EIEFUAR R A2 BA L THEON-T — 2 (B ER)
%{%b NEHITOB 5 A > TR Lz, BREHLE
&:is&j‘étLA:r?@*)‘%Z“ci\ BELZE 11 cm X &S
13cm THDH[13], BIRFRIZIIT D EE/ B8 AFHE 1
(A F T ERE G LR T) NE— a7 OIS
FNTNDILEEMERL TS,

3.  Monte—Carlo simulation |2 & AIRIEEF(

MRS BR B2 439576 Monte-Carlo simulation |Z
FVE LED ~AH 3 DR DI &RV X— 054 %
FEL, RS KL B =T A (FEBRTIT A

| Lead plates | | Wall-LED
400} ——
200 = Concrt
FE “ﬁ | =5
Cor Scintillator
I5 Csl
200 g ﬁ = Vo
—a00
0 500 1000 1500 2000
z[cm
Dump-LED BeamCore-LED

x [ct

PASJ2025 FRP020

M)ETIE, GEANT-3[14] & H L7z, =L % — B
1% 0.1 MeV T, "N AHHEVEAIE G-FLUKA =2—R%
EALT=, IZ, RV 7 NIL, PHITS v3.351[15]%f
L., Bvhih £ TE DIz 0L X —§i P (P B
1 X 10" MeV) CitHAZ1T>7=(Fig. 6), Y1 &1 B57E
FAZOUWNTIE PHITS fLAAZ D EGSS 20 LT-, %
a E— A3 7 ERIGT D FEE B (B, EZEHS)
BRESNTND, E—L 7V BIOERZITHND
Simulation 1% 10" pot fH Y DL FHE TEHEZITo72,

12
- 10 BeamCore-LED
o 11
2c::. 10 W Dump-LED
S 100 = Wall-LED
~
£ 10°
<
3 108
=
£ 107
3
2 108
)
o 10°
z
o l 1 ih
103 c c o c
o o 3 N S 5 s s Z ¢
° 5 g § °
[=} [ >
c o
©

Figure 7: Particle-type distribution in each tagging region
for 10" pot.
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Figure 6 : Input geometry (top) and particle-fluence
distribution (bottom) in the KL area calculated by PHITS.
Positions of three tagging regions: Dump-LED, Wall-LED,
and BeamCore-LED are shown in the top figure.

Energy (MeV)
Average Average Ratio of
T = e | resten |
BeamCore-LED | 4.5 MeV 344 MeV 63.7 %
. i ) Dump-LED 4.3 MeV 53 MeV 19.9%
w0 Wall-LED 1.4 MeV 3.4 MeV 3.0%

Figure 8: Energy distributions of (a) neutrons, and (b)
photons at each tagging region for 10! pot. The bottom
table shows the average energy of photons and neutrons,
and the ratio with energy higher than 15 MeV for neutrons.

- 761 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 FRP020

Table 1: Results of irradiation tests for commercially available LEDs. “y” denotes gamma ray (photon), and “n” denotes
neutron. The errors in the right column show statistical errors of the PHITS simulation.

LED name Operation status Ambient dose equivalent Absorbed dose estimated Total absorbed dose with
(operated period)  estimated with dosemeter”) from the ambient dose? PHITS simulation
(mSv) (mGy) (mGy)
Wall-LED-1 In service 152 33.6 38.0(£3.2)
(27 months) (v:20.4,n:132) (y:16.7,1n:16.9)
Wall-LED-2  Broken in March 2025 317 69.1 77.9 (£4.1)
(broken at 25 months) (v:40.4, n:277) (v:33.7,n:35.4)
Wall-LED-3 In service 646 174 283 (£11)
(27 months) (v:130,n:516) (y:108, n:66.0)
Dump-LED-1%*  Broken in May 2025 382 170 108 (£5)
(broken at 23 days) (y:171, n:211) (y:143,n:27.0)
Dump-LED-2™ In service 403 179 114 (£6)
(1 month) (y:180, n:223) (y:150, n:28.5)
BeamCore-LED  Lighting after irradiation 6226 2389 8677 (£250)

was confirmed.

without lighting NA)

(1:2258, n:3968)

(v:1882, n:507)

1) Ambient dose equivalents by neutron were estimated using dosemeters (CR-39), where the calibration factor obtained by
exposing the CR-39 in a 14.8-MeV monochromatic neutron field was adopted[12].

2) Absorption doses were calculated from the ambient dose equivalents, in which a conversion factor for neutrons was calculated by
exposing an ICRU ball to 14.8-MeV neutrons using PHITS[15]. A conversion factor for photons was adopted to be a '3’Cs value

from JIS-Z4511:2018[16].
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Figure 9: Behavior of Dump-LED-1* at the failure. The top
figure shows LED current and temperatures. The bottom
figure shows the leakage current.
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