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Development of a Hybrid Photodetector for Direct Dark Matter Experiments

Shingo KAZAMA*

We proposed a novel hybrid detector for direct dark matter detection experiments, aiming to further
reduce radioactive background. The hybrid detector combines PMT technology with silicon semiconduc-
tor photodetectors. The study involved measuring the light yield of phosphor for a low-energy electron,
crucial for estimating its detection efficiency. Results showed a light yield of approximately 10 photons
per electron for 3 keV electrons, resulting in the detection efficiency of around 34%. Additionally, we have
developed a dedicated system to measure the detection efficiency for vacuum ultraviolet light using a
deuterium lamp and a spectrometer. Once the prototype detector is ready, we plan to evaluate the
performance of the prototype hybrid detector under low-temperature conditions, as required for experi-
ments conducted in liquid xenon.

1. AROE=R - BW

B EBWE OTFET, FHOEERPREBINC LV OB NEE L Z 5N TV AR, ZOMHEIZBRELRIOEET
b5 FHERBA OB RIC LD &, FHAEROWED > HREEMEN 80%A E& 5D Z LAV L TR Y, BifEit
R OBFZEH D5 2 72 TR TE O IEROMIICE D A TN D,

Wy BE DA N7 RBRTIED— I, BHERER EWHEND FIEN S 5. B BB D /2R CH ORI Y OWE & AHAAE
MaE LB SN DN AR A D FETH L. WAITEWRNBEFF O/ ADF | / - (-1000COHEIKRF & / ) 2%
AN, PR SR COREMEIERAHE L TE . L LARD, ZOBRIIARS TRV, 2878 b, EWE &
DOFEAER TAEMR I D IO THIFTH D720, 1 KBTI L TRWIRHRE 2R or e —%FB L, 2O
EATHOMENS DT TH D, TMEEWE L Xt/ v OMEAERBE D THRCH D720, thORWBEWEE S L 725
BT E 2 R E TR A L E S & 5.

WES A MET 20 —L LTI ETEL OFERTHWL TE 720, KEFHEE (PUT) Th 5. PUT (1%
T DR (PR 175 nm OEZEEIN) ITXF L TEWETFRIE (] 30%) 23 0, IRFAR b =27 R & LR TH¥ Lo E224R
SHATIREED B % PUT & W T, AR ERE COREMEIRRAHE L TE 7. LA LED—J5 T, PIT OE TR
BEAB AL D HHERINLAR (7 F s b U w7 D7 ) 03, W ERE OF R 2 IR LArD T\ D Z & BB L, B BB
RSB ORI F L & O EARDIFH O 72121, PUT 1240 2 Hi 7 e KU RE R B ER OBRE RN BH L > T 5. K
FED BENE, ZOF LWEHIER & LT “PHT CTEEDIEHEE ORI & vV a L B8RSR AR MPPC) IZ X 58
THMEOEANT & A 7YV v RITHOTZH LOSRIEER O 770 > RYEBRHER X 1) OB% 2 R SeBR T T, F
KOG BWERRERICB O TEMMLESED 2 LITh 5.

202443 H11H 28
MR A T —
ALY YN A e Tt AU A T



B BRI SRS AL D720 DA 7)) v Pt v —0Ris 105

2. HAKRORAHEARE L ARENEOHTE
AFETIET DA 7V v FEREEE, BT D HOEIC AT L7ZBIC R AT DR 420 i BRE O£ T

CEVEREZH T 5D MPPC TR 2 ISR H 5. A 7 U » KR IR OVEREDSEZ R 5 O3 EARDF NN HE T
B0, AR T F L F—FE 115 L CHOIER ORI RMEN THIUTMR N RITE L KL< 220, BEEWERRICIT
A TE 2R 2D, AL CIIELERDIN SR A RE T 2B ZBEL 72 ETRIEZITV, ZORRE S L1
FES LD MR DTG AAT o 72, X 2 ([ZFH AR OMERRZ 7T 51T 3 keV OBEITXIT HRHEHE L LTH 10
photon/electron &I EAF LTz, T ORNBFREHND Z & T LER~OFMELENR-3 kV OFEOHEL A T
v RIEHRHIER O IR A HERE L72fE R, 34% & 0 ) mUMEAE TS D Z LI Lic, ZHUTEERRFERICH Vb D
PMT DSk e DO 115 TH Y, ekt ottie s LTPNT 2 L[5 Z L3S 5. ZORIEREE b &2, BE
NAT Yy RO T 1 N & A FORWEZR R b =27 24k & KR TIT-> TRV, BIRAE TIRE. 3. TR~ 5HEE

ZHWTEONREZROMEEIT > TETHD.
IVFL—Y 3 VH(ERIT75 nm)

e 035
KEE(2-3kV) o ’ r e
’ ; E 10 0.30 F======= =t =% I-OE
KT ©0.25 f¥a)
e GtBF) \ © 5 } o
- EREBI 2-3keV_." c 6 F 020 s g
S QO 0.15 5
- g o 0.4
_g_ 4 0.10 lg
ARASR R ;‘ 2 { 0.05 1 020
VO] S T N UV ) x x i 0.00 1 0.0

(~10nm)

i 0.0 0.5 1.0 1.5 2.0 2.5 3.0
(~420nm)
I 00 05 10 15 20 25 3.0 Vphotocathode [-KV]
Ee [keV]
MPPC

B1 A7y PRI OB H2 SOURORNR RO E T T AV F —RAAE. X3 et ih £ o FUN AR A

3. ABRHPEFMEEDRSR

MR R OREITIE, ZTHE TRET TOMENE S 724851t (LED)
DERAENTER. L L, N 7 U v FERRIEROPERRFHMIZIE, B EY
B OmEOBICAR SN LR CHED 175 nm OBEZERIMNEE W
DENDHY, KT, BERRT T e et LIty AT 2%
BASE Lo, EZRRAMNEIIRKP CIIE L CLE H 72, 107 Pa FREDEZE
HFCORENRAIKTH Y, AL TITEER TORED AIRE/RR > AT A
DR EIToT2 (K 4). et P —DMEEERD H/RT A —H D—D|H
— 7 ) A ANRBRHD. X — 7 ) A AT RSB ICHRR L, BT
BAET 5. B BWEIRRIZ-100COIREF & /7 I TIT o720, ke ot
— OMREREAN H IR TIT 5 MR H B AW TIL, 7OV AT o — Tk 2 E8A L, RIE CHEFAFIRE/R v AT A% EEBL L
7o BUE, HRED X <HEfE STV 2 BZERANEA O WPPC 2 AWV TR ORE Z1T-> TE Y, A 7V v R
RoOTa WA TORWENTE TIRE, Z OEE % AW CHEETHME 21T 5 TETH 5.

4 FLZEEIDGE F 72U R A ) E 2

REFERENCES

1) BB, FWITFHFN T4 TFOE hOWIEZ.

2) T. Hasegawa, Nagoya Workshop on Technology and Instrumentation in Future Liquid Noble Gas Detectors.
3) BRWINER, HAYHER2023FHFAE.

4) T. Hasegawa, ICRC (2023).



	104
	105

