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PE-XAPAKTEPU3AIIA JBOX IIJIAHAPHHUX HPGe AETEKTOPIB n-TUITY
HA OCHOBI EKCIIEPUMEHTAJIBHUX JOCJIIJKEHb TA MOHTE-KAPJIO MOJAEJIFOBAHHS

TouHa raMma-CreKTpOMETpisi 3 BUKOPHCTaHHSIM AETEKTOpiB 3 BUcOKoumcroro repmanito (HPGe) onupaerscst Ha
TOYHE 3HaHHS e()eKTHBHOCTI eTEKTOpa, 30KpeMa edexTuBHOCTI B IiKy noBHOI eHeprii (FEPE), sika Moxe 3HIKyBaTHCS
MPOTArOM TPUBAIHX IEPioJiB poOOTH Yepe3 3pocTaHHs HeakTHBHOTo MepTBoro mapy (DL) nerekropa. He3paxarouu Ha
Te, IO s mpodJieMa JaBHO Bimoma, Kopekmis DL pigko BpaxoOBYEThCS B AETEKTOpPax 3 TPUBAIMM POOOYUM HHUKIOM, a
napaMeTpH, BKa3aHi BHPOOHHMKOM, YacTO INPUUMAIOTHCS SK HE3MiHHI. Y I[bOMY JOCII/DKEHHI IPEJCTaBIeHO
KOMOIHOBaHM{ TIAXiA, IO TOETHYE eKCIIEpUMEHTalbHI BuUMipioBaHHS 1 MoHTe-Kapno wopenroBaHHS —IUist
pe-xapakTepu3zanii qBox miaHapanx HPGe nerektopiB n-tummy — Sysl Tta Sys2 — sxi mepeOyBaioTs y Oe3mepepBHii
eKCILTyaTalil Maike TpU JNECATHIITTS. X04a JAETEKTOPH MAlOTh MPAKTUYHO 1ACHTHYHI T€OMETPHYHI apaMeTpH, BOHH
JIEMOHCTPYIOTh BiJIMIHHOCTI B pOOOTI, IO MOSICHIOETHCS TOJIOBHMM YMHOM Bapiauisimu ToBumHM DL. Byno npoeneno
BHUMIPIOBaHHS TaMMa-BHUIIPOMIHIOBAHHS 3 BHKOPHCTaHHAM CEPTHU(IKOBAHUX TOYKOBUX KalliOpoBOWHHX mxepen (59,5—
1332,5 keB), a Tako)x BHKOHAHO BIANOBiJHE MOENIOBaHHA MeTojgoM MonTe-Kapno (3a Jomomoroio mporpamu
MCNPS) nnst ouinku BruuBy 3MiHu DL Ha FEPE Ta Ha akTuBHHI 00’€M feTekTopa. Y MOJIENOBaHHI 0yJI0 BpaxoBaHO
reoMeTpruyYHi (pakToOpu Ta e(eKTH ITOTIMHAHHS. Pe3ysbpTaTi TaroTh 3MOTy MOJIEIIOBATH Ta KopuryBatu BTpati FEPE y
JIEeTeKTopax 3 yacoM. 3aBasku ontumMizarii ToBmuHN DL s Sys1 ta Sys2 g0 2,77 ta 2,82 MM BiANIOBIIHO, BIAXUIEHHS
MIDX 3MOJIeNIbOBaHUMU Ta ekcniepuMeHTanbHiuMu FEPE Oyno menue, Hix 5 %. Kpim sinepHoro npuinago0yyBaHHS, 15
poboTa Mae 3Ha4eHHS ISt Oyb-SKOTO 3aCTOCYBAaHHSI, 110 BUMAra€ BHCOKOTOYHOI CIIEKTPOMETPII MPOTATOM TPUBAIHX
eKCIUTyaTallifHuX TEpMIHIB, BKIIOYAIOYN sOcpHY Oe3leKy, aHami3 pagioaKTUBHUX BiAXOJIB, MOHITOPHHT
HABKOJIMIIHLOTO CEPEIOBUINA, paaialliiiHy METPOJIOTIIO Ta SICPHY KPUMIHATICTHKY.

Kniouosi cnoea: nerekrop HPGe, edextuBHICT y miKy HOBHOI eHeprii, MmeptBuii map, MCNP, ceprudikoBani
KaiOpyBajbHI TOUKOBI JpKepera.
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RE-CHARACTERIZATION OF TWO N-TYPE PLANAR HPGe DETECTORS
BASED ON EXPERIMENTS AND MONTE CARLO MODELING

Accurate gamma-ray spectrometry using High Purity Germanium (HPGe) detectors relies on precise knowledge of
detector efficiency, particularly the full energy peak efficiency (FEPE), which can degrade over extended periods of
operation due to the growth of the detector’s inactive dead layer (DL). Despite this known issue, DL correction is rarely
performed in long operating detectors, and manufacturer specifications are often taken as fixed. This study emphasizes
the gap by presenting a combined experimental and Monte Carlo modeling approach to re-characterize two planar
n-type HPGe detector systems — Sysl and Sys2 — that have been in continuous operation for nearly three decades.
Although the detectors share virtually identical geometrical designs, they exhibit differences in performance, attributed
primarily to variations in DL thickness. Gamma-ray measurements using certified point reference sources
(59.5-1332.5 keV) were conducted, and corresponding Monte Carlo N-Particle (MCNP5) simulations were performed
to evaluate the effect of DL variation on FEPE and on the active detector volume. Additionally, MCNP was used to
apply source activity corrections, taking into account geometric and attenuation effects. The results offer a validated
framework for modeling and correcting FEPE losses in aging detectors. By optimizing the DL thickness for Sysl and
Sys2 to 2.77 and 2.82 mm, respectively, the deviation between the simulated and experimental FEPE was reduced to
below 5 %. Beyond nuclear instrumentation, this work has implications for any application requiring high-accuracy
spectrometry over long operational timelines, including nuclear safeguards, radioactive waste assay, environmental
monitoring, radiation metrology, and nuclear forensics.
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