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Introduction and Background PRL Cut Analysis Exploratory Cut Analysis
The LEGEND-200 (L-200) experiment is searching for 0vBf in 76Ge at TO/Zﬁﬁ > 1027years. This limit is dependent LECEND, IC Methodology: A multipeak fitter is used to simultaneously Motivation: While LQ is presently only used on a subset of
- fit all peaks in spectra passing and failing the cuts to detectors, ongoing work may result in its application to

on the efficiency, of which one contribution is the efficiency of the pulse shape discrimination (PSD) cuts.

Goal: The PSD efficiency contribution is calculated using the 2%8Tl double escape peak (DEP) at 1592.5 keV. A . determine the amplitudes Apqss and Arqi. a:d't'onal C:jeteCtzr types I: e fUtflclfe-fThus, we Investigated
correction must be applied to determine the efficiency at Qg = 2039.1 keV. BECa * The efficiency is defined as: € = - p+Af - ch\detinedfgxl/ gepeAn tinceff'.n . Qto grll_Qe' utu;et ek 000 th
o . asstHyat ethodology: As the efficiency o IS set to over 0, the
Method: °°Co DEPs between 1-2.5 MeV were used to study the energy dependence of the LEGEND * And the statistical uncertainty as: efficiency could not be calculated as in the main analysis.
i i o6 : .
PSQ cuts and apply a corrgctlon. Short llvgd Co sources were c?reated and deployed for the first —e(1—¢) (Gpass)z O'fal.l)z Thus the efficiency is calculated as:
In-situ measurement of this dependence in three detector types: ICs, BEGes, and PPCs. Apass Afall

__ Apass

A linear model, motivated by simulations, is then fit to the * €=, »withthe statistical uncertainty calculated using
Pulse Shape Discrimination 228Th Calibrations DEPs efficiencies as shown below. bootstrapping

: .. : - : : . Combined Low A/E and High A/E Survival Fraction Linear Fits LQ Surface Cut SurV|vaI Fraction Linear Fits for ICs and BEGes
Pulse shape discrimination utilizes differences in waveform shapes 228Th sources are lowered into LEGENg-ZOO Ge Array for?C 2nd BEGe 5
. . . . . . ource insertion 90.0 - 2 2 — 23/4 =0.58
tg dlffer.entlate backgrounds frgm potential signal event.s, which are the array weekly to calibrate | o, rces systoms 2 1005 S X /nger= 23/
single site bulk events. The main PSD parameters used in L-200 are the energy scale, resolution, E %2/n38f5=+%3é9/4 = 3.47 -8 I\ % S m=(1.4+1.2)x10"*
" v b=995%0. > ¢ T |&  BEGe:
A/E and LQ. V — } V - and PSD performance. S & m=(-6915)x107* 2 £100.0 L;] { |9 x/nger = 15.1/4 =3.77
A/E - "# [==L '« The centroid and width of A/E ) E S e 35/4=0.88 & 8 v L1 8 A exio
. : el a S b=106410.4 : . IC Efficienci
Calgulated from the ratio of the : are tracked and corrected for 5 m = (—127 + 2)x104 90 5. | . i iciencies
maximum current and the — L A gt using the single Compton } IC Efficiencies . ] ] . Linear Fit +o
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energy of an event time (ns) time (ns) time (ns) time (ns) scattered popul_a“on in the . . T Of--® - } ------ - -}-- BEGe Efficiencies
o . "5 5 BEGe Efficiencies > 24 | , , , ® and
* Used to distinguish between Bulk Event o p+ Event range 900 to 2300 keV [l e ———— i.gi and Linear Fit xo % 08y — B S | Linear Fit o
multisite events (low A/E), 1.07 — 101 . o P— ' ' ' 2 051 . | . .
( ) _ [ PSD Cut Tuning: o P 1600 1800 2000 2200 2400
surface events near the point - _ osl e Low A/E: setto a 90%  E00 1800 2000 3900 3400 Energy (keV)
contact (high A/E), and bulk | S : survival fraction of 208T| DEP Energy (keV)
events o i o] LQ Surface Cut S | Fraction Linear Fits for PPC
. 0.0 | 0.0 £ | events to reject multisite Combined Low A/E and LQ Survival Fraction Linear Fits for PPCs Q Surface Cut Survival Fraction Linear Fits for PPCS
* Applied to PPCs, BEGes, and all 48.0 49.0 48.0 50.0 events 90. o 1007 g PPC:
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The signal efficiency of the A/E cut varies with energy due to: Single Site Proxies for 0v ]
* Collective charge effects and electronic noise, accounted for in 228Th 8 BB Conclusions

Energy Dependence and the °°Co Calibration

-

calibrations Results:
» Absorption of bremsstrahlung photons, corrected by 56Co calibrations Single Compton Scatter Calibrate A/E iy PSD. o t - ce — :
Bremsstrahlung photons production is A/E Distribution for two 2vBp Characterize topological difference ) © _e |C|ency§ U Iih ’ Co Effl(flency .Cf)rrectlons and
more probable at higher energies, and | 56Co DEPs _ between DEP and 5 events €pp — €riDEP T A€o T OthEr corrections | | Resulting Efficiency at Qgg
results in an increase in the number of 104 208T| DEP Tune cut level for A/E and LQ ) V\l/here Aéco :d(f2039.r11 _l 1592f'5) X ?fé’é’cangg;ﬂtﬁ'cs the fitted _—_
| | | L . the L o L
events in the low A/E tail. . ll 5600 DEP Study energy dependence of PSD - S O'loe £ RIS ST ATS BISE LG B ts =Ha EASIeibies Aeqy . (%) —30+06 —57+03 —14+24
~“Co Source Production: s s5Co was used to show th ay-depend fthePSDcut A PRL(O/) 30+27 —56+07 —12+37
, : o was used to show the energy-dependence of the cu € —3.0 = 2. —5.6 + 0. —1.2 + 3.
+ Qct. 2023 : custom > Co folls created at ) 10%: Peaks of Interest efficiencies in L-200 detectors a?:d fovide a correction to cosxp
Berkeley National Laboratory { [|[# — 1576.5keV “°T|DEP Qs , SR .p , €Q (%) 84.85 + 296 81.07 + 3.78 85.00 + 4.49
e Feb 2024: assembled into six sources at 10114 2231.5keV S e ;;_-35_-_-_._._._..._._._.__:_;_;:_35;3_ — those found using the Tl DEP (additional corrections are also BB
Los Alamos National Laboratory ~10 -5 0 1500 1750 2000 2250 2500 applied). The total efficiency shifts are given in the table.
i ] ) ) i A/E Classifier Energy(keV) 56 i i i .. i
\* Apr. 2024: first L-200 in-situ *°Co calibration 9y y . Co correction is the largest contributor to efficiency corrections at Qg5 for most detectors
 We recommend follow-up °°Co calibrations for each HPGe array deployment
* Thisworkis expected for publication in 2026 (currently under internal review)
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