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Cryostat:
- Double wall cryostat

with vacuum gap
- Filled with liquid Argon

The LEGEND 1000 Water

Instrumentation and Neutron Tagger

Tobias Sterr, on behalf of the LEGEND Collaboration

University of Tubingen, Tubingen, Germany

The LEGEND 1000 Setup Neutron Tagger Geometry Optimization

Reentrant tube:
- I/O System for Ge detectors

> |dentify possible "/mGe productions via correlated triggering scheme: After a
muon event a window of 200us is opened. Within this window, whenever more
than 5 p.e. are detected within a period of 200ns, a neutron event is considered
to be found. If within this 200us five other neutrons are detected (see scheme

Large Enriched
Germanium Experiment
for Neutrinoless B3 Decay
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> Use surrogate method to optimize PMT placing within the water tank

Classical Approach Proposed Surrogate Method

Geant4 /| Remage Simulation

- Each string can be below), the event is flagged asS possible "mGe producing which leads to a veto E:::Li'ﬁs?;iﬁiésemage « MUSUN Muons Single Geant4 / Remage Optical Simulation
L period of six minutes (5 T Of 77mGe). » Get Muon induced Neutron « All PMT positions encoded simultaneously
PMT Array: | « All PMT setups are Captures in Sensitive Surface Detector (SSD)
- 80cm Distance to outer : ) ['| ’20{]] LS muon window simulated individually « Reflective properties overlaid
cryostat Germanium Array'  Parameter space sampling « Continous detector response
- Floor ring also instrumented - ICPC detectors, ~ 3 kg each « Discrete detector response

200 ns neutron window

- Total mass of up to one ton

> 3 p.e. threshold

« Each PMT setup requires
full simulation

SSD Voxelization (PMT scale
segmentation)

Outer Water Tank:
- Additonal passive shielding
- Can be instrumented to
Increase sensitivity to super

Inner Argon Volume:

- "Underground Argon"
to reduce impact of

cosmogenic isotopes

Metric Evaluation « Detector divided into PMT sized voxels

« Spartial response mapping

» Neutron detection efficiency

Muon event

novae » Classification accuracy
(Ge-77 muon tagging)
- : Greedy Optimizati .. i i
"Pillbox": Argon instrumentation: M;?Zilral E;mléastlﬁatiun per ML Denoising Diffusion
- Volume below cryostat - Inner muon veto and 0 lus 200 ps Grid Search Optimization Voxel Probabilistic Model
- Connected to outer volume neutron tagger : : - Loop L *» [reads voxel response as
e - instrumented with light > Use flgure of merit (FOM),.\{VhICh + & - Exposure | + C{:-rn_pute contribution to S e P
guides and SiPMs represents the mean sensitivity, to * €., — signal survival rate of LEGEND model 0 EEITE AlE IE R metric " « Learns optical responce per
: 1. 0 _ scan with individual PMT » Select best PMT positions NC
estimate performance’: » T, ,, - Half-life of Ov3f3 setups iteratively
S * €.ncor — Signal survival rate of 77MGe cut « Progressive narrowing of Outont Croady PUT _-> Output: Optical responce
— —) — . best region --= LuUtput: Lreedy
Muon Veto Performance FOMZ,[1] = \/ I(s+b)In(1+p)-s N A . Ptacoment per NC
g = In(2)N, etotsi + €EUN,,. « Blother — External background
76 T% * €77mc.— Chance of a 77™Ge background event gﬂﬂﬂﬂfﬂtﬁ‘fﬂ E;ﬂllllﬂtiﬂﬂ /
| o | b = SAE(BI77mGe . €77mge + Blother) | remaining unvetoed (1 - recall) Loz s
Simulated muon veto Event Multiplicity vs Integral Light [ttt o T e
events (integra| |igh’[ VS. 4 Total Events: 171528 (41 days simulated) o response
Lo 107 = I - — : : . : Optimized PMT « Enables large parameter
multiplicity) of the E ! PREUMINARY m | L o Ge Survival is Figure of Merit Map Configuration coverage
LEGEND1000 muon : : % - defined as the For different neutron capture (NC) thresholds to tag a Ge-77m event 100
| O L . r - .
0 . . I N : Chance a 77mGe 9 Selected PMT Positions (N =300) | Wa =1267.9 mm
Veto- VISIble IS the maln -]03 = ! g d . . rzn L 0.75 | _ mode=nc, M=1, m=1
branch, as well as a = E | S production remains S e o -
secondary branch 2 | . 3 0 unvetoed, signal § S | [ %° T | Thefavored PMT placement of the $ do oo REL/M//V
d bv th illb — I | | | S = survival is defined 5 | - N t thod i h . ¢ /4/9)/
cause y t e pl OX. G -]02 _ I - Events with > 100 keV in a germanium detector NG % _ = g 0.25 = SurrOga e metnod IS a OmogeneOUS
. . . . N E - 10 : Total Events: 3284, Efficiency >99.97% (-90% cL) - _ G‘\ . . l . . . .
Multiplicity cut will be o : : -;.”.RE“M’”ARY_ o |@sthefractionof i Ry e design R c || distribution of the tubes. PMTs in blue
- o : o e 3 O uncorrelated Ovbb = L1000 Statistical limit N 000 = : - ”
placed at 40, lower limit + ] | s *'f__ gt | ' g +10 (stat) S || would be place in the “pillbox” underneath
of efficiency: 99.9% T oadF o go] | 18 signals surviving 2 2> J1| the cryostat, whilst the PMTs in red would
(95%C.L.). Inset shows § ! Sl the CUt; FOM @ -0.50 @ || be installed in the outer volume on the PMT
the subset of dangerous 1 l R N .norm.allzed toan © 075 scaffold.
events that deposited 0 : T ey Idealized reterence | This result would be implemented by
- 19 ' ' ' ' ' ' oint (0% Ge -1.00 - i -
energy in the 0 50 100 150 200 250 300 P o ?I i AR . AR M M . means of an equispaced grid installed in
germanium detectors. Multiplicity survival, 100% | . o L | 1TEGE the water tank and used to mount the
signal survival). Signal Survival Efficiency LN PMTs.
Negative FOM values indicate worse sensitivity than not building the
system. Current best case marked with a blue star.
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