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MOTIVATION

* XLZD Outer Detector (OD) serves to attenuate external backgrounds from cavern gammas and neutrons, and veto gammas and neutrons originating from detector components.
* Design must satisfy specific requirements to achieve the targeted sensitivities for Weakly Interacting Massive Particles (WIMPs) and neutrinoless double beta decay (OvBB) searches.
* Assuming 10 years continuous operation, during which neutron-induced background events must remain subdominant relative to the "neutrino fog”.

e < 1single scatter neutron event passing the veto cuts over full 10-year period mandates a neutron veto efficiency of = 95%.

SELECTION & CUTS

OD SIMULATION
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Detector Configurations

* Gd-LSwith acrylic vessel (LZ)
e Gd-WbLS (BNL & LBL)
 Gd-Water (XENONNT)
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0.1% Gd concentration enhances neutron capture

=

efficiency and shortens the required veto window. = 2: L i
Neutron captures produce either 4-5 y-rays with E i 110’
a total energy of up to 8.5 MeV (gadolinium) or a N X 1 B
single 2.2 MeV y-ray (hydrogen). t i TPE 5
£ ol | : E
Optical simulations validated against LZ, XENONNT and WbLS test systems. ~ Of | FV E
Example pulse area spectra shown from the two extremes in light yield, ﬁ Z
LZ's Gd-LS and XENONNT's Gd-water: N i ‘
—— AmLi — Bkg. —— AmBe — Bkg. — Subtre. —2?’" X .
102 — T T — r v 7 r r r Tt 1 r ' r 10777 R ' — '
LZ \ XENONNT 0 I 2 3 4
10 . _ R? [m?]
— 8 ]
— E »
| > 6l ) Veto efficiency: ratio of the number of events that pass the WIMP-like selections and
| é ; _ are vetoed by the OD or Skin veto cuts, to the total number of events that pass only the
| é Al . WIMP-like selections: AT: veto time window (time
L | difference between signals in TPC
2, i and OD/Skin)
| - ROI+SS+FV+(OD(ETh, op, AT) Il Skin(ETh, skin, AT))
N T U >~ T~ € = ROI+SSTFV &D/SI:inch[lt:Iinergg/deptzsiteﬁi{]d
0 500 1000 1500 2000 0 20 40 60 80 100 120 AN
Pulse area [phe] NV event area [PE]
Energy deposited (Gd-LS Medium) Photons detected (various media) Timing (Gd-LS Medium)
——— Gd-Water OD or Skin > 100 keV — Gd-WbDLS (10%) OD or Skin > 100 keV
o o o o Gd-WbLS (1%) OD or Skin > 100 keV ~ —— Gd-LS OD or Skin > 100 keV L e L/ L s S Ay B S S s S S B S B
IOOZ—IFO—Ve—tO——————————————————— ST Tt o 50_""|""|""|""|""_ 100 Gd-LS Medium .
B ‘ . i - . B — OD Eq, >0 keV
 sunenh oy | |l — ooy
— - | . 40 N — I —— OD Ep, >200 keV
>t 1 = I NS OD Ey, > 1000 keV
> / 10% inefficiency é, i i — - — OD Eqp, > 2000 keV
& 10 ......................................................................................................... .......................................................... ] >\30__ _— g\ 60_ B
q 0/ : . - D) B | q n
9 e S netliciency - = L ] O
2 I | B
5 . | Eo0f 1 F 4 -
= D, Skin=50 keV o S0 | - i
1% 1nefficiency - | | —
1:_""""' S - - - - - 0 0 0 0 0 00T T T - | ] -
: " __ Ineffcicney due to timing _ : 10 : 20+ :
i ] [ — &
: """'|2 : """'|3 : """'|4 : 1 O%ﬁ....l....l....l...._ O_....I....I....I....
10 10 10 0 100 200 300 400 500 0 50 100 150 200 250 300
Veto threshold [keV] Veto threshold [phe] OD timing threshold [ us]
Neutron veto inefficiency as a function of veto energy Neutron veto inefficiency as a function of veto Neutron veto inefficiency as a function of OD timing
threshold, which can be attributed to the Skin (Skin only) threshold in photoelectrons, for four different OD threshold in microseconds, for a range of OD energy
or OD (OD only or OD with fixed Skin thresholds). scintillating media. Highlighted data points show thresholds. Figure made using the Gd-LS acrylic tank
Figure made using the Gd-LS acrylic tank design. approximate conversion between energy in MeV and design.

number of photoelectrons measured by OD PMTs.

CONCLUSIONS

* The highest possible efficiency is achieved with the Gd-LS scintillator design, due to its enhanced light yield.

* The performance of 10% Gd-WDbLS is very similar to that of Gd-LS, as the lower light yield is offset by reduced light absorption in the medium.

* For Gd-water, achieving a 100 or 200 keV threshold is not feasible, and it remains extremely challenging for 1% Gd-WbLS. Still validating WbLS optical parameters as these are yet
to be measured for Gd-loaded WDbLS.

* The lower light yield of 1% Gd-WbLS, as measured by the 1-tonne BNL demonstrator, results in a reduced background rate, bringing it closer to acceptable levels if the PMTs are
placed within the medium. Although achieving the required neutron tagging efficiency becomes more challenging, the advantage of eliminating the need for a containment vessel is
significant.




	Slide 1

