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Vertical drift single phase PDS

Backup Design (All-Membrane mounted PDS & Xe doping)

Minimal layout:

4 pi layout : ; .
- Trigger via charge TPC readout down to 10 MeV

- Full trigger capabilities down to 10 MeV
- Energy, Position and TO - 70, [Energy)

- xArapucas 60x60 on the cathode, 115 maqg, analog readout - XArapucas 60x60 on the cryo membrane, 20 columns,
- xArapucas 60x60 on the cryo membrane, ~3m from Cathode each column 18 xArapucas, SPHD readout
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X-ARAPUCA Simulation
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* Simulation of the photon detector —improve collection efficiency

* Dependence on number and

position of SiPMs and other
geometrical effects

6 X 2 Arapuca-acu

Efficiency: 36,51%

50
—— Same number
—— Short side
Long side

0 o Single short side

c

8

2

S 30

o]

3

(S}

820

@

°

R

10 . .
Efficiency: 40.5%
D 0 24 23 32 36 4an 4 48 56 B 68
Total number SiPMs
0
10002000 1000 ’D_i_\"v‘
30004000 0o ¥
Faxig SO0 1000
. . . . . . =

3 05/10/2021 LBNC May 10 2021: Vertical Drift Physics and Simulation Review » —



Reference Design Simulation

* Geant4 PDs 60 cm behind

: FC
* Semi-transparent .
Top view: Arapucas over

FC: T=70% and cathode
Cathode: T = 80% - = F

| B u | 20 columns per side
» Anode R=20% (Xe) 0 e\ gg-_ " " 05m

- Abs length = 20 m momw 0.8m
A, =99.9 cm, = ® 08m

Side view: Arapucas on
- — membrane

- 0.8 m

3.6m

Top VD volume
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PDS Reference Design: Light Yield Map -
* 24000 photons per = Ar + Xe (10 ppm)
MeV of energy o p
. Anode
deposited o3F
- 70% for Xe
- 30% for Ar
* 3% detection
efficiency Cathode oL
O (LY) = 38 PE/MeV
O LY, = 16 PE/MeV
Anode—ﬁ.ﬁ--l - L
675 0 675 % (m)
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PDS Backup Design: Light Yield Map -
* Fluka £ Ar + Xe (10 ppm) LYI5)
Anode ; ’5__ il
* 24000 ph/MeV
- 70% for Xe
- 30% for Ar
* 3.5% detection
efficiency Cathode (-
« A, =90 cm,
)\Xe =7m
O (LY) = 21.3 PE/MeV
(LY ,) = 7.7 PE/MeV
AI'IDCIE —'5-5". . [ -
_6.75 0 6.75 i—:(m)
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HD Single Phase PDS Requirements

U

SP-FD-3

Light vield

= 20 PE/MeV

(ave), >
0.5 PE/MeV (min)

Gives PDS energy resolution
comparable to that of the
TPC for 5T MeV SN s, and
allows tagging of > 99% of
nucleon decay backgrounds
with light at all points in de-
tector.

Supernova and nu-
cleon decay events
in the FD with full

simmlation and re-
construction.

SP-FD-4

Time resolution

< lps
(< 100 ns)

Enables 1 mm position reso-
lution for 10MeV SNB can-
didate events for instanta-

neous rate < 1m ™ *ms~t.

SP-FD-15

LAr nitrogen con-
tamination

< 25 ppm

Maintain 0.5PE/MeV PDS
sensitivity required for trig-
gering proton decay near
cathode.

In =situ measure-

SP-PDS-2

Spatial localization
in y-z plane

=< 25m

Enables accurate matching
of PD and TPC signals.

SNE neutrino and
ANDK  simulation
in the FD

* Current taken as guidelines
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Position Resolution in the Reference Design

* From barycenter determination
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Graphical projection of
the simulated portion of
the VD PDS volume on
a 2D surface
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Position Resolution in the Reference Design

5
il

- 2
: E T
* Resolution propto 1/sqrt(E) 18-
* Good position resolution in x 3
and z 120
* Iny:less PD tiles ;3
* Expect improvements with 061
timing information 0.4
0.2
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= 05 £ 5
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Entries/bin

DUANE
Energy Resolution in the Reference Design M"*‘

* Photons at the center of top volume
- Uncertainty on energy calibration (p0)
- Statistical fluctuation (p1) on the number of detected PEs

- Noise term (p2)

Simulated Photon Detected PD Resolution
0.16
140— Deposited Energy - x2 / ndf 0.4861/2
- 3 MeV e Prob 0.7842
B —— 5MeV I p0 0.04784 + 0.00274
120— 10 MeV [~ p1 0.1617 £ 0.01637
B 0.12—
s00F 20 MeV - p2 0.08961 +0.09151
80} AEE B
N Z 0.08—
B © [~
60— 2 -
B 0.06|— .
s0l— u
B 0.04—
20 0.02f—
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0 200 400 600 800 1000 1200 1400 1600 1800 2000 o 3 10 15 20 2% 0 35 m - =
(Nee E [MeV]
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Trigger with the PDS: Backup Design o

* 10 MeV events

+ 39Ar background (107 BQq)

@ Targeting overall 99 % tagging efficiency, two possible tagging combinations can be used

(M+. Npe) = (13,2) - much more background robust, requires detectability of 2 p.e. signal with tiles
(M+. N,.) = (5.3) - less background robust, easier to detect

(Noe: M.,) — Majority trigger condition

‘.:' 1_II T I T T T I T T T I T T T T T T T T T T T T T T T _._H}g"_w,m:’..
; : T —a— Hit muiplicity above 3 pue.
e N e Hit mutiplicity abeove 4 ps,
E 0.99 — —s— Hit musiplicity above § pe,
@ - ]
2 0.8 -
o — ]
;] - _
[ R ]
| - _|
G.Q?_— —
0.96— — ‘ —
0.95 . = | e [ E Y N N E [ S
0 2 4 5] a8 10 12 14 16 18 20 22
Ntlles [#]

For 5 MeV events, 90% tagging efficiency is achievable

Position of untagged events
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Time Information in the Reference Design "U(\ -

* Optical waveforms taking into account ~ Photontime of arrival for a given PD

1

- Emission time (Ar and Xe)
- Propagation time B
- X-ARAPUCA QE S

- X-ARAPUCA shifters I

- SiPM (single PE profile, crosstalk...) t(ns)

Corresponding waveform

0.6

0.4

# photons detected

0.2 H

* Detector performance studies T
- Timing resolution g w:
- Digitizer requirements (dynamic g -
range, sampling frequency...) £ ok

- Improving position resolution m

t (ns)
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U
PDS Simulation Group
* Top priorities:
- LArSoft simulation available

- PDS Requirements

* Comparison w/ Horiz. Drift (Light Yield, energy and
timing resolutions and direct comparison for VD-
Reference option and backup option)

* Digitizer requirements (dynamic range, sampling
freq., bandwidth)

- PD trigger (and prompt background rejection) strategy
- Goals for SNe and p-decay detection w/ PD
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Summary:

* Current simulation efforts:

- Tool for improving PDS performance
 X-ARAPUCA
* Anode reflection
* PDs distribution...

- Infrastructure for determination of VD PDS requirements
- Infrastructure for physics studies

* Preliminary information on
- Position and energy resolution

- Trigger capabilities
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BACKUP

U
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K X\ =
Anode Reflection Jlx\ —

* Impact of improving the anode reflectivity from 25% to 50%:
Impact on LY uniformity

Improvement >~15% AR Improvement >~30%

_

E 3
=3

y (m)

x (m) x (m)

Former 4n Average LY

Cathode Average LY
design: up by ~6.6%

only: up by ~6%
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Reference Design: Light Yield Maps (\

* LY map per detection plane

80 —_
E 3
70 =

-
E 3
-9

1

X {m) % {m)

Pe per MeV
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Reference Design Simulation

192 tiles in ~1/6
VDrift volume

1y
planes”

-
Bottom
Photons per PD: 51 400 ] —Argon
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12001 I
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DUNVE
Trigger with the PDS: Early 4r design D(VE

* Events at lower LY region, no backgrounds

AT y — Mainr N -
(Npg, My, )—Majority Trigger condition er
1
a8l
l:r.ﬁ_—
04 - Majority Trigger
[ 6 W My =23 =4
[ m i Ml =22, 2
gal— Ny, My b 23, 2 d)
:1 . [ L L
3 35 4 45 5 55 & 6.5
v — Position (m)
Majority Trigger (N M, =023 =4 . B . Edep = 10 MeV
€T Relaxing (M,M)-Majorty requirements £
enhance trigger efficiency, but aleo 1' N
1 increase rate of false-positive triggers L
N :
08 o8-
/ ® Evi|Positod : (0, SFSm. 0) Trigger Efficiency = 99% for -
06 | . S ) 06—
/ & Evt JPositson] - (0, 3.35m. 0) mteractm_nu with Ejp = 5 MeV ©  Majority Trigger
04 expec:te_d in _1 00 % of a 10 kT el o B M= (2528
Fiducial Volume L e N M= (24, 24
C &N, M= (25, =)
0.2 / 02—
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0 6§ 10 16 20 25 30 35 40 45 &0 s TS I Ry T —T . .

Egep (MeV) ¥ — Position (m)
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Preliminary Dynamic Range Studies

* 6 GeV e- shower @ 0.5m from cathode
* Pure LAr, Aabsorption = 50m
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