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Outline

* A motivation
* Dual-phase TPC

SF, measurements @ Hawaii
SF, measurements @ CERN
Argon-SF, measurements @ CERN

Plans at LANL/UNM
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Dual-Phase Time Projection Chamber (TPC)
* Small gas pocket maintained above the liquid . . . . . . . ._ Photo
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* Higher electric field across gas pocket than liquid detectors
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Dual-Phase Time Projection Chamber (TPC)
Small gas pocket maintained above the liquid . . . . . . . ._ Photo

Higher electric field across gas pocket than liquid detectors

Electron recoil discrimination exploits the S1 time E’ gdS

signature — Pulse Shape Discrimination (PSD)
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Dual-Phase Time Projection Chamber (TPC)

Small gas pocket maintained above the liquid
Higher electric field across gas pocket than liquid

Electron recoil discrimination exploits the S1 time
signature — Pulse Shape Discrimination (PSD)

Electrons drift to the extraction region

X and Y are determined by localizing S2 with the
top photo detector array

Z is reconstructed via the arrival time difference
between S2 and S1 (ty)

Suitable for low energy searches where only a
few electrons are produced per event
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* Electron
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top phol

e Zisrecd

e Suitabl

Dual-Phase Time Projection Chamber (TPC)
E B EEEERERER v

* Small gas pocket maintained above the liquid

* Higher electric field across gas pocket than liquid

* Electron recoil discrimination exploits the S1 time
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Dual-phase TPC gives 2 signals per event,
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Dual-Phase Time Projection Chamber (TPC)
* Small gas pocket maintained above the liquid . . . . . . . .<_ Photo
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* Higher electric field across gas pocket than liquid etectors
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* Electron recoil discrimination exploits the S1 time 524‘.4> gas
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* Electror Punchline:

e XandyY

wepnd  Dual-phase TPC gives 2 signhals per event,

e Zisrecd

betwee which allows fiducialization
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But this is exactly what you get from
2 different NI species...
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Single-Phase TPC with Negative lons

Field cage rings
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Single-Phase TPC with Negative lons

Field cage rings
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Single-Phase TPC with Negative lons

Removes need for gas pocket, along with complicated
engineering as detectors become larger

Fiducialize drift coordinate using 2 charge signals —
Instead of S1 and S2, you have C1 and C2

Nlis typically kill scintillation yield — replace traditional
light readout with charge readout

g

Field cage rings

>
N

“Cold” charge readouts would be adopted

Start thinking about non-noble liquids as bulk, i.e. LN,
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Single-Phase TPC with Negative lons

Removes need for gas pocket, along with complicated
engineering as detectors become larger

Fiducialize drift coordinate using 2 charge signals —
Instead of S1 and S2, you have C1 and C2

Nlis typically kill scintillation yield — replace traditional
light readout with charge readout

Field cage rings

“Cold” charge readouts would be adopted

Start thinking about non-noble liquids as bulk, i.e. LN,

Punchline:
Single-phase liquid TPCs are much less
complicated than dual-phase TPCs

Propose line of R&D to study feasibility of
Nlis in cryogenic liquid TPCs
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Measurements with Gaseous SF,
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Single Channel Avalanche Gain Measurement

>>Fe (5.9keV) pulse-height spectrum V is the total voltage
applied across all GEMs
R = sigma/mean G is the ‘effective’
avalanche gain

G ~ mean determined from the
pulse-height spectrum

Vi produces G

R is the fractional
resolution of pulse-
height spectrum

Calibration
pulser
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Charge collection
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High electron affinity

Non-toxic, non-flammable

Gaseous phase at STP

Fluorine has un-paired spin
Abundant literature from industry
Multiple species have been identified

Diffusion during drift is near thermal limit

>>Fe X-rays
~ 5.9 keV
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>5Fe X-rays
= 5.9 keV

40 torr

500

channel #

40 torr

0 L L L

20 torr

0

N
1000

gain

N B
2000 3000

Nucl.Instrum.Meth.A, Volume 1045, 167438 (2023)
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https://doi.org/10.1016/j.nima.2022.167438

- 55Fe X-rays I >>Fe X-rays
Why S F6? m@ i = 5.9 keV i ~ 5.9 keV
High electron affinity f 20 torr : 40 torr

Non-toxic, non-flammable ¢ 3

Gaseous phase at STP

Fluorine has un-paired spin

Abundant literature from industry 1

0 200

400 600 800 500
channel # channel #

Multiple species have been identified

e : s . | 20 torr
Diffusion during drift is near thermal limit i 40 torr

Punchline:
Avalanche gain and energy resolution : 7
worse than with electron-drift gas : : 20 torr

mixtures, but does function as a NI gas . |4Qtor N
700 800 900 0 1000 2000 3000

N.S. Phan et a/ 2017 JINST 12 P02012 total GEM voltage, V gain
Nucl.Instrum.Meth.A, Volume 1045, 167438 (2023)
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https://doi.org/10.1016/j.nima.2022.167438
https://doi.org/10.48550/arXiv.1609.05249

Studies with CERN GDD Group

Glass GEM THGEM
Collaboration with CERN Gas Detector Development 160-180pm diameter holes 400um diameter holes
(GDD) to study doping noble gases with SFq 280um pitch 700pm pitch
570um or 680um (old) thick glass 1mm thick FR4, 50pm rim

Possible exploitation of NI properties in noble elements
Possible uses in existing experiments

Avalanche gain and drift velocity measurements with
SFg and argon-SFg mixtures

Gain measurements done by monitoring the GEM
current using an X-ray gun source

Field shaper
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UHV-grade vessel | F. Brunbauer, et al
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Avalanche Gain Results — 50 mbar SF,

THGEM (1 mm) Glass GEM (0.57 mm)
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Avalanche Gain Results—1 mm THGEM

50 mbar SF, 100 mbar argon + 1 mbar SF,

Scaled

Scaled
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Drift Velocity Measurement Setup

Alpha Photodiode

Gas volume

source
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Visualizing the Drift Velocity Measurement

Pure SF;

Drift length = 8 cm
Pressure = 25 mbar
Time scale is constant

Photodiode
(to) signals

LA-UR-23-33760

<+ GEM signals

A

Tom Thorpe — CYGNUS Workshop 2023 — Sydney

Drift = 60V/cm
=6*1ms/div = bms

Drift = 120V/cm
=3*1ms/div = 3ms

Drift = 245V/cm
=~1.5*1ms/div = 1.5ms

Drift = 365V/cm
=1*1ms/div = 1ms
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Drift Velocities — First Attempts

25 mbar SF (1t attempt)
100 mbar argon + 1 mbar SF, (1t attempt)

Pumped to 50 mbar

(0 0]
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100 mbar argon + 2 mbar SF,
100 mbar argon + 5 mbar SF,
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* Don’t expect the SF, content to
affect the drift velocity other
than the gas density
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* Expect the slope of these lines to
be inversely proportional to the
gas pressure for a given mixture
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drift field (V/cm)
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Reduced Mobilities — First Attempts

25 mbar SF (1t attempt)
100 mbar argon + 1 mbar SF, (1t attempt)

100 mbar argon + 2 mbar SF,
100 mbar argon + 5 mbar SF,

* At very low drift fields, a
consistent divergence from
constant is observed

* Dependent on how the charge
arrival time is defined — GEM
signals are not always Gaussian

|||]|ll]l|llll|l||||||||

e Carefully repeated data sets for a 41— — S
final result... 10 102

E/N (107 Vcm?)
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Reduced Mobilities — First Attempts

25 mbar SF (1t attempt)
100 mbar argon + 1 mbar SF, (1t attempt)

100 mbar argon + 2 mbar SF,
100 mbar argon + 5 mbar SF,
100 mbar argon + 1 mbar SF¢ (3)

* At very low drift fields, a
consistent divergence from
constant is observed

* Dependent on how the charge
arrival time is defined — GEM
signals are not always Gaussian

]ll]IIIII|IIII|IIII|IIII

e Carefully repeated data sets for a 4 S —— S
final result... 10 102

E/N (107 Vcm?)
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Drift Velocity and Mobility Results

Drift velocity vs. drift field

25 mbar SF,

Los Alamos

PR AT S TR TN N S S S S N
100 200 300

400

Reduced mobility vs. reduced drift field

0.8

® o004 000
25 mbar SF,
L ! Lo

10 102

| | | | I L | I I | | | | [ | | I I

SIS\ | trons in LAr = O(10%) mm/ms E/N (1077 Vem?)
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Drift Velocity and Mobility Results

Drift velocity vs. drift field

25 mbar SF,

Los Alamos

PR AT S TR TN N S S S S N
100 200 300

400

Reduced mobility vs. reduced drift field

0.8

Agrees with Phan et al.
within errors 25 mbar SI:6
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SIS\ | trons in LAr = O(10%) mm/ms E/N (1077 Vem?)
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Plans in New Mexico
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New vessel has 3D motion
feedthrough with rotation
(also used for gas pocket
thickness control)

Large viewing port
Large gate valve

Propose building a small TPC
to continue noble gas doping
studies started at CERN

GEMs with charge readout

Argon + SF.to start, but want
to try other NI species

Want to identify other
promising NI gas mixtures

Need to design a small
TPC with = 10 cm drift

New (to me)

vacuum vessel!

Los Alamos

NATIONAL LABORATORY

LA-UR-23-33760

Tom Thorpe — CYGNUS Workshop 2023 — Sydney
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Liquid Phase — Scmtlllatlon (nght) Studies

Link to LIDINE 2023 talk

Setup for studying xenon
doping in liguid argon (LAr)

_——  Americium
>~ source

“BACON” — Liquid Argon Cryostat @ UNM

LA-UR-23-33760 Tom Thorpe — CYGNUS Workshop 2023 — Sydney 12/13/2023 28



https://agenda.ciemat.es/event/4282/contributions/5183/attachments/3514/5556/UNM%20Xe_Doping.pdf

@

BACoN Upgrade in Progress

Upgrading xenon
doping setup — 320
liters with fast turnover °

Xenon concentration
measurements are not |
consistent by sampling
ullage volume

Introducing a liquid
sampling mechanism
to help constrain
possible causes

System can also be
used to dope gases
besides xenon

Will propose to dope
SFs (NIs) into LAr to
study the effects on
light yield in detail

EVAC VALVE
WITH NW25
FLANGE

MANUAL INLINE
SHUTOFF VALVE

CUSTOMER TO SPECIFY END CONNECTION
10.000

VACUUM SAFETY RELIEF TYP. 4 PLACES

SECTION B-B

DETAIL C

—0.250 O.D. X 0.028W

Z
13520 [MM PRECISION CRYOGENIC
= SYSTEMS, INC.

[TITLE
LIQUID ARGON BUCKET DEWAR - 34.0/45.0 (320

7

Los Alamos LA-UR-23-33760

Tom Thorpe — CYGNUS Workshop 2023 — Sydney
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Single-Phase (LArTPC) — Charge Drifting Studies

Final step is to build an NI-LArTPCin a
cryogenic setup with doping capabilities

Plan to submit a new LDRD (ER)
proposal for this at LANL in January

Liquid (argon) ! |Field cage rings

Study feasibility of charge drifting with
Nls in liquid (argon)

Anticipate building TPC with a long drift
(> 50 cm) to ensure adequate
separation of different NI species

Mmo

Coo

Readout not determined, needs to
operate in cryogenic environment
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Summary %@ Los Alamos

NATIONAL LABORATORY

Pure SF; negative ion behavior shown with Hawaii and CERN data
* Agreement (along with gain data) with previously published results

SF¢ (1%) — argon mixture gives gains of O(103)

SF¢ (1-5%) — argon mixture shows NI drift velocity behavior

Plans to further study different NI gaseous mixtures are in place
Plans to study effect on light yield from doping NI in LAr are in place
Plan to submit LDRD proposal for a NI-LArTPC early next year at LANL

NTANTASAAN ),




Thank You
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“BACoN” — Liquid Argon Cryostat
Doping Procedure

In from recirculation pump

Out to recirculation pump

In from LAr ulage

Mixes with ulage

U-tube (fixed volume)

D. Fields, et. al.
1% Los Alamos

NATIONAL LABORATORY

Vacuum out (with
= local gauge)
LA-UR-23-33760

Tom Thorpe — CYGNUS Workshop 2023 — Sydney
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BACoN Upgrade - Cryostat

NOTE:

1. NO PAINT, HAND POLISHED STAINLESS STEEL
PRECISION CRYOGENIC yymocvuscrons
INC. AR

AV TurmAerea
& T VAUUM VALV 50 NOT OPEN" G |10 X 2000, W0
T —
T

IMPORTANT NOTICE
THE INFORMATION DISCLOSED HEREON WAS ORIGINATE
1500

IMPORTANT NOTICE

SO 70 B HADE, REGARDLES O oW ACEONPLISHED
e
BRC 12/7/2023 PRECISION CRYOGENIC 7504 rockvii rono
| = SYSTEMS, INC. INDIANAPOLIS, IN 46214
B PRECISION CRYOGENIC g0 opemse
SYSTEHE TN
[LIQUID ARGON BUCKET DEWAR - 34.0/45.0 (320
|LITER)

A
-
e
LIQUID ARGON BUCKET DEWAR WITH VACUUM
JACEKTED INSERT
S [T Bifoous
:

BILL OF MATERIALS

PART NUMBER TITLE DESCRIPTION
061523-D-DEWAR LIQUID ARGON BUCKET DEWAR - 34.0/45.0 (320 LITER)

VACUUM JACKETED, STAINLESS STEEL INSERT ALLDIMENSIONS IN INCHES [ SFF ] S

3/8"-16 Thread Size, 7/8" Lon UNLESS OTHERWISE SPECIFIED . 061523-D ISHEETTOF

$ T 1

061523-D-INSERT
12017 [SCREW
Q
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Long Drift Times with SF, - 10 V/cm Drift Field
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Photodiode signal
at Oms

1 l 1 1 1 | I 1 1 1 1

l

GEM signal

1 |' 1 1

l 1 1 1

10 20
time (ms)
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value
mean
min
max
sdev
num
status

100 mV/div

SFc— 12 V/cm Drift Field

“Correct” drift time lines up with “second” peak

P1:pkpk(C3) P2:ampl(C1)
105 mV
110.728 mV
105 mV

116 mV
5273 mV

2

n
2,

200 mV/div
-490.0 mV

275.0 mV

b

P4:dtrig(C1)
20.5630218690 s
1028 s

0.0ns
20.5630218690 s
10.28 s

2

v

P3:area(C3)

P5:pkpk(C2)
37T mV
36.530287 mV
37T mV

37T mV

ov

2

v

P6:pkpk(C3)
345 mV
332.09 mV
319 mV

345 mV
13.28 mV

2

v

"“ TELEDYNE LECROY

Everywhereyoulook”

base -20.1 ms||Tn
5.00 ms/divj Norm.
10 kS 200 kS/s|Edge

Positive



SF; Reduced Mobility — Phan et. al.

i SF;
0.65

0.4 L
10 E/N (10717 vem?) 1©
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