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Characterization of Gaseous-Ar Operations
of the ALICE TPC for the DUNE near detector
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DUNE Near Detector Complex

Magnetized (0.5T) high
e pressure gaseous argon
l TPC (HPGTPC) surrounded

u i) by ECAL calorimeter
_
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Main Purpose:

R ‘WE'\[” R | = §d - SpeCtl’OmetI'y fOI’ ND-LAI’
s | —— ElEE]l - Measure charge of final
' state particles

- Lower detection
threshold than LAr
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https://arxiv.org/pdf/2103.13910.pdf

* HPgTPC design will be a copy of the
ALICE TPC

» Using the ALICE readout chambers to
construct the HPgTPC

« Readout chambers are currently being
tested

* A few modifications:

» Higher pressure: 10 atm instead of 1
atm

» Reference gas mixture: 90:10 Ar:CHg4
s « 1 ton fiducial mass

* 97% of fiducial neutrino
interactions on Ar

* Need to build a central readout
chamber

Inner and Outer OUTER FIELD
CAGE -

CENTRAL HV
ELECTRODE . INNER FIELD
CAGE

Central Readout Chamber (Design)
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https://www.sciencedirect.com/science/article/pii/S0168900210008910?via=ihub
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Gating Plane (-70V)
Cathode Plane (0V)
Anode Plane (+1 4kV)
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Induced Charge

J L¥ on Pads

DUNE CDR: arXiv: 2103.13910

* Readout chambers are multi-wire proportional chambers with cathode pad readout

* Test readout chambers at various pressure up to 10 atm

* Define a base gas mixture for them - Ar-CHa

* Optimize choices on:
* Necessary anode voltages to keep charge deposition constant with change in pressure
* Low diffusion — better spatial resolution

.. *Purity requirements — minimal Oz and H20 to prevent electron attachment
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IROC Test Stand

* Test stand at Fermilab
* GOAT - Gaseous-Ar Operation of ALICE TPC

* Pressure vessel rated to 10 atm

» Can accommodate 1 IROC with 10 cm drift region . ( g‘“
IROC o
(Connectors)
. \ e Drift
: g| Electrode
= | R
\ Field Cage
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IROC Testing

Example single trigger waveform
An 0 d e: 1 400 V pressur e: 1 atm Long tail due to ions drifting back into the field cage volume
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- Edge pads - used to reject cosmic background
 Center pads - each peak correspond to Fe-55 x-ray conversion
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http://doi.org/10.5281/zenodo.4640665

IROC Testing

Example single trigger waveform

Anode: 1400 V, pressure: 1 atm

Center pads ADC [0.5 mV]

Long tail due to ions drifting back into the field cage volume |

Fast transient due to

towards anode

] / electrons moving

Slow decay
due to ions

moving to
surrounding

wire planes
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Edge pads ADC [0.5 mV], used for triggering
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. Edge padsused toreject cosmlc background
 Center pads - each peak correspond to Fe-55 x-ray conversion
» Use x-ray signal to calculate the gain (right)
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http://doi.org/10.5281/zenodo.4640665

OROC Test Stand

Test stand located at Royal Holloway,
University of London

* Pressure vessel rated to 5 atm.
» Accommodates 1 OROC with 40 cm drift region
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OROC Testing

. Anode 1725 V Anode 1750 V
§ C (% 17500 @® 90-10, P = 752 Torr, OROC, Meas. <
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* Typical amplitude spectrum of Fe-55 is observed
» Peak position shifts to higher amplitude as anode voltages increases
» Gain distribution on right shows the expected trend
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What’s Next? 90:10:X Ar:CO,: oo

MagBoItz Slmulatlon

» Operating readout chambers at high

pressures for further gain calibration § )
 Impurities can have a much greater £
impact at high pressure £ 3
. i
- Attachment increases by a factor g y
of 1000 i
» ND-GAr will require stringent PO e 2
impurity limits (< 1 ppm O3)
14 a. att_aphment
Gain = 1 C(:}??ffIICIe:t . .
* Need to understand these types of Npl.6 X 10~19¢adG, | e electronics gain

' ' i i V: Anode volt
factors to refine gain calibration node voltage

Unlvers1ty of
' Pittsburgh M. Judah | APS April 2021 | DUNE HPgTPC Test Stands (\ NEUTRINO 10



Summary

* The HPgTPC is an important part of the near detector suite

 Two test stands are testing ALICE’s inner and outer readout chambers
as a part of the ongoing R&D efforts for the DUNE ND complex

 Both test stands have observed the expected gain calibration at 1 atm.

* Working towards operating these readout chambers at higher
pressures
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Deep Underground Neutrmo Experiment (DUNE)

Sanford Underground
Research Facility

Fermilab

..........

ACCELERATOR

B " 1300 km

* Primary goal of DUNE is to reduce the uncertainties of oscillation
measurements to the few % level

* Dominant sources of uncertainty include:
* U Flux

, } Constrained by the Near Detector Complex
- v — Ar cross section

Unlver51ty of
' Pittsburgh M. Judah | APS April 2021 | DUNE HPgTPC Test Stands (\ NEUTRINO



Benefits of ND-GAr

« Can constrain v — Ar interaction and cross section
uncertainties

* Lower detection threshold than LAr, so sensitive to lower
energy charged particles that may not be seen in LAr.

« Explore differences between simulation and data for these
lower energy

* Measure particles that leave ND-LAr and enter MPD
» Reconstruct neutrino energy via spectrometry and calorimetry

U, Uy U,)

« Measure all components of the neutrino flux (v VpVys
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