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‘ Hitoshi’s Message
HEP vs. NP

* We share the same unit system among all physics subareas

i (s —

* | hope we can work together for the advancement of science as a whole
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Complementary Measures

c = | (ft/nsec)
hc=12um-eV

(low energies)

he = 0.2GeV - fm

(high energies)




Synergies in Cryogenic Low Background Experiments
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Synergies in Cryogenic Low Background Experiments

« HEP

= Profound question: nature of dark matter

0 Direct detection technologies: liquid
noble gas TPCs, bolometers, HPGe
detectors

0 What determines sensitivity: energy
threshold, backgrounds, exposure

0 Underground labs
0 Scales of projects: O($1M)-O($100M)
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NP

Profound question: nature of neutrino

Neutrinoless double beta decay technologies:

HPGe detectors, bolometers, liquid noble gas
TPCs

What determines sensitivity: energy
resolution, backgrounds, exposure

Underground labs
Scales of projects: O($1M)-O($100M)
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detectors
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0 Underground labs a
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NP
Profound question: nature of neutrino

Neutrinoless double beta decay technologies:

HPGe detectors, bolometers, liquid noble gas
TPCs

What determines sensitivity: energy
resolution, backgrounds, exposure

Underground labs
Scales of projects: O($1M)-O($100M)

In Europe, both science topics fall under the umbrella of “astroparticle physics”
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Liquid Xenon Detectors

~3m

Underground
cavern

Access tunnel 'I

~3mYJ

13.3m

Common 1ssues: availability of Xe, material selection, background rejection, TPC design, readout

Different optimization: low thresholds (DM) vs 2.5 MeV (0vf3); 136Xe vs natXe

— Collaborations joining forces to pursue both science goals
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0vBLe in LXe Dark Matter Detectors oXe

TPC with large "3Xe target for direct dark matter search,
offers position reconstruction, calorimetry and low background 102

------ Optimistic case*

Nominal case

= High sensitivity to Ov-decay

Xenon acquisition supports staged approach with

* NEXT-HD
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early science phase
40t TPC, < 5yr operation,
shallow TPC design
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main science phase 0 2 4 6 8 10 12
(60t TPC, > 10yr operation, _ Exposure time [yr]
optimized 1:1 aspect ratio)

~3m height

+ 80t option in tall TPC,

depending on Xe market

~3m diameter

Projection bands cover a baseline scenario (lower bounds) based on state-of-the-art DM LXe-TPC
performance to more progressive assumptions on backgrounds (upper bounds).
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Proof of Principle
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Cryogenic Calorimeters (Bolometers)
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Dell'Oro S. et al., Cryogenics 102, 9, (2019)
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CUORE @ LNGS
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. Athermal Phonon Collection Fins (Al)

. TES and Fin-Overlap Regions (W)
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Synergies between HEP and NP

* Common features
0 Large mK cryogenic installations: thermal design, mechanical design, IR
0 Sensitivity to vibrations, radioactive and non-ionizing backgrounds

0 Backgrounds: material screening and selection, radiopurity

suppression

0 Superconducting sensors, microfabrication techniques, cabling, interconnects

0 Cryogenic electronics: superconducting (SQUIDs) and semiconductor (E

0 Room-temperature electronics, multiplexed readout

0 Data processing pipelines

EMTs, CMOS)

* Next-generation projects are agile, modest in size, fit very well in the “small

scale project” initiatives
0 E.g. TESSERACT, CUP

0 Generic R&D efforts for next-next generation fit very well into KA25 portfolio
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Examples of Joint Development
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C.W. Fink et al. (CPD Collaboration), APL 118, 022601 (2021) I. Alkhatib et al. (SuperCDMS Collaboration)

PRL 127,061801 (2021)

* Cryogenic Photon Detector developed by CUPID and SuperCDMS
groups
0 Ballistic phonon readout (QET)
0 Best (at the time) baseline energy resolution og=3.9+0.4 eV

0 Time jitter o=2.3us

« TESSERACT sensors have since exceeded this performance
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Examples of Joint Development

Frequency-domain multiplexing of TES sensors
ANL, UCB, LBNL, McGill, VT, MIT

l . MUX Proc. of SPIE Vol. 9914 99141D-1
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Examples of Joint Development

National lab — industry partnership to develop low-radioactivity cables: PNNL and QFlex

Credit: PNNL
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Examples of Joint Development
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Common Challenges

* Advances 1n sensitivity require advancement in instrumentation
0 Many novel 1deas worth pursuing. Complementarity with microelectronics, QIS
initiatives, SBIR
* Advances 1n sensitivity require scale and investment

2 From medium sized projects (CMB-S4, LEGEND) to agile R&D etforts
(TESSERACT, CUPID) to small-scale demonstrators

* Advances 1n sensitivity require stable long-term operations

0 Perfect application of AI/ML — complementarity with detector & accelerator
operations

* Advances 1n sensitivity require trained scientific workforce

0 Common skillsets, but competing with industry, especially QIS and AI/ML will
remain a challenge
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