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DM should be there: astrophysicist and cosmologist

Astrophysical and cosmological evidence of DM existence.
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DM “review” (kind of) DM should be there: astrophysicist and cosmologist

Astrophysicists and cosmologists working on DM (“# @& 7 MV).
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Particle physicists: where is the damn DM?
No any convincing DM signals from each and every hunting strategy.

o107 = Diet
A7 SuperCOMS 2014 g ATLAS Preiiminary oms
S, e oo
10%r\ cousL e “ + SuperCOMS Snolab projction Ewsa swaknsramY
Pl B g, frosbaniia
10* \ 3 -
N ﬂ: -ALETHEIA 1 kg'yt projction 2 Hresonancs
E‘O“r‘ 5'%1 3= b resonance
5104 @10
gwur \\__ PICO2017 R
g :gj E = DarkSide50 lowmass DI 2022 10 anrammman
ance]
0o a e 1o,
R PandaX 2021 XENONNT 2023 Diet
0k usmmmmumu\/ 10’“T—1\_M
el frpa—
404 - ALETHEIA 1 ton'y projcton 10 Euﬁ;«;mmﬂmw 1]
10 ATLAS fmsa 855 O et dtection s al 0% 0L
e I L L ! 10
1 m ¢ 1 10 107 10°
WIMPs mass (GeV/c?) m, [GeV]
10»22
kg
3
S E
10731
3
H
H
N
)
. .
arXIV: 2210-01220 o = Expected WW” Expected
[ loeror ...t Expected
2OEMOT b Expected
01 1 10 100
ms (TeV)
v
nhui Liao (On behalf of ALETHEIA) Wiv 23 Jul 2 - 8, 2023, SYU Zhuhai Campus 7142



DM “review” (kind of) Particle physicists: where is the damn DM?

Particle physicists working in DM. DM = Damn?
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DM “review” (kind of) Particle physicists: where is the damn DM?

Research on DM: cosmologists V.S. particle physicists
@ Left picture: Cosmologists working on DM
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DM “review” (kind of) Particle physicists: where is the damn DM?

Research on DM: cosmologists V.S. particle physicists

@ Left picture: Cosmologists working on DM.
@ Right picture: Particle physicists working on DM. J
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Theoretically: Two many models — resources split
DM mass range: 100 orders (arxiv:2212.02479)
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The challenges DM particle physicists face Theoretically: Two many models — resources split

Too many models, mainly on particle DM.
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The challenges DM particle pht sts face Theoretically: Two many models — resources split

Even for the WIMPs model, under EFT, there are 20 interactions.
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The challenges DM particle physicists face Experimentally, too many backgrounds — some dramas (if not jokes)
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e The challenges DM particle physicists face

@ Experimentally, too many backgrounds — some dramas (if not jokes)
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Experimentally, too many backgrounds — some dramas (if not jokes)
Bkgs in DAMIC and SuperCDMS.

@ Left plot : DAMIC data, the survived events are in between two dotted lines.
CCD thickness on the plot: ~ 300 pm.
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Experimentally, too many backgrounds — some dramas (if not jokes)
Bkgs in DAMIC and SuperCDMS.

@ Left plot : DAMIC data, the survived events are in between two dotted lines.
CCD thickness on the plot: ~ 300 um.

@ Right plot : SuperCDMS events.
The 11 colorful events have been picked up as the desired backgrounds, among
survived events sea (grey).
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Experimentally, too many backgrounds — some dramas (if not jokes)
Bkgs in XENON-1T and LUX

@ Left plot : XENON-1T, arXiv: 1805.12562; PRL 121, 111302(2018).
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Experimentally, too many backgrounds — some dramas (if not jokes)
Bkgs in XENON-1T and LUX

@ Left plot : XENON-1T, arXiv: 1805.12562; PRL 121, 111302(2018).

@ Right plot : LUX, PRL 118, 021303 (2017).
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Experimentally, too many backgrounds — some dramas (if not jokes)
Bkgs in XENON-1T and LUX

@ Left plot : XENON-1T, arXiv: 1805.12562; PRL 121, 111302(2018).

@ Right plot : LUX, PRL 118, 021303 (2017).
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@ LUX and XENON-1T are both LXe TPC.
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The opportunities for DM particle physicists New thoughts/actions worldwide
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e The opportunities for DM particle physicists
@ New thoughts/actions worldwide
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The opportunities for DM particle physicists New thoughts/actions worldwide

@ EU: Direct detection of dark matter — APPEC committee report, arXiv:
2104.07634.
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The opportunities for DM particle physicists New thoughts/actions worldwide

@ EU: Direct detection of dark matter — APPEC committee report, arXiv:
2104.07634.

@ US: the Snowmass 2021 meeting (P5). arXiv: 2211.09978, 2203.07700,
2209.07426, 2203.08297, ...

@ LXe community, LZ + XENON — a new LXe collaboration;
LAr, DEAP + DS20k + ArDM + ... — a new LAr collaboration.

@ China: CEDX 50 kg HPGe, PandaX-30T (?), DS-1ton for low-mass DM (?);
ALETHEIA, R&D stage

@ ALETHEIA progressed significantly since 2020: demonstrated the viability of
single-phase LHe TPCs;
R&D underway: dual-phase LHe TPCs.
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e The opportunities for DM particle physicists

@ My thoughts
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The opportunities for DM particle physicists My thoughts

A search with no model bias: ER is not necessary to be bkgs.

@ Considering tens of elementary particles in the SM, reasonable to assume there
are more than one type of DM particle; some generate ER, some NR =
ER and NR could co-exist in a DM detector’s same dataset.
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The opportunities for DM particle physicists My thoughts

A search with no model bias: ER is not necessary to be bkgs.

@ Traditionally, WIMPs suppose to generate NR events; actually, it could generate
ER events also, PRD 85.076007 =
Even if DM is all made of WIMPs, it could generate both ER and NR events.

@ Considering tens of elementary particles in the SM, reasonable to assume there
are more than one type of DM particle; some generate ER, some NR =
ER and NR could co-exist in a DM detector’s same dataset.

@ From a DM detector’s point of view: there could exist three possible excesses: (a)
ER excess only, (b) NR excess only, or (c) ER and NR excesses co-existening.

@ To be able to handle the three possible excesses, single-digit numbers of ER and
NR background events are desired «— ALETHEIA can do that.

@ For more details, arXiv: 2302.12406.
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e The progress of the ALETHEIA project
@ ALETHEIA Introduction
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ALETHEIA

@ ALETHEIA: A Liquid hElium Time projection cHambEr In dArk matter.
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ALETHEIA

@ ALETHEIA: A Liquid hElium Time projection cHambEr In dArk matter.

@ TPC is arguably the best technology in the community: LZ, PandaX, XENON;
DarkSide, DEAP.

LZ TDR
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@ TPC is arguably the best technology in the community: LZ, PandaX, XENON;
DarkSide, DEAP.

@ LHe is arguably the cleanest bulk material: nothing is solvable in LHe except *He,
which is extremely rare in nature.

@ A 1.5-m LHe TPC with 1 ton* yr exposure only has 11 ER and 0.5 NR events.
Applying 99.5% ER cut and 50% NR cut, only 0.3 events for 1 ton*yr exposure.
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ALETHEIA

@ ALETHEIA: A Liquid hElium Time projection cHambEr In dArk matter.

@ TPC is arguably the best technology in the community: LZ, PandaX, XENON;
DarkSide, DEAP.

@ LHe is arguably the cleanest bulk material: nothing is solvable in LHe except *He,
which is extremely rare in nature.

@ A 1.5-m LHe TPC with 1 ton* yr exposure only has 11 ER and 0.5 NR events.
Applying 99.5% ER cut and 50% NR cut, only 0.3 events for 1 ton*yr exposure.

@ For details: Eur. Phys. J. Plus (2023) 138:128.

LZ TDR
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ALETHEIA Introduction

ALETHEIA NR channel: Projected sensitivities

The progress of the ALETHEIA project
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ALETHEIA review, Oct 2019.
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ALETHEIA review, Oct 2019.
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o “ltis pOSSIb/e that /lqu1d hel/um could enable espeCIally /ow backgrounds
because of its powerful combination of intrinsically low radioactivity, ease
of purification, and charge/light discrimination capability.”
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ALETHEIA collaborators so far

5 institutions (increasing), ~ 20 members
@ CIAE (China Institute of Atomic Energy), ~ 10 researchers.
@ Peaking University, 1 + 2 (?) researchers.
@ University of South China, 1 + 1(?) researchers.
@ China Southern Power Grid Electric Power Research Institute, 5 researchers.
@ SCRI (Shanghai Cable Research Institute), 3 researchers.
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The progress of the ALETHEIA project ALETHEIA prototype detector: the 30g-V1 LHe
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e The progress of the ALETHEIA project

@ ALETHEIA prototype detector: the 30g-V1 LHe
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ALETHEIA prototype detector: the 30g-V1 LHe
The R&D of the 30g-V1 LHe prototype.

@ Left picture: the detector successfully cooled to 4 K.
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ALETHEIA prototype detector: the 30g-V1 LHe
The R&D of the 30g-V1 LHe prototype.

@ Left picture: the detector successfully cooled to 4 K.
@ Right plot: dark current is less than 10 pA under several circumstances. J
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber
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e The progress of the ALETHEIA project

@ ALETHEIA prototype detector: TPB coating on a PTFE chamber
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ALETHEIA prototype detector: TPB coating on a PTFE chamber
LHe light peaked 80 nm, TPB to convert into visible light.

@ Left picture: the principle of TPB coating.

v
PTFE inner walls
I Coated TPB layers
*— TPB molecules move inside of the source.
e— TPB molecules escape from the source then fly toward the inner walls
of the cylindrical PTFE cells.
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ALETHEIA prototype detector: TPB coating on a PTFE chamber
LHe light peaked 80 nm, TPB to convert into visible light.

@ Left picture: the principle of TPB coating.
@ Right plot: top view of the coated 10-cm size PTFE chamber.
@ Published: Acta Phys. Sin. Vol. 71, No. 22 (2022) 229501

~—— TPB molecules move inside of the source.
o—» TPB molecules escape from the source then fly toward the inner walls
of the cylindrical PTFE cells.
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

The coating source.

@ Left picture: The source’s drawing.
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

The coating source.

@ Left picture: The source’s drawing.
@ Right plot: The image of the source.
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

Coating process.

@ Left picture: Coating into steps.
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

Coating process.

@ Left picture: Coating into steps.
@ Right plot: real time monitoring on TPB thickness.
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ALETHEIA prototype detector: TPB coating on a PTFE chamber
Figure out the TPB coating thickness.

@ Left picture: sample films inside of the chamber.
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

Figure out the TPB coating thickness.

@ Left picture: sample films inside of the chamber.

@ Right plot: calculate TPB’s thickness based on the mass difference.
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Table 1. TPB coating thickness calculation based on the
mass difference before and after coating on the aluminum
plates.
4 DRI T (et :
% N BV
B Byem  fim BB mg  OT/Hm
1 2 TR RE 0.75 + 0.02 348 £ 0.11
2 2 T2 Py B 0.46 + 0.04 2.13 + 0.17
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

Figure out the TPB coating thickness.

@ Left picture: sample films inside of the chamber.
@ Right plot: calculate TPB’s thickness based on the mass difference.

@ The third method to figure out TPB’s thickness is based on the TPB mass

consumed, 0.2 g.

@ All of the three methods returned consistent thickness.
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1 2 TR RE 0.75 + 0.02 348 £ 0.11
2 2 T2 Py B 0.46 + 0.04 2.13 + 0.17
3 2 /AT RE 0.87 + 0.04 4.03 + 0.16
4 6 INEE I 254 + 0.02 3.92 + 0.03
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ALETHEIA prototype detector: TPB coating on a PTFE chamber
TPB coating film, exposed at 4 K.

@ Left picture: SEM scanning imagine on TPB coated film experienced at 4 K.

SEM HV: 5.0 KV WD: 8.97 mm

SEM MAG: 3.29 kx Date(midiy): 10/21/22 Performance in nanospace
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The progress of the ALETHEIA project ALETHEIA prototype detector: TPB coating on a PTFE chamber

TPB coating film, exposed at 4 K.

@ Left picture: SEM scanning imagine on TPB coated film experienced at 4 K.
@ Right plot: SEM scanning imagine on TPB coated film W/O cryogenic experience.
@ Published in JINST, 2022 JINST 17 P12001.
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The progress of the ALETHEIA project ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.

Outline

e The progress of the ALETHEIA project

@ ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
SiPMs tests at 4 K, with a LED

@ Left picture: experimental setup (Inside of the G-M cryocooler).
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
SiPMs tests at 4 K, with a LED

@ Left picture: experimental setup (Inside of the G-M cryocooler).
@ Right plot: Preliminary results.
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The progress of the ALETHEIA project ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.

SiPMs test at 4 K, IV curve measurement

@ Left picture: SiPMs IV curve tests, 20 K - RT.
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The progress of the ALETHEIA project ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.

SiPMs test at 4 K, IV curve measurement

@ Left picture: SiPMs IV curve tests, 20 K - RT.
@ Right plot: SiPMs IV curve tests, (4 - 20) K, 10 V plateau existed.
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
FBK SiPM: resistance VS temp, and Drop voltage VS Temp.

@ Left picture: FBK SiPM, resistance VS temp.
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
FBK SiPM: resistance VS temp, and Drop voltage VS Temp.

@ Left picture: FBK SiPM, resistance VS temp.

@ Right plot: FBK SiPM, voltage VS temp.
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
FBK SiPM @ 4 K, typical analog signal.
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ALETHEIA prototype detector: (preliminary) SiPMs tests at 4 K.
SiPMs tests at 4 K, resistance and voltage upon Rs@VgD.

@ 38 FBK SiPMs tested. Most (36/38) of FBK SiPMs are functional at 4 K. More
detailed: Eur. Phys. J. Plus (2023) 138:128.
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The progress of the ALETHEIA project Ongoing tests at CIAE

Outline

e The progress of the ALETHEIA project

@ Ongoing tests at CIAE

Junhui Liao (On behalf of ALETHEIA) Wiv 23 Jul 2 - 8, 2028, SYU Zhuhai Campus 40/42



The progress of the ALETHEIA project Ongoing tests at CIAE

A 10-cm chamber, ~ 100 g LHe prototype detector is assembling
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ject Ongoing tests at CIAE

A 10-cm chamber, ~ 100 g LHe prototype detector is assembling.
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Summary

Summary

@ DM sector might have more than one elemental particle. DM signals not
necessary to show up as NR recoil only: ER only and ER&NR coexistence also
possible.
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Summary

Summary

@ DM sector might have more than one elemental particle. DM signals not
necessary to show up as NR recoil only: ER only and ER&NR coexistence also
possible.

@ ALETHEIA project is supposed to only have single-digit number of ER and NR
backgrounds with a 1 ton*yr exposure, therefore, be sensitive to any kinds of DM
signal combinations.

Junhui Liao (On behalf of ALETHEIA) Wiv 23 Jul 2 - 8, 2028, SYU Zhuhai Campus 42/42



Summary

Summary

@ DM sector might have more than one elemental particle. DM signals not
necessary to show up as NR recoil only: ER only and ER&NR coexistence also
possible.

@ ALETHEIA project is supposed to only have single-digit number of ER and NR
backgrounds with a 1 ton*yr exposure, therefore, be sensitive to any kinds of DM
signal combinations.

@ We demonstrated the viability of a single-phase LHe TPC. The R&D on a
dual-phase LHe TPC is underway.
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