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he Science covered

Neutrinos Dark Matter ovfi

» Oscillation precision ||+ Direct detection + Search for Majorana

measurements (SCP, (VV||\/|PS, ) neutrinos
mass ordering, B23 octant,

sterile vs)

- Neutrino interactions
(from CEVNS to DIS)
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he Physics Needs (high level overview)

Neutrinos Dark Matter ovfi

thresholds down to thresholds down to Resolution to sub-

~1MeV to enhance 1 meV/10 eV/1 keV % FWHM
oscillation physics, to enable low mass
supernovae vs study, || DM/1 GeV DM/

to enable solar vs ... WIMPs.

- Unambiguous * Reduce * Reduce
readout background rates background rates

- Scalability - Scalability - Scalability




R&

Roadmap for TF2

Readout
develop-
ment

Measure-
ment
strategy

Target
properties

Scaling up
challenges

Higher energy resolution

Lower energy threshold

Expand wavelength
sensitivity

Fine granularity

dE/dx (combine modalities:
charge, light, heat, acoustics)
Liquid doping and purification
(87 - 290K)

High pressure

Detector services (e.g.
cryogenics) and integration

Large arrays (sensors)

Low power
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and background mitigation

. Must happen or main physics goals cannot be met

. Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met 4



DRD2: Liquid Detectors Activities

ECFA R&D Roadmap: https://indico.cern.ch/e/ECFADetectorRDRoadmap

Apr.’21: TF2 Symposium https://indico.cern.ch/event/999815/
197+5 registered to list (used for subsequent mail distribution)

...Roadmap drafting...

Sept.-Dec.’22: Community input questionnaire, to
(i) develop the work packages of the Liquid Detectors RD Collaboration Proposal, and
(i) invite participation in proposal-drafting team
- announced on all previous email lists, advertised at LIDINE (Sept.’22) and DUNE Module of
Opportunity workshops (Nov.’22) and via ECFA: https://indico.cern.ch/event/957057/page/
21912-questionnaires
- 49 responses, of whom14 willing to serve on proposal-drafting team

Dec.’22: mini-workshop of proposal-drafting team to develop collaboration proto-structure based on
community inputs

Jan.’23: meeting of proposal-drafting team to define proposal structure, following ECFA Steering
Group guidance

Feb-Mar.’23: ...proposal drafting...

Apr.’23: plan 2nd community workshop 5
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Community Survey Outcomes

What physics areas does your R&D address?
49 responses

@ Rare event searches

@ Neutrino Physics

@ Energy Frontier

@ Precision physics

@ Flavour physics

@ Hundert ton scale dark-matter detectors
@ Neutrino Physics; Rare event searches

@ Rare Event searches and neutrino
physics (can't do multiple choice)

Is your R&D activity

49 responses

New 18 (36.7%)

An extension of ongoing R&D 37 (75.5%)

Already funded 9 (18.4%)
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Community Survey Outcomes: DRDTs

Under which Detector R&D Theme(s) would your R&D activities fall? Please refer to the Roadma

document for more details on the definition of DRTDs (link).
49 responses

Readout Development: High... 13 (26.5%)

Readout Development: Low... 21 (42.9%)
Readout Development: Exp... 11 (22.4%)

Readout Development: Impr... 8 (16.3%)

Measurement Strategy: Fine... 11 (22.4%)
Measurement Strategy: dE/d... 14 (28.6%)

Target Properties: Liquid Do... 22 (44.9%)
Target Properties: High radio... 19 (38.8%)
Scaling Up Challenges: Det... 9 (18.4%)
Scaling Up Challenges: Larg... 17 (34.7%)
Scaling Up Challenges: Low... 3 (6.1%)
Scaling Up Challenges: Nois... 23 (46.9%)
Charge transport in noble liq... 1(2%)
Reconstruction methods 1(2%)

Target Properties: Microscop... 1(2%)

My R&D falls into the catego... 1(2%)
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Community Survey Outcomes: Type of activity

How long do you expect this particular R&D activity to last for?
49 responses

® <3years
® <5 years
@ <10 years

Y

Is your R&D a collaborative effort?

49 responses

Noll—1 (2%)

Yes: With academic or technic... 21 (42.9%)

Yes: With academic or technic... 45 (91.8%)
Yes: With Scientists and techni... 25 (51%)
This is currently something tha... 1(2%)
Padova University, LNGS, GSSI 1(2%)
Yes: with theoretitican group a... 1(2%)

0 10 20 30 40 50 —

Industrial partners?

49 responses

No 29 (59.2%)
Yes (Please Name the comp... —16 (32.7%)



Community Survey Outcomes: Budgets

® 50-100k tota
@ 100-200k tota

® >200k iptg

What would you use the funding for?
49 responses

Personnel: Graduate students

Personnel: Undergraduate stu... 6 (12.2%)
Personnel: Postdocs

Personnel: Pl salary 3 (6.1%)
Equipment (>10k$)
Consumables
Computing resources (hardwar... 8 (16.3%)

Staff exchanges and visit and...

0 10 20

® 50k total:~0.1M

i:;jgm Current total:~5M

~2.0M

38 (77.6%)
32 (65.3%)

37 (75.5%)
32 (65.3%)

25 (51%)
30 40 9



Community Survey Outcomes: Matching®

Similarly to the AIDAinnova programme, could there be matching resources from your institute? If

yes, what would this be?

49 responses

® No
@ Yes: Own academic time

@ Yes: Researcher (postdocs or graduate
students) time

@ Yes: Hardware

@ | am not sure

@ Some of the above, depending on ext...
@ yes: Own time, researcher time and h...
@ Al of the above

@ Own academic time, some travel $, g...
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Current state of the collaboration structure

- Proposal structure with technical area writing leads

WP 1: Charge Readout

WP 2: Light Readout

WP 3: Target Properties

WP4: Scaling-up challenges

1.1: Pixels

J.Asaadi (US)
R. Guenette (UK)

1.2: Amplification

A. Diesting (Germany)

1.3: lon detection

No representation

2.1: Increased sensor QE
J. Monroe (UK)

2.2: Higher efficiency WLS/collection
M. Kuzniak (Po)

J. Martin-Albo (Spain)
C. Cuesta (Spain)

2.3: Electronics, readout, integration
for cryogenics

No representation -> in WP 4.4

1.4: Dual (charge + light) 2.4: Improved sensors for LS/Water

E. Gramellini (UK)
J. Asaadi (US)

1.5: Charge to light
K. Mavrokoridis (UK)

M. Bongrand (France)
T. Lachenmaier(Germany)

3.2: Doping & isotope loading

A. Zeni (Italy)
H. Steiger (Germany)

3.1: Purification

W. Bonivento (ltaly)
A. Goretti (ltaly)

3.3: Optimization of light emission

& transport
M.Wurm (Germany)

S. Schoppman (Germany)
Potentially UK leader
3.4: Microphysics &
characterization

M.C. Piro (Canada)

4.2: Radiopurity & bkg

mitigation

Roberto Santoreli (Spain)
Potential UK leader

4.1: Material properties

No representation
Potential UK leader

4.3: Detector & target
procurement/production
W. Bonivento (ltaly)
M. Yeh(US)

4.4 Large-area (light) readout
l. Gil-Botella (spain)

J. Crespo (Spain)
G. Fiorillo (ltaly)




Current state of the collaboration structure

- Proposal structure with technical area writing leads

WP 1: Charge Readout WP 2: Light Readout WP 3: Target Properties WP4: Scaling-up challenges

1.1: Pixels 2.1: Increased sensor QE 3.2: Doping & isotope loading 4.2: Radiopurity & bkg
. i mitigation
Asaadi A. Zeni (ltal . .
IJ_‘@_lﬂ Guenette (UK) I J. Monroe (UK) I H. Steiger (((ierr)r,l)any) Robert : ntoreli in
i ] Potential UK leader
1.2: Amplification 2.2: Higher efficiency WLS/collection 3.1: Purification 4.1: Material properties
M. Kuzniak (Po) W. Bonivento (ltaly) No representation
.. . . . Bonivento (ltaly
A. Diesting (Germany) J. Martin-Albo (Spain) ) -
C. Cuesta (Spain) A. Goretti (Italy) | Potential UK leader |
1.3: lon detection 2.3: Electronics, readout, integration 3.3: Optimization of light emission 4.3: Detector & target
N tati for cryogenics & trans?v?r';cv (G ) procurement/production
O representation ] ] .Wurm (Germany i Ital
No representation -> in WP 4.4 S. Schoppman (Germany) W. B&"';:rl:(tg S()ta y)
Potentially UK Ieader] ]
1.4: Dual (charge + light) 2.4: Improved sensors for LS/Water | 3.4: Microphysics & 4.4 Large-area (light) readout
m M. Bongrand (France) characterization l. Gil-Botella (Sp_am)
~Asaadi (U T. Lachenmaier(Germany) M.C. Piro (Canada) J. Crespo (Spain)

G. Fiorillo (ltaly)

|K. Mavrokoridis (UK) |

Lots of UK involvement. More welcome!



UK Potential TF2 R&D Infrastructure: SOLAIRE

Preliminary Infrastructure bid, selected by PPAP/PAAP in 2022 process, to build globally-unique
underground liquid detectors R&D cryostat - a la 1/4 ProtoDUNE, in Boulby

(leads: Price (DarkSide-LowMass), Soldner-Rembold (SoLLAR), Monroe (DarkSide-20k))
Presented at Feb,’22 Boulby Development workshop (slides from D. Price)

The SOLAIRE international project @ Boulby 7

SOLAIRE proposed UK- Ied LAr TPC experlmental faC|I|ty |everag|ng future |nstrumentat|on R&D to probe -
dark matter & neutrino interactions W|th world- Ieadmg prospects for dlscovery in 1ate 2020’

*1 t (flduC|aI) dual-phase Ar inner TPC (SlPM mstrumented) W|th 15 t outer TPC (charge- p|er readout)
- Based on DarkSide- LowMass [arXiv:2209.01177] and SoLAr [arXiv: 2203. 07501] de5|gn proposals

Y¢First phase (AAr)‘: domestic - platform for novel mstrumentatlon 5 e

development and tésting . 80 4 e |

TPC photosensors

Leverage world-leading UK silicon detector integration capability-for lower-background readout, skills and 1 (same at bottom)
capability in SiPM readout (DarkSide-20k) and pixelated charge-and-photon sensors (DUNE).

Depleted argon
active(fiducial)
mass:1.5(1)t

— Enable UK leadership in low-background readout for the DUNE low background module.
— Serves as a pathfinder for ARGO technologies with UK spearheading development. o
— Demonstrate capability for Boulby to host a next-generation global experiments at multi-ton scale. 7 path veto

Veto photosensors

y¢Second phase (UAr): operation of optimised detector for main science — _
runs, studies with doped LAr

* 16+ UK institutions already on board (Birmingham, Boulby, Daresbury, Edinburgh, Imperial, Lancaster, Liverpool, Manchester, Open University, Oxford, QMUL,
RAL, RHUL, Sussex, UCL, Warwick...), with international collaborators in USA, Italy, Poland...
. Supported by PPAP and PAAP.
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SOLAIRE Infrastructure

Underpins UK as an R&D centre at-scale for low-radioactivity, low noise, high
quantum efficiency cryogenic sensors for the future of science and industry

Ambitions and milestones: funding needs

15

7¢SOLAIRE Year 1—2

. v¢Site study, background assessment prellmlnary engineering deslgns prellmmary 5|mulat|ons =

Need some near- |mmed|ate PDRA/Engmeermg time to begin

i‘\rDeveIopment of international partnershlps + UK |ndustr|al partners :

*SOLAIRE Yedr 2=5

Estimate total cost £9M (incl. key personnel)

y¢Design, productioniand assembly of a LAr cryostat with inner/outer volume.

y¢Development and demonstration of prototype readouts (SiPM and pixelated charge readout).

yeInstallation of a small-scale ultra-low background TPC prototype to study backgrounds.

yeFirst physics runs.

Ye¢Delivery of engineering design for final SOLAIRE experiment.

yeLate 2020’s: position to bid host the next scale argon dark matter detector?

7 SOLAIRE Year 6—10

YeDelivery of optimised SOLAIRE experiment with readout / doping strategy informed by previous phase.

v¢Main science runs.

Estimate total cost (re-using infrastructure) £21M

€20T ,LT 9°4 — @d1ud uaieq — Aqjnog 1e Jayjew yiep uosie a.l'n1n:|



