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Current Experiments Not Too Sensitive to Sub-GeV DM
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For Light Dark Matter Better to Look For Electron Recoills
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sensitive to electron recoills

* Much weaker limits (10
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» From ton-targets to gram-targets?

Dark-PMT: Novel Detector for Light DM, PM2021

| 41036
\
‘ - —37
=3 \ E 10
\ Dax\ig.lde’(ag :
/ NONXO\ -
al. 08 41077
‘ pesit & -
2e oy _ -
— ZX/ - _ 10—39
. XENONIT |40
M M GeV) PRL 123 (2019) 251801
ass (Ge
| R | N | T B 10—41
0.02GeV/c*?  0.07 0.2 0.5 1 2 5 10
‘ Sensmwty drops for mDM < 100 MeV
(electron reconstructlon thresholds) *

[r—

DM-electron o [cm?



Ihe Advantage of 2D Materials
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Growing Vertically Aligned Carlbon Nanotubes in the Lab
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* New state-of-the-art nanotube facility in Rome Sapienza
. Thanks to ATTRACT funding C 2 rract
» Growing nanotubes with Chemical Vapor Deposition

» Up to 400 pm in length, on different substrates

| Installing the | | :
‘ CVD chamber | | B9
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Aligned Nanotubes: a Highly Anisotropic Target

G. D’Acunto, et al., Carbon 139 (2018) 768

Lateral ‘ Penetration Penctration | Longitudinal <+ Raman analysis after Ar+ bombardment
depth depth Ar’
LAT-LAT TOP-LAT .
- Lateral penetration < 15 pm
. pm = pum
_—
US._J\\ g f 0 — * Longitudinal damage along full length
10, i | £ /\ &60,,,._\ (180 pm)
/\'\5_...&\ /\\ \90..,-«—\ * Highly anisotropic density
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Nanotube Detector Concept: the ‘dark-PMT

DM Wind .
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+ ‘Dark-photocathode’ of aligned nanotubes : Dar T features -

|

- Portable, cheap, and easy to produce

|
- Unaffected by thermal noise (®. = 4.7 eV) {‘

» Detected by solid state e- counter - Dnrectlonal sens|t|v|ty

— e ————— —_— — _ == = = = = _ B

» Ejected e- accelerated by electric field

Francesco Pandolfi Dark-PMT: Novel Detector for Light DM, PM2021



Two Arrays of dark-PMTs to Search for a Dark Matter Signal

Sensitive 1o G. Cavoto, et al., PLB 776 (2018) 338
DM signal 2000l | | |
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In principle senS|t|ve

to eV electrons! »'
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Expected to Extend Reach Below 40 MeV
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PRIN 2020
The ANDROMeDa Project n

<+ Awarded PRIN2020 grant (1M€)

- 3-year project, starting in 2022 A N D / i eD a

: Aligned Nanotube Detector for Research On MeV Darkmatter
- 3 units: INFN (FP, P1.) )

Sapienza (G. Cavoto)
Roma Tre (A. Ruocco)

DM Wind : —
i i i . ] =D E field (few kV/cm)
< Main objective: have a.worklng dark-PMT 3 ol electron
prototype by end of project S ” S
. <
vacuum L]
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PRIN 2020

The ANDROMeDa Project

<+ Awarded PRIN2020 grant (1M€)

» 3-year project, starting in 2022

: Aligned Nanotube Detector for Research On MeV Darkmatter
- 3 units: INFN (FP, P1.) )

Sapienza (G. Cavoto)
Roma Tre (A. Ruocco) Ideal nanotubes for DM target?
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E field (few kV/cpl)
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<« Main objective: have a working dark-PMT
prototype by end of project
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Two Unwanted Features of Carbon Nanotubes

As-grown CNT Forest
Crust Aligned CNT e g
Catalyst l
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Substrate

“ Two problems with as-grown nanotubes:
* Non-aligned top crust layer

« Side ‘waviness’ at the nanoscale

<+ Both hamper electron transmission

* Need to minimize both effects
for ideal DM target
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Aligned
CNTs

Plasma Etching to Remove Non-Aligned Top
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Aiming for Ultimate Parallelism at the Nanoscale

< Parallelism strongly influenced by iron catalyst seeds

(a)

(b)

i

(c)

 Density, uniformity and oxidation

+ Building evaporation chamber in Rome

» Will operate in 10-2 mbar
to minimize oxidation

» Aim for seed density >1012 cm-2
with high uniformity

Time

 AFM to check seed size
and density

Non-uniform seeds |
— different growth rates ||
|  — wavy nanotubes |
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Silicon Detectors for keV Electrons

<+ Benchmark: Avalanche Photo-Diodes

DM Wind

o= E field _(fe_vx_/_lfy_/_c » Simple, cost-effective
;2 recoil electron |
- ~ o » Hamamatsu windowless APDs
. 1 N
vacuum ‘§&§%
~5cm 4
* Possible upgrade: Silicon Drift Detectors
. Challenge detect keV eIectrons }  Ultimate resolution

(with hlgh eff|C|ency) 1’

e e = e = —— e

- FBK (SDD) + PoliMi (electronics)
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APD Characterization with 900 €V Electrons at Roma TIre

< Electron gun in LASEC Labs @ Roma Tre
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» Electron energy: 30 < E < 1000 eV — 10 " E,=900eV | -
_s . v, =350V Pl -
- Energy uncertainty < 0.05 eV i . ]
10° ° E
* Current as low as a few fA : :
i xg' i
» Beam spot ~ 0.5 mm : -
102 - ‘ Iapd = I0 + GXIgun _
. . . . - l,=1.3 = 2.0 pA -
% Reading APD bias current when shooting gun on it : . G=3858 33 -
i v2/NDF=0.31/4
» Clear linear correlation with gun current A | |
107 107 1 10

lgun [PA]
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Dark-PM 1 Prototype ‘Hyperion-II" Taking Data in Rome
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Conclusions

% GCarbon nanotubes: exciting new material for dark matter detectors

» 2D material: recoiling electrons ejected directly into vacuum

+ ‘Dark-PMT’ dark matter detector concept ﬂ N D R

» Portable, no thermal noise, directional sensitivity

Aligned Nanotube Detector for Research On MeV Darkmatter

* In principle sensitive to electron recoils of a few eV

» Capable of extending reach to masses below 40 MeV

+ ANDROMeDa: a young and ambitious program in Rome

JOIN US

* Aiming to build first working Dark-PMT prototype by 2025
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