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Introduction DM Sensitivity Limits Physical Properties  Diamond ~ Si  Ge
We propose the use of SuperCDMS-style Below are the background-free limits of high-purity CVD
diamond detectors for sub-GeV DM search. diamond detector for various DM searches: [5] Debye Temp. (K) 2220 645 374
Diamond has several advantages: 0. = 1 eV 0, = 10.0 meV
1. Better mass matching to low mass DM 0 IE . \ | || \ Bandgap (eV) 5.47 1.12 0.54
2. Excellent isotopic purity R R | Sk
3. Long-lived and fast phonon modes . 4\ i \ R pair creation energy (eV) 13 a6 X
4. Radiation hard o SN |
5. Large breakdown fields (=20 MV/cm). g1 1.1 | i1
6. Absence of shallow impurity 0] Lol :1 "'n_l ;ﬁ Speed of sound (m/s) 13360 53830 3550
Much of the current technology developed for Si - “'*“*‘a_..a_--.:-_,-.:-.;'-'ZAEEHE-IT \ Breakdown field (MV/cm) 20 0.3 0.1
and Ge substrates can be ported over to - R . > mﬂuﬁmn@\f—ﬁ
diamond with minimal modification, placing 1of 10 . tgjw] 10 10 . {Ei . 10 10 N(1700) N(15-50)
diamond detectors in an excellent position to o . - . N(4000) | P(12)
) Nuclear recoil limits for He (blue), diamond (green), Charge Impurities P(45) .
broadly probe and detect DM in near future. Si (red), and Ge (cyan). (Binding energy in meV) P_(SOO) Li(33) Li(9.3)
Li(230) B(10)
- N o= 1 S B(370)  B(45)

1
1()729 HAW Ge le-

Detector Physics \ SR N — e

%

== == Diamond le-, lkg-yr

-- Ge le-, lkg-yr Ge le-, 1kg-yr

1 1
— I
10" o SENSEI Diamond le-, 1g-d

1
I I
P\ i
\/ — = Diamond le-, Ikg-yr ! \!
HVeV I
L
I 1
I 1
‘//l l
] 1
\ 1
\ I

Diamond le-, 1g-d

Charge Collection ne
<0 XENON-10

[cm?

\‘ 1
-35 1
o 10 7 41

Early demonstration of charge mobility in S I ] - ‘ —
synthetic diamond showed a charge carrier R N R ‘.
lifetime in excess of 2us [1]. For a field strength TR ] S\ e E R
of 1-10 kV/cm, charge drift velocity is on the 0 R T T e s
order of 10 cm/pus [2]. This corresponds to a 10 Sy
mean free path, at room temperature, of 10 cm, MMV MMV
which in fact is the maximum collection distance Electron recoil limits for heavy (left) and light (right) mediators.
measured in [1] for high-quality chemical vapor
deposition (CVD) diamonds at room 10" gl ;
temperature. IR - 0" o Large CVD diamond wafer synthesized in [6].
Phonon Collection 10719 | 10-" [1] Isberg, J. et al. Science 297.5587 (2002): 1670-1672.
3 P molecules’, [2] Nava, F., et al. Solid State Communications33.4 (1980): 475-477.
The high thermal conductivity of diamond §]O_H o e L [3] Inyushkin, A. V., et al. Physical Review B 97.14 (2018): 144305.
translates into high phonon mean free path. AR :0 GCSI 10713 |i4']MLFi)thzeOr(I)a5nd,A. E., et al. AIP Conference Proceedings. Vol. 785. No.
estimation using the Callaway model [3,5] ol D R i C s 1| 151 Kurinsky, N., et al. Physical Review D 99.12 (2019): 123005.
shows that the phonon mean free path in high- . 107+ PO EVD —_— é | [6] Schreck, Matthias, et al. Scientific reports 7 (2017): 44462, )
Surity CVD diamond is higher than in silicon or N e L
germanium with similar crystal size & surface 00T 00 1 0 100 T T TR N1 i
quality. Combined with fast collection of e e . .
phonons leads to a high phonon collection Absorption limits for ALP (left) and heavy photons (right). Conclusions
efficiency and thus good resolution 9 y
For small detectors, it is likely that sub-eV or 4 \ Diam_ond—based detectors hav_e the potential to
even meV level phonon energy resolution is Bac kgrounds contribute to the next generation of dark
achievable. m_atter experiments du_e to its various merlt_s.
- Carbon-14 Impurity Diamond offers exceptional phonpn properties
; as well as better control over various
' backgrounds. Further details are in [5].
_ Natural carbon contains 1 ppt of radioactive C14 which will
% h he _a_ma_in source of background. How_ever, via isotopic o One final practical concern is the cost of
3 ourlf_lcatlon of t_he methane_gas used in the C_VD process it is synthesizing high-purity CVD diamond at a
5 . | possible to achieve C14 ratio ~ 1021 [4], which corresponds kilogram level. As it stands the cost of 1 kg of
| —— Diamond 1 to 10 ev/kg-yr. jewelery-grade CVD diamond is roughly equal
| - Gomanun o to the cost of the Xenon procured for LZ.
P ISt I O N WA W L S Sub-gap excitations However, in recent years we have seen major
L L growth in CVD diamond industry driven by
Estimated phonon mean free path for a cm-sized Dark rates due to e.g. thermal_ exgte?tlon of shallow sites large mflow. o.f.myestment from quantum.
crystal using the Callaway model. and crystal defects is another intrinsic background. However computing initiatives and power electronics
these are suppressed by the large bandgap and the deep industry. It is believed the cost of high-quality
10°- impurity wells in diamond. diamond crystals will soon be cheap enough to
5 allow kg-scale DM experiment using diamond
Compton Recoils substrate detector arrays.
10° - \_ y,
E High energy radiation from environment can produce small
§ 107 energy deposits via Compton recoil off electrons. However ,
§ | due to the high bandgap of diamond such ER backgrond has Acknowledgments
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