1012 1013 1014

QUantum Enhanced Superfluid Technologies for Dark Matter and Cosmology

Sensitivity Ceilings for the QUEST-DMC
Detector

Neda Darvishi (RHUL) ,?5,7 & RovAL

On behalf of QUEST-DMC Collaboration <W HOLLOWAY

10OP Joint APP and HEPP Annual Conference
7-9 April 2025, University of Cambridge

17/15



QUEST-DMC

and Its Sensitivity m o
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World-leading sensitivity to SD and SI
interactions.
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Sensitivity Ceiling m o
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An upper limit in the cross-section sensitivity region is present due to DM
scattering in the Earth and atmosphere and would never reach the detector.
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We evaluate the cross-section sen-
sitivity ceiling via two primary tra-
jectories:
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o Straight-line (SL) path
approximation
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Straight-line Path Approx.

DM particles are propagated
through three regions:

» Atmosphere - stopping by
Oxygen and Nitrogen.

» Earth - stopping by
different Earth elements.

» Shielding - the particles
propagate through any
shielding which surrounds
the detector.
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Straight-line Path Approx.
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Diffusion Framework

Stmulates a random walk of DM particle interactions through the atmosphere
as a series of n isotropic scatterings

» The energy spectrum:
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Initial DM Velocity Distribution o
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The initial DM velocity distribution is calculated under the assumption of the
Earth being fully opaque to DM.

. et |
fi2(vi, ) :/ vl f(vi, ) d*v ]
half-sphere

fip(vi) [1073 s/km]
&

0

= / v? f(vs, 7y, cos ) d(cos )

—1 o //" 7 \

100 2-6-0 300 40 500 600 700 800
vi[km/s]

Converted and plugged into the iterative process:

dN X, [
a E) = PN d L (B
3B o> ) nz%/ n(2)d 5 ()

/15



Final DM Velocity Distribution S| o
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Converting the energy spectrum to the velocity distribution:
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The Event Rates .
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and Projection Sensitivities 2 oy
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Detector Sensitivity for
Background response model dark matter
simulation
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o The small and large cross-sections for O; and O, interactions. L0 as



Non Relativistic EFT Operators of DM o

o The interaction Hamiltonian: # =3 _ , S°1°, 7O, 7 (the isospin
operators t? = 0¥ and t! = o3).
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Wilson Coefficients o
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As was first pointed out by Migdal (1986):
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Non Relativistic EFT Operators of DM
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» Among all non-relativistic EF'T operators, operator 15 has the highest
lower limit.

» No upper-limit is assigned to operator 15.



Summary o
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» The QUEST-DMC collaboration is currently operating He-3
bolometers at RHUL and Lancaster. These are instrumented with
vibrating nanowires and readout with SQUID. (See E. Leason’s talk)

» Our SD sensitivity reaches ~ 7 x 10737 cm? at ~ 500 MeV/c? with a 0.51
eV threshold (SQUID readout).

» The SD ceiling limit for QUEST-DMC is ~ 3 x 1072 cm? using the
diffusive propagation model, increasing by roughly a factor of two with
the straight-line approximation.

» The SI ceiling limit is ~ 7.5 x 1072" cm? under the diffusive model and
also increases by about a factor of two in the straight-line path model.

[1] QUEST-DMC collaboration, Dark Matter Attenuation Effects: Sensitivity Ceilings for Spin-Dependent
and Spin-Independent Interactions, arXiv:2502.10251[hep-ph] , accepted for publication in JCAP (2025).
[2] QUEST-DMC collaboration, QUEST-DMC superfluid 3He detector for sub-GeV dark matter, Eur. Phys.
1. C 84, 248 (2024).

[3] QUEST-DMC collaboration, QUEST-DMC: Background Modelling and Resulting Heat Deposit for a

Superfluid Helium-3 Bolometer, J Low Temp Phys 215, 465-476 (2024). 15738



