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Brief introduction on DAMIC and its latest results

DAMIC science

Region Of Interest(ROI) : low mass WIMP
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Brief introduction on DAMIC and its latest results

Very low noise : 1.8 e− noise(RMS)

1 e− ≈ 3.6 eV→≈ 40 eV
threshold is possible.
1.8(e−/σ)× (3.6eV/e−)×
(5σ) = 32eV
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Brief introduction on DAMIC and its latest results

DAMIC CCDs

DECam detectors are
250 µm thickness and
8 MPix, 1g per CCD.
DAMIC started with
these.
DAMIC-100 uses
high-resistivity, 675 µm,
16 MPix, 5.2g per
CCDs. First CCDs
installed in 2014.
Developed by LBNL
Microsystems Lab.
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Brief introduction on DAMIC and its latest results

signals measured by a DAMIC CCD
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Brief introduction on DAMIC and its latest results

DAMIC Collaboration
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Brief introduction on DAMIC and its latest results

DAMIC detectors assembled in Snolab
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Brief introduction on DAMIC and its latest results

DAMIC limits
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Quenching factor measurement

Quenching Factor(QF) measurement

Why a DM detector needs QF ?
Theoretical models of DM often calculated with recoil energy.
While DM detectors measure ionized energy. To set a limit or
claim a discovery according to models, one has to “convert” these
two energies. QF is the ratio of “ionized energy / recoil energy” for
a detector.
We don’t know which kind of mechanism a WIMP interacts with a
detector. We assume 1) it scatters a detector elastically; 2) part of
the recoil energy could be recorded by a detector.
For a neutron scattering, it satisfies these two assumptions. So,
we can use neutrons to mimic DM scattering off a detector to get
the QF of a DM detector.
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Quenching factor measurement

QF tests

Left plot : QF tests overview (recoil energy < 10 keV); right plot :
DAMIC measured range of recoil energy(the points are not
measured by DAMIC).
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Quenching factor measurement

2015 QF beam test : introduction

Left plot : schematic drawing; right plot : a picture of beam test.
Beam test at University of Notre Dame(Thanks for supports!).
With kinematics, one can figure out ENR = f (∆t), where ∆t is the
time of flight of scattered neutrons which could be measured by
scintillator bars.

Collimator

Incident neutron

Silicon detector

Scintillator bars array

Scattered neutron
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Quenching factor measurement

2015 QF beam test : simulation results

2015 beam test, 21 bars setup
Left plot : Geant4 simulation geometry. Right plot : Geant4
simulated results, ironized energy V.S. recoil energy.
Analysis of 2015 beam test data is in progress.
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Quenching factor measurement

2013 QF beam test : introduction

two bars setup
Plot : top view of the setup of two bars beam test(Geant4
simulation drawing) .
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Quenching factor measurement

2013 QF beam test : results

Analyzing results of 2013 beam test

Left plot : results of 2013 beam test data and estimation for 2015
beam test data. Right plot : part of people involved in QF test.
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Using EFT to analyze DAMIC data

How EFT arises ?

EFT, Effective Field Theory
Most models of WIMPs invoke new physics at the energy scale of
≥ 100GeV . In reality, the momentum transfer in direct detection is
≤ 100s of MeV . At such low energies, those apparently different
models (at ≥ 100GeV ) lead to the same simple non-relativistic
effective theory.
The “traditional” SI/SD models introduced form factor to consider
when the momentum transfer is large compared to the inverse
nuclear size. However, once momentum transfers big enough, not
only form factors, but (12)new operators arise.
EFT can be described by : the DM velocity v ∼ 10−3c, momentum
transfer q, the mass of DM mχ and the nucleus mass mN .
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Using EFT to analyze DAMIC data

14 EFT operators(totally 28 parameters, 2 for each)

Left plot : All of the 14 EFT operators.
Right upper plot : Event rates for O1 and O3 operators with 3 GeV
WIMPs. Right lower plot : DAMIC acceptance under two kinds of
readout methods : “1× 100” and “1× 1”.
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Using EFT to analyze DAMIC data

Summary

DAMIC has set a new limit on low mass WIMPs(≤ 3GeV ).
Quenching factor beam tests. 2013 dataset produced promising
results. Data analysis for 2015 beam test is in progress.
EFT analysis considering different DM interaction operators is
under review and will be available soon.
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