DAMIC : hunting for low mass WIMPs with CCDs J

Junhui LIAO, University of Zurich, Switzerland
On behalf of DAMIC collaboration

Aug 5, 2015

jliao@physik.uzh.ch DPF 2015. Ann Arbor, MI. Aug 5, 2015



I
Outline

@ Brief introduction on DAMIC and its latest results
e Quenching factor measurement

e Using EFT to analyze DAMIC data
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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)

Entries 8428899
Constant 1.12e+05
Mean  -0.005619
18

10

=3

Sigma

<L

<

AL B L B AL B R

@1e ~36eV—=~40eV
threshold is possible.

L @ 1.8(e /o) x (3.6eV/e™) x

charge [e] (50_) — 329‘/

Noise measured at SNOLAB.
PRSI RT ST N SN SRS S S NSt A |
-10 5 0 5

4/18 jliao@physik.uzh.ch DPF 2015. Ann Arbor, MI. Aug 5, 2015



DAMIC CCDs

@ DECam detectors are
250 pum thickness and
8 MPix, 1g per CCD.
DAMIC started with
these.

@ DAMIC-100 uses
high-resistivity, 675 um,
16 MPix, 5.2g per
CCDs. First CCDs
installed in 2014.
Developed by LBNL
Microsystems Lab.

jliao@physik.uzh.ch DPF 2015. Ann Arbor, MI. Aug 5, 2015



Brief introduction on DAMIC and its latest results

signals measured by a DAMIC CCD

Detection of Particles with CCD

/

, electrons and diffusion limited hits.
nuclear recoils will produce diffusion limited hits
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DAMIC Collaboration

Two universities from the US, one National Laboratory and 6 institutions from abroad.

Centro Atomico Bariloche, Argentina

Fermi National Accelerator Laboratory, USA
SNOLAB, Canada

Universidad Federal Rio Janeiro, Brazil
Universidad Nacional de Asuncion, Paraguay
Universidad Nacional Autonoma de Mexico
University of Chicago , USA

University of Michigan, USA

University of Zurich, Switzerland
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DAMIC detectors assembled in Snolab

Stack mounted inside copper
vessel. Inner lead shield inside
vacuum. Detectors operated at

-140C. Innermost inch using L .
ancient lead. Copper vessel inside lead and poly shield.
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DAMIC limits

WIMP-nucleon cross-section / pb

Low mass WIMPs study
was favored by ADM
(Asymmetirc DM) model.
arXiv : 1308.0338v2,
1004.0691v2 and others.
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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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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 Eng = f(At), where At is the
time of flight of scattered neutrons which could be measured by

scintillator bars.

@ 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.

Erecon VS- E for All Bars

recoil ionization

Geant4 simulation’

T[T
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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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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 ~ 10~3¢, momentum
transfer g, the mass of DM m,, and the nucleus mass my.

v
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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 x 100” and “1 x 1”.

ArxiV : 1008.1591

Andv : 1203.3542

Anxiv : 1308.6288

x| AndV : 1503,03379
G, .. 4

ou=-[s L] [(5x7)- ] A LA
X n e i80 eVee

17/18 jliao@physik.uzh.ch DPF 2015. Ann Arbor, MI. Aug 5, 2015



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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