Direct observation of the Migdal effect induced by neutron bombardment
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Dark matter

Dark matter

« Dark matter makes up most of the mass in

pakerry A G0 galaxies and galaxy clusters.
i I » Current evidence comes solely from

\ Photons .
\ Black holes I

gravitational interaction.

Observed

éxpected

Rotational Velocity (km/s)

10 ’ 20. 30+
R (x1000 LY)

Gravitational Lens Galaxy mergers | Galactic rotation curve




7~ O\
WIMP MARVEL
"
e Weakly interacting massive particle
10'%%eV peV neV peV meV eV keVvw. MeV GeV TeV
< - . > <
I pre-infl. QCD axion general thermal WIMP
post-infl. sterile
fuzzy DM CD axion neutrino AIDMI
“classical” < l
QCD axion non-thermal WIMP (FIMP)
ﬁ M
QCD axion standard
thermal WIMP
APPEC Community Report 2021, arXiv:2104.07634 (e.g. SUSY neutralino)




Dark matter experiments

WIMP dark matter searches, PIC-2025
e Look for annihilation products of dark matter collisions
e Space and land based telescopes
e Typically look in “boosted” signal area (sun or gravitational
well where DM collects)

thermal freeze-out (early Univ.)
indirect detection (now)
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production at colliders

e Produce new particles in
high energy collisions




DM-nucleus elastic scattering

Erec

Nucleus
my

Non-relativistic elastic scattering

§= mpymy
Mmpy + my
2.2 2.2
v 2U°v
E, .. = a (1 —cos0O) < a
my my

Mpypy = 10 GeV/CZ; my = 131 GeV/CZ; Upm = 220 km/S
E,.. < 0.7 keV,,

Xenon-1T S1S2 4.9 keVnr (1.4 keVee)
Xenon-1T S2-only 0.7 keVnr (0.186 keVee)
DarkSide50 S1S2 13 keVnr (1.3 keVee)
DarkSide50 S2-only 0.6 keVnr (0.1 keVee)
CDEX: 0.64 keVnr (0.16 keVee)
CRESST-II 0.307 keVnr

SuperCDMS 0.07 KeVee
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Detector performance
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Scintillator @

D-D source monitoring

Scintillator @

n/gamma spectrum meas.

Scintillator 3@

D-D source monitoring

Working gas:

0.8 atm @ ~300 K
40% Helium + Dimethyl ether (DME,C,H;O)
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YOLO* NR ER
Data : : :
preselection reconstruction reconstruction

Vertex cut
1. Search for the NR vertex through recursive iteration: o) )
ADC-exp(d/dg) 700_ T I | T \ '6700_‘"'7"'-2\"'-\lw-w"-?""?ﬁ
: (a) - (b)
(XO’yO) —> (Xn’yn) 60;— 50;_ 5
2. Fit the NR(direction, diffusion o) and subtract it from o 3 e
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2 1 F =3 E
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3. Search for the electron vertex using adaptive cutting | © /// b - P
algorithm(Nucl. Sci. Tech.doi:10.1007/s41365-021-00903-0). : # - - |
10k 10 E
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At

Background Component

Recoil induced 6 ray
Particle Induced X-ray Emission
X-ray emission
Auger electrons
Bremsstrahlung processes
Quasi-Free Electron (QFEB)
Secondary Electron (SEB)
Atomic (AB)
Nuclear (NB)
Random track coincidences
Muon induced 6 ray
Gas radioactivity
Trace contaminants
Neutron activation

Secondary nuclear recoil fork

Description

0 electron near NR track origin

Photoelectron near NR track origin

Auger electron near NR track origin

Photoelectron near NR track origin
Photoelectron near NR track origin
Photoelectron near NR track origin
Photoelectron near NR track origin
Photo-/Compton electron near NR track

0 electron near NR track origin

Electron from decay near NR track origin
Electron from decay near NR track origin

NR track fork near track origin

Expectation value (5 - 10 keV)
0.035+0.023(stat.) = 0.0068(sys.)

0.18040.022(stat.) +0.042(sys.)
0.013

0.001+0.00087(sys.)
=0
=0

/7~ N\
MARVEL
Method

Data driven

Data driven

MC+Data

Data driven

Total background

0.22940.032(stat.) & 0.043(sys.)
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1. DeltalB F A&

;‘ 6 g 25 B ! | ! ! ! | | —
> 5.5E - Prob 0.4509
= ke B p0 87.21 +48.75 -
> UE 20 pl 099740263
= 4.5E - ]
) 4 = [
m S 15 - } & ray
35 ; E Exp fitting (Integral: 0.59 +/- 0.40) -
3E 10 E
2.5E N
2E 51 ~
1.5E : g
_ 1 C 0 I L N 4 . L 1 L L L
r\-\;‘:‘\.uﬂ :“:‘v‘ a;::-o‘: 0 1 2) 3 2 4 6 8 10
s gt s Hadron Energy [MeV] No & above 5 keV were found. keV
Only H has the  electron > 5 keV. Estimate by extrapolating from

the exponential fit

e Consider the selection efficiency for d-electrons.

e Finally get: 0.035+0.023(stat.)
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Method 1: /RINMEHY nly BEIE{CAGEANTAEHL

L T Zo0sfF

3, L L _:
A -1 S | E
- —5 E 3 006 Mean 24970003  ° E
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U E 0.04 F I
[l 1 6.06 X 10_6 ~3.63x10°8 - L “'...._.-».‘ _; 0’032_ i 3
E e T 0.02F R
1l 1 3.11x107% 7.15x 1077 104 L s rmo— 0.01F ., P o
E o IMT”' o I“ﬁ 0 T M M SR
1 2 3 4 1.5 2 2.5
Energy [MeV] Energy [MeV]

- =HREkZN79: 0.16+0.01(stat.)
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