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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.
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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)

—

- DM SM
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in target: billiard ball collision - g
% High mass, low event rate Yo
l  experiments i C
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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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Search for Light Dark Matter Interactions Enhanced by the Migdal Effect or Bremsstrahlung in
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XENON Collaboration « E. Aprile (Columbia U.) et al. (Jul 30, 2019)

Published in: Phys.Rev.Lett. 123 (2019) 24, 241803 + e-Print: 1907.12771 [hep-ex]

pdf
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LZ Collaboration « J. Aalbers (SLAC and Stanford U., Phys. Dept. and KIPAC, Menlo Park) et al. (Jul 28, 2023)
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Results of a Search for Sub-GeV Dark Matter Using 2013 LUX Data
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Search for low-mass dark matter via bremsstrahlung radiation and the Migdal effect in SuperCDMS
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Published in: Phys.Rev.D 107 (2023) 11, 2023 « e-Print: 2302.09115 [hep-ex]
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NbSi transition-edge sensors
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Migdal topology
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Development of the detector design
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Pixel 2-
Pixel 3

opmetal-II
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. Buffer JAnalog signal | PrOCessing

NN
'\/\\\.t"‘f/ ~ Data transfer
>

e

Digital signal

- Topmetal-

Topmetal-II M1/M2 Topmetal-L
Chip Size /mm? 6 %6 18 x 23 17 x 24
Pixel Array 72 x 72 400 x 512 356 x 512
Pixel Size /um? 83 x 83 45 x 45 45 x 45
ENC ~13.4e- ~15.4e- ~ 20.0e-
Power Consumption ~1W @3.3V ~4.3W @3.3V ~0.8W @3.3V
Clock 40MHz 5MHz 20MHz

0.37ms

Frame Rate 2.5ms 2.4ms @Sentinel Readout
Readout Mode Rolling Shutter Rolling Shutter IS

Readout Channel

16

/Sentinel Readout
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Detector performance

Energy resolution Dynamic range Vertex resolution Time resolution
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Scintillator @ E
D-D source monitoring b &

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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/ N 6.4 keV photo-electron \ / - 241Am alpha source \
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*1
Data YOLO : NR . ER . Vertex cut
preselection reconstruction reconstruction
YOLOv8 2\
= J: 1750
Labelin W & é o
g - & _ £ & L 1500
Dataset  Train Valid Training 1250
>Fe 3000 1493 1000
Exp - 13
D-D 2994 1354 - 750
ER 1200 301 E -500
Sim 5
NR 1200 301 Y ’ ° 250
Total 8394 3449 ER \R background -0
True
*1 https://github.com/ultralytics/ultralytics
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=0 Eof MARVEL
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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
the image. a0l pry ‘3 =
2 1 F =3 E
>30F ~ |30F ////? -
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
4. Determine whether the electron vertex is adjacent to 00 '”12'/' o e e e e S 0

the nucleon vertex.

D— 4o
R =

Lgr
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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
432 X 10 1.06 X 10 . C ] 0.05 ;_ Sigma 0.05408 + 0.00497 t _;
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.)



2. BARFELIE

e Method 2: #IRIKEIAY TG i%
o HEENSLIA BIE o BUIRIR TR 4 BE A 5 58 B TR E B — i BOZS 1.

o EEBATEEL—TIAN/LR BRAGRERAELER: 0.18010.022(stat.)+0.042(sys.)
— |
5 107 E
o — ! i i _
»] [ I ]
- — I | |
S 107 —
o
—
1))
S
s 107°
aa

B EnvGamma_PhotonEle
Bl EnvGamma_Computon

1 0—4 [ ] NGamma_Computon Method 1
I SingleN_PhotonEle

[ ] SingleN_Computon
} Method 2 data

5 6 7 8 9 10 keV
BiE—SRE_NEREFINRE RN —EL v




(u+b)* 1 ( (v - b)2>
x’ , b — —e_(”'l'b) . ex B —
Foylnb) = ~— e~

=
FNEER A LIIARREY 8
n o
L(uwblx,y) =| | fCx,ylu b)
i=1

FRigtale
e Hy:u=0versus H;:u+0

25
20
15
10
5
0

/~ 2\
MARVEL
Ao

Background:0.229 & 0.032(stat.) = 0.043(sys.)

305Minatp=5.77E/J

rrbarrepyebaeraeg-FaeE

gepqefapyepnefgey

2

10

1 10

EZARKFET, MRS 771NFEFEZI50

40



N EEITE

ER g

obs " obs
Eﬁ%g‘gﬁfm SRR Prtigaal(SkeV<ER<10keV, NR>35keVee)= ( 8;?3{ Jg‘j;ﬁggs)

€accéNR

- B

Efficiency/Count Statistical Error Systematic Error SE -
: 14.4% +0.1% +1.9% 3SE ;
Efficiency Epp ' ' ' 4 3 E
SN :
NR 8.17 X 107 +903 +35880) > HIF -
o™ o n 3
o SE =
JER 6 12449 55F 3
obs 5 E_ Min at n = 40.08 _5
nbf 0.229 +0.032 +0.043 6.5F =
obs - . . .

C I T L L I 1 L 1 I 1
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