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» Searching for keV-MeV dark matter

BRbEaEic the MeV: Migdal effect

Down to the keV: collective excrtations
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UB-GEV DARK MATTER

* Most of the matter ( ~80 %) that interacts gravitationally is dark
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* One of the strongest evidences for physics beyond the Standard Model
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SUB-GEV DARK MATTER

* Most of the matter ( ~80 %) that interacts gravitationally is dark

Iz Velocity
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Y %o & : R ; °  Distance (light years)
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* One of the strongest evidences for physics beyond the Standard Model

* However... huge possible mass range —»  detection technigues
vary widely depending on the dark matter mass
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too light to explain halo structure

|

Angelo Esposito @ SAPIENZA @

titsts Nare

less than 1 dark
matter per year
through Earth

| |

10722 oV 1074 eV

424

107 eV

| L
m

10 ey ST
EuCAPT, May 2023



SUB-GEV DARK MATTER

too light to explain halo structure
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SUB-GEV DARK MATTER

too light to explain halo structure less than 1 dark
matter per year
s through Earth
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| Dark matter can
classical field and can

take advantage of What about SIpIeRE(El sy
coherent phenomena bhi T via scattering off
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ADMX, CASPEr, atomic S

clocks, LIGO, ...
» Dark matter is a particle but too light for nuclear recoll

ERNEec new materials and/or observables
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SUB-GEV DARK MATTER

* For an elastic scattering, it must be
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SUB-GEV DARK MATTER

* For an elastic scattering, it must be
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* For an elastic scattering, it must be
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 [wo possibllities:

|. Look into lighter scattering targets

2. Look into Inelastic processes
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* For sub-GeV dark matter one needs to delve into the condensed

matter worla Conet. wat, Afeiice  Noclgowe
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NASTY STUFF

* For sub-GeV dark matter one needs to delve into the condensed

matter world T ————
Phy s - phgs. Phys.
0° 0 My (eV]
- Need to account for the %}??}2%}?

complicalted many-body physics ?{%??Z‘Zf
(correlations, strong coupling, ...) E Qe St k.

* Need to find theoretical tools that allow to solve or bypass these
problems (measured correlation functions, EFTs, ...)

Angelo Esposito % SAPIENZA INFN 6/24 EuCAPT, May 2023
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MIGDAL EFFECT

* For sub-GeV dark matter nuclear recoll signals become challenging
—» sensitivity can be lowered by looking for inelastic processes
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MIGDAL EFFECT

* For sub-GeV dark matter nuclear recoll signals become challenging
—» sensitivity can be lowered by looking for inelastic processes

e SE g Mardon, Volansky — PRD 2012, 1108.5383; Kouvaris, Pradler — PRI 200N ESGENREna =)

* Hadrophilic dark matter on free nucler —%» Migdal effect
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MIGDAL EFFECT

* For sub-GeV dark matter nuclear recoll signals become challenging
—» sensitivity can be lowered by looking for inelastic processes

e SE g Mardon, Volansky — PRD 2012, 1108.5383; Kouvaris, Pradler — PRI 200N ESGENREna =)

* Hadrophilic dark matter on free nucler —%» Migdal effect

 Less likely... but lower threshold! =% sensitivity down to
R0 MeV) masses o T R MG Lo T AR
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MIGDAL EFFECT

» Semiconductors (Si, Ge, ...) have small O(eV)

bandgaps —» Migdal effect should allow to
probe down to O(MeV) masses
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MIGDAL EFFECT

g Semiconductors (Si, Ge, ...) have small O(eV) >
bandgaps —» Migdal effect should allow to -
probe down to O(MeV) masses

EineV
|

Si |
» Migdal rate in a semiconductor i1s much harder
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MIGDAL EFFECT

B Sniicenductors (Si, Ge, ...) have small O(eV) | = NNV
bandgaps —» Migdal effect should allow to /| ’
probe down to O(MeV) masses

EineV
|

SiL A r ,
» Migdal rate in a semiconductor i1s much harder

] ] e/
N =)

R

How to describe nucleus-nucleus and nucleus-electron interactions
in a strongly correlated system!?

Angelo Esposito
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MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:
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|, Tight binding approximation —» applicable?




MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:

|, Tight binding approximation —» applicable?

2. Single phonon exchange —» applicable?
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MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:

|, Tight binding approximation —» applicable?
2. Single phonon exchange —» applicable?

3. Harmonic approximation —» valid only for m, ~ 1 — 10 MeV
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MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:

|, Tight binding approximation —» applicable?

[Liang, Zhang, Zheng, Zhang — PRD 2020, 1912.13484]

2. Single phonon exchange —» applicable!

EiEcierEion S Zlacilgy, nezhangiss HPERE A% (2 e ae Bl 10etik I el

3. Harmonic approximation —» valid only for m, ~ 1 — 10 MeV

Mo rZiheney, sizhang: — PRD2022, 532 2 055033951

4. Final nucleus as free (impulse approx,) —» valid for m, 2 50 MeV

[Knapen, Kozaczuk, Lin — PRL 2021, 2011.09496]

Angelo Esposito
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MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:

|, Tight binding approximation —» applicable?

[Liang, Zhang, Zheng, Zhang — PRD 2020, 1912.13484]

2. Single phonon exchange —» applicable!

EiEcierEion S Zlacilgy, nezhangiss HPERE A% (2 e ae Bl 10etik I el

3. Harmonic approximation —» valid only for m, ~ 1 — 10 MeV

Mo szt emen, si4hangs Lt PRDGZG228 22 20508808l

4. Final nucleus as free (impulse approx.) —» valid for m, 2 50 MeV

et cnea Koizatgizd o ad denseae BRI 2020 bl Bl ol d0iC 40 o

0.5 50 250 q [ke\/]
| | |
1/a EFT (AE) < w) [2mn (Ep) \V/ 2mNwg
impulse
incoherent
! harmonic |
0.5 50 250 m, [MeV]

B EEEEERm
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» Migdal effect in old-fashioned perturbation theory
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» Migdal effect in old-fashioned perturbation theory
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EFT

» Migdal effect in old-fashioned perturbation theory

complicated to describe SR gAna

energy @

+ Separation of scales (w ~ eV > E , ~ 10 meV) allows to integrate

out the Intermediate lattice mode
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EFT

» Migdal effect in old-fashioned perturbation theory
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Ai \ A ' A \

€ o, pe pe + ke

complicated to describe SR gAna

energy @

+ Separation of scales (w ~ eV > E , ~ 10 meV) allows to integrate

out the Intermediate lattice mode

[Berghaus, AE, Essig,

| £ Eaiant 2 1
Heff == mNa)z VH)(L . VHEL -I— @ 5 Sholapu2r2}<:1a0r. 0—64J9HOE]P 2020,
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MIGDAL RATE
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m(— egok, ®))S(q—k-K,E )
dodE,, 4= & o 5
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MIGDAL RATE

- Now simple to determine the rate for Migdal emission

q-k+K)q-(k+K) =
<) D Kl ro M= ok ®)S(a -k - K.Ey)

it

energy loss function (ELF) — electronic dynamics

da)dE KO
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MIGDAL RATE

- Now simple to determine the rate for Migdal emission

q-k+K)q-:(k+ K)
ZZ |k+K||k+Q| lm( €KQ(k a))) (q_k_K’Eph>

k K.Q i
Y i N D e

energy loss function (ELF) — electronic dynamics

da)a’E

° Energy @R EInciion IS already (505, . Knspen, Kosatramet Sl
2101.08275; Hochberg et al. — PRL; 20215 SN UaEREEEw .
' Knapen, Kozaczuk, Lin — PRD 2022, 2104.12786]
well studied
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MIGDAL RATE

- Now simple to determine the rate for Migdal emission

q-k+K)q-:(k+ K)
ZZ 'k +K||k + Q| lm( €KQ(k a))) (q_k_K’Eph)

i P e, / \

energy loss function (ELF) — electronic dynamics structure factor — crystal response

da)a’E

o Energy @R EInciion IS already 6.5 Knapan. KosiomoreCulE

2101.08275; Hochberg et al. — PRL; 20215 SN UaEREEEw .
Knapen, Kozaczuk, Lin — PRD 2022, 2104.12786]

well studied
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MIGDAL RATE

* Now simple to determine the rate for Migdal emission

q-k+K)q-(k+K) =
<) ) Ko M ok @) S@SKEKE)

k KQ i /4 »\

energy loss function (ELF) — electronic dynamics structure factor — crystal response

da)a’E

o Energy @R EInciion IS already 6.5 Knapan. KosiomoreCulE

2101.08275; Hochberg et al. — PRL; 20215 SN UaEREEEw .
Knapen, Kozaczuk, Lin — PRD 2022, 2104.12786]

well studied

» Structure factor should be measured from neutron scattering data
d*c o, ke

n

= Tel R
dQdE  4n kl-S(q’ )
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MIGDAL RATE

* Now simple to determine the rate for Migdal emission

q-k+K)q-:(k+ K)
ZZ k+K||k+ Q] lm( €KQ(k 60)) (q_k_K’Eph)

i S

energy loss function (ELF) — electronic dynamics structure factor — crystal response

da)a’E KO

o Energy @R EInciion IS already 6.5 Knapan. KosiomoreCulE

2101.08275; Hochberg et al. — PRL; 20215 SN UaEREEEw .
Knapen, Kozaczuk, Lin — PRD 2022, 2104.12786]

well studied

Structure factor should be measured from neutron scattering data
d*c o, ke

n

= Tal R
dQdE  4x kl-S(q’ )

No data yet in the range of interest (g ~ 10 keV — 100 keV)

Angelo Esposito ‘ SAPIENZA INFN 19/24 EuCAPT, May 2023
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MIGDAL RATE

* |t only interested in electron energy, the rate is iIndependent on the

detalls of the crystal lattice

5 dR
s b =1 = —|dk Im(— ez l(k
J'() (g, E) e O<“ e% m( EKK( e a)))
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MIGDAL RATE

* If only interested In electron energy, the rate Is iIndependent on the
detalls of the crystal lattice
i dR A
" dES(q, E) —38 — % X "d3kez |m<— €K11((ke’ G)))

0 K

10—

107"

dR/dw [1/100g/yr/eV]

e N
0 5 10 15 20 1 10
w [eV] m, [MeV]

IEErghcnas, AR, " Essa g, Sholdpurkar.  “JHEP YZ2H 20 22 U e cim
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MIGDAL RATE

* If only interested In electron energy, the rate Is iIndependent on the

detalls of the crystal lattice

" dES(q,E) =1

= _d X
10; I T S 3 1028
r ; : Ty = 10736 cm? m, = 10 MeV 1
r /// \\\< 1 10—297
L AN Fom=1 ----- m, =5 MeV
= 1- ;\\ . i 10730
o v‘ { |‘ - O Sl 3
CO Y S\ 10-31F
5 F h m Ge ]
e N & 1072
S 107" NN | 810
E .' \ \\ ] = 34E “)00 42“4/
3 \ N 1k 1077 . % O, -
= - \\\ \ 1 35 "> ‘\}LA ’):
E -2 : _: N 10~ E \\%’ p 3
% 10 2e” (Ge) N E 36| L oy,
o S 107 ~ "
: -37| /X
: | \ 10737 Foy=1 /]
_ ¢ 2e (Sy N F N
10 3. P W . 10—38 Lo . | M . n
0 5 10 15 20 1 10 100

w [eV] m, [MeV]

e tem———

IEErghcnas, AR, " Essa g, Sholdpurkar.  “JHEP YZ2H 20 22 U e cim

» Description of Migdal effect in semiconductor extended to all masses

Angelo Esposito EuCAPT, May 2023
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COLLECTIVE EXCITATIONS

gen, < (O(MeV), dark matter scattering can transfer a momentum

m.,v - > 0 1 A) ~ inter-atomic distance
(mv,) 2 O(1A)

@ 15/24 EUCAPT, May 2023
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COLLECTIVE EXCITATIONS

gen, < (O(MeV), dark matter scattering can transfer a momentum

m, v - > 0 1 A) ~ inter-atomic distance
(mv,) 2 O(1A)

 Dark matter acts coherently over many scattering centers

X
®
. ® .... 47~1M>drx,
0
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COLLECTIVE EXCITATIONS

gen, < (O(MeV), dark matter scattering can transfer a momentum

(m%v)()_l > @(1 A) ~ inter-atomic distance

» Dark matter acts coherently over many scattering centers

X
\ ..0.. 7wa(&
9/ ..‘.'::00

* lypically, no more single particle final states —»  signatures
involve collective excrtation
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* A growing field, with many interesting ideas (a few on R&D):
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* A growing field, with many interesting ideas (a few on R&D):

|, Superconductors —» breaking of Cooper pairs and production of
collective excrtations
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* A growing field, with many Interesting ideas (a few on R&D):

|, Superconductors —» breaking of Cooper pairs and production of
collective excrtations

2. Solid crystals (GaAs, SIO, ...) —» multi-phonon

3. Superfluid *He —» multi-phonon
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COLLECTIVE EXCITATIONS

* A growing field, with many Interesting ideas (a few on R&D):

|, Superconductors —» breaking of Cooper pairs and production of
collective excrtations

2. Solid crystals (GaAs, SIO, ...) —» multi-phonon
3. Superfluid *He —» multi-phonon

4. Magnetic materials (Y3FesOqp, NIO, ...) —» single- and multi-magnon
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COLLECTIVE EXCITATIONS

* A growing field, with many Interesting ideas (a few on R&D):

Angelo Esposito I

Superconductors —» breaking of Cooper pairs and production of
collective excrtations

Solid crystals (GaAs, SIO, ...) —» multi-phonon
Superfluid *He —» multi-phonon
Magnetic materials (Y3FesOjo, NIO, ...) —» single- and multi-magnon

and more...
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COLLECTIVE EXCITATIONS

* A growing field, with many Interesting ideas (a few on R&D):

o}

Superconductors —» breaking of Cooper pairs and production of
collective excrtations

Solid crystals (GaAs, SIO, ...) —» multi-phonon
Superfluid *He —» multi-phonon
Magnetic materials (Y3FesOjo, NIO, ...) —» single- and multi-magnon

and more...

* | will focus on those | know best. ..

Angelo Esposito I
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» Superfluid *He is an interesting target to probe dark matter with
spin-iIndependent interactions
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» Superfluid *He is an interesting target to probe dark matter with
spin-independent interactions

. E,, ~25eV —» low electronic background
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SUPERFLUID “He

» Superfluid *He is an interesting target to probe dark matter with
spin-independent interactions

. E,, ~25eV —» low electronic background

2. High radiopurity
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SUPERFLUID “He

+ Superfluid *He is an interesting target to probe dark matter with
spin-independent interactions

. E,, ~25eV —» low electronic background

2. High radiopurity

3. Multi-phonon processes allow to probe down to m, ~ O(keV)
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SUPERFLUID “He

+ Superfluid *He is an interesting target to probe dark matter with

spin-iIndependent interactions

. E__ ~25eV —» low electronic background

on

2. High radiopurity

3. Multi-phonon processes allow to probe down to

» |dea: look for events where the dark
matter produces more than one
phonon

EEERN el ey PRD 2013, 1302.0534;: Schutz, .Zurek — PRL 2016,

1604.08206; Knapen, Lin, Zurek — PRD 2017, 1611.06228; Acanfora, AE,

R e R e = 1 90202361 ;- Caputo, AE, Polosa’— PRD 2019,

I RGeS Bayin et al. — PRD 2021, 2005.08824; Caputo, AE, Piccini,
REERSEEER G es] —  PRD 2021, 2012.01432; Matchev et al. — JHEP 2022,
EE SOVt S N You et al .. — 2208 .14474]

Angelo Esposito
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SUPERFLUID “He

* How do we detect events with few phonons!?
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* How do we detect events with few phonons!?

» R&D efiorts already on the way:

. HeRALD

[Guo, McKinsey — PRD 2013, 1302.0534; Hertel et al. —
PRD 2019, 1810.06283; TESSERACT — SnowMass]

Angelo Esposito

& N INFN 18/24 FUCAPT, May 2023



SUPERFLUID “He

* How do we detect events with few phonons!?

—

« R&D efforts already on the way:

4 Vacuum Interface
,

. HeRALD

[Guo, McKinsey — PRD 2013, 1302.0534; Hertel et al. —
PRD 2019, 1810.06283; TESSERACT — SnowMass]

2 ) Q U a th u m e\/a p O ra_t | O n Electrodes for trapping and e”/>He movement

Detector substrate

—________________________“_______________________"'
[Maris, Seidel, Stein — PRL 2017, 1706.00117; Lyon et Enﬁzheiff]'eﬂ ! He diffusion c]cctmn'smag,movc *
b R e van der Maals T : and aggregate >He

3 3Hc atom quantum evaporation

Detect >He atoms in
quantum sensor via e to

et nuclear spin coupling

°
Dark matter absorber/scattering material

L

%
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SUPERFLUID “He

* How do we detect events with few phonons!?

» R&D efiorts already on the way:

. HeRALD

[Guo, McKinsey — PRD 2013, 1302.0534; Hertel et al.
PRD 2019, 1810.06283; TESSERACT — SnowMass]

2. Quantum evaporation

[Maris, Seidel, Stein — PRL 2017, 1706.00117;
e R 20 F 007381

Ly O et

3. DELight

[Krosigk et al. — 2209.10950]

Angelo Esposito

—

+ He Atom
’

4 Vacuum Interface
,

Recoil

Electrodes for trapping and ¢”/3He movement

Detostor substrate NN
Enriched 4He * 3Me diffusion . ’
. ~He diffusion electrons to trap, move
van der Waals film d agereoat gf]
; and aggregate *He

' 3H€ atom quantum evaporation

Detect >He atoms in
quantum sensor via e to
nuclear spin coupling

~ 1 meV phonon

°
Dark matter absorber/scattering material

EuCAPT, May 2028
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SUPERFLUID “He

» Superfluid *He is a strongly coupled system —» phonon emission

rate Is hard
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+ Superfluid *He is a strongly coupled system —»  phonon emission
rate I1s hard

» Standard approach —% start from
atomic Hamiltonian —»  perform
clever ansatzes to compute the
structure factor
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SUPERFLUID “He

+ Superfluid *He is a strongly coupled system —»  phonon emission

rate Is hard

» Standard approach —% start from
atomic Hamiltonian —»  perform
clever ansatzes to compute the

structure factor

dT PHO ]
dwdq

S(q, w)
2m mHepl

RN ate ks PRI 2016, 1604.08206; Knapen, Lin, Zurek —
B o1t 06228, Baym et al. — PRD 2021, 2005.08824]

. 0 )
Angelo Esposito ‘ SAPIENZA 'NFN 19/24

Sensitivity to DM via a Massive Mediator
107%

1073

10—37 L
107

NR 1 meV

10—39

10-40

oy [cm?]

10~

10—42

-=- Analytic
1074

— Numeric ,/’/ "
107 T S BT R
my [MeV/c?]

Sensitivity to DM via a Massless Mediator

107

10—36

NR 1 meV

10—37 L
10—38 L
107 \

10—40

o, [em?]

10—41 E \/0 /’ .
10—42 )
1043 --= Analytic
— Numeric

00101
my [MeV/c?]

e et ——
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» (Gapless phonon = Goldstone —» bypass the atomic Hamiltonian

_‘ SAPIENZA @ 20/24 FuCAPT, May 2023




SUPERFLUID “He

» (Gapless phonon = Goldstone —» bypass the atomic Hamiltonian

Lrpp ~ 7°—c2 (V) + L + ha (Vo) + ...
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SUPERFLUID “He

» (Gapless phonon = Goldstone —» bypass the atomic Hamiltonian
Lrpp ~ 7°—c2 (V) + L + ha (Vo) + ...

» Observables are computed In the standard particle physics way
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+ (Gapless phonon = Goldstone

Lrpp ~ 7°—c2 (V) + L + ha (Vo) + ...

—» bypass the atomic Hamiltonian

» Observables are computed In the standard particle physics way

10734

10736k,

[Acanfora, AE, Polosa —

eSO S 902°. 02361 ;
Caputo, AE, Polosa —
BRI S 1 907 210635

Angelo Esposito
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SUPERFLUID “He

» (Gapless phonon = Goldstone —» bypass the atomic Hamiltonian
Lrpr ~ 7 — 2 (Vr)* + i + (V) + ...

» Observables are computed In the standard particle physics way

10734

10736k,

[Acanfora, AE, Polosa —

eSO S 902°. 02361 ;
Caputo, AE, Polosa —
BRI S 1 907 210635

Angelo Esposito
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SUPERFLUID “He

» (Gapless phonon = Goldstone —» bypass the atomic Hamiltonian
Lrpr ~ 7 — 2 (Vr)* + i + (V) + ...

» Observables are computed In the standard particle physics way

1 0—34
-36 [Sa, 1 1
10 e T T T 15 [T T T T T
§ —_— ! 3000 kel [} r 7
1 0—38 1 |Gy, — 500 keV - I:' ) 'J‘—%
‘\/'—\ B = 1000 ke\ - .I - ’
£ %k 1% 2! / ]
_40 = 4« ]
L 10 = 1% |i
D\ 5 9 & . I::
K <F —~ 1= L
10742 5l ¥ 5ol
. i
]
1 0_44 [ ,: .
1 1 1 | 1
_____ 1 —10 0.5
10-46 m Lol Lol Lol Ll cos _
1072 107" 1 10' 102 ws e o |

kel

i

ir

B SRS 1907 .- 1.0635]

[Acanfora, AE, Polosa — ’,/’/7 o T L ?é o bhg ]
EPJC 2019, 1902.02361; . ; B Tl e ]
Caputo, AE, Polosa — hs ~ 4\ ) gf_'" o e ] \“m\:~\_ |

[Caputo, AE, Piccini, Polosa, Rossi — 'PRD 20
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» How about dark matter with spin-dependent interactions?
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» How about dark matter with spin-dependent interactions?

* One could use (anti-)ferromagnets
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» How about dark matter with spin-dependent interactions?
* One could use (anti-)ferromagnets

* Dark matter interacts with spins  —» excites a collective mode
called magnon
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(ANTI-)FERROMAGNETS

» How about dark matter with spin-dependent interactions?
* One could use (anti-)ferromagnets

* Dark matter interacts with spins  —» excites a collective mode
called magnon

100
90
80¢
70

$\\$ /$/$ ¢ > 6 9 5 959

10f

w [meV]

T H N T D 1

* Ways to detect few magnons have been proposed and under work

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744; Lachance-

(TES, MK' D, quantum SGDSOFS) Quirion et al. — Science Advances 2017; Lachance-Quirion et

als 5 - Scienae sty

Angelo Esposito
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FERROMAGNETS

* First proposed to use ferromagnets
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FERROMAGNETS

* First proposed to use ferromagnets

» Iraditional approach: start from Heisenberg model

N n
H=o 2 Y DS Sey= Y. Y, uablebua

ARG v=1 q€1BZ
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FERROMAGNETS

[Trickle, Zhang, Zurek' — PRI ZI0Z00 N BCilS e i
Mitridate et al. — PRD 2020, 2005 0o R

2 FlrSt prOpOsed to Use ferromagnets Moroi, Nakayama — PRD 2020, 2001.10666; Trickle,

Zhang, Zurek — PRD 2022, 2009.13534]

* [raditional approach: start from Heisenberg model

RS 1 n
. %2 N LSy S Y Y w0

5 G v=1 q€1BZ

 For small masses only single-magnon emission —%  probes

m > @ ( 1 O |<e\/) Magnetic dipole DM Pseudo—mediated DM (£,/Qpy=0.05)
% N/ 10-33 o 10-% :
10734\
105 ) 1090
10736+ | |
107 10-41- |
[Trickle, Zhang, Zurek — PRL o 107 o
2020, 1905.13744] E ¥ § 10
ST s
104 104 gy = 1
10—42 L
104 104 -
1074+ |
m, [MeV] m, [MeV]
e ———— N e
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ANTI-FERROMAGNETS

* A better class of materials turns out to be anti-ferromagnets

. Also multi-magnon emission  —»  probe down to m, ~ O(1 keV)

2. Nickel oxide (NIO) has vy~ v, —» very efficient at absorbing dark

matter energy
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ANTI-FERROMAGNETS

* A better class of materials turns out to be anti-ferromagnets

. Also multi-magnon emission  —»  probe down to m, ~ O(1 keV)
2. Nickel oxide (NIO) has vy~ v, —» very efficient at absorbing dark

matter energy

» Gapless magnon = Goldstone —» bypass several problems

CE NN 8
Zpgrp— 0 ——{(dn)
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ANTI-FERROMAGNETS

* A better class of materials turns out to be anti-ferromagnets

. Also multi-magnon emission —»  probe down to m, ~ O(1 keV)
2. Nickel oxide (NIO) has vy~ v, —» very efficient at absorbing dark

matter energy

» Gapless magnon = Goldstone —» bypass several problems

& h2 (a n)’
10 &J ~
L C Pscudo-mediated pex
) Magnetic dipole
]0—33 - (Q\ = ()‘()SQDA\]) ’. :
\ Uy
N - 10-10 L
1077
5,10 8,
[AE, Pavaskar — 2210.13516] . ® )
1) 1“7'_‘:\ i o) 10 12
— NiO /
1070k — MnO
r CI'QO;;
1()71271 ) o aad ) il ) — . ] l() “_Il N T | ) o333l L L0 a gl
1 10 10° 10% 1 10 10? 10°
my  [keV] my [keV]
. I— I I WN
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OUTLOOK

* The search for keV-MeV dark matter requires new ideas
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* The search for keV-MeV dark matter requires new ideas

« One must delve In the condensed matter world
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OUTLOOK

* The search for keV-MeV dark matter requires new ideas

« One must delve In the condensed matter world

» Migdal effect: push the sensitivity of present day experiments to
O(MeV) masses
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OUTLOOK

* The search for keV-MeV dark matter requires new ideas
« One must delve In the condensed matter world

» Migdal effect: push the sensitivity of present day experiments to
O(MeV) masses

» Collective excitations: to probe spin-indep. and spin-dep.

interactions down to O(keV) one most likely will have to deal with
events with more than one mode
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OUTLOOK

* The search for keV-MeV dark matter requires new ideas
« One must delve In the condensed matter world

» Migdal effect: push the sensitivity of present day experiments to
O(MeV) masses

» Collective excitations: to probe spin-indep. and spin-dep.

interactions down to O(keV) one most likely will have to deal with
events with more than one mode

Thank you for the attention!
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