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» Searching for keV-GeV dark matter

BRbEaEic the MeV: Migdal effect

Down to the keV: collective excrtations

Outlook
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* Most of the matter ( ~80 %) that interacts gravitationally is dark
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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
i (km s-1)

% . 20,000 30,000 - 40,000

Y %o & : R ; °  Distance (light years)
148040 :

* 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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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
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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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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 elastic 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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* 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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 [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
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matter worla Conet. ok, Afeinic  Nucleour
Py s plg s - Phys
(0 101 My [e.V_]

» Must account for the complicated PAEAN S
many-body physics (correlations L G et

| A N

strong coupling, ...) A M gl

Angelo Esposito % SAPIENZA :NFMN BN PADUA 2023



NASTY STUFF

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

matter worla Conet. ok, Afeinic  Nucleour
Py s pig 3 - Phys.
|OC |0°l My [e.V_]

- Must account for the complicated PAEAN S
many-body physics (correlations L G et

| A R

strong coupling, ...) A M gl

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

Angelo Esposito % SAPIENZA :NFMN BN PADUA 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 atoms —» 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 atoms —» Migdal effect

* Less likely... but lower threshold! =% sensitivity down to
B e\) masses "7 Tt LI Mhn nie TR
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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

» Migdal rate in a semiconductor i1s much harder
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MIGDAL EFFECT

ERY DN

g Semiconductors (Si, Ge, ...) have small O(eV) — Z%

bandgaps —» Migdal effect should allow to
probe down to O(MeV) masses
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» Migdal rate in a semiconductor i1s much harder
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How to describe nucleus-nucleus and nucleus-electron interactions
in a strongly correlated system!?
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MIGDAL EFFECT

* S0 far approached under some simplifying assumptions:
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* S0 far approached under some simplifying assumptions:

|, Tight binding approximation —» applicable?

2. Single phonon exchange —» applicable?

SAPIENZA @?N 10/26 PADUA 2023

Ititste Nara scirare

Angelo Esposito 1



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]
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» Migdal effect in old-fashioned perturbation theory
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» Migdal effect in old-fashioned perturbation theory

complicated to describe
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Migdal effect In old-fashioned perturbation theory

complicated to describe
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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

Angelo Esposito
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EFT

» Migdal effect in old-fashioned perturbation theory
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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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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’ )

Angelo Esposito ‘ SAPIENZA 'NFN 19/26 PADUA 2023



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)
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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 /]
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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 PADUA 2023
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» Migdal effect recently measured in liquid Xenon
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EXPERIMENTAL PUZZLE

» Migdal effect recently measured in liquid Xenon

* Prediction overestimates data by an order of magnitude!
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EXPERIMENTAL PUZZLE

» Migdal effect recently measured in liquid Xenon

* Prediction overestimates data by an order of magnitude!

—— Single scatters
Passive scattering

—— Neutron multi-scatters
—— Migdal (best-fit)

"""" Migdal (predicted)
Sum

25 50 75 100 125 150 175 200
S2 [electrons]

Angelo Esposito

Qoo (NN 14/26 PADUA 2023



EXPERIMENTAL PUZZLE

» Migdal effect recently measured in liquid Xenon

* Prediction overestimates data by an order of magnitude!

W
g 4 . —— Single scatters
theory — 8 107 e Passive scattering
\ * hd —— Neutron multi-scatters
107 - . —— Migdal (best-fit)
4 '

—e | Migdal (predicted)
; =~ Sum

25 50 75 100 125 150 175 200
S2 [electrons]

W

FXU et g b, e sy s Tt

Eliiic o/ assumes free atoms = —»  could the difference Be

explained by condensed matter effects!  ivorx in progress w 6. 6ri11i di cortonal

Angelo Esposito
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Down to the keV
collective excitations
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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)

@ 1 6/26 PADUA 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
®
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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
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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
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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
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+ “*He is a good probe for spin-independent interactions ~ —»
how about spin-dependent ones!
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+ “*He is a good probe for spin-independent interactions  —»
how about spin-dependent ones!

(anti-Yerromagnets

* Interaction with spins excites a collective mode, called magnon

5 (€

* Ways to detect few magnons have been proposed and under work
(_FTESS! P/]kil[:% (qLJEertLJrr1 SEEr]S()r‘S) <)Jifiifiijei?a??gkiiji;A;jghéﬁj%ﬁﬂ%ioi;zigitéfgfﬁfiifét

al. — Science 2020]
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FERROMAGNETS

* First proposed to use ferromagnets
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FERROMAGNETS

B EPreposed (o Use ferromagnets

BEEeRY e Zhang, Zurek — PRL 2020, 1905.13744; Mitridate et al. = PRD 20205 =2000RNE0E e
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]
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FERROMAGNETS

B EPreposed (o Use ferromagnets

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744; Mitridate et al. — PRD 2020, 2005.10256;
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]

W 100

for m, < 10 MeV only

:/ gapless magnons

N
X;:
w [meV]
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B EPreposed (o Use ferromagnets

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744; Mitridate et al. — PRD 2020, 2005.10256;
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]

] | form, < 10 MeV only
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« Conservation of magnetization  —»  only one magnon emitted
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* First proposed to use ferromagnets

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744; Mitridate et al. — PRD 2020, 2005.10256;
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]

- | for m, < 10 MeV only
= . TT _______ 1- .......... TT/"VT %42 : :/ gapless magnons
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« Conservation of magnetization  —»  only one magnon emitted
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FERROMAGNETS

* First proposed to use ferromagnets

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744; Mitridate et al. — PRD 2020, 2005.10256;
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]

- | for m, < 10 MeV only
= . TT _______ 1- .......... TT/"VT %42 : :/ gapless magnons
--------- a1 T/T/T o
T ----- ? T """"" T r H N T P H

« Conservation of magnetization  —»  only one magnon emitted

4my/m, inefficient for

T th m,~ 1 MeV
o ¢ m, S 1 MeV
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» Compute the magnon emission rate
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FERROMAGNETS

» Compute the magnon emission rate

» Iraditional approach: quantize the Heisenberg model

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

ARG v=1 q€1BZ
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FERROMAGNETS

» Compute the magnon emission rate

» Iraditional approach: quantize the Heisenberg model

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

g v=1 q€1BZ

o

3
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FERROMAGNETS

» Compute the magnon emission rate

» Iraditional approach: quantize the Heisenberg model

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

2 v=1 qelBZ
Magnetic dipole DM Pseudo—mediated DM (£, /Q2pm=0.05)
10738 — 1073 —
103\
107%°F | 10740
10736
-9 10°% 10~41}F
— 10738} —
_ 8 10} § 102 :
) : v y |€ 10—4()_ |b°
x ; :‘ 3 ) X 10741+ 10784 2 | 8 =1
— 10742;
e 10-43 1044}
10—44_
-45 P 1 | . J —45 . A 1 N PP . P
10 1072 1071 1 10 10 102 1071 1 10
m, [MeV] m, [MeV]
e ——— EEE e—

[Trickle, Zhang, Zurek — PRL 2020, 1905.13744]
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* A better class of materials turns out to be anti-ferromagnets
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* A better class of materials turns out to be anti-ferromagnets
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(o} Ol 02 O3 O-4 o5 Ob (o} ]
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DR Rttt

» (Can always emit more than one magnon ~ —%»  multi-magnon

emission allow to probe down to m, ~ 1 keV
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* A better class of materials turns out to be anti-ferromagnets

J— |

L t ! 1 N 1
o] Ol 02 O3 O-4 o5 Ob (o} ]
g'l
191

R e PR s

» (Can always emit more than one magnon ~ —%»  multi-magnon

emission allow to probe down to m, ~ 1 keV

» Nickel-oxide has vy~ v, —»  very efficient at absorbing dark

ma't'ter eﬂel”gy [AE, Pavaskar — PRD (2023), 2210.13516]
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* Anti-ferromagnet spontaneously break internal spin symmetry

YN/« T 11T
N 21 L1t
7N 1N U
So(z) > So(D

Gapless magnons are Goldstone bosons

\V

i iteie lov energy Ei I L ppr = - ——(6 n)2
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* Anti-ferromagnet spontaneously break internal spin symmetry

YN/« Td1T1
Ne /1 Lt
7N 1N Tyt
so(a) > S0

Gapless magnons are Goldstone bosons  fom dispersion

3 relation and

// neutron scattering

.
Gt

Write a low energy EF1: L ppr = - ——(6 n)2
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* Anti-ferromagnet spontaneously break internal spin symmetry

YN/« T 11T
N 21 LTt
7N 1N U
So(z) > So(D

Gapless magnons are Goldstone bosons  fom dispersion

3 relation and
// neutron scattering

y
. i 5)
Write a low energy EFT.  ZLgpr = -0 ——(a n)
[Pavaskar, Penco, Rotl _ 31) 22 110l SIS HNEN

\V

Bypass standard difficulties in computing multi-magnon processes
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 Withan EFT athand —» use standard QFT methods to
@epaplice event rates
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ANTI-FERROMAGNETS

 Withan EFT athand —» use standard QFT methods to
@epaplice event rates

a, A _
;l _ eVl i, Pia(g)o’ m.d.

s ! s’ Me qa/q2 p.m. )
a, 1 b, Ao ) |

“ o4 +— P o' m.d.

kA\ /* ;= IxJe (wl - w?)eab X Ax 22z (q)
> Me q°/q p.m.

S entaAnn man e
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ANTI-FERROMAGNETS

St an EFT at hand

compute event rates =,

—

A |
e ’ _I)ia, ! .d.
_ L WxeVh { i, Pia(g@)o* m

use standard QFT methods to

2 5nhle 22850 NleS D=6

)

q*/q* p.m.

L P.(q)ot m.d.

_ A,
s k\ /4 s - w1 — WQ)Cab X ZX 9
—— Me q /q p.m.
e amane
1030 =T T T . — ) — T —T—TT T —T—TT T
L . d >ag, Pscudo-mediated
Magnetic dipole ‘ .
il agnetic dipole s | (Q\ _ ()-(15521»1)
| - 10~ L
107% .
5,107 4 S
© sl © o2 |
—— NiO —— NiO
10~ — MnO | L —— MnO
r— C'I'Q(,‘);; (_']'«_)(,)3
10"2—.1 Ll P | | 10 “—,1 ] Ll T
1 10 10° 10% 1 10 102 10°
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S ithran EFT at hand —»
COmpUte event rates [AR, Pavaskar. — PRD L2025 A2 Nots By oY

use standard QFT methods to

! _ 9x9e/1 " x A—Xf)m(q)()’z m.d.
- - - ’
4 Me q%/q? p.m.
o
a, 1 b, Az ) ‘
1
\k 4/ _ 9x3Ge Epl (q)O' m.d.
VA = (W — wa)eap X X/ 9
S8 Me q°/q p.m.
B e SesentmmstER
1030 =T ———TT Ty —— Ty —— ] T — T —T—TT T ——T T
L § L >liag, Pscudo-mediated
5, Magnetic dipole r “Ong
oL . agnetic dipole magnons | (Q\ — 0.05 Q)
i o 1()"'\
107% .
S, 10730k 4 S
) ) o 12 i
1073 L ) | 10 -
—— NiO —— NiO
10~ —— MnO ] L —— MnO
ro— C'I'Q(,.);; (_']'«_)(,)3 [ >
10725, PRI | | - — el S 1071, / st | L
1 10 10° 103 ' 10 102 10°

my  [keV] m, [keV]

ferromagnets
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Honorable mention:
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CARBON NANOTUBES

* Another promising proposal for sub-GeV dark matter searches are
carbon nanctubes
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DM ‘Wind’ _
R E field (few kV/cm) B
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CARBON NANOTUBES

* Another promising proposal for sub-GeV dark matter searches are

carbon nanctubes

: SR DM ‘Wind’
[Capparelli, Cavoto, Mazzilli, Polosa
B e SN L 2015, 1412.8213;
esRe T o *CiTril o, Cocina, Ferretti,
B 01 6, 01602 .03216;
Hochberg, Kahn, Lisanti, Tully, Zurek
SPLBR 0, "1606.08849; Cavoto,
s Polosa — PLB-2018, 28]
1706.02487; Catena, Emken, Matas, vl =120)

SEemiaiint U rdshals . — 2303.15509]

E field (few kV/cm)

12h

DM wind at t
cathode
1cm

Aligned
CNTs
Silicon APD

vacuum

~-5cm

S SEnsES—————S

° Pro m | S| N g p ro be Of D l\/l -e | eC‘t ron | B e e B —

\ — :/:);i?ng':':T:lTs
l : -34 | \\
interactions down to e O(MeV) S I\

@, contact interaction
T T

2 5 10 20 50 100

R ———semmmetty
25/26 PADUA 2023
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* Another promising proposal for sub-GeV dark matter searches are

carbon nanctubes

' 2o DM ‘Wind’
[Capparelli, Cavoto, Mazzilli, Polosa

- " E field (few kV/cm)
R s S 2015, 1412.8213; ? E e
oo *Ciril 1o, .Cocina, Ferretti, = = photoetectror .
EEAE =L C 2016, 71602.03216; £ v 9 £
Hochberg, Kahn, Lisanti, Tully, Zurek 3 T g -
— PLB 2017, 1606.08849; Cavoto, 5z 8
S s ey Polosa — PLB-2018, & < acuum a
1706.02487; Catena, Emken, Matas, s
Spaldin, Urdshals — 2303.15509] E ~5cm

v_n-----Ill...-...r

* Promisi Ng pro be of DM-electron S W

1073 4 Fixed CNTs

A\ —— Moving CNTs
interactions down to m,, ~ O(MeV) o1\
- Might be a good probe for DM-nucleon .}

interactions as well o

AR Pando L fi, Papiri, Polosa, Tarquini — work in progress] 2 3 10 20 50 100

—— e
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* The search for keV-GeV dark matter requires new ideas
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* Very active field with plenty of exciting 1deas

Angelo Esposito @ SAPIENZA INFN 26/26 PADUA 2023

Intitste Naransle & Faica Nackare



OUTLOOK
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* Very active field with plenty of exciting 1deas

* In general, important to take advantage of inelastic processes (lower
energy thresholds) and anisotropic targets (better backgrounad
rejections)
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OUTLOOK

* The search for keV-GeV dark matter requires new ideas
* One must delve in the condensed matter worlad
* Very active field with plenty of exciting 1deas

* In general, important to take advantage of inelastic processes (lower
energy thresholds) and anisotropic targets (better backgrounad
rejections)

A lot of work left to do!

Thank you for the attention!
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