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Where do we expect 1t?

Lee-Weinberg bound Unitary bound
[Lee, Weinberg,77] [Griest, Kamionkowski,h90]
— e |} : : : : | eee |} | ees | >
10722 ev eV GeV 100 TeV Me1 Mo
DM Y
DM s
WIMPs
WIMP miracle
bu 9 26 3/
Gz o ¢ <3><10_ cm s)
A _ Q) ~ 0.1 x
ov) ~ m DM
:}Z@ ov) 8w DPM3 (ov)
O
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e.g. neutralino (SUSY) [Goldberg. 83] e.g. minimal DM [Cirelli et al. 06]

[EL1lis et al.,’ 84]
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Lee-Weinbe bound Unitary bound
[Lee, WegAfiberg, /7] [Griest, Kamionkowski,h90]
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Collider searches

EFTs

eV GeV TeV

Mono-object + missing energy

pp — DM DM + something (jet, Z, Higgs..)
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Mono-object + missing energy

Collider searches

Theories

pp — lMediator* — DM DM + something

GeV TeV

[CMS,

Particular UV completion
e.g. SUSY, nu-MSM, 2HDM+a..

[Julia Ziegler today]

[Yury Kolomensky on Thu]
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Dijet resonances
Higgs invisible decay
Dark photons

Dark Higgs

Dark showers

Heavy flavour + DM
ALPS

[@Belle & Belle-II: Eiasha Washeed on Thu]
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[Maksym Ovchynnikov on Mon] —=
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Quantum sensors

atom interferometers
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atom interferometers
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atom interferometers
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Quantum sensors

atom interferometers
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Quantum sensors

single atom interferometer
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Quantum sensors

single atom interferometer
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[Joss, Zeh, 1985]

Quantum sensors [Gallis, Fleming, 1990]
single atom interferometer [Hornberger, Sipe, 2003]
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Nigy/(Njgy + Npy)

[Joss, Zeh, 1985]

Quantum sensors [Gallis, Fleming, 1990]

single atom interferometer [Hornberger, Sipe, 2003]
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[Joss, Zeh, 1985]
Quantum sensors [Gallis, Fleming, 1990]

single atom interferometer [Hornberger, Sipe, 2003]
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[Joss, Zeh, 1985]

Quantum sensors [Gallis, Fleming, 1990]
single atom interferometer [Hornberger, Sipe, 2003]
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[Joss, Zeh, 1985]

Quantum Sensors [Gallis, Fleming, 1990]
single atom interferometer [Hornberger, Sipe, 2003]
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[Joss, Zeh, 1985]

Quantum sensors [Gallis, Fleming, 1990]
single atom interferometer [Hornberger, Sipe, 2003]
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Quantum Sensors [Riedel, 2012]

matter interferometer [Riedel, Yavin, 2016]
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Quantum sensors

atom interferometers
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Quantum sensors [Badurina, CM, Plestid, 2024]

atom interferometers

S (Ix) ® [k)) = |x) ® Sixy k)
"/

pa = Trip/
x (k) x(k) «
KR R time t
°%°Er§§; 1/A-’B g KL 1/Tcloud
7'
1 .
|\Ij> — 2N/2 ®’f\i1 (|g> +ez¢|e>)
v

(P) = % [1 Le Jo.: R(a)(1—cos(q-Ax)) () cos(¢ + N/ R(q) sin(q - Ax))]

q,t
th

DM constraints [Du, Pardo, CM, Wang, Zurek 2022]
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Quantum sensors

atom interferometers
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10722 eV eV GeV 100 TeV M1
x (k') x (k)
Extended formalism —
:“5};'100
cloud structure (Vq) {f@ﬁ@
cloud spreading (T effects) " ' ’

squeezing ‘

Testing @ the 1lab (SM physics)

optimal experimental setup

optimal background source

[CM, Plestid, 2508.XXXXX]
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10722 eV

e

Quantum sensors

if d < Ay

.g.

scalar

eV GeV 100 TeV

if dl>,QB
LD gony (O)FF + gyc(@)GG — gp($)f f + h.c.

—> Csm(t) = Csm + #(9)

MPI




Quantum sensors

44— oo | } } } } { Yy I { oo I
107 eV eV GeV 100 TeV Me Mo
1 ;2 2 42
Po = §¢ + my ¢

if d < Agg if d > Ay

e.g. |scalar| L D gg,(d)FF + gpc{d)GG — gs(d)f f + h.c.

% CSM (t) = CSM + #Qb() cos(m¢t) p

Csm(t) enter in atomic energy splittings! I:D precision physics @ low energies




Quantum sensors

accelerometers
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e.g. atomic clocks
o)
AE = f[Csm(t)]
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Quantum sensors

accelerometers
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10722 eV eV GeV 100 TeV Mot Mo
e.g. atomic clocks nuclear clocks

AFE = f[Csm(t)]

|g) state preparation

1
1(lg) +le))

1 let system evolve

1 (lg) +€2Pe))

sensitivity

229mTh
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Quantum sensors

accelerometers
44— oo } } { Yy { oo >
10722 eV eV GeV 100 TeV Mot Mo
e.g. atomic clocks nuclear clocks

AFE = f[Csm(t)]

Ig) state preparation

1
1(lg) +le))

1 let system evolve

1 (lg) +€2Pe))

sensitivity

[Jack Shergold today]

229mTh
eV
229Th
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Quantum sensors

accelerometers
4+— oo i i i i i i ooe
10722 eV eV GeV 100 TeV

e.g. optical & atom interferometers

distance t to ts
A
* laser 1 ’

4 laser 2

0 % Texp Texp

g 1.04,

) 1 ci(o+Ad) v

,01 = 5 e_i(¢+A¢) 1 0.4
0 b 2(2 3 A

» time

[Ippei Obata on Mon]

MPI




Quantum sensors

accelerometers

[Xucheng Gan today]

4—] oo I } } } } i ooe
10722 eV eV GeV 100 TeV

e.g. optical & atom interferometers

distance t to ts
A
’ laser 1 ’

4 laser 2

0 % Texp Texp

g 1.01»
) 1 ci(o+Ad) v
PL= 35 | c—i(s+Aa9) 1 "
0 s 2(; 3 4m

» time

[Ippei Obata on Mon]

MPI




Quantum sensors

accelerometers
gyroscopes
¢—— oo | 1 i i i | ooe I {  eee |
10722 eV eV GeV 100 TeV Me1 Mo
e.g. optical & atom interferometers Ion interferometers

distance t to ts
4
‘ ’ laser 1 ’ ’

e |

| SO ¢ ¢

0 % Texp Texp

=
) 1 ci(o+Ad) v
PL= 35 | c—i(s+Aa9) 1 "
0 s 2(; 3 4m

» time

[Ippei Obata on Mon] [Leonardo Badurina today]
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10722 eV eV GeV 100 TeV Me1 Mo
e.g. optical & atom interferometers Ion interferometers

dist‘ance t to ts
\
’ laser 1 ’

é laser 2

0 % Texp Texp

g 1.01»
) 1 ci(o+Ad) v
PL= 35 | c—i(s+Aa9) 1 "
0 s 2(; 3 4m

» time

[Ippei Obata on Mon] [Leonardo Badurina today]




Quantum sensors

accelerometers
gyroscopes
¢—— oo | 1 i i i | ooe I {  eee | >
10722 eV eV GeV 100 TeV Me1 Mo
e.g. optical & atom interferometers Ion interferometers

distance t to ts
A
’ laser 1 ’ ’

) ~--—-\IMNW-\~_,
e |

$ oo $ $

0 % Texp Texp

g 1.0,
) 1 ci(o+Ad) v
PL= 35 | c—i(s+Aa9) 1 "

» time

Sagnhac effect

Z&¢¢w-§qu-AL
AC

0.0

[Feddereke, Graham, Kimball, Kalia, 2021]

0 m 2

¢

[Ippei Obata on Mon] [Leonardo Badurina today]




Quantum sensors

accelerometers

Atom gradiometers can be sensitive to pure gravitational
interactions [Badurina et al.,’ 25]

44— XX

10722 eV eV GeV 100 TeV

Glebular clusters
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5th force searches
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MPI

scalar| L D ggy(O)FF + gsc(9)GG — gs{d) ff + h.c.

duL1dnod> uoijoyd-Jeieds

[1-A99]




pseudoscalars Axion searches Jost
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Conclusions

>

Energy ( GeV )

THIS IS WHERE YOU
LoOsST YOLIR WALLET?

NO, I LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.
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Conclusions

>

Energy ( GeV )

New parameter space is being
and will be accessed.

DIALOG between communities

1s crucial. Joint efforts. THIS 1S WHERE YOU

LoOsST YOLIR WALLET?

Dark matter searches can be . e sar i o
parasitic to other existing , BUT THIS IS WHERE THE LIGHT IS.
experimental searches.

Stay tunned! , . lﬂ@
— NLs
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