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WIMPSs

Lee-Weinberg bound
[Lee, Weinberg,77]
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The strong CP problem
Qs a Auv,a
LD - QGWG

0 = 0 + arg{det[MyM,]} < 1071
[Abel et al. 20]
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0 = 0 + arg{det[MyM,]} < 1071
[Abel et al. 20] Mg
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[Peccei, Quinn, ‘77] Via) = Aé}CD [1 — COS (ﬁ)] —5 Mgy ~ QCD
[Weinberg, 78] fa fa
[Wilczek, 78]

Anomalous global symetry



Axions st
(oot ]
>
Mo [el]
4] XY | } } } } { eee I { ooe I >
10722 ev eV GeV 100 TeV Me1 Mo
Interactions with the SM
1 ~ 1 ~ 1 F 1
—L D Zgavwa FF + ZgaGG a GG + §gaf(aua)f7 75f gaSM X ——
a
Mg
fa )
A2 CD
[Peccei, Quinn, ‘77] V(CL) — Aé}CD [1 — COS (fi)] _) My ~ ‘(‘-’;
[Weinberg, 78] a a
[Wilczek, 78]

Anomalous global symetry



Axions

— ees | : : : : | eee
10722 eV eV GeV 100 TeV

Interactions with the SM

1 ~ 1 ~ 1 -
—L D ~GayyQ FF 4 —JaGG a GG + ~9af (aﬂa’)ffyuf)%f

4 4 2
= A
V)
o
)
bo
(e
A
o
>
(@)
o >
axion mass
[Peccei, Quinn, ‘77]

[Weinberg, 78]
[Wilczek, 78]

V(a) = AGep [1 — cos (

oﬂd-f
(oo |
>
Ma [ el]
| eee | >
Me1 MG)
1
GaSM X —/—
Mg
fﬁ O
1\2
a QCD
_ % m ~J
f)] Y fa

Anomalous global symetry



AX10ns o
(oo |
>
Mo [ el]
44— Y } } | eoe | Y P>
1072% eV eV GeV 100 TeV Mer Mo
Interactions with the SM
1 S| ~ 1 = 4 1
—L D ZgCWWa FF + ZgaGGaGG+ §gaf(aua)f’7 Vs f gaSM X ——
a
= A
Vo) My
2 fa )
o190
=
: A
>
o
e >
axion mass
[Preskill, Wise, Wilczek, 83] A2
Lo a QCD
[Abott, Sikivie, 83] Via) = A2 1 —cos [ — — Mg ~
[Dine, Fischler, 83] (@) QCD[ (fa)] ¢ fa

Good dark matter candidate

Anomalous global symetry
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[Co, Hall, Harigaya,

fo \™ a
Qqh? ~ 0.12 6 (1012 GeV) (around peV) Via) = x(T) {1 — COS (E)]

Good dark matter candidate |[Gouttenoire, Servant, Simekachom, 22] [Fasiello et al. 25]
(signatures) (lattice simulation)
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nuclear recoil
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DarkSide
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Higher energies (>EeV) @ Pierre Auger Observatory
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| I.A.Cherenkov telescopes
HESS, MAGIC, VERITAS..

N
)
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Indirect detection

10722 eV eV

X & y rays
Radio lines
CMB SD

Superradiance

GW NS mergers

X-ray lines

GeV

eoe | { (XX} I >

100 TeV

Mp1 M@

Radio rays

X rays Yy rays X & y rays
CRs, v CRs
CMB SD CMB SD

GW EMRI dephasing

PBH mergers & SGWB

NS heating

Structure formation

[EUCAPT,

'21] Microlensing

[NuStars: D. Vatsyayan]

[Vera Rubin observatory:

[EUCLID: EJ.

B.

Sanchez on Tue]

Gonzalez,

Doumerg on Tue, S. Escoffier on Fri]

[ACT: A. La Posta on Fri]|[R. Galazo today]
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Collider searches

EFTs

eV GeV TeV

Mono-object + missing energy

pp — DM DM + something (jet, Z, Higgs..)

¥V g

g DM
.
3 // DM




Collider searches

Theories
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1072 eV eV GeV TeV

Mono-object + missing energy

pp — lMediator* — DM DM + something




Collider searches

Theories
— eee | i i i i : i eee |} i eee |} >
10722 eV eV GeV TeV
Mono-object + missing energy
pp — Mediator* — DM DM + something
Particular UV completion Simplified models
e.g. SUSY, nu-MSM, 2HDM+a.. e.g.(pseudo)scalar, (axial)vector
[ATLAS, Dec ’24]
[CMS, June ’25] —350°MS '101.2flb"(13TeV) < ~ T T
% - 2HDM +a, h —> c [ | ATLAS - - -~ Expected limit |
g i Observed 95% CL exclusion | 102 (o) 9 8001 /S = 13 TeV, 140 6" ==t Observed !urfu,m""‘w'")—
Facol 3 T Creeseoressn 8 g e e =T
J l‘ 10 g 600_— ;:;,EEEZE :D'h:Fo ——— ATLAS V5 = 13TeV, 36110 "]
250} 3
-’ = | @ 400}
- - -.‘ b i o\o
R <( M 200 o I
g D™ 150:_ 107! 200
800 1000 1200 10° co 5(')0 1000 15(;0

v
s [GeV] m, [GeV]

[S. Singh Chauhan, J. Lahiri on Wed] [S. Sekmen, EL. Woodwark, P. Scholer on Mon]
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Mono-object + missing energy

Collider searches

Theories

eV

Dijet resonances
Higgs invisible decay

o 1

0.5
0.4

0.3

0.2

0.1

0.05

0.04|

0.03

_l T T T
- ATLAS
[ 1/m,=0.15

| I'/m,=0.1
I'/m,=0.07

bb+ -

ji+v/i

Axial-vector mediator

m, =10 TeV, gx=1.0

T LA BB ELR LR R BRI Ll

lyi,l <0.3

Vs=13TeV, 3.6-140ft"

-

jet trigger

lys,l <0.6

PEREN R RN ERETTTTIT] [TRTTTeen o

|
100

200

PR |
1000 2000

my, [GeV]

1111

GeV TeV

[ATLAS,

95% CL upper limits
Observed
--- Expected

—— Resolved dijet + ISR
140 fo
arXiv:2403.08547

—— Boosted dijet + ISR
36.1 1"
PLB 788 (2019) 316

—— Dijet TLA

36&293 1"
PRL 121 (2018) 081801

| — Di-b-jet

2438139 15"

PRD 98 (2018) 032016
JHEP 03 (2020) 145
Dijet

139 fo”

JHEP 03 (2020) 145

Dijet angular

370"

PRD 96 (2017) 052004
—— ti resonance (1L)

36.11"

EPJC 78 (2018) 565
—— tf resonance (0L)

139 fo

JHEP 10 (2020) 61
—— Dijet + lepton

1
JHEP 06 (2020) 161

Dark photons
Dark Higgs
Dark showers

Nov 2024]

MPI

v

Heavy flavour + DM

ALPS

.Fantini

[@LHCb: L

;un 1 1 :.:‘:.8 Al L] 1 L Ll T Ll :
"".’:f:._&, -
0.95 ":f:f?‘"u Zi
9 S« :
C SN N s ]
0.9F Vo Z
. N ' A Y 7 .
[ ! s ]
: ’ “ ~'a‘ :
0.85 " ' “u, 7z
C L ‘ [l *5‘4,;., ]
- - -~ A
0.8.‘--"'— ‘l % ey ]
:A LAS meas. ¥ o . u‘ z
- ‘ R ]
0.75 R ‘».s' 7
C e ATLAS <
0.7F _.-*"  Vs=13TeV, 139 b’ 'y
e Dark Photon Minimal Model 1
[ ATLAS meas 4
0.65 m, =125 GeV, x = +1 -
0.6 B 1 1 1 1 1 1 1 1 1 ]
0 01 02 03 04 05 06 07 08 09 1

a

Q

today]

- H->y Yy Observed 95% CL

VBF-ZH combination

H—sinv Observed 95% CL

PLB 842 (2023) 137963

H->yy ATLAS measurement

+0.02:
BR(H,,5—>17) = 0.247 O_o;)%
Nature 607 (2022) 52

H-yy SM prediction
BR(H,p5—>77y) =0.227%

arXiv:1610.07922
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5. 10
E 0—39 E
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@

ERlin"
c a
R 10%:
oa 10742 ;
100k
107#
1074 i
10—46 ?
1074

1048 - Vs=13TeV, 139 fb"

Collider searches

Projections

[A. Maloizel on Mon]

Dijet resonances
Higgs invisible decay

[ATLAS,

eV GeV TeV
Mono-object + missing energy Dark photons
Dark Higgs
Dark showers
Nov 2024]
3 — DarkSide-50 QF MIGD 10—38

DarkSide-50 QF MIGD

ti+ET"""’l

scalar mediator

= Dirac DM, All limits at 90% CL

[European Strategy symposium,

MPI

Heavy flavour + DM
ALPS

"25]

PRL 130 (2023) 101001

L[ 107
= PRL 131 (2023) 041002 10_40
4 — PandaX-4T —

m,=8 GeV: PRL 127 (2021) 261802 N 10_41

m,<8 GeV: PRL 130 (2023) 021802 42
E 10~
= miss
tH+ET :

3 scalar mediator
EPJC 83 (2023) 503

JHEP 03 (2024) 139

Scalar Model, Dirac DM
gom =1,8smis =1

DM-nucleon ogj [cm
—
o
5

1 0—49 C

10

10°

-
-

—
-
—
-

ESPPU 2026: Preliminary
1 L1 11 I 1 1 | L1 11l

103 10%

[@LHCb: J.

Hui

/huo on Mon, Fantini, S.

Libralon on Wed]
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Collider searches

eV

GeV TeV

Energy frontier

MPI
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Accelerator-based probes

eV GeV TeV

target

shielding

INTENSITY frontier

MPI

volume det.
X
X
>




Accelerator-based probes =— o
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e.g. those @ CERN MATHULSA[D] MilliQan[S]
SHIFT[D] ] PREFACE[D]
STATUS
running :
proposed
approved* NA64 [M] NA62 [ D]
MAPP D]
FASER/FASERUI[D] CODEX-b[D]
SND@LHC[S] advSND[S]
SIGNATURE ANUBIS[D] FPF[D]
scatterings [S] ¢§§E§%
decays [D]
missing Energy [M] ATLAS

[see M. Ovchynnikov @ European Strategy ’25]



Accelerator-based probes o=
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[JS. Tafoya on Fri]

e.g. those @ CERN MATHULSA[D] MilliQan[S] FORMOSA[S]
SHIFT[D] - 1 PREFACE[D]

STATUS

running ' [V. Duk, I. Rosa on Mon]
proposed
approved*

FASER/FASERU([D] CODEX-b[D]

SND@LHC[S] advSND[S] :
ANUBIS (D] FPFID] [V. Gligorov today]

aé\aﬁ [ANUBIS: T. Reymermier on Mon]

SIGNATURE

scatterings [S]
decays [D]
missing Energy [M]

[N. Hemme today]

[see M. Ovchynnikov @ European Strategy ’25]



Accelerator-based probes

eV
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Dark photon

¢ v
ﬁ — iFIvWVM

e.g.[Kyselov, Ovchynnikov, ’24]

GeV

DarkOuestpase_1

-
—

-
_______
i

DarkQuestppase—11 7

SHiP*

10~
Dark photon

11111l 1 | I I 1 1

ESPPU 2026 Preliminary

poood v oponol v raromlop roooml o1

11 1 1 1

10°
my [GeV]

1071

10!

TeV

—~
=)

S—

Q]
=
o
]

L=

105 |
10-%
107
10°%
10~
1010
10—11.
10—12.
10—13. ,

R AT —— 127rvH

[Baclkstone et a1

Singlet scalar

e.g.

$Go, G — Zcf

, 241

Cf = cq =sinb,

—_=
=
e @
I >
Mo

ff¢

[European Strategy Symposium ’25]

D‘“'kQuest*
Phase- |

Br,_,5s =0

SHiP*

ESPPU 2026: Preliminary:

1071

10°
msgs [GEV]

10!
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Quantum sensors

scalar

eV GeV 100 TeV

LDgy, ¢ FF+gsc ¢ GG—gs ¢ ff+h.c

MPI




10722 eV

Quantum sensors

eV GeV 100 TeV

scalar

LDgs, & FF+gs6 ¢ GG —gs ¢ ff +h.c.

MPI




Quantum sensors

10722 eV

if d < Ay

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
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1 ;2 2 42
Po = §¢ + my ¢

if d < Agg rivd > Amp

scalar| LD gy (d)FF + gsc(9)GG — gs(d)ff + 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
<_| (X X} I } i | cee
10722 eV eV GeV 100 TeV
e.g. atomic clocks
le)
AE = f[Csm(?)]

= |9

|g> state preparation

MPI




Quantum sensors

accelerometers
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10722 eV eV GeV 100 TeV Mp1 Mo
e.g. atomic clocks
= le)
AE = f[Csm(?)]

|g> state preparation

1
2-(lg) + le))

i, let system evolve

%(|g> + eiAEt|6>)



Quantum sensors

accelerometers
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10722 eV eV GeV 100 TeV Mer Mo
e.g. atomic clocks atom interferometers

AE = f[Csm(t)]

|g> state preparation

1
2-(lg) + le))

i, let system evolve

%(|g> + eiAEt|6>)

distance
A

tl t2 t3

§ laser 1 0

» time

1 1 e'l,(d)—i—AqS) 0.8
P1= 3 | ~i(s+A9) 1 y
0 pa %; - ym

rel{ N1}

D




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

5th force searches

H/Quartz/Sapphire

P DM
\\/ GEO600
\

----------

2 D 2 v o
140

0 A9 A% AT A6 A5 A% A5 A2 Ay A0 9 % T _6
410774077407 107 107 407 407 407 407 407 107 407 40 10 40 40 40

Holometer

[C. O’Hare € ] scalar mass [eV]

MPI

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

duL1dnod> uoijoyd-Jeieds

[1-A99]




44— XX

Quantum sensors
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vector

LD QAA;L f'y“f+/~cFl’wF‘“’ + dFl'wfcf’“’f

e.g. optical
acoustic re

EM detectors

- - _ |T> ja.r.r.lple )
VW] | [rovtong 1o [R])

7 A

cavities, Spin, Dipole-M detectors

sonators.. e.g. co-magnetometers, NMR..

/El cos(wgrrt)

Axial-vector

J

LD QaA, frhysf




Quantum sensors

eV GeV 100 TeV Me1

[M. Doser today]

Superconducting Nanowire Single-Photon Detectors (SNSPDs)

Superconducting Quantum Interference Devices (SQUIDs)

I
I
I
I
Transition Edge Sensors (TES) NV diamonds |
I
I
Rydberg atoms Quantum dots Magnetometers |

I

Quantum properties!




Quantum sensors

— e | : : : : | eee | | eee

[Riedel,”’

eV GeV 100 TeV Me1

[M. Doser today]
Superconducting Nanowire Single-Photon Detectors (SNSPDs)
Transition Edge Sensors (TES) NV diamonds
Superconducting Quantum Interference Devices (SQUIDs)

Rydberg atoms Quantum dots Magnetometers

Quantum properties!

Coherence

Ax

13][Du et al’22][Badurina, CM, Plestid, 24][Arvanitaki, Dimopoulos,

& Decoherence

Galanis, ’24]
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Quantum sensors

10722 eV eV

vector

LD QAA;L f'y“f+/~cFl’wF“” + dFl'wa’“’f

/\

GeV

EM detectors

e.g. optical cavities,
acoustic resonators..

<

>

MWW

4

Axial-vector

pseudoscalars

LD QaA, frhysf

. hext slide!

100 TeV

MPI

Spin,

e.g.

co-magnetometers, NMR..

Dipole-M detectors

sample

/El cos(wgrrt)
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Haloscopes (e.g. ADMX, ABRA..)

Light-shining-through-walls
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L 107184 S Dark matter
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Haloscopes (e.g. ADMX, ABRA..)

 Gaant)”

Helioscopes (e.g. CAST, IAXO)

Light-shining-through-walls

Astrophysics

Dark matter
decay

Haloscopes

10714

—_
(e
|
Juy
a1

—_
(e
|
[uy
(o)

&
oY Status @EPS-2025
c [C. O’Hare € ]
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Haloscopes (e.g. ADMX, ABRA..)

10~
a 6_ . y ; 10-7 Light-shining-through-walls
©B R
— 1078
Heljoscopes (e.g. CAST, IAXO) 510
oo 107"
ZZIZIIZZZZI S o
.......... > '5'_
a =S 10712 = Astrophysics "
o . g
. . . U 1071845 § Dark matter
Light-shining-through-walls c 1014; g decay
(e.g. ALPS-II) [JA Rubiera Gimeno today] % 15? a
107 o
]//\J\Nx— —_ - XN\ }/ g_lo_mg
5o ©B c &
I " Status @EPS-2025
Astrophysics (e.g. SN1987A, FermilAT.) & ;o] & atus
[C. O’Hare €) ]
. 10_19 [LLIAL T [LLIAL T [LLIAL T [LLIAL T T T T TTI T
Colliders (e.g. LHO), 101110710 10-° 105 107 106 105 10¢ 102 102 101 100 10"

beam bump (e.g. NA62, SHiP..) axion mass [eV]
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astrophysics
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decade scale (although non-standard cosmologies

The QCD axion starts being challenged! We will
b ‘ know if it is our dark matter candidate within a
may still survive).

M [ et]



Conclusions

Bottom-up: Being open

>

Energy ( GeV )

THIS IS WHERE YOU
LOST YOUR WALLET?

\'W

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




Conclusions

Bottom-up: Being open

Energy ( GeV )

Lots of new parameter space
will be covered, in mass
range and reach.

DIALOG between communities
1s crucial.

THIS IS WHERE YOU
LOST YOUR WALLET?

Watch out for parasitic ' ' \‘n
searches!

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

Balance according to

constraints..
o2 N
~\&
)
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“Searching means: having a goal. But finding
means: being free, being open, having no goal.
You, oh venerable one, are perhaps indeed a
searcher, because, striving for your goal, there

are many things you don’t see, which are directly
in front of your eyes.”

— Siddhartha, by Hermann Hesse.



