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Cost Action 21106 COSMIC WISPers

- - , The main aim of the COSMIC WISPers Action
COSMIC WISPers in the Dark Universe: is to promote the formation of a team of
' I scientists with different and complementary
Theory’ aStrOphyS|CS and experlments expertise to carry on WISP studies on a
systematic and coherent basis in the
intersecting and interdisciplinary area of
particle physics, astrophysics and cosmology.

Our main goals are the following:

* Provide a discussion forum for the
European coordination of WISPs Physics
activities and express collective view on
the development of WISPs research.

* Develop a Roadmap for WISPs Physics in
: | . _ , Europe, a description of the status and
i e = o - perspectives of the field within Europe,
e : : linking them to activities in other parts of
the world.

CA21106 COSM|C WISPers R - 3 * Develop a common database on WISPs
- " 4 P e ‘e theoretical models, experimental and
astrophysical bounds.

* Provide cross community discussions to
enable new experiments.
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Cost Action 21106 COSMIC WISPers

WG 1: WISPs Model Building WG 2: WISPs Dark Matter and Cosmology
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Figure taken from Bauschmann, Fosterm Safdi, PRL 124, 161103 (2020)

Objectives: Obtain precise predictions of axion and WISP DM relic abundance,and identify distinguishing features of

WISP DM in Large Scale Structure data.
Figure taken from J. Jaeckel, A. Ringwald, Ann. Rev.Nucl.Part. Sci. 60 (2010) 405

Objectives: Determine the nature, number, masses and couplings of WISPs that arise in well-motivated theories of
fundamental physics, and in particular within string compactifications that join moduli stabilisation with (semi)-realistic

Maller seclors. WG4: Direct WISPs searches
WG 3: WISPs in Astrophysics
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Figure taken from Ciaran O'Hare Github

Objectives: Produce a complete, updated and revised summary of the status of WISP searches, highlighting parts of the
(relevant) parameter space, models or couplings that are not under test by present or future searches. It will outline a

Objectives: Deepen the studies of the signatures of WISPs in astroparticle physics. These include WISP oscillations into roadmap to WISP discovery and a way to disentangle among different WISP models. The goal of the WG is to perform a
photons, WISP-induced energy loss in stellar systems and signatures from gravitational waves and from primordial black- broad array of DM searches, interpreting the experimental results in a consistent way with clear identification of the
hole superradiance. theoretical models, relevant for the particular search.

https://cosmicwispers.eu/



3a KaKBeo we cv roBoOpuM AHec :)

 KakBo 3HaeMm 3a BceneHata — CtaHgapTHMA MoAen
* A KakBO He 3Haem?
Kak e Bb3HMKHa/1a xunoTesaTa 3a TbMHarta Marepus 1 KakBo ce onnteame a 06CHUM C HeA?

° PasnnyHute npeanosioxxeHns 3a CbCTaBa Ha TbMHaTa MaTepusa N eKCnepummMmeHTuTe, KOMTo CMe Cb3aasin,
3a fia rm rectsamMe

— I'Ipm(o N HENMPAKO TbPCEHE Ha TbMHa Martepus

— TeXKn N neku yactumum
 Pe3ynraruTe: KakBo € OTKPUTO, KakBO € OTXBbP/IEHO, KAKBO oYaKBame
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KaxBo 3HaeM:
CranpapteH mogen

(Ha cunHuTe N enexTpocnaburte BzanMmoaeicTBUA)

12 yacTtuyu, nsrpaxkpatim uenms
No3HaT HW CBAT, pas3feneHn B Tpn
NOKONEHNA

— KBapku: yactunuu, ydactealliy B
cuiiHuTe B33.I/IMO,£I,€I7ICTBI/IF|

— JlenToHW: nekn yacTmym
3 B3aumopgencTeus, 4 npeHocuTens
[Mone Ha Xurc

MaTepusi 1 aHTUMaTePUs: Ha BCAKA
yacTuLa CbOTBETCTBA HeliHaTa
aHTMyacTmua
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A KaKBO He 3HaemM?

CTaHOapTHUAT MOAEN e Hail-npeumsHaTa Teopus, Cb3aafeHa oT YoBeKa:
— BCUUKM NO3HATU TEXKN e/leMeHTapHN YacTULM ce pa3nagat Ao rno-/1eku
— CTabunHu ca NPOTOHbLT M eNEeKTPOHBLT; Te 06pa3lyBaT BCUYKO OKOJI0 HAC

Bbnpeku ToBa Haﬁmop,aBame MHOToO EQ)EKTI/I, KOUTO HE MOXXEM Aa 00SICHUM
B paMKUTe Ha TOBa, KOeTo 3HaeM AO0TYK!
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TbMHATa MaTepHA B KynoBe OT ra/lakKTUKHU

N3non3Baviku JlonnepoBus eexT,
MOXKEM [1a OLleHUM CKOPOCTHUTE Ha
rajlakKTUKUTE B KYTIOBeTe.

Macara, KOSTO ToJjiyuaBamMe 3a TaKuBa
CKOPOCTH e 0K0J10 50 mbTH mo-rojigsma
OT MacaTa, KOSITO BUJIMMO UMaT
KyTIOBeTe OT TsIXHaTa CBETUMOCT.




CKOpOCTHTE Ha BhpPTEHE HA FA/IAKTHKUTE

Hsxosnko gecetuneTus no-KbcHo, Bepa Pybun u3cienBana
BBPTEHETO Ha Ta/laKTUKUTe U 3abesizana HeobuyaiiHa popma
Ha KPUBUTE Ha 3aBUCUMOCT Ha CKOPOCTTa OT Pa3CTOSIHUETO OT
LIeHThpa Ha rajlakTHUKara.

{ T

NGC 801

oo
2 100t
e ; N

T
I

CISTANCE FROM NUCLEUS ihpeh

UGC 2885

Figure 10-1. Photographs, spectra, and rotation curves for five Se galaxies, arranged in
order of increasing luminosity from top to bottom. The top three images are television

pictures, in which the spectrograph slit appears as a dark line crossing the center of the

galaxy. The vertical line in each spectrum is continuum emission from the nucleus. The
distance scales are based on a Hubble constant A = 0.5. Reproduced from Rubin [1933), by
permission of Setence.

see: Binney, Tremaine (1994) Galactic Dynamics p.600



IIpviMmepu 3a CKOPOCTH Ha BhpTeHe

3 A T

orbital speed (m/sec)

e BwbpTenexka: CKOPOCTTa ce yBenuyaBa
JIMHEeMHO C oTJasieuyaBaHe OT LieHTbpa

1 s ' ' '
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distance from center of merry-go-round (m)

a A rotation curve for a memy-go-round.
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b The rotation curve for the planets in our solar system.
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¢ The rotation curve for the Milky Way Galaxy.
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FIGURE 18.19 Rotation curves show how the orbital speed uf a rprem
depends on distance from its center. The solar system’s rof v
with radius because its mass is concentrated at the center. The Milky Wos s
rotation curve is flat, indicating that the Milky Way's mass extends well
bevond the Sun’s orbit.




CKOpOCTH Ha 3BE3]uTe B CITUPA/THUTE N'a/IaKTUKH
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FIGURE 26-25 The Rotation Curves of Four Spiral
Galaxies This graph shows the orbital speed of material in the
disks of four spiral galaxies, Many galaxies have flat rotation
curves, indicating the presence of extended halos of dark matter.
(Adapted from V. Rubin and K. Ford)




Kakpo 3Ha4M TOBA?

Kak usrsexja Tasu pas3jivka BbB
BbPTEHeTO?
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["aymakTUKUTE Ca pa3rioI0KeHU

dark matter
nbaAO0KO B Xasio oT ThMHaA MaTepus

T4 nipeacraB/isiBa 0K0JIO 25% OT

CbAbp>KaHUeTo Ha BceseHara!
luminous matter







3aluo TbMHa MaTepua?

e HabniogeHnsiTa Ha ABMXEHNETO HA MacuBHM 06ekTK B KocMoca ce passimyaBart OT TEOPETUYHUTE
O4YakBaHUS: MMa HSIKaKBO HEBUAMMO BELLECTBO, KOETO OKa3Ba rpaBMTaLMOHHO BAINSIHUE, HO HNE HE MOXEM
[la 10 BUAMM

e MHOro Apyru KOCMO/IOTMYHN ePEKTU ThPCAT CBOETO 0OSICHEHME

o  Tekywwy npobremun BbB hr3mnKaTa Ha efleMeHTapH1Te YacTuLM: aHOMasIeEH MarHUTEH MOMEHT Ha MIOOHa U
[p., IMNca Ha NOTBbPXAEHNE HA MHOTO NMpeasIoKeHN pelleHnst (CynepcumMeTpumn 1 T.H.)

OGsAcHeHueTO Ha TbMHaTa MaTepusi MOXe ga peLun MHOro oT Tes3n Npooemu.
Ho KakBO, Kble 1 KaK ga Tbpcum?

e Hsima orpaHnyeHuss BbpXy TOBa KOKO TuMa YyacTuum TpsibBa Aa CbCTaBAT TbMHaTa MaTepus
e Hsima orpaHnyeHuss BbpXy TsixHaTa maca

° Hama n3nckesaHe Te ga BBaVIMO,CI,eVICTBaT NO NO3HaTUTE HU AOTYK HAYMHW. Bb3MOXHO € CbLLeCTBYBaHETO
Ha HeENO3HaTU 40 MOMEHTa BB&I/IMO,EI.GVICTBI/IH



TbpceHe Ha TbMHa MaTepuAa BbB (husnkKata Ha
eNneMeHTapHuTe YacTuum

3a a MoxeM Jaa Habnwaasame TbMHaTa Matepus, Ta TpsibBa Aa B3anMoAeincTBa Mo HAKakbB HauuH C
yacTULUMTE OT no3Hatarta H1 Mmatepus (OCBEH rpaBuUTaLMOHHO, pa3dupa ce)

[Npennonarame CbLECTBYBAHETO Ha LA ,CKPUT CEKTOP® OT YacTuum

YacTuumTe OT CKpUTUS CEKTOP B3anoAeCcTBaT C Te3n OT BUAUMUS Ype3 YacTULN-MeamnaTopu

Visible Ty, _ mediator " park
_ Sector " Ao p HNL 2 . Sector

TbpceHeTo Ha TbMHA MaTepus € HAaCOUYEHO KaKTO KbM HacTULUTE OT CKPUTUSA
(TbMHUNA) ceKTop, Taka U KbM MeauaTopure.



Pa3nnuyHn TeXHUKW 3a TbpceHe Ha TeMHa maTepus

Detection of particle dark matter
Direct
Indirect detection

SM
high energy photons x + p = X + p

neutrinos, anti-matter

Direct detection I n d I reCt
New Physics x + x ¥ p + p

nucleus recoil

/ « v Production
Collider detection SM p + F_) = x + X

missing energy




OT KaKBO TOMHO € u3rpaneH CKPUTUAT cextop?

DARK. MATTER CANDIDATES:
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ELETETEHE PAINTED hO-SEE-5 DBELISI*EA GAMMA NEUTRON  S0LAR SYSTEM
WITH SPACE. CAMOUFLAGE B-BALLS MONOUTHS, RAYs STARDATA — STABILITY
PYRAMIDS  1avBE THOSE oRBIT LINES IN SPACE

DIAGRAMS ARE REAL AND VERY HEAVY

https://www.explainxkcd.com/wiki/index.php/
2035:_Dark_Matter_Candidates

Dark Matter Candidates

19
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NpAako TbpceHe Ha TbMHa MaTepua

TbpceHe Ha OTKaTHM YacTuum Npu pasceliBaHe Ha
yactTmum TbMHa MaTepus:

3emaTta, CnbHYeBarta cuctema v lanaktukara ce
ABMXaT HenpekbcHaTo npe3 TbMHa MaTtepus

OCHOBEH MeXaHU3bM 3a NMPAKOTO TbPCEHE HA
TbMHa maTepus e pasceiiBaHeTo 1 B MaTepuana

Ha eKCNepmMeHTn CbC CBPbXHUCKO HUBO Ha d)OH.

Direct Detection

Electron

Backgrounds:

ve= ye’

N= N
N= N+ ac¢e
v N=» v N’

Nucleus

Cryogenic Superheated
bolometers liquids

'PHONONS / HEAT |

Scintillating cryogenic
. WIMP\ bolometers

Cryogenic bolometers
with charge readout

Germanium Scintillating
detectors crystals
CHARGE | LIGHT

Liquid noble-gas
dual-phase time
projection chambers

Liquid noble-gas
detectors

Directional
detectors



Pa3nnuyHn TeXHUKW 3a TbpceHe Ha TeMHa maTepus

Detection of particle dark matter

Indirect detection

high energy photons
neutrinos, anti-matter

New Physics

/;older detecton«

missing energy

SM

Direct detectio

nucleus recoil

SM

Direct
X+P?X+P

Indirect
X+XP+p

Production
P+p = X+X



PasceliBaHe Ha TbMHa MaTepun

f@(ﬁ, t) — fgal(77‘|" Vs + 77@9@))

sun velocity: v, = (0,220,0) + (10,13,7)km/s
earth velocity: 0. () withv. ~ 30 km/s
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WIMP Wind V|| -
—_—

December

T. Schwetz, MPIK, 24




DAMA/Libra: pesyaraTu
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Henpako TbpceHe Ha TbMHa MaTepun

1. AHMXnnayua Ha MaCUBHU YacTULMU P
Texkn qoepMMOHM B KparHO CbCTOAHNE, GO30HM \
(BKN. Xurc).

2. @parmeHTauusi/pasnapg, W-
Pasnaa nnn doparmeHTaumns Ha npoaykTuTe Ha
aHnxunauusa oo KoméuHaunm OT eNiekKTPoHMN, W+
HeyTpuHO, rama-gooToHN 1 Ap.

T
3. CUHXPOTPOHHO N3NbUYBaHe; O6paTHO e+/\\’ ] é
KoMnTbHOBO pa3ceiBaHe

CUHXPOTPOHHO M3NbYBaHe Npu B3aumMoaencTemne ¢ 0
MarHMUTHU NosieTa; pascenBaHe Ha POTOHM OT /X
penaTtuBUCTKM €/IEKTPOHU, NPU KOETO Ce yBennyaBa 0

eHeprusTa um,

Y 'y



Pa3nnuyHn TeXHUKW 3a TbpceHe Ha TeMHa maTepus

Detection of particle dark matter

Indirect detection

high energy photons
neutrinos, anti-matter /

/
!
|

SM

DM

Direct detection

New Physics l

"\
~— -
\J
DM Collider detection SM
<

nucleus recoil

missing energy

Direct
X+*+P?X+P

Indirect
X+X2P+p

Production
P+p = X+X



B1b3M0)KHM U3TOYHUIM Ha YacTuM TbMHa MaTepuna

' ‘ Y/ Gamma-rays
CnbHUETO \ £
i
X W/Zlq ¥
WIMP Dark v,
Matter Particles p s
Ecwm~100GeV w e
X WHZ/g et
[[@NaKTUKaTa i Neutrinos
e
M'\lea
e
+afew plp, did
[[@NaKTUYHN
KyrnoBe X 4
Y WIMP Dark e
Matter Particles
Ecm~100GeV
N3BBbHIraJlJaKTUYHOTO oM . \,‘,‘

MPOCTPAHCTBO; )
" paHHaTa BceneHa

Baltz et al. 2008



Fermi Gamma-ray Space Telescope

Large Area Telescope
LAT

GLAST Burst
Monitor

GBM

Successors to EGRET and
BAISE on the Compton
Gamma Ray Observatory




Fermi Large Area Telescope (LAT)

Pair-Conversion Telescope

Y
i
! s Anticoincidence
! Detector (background rejection)
1
!
,:' - T Conversion Foil
/\ N _ .
= . Particle Tracking
/ \ Detectors
1 ["ama (hoTOHUTE B3aUMO/I€UCTBAT Upe3
Calorimeter
Cb31dBdHE Hd ABOHKA €/IEKTPOH-
(energy measurement)
ITO3UTPOH, KOUTO Ce PEerucTpupar ot

neTeKTopa.




Fermi Large Area Telescope (LAT)

[Ib/1Ha 'aMd-KdpPTHHA Hd HeOeTo B ["amakTruHU KOOPpANHATH

Fermi LAT pernctpupa nbJ/iHa KapTUHa Ha HEGEeTO B rama-o6s1acTTa Ha
BCeKU Tpu yaca. Tyk Bmxagare KOMOMHauusa ot 4 AHU HabNAEeHUA.
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data sources galactic diffuse isotropic
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Fama-cnekTbp Ha UeHThpa Ha ManakTukarta
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TobpceHe Ha HoBU nexku yactuum (WISPs)

Light-shining-through-walls

Underground
detectors

XENONRT (Solar axions)
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X-ray detectors

Shieldin
Movable platform —T .

NMoBeueTo eKcnepMeHTU 3a
TbpCeHe Ha aKCUOHM ce

OCHOBaBaT Ha Bb3MOXHOCTTa
Te CbBCEM C1abo Aa

B3aummogeiicTBart ¢ (DOTOHUTE



CAST

CERN Axion Solar Telescope

Ai3non3Ba eaviH OT NpPOTOTMNUTE Ha
ANNONHUTE MarH1TU, Cb3gageHn 3a
fonemunsa aipoOHEH Konanaep

PeHTreHoB Tefnleckon: ako akCMOHUTe ce
KOHBEPTMBAT BbB CpOTOHl/I oT
peHTreHoBara obnacTt, 6uxme Mornu aa
M 3acevyem

Pesyntatn? OrpaHnyeHuns 3a
Bb3MOXHUTE NapameTpu

Sunrise

photon detectors
-
Sunset axions

Low-background
shielding

Sunset

Magnet 10m superconducting photon detectors

feed box LHC test magnet

i Sunrise axions

Tumtable

Cern Axion Solar Telescope

LHC dipole: L=9.3m, B =9T
Solar Tracking : 3.5 h/day, background data rest of the day




OrpaHnyeHun 3a aKCUoHuUTe
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https://cajohare.github.io/AxionLimits/

CnbH4YeBa dU3MKa:
OrpaHuyeHua 3apagm

- BpeEMETO HAa XXNBOT U

TemMna Ha 3aryba Ha
eHeprus

ACTpoHOMMUA:

He ca oTKpuTtH
pasnagm a — Yy BbB
BuAMMaTa obnact c
TeNIeCKonu.
[MpoBexaat ce
Nnpoy4yBaHUs B
peHTreHoBaTa obiacT
n ce nicnenpa
MU3BbHraIaKTUYHUS

dOH.



ACTPO(hPU3NUHN THLPCEHUA HA AKCUOHMN

BucokoeHepretnyHute cbouTUSa B Kocmoca ca o6p0o MSACTO 3a TbPCeHe Ha
,2oTrneyarbumn“ OT akCUOHN

e HeyTpoHHW 3BE3AU
e B3aumopgenctsalln Kyrnoe oT [asiakTuku

. +MACSJ0416.1-2403 | MAGS J0152.5-2852 | MACS J0717.543745
- -

. Abell 370 . T . Abell 2744 i , - ZwCl1358+62

e
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TobpceHe Ha TbMHa MaTEPUA Ha YCKOPUTENn

. Thi .
In target e, p beam dump exrop | AACOUMMPAHO PaXAAHE Ha HOBW
|
wngena A" ,/k/'e_ A',a,? CbCTOSIHUSA
+' —/ > * YyBcTBUTENHOCTTa 3aBUCKU OT
\\ , , , pasfenuTenHara crnoco6HoCT no
N | | |

EKCnepuMeHTH C ~a et L nvnceatlia maca

TbHKa MULLIEeHa * PaxpaHe: A'/a/h/?-strahlung, naBuHu, .
[IMpEeKTHO paxaaHe Ha ThbMHa norbLane. . €
Marepus (X-Strah|ung) ¢ PerVICTpI/IpaHe: BCNYKO € CUTHaJ1,
TbpceHe Ha pasnaan upes KM.HeMaTVIKa Ha KpanHOTO CbCTOAHNE cTaTUeTHKA
PEKOHCTPYKLMS HA CbOUTUSA HosuTe yactuum TpAabsa ga

«  Cb3aaBaHe Ha BTOPUYEH CHONM oueneAaT npu NnpeMnHaBaHeETo EHeprua Ha
» npe3 dump-a yckoputens
OG6VKHOBEHO B ThHKa MULLEHa € PdsnenutentHa
TbpceHe Ha HOBW YacTULM B CMOCOBHOCT HAa B
asnaan Ha Me30H!

basan OuensBaHe [eTeKkTopa Mx
M, e orpaHnyeHa oT Macara Ha
ME30HUTE, YYBCTBUTE/IHOCTTA KbM «  TwpCceHe v Npu paxaaHe Ha
B3aMMO/EIACTBMETO — OT
cTatucTukara paxaaHe ME30HN

M,



Pa3nnuyHn TeXHUKW 3a TbpceHe Ha TeMHa maTepus

Detection of particle dark matter
Direct
Indirect detection

SM
high energy photons x + p e X + p

neutrinos, anti-matter

Direct detection I n d I rECt
New Physics x + x = p + p

nucleus recoil

\J
DM Collider detection SM
<

missing energy

Production
P+p = X+X




AHNXUNALMNA HA NO3UTPOHU A0 HOBW NEKN YACTULMN

Associated production: ete - A’y
Y

Beam axis
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El(cnepumel-rrbr PADME

ST Mantbk ekcrnepumeHT @ Frascati Beam Test Facility

bz

AHunxunaumsa Ha yCKoOpeHu aHTuyacTmum B maTepus
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YcKopeHu e+ B3aMMoAeNCcTBaT C TbHKa
aKTMBHa AnamaHTeHa MulleHa
KpaiHn CbCTOSAHUSA: e+, e-, OTOoHU
*  ENeKTpoMarHUTeH Ka/lopuMeTbp
* [leTeKTopwu 3a 3apefeHn yactuym



ExcnepumeHTbT PADME

Associated production:
Positron Annihilation into Dark Matter Experiment ete - Ay ,
o
. - SR -
Non interacted beam

e MasiomallabeH ekcnepuMeHT ¢ orkcupaHa
MULIEHA

— e' @ Frascati Beam Test Facility

— YCKOpeHu e+ B3anMOfencTBaT ¢ TbHKa
aKTVBHa gMamMaHTeHa MuLLeHa

— KpaiiHu cbeTosiHuS: e+, e-, DOTOHM
— [leTekTopwu 3a 3apeneHun yactmym
— Kanopumetpu

— CwucTtema 3a MOHUTOPUHT Ha cHona




TobpceHeTo Ha X17

Phys. Rev. C 106, L061601 (2022)
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https://arxiv.org/abs/2308.06473

Kakso Tepcum ¢ PADME?

Dark Photon A’ Axion Like Particles

arXiv:1608.08632v1

BE anomaly - X boson

JHEP 07 (2018) 092 PRD 95 (2017) 035017
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Visible, invisible decays: ALPs final states: Final state X17->
A - yxete” a-xx.e‘e ,yy e -

Dark higgs
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dark higgs decay: h’ —
AAA -sete xr
Final state: A’/A’A" - ete” ete  ete”



Kakeo nmame AOTYK?

* HeobxoanmocT ga 06sCHUM HabngaBaHUTe acTPOGIU3NYHN

edhekTun
* TbpceHe Ha HOBU JIeKN YaCcTULM:
— OrpaHnyeHna 3a akCMoHuTe
— X17 yactuuarta, npeasioxxeHa ot ATOMKI

— W3cnepBaHe Ha Apyru XxmnoTtesu
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A cera Hakbae?
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