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Summary Introduction

 Why look for Sub-GeV Dark Matter?
 Down to ~100 MeV/c? : Cryogenic detectors
 Down to ~10s MeV/c2 : H/He detectors

> Interlude : the Migdal effect

e Down to ~0.5 MeV/c2: CCDs and recoils on electrons

F. Vazquez de Sola EDSU, November 2022
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ly. But nature remains unknown.

. Now have evidence for Dark

Matter at multiple scales!
« DM composition of Universe measured
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Discovery mechanisms Introduction

e Assume Dark Matter is some kind of .
. Collider
(new) particle: . >

SM DM

Direct Detection

V

SM DM
< .

Indirect Detection
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Discovery mechanisms Introduction

e Assume Dark Matter is some kind of
(new) particle:

- Can create it in colliders from
Standard Model particles SM DM

Collider

Direct Detection

SM DM

< .

Indirect Detection

F. Vazquez de Sola EDSU, November 2022



Discovery mechanisms

Introduction

e Assume Dark Matter is some kind of
(new) particle:

- Can create it in colliders from
Standard Model particles

- Can study its annihilation products
coming coming from regions with high
density of DM (indirect detection)
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Discovery mechanisms Introduction

e Assume Dark Matter is some kind of
(new) particle:

- Can create it in colliders from
Standard Model particles

Collider

>

SM DM

- Can study its annihilation products -
coming coming from regions with high §
density of DM (indirect detection) .
- Can observe recoils of DM from = N/
galactic halo on Standard Model M -
particles (direct detection) < |

 This talks focuses on the latter. eI R
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Discovery mechanisms

 DM-induced recoils are very rare:

- Need large detectors that run for a
long time

* Jo claim discovery of DM, need to

observe recolls unexplained by other
sources

- Need to protect detectors from
natural radioactivity, cosmic
backgrounds, etc

- Need to reject recoils that aren’t
produced by DM

F. Vazquez de Sola

Introduction

/

We'll get back to this

EDSU, November 2022



WIMPs and liquid noble detectors Recoils on high A nuclei

 Weakly Interacting Massive Particles
(WIMPs), with masses in ~10 GeV/c2 -

TeV/c? range, were first class of privileged GXe }
DM candidates.
LXe o
* Liquid noble (Xenon/Argon) detectors lead
the charge:
- Massive exposures ~1 ton.year varticle Lol

- WIMP-nucleus interaction rate boosted
for heavy atom targets

- Excellent background rejection, leading XENON1T
to backgrounds of ~100 evt/ton.year DEAP3600
(and aiming even lower!)

(also LUX-ZEPLIN, DARWIN,
PANDA-X, DarkSide)

 However, no signal observed yet, and
soon(™) to reach neutrino fog

drift time
(depth)

F. Vazquez de Sola

EDSU, November 2022



WIMPs and liquid noble detectors Recoils on high A nuclei

OQ}‘ LUX (M)
: 104 (4, ___CRESST (Surf)
 Dominance above O(1 GeV/c?)
10—36 (PG/\/O
* Preferred parameter space for T % EDELWEISS (Suf)
many WIMP candidates i DM;AI;E:VSG
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D. Ramirez Garcia talks

(Thursday morning session), WIMP mass [GeV/c']

arXiv:i2104.07634
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WIMPs and liquid noble detectors

Dominance above O(1 GeV/c?)

Preferred parameter space for
many WIMP candidates
already covered, neutrino fog
looms.

What to do?

D. Ramirez Garcia talks

F. Vazquez de Sola
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Dark Matter : Beyond WIMPs? Look elsewhere?

F

orce
Sterile Neutrinos \‘
/‘

Theories of
Dark Matter

OCD Axi Little Higgs
ions

Axion-like Particl
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Dark Matter : Beyond WIMPs? Look elsewhere?

e | don’t understand this
diagram

Techni-

 But | can tell you where
we’ve been looking!

F

orce Carri
Sterile Neutrinos \‘
/ D N\

Theories of
Dark Matter

Little Higgs

QCD Axions
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Dark Matter : Beyond WIMPs?

Look elsewhere?

Let’s look for
SubGeV «WIMPs»!

...How?

Cross Section [cm?]

1072
10
I
107°
10
10 =
I
10

1 0—48

-50
. 0.1 0305 1 5 > 10 30 50 100 300 1000 3000  10°

WIMP mass [GeV/c’] arXiv:2104.07634
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Kinematic match Recoils on mid A nuclei

_om— 445 I IR [ T 1Tl I R [ IR RE=

* Maximum WIMP-nucleus energy S 10 mx=|1 GeV/c?
transfer in elastic recoil when they 2108 —H ---He
have the same mass («kinematic D S e - Ne E

© 1042 = N\ Si Ar _

match») O =TT —Ge -.-Xe =
L [ 10 L et —

- Liquid noble detectors have ~1 keV  * '~ '._‘ \\""~ mpm=1 GeV -
energy tresholds, limiting sensitivity £ 10k e =
to low WIMP masses .30 T -
<Il: :

* To gounder 1 GeV/c2 masses, need: & 1L I ]
. © = =

- lower atomic mass target B, arf ) -
2 10%% : -

- low energy threshold - E - =
10°% - E
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Cryogenic detectors : Introduction Recoils on mid A nuclei

SuperCDMS EDELWEISS
Germanium

X
T-sensor Absorber
AF Use material at cryogenic
C(T)= o« T temperatures (10-40mK) with
AT «thermometer» (NTD or TES) to
measure energy depositions
Need small heat capacity! from nuclear recoils
Need small temperature (mK) | CRESST
Main players : SuperCDMS, CaWO4 others
Section based on R. Strauss review at IDM’22 EDELWE'SS, CRESST

https://indico.cern.ch/event/922783/contributions/
4897442/

F. Vazquez de Sola EDSU, November 2022



Recoils on mid A nuclei

Cryogenic detectors : Event discrimination

Energy — Signal CRESST |

ROSEBUD CDMS
CaWO4, BGO EDELWVEISS

ZnWOy4, Al:s ... % Ge, Si

Scintillation s S lonization

~ | keVIy ~ 10 eV/e
few % energy 20% energy

DAMIC
SENSEI

OV phonon
+2V charge

Ge

OV phonon

SuperCDMS

 Phonon/thermal channel for energy

measurement of recoill

e Secondary channel (C

DMS,

EDELWEISS: ionization; CRESST:
Scintillation) for background rejection

CaWQ, sticks

12

—> Veto (A) 3 / . .
— xn \ (with holding clamps)
<« reflective and
scintillating housing
-«€«—— light detector (with TES)
block-shaped target crystal
\ - = J (with TES)
o B J. Phys.: Conf. Ser. 1342 012076
EDELWEISS CRESST-III

F. Vazquez de Sola
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Cryogenic detectors : Event discrimination

Energy — Signal

ROSEBUD
CaWO4, BGO

Scintillation

~ | keVly
few % energy

CRESST |
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 Phonon/thermal channel for energy
measurement of recoll

Secondary channel (CDMS,
EDELWEISS: ionization; CRESST:
Scintillation) for background rejection
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Cryogenic detectors : Performance wt Event Discrimination Recoils on mid A nuclei

- Interleaved phonon and charge readout
N — . ‘ ' h}%
h~; ~
SU perCDMS ! e‘ —> Particle
: discrimination
Phys. Rev. D 97 (2018) iy ’ B LN E.. ™~ 150 eV,

Particle discrimination
Eth ~ 1 keVnr

EDELWEISS

JCAPO5(2016)019

CaWOQ, sticks

(Wit helding o) Particle discrimination
e ;f:?net(i:ltlglt?nzn:ousing Eth — 30-1 eVnr

CRESSTHI

—— light detector (with TES)

= blqck-shaped target crystal Leadlng SI llmlt down
Sl to 150 MeV/c?

J. Phys.: Conf. Ser. 1342 012076

PRD 100 102002 (2019)

F. Vazquez de Sola EDSU, November 2022



Cryogenic detectors : Performance wt Event Discrimination Recoils on mid A nuclei
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Cryogenic detectors : Neganov-Trovinov-Luke Effect Recoils on mid A nuclei

Phonon sensors measure amount of charge produced:

Phonon-based charge amplification! For phonon-ionisation detectors, boost
lonisation signal by increasing the
,% voltage applied on bolometer
f§ 7 S et - Advantage : much lower threshold
T{f:? Prompt phonons E field - D_isac;lvgnta_ge . lose particle
efh e discrimination

\=/
Phonon Sensors

Phonon energy = Erecoil + ELuke
= Erecoil + Nenh € AV

F. Vazquez de Sola EDSU, November 2022



Cryogenic detectors : Lowered thresholds

SuperCDMS @ Surface

Recoils on mid A nuclei

HVeV detector

Phys. Rev. Lett. 121, 051301
1cm2x 4mm Si wafer

(8))
T

D
T

-2 Single e-h resolution
E:h=9.2 eV,

~—

Counts [/22 eV{]

N
T

(& CPD detector : Ein = 16.3eVnr)
Phys. Rev. Lett. 127, 061801 (2021)

OO O
T T I

Residual

EDELWEISS @ Surface

Il

1
B Ne=4
- neh=5

B Background

® Data

SuperCDMS PRELIMINARY

100 eV

- o9 000000%0000%000%0400%%000%0000000000%0000000000000000000000 -

NTD sensor

' electrode

Ey, = 60eV,,

33g Ge  pRD 99 082013 (2019)

F. Vazquez de Sola

400

Energy [eV{]

1000 1200

SuperCDMS HVeV can count primary
electrons (demonstration with neutron-
induced recoils down to 100eV)

EDSU, November 2022




Cryogenic detectors : Lowered thresholds Recoils on mid A nuclei

107 T T T T T ' — L T T ]
10727 b e e : otk
1028 oo I b
1029 Lo Gt e
10730 | S b
10—32 | == == DAMIC 2020 feeeeeeeeeeennnnn \ : .
10~33 H == CRESST-II 5
10—34 |==== CRESST-III
10_35 1 CRESST Surface .
10-36 | = EDELWEISS-Surf te, P e
10°37H . ... Collar 2018 e S '-.,...ﬁ.\..*\(
10738 H e SuperCDMS-CPD | o P
10—39 T T T T WY W W i i A T A N
10-1 10°
DM Mass [GeV/c?]

Phys. Rev. Lett. 127, 061801 (2021)
(also see arxiv:2203.08463 for future goals)

Reach down to 93 MeV/c2!

DM-Nucleon Cross Section [cm?]

F. Vazquez de Sola EDSU, November 2022



Kinematic match : Round 2 Recoils on low A nuclei

—  10° "
a Xenon recoils
) Argon recoils
2 10° Neon recoils
S . . ° 2
S Helium recoils To go under 0.1 GeV/c
3 10 Hydrogen recoils masses, we need:
s H - even lower atomic
= 0% mass target
- 0.1 GeV/c2 WIMP recoils - even lower energy
07 . threshold
- |
B |
-3 _I_I_l_I_I_LI_l_I_I_I_I_I_I_I_l_I_I_I_l_I_I_I_
1% 20 40 60 80 100 120
Recoil energy [eVr]
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Gas TPCs : NEWS-G Recoils on low A nuclei

Grounded shell

Drift region

Preliminary results from new generation S140 detector
filled with CH4 at Modane:

* primary electron reconstruction (~20eVee
threshold)

o Sensitivity down to below 200 MeV/c2
(preliminary)

Avalanche
region

Grounded metallic rod

10732 — = - '
—_— - Q'l— | YI IIIIIIII I IIIIIIIE
2 F° \ - —335 ——— NEWS-G: SEDINE — — NEWS-G: SNOGLOBE  _]
—_— 6 AN O 10 = i =
2 107~ = " g4F — DarkSide-50 — — NEWS-G: ECUME =
8 '~ #1077 —— CRESST-III — = NEWS-G: DarkSPHERE 5
o 1055? vl e © 10—35 L —— CDMSLite == He v Floor N
- | S _3gF — Xenon 1T - Migdal
10%- o107 F
= (&) -37 [
F 3 10°° 3
10 L 10%8F
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p/o —43
- . . 4. PRELIMINARY N\ N U it 1 rem e o 0
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Gas TPCs : Directionality Recoils on low A nuclei

Directionality: lets DM detectors
distinguish signal coming in the same
direction as DM wind!

MIMAC:

* Low-pressure gaseous TPC based on _ s W A
a Micromegas with a pixelated anode 3D event-localization in MIMAC

* 50%I-CH.+ 50%CHF.at 30 mbar : DM by means of the cathode-signal
recoils leave tracks! GO -

* 15deg track reconstruction at 8 keV! ' S x 0
arxiv.org:2112.12469 usec e

Many other projects for directionality with gas TPCs:
DRIFT, NEWAGE, New Mexico, CYGNO, CYGNUS...
Topic for another time!

Anode

0

F. Vazquez de Sola EDSU, November 2022



TESSERACT Recoils on low A nuclei

. Athermal Phonon Collection Fins (Al) Snowmass2021 - Letter of Interest
B esancr | The TESSERACT Dark Matter Project
and Fin-Overlap Regions (W)

. LL===7 6) [F= = =2\
- 1 photon THe atom
T y \
phonor.l."... ,I photnon/ P
- roton
 TESSERACT: Transition Edge Sensors 5 £ | e w,'
with Sub-Ev Resolution And % S 2:223\‘
Cryogenic Targets Al20s GaAs .- LHe
CryoConcept HEXADRY UQT-B 400

Leiden MNK126-500 . HerteIpGroup @ UMass
PY PrOjeC-t development began in June MCKinsey GrOUp@UCB CrYOCOncept UQT-B 200 BlueFors LD-400 S ,

Pyle Group @ UCB Detector Group @

2020.

* Just stick TES to different targets:

- SPICE (polar crystals)
- HeRALD (superfluid Helium)

F. Vazquez de Sola EDSU, November 2022



TESSERACT Recoils on low A nuclei

@ Helium Roton Apparatus for Light Dark matter (HeRALD)
i Snowmass2021 - Letter of Interest
Phys. Rev. D 100, 092007 The TESSERACT Dark Matter Project

> QOperated at ~20-50 mK
i > Calorimeters with TES readout 10-25

: He Atom T rrryvreg T v'v \J | T
> submerged in liquid Nuclear Recoil
(light mediator)
s Detect UV photons, triplet
. molecules and IR photons 1039 +
S riplet e Quasiparticle” o suspended in vacuum
s Detect UV photons, IR photons
and He atoms (evaporated by 10—35 .
. N
quasiparticles) =
O
Binding energy between _ : van der Waals '_'c %
helium and solid amplifies quasiparticle free atom binding L 40 |-
signal 10 B e, %
1 meV recoil energy = up 10 kg-y i RS 100 g-y 100 g-y
to 40 meV detectable 1 meV CLIH:‘, . RS 0.35eV 35eV
energy 10"45 - 1 meV ' 1
Thermal energy negligible
(neV) neutrino-dominated
°50 g e e el R R | Pl e S - o nanall Sl SR R,
Film burner to remove LHe vacuum Cal. 10 D ) 0 1 9 9
helium from calorimeter 10 10 10 10 10 10
6 Dark Matter Mass [MeV]
Slides shamelessly
-_—> stolen from D. McKinsey

A one-way process, providing heat signal gain!

F. Vazquez de Sola EDSU, November 2022



Migdal effect : Theory

Inelastic recoils on nuclei

Migdal effect

* |onisation/excitation due to displacement of nucleus after nuclear recoll

« Migdal effect observed in a, % decays

* Yet to be observed in neutron scattering

Migdal 1939

Elastic DM-nucleus scattering:

2 V2
q < X
2mpy muy

131 m e
Elnax ~ 01k NE X
e n e ( A )(Ge\/)

Eng =

Migdal (inelastic):

F. Vazquez de Sola

EDSU, November 2022



Migdal Effect : Experimental validations

Inelastic recoils on nuclei

DT /DDl Neutron >
source

/ Nuclear recoil
Migdal electron
N’om same vertex

MIGDAL experiment
(vertex reconstruction)

l—x / u\———- J\k

/ \
PMT )
cathode
ER #%.u
neutron s =k NR S
__________________________________________________ G-GEMs
ITO anode

My

arxiv.org:2207.08284

Also see
arxiv.org:2112.08514
for project without event-
by-event discrimination

MIRACLUE experiment
(Xe/Ar characteristic X-ray)

Cluster A

(1) Nuclear regoil
(Enr)
7 __--
o - - -o@;l- i '[3—) De-excitation X-ray
e (Edex)

(4) De-excitation electron

9 (Enl - Edex)
2) Migdal elect
T PTEP, 2021(1), 013C01

Cluster B

F. Vazquez de Sola

EDSU, November 2022



Migdal Effect : DM detector sensitivity

Inelastic recoils on nuclei

10—26
Reach down to 32 MeV/c?! 10~
XENON1T becomes strongest g
constraint down to ~100 MeV/c?2 132

WIMP-nucleon cross-section (cm?)
- - -
o D) &)
o " g
00 (@) -9

arxiv:220303993

1 ==- Cdex migdal SI

’_’_A\

&L W/.S‘s

N

- LUX migdal SI
CREST-III SI
Edelweiss migdal RED20
CDEX Migdal 2021
nu-cleus 2017

XenonlT migdal

= This work, NbSi209 Poisson 90 % CL

T
WIMP mass MeV:c 2

F. Vazquez de Sola

EDSU, November 2022



Migdal Effect : DM detector sensitivity Inelastic recoils on nuclei

arxiv:220303993

-

9
N
(o)

Reach down to 32 MeV/c2!

XENON1T becomes strongest
constraint down to ~100 MeV/c?

i

_

o
'y
o

— = = = =
& & § ¥ 4
W W W W N
@) e N o o

WIMP-nucleon cross-section (cm?)

- LUX migdal Sl

10728 j10° —— CREST-III SI
g 1077 10° 7 —— Edelweiss migdal RED20
O — -
107 (10 3 —— CDEX Migdal 2021
S 1073 10% S - nu-cleus 2017
Q = ;
S 40-36 100 ‘C?’ 10—38 ] Xenoan migdal
& 40-38 - 102 8 - ==+ Cdex migdal SI
5 o also see CDMS? _10_4 I — This work, NbSi209 Poisson 90 % CL
% o4  arxiv.org/2203.02594 o B ——1
5 42 |

10-44 ................... ‘10-8 102

R | WIMP mass MeV-c~?2

0.01 0.05 0.10 0.50 1 5 10

Dark Matter Mass [GeV/c?]
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CCD detectors Recoils on electrons
CCD

e We cannot look for DM much further
below ~0.1 GeV/c2 through recoils on
nucleus

pixel

conduction

e Look for recoils on electrons? Atomic
mass not relevant anymore

- CCD detectors: DAMIC, SENSEI
- Cooled to «only» ~100K

valence band

&

PR

Silicon band-gap: 1.2 eV.
'Mean energy for 1 e-h pair: 3.8 eV. |

Section based on A. Chavarria review at IDM’22
https://indico.cern.ch/event/922783/contributions/
4908964/

F. Vazquez de Sola EDSU, November 2022



CCD detectors : Signal Recoils on electrons

- | Sample CCD image (~15 min exposure)|

* Detector is literally a | [ segmentinthesurfacelab. | . / n
camera. Keep running fora | = . e | e
few hours before readout, ]
then clear and start again.

50 pixels

e 2D track reconstruction
from pixels, Z-coordinate
reconstruction from
electron dispersion.

15x15 ym2| =
pixels

i o O 5o 00 25730

" Energy meaiiby pixel [keV]
: :

 Can identify nature of bt Lo e
Individual events e e e
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Recoils on electrons

CCD detectors : Skipper

AV |
o Skipper CCD innovation : :

Skipper read out stage

read each charge packet

multiple times. Reduce
electronic noise to almost
nothing!

e Need to balance with dark
current, which increases with

readout tme - _
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CCD detectors : SENSEI

Recoils on electrons

* First DM search with Skipper
CCDs, at Fermilab. Reached
~0.5 MeV/c2 DM masses!

PRL125(2020)171802
* Observed large single-

electron background, under
study.

PRX12(2022)011009

 New generation detector
search at SNOLAB with 10
CCDs (goal 1009)

J E X M
E | g
10728, '8
_rof N i &
10 29? LN |%
10—30;_ “““\\ !
10731 7
10—32;_
& i S
g 10733 L N0 L b e e
S\ N T s
V 10_345_ e 5
b _35 E '."iJI'OtOSENSEI@MINOS
1077 ¢ R 4
agh o S TN Ny
10 36 . SOQ?\C‘C'\??}‘_. ,_‘4\3”4,04’/!“ g
10-47;"" Heavy A
E - ‘\. ‘\’ -----
10-38. mediator PR N
1 0_39 _ DM —e scattering Benchmark
40§ Fpm=1 Models - SENONIT
10~ | | S B
1 10 102 10°
m, [MeV]
10-28,_""'1 R ]
- 1\
A\ i\
- \
10 29 3 \ \ :
E LN
=30 | W\ oS
\ \
F 2 AN \ \ CD‘AE -
L \\ o \ \\ ¥ \ e OS
— n \‘ .‘. \ = e -
NE 10-321 'iz,,o BN Y i se)‘“‘“x
: N NN I Sy g WO e
& i < ) Gl e g \ o ?‘0 -------- N\m
| ~o \ . \ e O o
be» 10—33 - g \ <EN "'5'0-’
g e P O S S g e
: \"EDRLWESS Sz el
-34 I &NONIT i
10 =l o\ —
- Light < S
F N ~ — i
10-35 mediator et
DM-—e scattering
10736 Fpu=(am,/q)’
§ Irceze ~In
10—37  artfN s asul bt 1 3133l s el
1 10 102 103

F. Vazquez de Sola

EDSU, November 2022



CCD detectors : DAMIC

Recoils on electrons

* First array of CCDs operated
underground (SNOLAB) for DM
search, since 2012. 11kg-year
exposure. 1.6e- noise with
conventional readout.

 New generation search with
DAMIC-M at Modane with Skipper
CCDs (0.07e- RMS), aiming for kg-
year exposures with most massive
CCDs ever built. First tests
ongoing (threshold of 23€eVee,
Compton edge study)
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CCD detectors : OSCURA Recoils on electrons

> R&D: scale the existing technology towards a 10 kg experiment.
» Goal: 30 kg-yr exposure with background level of 0.01 d.r.u.
> 28 Gpix in full Oscura instrument! c.f. LSST camera’s 3.2 Gpix.

arXiv:2202.10518

16-CCD Multi Chip Super Module (SM): Full payload 100 SMs:
Module (MCM) 16 MCMs in EFCu 10 kg!
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CCD detectors : Outlook Recoils on electrons
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Conclusion

Outroduction

Summary

* Liquid Noble detectors dominate down to ~2 GeV/c2 masses.

* Cryogenic detectors are become ever more competitive at lower WIMP masses (down to

~100 MeV/c2) by improving their threshold.

* Lighter targets (He, H) are required for seeing lighter WIMPs interacting with nucleons

- Gas detectors can employ directionality for conclusive proof of DM detection
- TESSERACT/HeRALD has extremely ambitious goal of 10 keV/c2 sensitivity

 Migdal effect, if experimentally proven for nuclear recoils, could radically alter the regions that

DM-nucleon detectors are sensitive to.

DM interactions on electrons detected with (skipper) CCDs give sensitivities down to ~300

keV/c2.

* Other models for DM required to probe below that (hint: axion).

F. Vazquez de Sola
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Conclusion Outroduction

Not mentioned

» Calibration efforts (especially for Quenching Factor)
e Spin-dependent DM-nucleus interactions

» Effect of halo DM velocity distribution or cosmic-ray boosted DM on detector
sensitivity

 CEVNS offshoots
DM absorption (dark photons, etc)
o ...Other stuff | forgot about
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Thank you for your attention!
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Cryogenic detectors : Understanding the backgrounds

Recoils on mid A nuclei

3
\ g / "

\_CESS  Previously...

250

»
SuperCDMS-CPD

In this search, we see an excess of events for recoil
energies below about 100 eV, emerging above the roughly
flat rate from Compton scattering of the gamma-ray back-
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adds to the growing narrative of unexplained, O(Hz/kg)
low-energy excesses measured in many sub-GeV DM
scarches (Refs. [64-66], and references therein). This result

F. Vazquez de Sola

Observed event excesses
INn cryogenic detectors.
EXCESS initiative to try to
find (common?) origin.

doi: 10.21468/SciPostPhysProc.9.001

Leading theory: stresses/
microfractures

Summary at IDM’22:
https://indico.cern.ch/event/922783/contributions/4883379/
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Axions and ALPs Even lower masses?

QCD axion WDM limit unitarity limit

1022eV  woew keV GeV 10Tev My, 10 M,
* Under ~keV/c? masses for Dark — | ST -
" | | |
Matter, it behaves more wave- |
like : boson Vlralight” DM e R e black holes
bosonic fields sterile v

can be thermal Courtesy T. Lin

« QCD axion possible candidate.
Searches for axion (and Axion-
Like-Particles) through

Primakoff effect : conversion roo a a Y
axion-photon in presence of
magnetic field. Yvirtua Vvirtua

» Topic for other talkks! e ze b
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