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DM Searchesin Accelergtos

Almost any hint poining o new Physics has a Dibrelated consequence



DM Soochesin Acclotos




Atheoretlcul frumework s key t mterpret resul’rs und compure them S
IMPORTANT COMPI.EMENTARITY | T




. A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
~ IMPORTANT COMPLEMENTARITY

o In uccelerutor seurches momentum trunsfer s large (> mDM) und process are Iess sensmve to the de’rulls of’_--_-
*-_.the m|croscop|c mteruc’non/medm’ror I ussummg thermal ongm > competmve sensifivity I
5 ) R | Long L|ved Pamcle deTecTors ot LHCIPs PR
o w 1603, b
400 GeV, pbeam . ' |
O mm
100 GeV, ebeam -
Médiqm_@_lbng-Teim prdie&s -_5 =

COSHP@BOF (RN Aes  Cedit G Lo @ TAUP2021



. A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
~ IMPORTANT COMPLEMENTARITY

~ Effort fo establish BENCHMARKMODELS T
~ MEDIATORS CAN BE PRODUCED AT ACCELERATORS



B -A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
- IMPORTANT COMPLEMENTARITY

 Bfortfoestoblih BENCHMARK MODELS.
5 : ME_DlATORS CAN BE PRODUCED AT A_CC_ELERAT_ORS

S nutUres dependent or ’rhe-medidtor-'muss e
Medmtors produce VISIb|e fmul s’rutes B S |

B M(med) <2 M(DM) [EEEEES

Medmtors produce invisble final safes  p—
ST S M(med) >2 M(DM) &= \ . |

B DM scattering in the detector _

Credit: 6. Lonfru'n'chi@T:AUPZOZ]- B NS

© Mbeomlnes

Mi'ssi_ng-'energy/mo'm'enTUm_ ST



B -A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
- IMPORTANT COMPLEMENTARITY

~ Effort fo establish BENCHMARKMODELS T
~ MEDIATORS CAN BE PRODUCED AT ACCELERATORS

'Signutu'res dependenfdn ’rhe-mediutor-'muss - - G
Medmtors produceV|S|bIef|nu| s’rutes e T

S M(med) <2 M(DM) s

Medmtors produce invisible final states
B M(med) > 2 M(DM) \ -

Credit: 6. Lonfru'n'chi@T:AUPZOZ]- B NS

 Molides



B A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
~ IMPORTANT COMPLEMENTARITY

e _For_ SCALAR-Derrh -V_ECTOR_medluior_ -

* ForPseudorDirac D with VECTOR mediator

Credit: 6. Lonfru'n'chi@T:AUPZOZ]- B NS

~ No signal in-Direct
~Detection experiments
© (Kinematically -
~ Suppressed)



A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
- IMPORTANT COMPLEMENTARITY

DM seurches ’rhrough |nV|S|bIe nggs W|d’rh (|f DM s nggs medluted)

| Competiﬂve-with;Direct‘ o
Detection

Feebly Inferacting Particles I:’hys_ics."Ce_n-Tre-_(hftps:‘//pb.c.Wéb.cerh;ch/fpi-mandu'fe) B 3



A ’rheoretlcul frumework s key to m’rerpre’r resul’rs und compure them
- IMPORTANT COMPLEMENTARITY

Vector Portul Durk photon m’ro VISIb|e flnul stu’res | Sculur Por’rul Durk sculur mlxmg wﬂh nggs

und decuymg fo VISIb|e fmul states

F_eebly Inferacting Particles I:’hys_ics."Ce_n-Tre-_(hftps:‘//pb.c.Wéb.cerh;ch/fpi-mandu'fe) B 3

o
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| ;DIRECT DETECTION OF DARK MA]TER

Slgna’rures ofaDark Matter
~ inferaction are very convement for
0 posmve resuIT

.. - Avu||0b|||1y of very

. 4 sensitive and
. radiopure par_hcle
detectors

> Experiments have tobe

- shielded against all possible
~ backgrounds and profit from
~ active buckground re|ecT|on e
: Technlques -

: WIN\PS interact (aIThough weakly) wnh
ordlnury matter | _

Vorbital =30 km/s



* DIRECT DETECTION OF DARK MATTER

DM purtlcles in ’rhe guluc’rlc hqu huve veIocmes of the order of 200 300 km/s > DM klnenc energy m[,M X 106 | i

SmuII energy deposmons n ’rhe farget



- DARK MATTER INTERACT ION RATE __
- MODEL DEPENDENCIES ENTER INT0 THE GANE FROM BEGINNING

WEAK INTERACTING PARTICLES ON: ELECTRONS-
| RS NUCLEI

d_E_ﬁbM Njf( )U O~ N__

‘

DI\/\ Porncle model |
(Nucleureﬁeds) e |

Typlcul Thermal WIMP models usume mteruchons by elustlcully scuﬂenng ’rurget nuclel und
producmg NUCLEAR RECOILS | . .



DARK MA]TER INTERACT ION RATE

5 Extreme non- relnrrvrsrrc mit :
 Isotropic scatfering in the CM reference frnme can be nssumed .
~ Kinematics defermines maximum energy ’rrnnsfer for a grven |n|r|u| WIMP
. energy nnd target muss ._ | |

recoil = =0

B -Inrernc’non rate depends on ’rhe specrf i WINP (mw and o) nnd hnIo modeI (durk
| _hqu mass densrry P, WIMP veIocr’ry drstnbutron at rhe Solur Sysrem position)

vmax

dR pMdet ff(v) s .
" 2 OwN :

- dEyr



| DARK MA]TER INTERACT ION RATE

. Hqu mode| relevunce - N\||ky Way Romhon Velocny Curve defermines holo mess
B S densﬂy but not purhcle number densny or moss of DM
_The most S|mp|e model |sotrop|c and -

— purhcle g
| _spherlcul thermal distribution of non -

98 relqhwshc WIN\Ps (SHN\) |

Vg z544km/s -

 The whole WIMP phase space R '

B e T — - _ —— S
_ Energy threshold ofthe dR pMdet f(v) 3 S
~experiment is very imporfant . " dEyg j OwN

forlowmass WIMPs



| DARK MA]TER INTERACT ION RATE

Hqu model relevunce
' Huloes can be qurre dlfferent from SHM

Huloes cun be non-spherlcul

Huloes can  have sub—structure
Sub—huloes .
~Dark Disk -

Sutelll’res producmg dlrectlonul quxes

~ The WhOIeWIMP phus’e'_spuce': e
~cannot be accesible

 Energy threshold ofthe dR p Mdet

= ex'perimen’r is very imporfant S(Enr) = dEyr
for low mass WIMPs

vmax




DARK MA]TER INTERACT ION RATE

DM Portrcle model reIevonce

The scattering cross section own 15 compIeter unknown ond contains detorls from DM portrcle S
-. '_modeI ond target nuclear structure | | ) iz

2 Effectrve WINP coupIrngs fo neutrons ond protons can be colculoted for every theoretrcoI
_.modeI from the Logrongron 5 - . |

Nuclear modeIs oIIow fo burId the totoI cross-sectron wrth the torget nucIer (form foctors =
e requrred) | | | -

| _Expenments provide Irmrts on aWN whrIe comporrson between drfferent torget experrments

should be done N Own . v Vmax = M
& e S(Engr) = - det J L own dv’ |




- DARK MATTER INTERACT ION RATE

DM Pnrtlcle model relevnnce . _
'_The scu’rtenng cross section own 18 completely unknown nnd contains detmls from DM purncle .

- model and target nuclear structure | B

For the Direct Detection approach, effective operutors are the most
~ convenient option to explore all the posible interaction mechanisms

5 EFT event sample for 10 GeV WIMP in Ge
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| ;DARK MA]TER INTERACT ION RATE

DM Purtlcle model reIevunce

-

_ my, 2 2
For SI interacting WIMPs st mWnA F2031 nucteon 8
~ otescaleswith A2 | | |
o distinctive energy spectrum s expected
~ Fosytoscale . T
UsquIy udopted to compure expenments usmg dlfferen’r turget SR B Best sensitivity depending
| _ L _Seﬂsmvny - on the target nuclei mass
~ improves with
_~ lower energy

. Treshold S

__ _Expenments provide I|m|ts on aWN wh||e compunson between dlfferent turget expenments _,  Tagertorget moss e
o shouId be done on Own. i o— ' ~ lower background

S(Eyr) = dR p Mdet f f(v) v




DETECTION TECHNIQUES AND REVIEW OF THE EXPERIMENTAL STATUS

I WII\/IP/neutron

~ Charge

A '_'.El_ectrdn/ga'mma__ N

o Energy conversion mto VISIBLE S|gnul |s o
~ shrongly dependent on the inferaction
. .mechumsm madent pumcle und turget L

8 '_ ':' "VISIBLE Energy’ s whut deflnes the
e detectlon techmque DR e

i o .Preclse conversion between VISIbIe |
~ energyand deposited energy in the
LR detector s mundutoryI E



DETECTION TECHNIQUES AND REVIEW OF THE EXPERIMENTAL STATUS !

& HYBRID Detectors profl’r
from the S|mu|tuneous / . G

- measurement of two ~ / SCIHTI| ation \ 4

~ energy conversion j (‘Ig e

~ channels for pur’ncle = |
- dlscnmlnuhon .




 DFTECIONTECHNOUES AN REVEW O THE ECRRINENTALSATSS



- DIRECT DETECTION OF DARK MATTER

Buckground SIgnuls mterfernng with WIMP de’recﬂon come from

LOSMIC Rays -  Most of the expenments are carrled ouT in Underground Iuboratones

2000 3000 4000 5000 600

Depth (m.w.e)



- DIRECT DETECTION OF DARK MATTER

Buckground SIgnuls mterfernng wﬂh WIMP de’recﬂon come from
COSMIC Rays -

. STrong Pusswe and Achve Shleldlng STrutegles hove " be apphed
Enwronmen’rul Rudlouc’nvﬂy | s | |

Convemen’r shleldlngs ugulnst gummu rudlutlon fus’r neutrons muon reS|dqu qux und
Rudon m’rrusu’m | £ . |

But u’rllmute sensmvrry requires o’rher ’rechmques for active buckground suppresmn B o
- Nuclear Recoil / Flectron Recoi Dlscnmlnutlon | i
- Neutrons identified by mufiiple scattering




| DIRECT DETECTION OF DARK MA]TER

- Buckground SIgnuls mterfernng wﬂh WIMP de’rechon come from
~ COSMICRays -

5 : STrong Pusswe and Achve Shleldlng STrutegles huve to be apphed
Enwronmen’rul Rudlouc’nvﬂy - | e | |

Impresswe |mprovement in sensmvﬂy from .
]985 e e e
S -Much lurger'déte_cfor masses o

Beffer background



| ;DIRECT DETECTION OF DARK MA]TER

 Background SIgnuls mterfernng wﬂh WIMP de’recﬂon come from
~ COSMICRays -

o | STrong Pusswe and Achve Shleldlng STrutegles huve o be apphed
Enwronmen’rul Rudlouc’rlvﬂy - | B | |

n Impresswe |mprovement in sensmvﬂy from .
e 1985 i e

- .Much lu'rger'dete_c’ror mdsses o
Better background

- Credit: R Gatskell | . |



| DIRECT DETECTION OF DARK MA]TER

- Buckground SIgnuls mterfernng wﬂh WIMP de’rechon come from e
~ {OSMICRays - R - 2
Environmental Radioactivity -- : S
Neutnnos (solur utmosphenc und supernovue) R o

NeuTnno Floor EEEE

Xe as TGTQGT e :- _' . : NeuTnno__Fog .

L.Budisetul.,JCAZOM e




REVIEW OF THE WIMP SEARCHES BY DIRECT

DETECTION EXPERIMENTAL STATUS AND RECENT _

DEVELOPMENTS

EXPERINIENTS WHICH DO NOT OBSERVE SIGNAI EXCESS OVER BACKGROUNDS

et ' EXPERIMENTSOBSERVING POSSIBLE DARKNIATTERSIGNALS '-



Current stutus of seurches for SI elusnc WIMP nucleus scuﬂenng for SHM
purumeters APPEC report Gl s

R
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Background Lig_htYieId scatter plot
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Energy (keV)

~ SCINTILLATING BOLOMETERS (&



Rl  SCINTILATING BOLOMETERS

. Canonica @ TAUP2021

- 24 gmms Of CGW04 ; B TES thermometer for the T | | = TES thermormeter for the
: E = 30 ev | . | - target crystal - 7 .  Ight detecto?
- th oo g |

< CaWQ, iSticks
/_l:/i_l;/__\ (with holding clamps & TES)

, onon detector , &l Light detector
<& reflective and X20x10 mm3 _- 5 g (20 x 20 x 0.4) mm3

scintillating housing Al20s, Si, LIAIO,... » R Silicon-on-Sapphire

I-@— light detector (with TES)
Reflective foil

< block-shaped target crystal
(with TES)

— _/
—& "—_<=— CaWQ, light detector holding
sticks (with clamps)




SONTLLATNG BOLONETERS

. Canonica @ TAUP2021

TES thermometer for the : - g ) TES thurmomctea for the

leferent turget CR AT 1 . __ s
~ materials progrum very -_
- interesting
~ Now taking doto wﬂh | Phonon dotector ' N 9 et

Si, A0, L|AI02, il cvonosiron O oot Sappis

. CGWO - / Ye e Reflective foil
' 4 T ' - Copper housing

Versafty — sensiivity o SD/S! inferacing parfides 4



~ ONZATONGo BOLOMETERS <.

'--chsme .

60096, £,=70 evnr S

{Churge S|gnu| is umpllfled',' e
and converted into heat

(Luke-Neganov effect) fo R o

 reduce E;, losing bkg

discrimin_u-_tio'n ability o



~ ONZATONGo BOLOMETERS <.

'--chsme .

60096, £,=70 evnr S

{Churge S|gnu| is umpllfled',' e
and converted into heat

(Luke-Neganov effect) fo R o

 reduce E;, losing bkg

discrimin_u-_tio'n ability o



 pHype point confact Ge

939gGemodules
Eh=160ev
RGSUITS quUmes Mlgdul Sor o iy

Scalable fo forrscale, | il
pesenfly 10kg

| owooumos o



6AS PROPORTIONAL i

COUNTER

283 NesCH,

Eh=dbolee

~ IONIZATION DETECTORS Ws



© SMEMSENORELQUDS

' '-OnIy scm’nllu’non S|gnu|

~Xe and Ar good scmtlllu’rors )

Very large mass

:iBuckground I|m|ts sensmvny:

832 kg Xe (XMASS)

3280 kg Ar (OEAP 3600) T

~ able to dlscnmlnute
NR/ ER but 39Ar



Ye and Ar good scintillators
And easily ionized
Scalobiy folorgo moss
3D reconstruction e NN e
B2 XTI O Best present sensitivity PANDAX-4T |
B L1cst DM defector | |




Xe und Ar good scmhllutors =

_* 'And eusﬂy |on|zed

{Sculu_blll’ry ) Iurge muss_' ._

3D reconstrucnon g
: NR/ ER dlscnmlnutlon

DOUBLE PHASE NOBLE LIQUIDS TPC

i __-DurkS|de-50- -

Ak

S "46nge A

o
~ 580kgXe R e

= XENONprogrum L
2000nge (XENON]T) S e



0 DOUBLEPHASE NOBLE LQUDS TP/

. -Usmg onIy SZ S|gnu|

'.'-NR/ER dlscnmlnu’non s Iost | ":.: .

{-onIy 0 reconstructlon
,h |s much reduced

Improves sensmvﬂyfor I|gh’r'_. G R

WIMPs



| M|GDA|. EFFECT ST -__The nucleus rec0|||ng |nS|de the elec’rron cIoud can 'rrunsfer energy to

S the electrons Slar L T
e “election shukeoff” |

| E | Nt yef observed in calibrafion

~ ltwill naturally extend down fo lower ¢ energles the reuch of muny
- DM seurches by i mcreusmg ’rhe |on|zut|on S|gnul

Prospects to carry out experiments
to observe Migdal electrons;

- goseousTPC
~hacking abiity -

3 'MIG-DAL CoIIuborution- | RPN
N . | 3



B Others:

s 'Curreni stutus of seurches for SD elusnc WIMP—nucIeus scuﬂenng for SHM

= p(]r(]meters ~ Strongly dependent on the nucleur spin and Unpmred -nudeon >L|m|Ts are shown sepurutely
o forcoupling fo proton / neutron | e L
Sensmvny in crosssechon Worse Thun for S| couphng (x]OOO) R

o Best farget 1 e M Best target 19'Xe
| Others:

B 73Ge, 2'Si

o 2Ng, 177], 7l



-3 keVnr Eth
522k G @ SNOLAB

. Strong reductlon of bkg
by multiple scuﬂenng

G Glroux @ TAUP2021 |

tlphas by acoustic dlscnmmutlon” A
'9/ gﬂmmus do not nucleute fs



Sensmvny pr0|ect|ons 90%C L for SI m’reruc’nng WIMP nucleon scuﬂenng —

APPEC repori



- © GASHighpesweTPC e

| _--_-New Mlcrobulk Mlcromegus reudout =

-up 1010 bars design e
different gas as farget (03 kg A, 0. 16 kg Ne)
- gim of sub- keV ’rhreshold (1 00- 400 eV) )

@Cunfrunc Underground Luboru’rory since 2018 e L



 omopheicpusweTC (00

| _.3D de’rector . s
| _-Iden ity dlrectlonulliy of the e energy
'deposmon > SIGNATURE

._Notcompetl’nvewnho’rher i
tfechniques n ferms of sensifivity



'--cc'ns' _ |

: _4zg s. > ]kg in DAMICM
?th 50 eV >1. 2 eV

© ONDUONDEECTORS

| Good buckground control S



e fu’rure progrum L e N

DARWIN

WOf|dW|de Effort 3 e

R 1. Schumarn @ TAUP2021 |




o - DOUBLE-PHASE NOBLE LIQUIDS TRC - 0/ l



s TDOUBLE PHASE NOBLE LIQUIDS TPC

Arprogram . S
___-World-W_i_de;Eﬁo“,_-._  e

Severul key developments reqU|red

SlPMs for the Ilght reudout replucmg PMTs R e
~ Underground Ar — low in 39Ar extructed |n URANIA US und
*further purified in ARIA (aly)

Meusurement of Ar- depleﬂon fuctor in DArTlnArDM @ LSC




' SSlgmu dlscovery potenhul for some future pr0|ects APPEC report

'ARGO unlfles uII ’rhe SR
~ community working wnh LAr S
0 ;__'_‘technology

L : _-DARWIN unIerS u|| The
S worklng wnh Xe
g .__.__:'techn0|09Y .

i -'_.Bu’r st|II ’rhere arenew
_‘proposuls new techmques -
- other purumeter space regions
R explore



- PALEODETECTORS % - £y -

e Ancient (~0.1 - 1 Gyr) old rocks store information about nuclear recoils
e Allows for very large exposure: 100 g x 1 Gyr = 100 kt yr!
- e Read-Out possible thanks to modern nano-technology

o Allows for nuclear recoil energy thresholds of 0.1 - 1 keV!



* DIRECT DETECTION OF DARK MATTER

i L|ght DM purtlcles deposﬂ smuII energy

- A Credit:Y..I_—lo_chb_érg @TAup-zo_gl B

"7 '1momemmm

H Gomg u’r sub keV energles reqmres new
~ ideas / detec’non ’rechmques Lo



DIRECT DETECTION OF DARK MA]TER

Just a few |deus
~ Semiconductors — s_i'ngle_-e-

) Tur_gets; Iike.gruphené : ey :

'- __.'Su'percond_uc_’ring nuno_wi_fes single-photon det_éc’rors =

~ -Plosmons in heavyfermion systems

S  PTOLEMY i

| ngh’r DM purtlcles deposﬂ smuII energy
"'_'Jmomemmm |

B Gomg u’r sub keV energles reqmres new

*ideas / detec’non ’rechmques R



| ;DIRECT DETECTION OF DARK MA]TER

Just a few |deus
- Semiconductors — s_i'ngle_-e =

) Tatgels; Iike.gruphené : ey

" ._-'Su'percond_'uc_’ring nuno_wi_fes single-photon defectors

~ -Plasmons in heavyfermion systems |

S  PTOLEMY R



Current stutus of seﬂrches for WIMP—eIectron scuﬂenng for SHM purumeters

Presen’r Ilmlts domlnuted by SENSEI > 29 CCD S|

DR /1. Schuman @ TAUP2021 [N



Some anomalies in fhe DM seurcheslandscupe.-..' L

_ Severul excesses of events ulong the yeurs but most of them dlsuppeured
_ wﬂh more s’runshcs or reunulysls or found 0 buckground ongm

OnIy one of these strunge results computlble wrrh DM s st|II ”I|ve
uccumulutmg more thun 20 yeurs of dute e

The mOSHecenione_._ e



o XBIOVT“aes” e

B 1 scumom @ 102071 |
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ANNUAL MODULATION IN THE DARK MATTER SIGNAL

Vorbital =30 km/s

Artwork by Sandbox Studio, Chicago with Corinne Mucha



ANNUAL MODULATION IN THE DARK MATTER SIGNAL ~ Small effect
Inverse modulation at very af

It depends strongly on the/ht

77

227.7 km/s

Umax

dR P Mdet f f(v)
OwN dv

S E ,t — =
(g ) = Jp == o

Umin

0 02 04 06 08 1

vV ... =30 km/s
ear fraction orbital /




DAMA/ LIBRA EXPERIMENT

@ LNGS Laboruton Nuzmnoll deI Gran Sasso ITuIy

_.DAMA / Nl (1 995 2002)

"‘_ -9x97mnmm)

| (3x3 matrix)
- o7 annual cycles

BSSS -Exposure 0.29 ’ronxy-_'_'_:._-- |

DAMA / LIBRA DhuseZ (2011-2018)

5% 9Tkg NuI(TI)
(5x5 matrix)
«7 annual cycles

DAMA / LIBRA (2003 2010)

25 x97kg NuI(TI) e

- (55 mafrix)
«7 annual cycles

-Exposure 113tonxy .

AII PMTs repluced wﬂh new ones of hlgherQE.f'-_; | Unierse 4,116(2018)180.08 |

-Exposure ]04’ron-xy-"-7__ -.'__: S



DAMA/UBRAEKPERIMENT
@ LNGS Laberuton Nuzmnull deI Gran Sesso Imly

New dam release in JuIy 202 i @ EPS HEP.

The dato of DAMA/ LIBRA favor the presence of a0

5 f ‘modulation with proper features of 13.4 o CL
(2 86 ton x yr) in the 2- 6 keV energy reglon



DAMA/lIBRA EXPERIMENT S
@ LNGS Laboruton Nuzmnull del Gran Susso Imly

e = Thls S|gnul can be mterpreted as produced by WIMPs

OnIy for the [2 6] keV dutu

Sl -isospin conserving interacting WIMPs and s’rundurd hulo R Sl
66

do not prowde a squ’non compunble with [1 6] keV data

B P Beli @ EPS-HEP2021 [N



ANNUAL MODULATION RESULT PUZZLE

Other much sensifive experiments do not huve uny hint -> Strong tensmn even ussumlng
more geneml hqu/lnteruc’non models BUT MODEL DEPENDENT '

Same mrget would reduce most of The |
Uncer’rmnhes und model dependenues e

e Direct DeTecnon of Dark N\uﬂer APPEC CommﬂTee Report
ER R 0er210407634 i 67"'



-] / since Dec 20 {NHGSEE

& DAMA-LIBRA (LNGS)

e

"-.':Dlrect DeTecnon of Durk Muﬂer APPEC CommﬂTee Report T

__ arkiv:2104.07634

P

0 i L4
N

- 8l SABRE Il (Stawell) = |



Annuul modulurron wrrh NuI
Scrn’rrllu’rors

- . Confrrmnnon of DAMA-LIBRA modulnnon srgnul > same turge’r und _
~ technique / different experimentl nppronch / drfferent envrronmenrul :
condmons affecting sys’remutrcs S

e « At Canfranc Underground Luboru’rory,@SPAIN (under 2450mwe)
’rukrng data since Augus’r 20_7 | ST |

- e 33 mnrnx of 12. 5 kg NnI( |) cylrndncul modules HZ 5 kg of
' uctrve mass grown @ Apha Specrrn Inc |

g HQE PI\/\Ts coupled ur LSC cIenn om

. DAAAVAYSI:ROIBLNED



 Canfranc Underground Loboratory (SPAIN)

~under the Pyrenees, at the Somport tunnel connecting Fr_unce -und Spain

850 m rock overburden
2450 m.w.e.

Reduces muon qux in 0 fuctor ]05 wnh
respect ’ro surfuce i

0 1000 2000 3000 4000 5000 6000m=s B

Depth (m.w.e)



Relevunt expenmenml feutures

/ \ . Mylur'Windo-ws' bUiI’r‘-in uIIowingforIdwenergy c'u‘libruﬁon.i

\.

iR sysTem for S|mu|mneous

« 109Cd sources on fexibles wires i Rudon fee callbranon

CG|IerTIOn of the n|ne modules .

. ExceIIent Ilgh’r coIIectlon in uII the nine modules 15 p.e /keV

(127158 pe. /keV) > 7/9 modules

. ~ Larger and more homogeneous than that of
Under conhnuous monnonng ulong dam tg

pefween 14.0 and 15.0 p. e/keV
DAI\/\A/ LIBRA modules |
<|ng - .




Relevunt expenmentul feutures
ANAIST12setup

e 10m ﬂrchueologlcal Ieud
o 20 cm low activity lead

B   ’ Tight box preventing Rﬂdon entrance e
- 16 plastic scintillators acting us_ muon veto system -

| - 40 (m polyethylene / Wuter

. Seﬂing-up ANAIS-112 at LSC.
Commlssmmng Murch June 201 7

Du’ru Tukmg stur’red 3 August 20] 7







Relevunt expenmentul feutures
ANAIS 12setp

10 em archueologlcul Ieud

20 cm low activity lead

Tight box preventing Rudon entmnte B

16 plostic scintillators acting as muon veto system B - e

40 (m polyethylene / Wuter |

'- ANAISHZ DAQ LR

- eIndividual PMT signals d|gmzed und fuIIy processed

~ (14bits /265/5)

-Tngger af p.e. level for sach PMT + Log|cal AND

~ coincidence in 200ns window S
 eRobust / Low noise / Tested th prewous pro’roTypes







Cullbrutmg the ROI wnh hlgh uccurucy

e Combmunon of penodlcal exTernuI callbrahon usmg ””Cd (88 0

- 22.6.and 11.9 keV) every two weeks and *°K and 22Na internal.

~ Confomination buckground ||nes (3 yi und09keV) every] 5 f |

-~ months
T ROI cullbrated wnh 22 6 H 9, 3 2 and 0 9 keV

| EvenTs @ROI from 40K
8 ond Noselected by
§ the coincidence with o

| HE gamma masecond
| module e

i Demonstrutlon of mggerlng below ] keV



BLIND ANALYSIS STRATEGY

| . M] (smgle hlt) events |n the ROI (1 6 keV) BLINDED from beglnmng

. M2 n the RO und - cullbrutlon even’rs used for flne tumng unuIyS|s und determlnu’non of
S effluenues ulong ’rheflrst yeur

. o "'_U“b-l'_“d'-"g ]?0% '(_30'd'0YS rundo_mly_ chosen)ofthe irst yeur fd_r- buckground ussessmént' e
B S enerdl performance: EVENTS SELECTION CRITERIA - ’rhe flrst

B . Amaré et ol EPJC79 (2019) 228 year analysis are kept for subsequem unaly5|s
n TRl R UPDATING EFFICIENCIES




B EventsseleciionPr"Cedure developed before unblinding

TS B Slnglehnevents R AT T e
. . e EvenTs orrlvmg more than 1 second oﬂeru muon mTeruchng |n The veTo system :

- Rejecteq evef

' Our tngger rote is dommuted by non- compunble th bulk sclnhllanon events

. Tlme behawor compahble WITh Nolscmhlluhon consTunT blporomemc cu’r |

600 ns
1DU 7ns

A(E)d[

f;uﬂmA(t)dt -

- nghT shormg between the 2 PN\Ts companble WITh bulk scmhllonon number of' :
pe >4ateachPN\T SR | _




 Bontsslcon el dovdopod b wbinding [T

ANAIS gnerul erfrunce: . Robust eshmoTe of The eﬁluenues usmg ‘09Cd / 22Na und 40K events BEFORE
i /. Amaré et al., EPICT9 ~ UNBLINDING / updated for the three years an0|y5|s | -
8 (2019) 228 R Chmce of 0na|y5|s Threshold % I keV

Rate (c/keV/kg/d) S

8 O] T s s NITE T BT A e S T
Energy(keVS e e e e e s e



S Eventsselecﬁonprocedure developed beforeunblinding -

' Efflclency ond collbro’non stoblllty checks usmg A0 ond 22No populohons M2 wnh g HE gummo of
e | R ’rhe nght enegy ina second module)

EEE PN S . » Constant for %K (vs c=18100y) BN
i | _- Exponenhol decoyfor 22No >c = 1481 + 65 d'
Co Bl (st= 1370_d) (R R




Robus’r buckground model = J.mor e, EPC79 (21 '

. ROI bockground domrnored by me 40K and cosmogenrcrsoropes
a5 *H -> higher rhon DAN\A/LIBRA | | .

it ;- . Good ogreemenr in all energy regrons bu’r underesrrmore in 12
T gid - eV energy regron / Work in progress S N

model -

- Comporrson after unblrhdrng hree yeors data

) Background model was established before unblrndrng P
e Our modeI predrcrs rrme evolunon of The RO
bockground detector by detectorand
- reproduce safisfactorily the ime

| evolurron oursrde theROI




AN 12 three yeor el — onnul moddtion ol

httpS /llink. aps. org/d0|/10 1103/PhysRevD 103 102005_ e
https //arX|v org/abs/2103 01175 -~

| Flrst resultsunulysm was publishd in 2019
. hys. Rev. Lett. 13 (2019) 031301

313 95 kg xy (95% Ilve tlme for the flrst three yeurs operunon ) : S

B o Excellent duty cycIe 95% I|ve ’nme S | | _
= Down time (2.6%) mos’rly due To perlodlcul cuhbrohon (every Two weeks) _-
o Deadtime (2.4%) L R | |

o Three year results: 1049 8 duys ||ve hme faw / ]018 6 duys uﬂer removmg
gE o muonmgged events e | i S


https://link.aps.org/doi/10.1103/PhysRevD.103.102005
https://arxiv.org/abs/2103.01175

AN 12 three yeor el — onnul modtion ol

httpS Illink.aps. org/dor/lO 1103/PhysRevD 103 102005
https //arxrv org/abs/2103 01175 -~

| Frrsr resulrsanulysrs was publishd in 2019
. hys. Rev. Lett. 13 (2019) 031301

. -'_.-313 95 kg xy (95% Irve fime for rhe frrsr three yeurs operurron ) e B .. 'N\'immizmg-;'
’ Improved buckground modeIIrng G RTEm TRT AN

. Checkrng of sysremurrcs und censrsrency of rhe e e e
. Srmularron of N\C pseudo experrmenrs to unulyze brus nl,c are number of events (ond Porsson uncerrornry) in
e and checkrng sensrrrvrry e - lod bins corrected by live rrme und effrcrency 8 .


https://link.aps.org/doi/10.1103/PhysRevD.103.102005
https://arxiv.org/abs/2103.01175

ANAIS ] 12 rhree yeur results unnuul modulurron unulysrs

Three rndependen’r buckground modeIIrng procedures o
1 Exponenrrully decﬂyrng buckground >7T f RO freepoom.™

:  -2 Probubrlrry drsrrrbu’rron func’rron derrved from buckground
-.'fmodel corrected by g fucrorf und RO both free S







© ANAISTI2 vs DAMA/LIBRA

[2-6] keV mod hyp: Sm = (-0.0008 + 0.0039) (cpd/kg/keV)
— x2/NDF = 115.7 / 106 [pval=0.24]
- + null hyp — ¥3/NDF = 115.7 / 107 [pval=0.27]| |
3.4§ : H'{. DAMA mod hyp: Sm = 0.0102 (cpd/kg/keV) — x2/NDF = 123.7 / 107 [pval=0.13]
s U]

[1 -6] keV mod hyp: Sm = (-0.0045 + 0.0044) (cpd/kg/keV)| |
— %2NDF = 130.9 / 106 [pval=0.05]
null hyp — x%NDF = 132.0 / 107 [pval=0.05]
DAMA mod hyp: Sm = 0.0105 (cpd/kg/keV) — ¥2/NDF = 142.7 / 107 [pval=0.01]

i)
‘‘‘‘‘

cpd/k_q/keV

= e e p—— o o
= —— S — = S A ——

2 M B
T —

800 1000
Days aer Auqust 3, 2017

800 1000
_Days after August 3, 2017



ANAIS ] 12 rhree yeur results unnuul modulurron unulysrs
Three rndependen’r buckground modellrng procedures !

l Exponenrrully decuyrng buckground >7T f RO free purum

:  -2 Probubrlrry drsrrrbu’rron func’rron derrved from buckground
-.'fmodel corrected by 0 fuctorf und RO both free SNETE

.3 Probubrlrty drstrrbu’rron func’rron for every detector rndrvrduully
 to account for possible systematic effects related with the
 different buckgrounds crnd effrcrencres of ’rhe drfferen’r modules

o R 185_’. |






ANAISHZ three yeur results unnuul modqutlon unulysls W

. Du’m support ’rhe ubsence of modulu’non in both energy reglons und three buckground
= modeIs (uII of them prowde computlble results) SR |

. Results of the thlrd upprouch for bckg modeIImg show sI|ghtIy Iower cs(Sm)
| expected und is tuken for ’rhe compunson wﬂh DAMA/LIBRA T



~ ANAIS112 three year esuls — onnuol modulofion analysis - 2

e e Bost fits are incompatible with DAMA/LIBRA
resultut33und26cln [] 6] and [2 6]
R keV energy reglons e

: Sensmvny is 012 5 und 2 7 c |n [] 6] und'
- [2 6] keV energy reglons o



Sensifivity prospects: . -_ . FuII ugreemen’r wnh our u prlon sensmvny estlmutes
|- Coorasuet al., EPIC79 (2019) 233 B ..

ol . We should be weII at 30 from DAMA/LIBRA resul’r
' wnhln the scheduled 5 yeurs of du’ru ’ruklng

- Smhshcal 5|gn|f|cance of ur resul’r s determlned by the STGndurd
deviation of the modulation amplitude dlsTnbunon o(om)

.We quote our Se"S”'V”V to DAMA/ LIBRA result as the runoS DA / o Sm o

- We project our sensitivity with our upduted buckground eﬁluency estimates und'?-
s errors und ||ve Tlme dISTrIbUTIOH L L T g




ANAISHZ three yeur results unnuul modulutlon unu|y5|s W
) ConS|s’rencychecksofourunu|y8|s B PR
- Time blnnlng >checked bln sizes from 5 fo ) duys '

 Negligible eﬁect

e Toy MC to check posmble blus
~ No bIGS

o ." ] 2yeurs / 2 3 yeurs
i Compuhble resuITs

-
=
0
I=
Q
=
]
a
ot
)
=

0 0.01 0.02 _ I . :
Sm (cpd/kg/keV) R



ANAIS 1 ]2 three yeur resul’rs unnuul modulunon unu|y5|s

. Phuse free unuIyS|s

B . ANAIS [

* Considering the bias, compatibility f T o with ubsenceofmodUIGTion S g



ANAIS 1 ]2 three yeur resul’rs unnuul modulunon unu|y5|s

_- D Frequency unuIyS|s

Mo _sfuﬂsﬂc'allysigniﬁ_cum
~ modulation af any frequency



Is thrs a "MODEL INDEPENDENT" testrng of DAMA/ LIBRA result?

| srng some torget moterrol the comporrson between DAMA/ LIBRA ond ANAIS resuIts is DIRECT

~ However, response of both detectors fo the energy deposrtrons from dork matter portrcles could be
drfferent > |mprove knowledge on RESPONSE FUNCTION, specroIIy for nucleor recorIs '

e Possrble drfferent response of detectors to nucleor recorIs 7

N «

h ScrntrIIotron produced by |
~ nuclear recoils is quenched SR
~ with respect to electron recoils

~ (used for calibrafion)



-« Possible different response of detectors to nuclear recoils ?

ngh dlspersmn of expenmentul resul’rs e

5 St|II ’roo muny uncerlum’rles in ’rhe QF vulues and dependences for NuI

"~ We have measured QF for different quality crystals in collsboration with

Yale (from COSINE collaboration) and Duke reseurchers af the Tnungle 3
Univ., Nucleur Luborutory Resul’rs commg soon -

 wit

- Meusurement W|th a neu’rron source onsﬂe hus been recen’rly performed- g

1 ANAIS 1 12 set Up. AnuIyS|s is ongomg
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[1-6] keV

B V. Thompson @ TAUP2021 |

[2-6] keV

—— COSINE result

—i— DAMA/LIBRA result e

—a— ANAIS-112 best fit

1o sensitivity

exposure 3.0 y
26 sensitivity

exposure 3.0 y
3G sensitivity

exposure 3.0 y




By SUMMARY . e

s : AIo’r of effort hus been devoted fo unders’rundlng
~ the noture of DM L

_' -Both from theory und expenmen’r/ observutlon
' -However wedo not .much-ubou'r

CWe shouId keep on seurchlng in uII the pOSSIb|e :

' "'--'wuys i

o HopefuIIy We W|II flnd somethlng, muy be 5
o '..'pomnng at a new direction. . )



“Science progresses best
when observations force
us fo alter our
preconceptions.”

Vera Rubin
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