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The eurly Umverse

= Nucleur und Purtlcle PhyS|cs rules

~ Beforecombinln, 1 >3000K



. The early Universe

SN

I the flrst three mlnutes I|gh’r nuclei formed from
~ protons and neutrons ' s

~ Primordial Nucleosyn’rheS|s prowde very preuse

- estimates of abundances -> bounds on Qb



~ Thecay Uriverse

The ultlmute Purhcle Phy5|cs
Iuborutory '

The energles correspondlng to the early Umverse are out of the reuch of uccelerutors el

PhyS|cs beyond our presen’r ’rheory could huve produced ”rellc purtlcles” uble fo expluln the DARK MA]TER _



OUTLINE

ﬁl'"m'- mf-m-ﬂ--'--m».‘m-m-m--m unm e

00T3H 00T3H 00T3H D n LA

Ewdences on DARK MA]TER The eurly Umverse plciure DARK MAT[ER
 come from ustrophysu:s und e f '_-fCANDIDATES

cosmology e ~fomthepoint of view of S

I nucleur/pumcle

7 PhVS|C|st |


http://www.astronomy.ohio-state.edu/%7Edhw/SDSS08/sdss_pie.jpg

PARTICLE DARK MA]TER CANDIDATES

| NS
Afew generic’ proper’nes ke ‘{\\\S\&_
~ emassive
e+ nonbaryonic Sm
e neutral (or m|II|-churged) e §Q
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Covering many orders of magnitude in mass and cross secion 3
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~ Covering many orders of magnitude in mass and cross secion 9
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| STRATEGIES TO SEARCH FOR PARTICLE DARK MAITER : L
-_WIIIIOUI ussump’nons on ’rhe coupllng between DM und SM pur’rlcles BUT THIS COUPLING EXISTS uI’rhough WEAK

o Seurchlng for new purtlcles at ucceIerutors A

Indlrec’r de’rectlon of the products comlng from DM
unnlhllunen or decuy T

-. --'-Direcfde’redion*of thegulueﬁc'dmk muttet'-' ikt

" COMPLEMENTARY — RESULTS FROM THE THREE APPROACHES SHOULD BE COMBINED BUT Sl
| STRONG MODELDEPENDENCES
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SIGNALS FROM DM ANNIHILATIONS / DECAY

 Different chunnels to be con5|dered / leferent detectlon s’rru’regy

S’rrongly dependent on the DM Particle Model - - |
Muny uncertuln’nes If the expected quxes '_ R * Butalso, many other USTTOPhVSICﬂ|

buckgrounds fo be tuken info con5|deruhon



SIGNALS FROM DM ANNIHILATIONS / DECAY

 Different chunnels to be con5|dered / leferent detectlon s’rru’regy
S’rrongly dependent on the DM Particle Model
Muny uncertuln’nes in the expected quxes '_ e



CHARGED PART'CLES SEARCHES InsTrumenTs n Spuce e

| AR LT AN\SOZ@ISS

Snll many Uncerm|nhes on sources of cosmlc ruys- ! | -
- ond propagation | 3

- Strongly dependent on modelllng of backgrounds

. fo extroct mformahon from DN\ anmhllohon

~ Positon Excess
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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



DETECTION TECHNIQUES APPLIED IN DIRECT DARK MAITER SEARCHES

' WII\/IP/neutron - T '
N = Energy conversmn mto VISIBLE S|gnul s strongly
~ dependent on the mtemctlon mechumsm quent

purhcle und ’rurget

i S -Chafge
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BACKGROUND — INTERFERENCE OF OTHER PARTICLE INTERACTIONS







DIRECT DETECTION OF DARK MA]TER

Buckground SIgnuls mterfernng wﬂh WIMP de’rechon come from e |

COSMIC Ruys e



. DIRECT DETECTION OF DARK MAITER

Bockground srgnols rnrerferrrng with WIMP de’recrron come from

COSMIC Roys |  Most of rhe experrmenrs are corrred ou’r in underground Ioborotorres

Confronc Underground Lobororory (SPAIN)

~ under rhe Pyrenees at ’rhe Somporr ’runneI connecrrng Fronce and Sporn

850 m rock overburden
2450 m.W. e S




| D|RECT DETEC“ON OF DARK MATTER Strong Pusswe und Acnve ShleIdmg Struiegles huve to be upplled
Buckground SIgnuls m_terfernng wﬂh WIMP de’recﬂon come from S : S

COSMICRays -
Enwronmen’rul Rudlouc’nvﬂy







_SenSITIVI"eS huve been |mprovmg in ’rhe Iust 25 yeurs s’rrongly

! “Computlble wﬂh expected buckgrounds > eIIow to ruIe out purtlcles

e -‘|nteruct|ng Iess weukly

_ But one expenment uccumulu’nng more S EL

~ than 20 years of du’m is

-._compunble wnh m e e



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 R T T _27___
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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 /

/ = 230 [km/s

227.7 km/s

= 30 km/s



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

New dam release in JuIy 202 i @ EPS HEP.

| ThlS 5'9"“' can be mterpreted as PdeUCGd The dutu of DAMA/ LIBRA fuvor the presence of .
Wby WIMPs, but... ~ modulation with proper features at 13.4 o (L
(2 86 fon x yr) i the 2-6 keV energy region T




-] / since Dec 20 {NRGSEE

& DAMA-LIBRA (LNGS)

e

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

__ arkiv:2104.07634
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- ANAIS12 thee yoor esls ol modulton andys's LTIV

~=-cosnereut B Béstfi’rs re incompuﬁble with DAMA,/LIBRA
D rosult ot 3.3 0nd 2.6 & in [] 6] und [2 6] __

—a— ANAIS-112 best fit

1o sensitivity kev energy I'egIOHS

(cr?d/kg/keV)

exposure 3.0 y
20 sensitivity

exposure 3.0 y
30 sensitivity

exposure 30y [ Sensmvny s 012 5 und 2 7 c |n [] 6] und.
[1-6] keV  [2-6] keV [2 6] keV energy reglons e

modulation amplitude




Stondord Model of the Portrcle Physlcs is under _
~testin all the possible ways, looking for a new
= theory PortrcIeDM motches weII in that scheme.

A ot of effot hos been devoted to understond
~ thenatureof DM SEP e
SR .'Both from theory ond experrment/observotron

2 __The effort rewords on deveIopment of new
= ~ detection technrques and pushing forward
y |l _.sensrtrvrtres to ony (] process / unexpected .
a¥illy trnteroctron -



	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34

