
F. Cappella

INFN - Roma

Light Dark Matter

University of California Davis

April 30-May 1 2010



Some direct detection processes:

Å Conversion of particle into e.m. 
radiation

 detection of g, X - rays, e -

ÅExcitation of bound electrons in scatterings on nuclei 

 detection of recoil nuclei + e.m. radiation

Å Scatterings on nuclei 

 detection of nuclear recoil energy

ÅInteraction only on atomic electrons

 detection of e.m. radiation

Åé and more

ÅInelastic Dark Matter: W + N  W* + N

 W has Two mass states c+ , c- with d
mass splitting

 Kinematical constraint for the inelastic 
scattering of c- on a nucleus
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ÅInteraction of light DMp (LDM) 
on e - or nucleus with 
production of a lighter particle

 detection of electron/nucleus 
recoil energy
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... even WIMPs

e.g. sterile n

Ionization:

Ge, Si

Scintillation:

NaI(Tl), 

LXe,CaF2(Eu), é

Bolometer:

TeO2, Ge, CaWO4, ... 
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e.g. signals from 
these candidates 
are completely lost
in experiments 
based on ñrejection 
proceduresò of the 
electromagnetic 
component of their 
counting rate



Requirements:

vÄ(t) = vsun+ vorb cosgcos[w(t-t0)]
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Investigating the presence of a DM particle component in the galactic 

halo by the model independent annual modulation signature

Expected rate in given energy bin changes

because of the Earthôsmotion around the Sun

moving in the Galaxy

Åvsun ~ 232 km/s (Sun velocity in the halo)
Åvorb = 30 km/s (Earth velocity around the Sun)
Åg=p/3

Åw= 2p/T        T = 1 year

Åt 0 = 2 nd June (when vÄ is maximum)
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Drukier, Freese, Spergel PRD86
Freese et al. PRD88

1) Modulated rate according cosine

2) In a definite low energy range

3) With a proper period (1 year)

4) With proper phase (about 2 June)

5) Just for single hit events in a multi -detector set -up

6) With modulation amplitude in the region of maximal 
sensitivity must be <7% for usually adopted halo distributions, 
but it can be larger in case of some possible scenarios

To mimic this signature, spurious effects
and side reactions must not only be able to
account for the whole observed
modulation amplitude, but also to satisfy
contemporaneously all the requirements

The DM annual modulation effect 
has different origins and, thus, 
different peculiarities (e.g. the 
phase) with respect to those 
effects connected with the seasons 



Competitiveness of ULB NaI (Tl ) set - up

A low background NaI(Tl ) alsoallows the study of severalother rare processes: 

possibleprocessesviolating the Pauli exclusionprinciple , CNC processesin 23Na and 127I, 

electron stability, nucleonand di-nucleondecayinto invisible channels, neutral SIMP and 

nuclearitessearch, solar axion search, ... 

High benefits/cost

ÅWell known technology 

ÅHigh duty cycle 

ÅLarge mass possible

ÅñEcological cleanò set-up; no safety problems

ÅCheaper than every other considered technique

ÅSmall underground space needed

ÅHigh radiopurity by selections, chem./phys. purifications, protocols reachable

ÅWell controlled operational condition feasible

ÅNeither re-purification procedures nor cooling down/warming up (reproducibility, stability, ...) 

ÅHigh light response (5.5 -7.5 ph.e./keV)

ÅEffective routine calibrations feasible down to keV in the same conditions as production runs

ÅAbsence of microphonic noise + noise rejection at threshold (tof NaI(Tl) pulses hundreds ns, 

while tof noise pulses tens ns)

ÅSensitive to many candidates, interaction types  and astrophysical, nuclear and particle physics 

scenarios on the contrary of other proposed target-materials (and approaches)

ÅSensitive to both high (mainly by Iodine target) and low mass (mainly by Na target) candidates

ÅEffective investigation of the annual modulation signature feasible in all the needed aspects

ÅFragmented set-up 

ÅEtc.



DAMA/R&D
DAMA/LXe low bckg DAMA/Ge 

for sampling meas.

DAMA/NaI

DAMA/LIBRA

http://people.roma2.infn.it/dama

Roma2,Roma1,LNGS,IHEP/Beijing



Results on rare processes:

ÅPossible Pauli exclusion principle violation

ÅCNC processes

ÅElectron stability and non -paulian 

transitions in Iodine atoms (by L -shell) 

ÅSearch for solar axions

ÅExotic Matter search

ÅSearch for superdense nuclear matter

ÅSearch for heavy clusters decays

PLB408(1997)439

PRC60(1999)065501 

PLB460(1999)235

PLB515(2001)6

EPJdirect C14(2002)1

EPJA23(2005)7 

EPJA24(2005)51

Performances: N.Cim.A112(1999)545-575, EPJC18(2000)283, 

Riv.N.Cim.26 n. 1(2003)1-73, IJMPD13(2004)2127

ÅPSD PLB389(1996)757

ÅInvestigation on diurnal effect      N.Cim.A112(1999)1541

ÅExotic Dark Matter search                   PRL83(1999)4918

ÅAnnual Modulation Signature

data taking completed on July 2002, 

last data release 2003: total exposure

( 7 annual cycles) 0.29 ton x yr

PLB424(1998)195, PLB450(1999)448, PRD61(1999)023512, PLB480(2000)23, 

EPJC18(2000)283, PLB509(2001)197, EPJC23(2002)61, PRD66(2002)043503, 

Riv.N.Cim.26 n.1 (2003)1, IJMPD13(2004)2127, IJMPA21(2006)1445, 

EPJC47(2006)263, IJMPA22(2007)3155, EPJC53(2008)205, PRD77(2008)023506, 

MPLA23(2008)2125.

Results on DM particles:

DAMA/NaI : º100 kg NaI(Tl)

model independent evidence of a particle DM component in the galactic halo at 6.3 sC.L.   



As a result of a second generation R&D for more radiopure NaI(Tl) 
by exploiting new chemical/physical radiopurification techniques 

(all operations involving crystals and PMTs - including photos - in HP Nitrogen atmosphere)

DAMA/LIBRA ~250 kg NaI(Tl )
(Largesodium IodideBulk for RAre processes)

etching staff at work

in clean room
PMT

+HV 

divider Cu etching with 

super- and ultra-

pure HCl solutions, 

dried and sealed in 

HP N2

improving installation

and environment

storing new crystals


