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one
species

three
signals?

o DAMA: 250kg of scintillating Nal crystals, running since
1995, exposure in excess of | ton x year, no discrimination

® CoGeNT:440 gram Ge crystal, 442 live days; ionization
only, no discrimination

® CRESST: scintillation and phonons; 730 kg days, multi-target
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o DAMA: 250kg of scintillating Nal crystals, running since
1995, exposure in excess of | ton x year, no discrimination

® CoGeNT:440 gram Ge crystal, 442 live days; ionization
only, no discrimination

® CRESST: scintillation and phonons; 730 kg days, multi-target



“take home message”

® cosmic muons as origin for DAMA modulation strongly disfavoured

- different in phase

- different in correlation

- possibly different in power

- possibly different in amplitude

® similar conclusions hold for CoGeNT modulation

® there is more than “one modulation’



signal modulation in direct
detection
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do
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cpd/kg/keV]

fGAL (Vobs + V)

see e.g. [Druiker et al, 1986; Freese et al, | 988; Savage et al, 2009]



signal modulation in direct
detection
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fGAL (Vobs + V)

Vobs = Vo + Vo l[e1cosw (t —t1) + egsinw (¢ — t1)]

1 WIMP Wind
Vobs| = |[Vo!| + 5‘/@ cosw(t — tp)

[to ~ 152days (June 2nd)J

December

see e.g. [Druiker et al, 1986; Freese et al, | 988; Savage et al, 2009]



signal modulation in direct
detection

annual modulation

|en| (km/s) ™

0 100 200 300 400 500 600 700 800
Umin (km/s)

[using f(v) from Lisanti et al, 2010]




residuals (cpd/kg/keV)

~ 3%

DAMA /LIBRA 0.87 tonxyr
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Muon Flux underground

--- modulates too ---

® underground flux sourced mainly by primary meson decays (pions,
kaons,...) => muons need to be TeV-like to reach underground

® competition between secondary meson interactions vs. decay
depends on air-density

=> muon flux correlated with temperature

Al AT,q o0
—g- = ar T = / dX T(X)W(X)
7’ 0

Teff

® flux peaks in Summer (on northern hemisphere)



Muon Flux underground

® many measurements available, correlation
with T.g firmly established
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LVD and DAMA

® large Volume liquid scintillator Detector (LVD) reports underground

Muon intensity (m? s)™

muon-flux at LNGS => temporal overlap with DAMA data
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LVD and DAMA
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® recent renewed interest in muons as DAMA background, see e.g.
[Ralston, 20107, [Nygren, 201 I], [Blum, 201 1]

® very recent response by DAMA [Bernabei, 2012]



LVD and DAMA
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® recent renewed interest in muons as DAMA background, see e.g.
[Ralston, 20107, [Nygren, 201 I], [Blum, 201 1]

® very recent response by DAMA [Bernabei, 2012]



LVD and DAMA

® muons can either directly hit the detector or indirectly, by spallation
of nuclei which leads to neutron flux

=> guaranteed source of background

® in this talk we will base our analysis exclusively on the time-series of
events in both data sets

=> we are ignorant to how the signal formation process concretely
happens

=> but if we can make firm statements already it means that this
approach is very model-independent and thus conservative



detecting periodicities

® evenly spaced data d; = d(¢;) discrete FT

P(w) x Zdi exp(—iwt;)

2

— (Z d; cos(w@;)) + (Z d; sin(wti)>

® unevenly spaced data: Lomb-Scargle Periodogram

1 1 ' N ® invariant to shifts in
L(w) = 2 { >, cos? (wt;) z@,:di cos (wti) time origin
1 ' e e if d; is pure noise (with
i >, sin? (wi;) EZ: disin (wh) | ¢ unit variance)
- -

Pr(P >p)=¢ "



detecting periodicities

DAMA/LIBRA LVD muons
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than | yr (see also Blum, 201 1)



detecting periodicities

DAMA/LIBRA, 2012
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detecting periodicities

DAMAJ/LIBRA, 2012 LVD muons
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detecting periodicities

DAMA/LIBRA, 2012
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The phase of DAMA
VS
the “phase” of LVD
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The phase of DAMA
VS
the “phase” of LVD

two studies suggest that phase can potentially in agreement

|. Selvi for LVD collaboration finds A

to(LVD)LvD —collab = (185 £ 15) days o

i dof = 577/362 L
adopting this procedure we find N T

Progressive day in year

to(LVD) = (186 £ 2) days! [Selvi for LVD, 2009]




The phase of DAMA
VS
the “phase” of LVD

® two studies suggest that phase can potentially in agreement

|. Selvi for LVD collaboration finds 5
to (LVD)LVD—CoHab — (185 T 15) days b, _%”5-_
X*/dof = 577/362 i o
adopting this procedure we find S T o
to(LVD) = (186 4+ 2) days'! [Selvi for LVD, 2009]

. . 2 .
suspecting that Selvi used reduced X for construction of confidence
region => confidence interval overestimated



The phase of DAMA
VS
the “phase” of LVD

® two studies suggest that phase can potentially in agreement

2. Blum,201I:

nice observation that direct hits
by muons induce produce too
large spread in signal, BUT

o — Ui <« count rate in DAMA bin |
.=
Yy = signal counts / muon

(Nui) = Aegrl, i€it; «——— mean of Poisson distributed N, ;

=> used to generate DAMA mock data



The phase of DAMA
VS
the “phase” of LVD

® two studies suggest that phase can potentially in agreement

2. Blum,201I: DAMA muons
nice observation that direct hits | /
by muons induce produce too 6 ” ' '
large spread in signal, BUT 0.04
0.035
leu’@ 0.03
S; = 0.025
MAEEZtZ Yy 002
0.015
(N,.i) = Aere 1), i€t i

0.005

=> used to generate DAMA mock data



The phase of DAMA
VS
the “phase” of LVD

=> redo Blum’s analysis:
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PDF

The phase of DAMA
VS
the “phase” of LVD
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since period floats in fit => ?p looses its absolute meaning!



lessons learned

|. distribution in ¢y depends on time origin

=> frequentist fits to mock-data do not define a good test statistic

2. we need better ways to quantify agreement/disagreement of
DAMA with the Muon hypothesis

=> preferentially without reliance on sinusoidal function
=> |ook at the correlation coefficient r € |—1, 1]

e X - X)(% -Y)
V(X = X)2 /3, - V)2




correlation study

correlation
r(muon,mock=DAMA)
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correlation study

correlation
r(muon,mock=DAMA)
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CRGeNT

442 kg live-days
Ge-target, ionization

potential exponential rise
toward low energies

cosmogenic peaks

modulation too
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[Aalseth et al, 201 1]


http://inspirebeta.net/author/Aalseth%2C%20C.E.?recid=912559&ln=en
http://inspirebeta.net/author/Aalseth%2C%20C.E.?recid=912559&ln=en

\CRGeNT

® muon measurements at CoGeNT site (Soudan Mine, MN) from
MINOS experiment exist---but only for earlier time period

- -
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[Adamson et al, 2010]
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\CRGeNT

® muon measurements at CoGeNT site (Soudan Mine, MN) from
MINOS experiment exist---but only for earlier time period

=> use available climate data to predict muon flux!
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CRGeNT
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CRGeNT correlation study

no correlation
W with high significance!
0.5 + B

=> CoGeNT’s
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higher harmonics
in DM modulation
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[using f(v) from Lisanti et al,2010]



higher harmonics
in DM modulation

dd}]]_z?(}i) x /UOO f(v)dv = Z Cr(Umin ) €OS [nw(t — t,)]

1 E
Umin — (mN d + 5)
V2myER
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® biannual mode

® triannual mode
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[using f(v) from Lisanti et al,2010]



higher harmonics

in DM modulation 1
£
=
$
® can be thought of as an
expansion in Vg /v
® once e||lptICIt)' Of eal‘th’s 100 200 300 400 500 600 700 800
.« e VUmin (km/s)
orbit is included
50 — T ]
. 40 R ‘: //4: Zi e
=> phase shifts between 30 [ 0 e o
. . i il Y |
different harmonics 2 20 S e -
,_\g; 10 Boi==-"1 i '__:_,..;--’-':;'"/f’/ | _
: ~ 0 i = =
— s i 1/ P
=> new signature Sy ! 4 T
L £ -0t ol L -
® detection is likely to sl o -/ :
. - y |/
require large exposure 40 :, S b1
_50 ! I ! I ! I ! I ! I ! I ! I !

0 100 200 300 400 500 600 700 800
Umin (km/s)



. . 10!
I — 9 ___
higher harmonics ; e T
|
° ° 1 . N DAMA triannual w.l. ___ _ _ _____________3
in DM modulation o jozozn e ;
- I3\ A
— 107t'E TN Prae
[ S I g
g \\\/ . \\\\\\\ ////
R 1072 F - N
® can be thought of as an | |
expansion in Vg /vg T e 3
C . , - k=15
® once ellipticity of earth’s gt
... 0 100 200 300 400 500 600 700 800
orbit is included Ventn (km/s)
=> phase shifts between A
P , DAMA/LIBRA: .  »e=
different harmonics K
Pops(biann) = 0.57 £
=> new signature Povs(triann) = 1.8 *

100 150 200 300 500 700 1000 1500 2000
Period (days)

® detection is likely to
require large exposure



conclusions

® cosmic muons as origin for DAMA modulation strongly disfavoured

- different in phase

- different in correlation

- possibly different in power

- possibly different in amplitude

® similar conclusions hold for CoGeNT modulation

® higher harmonics in the modulation signal may provide additional
handles in discriminating signal from background



