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Motivation

® If we cannot reconcile different Exp results

Need new theory explanation

Judge which Exp more reliable discover om?

® If theory cannot reconcile different Exp results

Need new theory explanation
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Deep understanding Exp

® Possible way out Direction of future theory & Exp
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DAMA modulation
Model Independent Annual Modulation Result

DAMA/Nal + DAMA/LIBRA-phasel Total exposure: 487526 kgxday = 1.33 tonxyr

EPJC 56(2008)333, EPJC 67(2010)39, EPJC 73(2013)2648
The measured modulation amplitudes (A). period (1)
and phase (t,) from the single-hit residual rate vs time

A(cpd/kg/keV) T=2n/w (yr) to (day)

DAMA/Nal+DAMA/LIBRA-phasel Acos[o(t-t;)]
(2-4) keV 0.0190 £0.0020 | 0.996 +0.0002 1346

(2-5) keV 0.0140 +0.0015 | 0.996 +0.0002 1406

(2-6) keV 0.0112 £0.0012 | 0.998 10.0002 1447

|Principal mode Comparison between single hit residual rate gred poinis) and mulfiple
2.737x103 d1 =1 y! hit residual rate (green points); Clear modulation in the single hit events;

2.6 ke No modulation in the residual rate of the multiple hit events
A=-(0.0005+0.0004) cpd/kg/keV

Normializad Power
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Multiple hits events =
Dark Matter particle “switched off”
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No systematics or side reaction able to Time (day)
account for the measured modulation This result offers an addifional sirong support for the presence of DM parficles in the
ampllfude and to SOﬁSfY all the galactic halo further excluding any side effect either from hardware or from software

peculiarities of the signature ek wms . Reai ok ywc e

The data favor the presence of a modulated behaviour with all the proper
features for DM particles in the galactic hale at about 9.26 C.L.




DAMA modulation
Model Independent Annual Modulation Result

DAMA/Nal + DAMA/LIBRA-phasel Total exposure: 487526 kgxday = 1.33 tonxyr

EPJC 56(2008)333, EPJC 67(2010)39. EPJC 73(2013)2648
* No modulation above 6 keV

LG e Ol R N6 Mo energy, Spaciiim R(t) =S, +5,, cosfalt -1, )]+ Z, sinfalt -1, )]= S, + X, coslalt—t' )|
* No modulation in the 2-6 keV multiple-hit v
events

R(t)=S,+S, cos[m(t-1,)]

herel=2x/a=1 yr and ;= 152.5 day

7. (cpidhghey)
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AE = 0.5 keV bins 5. (pdkgkeV)

: (' \ 8 : Am. : .1.2. : .“. : .lA(;' : ‘18' : .2"
Energy (keV)

No systematics or side processes able fo
quantitativel count for the measured modulation
amplifude and to simultaneously satisfy the m

peculiarities of the signature are available.
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PRL 113, 081302 (2014) PHYSICAL REVIEW LETTERS 22 AUGUST 2014

S

Fitting the Annual Modulation in DAMA with Neutrons from Muons and Neutrinos
cosmicray atmospheric 3B solar

.k
Jonathan H. Davis
Institute for Particle Physics Phenomenology, Durham University, Durham DHI 3LE, United Kingdom
(Received 10 July 2014; revised manuscript received 5 August 2014; published 21 August 2014)
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1409.3185v1 10 Sep

1409.3516v1 11 Sep

Comment on “Fitting the annual modulation in DAMA with neutrons from muons
and neutrinos”

P.S. Barbeau®, J.I. Collar®*, Yu. Efremenkes, and K. Scholberg=:*,
* Department of Physics, Duke University,
Durfiam, NC 27708 USA
S Department of Phusics, University of Chicago,
Chicago, IL 60657 USA
“University of Tennessee, Knoxuslle, TN 57956 USA
* Corresponding author. E.mail: scholGphy. duke. edu

We estimate rates of solar neutrino-induced neutrons in o DAMA /LIBRA-like detector setup,
and find that the peeded contribution to explain the anoual modulation would require neutrino-
induced neutron cross sections several orders of magnitude larger than current calculations indicate.
Although these cross sections have never been measured, it is likely that the solar-neutrino effect
on DAMA /LIBRA i negligible.

No role for neutrons, muons and solar neutrinos in the DANA
annual modulation results

R. Bernabei®® P. Belli®, F. Cappella®, V. Caracciolo®,
R. Cerullic, C.J.Dai?, A. d’Angelo®f, S. I’Angelo®?®, A. Di Marco®?,
H.L. Hed, A Incicchitti=f, HH. Kuang?, X H. Ma“, F. Montecchia®9,
X.D. Sheng?, R.G. Wang® and Z.P. Ye®"

Abstract
This paper summarizes in a simple and intuitive way why the neutrons, the
muons and the solar neutrinos cannot give any significant contribution to the
DAMA annual modulation results. A number of these elements have already
been presented in individual papers; they are recalled here. Afterwards, few sim-
ple considerations are summarized which already demonstrate the incorrectness
of the claim reported in PRL 113 (2014) 081302
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ARC Centre of Excellence for Particle Physics at the Terascale,

Can dark matter - electron scattering

explain the DAMA annual modulation signal?

R. Foot!

School of Physics, University of Melbourne,
Victoria 5010 Australia

The annually modulating ~ keV scintillations observed in the DAM,:‘N al and
DAMA /Libra experiments might be due to dark matter - electron scattering. Such
an explanation 1s now favoured given the stringent constraints on nuclear recoil
rates obtained by LUX, SuperCDMS and other experiments. We suggest that
multi-component dark matter models featuring light dark matter particles of mass

~ MeV can potentially explain the data. A specific example, kinetically mixed
mirror dark matter, 1s shown to have the right broad properties to consistently
explain the experiments via dark matter - electron scattering. If this is the expla-

nation of the anmual modulation signal found in the DAMA experiments then a
sidereal diurnal modulation signal is also anticipated. We point out that the data

from the DAMA experiments show a diurnal variation at around 2.3¢ C.L. with
phase consistent with that expected. This electron scattering interpretation of the
DAMA experiments can potentially be probed in large xenon experiments (LUX,
XENONIT,...), as well as in low threshold experiments (CoGeNT, CDEX, C4, ...)

by searching for annually and diurnally modulated electron recoils.
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News from CRESST
Results from the CRESST-1l upgrade
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WIMP solution
completely ruled out
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Signals of CRESST Il will be forget as earlier CDMS signals !
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1407.3146 [astro-ph.CO]; July 11

Tsinghua University

Results on low mass WIMPs using an upgraded CRESST-II detector

G. Angloher,! A. Bento.? C. Bucci,® L. Canonica,® A. Erb,*® F. v. Feilitzsch,* N. Ferreiro Iachellini,*
P. Gorla.® A. Giitlein,® D. Hauff,! P. Huff,! J. Jochum,” M. Kiefer.! C. Kister.! H. Kluck,®
H. Kraus.® J.-C. Lanfranchi,* J. Loebell,” A. Miinster,* F. Petricca,! W. Potzel* F. Pribst,!:*
F. Reindl,"' T S. Roth,* K. Rottler,” C. Sailer,” K. Schiiffner,® J. Schieck.® J. Schmaler,! S. Scholl,”
S. Schinert,* W. Seidel,! M. v. Sivers,* L. Stodolsky,! C. Strandhagen,” * R. Strauss,! A. Tanzke,!
M. Uffinger,” A. Ulrich,* I. Usherov,” M. Wiistrich,! S. Wawoczny,* M. Willers,* and A. Zéller?

! Max- Planck-Institut fir Physik, D-80805 Minchen, Germany
? Departamento de Fisica, Universidade de Coimbra, P300j 516 Coimbra, Portugal
3INFN, Laboratori Nazionali del Gran Sasso, I-67010 Assergi, Italy
4 Physik-Department, Technische Universitit Minchen, D-85747 Garching, Germany
" Walther-Meifiner-Institut fir Tieftemperaturforschung, D-85748 Garching, Germany
®Institut fiir Hochenergiephysik der Osterreichischen Akademie der Wissenschaften, A-1050 Wien, Austria
and Atominstitut, Vienna University of Technology, A-1020 Wien, Austria
" Eberhard- Karls- Universitit Tibingen, D-72076 Tibingen, Germany
®Department of Physics, University of Oxford, Oxford OX1 SRH, United Kingdom

The CRESST-II cryogenic dark matter search aims for the detection of WIMPs via elastic scat-
tering off nuclei in CaWOQ, crystals. We present results from a low-threshold analysis of a single
upgraded detector module. This module efficiently vetoes low energy backgrounds induced by a-
decays on inner surfaces of the detector. With an exposure of 29.35 kg live days collected in 2013 we
set a limit on spin-independent WIMP-nucleon scattering which probes a new region of parameter
space for WIMP masses below 3 GeV /c?, previously not covered in direct detection searches. A
possible excess over background discussed for the previous run (from 2009 to 2011) is not confirmed.




CoGeNT made their data public

Annual modulation in 3.4 yr of CoGeNT

Annual modulation exclusively at low energy
and for bulk events.

Best-fit phase consistent with DAMA/LIBRA

Unoptimized frequentist analysis yields
~2.2c preference over null hypothesis

Modulation amplitude is 4-7 times larger
than in the standard halo model  INARERS BERES mrpa ey

Collar (CoGeNT) at TAUP 2013



CoGeNT made their data public

CoGeNT decided to publish energy and time of their events

Independent groups reanalyzed the CoGeNT data

Pulse-shape discrimination of surface/bulk events

No significant modulation found

The CoGeNT 1'egion of interest results

from a biased anal(\'sis. and has no

Sl’ﬂf]Sf’lC&l meaning.

Davis, McCabe, Boehm 1405.0495

The likelihood gets worse when includin%(a WIMP component
either as a standard halo or Sagittarius like stream

Bellis, Collar, Field, Kelso at IDM20 |4




CoGeNT made their data public

CoGeNT decided to publish energy and time of their events

Maximum Likelihood Signal Extraction Method Applied to 3.4 years of CoGeNT Data

C.E. Aalseth,! P.S. Barbeau.>* J. Colaresi,q J.L Collal . Diaz Leon.* J.E. Fast J{N.E. Fields,4 T.W. Hossbach.!
A. Knecht 41 M.S. Kos.1:¥ M.G. Marino.?:3 H.S. -'1e\1ML Miller,4: Y J.L. Orrell ! a .M. Y 3

(CoGeNT Collaboration)
arXiv:1401.6234vl 24 Jan 2014

Maximum Likelihood Signal Extraction Method Applied to 3.4 years of CoGeNT Data

C.E. Aalseth,! P.S. Barbeau.2:* J. C‘-olare.si,ﬂl. Diaz Leon.? J.E. Fast.,gr.\\"’. Hossbach.! A. Knecht 41
M.S. Kos,!*# M.G. Marino,*§ H.S. Miley,! M.L. Miller,** ¥ J.L. Orrell,! and K.M. Yocum?®

arXiv:1401.6234v2 27 Jan 2014

The likelihood gets worse when includin ﬁ(a WIMP component

either as a standard halo or Saglttarlus e stream

| . g |
\- l.lffk.‘/. A':,\- '







Comparison of Results 11

CoGeNT seem to disagree with themselves.
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Conclusion

CoGeNT is an experiment looking
for Dark Matter nuclear recoils.

The large surface event background
rises at low energy, like a light DM

recoil signal.

Uncertainties in this ba.ckground
make a statistically-signiﬁcant claim

of DM detection difficult.

The CoGeNT region of interest
results from a biased analysis, and
has no statistical mea.ning.

Thank You

A 7

Surface

=
Dark Matter

¢ 0.0 0,0 0,0 0




1405.0495 [hep-ph]; May 2

Quantifying the evidence for Dark Matter in CoGeNT data

Jonathan H. Davis,! Christopher McCabe,! and Céline Beehm??

'Institute for Particle Physics Phenomenology, Durham University,
South Road, Durham, DH1 3LE, United Kingdom
*LAPTH, U. de Savoie, CNRS, BP 110, 7}9/1 Annecy-Le-Vieuz, France

j-h.davis@durham.ac.uk, christopher.mccabe@durham.ac.uk, c.m.boehm@durham.ac.uk

We perform an independent analysis of data from the CoGeNT direct detection experiment to
quantify the evidence for dark matter recoils. We critically re-examine the assumptions that enter
the analysis, focusing specifically on the separation of bulk and surface events, the latter of which
constitute a large background. This separation is performed using the event rise-time, with the
surface events being slower on average. We fit the rise-time distributions for the bulk and surface
events with a log-normal and Pareto distribution (which gives a better fit to the tail in the bulk
population at high rise-times) and account for the energy-dependence of the bulk fraction using a
cubic spline. Using Bayesian and frequentist techniques and additionally investigating the effect
of varying the rise-time cut, the bulk background spectrum and bin-sizes. We conclude that the
CoGeNT data show a preference for light dark matter recoils at less than lo.
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39 Ionisation Detectors

1 0_ Targets: Ge, Si, CS,, CdTe
CoGeNT, CDEX, DAMIC, DRIFT,
DM-TPC, GENIUS, IGEX, NEWAGE

Light & Ionisation

Detectors
Targets: Xe, Ar.

ArDM, LUX, WARP, DarkSide
Panda-X, XENON, ZEPLIN, LZ

Heat & Ionisation
Bolometers
Targets: Ge,Si

CDMS, EDELWEISS

SuperCDMS, EURECA

1 0—40 _ cold (LN>) cryogenic (<50 mK)
: S Y
- gets: Nal, 26, 0L /{9 Bolometers
— m g ANAIS, CLEAN, DAMA, %, Targets: Ge, Si, Al,O3, TeO,
- -|DEAP3600, KIMS, LIBRA, »

CRESST-I, CUORE, CUORICINO

| NAIAD, XMASS, ZEPLIN-I

Light & Heat Bolometers
Targets: CaWO,, BGO, Al,0s Bubbles & Droplets

CRESST, ROSEBUD CF3Br, CF3l, C3Fg, CaF1o
Sryogenic (<50 m W) COUPP, PICASSO, PICO, SIMPLE

\\\\\\\;' N

NN

Nuclear scattering, not EM one
1012 “DMS.. mxs>. Background well understood

= [_L“ ™ '.”.“'”'u._g _
4 g 6 7 8 910 ) 20 30
arXiv: 1404.4946[hep-ex] | M, (GeV/c")
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Clestco =0 =R GEV inelastic 0=-200keV, m =1.4GeV

dR/dE(day'kg'keV™")

2 —Si
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® channeling effect

® quenching factor

® velocity distribution; astrophysics

® form factors: nuclear; particle
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arXiv: 1404.6043 |

Exothermic isospin-violating dark matter after SuperCDMS and CDEX

Nan Chen!Y and Qing Wang!:2-qf
' Department of Physics, Tsinghua University, Beijing 100084, P. R. China
2Center for High Energy Physics, Tsinghua University, Beijing 100084, P. R. China
* Collaborative Innovation Center of Quantum Matter, Beijing 10008}, P. R. China

Wei Zhao?, Shin-Ted Lin °, Qian Yue!, and Jin Li*
‘Key Laboratory of Particle and Radiation Imaging (Ministry of Education) and Department of Engineering Physics,
T'singhua University, Betjing 100084, P. R. China
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Abstract. If a subdominant component of dark matter (DM} interacts via long-range dark
force carriers 1t may cool and collapse to form complex structures within the Milky Way
galaxy. such as a rotating dark disk. This scenario was proposad recently and termed
“Double-Disk Dark Matter” (DDDM). In this paper we consider the possibility that DDIDM
remains 1n a cocesmologically long-hived excited state and can scatter excothermically on nu-
clel ( ExoD DM ). We investigate the current status of ExoDDDM direct detection and find
that ExoDDDM can readily explain the recently announced ~ 3o excess observed at CDNMS-
Si. with almast all of the 909, best-fit parameter space in complete consistency with limits
from other experiments, ln-"lu:llng NENON1O and XENON100. In the absence of iscspin-
dependent couphings. this co nsnst—-n-"v requires hight DM with mass tyvpically 1n the 5 —-15 CGeV
range. The hypothesis of ExclDIDDNM can be tested in direct detection experiments through
its peaked recoil spectra, reduced anmial modulation amplitude, and. In some cases, 1ts novel
time-dependence. We alsa discuss future direct detection prospects and additional indirect
constraints from colliders and solar capture of ExaDDIDN. As theoretical proof-of-principle.
we combine the features of exothermic DM models and DIDIDM models to construct a com-
plete model of ExclDDDM., exxhibiting all the required properties.

Keywords: dark matter theory, dark matter detectors. dark matter experiments
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exothermic dark matter

Our work
arXiv: 1404.6043
April, 24

- Graciela B. Gelmini, Andreea Georgescu and Ji-Haeng Huh

Department of Physics and Astronomy, UCLA,
475 Portola Plaza, Los Angeles, CA, 90005 U.S A,

E-mail: gelmini@physics.ucla.edu, a gecrgescu@physics.ucla.edu,
jhhuh@physics.ucla.edu

Received May 2, 2014
Accepted June 17, 2014

arXiv: 1404.7484 _\ FPublished July 15, 2014

MaY’ 2 ‘Abstfact. We present comparisons of direct dark matter (DM) detection data for light
WIMPs with exothermic scattering with nuclei (excDM ), both assuming the Standard Halo
Model (SHM) and in a halo model — independent manner. Exothermic interactions favor
light targets, thus reducing the importance of upper limits derived from xenon targets, the
mast restrictive of which is at present the LUX limit. In our SHM analysis the CDMS-II-
S1 and CoGeNT regions become allowed by these bounds, however the recent SuperCDMS
limit rejects both regions for exoDM with isaspin-conserving couplings. An isospin-viclating
coupling of the exocDM, in particular one with a neutron to proton coupling ratio of —0.8
(which we call “Ge-phobic” ), maximally reduces the DM coupling to germanium and allows
the CDMS-II-S1 region to become compatible with all bounds. This is also clearly shown in
our halo-independent analysis.
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A systematic halo—independent
analysis of direct detection data
within the framework of Inelastic Dark
Matter
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Abstract. We present a systematic halo-independent analysis of available Weakly Interacting
Massive Particles (WIMP) direct detection data within the framework of Inelastic Dark
Matter (IDM). We show that, when the smallest number of assumptions is made on the
WIMP velocity distribution in the halo of our Galaxy, it is possible to find values of the
WIMP mass and the IDM mass splitting for which compatibility between present constraints
and any of the three experiments claiming to see a WIMP excess among DAMA, CDMS-Si
and CRESST can be achieved.
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Exothermic dark matter No ISV

Peter W. Graham,' Roni Harnik,” Surjeet Rajendran,” and Prashant Saraswat’
'Department of Physics, Stanford University, Stanford, California 94305, USA
*Theoretical Physics Department, Fermilab, Batavia, IL60510, USA
SCenter for Theoretical Physics, Laboratory for Nuclear Science and Department of Physics,

Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
(Received 2 June 2010; published 9 September 2010)

We propose a novel mechanism for dark matter to explain the observed annual modulation signal at
DAMA/LIBRA which avoids existing constraints from every other dark matter direct detection experi-
ment including CRESST, CDMS, and XENON 0. The dark matter consists of at least two light states with
mass ~few GeV and splittings ~5 keV. It is natural for the heavier states to be cosmologically long-lived
and to make up an O(1) fraction of the dark matter. Direct detection rates are dominated by the exothermic
reactions in which an excited dark matter state downscatters off of a nucleus, becoming a lower energy
state. In contrast to (endothermic) inelastic dark matter, the most sensitive experiments for exothermic
dark matter are those with light nuclei and low threshold energies. Interestingly, this model can also
naturally account for the observed low-energy events at CoGeNT. The only significant constraint on the
model arises from the DAMA/LIBRA unmodulated spectrum but it can be tested in the near future by a
low-threshold analysis of CDMS-Si and possibly other experiments including CRESST, COUPP, and
XENON100.

DOI: 10.1103/PhvsRevD 82063512 PACS numbers: 95 35 +d
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On the DAMA and CoGeNT modulations

Mads T. Frandsen,” Felix Kahlhoefer, John March-Russell, Christopher McCabe,
Matthew McCullough, and Kai Schmidt-Hoberg

Rudolf Peierls Centre for Theoretical Physics, University of Oxford, Oxford OX1 3NP, United Kingdom
(Received 6 July 2011; published 24 August 2011)

DAMA observes an annual modulation in their event rate, as might be expected from dark matter
scatterings, while CoGeNT has reported evidence for a similar modulation. The simplest interpretation of
these findings in terms of dark matter-nucleus scatterings is excluded by other direct detection experi-
ments. We consider the robustness of these exclusions with respect to assumptions regarding the scattering
and find that isospin-violating inelastic dark matter helps alleviate this tension and allows marginal
compatibility between experiments. Isospin violation can significantly weaken the XENON constraints,
while inelasticity enhances the annual modulation fraction of the signal, bringing the CoGeNT and CDMS
results into better agreement.

DOI: 10.1103/PhysRevD.84.041301 PACS numbers: 95.35.+d

CoGeNT non-modulation excess result published in April 1,2014
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Abstract. Light dark matter {(DM)] with a large DM-nucleon spin-independent scattering
crass section and moreover proper isospin violation (ISV) ./ = —0.7 may provide a
way to underscand the confusing DA direct detection results. Further using the stringent
astrophysical and collider constraints, we systematically investigate the origin of ISV fArsc
via general operator analyses and further via specifying three types of mediators: a lighc
Z* from chiral U(1l )x, an approximate spectator Higg=s doublet (It can explain the W + 73
anomaly simmltaneously ) and oolor triplets. In addition, although Z7 from an exotic U(1)x
mixing with TU{1l ) generaces only f.. = 0O, we can combine it wicth the conventional Higgs
oo achieve the proper ISV. As a concrete example, we propoee the Ul )x maodel where the
{1l )x charged light sneutrino 1s an inelastic DM, which dominantly annihilates to lighe dark
states sach as ZY with sub-CeV mass. The model can consistencly [(wicth ocher DM directc
detaecrion resulcs) and safely interpret the recent GCoCeNT annual modulation resalc.

Keywords: dark matoer theory, dark matter detectors

ArXiv ePrint: 1107.3529 July 18,2011; v2 title changed; W



PHYSICAL REVIEW D 84, 075003 (2011)
Minimal hidden sector models for CoGeNT/DAMA events s 19 2011
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Motivated by recent attempts to reconcile hints of direct dark matter detection by the CoGeNT and
DAMA experiments, we construct simple particle physics models that can accommodate the constraints.
We point out challenges for building reasonable models and identify the most promising scenarios for
getting isospin violation and inelasticity, as indicated by some phenomenological studies. If inelastic
scattering is demanded, we need two new light gauge bosons, one of which kinetically mixes with the
standard model hypercharge and has mass <2 GeV, and another which couples to baryon number and has
mass 6.8 = gi GeV. Their interference gives the desired amount of isospin violation. The dark matter is
nearly Dirac, but with small Majorana masses induced by spontaneous symmetry breaking, so that the
gauge boson couplings become exactly off-diagonal in the mass basis, and the small mass splitting needed
for inelasticity is simultaneously produced. If only elastic scattering is demanded, then an alternative
model, with interference between the kinetically mixed gauge boson and a hidden sector scalar Higgs, is
adequate to give the required isospin violation. In both cases, the light kinetically mixed gauge boson isin

the range of interest for currently running fixed target experiments.

DOI: 10.1103/PhysRevD.84.075003 PACS numbers: 95.35.4d, 12.60.Cn
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