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Birth of the WIMP detection exp.

PHYSICS LETTERS B

17 September 1987

LIMITS ON COLD DARK MATTER CANDIDATES
FROM AN ULTRALOW BACKGROUND GERMANIUM SPECTROMETER

S.P. AHLEN 2 F.T. AVIGNONE III », R.L. BRODZINSKI ¢, A.K. DRUKIER *¢, G. GELMINTI *&!
and D.N. SPERGEL ¢*

Event rate Recoil energy

Experimental source in kg~ !day! range
Spallation source 102—10° 10—100 keV
Reactor 10 50—500 eV
¢ EXpeCt nUC|ear Solar neutrinos
. pp cycle - 1073—-1072 1—10 eV
recoils by DM. "Be 102-5x 102 550 eV
B 10~3—10"? 100 eV—3 keV
J . Galactic halo
* Leading candidate: coherent m ~2 GeV 501000 10—100 eV
m >100 GeV up to 10* 10—100 keV

SUSY WIMPs
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* 5 orders of mag. improvement from 1985 has not
show any evidence yet. No signal from LHC either.

* Consider stories different from SUSY WIMP miracl

WIMP Mass [GeV]

2008, B. Sadoulet
at neutrino conf.
~0.01ev/kg/d

http://dmitools.brown.edu/s
Gaitskell,Mandic,Filippini

WIMP Mass [GeV/c?]

2013 snowmass
best limit ~0.1ev/ton/d
dovynﬂto_ ~0.00001ev/ton/d
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Multiple paths toward positive detection

~axion
' cavity etc.

| Weakly
Interacting

Slim Particles
(WISPs)

Liquid noble
>10GeV WIMPs

yearly/monthly/daily modulation

Electron recoils

directional, threshold type...
* Various types of dark matter candidates are being

investigated and this must be more extended toward
positive detection in future.

* Missing so far: high sensitive search for Ele




Example of theoretical models
* DAMA motivated

— Leptophilic dark matter (electron scattering dark matter, by DAMA):
J. Kopp et al., PRD, 083502 (2009)

— Mirror dark matter: R. Foot, PRD 90, 121302(R) (2014).
— Lumious dark matter: B. Feldstein et al., PRD 82, 075019 (2010).

- First experimental search

. Fei Gao this afternoon
* Light dark matter, etc.
— Bosonic super-WIMPs: M. Pospelov et al., PRD 78, 115012 (2008).

— axion like particles, hidden photons XMASS collaboration.

- .. PRL 113, 121301 (2014)

)

e Sometimes called as “exotics.” “Less motivated”
than SUSY and axion models but now their
importance must be getting increased.



Electron recoil background among experiments
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Liquid noble detecto
e Advantage: scalability and purity of targets

— LXe: no long life RI, Rn and Kr reduction possible.
— LAr: pulse shape, Rl 3°Ar () = e rejection necessary.

 Two types of detectors:

Liquid Xe Volume for shielding

Fiducial volume

BG normalized by mass

XENON100

XENON*, LUX, LZ, DARWIN, XMASS*, DEAP
Panda-X*, ArDM, DarkSide

and Ogawa this afternoon



2 phase LXe: XENON1T@Gran Sassg
The Detector - ‘i@

TAUP 2015, Torino, 7 Sept. 2015 M. Garbini, Bologna University

Total Xe ~3. 3t/|nner ~2t/fiducial mass ~ 1t
~2x104cm?@100GeV in 2yrs
Electron BG: 5x10>/kg/keV/d (x6 pp solar v)

Cryogenic system validated and works as designed.

Detector assembly started last month
The first data are expected by the end of the year. )



2 phase LXe XENONNT in future
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DAMA (Savage, 2009)
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Total Xe ~7ton
~2x1048cm2@100GeV
The system for XENONI1T can be used

Only the inner cryostat, PMTs, and TPC will be
upgraded.

EXDECtedI 2018-2022 Further extension: the DARWIN project



Single electron detection for <GeV DM

R. Essig et al., PRL 109, 021301 (2012)

DM-nucleus scattering <<

threshold of a DM detector

DM-electron scattering:

%am_°~0(eV) may cause

excitation of shallow atomic

electrons.

to see single e
few associateo

A good examp
broader range

ectron (+ a
electrons).

e to study a
of DM.
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1 phase LAr: DEAP@SNOLAB
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e total 3.6t/fiducial mass 1t
e 1x10%cm? @100GeV in 3yrs
e Huge elec. BG ~200/keV/kg/d 32Ar

Cool down and Ar filling expected
to start. First physics data is Large. low BG

expected in 2015.

acrylic @ SNOLAB



phase Ar: DEAP-50T
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arXiv: 1410.7632
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e total 150t/fiducial mass 50t

* low-background Ar (depleted 3°Ar) from
underground to avoid pile up/suppress 3 events.

e 2x10*cm2@100GeV &



2 phase LXe: LZ@Sanford Lab US
i pLZ LUX + ZEPLIN g

Davis Cavern 1480 m  uiSiEs

(4200 mwe E& LUX removed
LZ N I_UX Water Tank by early 2017

Water tank kept

\\_.—/ South Dakota USA

32 institutions currently
About 190 people

 Total ~10t/inner ~7t/fid.~5.6t
e ~“2x10*¥cm2@100GeV
e ~1.2x107>/keV/kg/d (~1.5 x pp solar v)

e LUX removed by early 2017 with water
tank kept.

e Expected to start commissioning in
2019.
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DOE CD-2/3b approval, baseline, all fab starts
Begin preparations for surface assembly @ SURF
Begin underground installation
Begin commissioning 14



1 phase LXe: XMASS1.5/11 @Kamioka

XMASS-|

DM

100kg fid. (800kq)
0.8m¢, 642 PMTs
2010-

DM search

XMASS-1.5

DM

1ton fid. (5ton)
1.5m¢, ~1000 PMTs
pp solar v limited
Ultimate BG for elec.
<10-46cm?
Annual/spectral info.

XMASS-I

DM, solar,

10ton fid. (25ton)
Detailed study of DM
Including e channel
pp Solar nu

P ~30meV(IH)
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RESUltS frOm XMASS'I DAMA 100-250kgx14yr

2-6 keV
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The first extensive
search against the
DAMA region, including
electron recoills.

H. Ogawa this afternoon 5 10 15 16 20
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Results from XMASS-I

* First experimental search for
bosonic Super-WIMPs as DM.

* |nelastic scattering on 129Xe.

* Large mass (835kg), low thre.
(0.8keVee), world best BG

including electron events.

10 e—T

Phys. Rev. Lett

XMASS collaboration

113, 121301 (2014)

e
Qe
|

s

o

~

=

s i
e et e

R IIIH‘[

s
o
L RRRLL
\

------------

IR

SD WIMP - neutron cross section [cm

=5 11
~ - 1
. RN ! P 1 I
. e 3ot
N
“

i i b i iidl

10
WIMP mass [GeV_

129
5aXe

Photoelectric-like interaction

“. R /
-
+e_3
17 -

vV Oora 2

-
- > 2,8

—~ "¢
E11.2 5enon100 e pseudoscalar: ALP
o-11.4¢ PR i
S-116 7Y XMASS
-11.8:.
-12° \/
12.2F
12'4}\\\\\\\\\\\\\\\\\\\\\\\\\
20 40 60 80 100 120 140
pseudoscalar mass (keV)
/5-235‘“Q‘hé_‘o‘i\“w”w”
% 235 = VeCtoir
5 20 = -
- g HB stars .~ 7 e
N 245 Diffuse y
COF-- 25 .
NTC: Py XMASS
.'iij\i _ I S I B R B
-t 2650 40 80 80 100 120 140
vector boson mass (keV)
) P XMASS collaboration
Phys. Rev. Lett
e . 113, 121301 (2014)
- stable

17



The world best background of electron recoils in
fiducial volume and reduction for future XMASS

1 -

XENON40
original figure
D. Malling

natAr with 3°Ar x 1/100

y CDMS Il Ge
W | xenonlQ0 |"1|‘|n

|| XMASS-I s //
________ ] LXe /

surface

Low threshold <1keV | , |Ppsolarneutrino |
10° 10’ 10° 10°
Energy [keV . e]

By achieving the ultimate BG caused by pp v BG and utilizing the
low threshold, an extensive search for DM signal must be done!
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Semiconducte
SuperCDIVIS@SNOLAB

N.B. this is for Soudan

phonon sensors (0V)

ionization electrodes (+2V)

R. Calkins, M. Pepin, TAUP2015

Readout S1 phonons
* jonization and phonon a;

Electron propagation

signal: e/n discri. z ke phonons
§/ = Primary recoil phonons

By applying ~100V bias, i ole propagatir
amplification by electric ~ -
field is expected. =» Low mass WIMPS @« . B



SuperCDMS@SNOLAB 5yrs
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Hidden photon <imev=am;
(one of weakly interacting sllm partlcles)

\ P '
arXiv: 1509 00785
J. Suzuki et al.

non—Thermal DMl

Hidden Higgs (mHh ~my)

single e 5285
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Mix with usual photon and couple to electrons.
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Lighter version of vector super-WIMPs.

» Search for DM through electron coupli



Summary

e Stringent constraints by direct search and by

collider search: various types of dark matter were
started to be tested.

* Doubling the interaction channel to search for dark
matter is important: “electron recoil”
— Some direct experiments give ideal opportunity to
search for any signal <200keV electron recoils.

e Careful understanding of background sometime
reveals real nature of dark matter (like the
discovery of the neutrino mass!).




