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Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.
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Superheated Superconducting Granules

for a Particle Detector
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GSO: Gd2SiO5(Ce)

e Proposed by R.S.Raghavan in 1996
e (R.S.Raghavan,Phys. Rev. Lett., 78(1997)

e ~300pp Vv
Yb-Lu: Q,= 301 keV Gd-Th: Q,= 244 keV
events/
e
v(Bg ; wig|  10ton Gd
Tc + expected

Yb (12.8%) Gd (21.8%)
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arxiv paper

Low Energy Solar Neutrino Detection by using Liquid Xenon

(September 5, 2008)
avNAJLLT=H

Y.Suzuki
(for the Xenon Collaboration [1])
Kamioka Observatory, Institute for Cosmic Ray Research, University of Tokyo, Higashi-Mozumi,
Kamioka, Gifu 506-1205, Japan

(Talk presented at LowNu workshop, June-15-2000, Sudbury, Canada)

[1] The current members of the Xenon collaboration are: Y.Suzuki, Y.Fukuda, Y.Itow,
Y.Koshio, M.Miura, M.Moriyama, M.Nakahta, M.Shiozawa, Y.Takeuchi (Kamioka Ob-
servatory, ICRR, University of Tokyo), T.Kajita, K.Kaneyuki, A.Okada (Research Cen-
ter for Cosmic Neutrinos, ICRR, University of Tokyo), S. Suzuki, M.Yamashita (Waseda
University), K.Miyano(Niigata University), K.Nishijima(Tokai University).

arXiv:hep-ph/0008296v1 29 Aug 2000
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100kg detector
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Z D A Dindicationh’

== MC status ==

problem in reconstruction for 100kg detector (I)

There is a problem in the reconstruction of the 100kg detector. We reviewed what is the problem and discussed how to overcome it.

review of the problem

We studied the reconstruction performance by using 1MeV alpha source uniformly distributed in the detector. The figure shows the problem. The first page shows
the photo electron distribution, reconstructed energy, and the distance between true and reconstructed vertex. There is a clear bump around 150p.e. in the upper
most figure. It shows there are some region where almost scintilltion light cannot reach PMTs. The second page shows the event position (ix. iv. iz are the true

These figures shows the results. The first page shows the situation again. It shows relation
of the energy and the distance of the vertex from the center. The upper figure shows the
reconstructed energy vs. distance from the center to true MC vertex. The lower figure
shows the reconstructed energy vs. the distance from the center to the reconstructed
vertex. It clearly can be seen that many events around the wall come into the deep inside,
though they are reconstructed as low energy.

11T DIAUL, DUVUILILL LIFUITD = DRIPPCU. 1110 CIFLIUL HEUIT SHUWD UIC HIACHHIUUU UIDUIDULUUL UL dll CVULLS. 1HU CIUDLCL aluulid 1iviC v 1> WO HUICU. OLICT UIT 10U UL LT
Poisson probability is around -2.5 if the expected/observed is around 20p.e., we can expect the value is -2.5 x 54 ~ -120. However, the log of the probability is not
change so much if the expected/observed is very small. So, we cannot distinguish the wrong reconstructed events from the well reconstructed events.
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Self shielding performarice T

Z posmon dlstrlbutlon of photoelectrlc peaks

137CS (662keV) 69Co (1173 & 1333_\ e
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8 8 8 Gamma rays ¢ Good agreement with MC
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Self shielding power

N
N

g MC simulation g Real data
3 1 —— All volume 3 1 — All volume
X X
"o —— 20cm FV "o —— 20cm FV
Py -t 0em Vv ° —-10em-FV
© Q]
5 5
> >
o -1 o -1
10 10
-2 -2
10 H‘L 10
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
energy (keV) energy (keV)

@ Background decreases with the fiducial volume cut
———> Ultra-low BG at the inner volume

@ Something exists at low energy region
= 85Kr?7?
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Estimated DM sensitivity

Spin independent case

r =
-

http://dmtools .l')/c_.rke
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WIMP Mass [GeV]

Annual
Modulation

30 discovery

Raw spectrum, 30 discovery

DATA listed top to bottom on plot

NAIAD 2002 result

Heidelberg Moscow, 1998

CDMS June 2003, bkgd subtracted

DAMA 2000 58k kg—days Nal Ann.Mod. 3sigma,w/o DAMA 1996 limit
ZEPLIN I Preliminary 2002 result

Edelweiss, 32 kg—days Ge 2000+2002+2003 limit

Edelweiss 2 projection

CDMS, projected at Soudan mine

ZEPLIN 4 projection

Heidelberg — Genius, projected

Baltz and Gondolo, spin indep. sigma in MSSM, with muon g—2 constraint
XENON, 1 ton, projected

Gondolo et al. SUSY (Gaugino-like Models)

Gondolo et al. SUSY (Higgsino—like Models)

Gondolo et al. SUSY (Mixed Models)

030606043801



Detector Construction

e 2009.11: PMT holder
and PMT installation
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counts/day/kg/keVee

6.70 days x 835 kg (5591.4 kb.days) ——
-I- 18GeV 05!, =1.52x10%em? -~~~
H 12GeV OSIX_n:2_84X10-4lcm2 ..........
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AIu.mlnum sample ~300houre
which was measured | =
by this meeting
6.78

Aluminum sample
which was started to be measured.
Remaining parts after KA1180 (~last 1/6)
after chemical etch (30 pieces, ~10g)




oohudy, ( (20125F) 30 hours

data
5 ¢ Clear signals
?: - at 63keV and
oF 92keV.
d » Efficiency
% TR0 e IT(T. T w0 100 ~ need to be
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P, 0 Clearest band
= Is seen in this gap Gap#: even (corner)
\\ E odd (center of line)
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Band cut analysis —
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H S (1) Before rotating Eiﬁ I‘°" Eiz ]
At LB
- (left) top view. PMTs in 20} oy 20
. . the upper sphere is plotted. 1‘;"" 12
—_— 129)(e |ne|aSt|C (right) top view. PMTs in b b
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230} 3of-

— super bosonic o
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~50 -40 -30 -20-10 0 10 20 30 40 50 ~50 -40 -30-20-10 0 10 20 30 40 50
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e T Upper sphere T
(2) After rotating and sliding iew x) ] A P&;%Eﬁé%%? Top view (x-y) |

.. . 50 window: 1.0 - 16.0 cm 50
d O u b | e e I e Ct rO n ® Event axis is set to zenith E‘ Tot?l Npe:20.54: 'g'
direction (center in the left figure}**[ i e W 0
. . 30 =X y - -0 vt Su =
® Rotating along z axis :
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129X e inélastic scattering by WIMPs
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Solar Axion search

loNns are proc
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Phys. Lett. B 719 (2013) 78

Light WIMP search

e All volume (835kg of LXe w/o fiducialization), >=4hits.

e Large p.e.yield, 14.7p.e./keV, thre. confirmed by LED’s
data =2 low Energy threshold 300eVee was achieved.

 Simple cut to remove Cherenkov events was used.
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Bosonic super-WIMPs

e This is the first direct

test in the mass range
40-120keV and

e For vector bosons, this
excludes the possibility
that the vector bosons
constitute all the DM.

S11.2 yenonioo EDWAI e
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€116 V7 T XMASS
125 ¢
-12.2 -
-12.4¢ Col e
20 40 60 80 100 120 140
- pseudoscalar mass (keV)
— - F T L L L B
% 22 , HB stars ,
245 T e =
-25 - Diffuse y *
26 XMASS
_ I I SO RSN IR R R R
21 20 40 60 80 100 120 140

constraints on the coupling constants for
electrons and super-WIMPs

vector boson mass (keV)



Bosonic super-WIMPs

e More importantly,

without particle
identification.

Reduction in Backgrounds

: XMASS line overlaid
- Electron Recoil Event
Remalnlng VRPEPILRRE Vens | with aRicK's slide
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e Thin pIate installation # of stainless screws = 61(2.7%)

# of damaged head =35(1.6%)

o JU|y 29 — Aug' 6 # of not well driven screws=13(0.6%)
— Incident: # of Cu washer = 13(0.6%)

e Difficulty on M1 Cu screws
— Enlarge holes on the thin plates:
» Cu washer: Go6od tu Mi rq:w ‘
— Broken M1 heads: |
— Stainless Fillip screws:

Cu Washer
(¢ 3mm)

~ StainlessfFillip screw ™






With thin plates (Aug 9, 2013)

Without thin plates(Jan. 30, 2010)
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OFC ingot plate (EP)
run# 154 (707cm? active region)
purge 90min
duration | 7.06days (Jan. 28, 2016 - Feb. 4t, 2016)
sample OFCingot EP plate
(Made by Mitsubishi material. 4 plates Energy vs risetime (tR-t0)
(17cmx17cmx4mm). Plates are made by ¢ R
Takata-seimitsu. EP by Asahi-Kinzoku 580t g
(50um)) i T e
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Results from XMASS-I

 Modulation analysis ~1yr

DAMA 100-250kgx14yr
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iXeM2v_EBFHREICX T IR

PEs

S10° g | T,,>4.7x10%* years (90%CL)
§ ' H

£ Ll : : Cf. Other experimental result
!0 B, = T,/,(2v2K)>2.0x10%* years (90% CL)

by Y.M.Gavrilyuk et al., arXiv:1507.04520

10
Expected '%*Xe 2v 2K-capture signal

— with T,/,(2v2K)=4.7x10% years

214pp background

55 40 60, 80 = 1000 12
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e 2000£F (22 B 1-BG subtracted search for
DM particles!




