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11 Greatest Unanswered Questions

1. What is dark matter? Aol il ol Mok ) Ty iy ol
2. What is dark energy? '

3. How were the heavy elements from iro l S Over
n to uranium made?

4. Do neutrinos have mass?

5. Where do ultra-energy particles come f
rom?

6. Isa new theory of light and matter nee
ded to explain what happens at very high
energies and temperatures?

7. Are there new states of matter at ultra
high temperatures and densities? y5|cs

8. Are protons unstable?

9. What is gravity?

10. Are there additional dimensions?
11. How did the Universe begin?

nswered




Electromagnetic wave “light” used to observe Universe
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Dark matter

Can not be detected with any kind “light”
But it Is In existence

And main part of universe



Astrophysical Evidence of DM

CMB anisotropy

Ly

Existance
of dark

matter




A gravitational lens is formed when the light from a very distant, bright s
ource (such as a Quasar) Is "bent" around a massive object (such as a cluster of ga

laxies cluster of galaxies) between the source object and the observer

Path of undeflected Apparent path of False image
light from quasar light to Earth of quasar

Distant
quasar

Line of sig_bt: :

Deflected light

False image
of quasar
Galaxy close to line of sight
acts as gravitational lens

| Galaxy Cluster 0024+1654
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of DM ~ 0.3 GeV /cm?
~5x 1028 kg/cm?

Dark energ
we have know
less than
nothinao

Dark matter :
now nothing ,but ...




Dark Matter Candidates

" White Dwarfs
Neutron Stars

-Black Holes

4 ||"(;:“‘lm“°' { Lightneutrino ~few tens of eV

relativistic e 1050l
WIMP's (Weakly Interacting Massive Particles)

Non-Baryonic <

_ ColuDark Matter<

(CDM) Majorana> 20 GeV (LEP)
non relativistic b) SUSY(Suner Symmetry) Particles
Neutralino > 30 GeV (LEP)




Property of WIMP

Suppose : Element particle

e came from BB

* massive

e neutral

e weak Interaction
* speed very low

e stable

WIMP mass : 10~100 GeV (or smaller)
flux: 100,000/cm?/s



Direct Detection of WIMP



Detection of Dark Matter

Indirect detection

DM\ X x—'w,ee:/SA

Direct dete




WIMP nuclear elastic scattering

.

< 1/kg/day

. Recoil nuclear

Detector / Target

recoil nuclear is normal particle, can be detected




Ux ™~ Vgalactic ~,0.001c Exponential spectrum
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Direct Dark Matter Detection

[] Direct WIMP detection is
based on the identification of
nuclear recoils from elastic
WIMP-nucleus interactions.

AR _ o cimy. B208.
TR ORARR

Typical recoil energies: 0 = 100 keV



Comparison of Different Dark Matter Target

Form Factor (Square of) ,  Differential Rate Integral Rate over Threshold
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Expected event rate : 0.01/Kg-d



Larger background events from gamma
electron and neutron
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Gamma/betta




Big challenges

Target must be sensitive detector

Very low energy thresholds(<10 KeV) (“Quenching effect” ~1/10)

Very low event rate (0.01/Kg-d)

Long exposures (long term stability)

Big detector (large mass,100kg 1000kg ...)

Stringent background control( Cosmogenic ,Radioactive)
Need Shielding (passive , active , deep site, cleanness)

Need Discrimination background power



Measurement has to be in underground

Cosmic ray ,muon
183.8Hz/m2

Nuclear interaction
Secondary particles
on the environment
on the shielding
on the detector




Underground Lab in the World
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Yangyang Underground Laboratory
s _: m)er Dz Korea Middleland Power Co.
g Pumped Storage Power Plant
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Passive shielding & Active shielding

PE, PE(B) - Neutron
Lead — Gamma
Cu - gamma

Blow Ar gas — Radon
Active veto




IR TR-RABBEHTE (a, v, n)

ERMAIERS] | B LA ETEH /s
HF B {F e Th 1.41-10"a 1.57-1072
B U 4.468+10°a 4.91-107"
1 U 245410 a 9.01-107"
F1F
ool 7.7410% 285107
1 % S U 7.038<10°ar 31210717
S *’Ra 232Th 40K
= 1.84+0. 2 Bqa/Kg <0.27 Bq/Kg < 1. 1Bq/Kg
= (145. 8 ppb) (<66. 42 ppb) (<35. 53 ppm)

PR T E A BUR TR S




222R1’1‘&f

Background from Radon

AT

0.20 -
0.18 5
0.16 o

0.14 o

R SRE

0.08 4
0.06 -

0.04

Wl

0.0z

0.00

RN 8522

.12 4

0.10 -

222Rn AR —IKFHRH0. 02691 F

oo o0z 04 0B 02 10 12 14 168 18 20 2.2 24

FEE (MeV

R SR R R

ok



chEE & {EY2L1h T SCI6 =K I MSSCIE B i (A FIVETO

AT BRI TR ey

B %%ﬁﬂm%%
OFHC Cusiicm : 3t




XENON Shielding & Cosmic Ray Veto

Muon Veto
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Direct detection techniques



Direct detection techniques L

Bolometer:

//
P4 | — pu
DIVIL_ ol ‘_.___.—-—""‘_.-—" Teoz Ge, CaWO4,

e B yj____ ;zilréfggation:
LXe,CaiFZ(Eu), ..
WIMP Elastic nuclear scattering
Ge ’ + 8 20 % energy )
¥~ * very pure Ge, Si

_—///V

@ization
L

Liquid Xe, Ar,Ne

G Heat )| Al,O,, LiF

L *® 100% detected energy
B * relatively slow

* requires cryogenic detectors
@20 mK temperature

+ => bolometers

+ & few % detected energy - CaWwo,. BGO. Al203
* usually fast . :

* no surface effects ?

Nal Xe™ |

+ Outsiders : metastable media, gaz...




Scintillation Crystal Detector

High light yield

Pulse shape discrimination ( DSP)
Relatively easy to get large mass
with an affordable cost



WIMP ->nucleus-> fluorescence light
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*High light yield

Pulse shape discrimination

*Relatively easy to get large mass
with an affordable cost

Internal background



Gsl csItTh Crystal Detector

GsI(TI) Grystal
' .‘ 8x8x30 cm? (8.7ky)
131Cs reduction using purified water
C

sl STRh reduction by recrystalization

3~ PMT - 92690A

o Csl crystal detector module
One 15t CSI's are running now <15 cpd

9 crystals [ <5 cpd)
within 2003, totally 9 modules
~80 ky



KIMS Experiment

CslI(TI) crystal WIMP search
at Yanyang Underground Laboratory
In Korea

Csl(TI) crystal

High light yield
Pulse shape discrimination

Relatively easy to get large mass | CslI(TI) Nal(Tl)
ith fordabl ¢ Density(g/cm3) 4.53 3.67
With an atfordable cos Decay Time(ns) ~1050  ~230
Internal background due to Peak emission(nm) 550 415
Hygroscopicity slight  strong

137CS, 134CS, 87Rb



Phvsics result of KIMS

Spin dependent limits
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Spin independent limits
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DAMA/LIBRA

»Nal(Tl) Scintillator at Gran Sasso
total 0.82 ton-year data
NaI(TI) CryStaI »0Observe annual modulation in the 2-6
keV single-hit signal band, total 11
cycles, > 8o
» Reject gamma by PSD
»No modulations at higher energy & for
multiple-hits

ember

<




% multiple-hits residual rate (green points)

vs single-hit residual rate (red points)
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Single Hit 2-6 keV
Signal Region
DAMA/NaI (7 years)
+ DAMA/LIBRA (4
years)

Total exposure:

300555 kgxday = 0.82

tonxyr
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DAMA Physics Result
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HP Ge detector / PC Ge detector

High efficiency

High resolution

Large mass

Pure material

Low noise/ Low threshold




L_ow noise PCGe

planar Coaxial detector

Li-diffused n+
(=1 mm thick)

Side surface \
passivation

I

/ Vb
B-implanted p+ RY;
(~0.1 um thick) B

C~20pF C~1pF



ULE-HPGe detector
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Typical Performance : Summary

Detector Mass 4XS5¢g S00 ¢
Pulser FWHM 80 eV 160 eV
[expect ~130 eV in next

detector]

Noise Edge 200-300 eV ~500 eV

S0% Trigger ~80 eV (@ ~ 180 eV @

Efficiency @ 4.3 0 3.1c

Discriminator

Threshold

50% Selection ~200 eV ~300 eV

Efficiency



CoGeNT detector

LLage mass ULE-HPGe detector leading by J.Collar

4759 PPC-HPGe detector base on Point-Contact Technology,
the threshold

PCGe - kg-scale mass detector and low thrsehold (from 1-2ke
V drop down to 2-300eV )

ULEGe — developed for soft X-rays detection ; easy & Inexpe
nsive & robust operation



Physics results from TEXONO &CoGeNT
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Ge (S1)+ Phonon detector

lonization detection

Phonon detection



CDMS-II ZIP Detectors
P

or .w g s' crysmls " .; - »i-‘::i:éx‘ | | : h* h* h*

7.5 cm diameter) ,
, | em t
praphically patterned

® Surface (z) ev&nt rejection
from pulse shafges and timing

® 30 detectors stagked into
5 towers of 6 detectors

SLAC. Dec. 17.2009

~ 10mEK

Al Collector |
. : W Transition- Ryes * ——

Edge Sensar (@) 3L

phonons ):)




WIMP ->nucleus—> lonization and phonon

XX

W Transition-
Edge Sensor

phonons

Phonons detection
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Iomzatlon Yleld ' d Recoil Energy'

Tonization yield

Ephonon

0 10 20 20 40 <0 60 70 80 20

»

Better than 1:104 event by event.discrimination based on yield

o »



double-
scatter

CDMS-II Detector

: VAN ‘
/

. Ge(~ 250g)*19+Si(~ 100g)*11 -t
. T~15mK \il o

* lonization & phonon

Triple-
scatte
r

« Single hit and multi-hi m-EET cards—g
SQUID card
. Pulse shape fz T T
4K H H L
WIMPs are much more likely to interact in the germanium 0.6 K - N || —
than they are in the silicon (about seven times as likely); 0.06 K \,IZI —
neutrons are as likely to interact in a silicon detector. 0.02K _|C—_JC1
ZIP 1 (Ge)
Germanium Events — Silicon Events = WIMP Events. ZIP 2 (Ge) L L
ZIP 3 (Ge)
ZIP 4 (Si)
ZIP 5 (Ge)
ZIP 6 (Si)




Liquid scintillation detector
Large mass

Reject background by S2/S1



Two-phase Xenon Detectors

WIMP

s

(S2/S1) yigmp << (S2/51),,

amma

Bottom PMT Array



TPC in Action TPC in Action

extraction and

gaseous Ar/Xe :
acceleration
multiplication grids
field
(~3 kV/ecm
field-shaping
rings drift field
liquid Ar/Xe (~ TI IEVI/{(E:m)
Transparence
layer

photodetector’s (QUPIDS) fiducial volum




XENON dark matter search program

the past
(2006 - 2007)

the current
(2007-2009)

XENONIO

XENONI00

the future
(2009-2013)

XENONIT




WarP Experiment
Installation Layout

Argon Recirculation
and Purification Unit

Electronics

Rack\\

Neutron Shield
70-cm Polyethylene

e Gamma Shield
10-cm Pb
2-cm Cu

—_Stainless
Steel Dewar

| Active Veto
60-cm Liquid

Argon

——~_Inner

. Detector

o
~

Claudio Montanari - The WArP Experiment - TAUP 2009 -July 2, 2009 18



The road to direct DM detector :from XENON 100 to XENON 1T

10 ' ' o http:dmrools brovwm eda’
Graitskell Mandic Filippind

SAENONITO (2007)

CDMS (2008)
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Physics Results
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CRESST: Al,O4 262¢g
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(1) (ionization)
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CDMS Dec09 Results

Results trom the Final Exposure of the CDMS 11 Experiment

Z. Ahmed,'® DS, Akerib.? 8. Arrenberg,'® C.N. Bailey.? D. Balakishiyeva.'® L. Ecmd:i-u 1% D.A. Baner?
P.L. Brink.!'® T. Bruch.'® R. Bunker. 14 H. ‘:d-hl-:.“l:t.lu D.O. Caldwell, J. Cocley.” P. Cushman,!7
M. Daal,l® F. DeJongh.® M.R. Dragowsky.? L. Duong, 17 3. Fallows, 17 E. I:‘]ifllﬂ'luﬂ-l" liciano,® J. E]hpplni 18
M. Fritts,'" 8. R. Golwala,!'® DR, [_11<u1t < 1. Hall,* R. Hennings-Yeomans,? S A Hertel.® D). Halmgren,?
L. Hen,? M.E. Huber,® O. Kamaev, 17 M. Kiveni,!'' M. Kos,'' S W. Leman,® R. Mahapatra.'? V. Mandic,!
K. A MeCarthy,® N. Mirabolfathi,'* D, I'I.qulL 19 H. Nelson, ' W, Oghurn,'” A. Phipps.!® M. Pyle, 1" X, II':Elu
E. Ramberg,® W. Ran,® A. Reisetter,!™7 T. Saahb,'® B. Sadoulet,® '3 J. Sander,'* R.W. Schnee, 1 N, Seitz,1?
B. Serfass. ' K.M. Sundqgvist,'® M. Lul-.a_l‘:' P. Wikus,® 5. Yellin, '™ I. Yoo,* B.A. Young.® and J. Zhang!”

|: CDMS Collaborat iu11:|

arXiv:0912.3592v]

astro-ph.CO| 18 Dec 2009

We report results from a blind analvsis of the final data taken with the Cryogenic Dark Matter
Search experiment (CDMS II) at the Soudan Underground Laboratorv, Minnesota, USA. A total
raw exposure of 612 kg-days was analyzed for this work. We observed two events 1in the signal region;
based on our background estimate, the probability of observing two or more background events 1=
23%,. These data set an upper himit on the Weakly Interacting I\I’wbue Particle {WINMP)- 1111-:'1&::11
elastic-scattering spin-independent cross-section of 7.0 x 107% cm? for a WIMP of mass 70 GeV /c”
at the 90% -:'-::unndenn:e level. Clombming this result with all previous CDMS 11 data gives an upper
limit on the WIMP-nucleon spin-independent cross-section of 3.8 x 107 cm® for a WIMP of mass
70 GeV /c®. We also exclude new parameter space in recently proposed inelastic dark matter models.

Plus, of course, many theory papers to explain a
positive result which was not claimed ......




CDMS Dec09 Results Official

Conclusion:
- arXiv: 0912.3320 .
10 e = Our results cannot be interpreted
- e | as significant evidence for WIMP
I —-crbrteroata | interactions.
o :
E lﬂ—‘u_ i — . .
= - v | However, we cannot reject either
= N 1 - .
- I L event as signal.
£ i _
g B
10 °F
= f i.e.Very Likely to be Statistical Effects
.| Spin-Independent Cross-Section § e
10 10" 10° 10° < o
WIMP mass [GeV/c?] -
How Probable is it to Detect N>=2 events at T s
Mean=0.8 Y mae !
» ~19% from Poisson Distribution : pe.
®» ~ 1.3c in Gaussian Equivalence oy e~ <
Normalized timing ;arametL? (ps) 8




Results from a Search for Light-Mass Dark Matter with a
P-type Point Contact Germanium Detector

CoG e NT collaboration
2010. 2. 25

We report on several features present in the energy spectrum from an ultra low-noise germanium
detector operated at 2,100 m.w.e. By implementing a new technique able to reject surface events, a
number of cosmogenic peaks can be observed for the first time. We discuss several possible causes for
an irreducible excess of bulk-like events below 3 keVee, including a dark matter candidate common to
the DAMA/LIBRA annual modulation effect, the hint of a signal in CDMS, and phenomenological
predictions. Improved constraints are placed on a cosmological origin for the DAMA /LIBRA effect.

1, PPC Ge detector

2, 2100m.w.e underground

3, new reject background technology
4, reject more event near 3KeV

5, hint of a signal of CDMS



CoGeNT Feb 2010 Results

®» Improved Background and at Underground (Soudan)
» Show both limits & “allowed region”

I T T T T I L T T T I T T T T I T T T T
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efficiency-corrected data
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energy (keVee) Quotable: The excess of irreducible bulk-like

1, Data after efficiency corrected ,there are Zn, Ge peaks events in CoGeNT is compatible with the WIMP
2, Pointline : trigger efficiency , hypothesis in a region where CDMS, DAMA and (several)
Dashed line : ~ trigger + PSD cut, phenomenological models (good thermal relics) can coexist.

Real line : trigger + PSD + rise time Cut . . . .
3.WIMP signal : 7Gev/c-10Gev/c It is also equally compatible with any exponential background.

Increasing Interest and Rising Activities in sub-keV Experiments
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Comments&discussion on the results f
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Comments on “First Dark Matter Results from the XENON100 Experiment™

J.I. Collar® and D.N. McKinsey?®
fEnrice Fermit Institute, KICP and Department of Physics,
University of Chicago,

ard

Chicago, IL 60637

! Department of Physics,
Yale University, New Haven, CT 06520

The XENONI10O collaboration has recently released
new dark matter limits [1], placing particular emphasis
on their impact on searches known to be sensitive to hight-
mass (below ~10 GeV /e?) Weakly Interacting Massive
Particles (WIMPs), such as DAMA [2] and CoGeNT [3].
We describe here several sources of uncertainty and bias
in their analyvsis that make their new claimed sensitivity
presently untenable. In particular, we point out addi-
tional work in this field and simple kinematic arguments
that indicate that liguid xenon (LXe) may be a relatively
insensitive detection medinm for the recoill energies (few
keWV,.) expected from such low mass WIMPs. To place
the discussion that follows in some perspective, using the
most recently suggested mean value of the galactic escape
veloeity [4]. an example 7 'f:%e‘n;"f.-“u:2 WIMP can impart an
absolute maximum of 4 keV,. to a xenon nucleus, with
the majority (~90%) of the events depositing energies
below 1.5 keV,..

It 1s suggested in [1] that the value of L_g (the ra-
tio between electron equivalent energy and nuclear re-
|_|:|11 energy ‘:LdI:I]_]tE'Ij to obtain ‘ﬁ IMFP limits is constant
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FIG. 1: Measurements of Cog in LXe, The red vertical arrow
indicates the calenlated value for the kinematic entoff in recoil
energy (see text). The most recent analysis by the XENON10
eollaboration [8], not considered in [1], follows the trend in [5]
(dark blue points). Light-mass WIMPs like those claimed to
be excluded in [1] concentrate their signal bevond the left
margin of this figure. A constant L.g ~0.12 below ~10 keV .
is used in [1] to obtain dark matter limits.
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Dark Matter Annihilation in The Galactic Center As Seen by the Fermi Gamma Ray
Space Telescope

Dan Hooper!? and Lisa Goodenough®
L Center for Particle Astrophysics, Fermi National Accelerator Laboratory, Batavia, IL 60510
EDEpar:ﬁment of Astronomy & Astrophysics, The Unwversity of Chicago, Chicago, IL 60637 and
 Center for Cosmology and Particle Physics, Department of Physics, New York Unwversity, New York, NY 10003
(Dated: October 15, 2010)

We analyze the first two vears of data from the Fermi Gamma Ray Space Telescope from the
direction of the inner 10” around the Galactic Center with the intention of constraining, or finding
evidence of, annihilating dark matter. We find that the morphology and spectrum of the emission
between 1.25° and 10° from the Galactic Center is well described by a the processes of decaying
pions produced in cosmic ray collisions with gas, and the inverse Compton scattering of cosmic ray
electrons in both the disk and bulge of the Inner Galaxy, along with gamma rays from known points
sources in the region. The observed spectrum and morphology of the emission within approximately
1.25% (~ 175 parsecs) of the Galactic Center, in contrast, cannot be accounted for by these processes
or known sources. We find that an additional component of gamma ray emission is clearly present
which is highly concentrated around the Galactic Center, but is not point-like in nature. The
observed morphology of this component is consistent with that predicted from annihilating dark
matter with a cusped (and possibly adiabatically contracted) halo distribution (p o p 134L0.04)
The observed spectrum of this component, which peaks at energies between 2-4 GeV (in E 2 units), is
well fit by that predicted for a 7.3-9.2 GeV dark matter particle annihilating primarilv to tau leptons
with a cross section in the range of (gv) = 3.3 x 10727 to 1.5 x 107%° em® /s. depending on how the
dark matter distribution is normalized. We discuss other possible sources for this component, but
argue that they are unlikely to account for the observed emission.

FACS numbers: 95.35.4d; 95.85.Pw



Dark Matter Detection in CJPL



International Main Undergound Laboratories
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Yalong River and Jinping Mountain
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The basic conditions of CJPL
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e Peak: 4193m MaX|mum rock overburden ~2500m
« Two tunnels for transportation; Length of Tunnel: 17.5km

« The Lab is in middle of two tunnels



China JinPing Deep Underground Laboratory

(CJPL)
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Three Labs have been established

L ocal Lab near tunnel
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The Gate of CJPL 1n June 201
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Moun flux on the underground
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Cosmic-ray Flux

China Deep Underground Laboratory

Y2L LNGS CJPL
(~6X10% m-2-y1) (~2X103 m=2-y1) (~2X 101 m—=.y1)

Muon flux:
--LNGS 100 times more than CJPL
--Y2L 3000 times more than CJPL



Two Detectors in CJPL

PandaX



20g, 5009 ,1000g HPGe detector

«— Polyethylene

Lead

Copper
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10kg scale PCGe detector array
with LAr active shielding

HV and Signals Cooling and Control
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Cross-section [cm ] (normalised to nucleon)

CDEX physics goal

D (79) 061101, 2009

.| 20g,1cpd
y2009 result!

| 500g, 1cpd
Projected result

10kg, 1cpd
Projected result

100kg, 1cpd
Projected result

1000kg, 1cpd
" —1 Projected result

WIMP Mass [GeV/ic]

1kg-scale detector: from 2005
10kg-scale detector: from 2010 to 2013
1T-scale PCGe array detector: from 2014



Detector Overview
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Sensitivity of PandaXx

Assumptions:
5.5 PE/keV
*Energy range: 3-30 PE

-200 day x 25 kg 'g 2ok A
exposure = -
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Summary

Dark matter search iIs very importance basic science in 2
1 century, Chinese scientist would like to make con
tributions for human being

New development of Radiation detector technique will
boost Direct detection of Dark matter

CJPL-the deepest Lab provide very good concourse
for us . We should collaborate to push the DM program go

fArianrnavAl



Thanks



