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OUTLINE

+ Direction sensitive DM search

« 3D-Track Detector (Micro-TPC)

« Surface run result

« NEWAGE first run @Kamioka mine
« SUMMARY
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1. Direction sensitive DM search
“WIMP-wind” detection




+ WHY and How “Direction-sensitive” ?
@ Large mass for exclusion (and indication)
@ BUT Annual modulation is not enough...
@ Direction-sensitive for detection

>
Evidence of Dark Matter \\ >
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WIND
Non-direction sensitive Direction sensitive

Annual Recoil nucleus

EIY modulation Asymmetry
C6xp = 0.1 pb
' P = 0.3 GeV/c2/em?
Vo =220km/s
VE =247 km/s (Jun.)
217 km/s (Dec.)
Vese = 650 km/s
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+ Our Plan of direction sensitive DM serch

@ Gas target + 3D tracking device (hext section)
Tracking recoil nucleus

Gamma rejection by dE/dx
® Goal: Detect the WIMP-wind (2010~)

- underground-low pressure ( CF, 0.05 bar )
- large volume (1m3 x N

e CURRENT: i Senskiy
. CF, 0.2 bar Spln Dependent)
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2 Detector micro-TPC

(micro time projection chamber)
NIM A 576 (2007) 43 K.Miuchi et.al
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micro-TPC principle

@ Gas volume
- DRIFT length 31cm
- CF4 0.2bar gas, sealed

- i Rl

Drift Field ~200V/cm

e- cloud

u -PIC : fine pitch 2D gas devic

Direction Sensitive

y . I
i . at’s y-PIC? WIMP-search
< §3 X 58 X 31cm? What’s GEM? NEWAGE




@ u-P'C (gas gain 2000) Takada et. al. NIM

cf.F.Sauli

- Micro pixel chamber e GEM (gas gain 1~2)

Gas electron multiplier
®23cm X 28cm

- 589,824 pixels 400 ¢ m pitch
. 768+768 readout

536 digital signals
A Dl Position

5ﬂmmum
Cathode

(X,Y) +Time(2) “":'““;Y




TPC performance tracking Example

Gas CF, 0.2bar
Alpha-Particle Event
Nhit=18
Energy=6.5MeV
Length=10.2cm

= 2 3D spatial resolution

~800um
cf. F(100keV) run 800 ' m

Z-? Detect both

Track and Energy!

. Analog waveform

an . Direction Sensitive
"'20 15 <10 -5 0 5 10 s {I 5 10 15 20 25 30 35 40 45
Z (cm) WIMP-search
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Proton track
+ TPC performance ——

direction 30cm '

N

o CF,+C,H,, (9:1) 0.2bar h

® Protons have longer tracks _
n -> p forward scattering are seen 4 L/

(this is what we want to do with m 1 =7 tsam
anodefcm] . 16 catode[cm

WIMP -> F scatterings) sem T tsem -15om y
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o TPC performance Spectrum With 137Cs

gamma-ray rejection f ......... A ............ ...... Wlthout(BGrun)

® gamma-rays from 13’Csj§
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3 Surface Run

® 2006 Nov.1st ~ Nov.27th
® exposure 0.15 kg days
» @Kyoto university (N35.03 E135.783)

K.Miuchi et. al.
To appear in PLB
Preprint arXiv:0708.2529
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3 Surface Run dru

Cosy distribution

Direction of

200

WIMP wind

counts/keV/kg/days/cos
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4 Underground run @Kamloka

*In Kamioka mine e %
«2700m w.e depth ;f*j;--—fgtzgg"i’*?g o L A
10 neutron (v.s surface) .=
*No shield ol
Stable Operation
Background Study

KAMIOKA Lab- B
% 2007/1/19




First operation report @Kamioka
GEM trouble. Gas

Replace GEM

Install lost Effective Area replace Gas

2007 replace
Jan. Feb. | Mar. Apr. May Jun.

Jul. Aud.

Comissioning run BG run 1 BG run 2
BG run exposure [kg-days] 0.08 0.15
3 p 2 » 3§ 2 T 9 3 p
cal cal cal cal cal cal cal cal

-

th ~ th
8 calibrations run with 252cf, 2007 Mar 6" ~Aug 6
2 replaces of gas 0.23 kg-days oiwrin semsiic

WIMP-search

Fiducial mass 1.9g NEWAGE




|  GasGain (5/15-) |

« Stability(BGrun2)
e Gas gain
&DAQ rate:

Slow decrease
10%~20% / month

—correct by analysis

Gain (relative)
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+« Spectrum
(preliminary)
@ BGrun1 + BGrun2
e 0.23kg-days

# Langtrdom, 2 F - _red :Kamioka first

> e ............ .............. -I- ........ U S e : ) .............
“BGdecrease S = B mn s 8
40% of surfacel®



Background Origin

+« Gamma-ray
Rejection power ~10-4 /\  Now checking

+ Neutron X

Surface : mine ~ 1:10-3

« alpha or heavy particle (Inside Chamber)
® 222Rn in U chain:
® U, Th in drift plane and GEM

now studying




« SUMMARY
e 1 TPC (3D imaging device)
Gas: CF4: 0.2 bar
u-PIC + GEM sub mm

® Result of Surface run
K.Miuchi et. al. to appear in PLB Preprint arXiv:0708.2529

@ underground run started

Total exposure 0.23 kgday up to Aug.2007
Event rate is 40% of surface run of @100keV

Now background study

« Future work
® Reduce Rn, U, Th in detector
@ Larger Detector , low pressure

Direction Sensitive

® Low background run WIMP-search
NEWAGE




Grazie !!

Direction Sensitive
WIMP-search

NEWAGE




Fiducial cut

reject by x-y projection

Direction Sensitive
WIMFP-search

NEWAGE




222Rn emanation and
alpha from drift plane

Chamber

@ peak @ 4-9MeV

Fiducial area

Drift Plane |E

Increase of peak @ 6MeV
With decay constant of Rn (3.8days)

2 4 6 8101214161?_‘20



+« TPC performance tracking
L Neutron response Preprints: physics/070118 K.Miuchi et.al

X,Y image : Z(time) pl"OjeCtIO

pe
wFIC en hit=4) - T

B Bl

F,C tracks
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.....................

15cm Trigger:z=0

XM s Y satfer
45cm _ 15cm -15¢m o Fiducial 24 x21.5x 31cm3
* F 500keV 5~6mm (CF, 8.99)

in 0.2atm CF,

Direction Sensitive

FLAT response , 77"~



+« TPC performance (with Ar+C2H6 gas)

@ Gas gains
. operation gain for MIPs ~50,000
L N

Gain curves

® Gain uniformity
. Maximum / minimum = 2.z

total gain



ANCA SN

Properties of u TPC

a )
Track length threshold :
dE/dx threshold ;
with electron/nuclear recoil discrimination ability
\_ recoil direction sensitivity (Bragg curves) Yy
gas Pressure Density
[Torr] [g/m3] Need to study
low-pressure u TPC
Xe 5 38 &
CF4 — AN\ \Vi — () a

WIMP WIND

Sensitive

WP search

YAGE




At Kamioka Observatory (1000 m.w.e)

A
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