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µ-PIC (30*30cm2)
Micro-patterned gaseous detector

30cmµ-PIC (30 30cm2)
• Gas amplification + readout

400 m pitch

30cm

• 400µm pitch
• 589824 pixels

768+768 reado ts

0.5 cm

• 768+768 readouts
• Gas gain ~1000    with 0.2bar CF4

µPIC structure 30cm µPIC
(Toshiba/DNP)(Toshiba/DNP)



µ-PIC characteristics
Propaganda like actuallyPropaganda–like 
characteristics

actually…

High gain Still suffers from sparks (2nd lot).  
We use a GEM as a pre-amplifier.

Maintenance in EasyMaintenance in 
long-term operation

Easy
spark -> conductive : limited to one pixel 
(c.f. GEM )( )

Mechanically robust Yes 
No 3-dimensional structure (c.f. GEM).

Large area Current working process restricts the size 
to 30*30cm2

Cheap NOT YET.
PCB 
technologyCheap NOT YET. 

$20,000 / 30*30cm2 is still expensive. 
technology

personal comment p
• We had µ-PIC so we used it. 

Maybe this is not the best device for DM search…



Large area GEM
(scienergy)GEM (23*28cm2)

• Pre-amplifier
(temporally use) 
S t d t 8 t i

28cm
• Segmented to 8 strips
• 140µm pitch 70µm diameter

G i 3 ith 0 2b CF• Gas gain ~3   with 0.2bar CF4

“Dead-segment”  problem of GEMg p
• Spark -> get conductive 

-> no gas multiplication -> dead segment

March, 2007Jan, 2007 July, 2007
deaddead dead5 / 8 alive 



TPC system
Gas volume drift plane (z=31cm)

-VDRIFT 8.25MΩ
（×31）-8kV/20µAGas volume

• DRIFT length 31cm
CF4 0 2bar gas

Field shaping pattern
（×30）

1cm

8kV/20µA

• CF4 0.2bar gas
• sealed operation 

with a getter pump

（ 30）

915V

TPC field cage

with a getter pump

PIC ( 0 5 )

-VGEMT

-VGEMB

33MΩGEM
(z=0cm)

-915V

-630V
µ−PIC (z=-0.5cm)

+Vµ-PIC+500V

inside
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DIGITAL : Tracking
Readout electronics

DIGITAL : Tracking
• 768 anode + 768 cathode

Digital (LVDS) signals at ASD• Digital (LVDS) signals at ASD
• (X,Y,T) at the position encoder

100MHz pipeline• 100MHz pipeline TPC system

ASDANALOG : energy
• 768 cathode  –sum-->  2ch

ENCODER

DATA sizeDATA size
• 16k byte /event

20Gbyte /month @0 5Hz• ~ 20Gbyte /month @0.5Hz



1500ch feedthrough
feedthrough board• feedthrough board

• everything is out of the vessel
easy to maintain• easy to maintain

• keep the gas purity 

256ch feedthrough board

O-ring
TPC volume

July 24, 2007 Cygnus07
O-ring

board
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Response
Stability monitoringStability monitoring

• drift velocity 
12% decrease in day 2~3012% decrease in day 2 30

• gas gain 
2300 +-4%rms2300 4%rms

• energy resolution
46% -+ 6.4%rms

• three parameters p
: acceptable



Calibration / gain monitor
• Heavy ion (not a γ source)
• On / off from outside 

10
• 10B(n,α)7Li reaction

(Q=2.70MeV     1.8MeV for α)
10B ( 0.6µt ) 
evaporated on glass

252Cf 
+ thermalizer

Sep. 12th 2006 
Kentaro Miuchi IDM2006

Set on the drift wall



Calibration / gain monitor
• typical results

XY image spectrum

typical results

XY image
spectrum

α

Li

p
(GEANT4
）

keV

α+Li 

2000

keV

energy vs length

keV

• @DM energy region (~100keV): @ gy g ( )
• extrapolation by energy-length correlations
• direct measurement method is being investigated  



energy resolution
• Radon peak （5-8MeV） 40％FWHM
• due to the gain inhomogeneity of the  µ-PIC

l t ith A b d 60％FWHM@60k V• low energy: measurement with Ar-based gas : 60％FWHM@60keV
• statistics restricted
• extraporation withextraporation with 

W value, num of electron 60×sqrt((54/26)×(60/100))
= 70％FWHM @100keV

di t t i d d

60%@59.5keV

• direct measurement is needed.

gain map

radon peak



gamma-ray rejection
energy length correlation• energy-length correlation

• gamma-rays from 137Cs

neutron（BG） neutron（BG）



gamma-ray rejection
• spectrum, BG subtractionp ,

Subtracted energy spectrumEnergy spectrum

thi k 137Cthick: 137Cs run

hatched: no source

neutron
consistent with 0
（>100keV）

（BG）

gamma rejection (=efficiency to electron tracks)• gamma rejection (=efficiency to electron tracks)
＜ 2e-4 （statistics limited）



nuclear detection efficiency
neutrons from 252Cfneutrons from 252Cf

• 0.4 @ 100keV



Proton tracks

30cm
nuclear tracking, 

i i d i
CF4+C4H10 (9:1)  0.2 atm n

252Cf

30cm

Z(drift)

imaging demonstration
4 4 10 ( )

n -> p forward scattering  
(emulation of  WIMP -> F scatterings) 15cm

Z(drift)

0cm

252Cf
YX

-15cm 15cm -15cm

Cf
（NE45°

zenith35°）
CF4+C4H10

252Cf run

θ

n

p

Jan 27, 2007 3rd MPGD workshopRecoil direction image1
0

Cos θ
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Surface run
2006 Nov 1st Nov 27th2006 Nov.1st ~ Nov.27th

exposure 0.15 kg days (=0.0089kg ×16.7days)
@Kyoto university (N35.03 E135.783）
Energy spectrum（conventional method）e gy spect u （co e t o a et od）

Energy spectrum



direction-sensitive analysisy
• The sky map (by nuclear recoil tracks)
• flat neutron background is seen

North sky view seen by C and F nuclei
(100-400keV)

DM direction



DATA simlation
measured sim

measured

“DM wind”

measured

×
Input: energy BIN, detection efficiency

detector response DM wind

= Input: E resolution, angular resolution,
WIMP mass, energy BIN

comparison

cross section

=

sim
For given WIMP mass

p

sim

For given WIMP mass,
energy bin

sim

Expected cosθ distribution
（DM）

Expected  “DM wind”

（DM）
given 

WIMP mass, energyBIN



Cosθ distribution

(100-400keV)Results
• DM signals are rejected by X2 tests
• …while the distribution was 

i t t ith fl t di t ib ti

DM limit

consistent with a flat distribution 

Jan 27, 2007 3rd MPGD workshop
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Future plans
lti t l i 100 3 iti it

30cm2*4pcs

ultimate plan is 100m3 sensitivity

STEP 1
30cm2 4pcs 
funded 2007-2009 
• simple scaling-up based on p g p

the existing µ-PIC
• low BG materials

t i th iti it• to improve the sensitivity

R&Ds for 1m3 TPC with MPGD readout
STEP 2

R&Ds for 1m TPC with MPGD readout 
• get ready for the ultimate version
• 30cm2 unit is maybe too small

strategy 1: • 50cm2 µ-PIC and scaling-up of the  electronics 

strategy 2: • other MPGD + TIMEPIX-like ASIC (discussion with gy (
KEK started)



very near future plans
ti ith 0 05 b CFoperation with 0.05 bar CF4

longer  (50cm) drift
SI itiSI-sensitive gas

underground run at Kamioka since Jan, 2007



BG studies (very preliminary)
radonradon

• time dependence is seen > 4MeV
• lower energy : being studied

> ４MeV rate

lower energy : being studied 

alpha
• hard to PID by energy-length

below 1MeV
from drift plane GEM

gamma-ray

• from drift plane, GEM 

g y
• well-rejected  >100keV
• DM run can be performed with 

137C i t137Cs existence 

neutron
• underground run : just started



SUMMARY
µTPC：30cm cube in operationµ p

direction sensitive method works!direction-sensitive method works!

NEWAGE：underground run just started 


