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プレゼンター
プレゼンテーションのノート
We also can see the performance of direction detection,
using gas mixture with a 
little C4H10. 
The proton in C4H10 is same mass of neutron 
So that the neutron scattering is good model for WIMP scattering to Flouline.
The scattered proton by neuron is clearly tracking like this picture.
And this graph show the anguler distribution between neutron and proton. The X axis is cos gamma
 and y-axis is event number. 
We can see that the recoil direction concentrate forward.
And we plot the recoil direction on celestial sphere  like this.
This celestial sphere show  direction of west and north and east,and zenith.
And horizon of earth is here and upper is sky region under is underground  region. 
And in this case we put the neutron sourse this position ,
Which is correspond to the peak of direction of recoil neutron.
As neutron scattering, we hope that we can see direction of  WIMP scattering.
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プレゼンター
プレゼンテーションのノート
Another advanced point of TPC detector is that this detector has gamma-ray rejection
 with using relation ship of track length and energy.
We can distinguish electron track and nucleus track by dE/dx.
This graph show it.
The x-axis is the energy up to four hundred keV  and y axis is track length up to five cm of each event.
Irradiated gamma-ray, the gamma-ray event, which electrons run, appear in region of under one hundred kev or long length region,
Because electron de/dx is smaller than nucleus one.
In the other hand, like neutron event, which running heavy particle, appear around this region.
This is the spectrum of gamma-ray run and Background run up to four hundred keV
With length of shorter than 1cm,
Subtracted result is here, over one hundred keV, 
There are no gamma-ray event but only statistic error of nuetron.background.
It means we can reject gamma-ray to smaller than two times ten to minus fourth,
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プレゼンテーションのノート
Another advanced point of TPC detector is that this detector has gamma-ray rejection
 with using relation ship of track length and energy.
We can distinguish electron track and nucleus track by dE/dx.
This graph show it.
The x-axis is the energy up to four hundred keV  and y axis is track length up to five cm of each event.
Irradiated gamma-ray, the gamma-ray event, which electrons run, appear in region of under one hundred kev or long length region,
Because electron de/dx is smaller than nucleus one.
In the other hand, like neutron event, which running heavy particle, appear around this region.
This is the spectrum of gamma-ray run and Background run up to four hundred keV
With length of shorter than 1cm,
Subtracted result is here, over one hundred keV, 
There are no gamma-ray event but only statistic error of nuetron.background.
It means we can reject gamma-ray to smaller than two times ten to minus fourth,
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プレゼンター
プレゼンテーションのノート
Next I will briefly introduce of result of surface operation, which will be published from Physical letter B.
The surface run is operated @ November 2006 @ kyoto university,
This is the spectrum of  this background run from 100 keV to 400 keV.
From this spectrum the limited curve of cross-section of WIMP was drawn as this blue line.
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« TPC performance tracking

@ Neutron response Preprints: physics/070118 K.Miuchi et.al
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プレゼンテーションのノート
We  checked  also neutron response.
This show the tracks of recoil nucleus scattered by neutron, 
Which taken by our detector with prompt gamma-ray as trigger.
And these each color points are some tracks of nucleus. 
This is x-y map of integrated hit point and this is z-projection of the integrated hit number.
The response is flat in area of 24times 21.5 times 31 cm cubic and effective mass is eight point nine grams.
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micro-TPC principle

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

Drift Field ~200V/cm

31cm

u-PIC : fine pitch 2D gas device
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プレゼンテーションのノート
Let’s see in side chamber.
There are drift cage which makes drift field and detection volume.
This picture is shown principle of this detector.
In drift region Charged particles, such as scattered nucleus, scattered electron, alpha particle,
Produced electron cloud along their  tracks .  These electron is pulled to down side and 
Amplified by gem and by uPIC and detect as electronic signal with position information,
 The GEM and uPIC are micro pitch gas device. And I explain them.


] u'PIC (gaS gain 2000) Takada et. al. NIM e

- Micro pixel chamber e GEM (gas gain 1~2)
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Gas electron multiplier
@ 23cm X 28cm

- C1Cc2c3ca...
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プレゼンテーションのノート
GEM is developed by F.Sauli at CERN, it has 70 um  hole with pitch of 140 micron meter and it can multiply the electron about ten times.
u-PIC is 2D imaging device which have been originally developing in our laboratory.. 
This is schematic structure of uPIC, there are cathode strip, described green in this figure, with pitch of four hundred micron.
And it has holes with same pitch and there are anode in center.
Anode is connected with anode strip on backside of detector,
The electron is amplified around anode and
we can get signal of anode pixel from both of anode strips and cathodes strips.  
There are 590 thousands pixel in 30times30cm2 and one thousand fifty strip readout.
We use u-PIC with gas gain 2000. 
The electron which is pulled down from drift region is preamplified at gem with gas gain 2 
And Amplified at u-PIC and is readout from anode and cathode strips. 
These signal is Amplified and diditized by



TPC performance tracking
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プレゼンテーションのノート
This is a example track taken by TPC.
This event seems to be alpha particle.
These three picture show the projection track to each plane,
And this line show wave form of analog signal which is like brag curve.
As this data show we can get charged particle track with mm pitch and energy.
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« TPC performance

direction
o CF,+C,H,, (9:1) 0.2bar
e Protons have longer tracks
n -> p forward scattering are seen
(this is what we want to do with
WIMP -> F scatterings)

Proton tracks

Horizon
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We also can see the performance of direction detection,
using gas mixture with a 
little C4H10. 
The proton in C4H10 is same mass of neutron 
So that the neutron scattering is good model for WIMP scattering to Flouline.
The scattered proton by neuron is clearly tracking like this picture.
And this graph show the anguler distribution between neutron and proton. The X axis is cos gamma
 and y-axis is event number. 
We can see that the recoil direction concentrate forward.
And we plot the recoil direction on celestial sphere  like this.
This celestial sphere show  direction of west and north and east,and zenith.
And horizon of earth is here and upper is sky region under is underground  region. 
And in this case we put the neutron sourse this position ,
Which is correspond to the peak of direction of recoil neutron.
As neutron scattering, we hope that we can see direction of  WIMP scattering.
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Another advanced point of TPC detector is that this detector has gamma-ray rejection
 with using relation ship of track length and energy.
We can distinguish electron track and nucleus track by dE/dx.
This graph show it.
The x-axis is the energy up to four hundred keV  and y axis is track length up to five cm of each event.
Irradiated gamma-ray, the gamma-ray event, which electrons run, appear in region of under one hundred kev or long length region,
Because electron de/dx is smaller than nucleus one.
In the other hand, like neutron event, which running heavy particle, appear around this region.
This is the spectrum of gamma-ray run and Background run up to four hundred keV
With length of shorter than 1cm,
Subtracted result is here, over one hundred keV, 
There are no gamma-ray event but only statistic error of nuetron.background.
It means we can reject gamma-ray to smaller than two times ten to minus fourth,
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This sky map describe a distribution of direction of background event, and expected track of WIMP wind direction,
And this graph cos gamma distribution, while gamma is angle between a direction of each event and a direction of WIMP wind at each time. 
The blue points are experiment data and red line is best fit assuming WIMP distribution,
Which this assumption was decline.
Then from this parameter, we draw limited line of dark matter cross section in this figure, which is this red line.
This is first result of direction sensitive method.


  


« Our Plan of direction sensitive DM serch
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And I show  our plan and  goal for our experiment.
We use gas target and high performance gas chamber, micro TPC, I will explain later.
This system can get  track of recoil nucleus, and have high rejection power of gamma-ray event.
With this system 
We plan to go large volume experiment with some cubic meter detector with low pressure CF4 gas.

This graph show our goal.
X- axis is WIMP mass and y-axis is spin dependent cross section of WIMP against proton,
and these line is sensitivity curve for WIMP,
Our goal is this line which reach MSSM region if we use 300 cubic meter.
Now we are operating a proto-type detector with volume of 30cm with this condition.
I`ll explain current status of our detecter
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