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1. DM experiment with MPGD	
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Directional Dark Matter Search with MPGD	
T. Tanimori et al. / Physics Letters B 578 (2004) 241–246 245

Fig. 3. Simulated recoil angle distributions for the ST (semi-tracking) mode (upper) and the FT (full-tracking) mode (lower). The pressures
of the CF4 gas are 30 and 20 Torr for the ST mode and FT mode, respectively. Neutron background is estimated based on the measured fast
neutron flux (1.9± 0.21) ! 10"6 n/(cm2 s) at Kamioka Observatory and a 50 cm water shield. WIMP signals, neutron background, and the
total observable events are shown in the hatched, filled, and solid-line histograms, respectively. Theoretical calculations are also shown by the
dashed lines.

Fig. 4. Asymmetry-detection confidence level (ADCL) [! ] as a
function of the gas pressure and the corresponding recoil energy
threshold. It is seen that FT (full-tracking) and ST (semi-tracking)
modes have different optimum pressures.

4. Conclusions

In this Letter, we have shown that µ-TPC filled
with CF4 gas is a promising device for WIMP-wind
detection via SD interactions. By the full-tracking
method with sufficient exposure, it is expected that
we cannot only detect the WIMP-wind, but can also
precisely study the nature of WIMPs.
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•  Dark matter is coming to the 
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(IRSN- Cadarache) allowing to select the energy of the neutrons by the angle with respect to a
proton beam producing a neutron resonance on a LiF target.

On fig 4 (center and right panel), 3D tracks of nuclear recoils following elastic scattering of
mono-energetic neutrons are represented. On the center panel, a 8 keV proton recoil leaving a
track of 2.4 mm long in 350 mbar of 4He + 5%C

4

H
10

is represented. The right panel presents a
50 keV (in ionization) fluorine recoil of 3 mm long obtained in a 55 mbar mixture of 70% CF

4

+ 30% CHF
3

.

4. MIMAC at the Underground Laboratory of Modane (LSM)
In June 2012, we have installed the bi-chamber module, at the Underground Laboratory of
Modane (LSM), see fig.5 .

Figure 5. The bi-chamber module installed at Modane in June 2012.

The set-up includes a close loop gas system with in-line filtering and is able to reach a vacuum
of 10�6 mbar. The pressure was regulated at 50 mbar. The gas mixture used was 70% CF

4

+
28% CHF

3

+ 2% C
4

H
10

We have calibrated twice a week by means of fluorescence produced by
X generator on thin foils of Cd (3.2 keV), Fe (6.4 keV), Cu (8.1 keV) and Pb (10.5 and 12 keV).
In the fig. 6, we show the low energy calibration obtained, its linearity and the stability of the
calibration given by the bin position of the di↵erent peaks as a function of time. The first data
acquisition started on June 22nd and it has been continuously run and remotely monitored up
to October 12th .

Figure 6. Left: The fit of the five X-ray peaks produced by fluorescence. Centre: The linear
calibration obtained from the fit. Right: the gain stability from July 5th to August 28th.

In order to characterize the total background of our detector at Modane, we worked without
any shielding. Besides the very good stability of the calibration validating the gas circulation,

Figure 4.0.1: Sensitivity goals of the NEWAGE project. Thick and dotted lines show expected 3! asym-
metry detection sensitivities by the ST(semi-tracking) and FT(full-tracking) modes, respectively. Details
are described in [73]. An experimental result of NAIAD (thin dashed dotted line labeled UKDMC) and
MSSM predictions (thin line labeled MSSM) are also shown [41, 74].

4.1 NEWAGE-0.3b’ detector

A new detector, NEWAGE-0.3b’, was designed and developed to improve the sensitivity by

one order of magnitude. NEWAGE-0.3b’ consists of a micro time projection chamber (µ-TPC),

its electronics system, and the gas circulation system (Figure 4.1.1).

Figure 4.1.1: The photograph of whole system of NEWAGE-0.3b’ in Kamioka underground laboratory.
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25cm	

30cm	

1m	

DM-‐TPC	  
・CCD(256um	  pitch)	  
・2D	  track	  
・Head/tail	  recogniGon	  
・Underground	  

DM experiments using Gas Detector	
DRIFT	  
・MWPC(2mm	  pitch)	  
・First	  started	  gas	  detector	  
・Underground	  
・Low	  background	  
・Large	  size(~1m3)	  

MIMAC	  
・MicroMegas(~424um	  pitch)	  
・Underground	  
・10×10×25	  cm3	  

NEWAGE	  
・μ-‐PIC(400um	  pitch)	  
・3D	  track	  
・DirecGon-‐sensiGve	  limit	  
・Underground	  
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2. NEWAGE	
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NEWAGE0.3b’ Detector @Kamioka mine	

GEM：Preamplifier (Gas gain ~10)�
    LCP 100μm�

•  Detection volume�
30×30×41 cm3�

•  Gas
CF4(76 torr)�

Figure 4.0.1: Sensitivity goals of the NEWAGE project. Thick and dotted lines show expected 3! asym-
metry detection sensitivities by the ST(semi-tracking) and FT(full-tracking) modes, respectively. Details
are described in [73]. An experimental result of NAIAD (thin dashed dotted line labeled UKDMC) and
MSSM predictions (thin line labeled MSSM) are also shown [41, 74].

4.1 NEWAGE-0.3b’ detector

A new detector, NEWAGE-0.3b’, was designed and developed to improve the sensitivity by

one order of magnitude. NEWAGE-0.3b’ consists of a micro time projection chamber (µ-TPC),

its electronics system, and the gas circulation system (Figure 4.1.1).

Figure 4.1.1: The photograph of whole system of NEWAGE-0.3b’ in Kamioka underground laboratory.

57

μ-PIC: Anode pitch 400 μm�
     Gasgain ~103	

hole diameter : 70 μm�
pitch : 140 μm�

μ-PIC	

30
cm
	

30cm	

41cm	

GEM	
Drift Cage	

Good for spin 
dependent DM search	
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Latest Result	
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NEWAGE 2010 (RUN5)NEWAGE surface run

THIS WORK (RUN14)
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Figure 5.2.2: Limits of SD cross section, !SD
!!p, as a function of mass of WIMP mass M!. Red thick solid

line is the result of a directional method in this work. Blue thick dotted line is a result obtained with
the conventional method for reference. Red thin lines labeled ”NEWAGE surface run” and ”NEWAGE
2010 (RUN5)” are previous results measured at surface and Kamioka, respectively[83]. Allowed region
(DAMA[39]) and upper limits of other experiments are shown for comparison. Green lines are limits set
by liquid or solid detectors, blue lines are the limits set by gas detectors with conventional analysis.

reference. The largest systematic error is arised from the uncertainty of the energy resolution.

Since the shape of the expected energy spectrum is exponential (Figure 2.1.2), the lower limit

is obtained for the larger energy resolution. As described in the Section 4.4.2, the energy

resolution is sum of !uni = 20 ± 5% and !noise = 2keV. In order to obtain the conservative

limit, !uni = 15% is used for the analysis (total energy resolution is 7.8 keV for 50 keV). It

should be noted that the direction-sensitive analysis and conventional method provide similar

limits with this low statistic results. Figure 5.2.3 shows the calculated "2/d.o.f. values with the

WIMP model (red), and calculated that with the flat-background model (black). The minimum

"2 values are shown in the 20! 70GeV mass region. As for the 100! 1000GeV mass region,

86

Conditions  RUN14
•  period：2013/7/20~∼8/11,  10/19~∼11/12
•  live  time  ：31.6  days
•  fiducial  volume：28×24×41  cm3
•  CF4  gas(76Torr)
•  mass：10.36  g
•  exposure：0.327  kg・days

Skymap  in  galactic  coordinate

•  the best direction-sensitive limit      
(K.Nakamura et.al, PTEP(2015)043F01s) 

•  Black point is nuclear recoil event
•  Gradation color: detector eficiency
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3. Motivation 	
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6.1 High energy backgrounds

Figure 6.1.1 schematically shows the candidates of the high-energy background. Events

crossing the outer region of the fiducial area, or the veto area, as 1! is removed by the fiducial-

cut. Remaining events are categorized into three types; the events from +z ( 2!), the events from

gas ( 3!, 3!’, 3!”), and the events from "z ( 4!, 4!’, 4!”, 5!, 5!’, 6!, 7!, 7!’). These three types of

events di!er in the drift length. By the gas di!usion, a large TOT-sum is obtained for an event

with a long drift length. Figure 6.1.2 shows the simulated TOT-sums assuming three origins

of the background sources. The events generated from the "z region (red points; 4!, 4!’ 4!”, 5!,

5!’, 6!, 7!, 7!’), have a short drift length and a small di!usion, and result in small TOT-sums.

On the other hand, the events generated from the +z region (green points; 2!) and generated

from the gas region (blue points; 3!, 3!’, 3!”) have a long drift lengths and a large di!usions,

and result in large TOT-sums.

Figure 6.1.1: Candidates of high-energy background events (500" 15000 keV).

91

C	

Background	

p  Main background event in μTPC  
•   ⑦ in the high energy region 
•   C  in the low energy region	

p  α-rays (U/Th-chain) from the glass cloth in 
PI 100μm of μ-PIC is dominant	

NEWAGE0.3b’	

 The Z fiducialization is, if possible , very important. 

Z	

p  We already could XY fiducialize	



Self Triggering TPC	
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e-	

Electric field	

Trigger timing	

Z	

μ-
P
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 &
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E

M
 	

:	  absolute	  Z	

:	  relaGve	  Z	

Absolute Z-position cannot be known in self-trigger.	

e-	

Nuclear track	



ability to fiducialize events with the minority peaks would have a huge impact on 
DRIFT and other rare-event TPCs. 

Fortunately, the addition of a small amount of O2 to the gas mixture has been 
found to greatly increase the size of the minority peaks, as presented in Fig. 1. 
 

 

 
FIG. 1 – The arrival time distribution of negative ions after a 15.24 cm drift in a 273 V/cm drift 

field in a mixture of 30 Torr CS2, 10 Torr CF4 and 1 Torr O2.  Followng earthquake fidudialization 
and spectroscopic notation the minority peaks are labeled as shown. 

It will be shown below that the I carriers in mixtures with small additions of O2 
are the same as the I carriers observed in previous experiments.  Only 3 minority 
peaks have been identified thus far.  The appearance of the D peak is ephemeral 
so this paper will focus solely on the properties of the S and P peaks. 

It is now thought that the appearance of the miniscule S and P minority peaks 
in [4] was due to a small concentration of O2 in the gas due to outgassing.  
Previous mobility measurements have been performed with gas mixtures of CS2 
and CF4, Ar, Xe, CH4, He, Ne and CO2 [2-4, 6, 8] and there have been no reports 
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•  The first measurement of absolute Z-position in a self-triggering TPC 
•  Using negative ion gas CS2 with a few percent O2 	

Fluorine recoil energy (keVr) NIPs

10 140
20 332
50 1055
100 2528
150 4165
200 5852

Table 1: NIPs yield as a function of energy for fluorine recoils, from Ref. [34].

forthcoming paper. However, the results of Refs. [31, 32, 33] suggest that the
addition of 1 Torr O2 will change the W-value by ⇠ 1%, which is a factor of
two smaller than the uncertainty of the W-value used here [30]. Fluctuations in
the 55Fe energy measurement were observed at the ⇠ 4% level over the course
of the full 46.3 live-day dataset. Table 1 shows how the NIPs yield varies with
energy of the fluorine recoil. It is based on calculations in Ref. [34], as validated
experimentally in [27].

The use of z-fiducialisation has increased the signal acceptance relative to
Ref. [27] by replacing a set of low-e�ciency cuts that had been necessary to
remove background events originating from the electrodes, with a reduced set
of straightforward, high-e�ciency cuts described below. The ratio between the
ionisation measured in the minority peaks to that measured in the I peak on the
channel with the highest maximum voltage in the ROI (see Figure 1) was found
to be a powerful parameter for discriminating between nuclear recoils caused
by calibration neutrons and background events such as sparks [26]. Events for
which this ratio was < 0.4 were cut. One further high-e�ciency (⇠ 97%) cut was
added to ensure that the ionisation detected on the grid was in agreement with
that detected on the anode, which removed a residual population of oscillatory
background events described in Ref. [35].

An event passing the preceding set of cuts had its maximum amplitude chan-
nel’s waveform passed to a peak-fitting algorithm, which used a three-Gaussian
fit to find the arrival times of the I, S and P peaks at the anode. The D peak was
not used, since its amplitude was often within the noise. The time di↵erence
between any two peaks can be used to calculate the event’s z position using:

z = (ta � tb)
vavb

(vb � va)
. (1)

Here, a and b represent two di↵erent carrier peaks (I, S or P), and t and v are
the arrival time relative to trigger, and drift velocity, respectively. In practise,
the I and P peaks were used, since the S peak is suppressed for events with
high z [26]. Events for which the algorithm failed to calculate a z position were
cut, which removed all events from the WIMP-search run other than the well-
understood radon progeny recoils (RPRs) and low-energy alphas (LEAs) [22],
whilst preserving ⇠ 70% of recoil-like events from the neutron-calibration runs.

6

MWPC	

Z	

ta	tb	

CS2
-	minority charges	

Z-fiducialization used by DRIFT	
 [Physics of the Dark Universe 9-10(2015)1-7]	
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Negative Ion Gas	
SF6	

Negative Ion Gas Candidates	

•  Non-toxic, Non-volatile, 
Nonflammable 

•  Electron Affinity 1.1eV 
•  Insulating gas 	
•  High electric field is necessary 
•  Recently demonstrate with   

THGEM 
•  Requirement of gas gain  
 
 
,using amplifier[1V/pC], then the amplitude of minority 
peak will be 15mV at Nuclear recoil (50keV)  

CF4(electron drift(normal) gas)	
•  Being used for NEWAGE 
•  Typical drift velocity : ~cm/μs 

•  Operation Gas gain 3000 (76Torr) 
•  Amplifer gain 160mV/pC(ASDchip) 

Typical drift velocity: 10-2cm/μs We can use slow shaping time amplifier(good S/N). 

[N.Phan	  talk	  at	  CYGNUS2015	  ,	  June	  2015]	

•  Toxic, Volatile, inflammable 
•  Electron Affinity 0.89eV 
•  Used with MWPC 
•  Requirement of gas gain  
 
 
 
•  Doesn’t have Flourine 

	

CS2	

We need to add CF4. 

76Torr	
P	~480・	

using amplifier(1V/pC) 

76Torr	
P	~980・	
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4. Measurement	



Anode  readout

Cathode  readout

Dri_	  mesh	

GEM	
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μ-PIC 10×10 cm2	

Drift mesh(SUS)	

GEM (10×10cm)  LCP 100um	

μ-PIC (10×10cm)	

10mm	

3mm	

readout

Amplifier
1.1V/pC  or  160mV/pC

NEWAGE0.1c detector 	
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4.1 CS2	



Anode[V]
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G
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GEM=240)6CS2 38Torr(

GEM=340)6CS2 76Torr(

GEM=340)6CF4 76Torr(

Test CS2 with u-PIC+GEM @Occidental collage 	
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Gain Curve	

•  CS2 76Torr and 38Torr give more than 1000 total gain! 

	  fo
r	  7

6T
or
r	

	  for	  38	  Torr	



GEM[V/76Torr]6
200 250 300 350 400 450 500

G
as

 G
ai

n

310

410

CS2 38Torr(Anode 580V)

CS2 76Torr(Anode 550V)

CF4 76Torr(Anode 550V)

Gain Curve	
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ΔGEM Dependence 	

•  μ-PIC+GEM system with CS2 worked very well. 
•  Adding O2 gas , we will be able to observe minority peak. 

	  fo
r	  7

6T
or
r	

	  for	  38	  Torr	
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4.2 SF6	
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SF6 waveform	test  SF6 with uPIC+GEM @ Kobe Univ. 	
252Cf Nuclear Recoil	

waveform	

CF4 152Torr	

SF6 152Torr	

E = 674 V/cm	

Anode = 539V	

ΔGEM = 363V	

Amp:τ=1μs	

E = 1100 V/cm	

Anode =630V	
ΔGEM = 650V	

Amp:τ=1μs	
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仮	

hist
Entries  2225
Mean   1.828e-09
RMS    9.828e-10

 / ndf 2r  55.12 / 46
Prob   0.1679
p0        0.294± 6.358 
p1        4.887e+08± -2.616e+09 
p2        3.28± 65.95 
p3        8.416e-11± 2.136e-09 
p4        5.113e-11± 8.347e-10 

Charge[C]
1 2 3 4 5 6 7 8

-910×
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hist
Entries  2225
Mean   1.828e-09
RMS    9.828e-10

 / ndf 2r  55.12 / 46
Prob   0.1679
p0        0.294± 6.358 
p1        4.887e+08± -2.616e+09 
p2        3.28± 65.95 
p3        8.416e-11± 2.136e-09 
p4        5.113e-11± 8.347e-10 

E = 1047 V/cm	

SF6 152torr	

Anode = 670V	

ΔGEM = 728V	

Gain ~300

SF6 Gas Gain 	

•  Total gas gain is about 300. 
•  When we improve the amplifier , this gas gain is sufficient.  
      Then minority peak will be appeared.  	

55Fe	
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•  At 76Torr, Photon feedback was observed between u-PIC and GEM.	

•  Drift velocity   
  ~10-2 cm/μs 

Drift Velocity of SF6
- 	

SF6 76Torr 

Time[us]
0 50 100 150 200 250 300 350 400
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SF6 76Torr	

μ-PIC	

GEM	wave form	
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MPGDs with negative ion gas will create               
   more opportunities for low background experiment.  	

•  A first test of μ-PIC+GEM with negative ion gas 
was performed. 

•  For CS2, the total gas gain is higher than 10000.  

•  In the future, with both of them, minority peaks will be  
observed. 

•  SF6 gas needs optimization , going to study   

•  For SF6, the total gas gain is about 300.  

5. Summary	
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Thank you for your attention!	
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4. Back-up	
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  	Electronics for CS2  	
•  We	  used	  CREMAT’s	  CR-‐111	  charge	  sensiGve	  preamplifier.	

*

**

Assume temp =20 oC, Vs =    6.1V, unloaded output

CR-111 units

Preamplification channels 1
Equivalent noise charge (ENC)*

ENC RMS 630 electrons

Equivalent noise in silicon 6 keV (FWHM)

ENC slope 3.7 elect. RMS / pF
Gain 0.13

6.2
volts / pC
mV / MeV(Si)

Rise time ** 3 ns
Decay time constant 150 Ps
Unsaturated output swing volts
Maximum charge detectable per event 1.3 x108 electrons

21 pC

Output impedance 50 ohms

Power supply voltage (Vs)
maximum volts

volts
Power supply current (pos) mA

Vs =   13
Vs =   6

-3 to +3

minimum

CR-111 charge sensitive preamplifier:                 application guide

Measured with input unconnected, using Gaussian shaping amplifier with time constant =1 Ps.  
With a detector attached to the input, noise from the detector capacitance, leakage current, and 
dielectric losses will add to this figure.

Pulse rise time (defined as the time to attain 90% of maximum value) has a linear relationship 
with input capacitance.  Value cited in the table assumes zero added input capacitance.  To 
calculate pulse rise time for practical situations, use the equation: tr =0.11 Cd + 3 ns, where tr 
is the pulse rise time in ns, and Cd is the added capacitance (e.g. detector capacitance) in pF.

General Description

Cremat's CR-111 is a single channel charge sensitive preamplifier module 
intended for use with various types of radiation detectors. The CR-111 is 
one of a series of four charge sensitive preamplifiers offered by Cremat, 
which differ from each other most notably by their gain. A guide to 
selecting the best charge sensitive preamplifier for your application can be 
found at our web site: http://cremat.com. As with all Cremat's preamplifier 
modules, the CR-111 is small (less than one square inch in area), allowing 
for compact multichannel detection systems to be constructed using a 
modular design. 

Detector coupling

The CR-111 can be used either in a direct coupled (DC) mode, or an AC 
coupled mode. If the detector current exceeds 100 nA, it is recommended 
that an AC coupled mode be used to prevent the resulting DC offset of the 
preamplifier output from saturating. Low frequency detector current (e.g. 
'dark' current, or leakage current) produces an offset in the preamplifier 
output voltage at a rate of 20 mV per nA.  The use of AC coupling also is 
useful in improving the counting rate capability of the preamplifier. A 
schematic diagram of an AC-coupled charge sensitive preamplifier 
detection circuit can be found at http://cremat.com/CSP_app_notes.htm

Package Specifications

The CR-111 circuit is contacted via an 8-pin SIP connection (0.100" 
spacing). Leads are 0.020 inches wide.  Pin 1 is marked with a white dot 
for identification.

Equivalent circuit diagram

The figure above shows a simplified equivalent circuit diagram of the   
CR-111, which is a two stage amplifier. The first stage is high gain, and 
the second stage is low gain with an emphasis on supplying sufficient 
output current to drive a terminated coaxial cable. Pin numbers 
corresponding with the CR-111 preamplifier are shown.  Rf (10 M:) and 
Cf (15 pF) are the feedback resistor and capacitor respectively. 

Output waveform

Charge sensitive preamplifiers are used when radiation is detected as a 
series of pulses, resulting in brief bursts of current flowing into or out of 
the preamplifier input. Depending on the type of detector, this burst of 
current may be very brief (<1 ns) or as long as a few Ps. For an idealized 
detection current pulse taking the form of a delta function, the detected 
charge (time integral of the input current) will ideally take the form of a 
step function. 

The output waveform of an actual charge sensitive preamplifier will of 
course have a non-zero rise time: for the CR-111 this figure is 
approximately 3 ns. Furthermore, capacitance at the preamplifier input (i.e. 
detector capacitance) will further slow the rise time at a rate of 0.25 ns / 
pF. 

Keep in mind the output rise time will also be limited by the speed of the 

detector. For example, the detection current pulse from a CsI(Tl)/PMT scintillation detector 
has a duration of approximately a couple Ps, so the expected rise time of the charge sensitive 
preamplifier output will be at least that long.

The output waveform of the CR-111 using a capacitively-coupled fast square wave pulser at 
the input is shown below to the left. At long time domains, the output decays due to the 
discharge of the feedback capacitor through the feedback resistor, with an RC time constant 
of 150 Ps. This decay of the output waveform is shown below, to the right.
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Assume temp =20 oC, Vs =    6.1V, unloaded output

CR-111 units

Preamplification channels 1
Equivalent noise charge (ENC)*

ENC RMS 630 electrons

Equivalent noise in silicon 6 keV (FWHM)

ENC slope 3.7 elect. RMS / pF
Gain 0.13

6.2
volts / pC
mV / MeV(Si)

Rise time ** 3 ns
Decay time constant 150 Ps
Unsaturated output swing volts
Maximum charge detectable per event 1.3 x108 electrons

21 pC

Output impedance 50 ohms

Power supply voltage (Vs)
maximum volts

volts
Power supply current (pos) mA

Vs =   13
Vs =   6

-3 to +3

minimum

CR-111 charge sensitive preamplifier:                 application guide

Measured with input unconnected, using Gaussian shaping amplifier with time constant =1 Ps.  
With a detector attached to the input, noise from the detector capacitance, leakage current, and 
dielectric losses will add to this figure.

Pulse rise time (defined as the time to attain 90% of maximum value) has a linear relationship 
with input capacitance.  Value cited in the table assumes zero added input capacitance.  To 
calculate pulse rise time for practical situations, use the equation: tr =0.11 Cd + 3 ns, where tr 
is the pulse rise time in ns, and Cd is the added capacitance (e.g. detector capacitance) in pF.

General Description
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one of a series of four charge sensitive preamplifiers offered by Cremat, 
which differ from each other most notably by their gain. A guide to 
selecting the best charge sensitive preamplifier for your application can be 
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Detector coupling
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output voltage at a rate of 20 mV per nA.  The use of AC coupling also is 
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schematic diagram of an AC-coupled charge sensitive preamplifier 
detection circuit can be found at http://cremat.com/CSP_app_notes.htm

Package Specifications

The CR-111 circuit is contacted via an 8-pin SIP connection (0.100" 
spacing). Leads are 0.020 inches wide.  Pin 1 is marked with a white dot 
for identification.

Equivalent circuit diagram

The figure above shows a simplified equivalent circuit diagram of the   
CR-111, which is a two stage amplifier. The first stage is high gain, and 
the second stage is low gain with an emphasis on supplying sufficient 
output current to drive a terminated coaxial cable. Pin numbers 
corresponding with the CR-111 preamplifier are shown.  Rf (10 M:) and 
Cf (15 pF) are the feedback resistor and capacitor respectively. 

Output waveform

Charge sensitive preamplifiers are used when radiation is detected as a 
series of pulses, resulting in brief bursts of current flowing into or out of 
the preamplifier input. Depending on the type of detector, this burst of 
current may be very brief (<1 ns) or as long as a few Ps. For an idealized 
detection current pulse taking the form of a delta function, the detected 
charge (time integral of the input current) will ideally take the form of a 
step function. 

The output waveform of an actual charge sensitive preamplifier will of 
course have a non-zero rise time: for the CR-111 this figure is 
approximately 3 ns. Furthermore, capacitance at the preamplifier input (i.e. 
detector capacitance) will further slow the rise time at a rate of 0.25 ns / 
pF. 

Keep in mind the output rise time will also be limited by the speed of the 

detector. For example, the detection current pulse from a CsI(Tl)/PMT scintillation detector 
has a duration of approximately a couple Ps, so the expected rise time of the charge sensitive 
preamplifier output will be at least that long.

The output waveform of the CR-111 using a capacitively-coupled fast square wave pulser at 
the input is shown below to the left. At long time domains, the output decays due to the 
discharge of the feedback capacitor through the feedback resistor, with an RC time constant 
of 150 Ps. This decay of the output waveform is shown below, to the right.
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CS2	  76Torr	  
55Fe	

CH2	  (anode	  13cstrips	  sum)	  
20mV/div	
CH4	  (cathode	  13cstrips	  
sum)	  
20mV/div	

100us/div	

VDRIFT=-‐1.5kV	  
GEM=-‐800V/-‐460V	  
uIPC	  anode=550V	
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Electronics	

pC
0 0.1 0.2 0.3 0.4 0.5 0.6

m
V

0

100

200

300

400

500

600

700

 / ndf 2r  145.2 / 10
Prob   3.674e-26
p0        0.01421± 0.673 
p1        8.157±  1087 

 / ndf 2r  145.2 / 10
Prob   3.674e-26
p0        0.01421± 0.673 
p1        8.157±  1087 

Amp_ver0.2 mV vs pC

CLEAR-PULSE  
CS515-1  1V/pC	

IN	 OUT	

1nF	

100pF	 100pF	

100	 100	10K	 10K	

100	
100	

50	
50	

1K	

Highpass τ=1μs	 1st Lowpass Filter	 2nd Lowpass Filter	

Shaping amplifier for SF6	

Amplifier   1.1 V/pC 
            120 nC/pC 

Electronics for SF6	
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Using Lande factor ! = ap!Sp"+an!Sn"
J , the cross section of SD interaction is written as

!SD
!#N =

32

"
G2

Fµ
2
!#N!

2J(J + 1). (2.26)

The spin-dependent interaction can only occur for nuclei with nonzero spin. Only nuclei with

an odd number of either protons or neutrons can have nonzero spin. As for such nuclei, ! is

approximated using Sodd determined from measured magnetic momentum µmag, as

! ! aoddSodd

J
,

Sodd !
µmag " gloddJ

gsodd " glodd
,

where subscript ”odd” refers an unpaired nucleon; p(proton) or n(neutron). glodd and gsodd are

the orbital and spin nucleon g-factor; glp = 1, gln = 0, gsp = 5.586 and gsn = "3.826. The list of

the spin J , measured µmag and the calculated !2J(J+1)/aodd(# #2J(J+1)) are in Table 2.2.1

for some target nucleus. For experimental use, the SD cross section is written using !SD
!#p as

!SD
!#N = !SD

!#p

µ2
!#N

µ2
!#p

#2J(J + 1)

0.75
. (2.27)

Values of !SD
!#N/!

SD
!#p and !SD

!#N/!
SD
!#n for some target nucleus are shown in Figure 2.2.3 and

Figure 2.2.4, respectively.

Isotope J Abundance(%) µmag #2J(J + 1) unpaired nucleon
1H 1/2 100 2.793 0.750 proton
7Li 3/2 92.5 3.256 0.244 proton
11B 3/2 80.1 2.689 0.112 proton
15N 1/2 0.4 "0.283 0.087 proton
19F 1/2 100 2.629 0.647 proton
23Na 3/2 100 2.218 0.041 proton
127I 5/2 100 2.813 0.007 proton

133Cs 7/2 100 2.582 0.052 proton
3He 1/2 1.0$ 10#4 "2.128 0.928 neutron
17O 5/2 0.0 "1.890 0.342 neutron
29Si 1/2 4.7 "0.555 0.063 neutron
73Ge 9/2 7.8 "0.879 0.065 neutron
129Xe 1/2 26.4 "0.778 0.124 neutron
131Xe 3/2 21.2 0.692 0.055 neutron
183W 1/2 14.3 0.118 0.003 neutron

Table 2.2.1: The spin J , measured µmag and the calculated #2J(J + 1) for some target nucleus.
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Using Lande factor ! = ap!Sp"+an!Sn"
J , the cross section of SD interaction is written as

!SD
!#N =

32

"
G2

Fµ
2
!#N!

2J(J + 1). (2.26)

The spin-dependent interaction can only occur for nuclei with nonzero spin. Only nuclei with

an odd number of either protons or neutrons can have nonzero spin. As for such nuclei, ! is

approximated using Sodd determined from measured magnetic momentum µmag, as

! ! aoddSodd

J
,

Sodd !
µmag " gloddJ

gsodd " glodd
,

where subscript ”odd” refers an unpaired nucleon; p(proton) or n(neutron). glodd and gsodd are

the orbital and spin nucleon g-factor; glp = 1, gln = 0, gsp = 5.586 and gsn = "3.826. The list of

the spin J , measured µmag and the calculated !2J(J+1)/aodd(# #2J(J+1)) are in Table 2.2.1

for some target nucleus. For experimental use, the SD cross section is written using !SD
!#p as

!SD
!#N = !SD

!#p

µ2
!#N

µ2
!#p

#2J(J + 1)

0.75
. (2.27)

Values of !SD
!#N/!

SD
!#p and !SD

!#N/!
SD
!#n for some target nucleus are shown in Figure 2.2.3 and

Figure 2.2.4, respectively.

Isotope J Abundance(%) µmag #2J(J + 1) unpaired nucleon
1H 1/2 100 2.793 0.750 proton
7Li 3/2 92.5 3.256 0.244 proton
11B 3/2 80.1 2.689 0.112 proton
15N 1/2 0.4 "0.283 0.087 proton
19F 1/2 100 2.629 0.647 proton
23Na 3/2 100 2.218 0.041 proton
127I 5/2 100 2.813 0.007 proton

133Cs 7/2 100 2.582 0.052 proton
3He 1/2 1.0$ 10#4 "2.128 0.928 neutron
17O 5/2 0.0 "1.890 0.342 neutron
29Si 1/2 4.7 "0.555 0.063 neutron
73Ge 9/2 7.8 "0.879 0.065 neutron
129Xe 1/2 26.4 "0.778 0.124 neutron
131Xe 3/2 21.2 0.692 0.055 neutron
183W 1/2 14.3 0.118 0.003 neutron

Table 2.2.1: The spin J , measured µmag and the calculated #2J(J + 1) for some target nucleus.
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Spin dependent(SD) cross section	

•  The SD cross section is written using σSD as	
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9 % faster 
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peak

Fiducialization?

From	  N.	  Phan,	  Cygnus	  2015	
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Minority Peak of SF6 	



2015/10/15	 MPGD2015	  T.Ikeda	 29	

低コストで低ノイズなエレクトロニクスの開発 (2)

(developed with KEK e-sys group, 
  one of Open-it projects http://openit.kek.jp/
project/LTARS2014/LTARS2014)

LTARS2014  ASICの開発 (2014~)
LTARS2014 ASIC chip (5mm x 5mm)

LTARSからの改良/変更点
-高密度化 (32ch in chip)

- ~300pFの測定器を想定
-電源電圧 ±0.9V 

-省電力化 (< 50mW/32ch)

- ENC ~2000 @300pF　あ
- conv. gain ~9mV/fC  

(2相読み出しの信号も見えるように)

Amplifier for liquid Argon TPC	

低コストで低ノイズなエレクトロニクスの開発 (2)

(developed with KEK e-sys group, 
  one of Open-it projects http://openit.kek.jp/
project/LTARS2014/LTARS2014)

LTARS2014  ASICの開発 (2014~)
LTARS2014 ASIC chip (5mm x 5mm)

LTARSからの改良/変更点
-高密度化 (32ch in chip)

- ~300pFの測定器を想定
-電源電圧 ±0.9V 

-省電力化 (< 50mW/32ch)

- ENC ~2000 @300pF　あ
- conv. gain ~9mV/fC  

(2相読み出しの信号も見えるように)

•  Development of LTARS ASIC 
-  pre-amp. & shapers in a chip 
-  high density (32ch I n a chip) 
-  power supply voltage ±0.9V 
-  ENC ~2000@300pF 
-  conv.gain ~9V/pC	
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can emulate isotropic recoil (standard deviation is 23%) with a weighted sum of these six

measurements by Geant4 simulations. Figure 4.4.22 shows the calculated distribution of the

elevation angle !ele and the azimuth angle "ele. We can see that the e!ciency is high around

(!ele,"azi=0!, 0!) and (0!,±90!). Since "azi = 0! and "azi = ±90! represent the direction of

the anode/cathode strips as shown in Figure 4.1.2, it is seen that the recoil direction tends

to be detected as that along the anode/cathode strips. Also, there are higher points along

the diagonal lines from the direction of the anode and the cathode strips. This is because the

current tracking algorithm tends to measure the di"used tracks in such directions. Measured

direction-dependent e!ciency is used for weighting the expected direction distribution of recoil

nuclear track scattered by the dark matter for the direction analysis.
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Figure 4.4.22: Direction-dependent e!ciency in the 50!100 keV range measured with DAQ-mode5 and
the self trigger. The vertical axis is the elevation angle and the horizontal axis is the azimuth angle.
Color scale is normalized counts by the mean value.
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Detection efficiency in detector coordinate	


