Development of wire chamber
with tolerance for high rate burst
pulse for DeeMe experiment.

Hiroaki Natori
on behalf of DeeMe Collaboration
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Mu-e conversion

| r &V Ve ¢ Muon DecaY in O_rbli(DIO) |

0/0&6\\ \\Q 2 W= € VuVe

Nucleus 0/0\0’33 — e
o ® Muon Capture (MC

8%(C) Vi |

, 66%31) i
‘4 w+(A 2= ve+ (A Z-1) |

" /l/o/ “ Lifetime (depends on nucleus) |
. o : | |
Muonic atom . %oo | ® ©=2.0ps(C)0.76 us (Si) |
o LG)/, ~ _ - e
° G)Q’ -
° e ® pu-e conversion

w4+ (A 2 2>e+ (A 2

Key feature of signal

e ~105MeV/c > DIO | ; ;
e Delay time from primary - Forbidden in the Standard Model

4\ Clear evidence of the new physics
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Experimental strategy

e SINDRUM I )
” Signal window

\- j@ e ;-

Prompt B.G. DIO (<105MeV/c) or
n+A, D)2 AZD*, signal (=105MeV/c) e

Y—ete etc.

e QOur approach

e DC beam, heavy
nuclei

e O(1) beam or
cosmic B.G.

Class 1 events: prompt forward removed
|

1034

1024

10 +

e Pulsed beam, delayed signal window,
light but not too light nucleus

Class 2 events: prompt forward

10 + .
. T Tﬁﬁm ﬁﬁf ¥ e Heavier nucleus, larger overlap
Lo with muon wave function, but
momentum (MeV/c) . .
Eur. Phys. J. C 47, 337-346 (2006) shorter lifetime

Br(u-e conv. w/ Au) <7 x 10713 .
e Need more intense beam
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DeeMe vs Mu2e or COMET

COMET, Mu2e DeeMe
Primary Beam 8GeV, ~Tus 3GeV, ~40ms
Y between bunches | between bunches

Anti-proton
background

B.G. by off-
timing proton

Cosmic-ray B.G.

Run start

S.E.S.

0 No (3GeV initial

al proto proton)
Possible (Slo No in principle
extractia (Fast extraction)

- Negligible (Small
o ; duty factor,
horizontal track)

- f _. Soon after H-line
; construction in
2920~(LOME| 2016
O(10 1) (COMET
Phase-I), 0 arbao
O(10 1) (COMET )14

Phase-II, Mu2e)
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Deel\/\e vs Mu2e or COMET

COMET, Mu2e DeeMe
Primary Beam 8GeV, ~Tus 3GeV, ~40ms
, Y between bunches | between bunches
Ll 3GeV/RES Anti-proton Possible (8GeV No (3GeV initial

¥ Rapid Cyaling background initial proton) proton)
: Synchrovon

B.G. by off- Possible (Slow No in principle
timing proton (Fast extraction)

3GeV Fast extraction vs 8 GeV Slow extraction ible (Small

_ . . , factor,
' e Less BG in delayed signal window with Fast zlntal T
30GeV MR ~
v TR extraction
ain Ring

, ifter H-line
ruction in
2016

O(10 ) (COMET
Phase-I), 1x10-'3(Carbon)

O(10V)(COMET 2x1014(SiC)

Phase-Il, Mu2e)
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DeeMe vs Mu2e or COMET

RCS 3GeV/c, TMW
Fast extraction 40ms cycle

MR 8GeV/c, 56kW b A o
. . Prompt beam |I". - - -
Slow extraction 1us cycle P . ~® 5 e oo ormation )
vi H H H H B & =B =& = = = = ‘ D —

Froons i M1 7 OFUT R / N e T
SR o via woe i vy TN o NA Alow-p 86 ¢
1 A e cemea I : S—
= - : Production Signal | Magnet
:l l\} Pions 1 Target Secondary Beamline Spectrometer
:|1|<> Yo Ro|| Of all these parts ina  DeeMe
1 N production target
ok

2. Beamline between

ponOncoym :-5 productlon -stopping target

yy Of peor ndor a
18l MAgeeC heic

e Simple, early realization

Less sensitivity

Jl Huge prompt burst

COMET
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What happens on MWPC with prompt burst?

Beam counter
(Acrylic plate + PMT)

MNWW Prototype MWPC

~2mV raw waveform (i.e. w/o amplifiers)
At .

SOOns

x
T 12y

~1/1000 of final condition .

"

:= Should-be ~20mV. T —
-J J //U// Shape s ozem p) '

,::. (_‘_:._ er-—h—-———
~1/100 of final /'

= ~40mV. .

condition Should be 200mV Rapid gain
e —— decrease
O ~ 1/10 of final condition
e linac % i ZOMeI\//c (10GHz/mm?)
S € pulse Question: Why?
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Space charge effect

200ns ~100GHZz/mm? at beam center
<, 000ns O(108) particles >
ﬂ Expected signal waveform of 40ms
Prompt burst pulse DeeMe experiment
7[_+(A/ Z)_’(A/Z_1 )*/
S ete etc. <€
e \L\L O(10us)
M N
Delayed single electron
Unwanted burst pulses comes before the signal
+
e_
®
Avalanche multiplication makes Too many prompt burst x avalanche
a sheath of ions along wire multiplication = dense sheath of ions

CPAD 2016 @ Caltech 8



Space charge effect

200ns ~100GHz/mm? at beam center
o 000ns O(108) particles

b

>
40ms

ﬂ Expected signal waveform of

Prompt burst pulse DeeMe experiment

7[_+(A/ Z)_’(A/Z_1 )*/
yY—e'e etc. L |\ < - <

Sweeping initial electrons out
w/0 generating ions will solve it!

+

e-

Avalanche multiplication makes Too many prompt burst x avalanche
a sheath of ions along wire multiplication = dense sheath of ions

CPAD 2016 @ Caltech 9



HV switching

i

A : Anode wire voltage

Potential \\(ire voltage

—
Anode W're Cathode (0OV)

Potentlal wire /

Scheme 1.

Initial electrons are multiplied
when switching on.

-> Meaningless

—

CPAD 2016 @ Caltech
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Scheme 2.

We took this
Y

Scheme 3.

Could be better, but more
difficult. Not tested yet.



HV switching

Detectable Anode wire (1.5kV)  cathode (OV)

Signal window \ A

~T10us

Potential wire
(OV@data window)

Anode wire voltage

Voltage

OV cathode

f \ Potential wjre voltage .
: > | All wires with HV
I : \ | OV cathode

Voltage difference=0

during prompt burst
Nominal gain operation

during signal window
CPAD 2016 @ Caltech

same as “Normal” MWPC
Gain really suppressed?




Geometry of chamber for switching

Special geometry is needed for dynamic gas
gain control with potential wire HV switching

[72) [
o -
oS _
;:J': 104% ..................................................................................................................................................
> F ©
3 [ v o
5
8 103 E_ ........................................ Y SRRRRR LR EEEE e R L RO LCLCCCIRREE v ............................................ O ............
(7] —
“— - ||
s F . d
[0] B v
0 L e,
S >
B | ]
B ®  0.5mm pitch Vanode=1350V o S
10 :_ ..............................................................................
= = 0.7mmpitch V__ =1430V 4
B A 1mm pitch Vanode=1 500V -
1 :_ v 2mm pItCh V =1 500V ...........................................................................
= anode
- O 3mmpitchV _ =1500V i d
1 0—1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 S < < ,
0 0.2 0.4 0.6 0.8 1

AV(anode-pot.) dominantly

Vpotential/vanéde _ .
determine gas gain

# of secondary electrons by MIP
when d = 3mm, GAFIELD++

1/2 s = 0.7mm, d=3mm seems fine
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Gas gain and voltage on potential wire (by GARFIELD++)

Anode wire: 1450V Anode wire: 1450V
Potential wire: OV Potential wire: 1450V
Expected gas gain: 10* Expected gas gain: 3
£ 03 ; B 1400 £ 03 ; J={1400
> 02 1200 > 02 1200
0.1 11000 Electric filed 01F 1000
c:800 0 :800
oo CONtour 600
-0.1 400 -0.1 n 400
-0.2 200 -0.2 200
-0.3 0 -0.3 0
-0.14 0 0.14 -0.14 0 0.14
l x[cm] l x[cm]
> 1400F Steep slope, > 1400F Centle slope
()] C (0] C
1200¢ Avalanche 51200¢ P
=1000F . 5 1000
2 gook Electric field 2 gook
600 profile 600
400F 400F
200F 200F
O‘...|....|....|....|....|....|....|....|....|... 0 AT T P P P PR P T I
-0.3 0 0.3 -0.3 0 0.3

ylem]
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Discharge voltage vs wire pitch

=200
% ° Discharge voltage, Ar/C2H6 50/50
g T e  Discharge voltage, Ar/C2H6 70/30
(@)
>2000 - Voltage for 10* gain, Ar/C2HBE 50/50 |----wwwwssvveerssvveeesee
| Voltage for 10* gain, Ar/C2H6 70/30
1800 | e ~dischdrge voltage ... } ..........................
e e
: R
T — . S—
— o
B o
1200k e nominal voltage
- | | | | | | | | | | | | | | | | | | | | | (lqARF|IE|l_-|[)|_I|_-I|_)| | |
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

Wire pitch[mm]
by Y. Takezaki Osaka City Univ.

® pitch 0.7mm, Ar/C2H6=50/50 enough separation
between discharge-nominal voltage
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Wire sag due to electrostatic force

E140 — ®  0.5mm pitch Tension30g
= |
= — B 0.5mm pitch Tension40g
& 1000 A 0.6mm pitch Tension30g ©
— v 0.6mm pitch Tension40g
B O 0.7mm pitch Tension30g
1001~ 0.7mm pitch Tension40g | v
— o)
80 __ .............................. O
- A
L Y o
BI0) [
B [ B S
20 __ ...........................................................................
- 5 GARFILED
O B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
800 1000 1200 1400 1600 1800 2000 2200 2400

Vanode [V]

Wire sag < 50um for 0.7mm pitch
at nominal voltage, but ...
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Force on wire

- e - -
CathOde @ X Not accurate
/ S Done by SImpllfled od I
\ o N S NG T S SN2 R A
POtentlal ere O_ ........................................................................................................................................
(OV@data window) -
_ . E _1__ ___________ — Restoring forceByWireTension
Z '++ o E —— ElectroStaticForce
Electrostatic - | —— sumofForces
_2 _-I ----- i | --------- I’ ----- || ----- L | ----- L | | I | | | I | | | I | | | I | x1 0_3
Force 06 04 02 0 02 04 06
1 A ot _’ Wire sag [m]
. W Strong electrostatic force due to short wire distance
Restoring
Force by wire tension Effectively, small restoring force.
\ ‘ Small shock may move wire large
v v
ALY, A few 100um wire movement -> Electrical short
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Switching operation scheme

20008 s Signal window

K e
Burst pulse Signal window
~10us short enoug
wire do not move
Delayed single electron
i No :

Voltage 4 : : Volt E
KV _Anode wire voltage  Voltage4 Anode wire voltage
oV | E Potential wire voltage KV .
—— :  Potential wjre voltage
Attractive force between wires —>
oV time

Risk of short by small shock

Repulsive force keeps wire distance
Discharge ends within ~10us

10us << natural frequency, small impact

CPAD 2016 @ Caltech |7




How to achieve fast ramping (O(100ns))?

E/ Low pass filter to remove noise of HV

Extract charge from large C >> (sum of wire capacitance)

T Switch

:¥> To wire

Use very fast relay
® Relay or Solid state relay(SSR): O(ms)
e Power MOSFET ~2kV switch with <100ns

777

Example: WPH4003-1E
Drain-Source voltage=1700V, Drain current=3A
Turn on/off delay time= 19/200ns, Rise/Fall time=21/55ns

Question: Anode wire have R, L, C
Driving it ~100ns is trivial?

CPAD 2016 @ Caltech




Wire ramping test with handmade circuit

-~ I
1MO I O | Straw chamber M
“TP-type MOSFET L
C) B pimiimoiind Ramp up 100V
1kQ ( N-type MOSFET N-type Gate with ~100n<
N1yl J_ /' w/o trouble!!
Zener diode T~ 1
Vz =91V | a ere volt

Function Generator
CPAD 2016 @ Caltech




Prototype HV switching module

Gate generate J
| TTL +——1— Potential wire
uni | i

Gate generate

T

N

.

Ordered a company for
design and construction.
Prototype HV switching module.

(FYI, recent MOSFET made of SiC
gives better performance)

RN 1
TTL timing input  Pulsed HV output
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Switching period

u* pulse |

Scintillating fiber output




Construction of final chamber

® One of the final chamber

® 250mm x 200mm active
region

® 0.7mm wire pitch

® 3mm between cathode-
wires

® 3mm strips for X readout,
15mm strips for'Y

® Quit wire readouts. Only
cathode strip readouts
(To minimize channel)
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Readout amplifier w/ high current tolerance

. 2nd amplifier
1st amplifier X _i_ms 112V
0.22uF R131 «'zv
Pole zero
AR cancellation
o
.lﬁ:L.
RO
R R29 -
| 1.
-12V

22uF

by N. Teshima Osaka City Univ.

e Developed from 2-stage “RADEKA”
amplifier

e PZC for canceling long tail by slow ion
movement

® |arge current tolerance by tuning
capacitance, resistance etc.
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Damping resonance

Circuit of MWPC
Potential wire
Anode wire

O > >— F

N 2 ||

~ ~
. N Y |
T >y >y 777

N N |

~ ~
777 R > 2V(L/C): overdamping

RC snubber for damping Prevent LCR resonance

resonance in SHV cable
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Test experiment setup

Intensity control by
heater power

Collimator

Final
k _ chamber

Accelerator Accelerator
\ (VAW (VAW P
: &
e gun / > > =
N & Nl S5
Pulse electron . \ o T
200ns width FIEIId emlss:jqn (?lloeqrons _
e g o on HV switching
within 4us of RF injection
module
Waveform from scintillator beam counter T
W”WWM | r"‘""""""""‘("-'-r“r-"" —
S W\ Accelerator DC HY
> | I”IH\ Timing signal
200ns Field emission electrons

Pulse from beam gun

May 2016 KURRI LINAC
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Delayed signal observation

Emulated burst pulse Pedestal
~100GHz/mm2, 200ns width or PSR |
120— Mean 1634 |
/ h153 L o
1200 _ 100 Overflow 07
Switch off period ¥ iHd o ol ||
I~ RMS 217.4 [ Mean 1952
1000/ 60 ndertow 0
B00]- A event “f
i Waveform 20} MM *
o0o] A R e o v A
- |Se ’[emp|ate The sum of ADC counts
400[— . g :
: (Average wavefor Charge distribution
200 Delayed electry by MIP
oﬂ#‘—mw Subtracted waveform
1111 I 11 l | I - | .| I 1 11 I 1 11 | | | .| I |

6000 6100 6200 6300 6400 6500 6600 6700 6800

[10ns]
Successfully observed delayed electron after a prompt burst equivalent pulse

2days operation w/o trouble.
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e Developed a wire chamber which tolerate to huge
prompt burst and detect electron w/o effect of space
charge effect by dynamic gain control with HV
switching.

e |I'm happy if this work stimulate your interest. Idea of
application to the other experiments are welcome.

e Thanks for your attention.
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End of slide
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Wien Filter
(not used for DeeMe)

Transport Solenoid I

J Beam transportation
simulated by G4Beamline

* Search for u-e conv. with
e S.E.S.=1x107"3 (Graphite)
e S.ES.=2x10"4SiC)
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Keys of DeeMe

e Unique scheme of using production target also as muon
stopping target

e Simpler, then earlier realization : OK
e Fast extraction of primary 3GeV proton

e Less backgrounds (Beam related, Cosmic) : Good

e Novel detector, not normal one: why?

e Too much prompt burst particles!!
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Detector requirement

e Low mass for less multiple scattering for better tracking

e Gas chamber suits. Thin (<300um XY reading) Si
detector can be another candidate, but too expensive.

e O(108) prompt particles / pulse
Instantaneous hit rate ~100GHz/mm?

e Normal gas chamber become blind for delayed signal

e Invented HV switching technique, which enables
dynamic gas multiplication gain control
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Preparation status

Facility

e RCS 3GeV, 500kW currently, will be upgraded to TMW

e H-line construction in 2016

e At first starts with current graphite target. SiC under development
DeeMe

e Detector operation verification done

e T1st,2nd chamber constructed, small modification will be done

e 3rd,4th chamber parts constructed. Assemble soon.
o \:f\:?g\

-~ -

-
O
o~

g a
4 )
-~ y ik Y, '
¢ -~
- . n .'u
E N “ _4:‘
- 4 = Lo 0
gae
= |
’ ’f»-.
e S|
- A "‘
. ~ P
d .\ - et
P %

e Spectrometer magnet ready

Readout electronics ready
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P Single Event Sensitivity = S 1

(5:E2S)

R X fr—p—sop =it~ stopping rate per second A, . =total acceptance for p-e electrons

f}- = atomic captur rate T .
q l s I' = time length of the measurement
f‘.h + = muon nuclear captureiraction

P Running time = 2 x 107 sec (1 year run)

P Background (MC estimated) §'°’If' T iy IDI(') BG | i i
» Decay in Oribit 0.09 “ELIN "\
» After proton rate (Rar) < 10-18 § UL H 1‘% pu—e conv. signal

- After proton < 0.027 (0.0590% C.L.) | wff ||| !'
» Cosmic induced webd UL r " .f

e <0.018, p <0.001 s | beam BG
->Detector live-time duty = 1/20000 3 | | '
= Cosmic ray backgrounds " J “w »h A
are well suppressed. 6 5 T ia

Momentum (MeV/c)

~ S.E.S estimated by Monte Carlo study

~ 2.1 x10-14 for SiC target current upper limit
BR(p" Au 2> e Au)< 7 x 10
> 1.2x10-13 for C target (SINDRUM-11)
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"' PACMAN Magnet

* used for PIENU exp. @ TRIUMF, Canada
* transported from TRIUMF to J-PARC

- central field=04T (300A)
for 105 MeV/c , 70 degree bending

* Test operation was successfully done
in J-PARC MLFE.

* Field measurement was performed.
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J]-PARC MUSE bear_nlir)es

* D-Line (Decay Muon Line)
 Operating

e U-Line (Ultra Slow Muon Line)
e Under commissioning

e S-Line (Surface Muon Line)
e Under construction

e H-Line (High Momentum Line)
* Large acceptance (130msr)
e Momentum tunable

* Mu HFS, g-2, DeeMe mu-e
conversion experiments are

proposed

A N é ‘, P
» P & e o
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Space charge effect

Steep slope of electrical field near wire
accelerate electron Too many ions near wire

Energy in mean free path > ionization, then suppress e.lcce.zlerat.lon of ele?ctron.
avalanche occur Resulting in gain reduction
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How to operate chamber w/o kicker magnet

200ns
ﬁzﬁ?OOns

Cathode (OV)
n % Expected signal waveform of

DeeMe experiment /

\L \[L Signell Gne o Potentlal wire

—\ (SWItch HV, usually OV)
Burst pulse Delayed single electron
Voltage A
Anode wire voltage
1.4kV
Potential wire voltage 6
)Y [f <)
] —— 1> S>>
Vanode-Vpot. = 0 \ T — S >
Ground during data-taking [_— >

—\V/
\V
o
Co

L ess risk of noise



Ramping down ~1.5kV within a few 100ns

® Empirically ramping up >100V within <1s
gives risk of cutting wires

But,
Changing voltage very short term and
Recovering to the former voltage

Like OV — 1.4kV — 0V

Impulse is expected to be very small

Volt :
oltage4 ¥ Anode wire voltage

—

1.4kV /__1
0V : Potential wire volta%e

< >
Very short

39



Amplifier output

Timebase Trigger Display Cursors Measure Math  Analysis Ulilities™ Help

—— I I

Measure P1:ampl(C1) P2:area(C2) P3:area(C3) P4:mean(F1) P35:ampi(F1) P6:ampi(F1)
value 184 mV 2714336pVs -4619449nVs
mean 198.04 mV 2713598 Vs -474.2726nVs
min 153 mV 2708653uVs -4985472nVs
max 253mV 2717901 uVs -454.2436nVs
sdev 1858 mV 1377601nVs 7.653082nVs
num 461 461 461
status R 4 v

50.0 mV/di
142.0mV
1.7my !l 61mv}.

34 mV]1

Two Issues

| =
Saturatilon by bwitching noise |f

al a1l 4. 2] | 1
if IWIJ! Illrllll‘!l'lﬂl &v

L

N o RN SR | O LA | L U MR L BRE ) IR oA I

|

| .
LC Iresonance in chamber
|

P7:max(F6) P8:.atrig(C1) P9--- P10--- P11--- P12---

Switching period

28270ns AX= 272880ps
X2z 3.01150 ps 1/AX= 366.461kHz

3/20/2014 1:10:20 AM

Chamber: LC resonance
Amplifier: Saturation
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L C resonance

_?_ IMQ L Potential wire ‘
AAA I I > 1O pre-amplifier

J Anode wire (Impedance ~100Q)

N

N |
1 >

‘ ‘ \ Modification: 2nF -> 10nF

Probably LC resonance circuit exists somewhere
Increased readout capacitance 2nF -> 10nF

W 5

Wirc vith B I B G e  Overdamping when
R2 > 4L/C

v
Cht LooV

Al *ww\f\/m
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e O0.7mm pitch 300mm length

« Wire + cathode readout



Setup of test beam experiment

Acrylic board
& PMTs
Cherenkov light

Collimator
Intensity control by

heater power

Accelerator Accelerator
\ (W (W I .
e gun > > %
// . g 7 I =

Pulse electron . AN o
200ns width Field emission electrons

Flat time distribution

_y D ND filter
within 4us of RF injection Attenuate 103
Waveform from scintillator beam counter - I.Dla.stic
e e e ’“R , | - scintillator
; (6 l | & PMT
—> E i|‘];, lf ” : \\\
” | Field emission electrons
200ns | ,

Pulse from beam gun

THeater power, TBeam rate KURRI LINAC 43



3200——

1000 T -A certaln event

- Average of many events

5 5 - Subtracted waveform
600 O R ——— S —

800

400 ; . i

HV switghing noise

always tthe same

0

52000 54000 56000 58000 60000 62000
time [ns]

e Succeed to observe delayed electron after a burst pulse
(instantaneous rate ~70GHz/mm?, pulse width200ns)
Approximately full condition with large prototype chamber

But discharge occur after several hours of operation
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HV control with Raspberry-pi
(By Y. Takezaki Osaka City Univ.)

7 4UE) RRE) BRY) BE(S) Tvos3-5(8) Y-UD) ij@]w -

X7 fraspb... X | @ flog—.. X  sstes@S@.. x W [raspb.. x | ssteoBM.. x  ®lRaspbe.. x @I Raspbe.. x | Raspbe.. X | i Raspbe.. X | Raspbery.. X | Wr fraspb.. x [ Ras
® € 202.13.211.127 y A-TAMH » *

S NHS 6 060p

6 x +BAV/ ImA

e &
(]
® »

iseg Control Application

Z42 : GND

parameter set value read value set value read value set value read value set value read value set value read value set value read va
Voltage(V)
Isot(A) 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Trip time(ms)
action(when trip)
action(when inhibit)
Action
(when trip)
Set/Restart Set/Restart Set/Restart Set/Restart Set/Restart Set/Restart
parameter Present Value Present Value Present Value Present Value Present Value Present Value
Voltage 0115 0.108 omn om 0.124 0.129
o . . Current o o e  -le10
(L On Off On Off On Off On Off On off On Off
2} .o.q:u
_’_2_..3,___ Stop EMCYCIr Stop EMCYCIr Stop EMCYCIr Stop EMCYCIr Stop EMCYCIr Stop EMCY
\ Y @
282 HVSstop | EMCYOff | EMCYCIr | Reset | Lock
3 8) " - Ny ces . parameter set value read value
e & NIMZL—khS —_ : Vot amo Svod 03
4 .mov = ) [ e R Current Ramp Speed 0.0015
t.-~c'~ Emé&é (12V > SV) KilKEnable/Disable) ~ enabie
500 @~ TriR - 12V Set
o
| man

@B
- & +

=  ® Connect iseg HV module with Raspberry-pi

® Python program gives web GUI interface and controls the
module

® Trip of either anode or potential wire voltage trigger fast

shut down of both the wires
45



Handmade HV switching module

N u
- vV e
.
3
A .

e Former HV module
was not suite for
new scheme

e Utilized MOS-FET based Behlke switching module

e Partially because having not enough time to be ready for beam
experiment

e Behlke module have protection for the module, stopping when detecting
something

® Due to this protection, we should have make the switching ramping
up speed very slow (a few ps)
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Ramp down

- Potential wire HY ~ HV switching noise template waveform
1000_— ’ ’. Ramp up

i | Potential wire HV
800} A ol

- Setup
600/~ ) .‘e —— E

:T e a e | \\ _£E3

- Event signa L —
400}~ ¢ 5 H =

i of p—=evv

pt pulses comes here H ~ M stopper
200}

03 - OO Noise|subtracted waveform
" 1 l 11 l 11 l Ll J | I | l L1 1 1 | S l l‘ |

5800 6000 6200 6400 6600 6800 7000 [10ns]

Chamber worked during 2 days of data taking time,
giving delayed signal of u—evv after u* pulses with 10* gain operation

Voltage application for 3x10* gain was ok, waited for beam, but beam didn’t come
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Again, This setup

Acrylic board

& PMTs
Cherenkov light

Collimator
Intensity control by

heater power

Accelerator Accelerator
\ (W (W I .
e gun > > %
// . g 7 I =

Pulse electron . AN o
200ns width Field emission electrons

Flat time distribution

L D ND filter
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Switch off period Switch on period
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Successfully observed delayed electron after a prompt burst equivalent pulse
2days operation w/o trouble. 49



| C resonance with Final chamber
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O— Prototype

Potential wire

. To amplifier
Anode wire_Y, |, P
T L A (~100Q impedance)
: N N 1]
. S Resonance disappeared after
— 1 D changing C 2nF—10nF
— 1> >— |
2MQIJ r 10nF b (R > 2(L/C): overdamping)
Potential wire  Final
— Anode wire '> f” N My fault
‘ — 1 >H | R = 0 < 2V(L/C): LC oscillation
— > > | \V4
—L ] P P 1 Shunt to ground
2MQ 1onf Modified = R=1kQ, C=2nF
— And solved!!
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