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Searching T-Violating electron polarization



MTV

1. Beam Time
2. Tensor
3. Lorentz Invariance / Solar Neutrino effects

MTV

1. CDC with Full FPGA-Trigger/DAQ system > 100kHz
2.

3.
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Mt pelerpmeding fire T isleliovt exps

. Anode (20um Au-W) 400

>> signal readout

- Field (100um Au-Al) 400

>> applied voltage

Designed in 2009 1 2010,
Fabricated in 2011

Cell size 4mm x 400 anode
10 mm x 104 anode (MWDC)

High rate capability,
Large and symmetric acceptance




MTV-CDC
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Three Stations of Cathode Strip Chambers

s

Optical Alignment System
PHENIX MuTr OASys

.+ — i

Fiber Optic  Convex Lens CCD Camera
Required Chamber Position Resolution

-

Thermal Deformation, etc. ~ 100micron




M« RHIC-PHENIX Qutied AAdignene Sy Sgistém to
Pico peecgio Biplacemedersensor

PHENIX -OASys
Optical Alignment System

|/ < ».
PH <ENIX%

3490 3500 3510 3520 micron
80 EE
705 a) Sharp Focus 1000 points

£ Mean Error = 50 nm
£ 7 =1.4 micron

/: y

PHENIX MuTr OASys 20= !
10= p. 5
0= PSRN PR _____ N S
Y%7 375 28 3185 319 3195 320 pixel
4240 4250 4260 4270 4280  micron
35— b) Broad Focus 1000 points
\ E
305 = -
Station #3 2ie | .4 | Mean Error = 110 nm
= AHIN ] 7 =3.1 micron
20° y
15— /_./ .‘\
10=- ¥
- Vi N
- /Station #2 426 3266 327 3206 328 3286 320 3285 piel
2

s o+ — 3 ~500mim  resolution

Applicablée to Short
Range«Gravity Exp:-?

Muon Momentum Resolution
; = = R B T
PHENIX . Muon~ Tracker:r ®
~5msize.chambers

Under -G Student
Experiment at:Rikkyo
University

Manitoring thermal
Deformation <25um

Murata, NIMA 500 (2003) 309; Murata, IEEE Nucl. Sci. CR675 (2005)
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Wide Dynamic Range, Precision Position Measurement

‘ Extremely weak force measurement, by observing displacement

In cm scale,
Gravitational Force ~ 10nN
Displacement ~ 1nm (1m pendulum)

Initial Position Place Another Mass

= 1nm > Resolution !

Observe |

10

Takahashi, Miyano, Tsuneno 2003



Newtton-0 expp 2200 3

1st Step Exp. Using 1m long Pendulum Measured Result

cor-rebin signals ]
L Observe Here

Mear Position

: 20 um Wires

Position

Far Position . Far Position
> M | |

™. Source Mass

Near Position Far Position

Gravity Signal ? ->




Newlon ..

Newton-l, Il Torsion Balance Experiments

fungstern Wire fungsten Wire
L80cm D30micron

Torsion Balance Bar 105mm Brass Target 21g

g Attractor 896 _
opper Attractor 6969 Torsion Balance Bar 128mm

Newton-| (2006)

Newton-SC (2009)

12



Newlon ...

Movie File

Ninomiya, J. Phys. CS5189 (2009) 012026
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Yazawa, Sato 2005 v
Hata, J. Phys. CS189 (2009) 012019
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Tuirgpstern Wine
La0om D30micron

Tarsion Balance Bar 105mm

f:umn—_‘l Wrractor H'-Jﬁl_]
' Brass Target 40g

J. Murata 2008

15

% Top View of the Torsion Balance Bar



Tuirgpstern Wine
La0om D30micron

Tarsion Balance Bar 105mm

f:umn—_‘l Wrractor H'-Jﬁl_]
' Brass Target 40g

/ J. Murata 2008

% Top View of the Torsion Balance Bar 10



Small Scale, Legacy, but unique and powerful tool:
Torsion Balance Bar

Newton-ll Experiment (2009)

Mass

e -,

17

Ninomiya, J. Phys. CS453 (2013) 012007  F ~ 100pN [ weight of 10um water cubic



Tungsten Wire
L83cm D30micron

A . Torsion Balance Bar 96mm
90deg Rot. 109 Brass Target

— .

10deg (8mm) Rot.

A
o

2 300g Copper Attractor

"1

Al Gravity

Angular Displacement [deg]

Cu Graviry

—
- Gmin

Time J. Murata 2011




Angular Displacement [deg)

Tungstern Wire
1 80cm D30micron

Torsion Balance Bar 105mm

Copper Attractor 896g

Brass Target 40g

Newton-| (2006)

Balancad Position

M Magnetic Effect

| | ! |

/} separation:11mm

Newton Gravity

-40 -20 0 20

Attractor Setting Angle [deq]

Tungsten Wire
L45cm D40micron

Brass Target 21g

Copper Attractor 8969
Torsion Balance Bar 128mm

Newton-SC (2009)

Capture board with FPGA

I /

separation:20mm

|
20

Attractor Setting Angle [deqg) J. Murata 2011




Newton-Vh (2013)

Inside : Tungsten Attractor Bar (Dia. 2mm x L 70mm) x 20
(PCD 70mm) _ewmTa——a—e..,  Tungsten Wire 40um x 236mm

amplitude [deg.]

experiment

09}037 0.0038 0.0039 0.004 0.0041 0.0042 0.0043 0.0044
frequency [Hz]

Confirmation of Newton Gravity at mm with 10% precision (after UW, HUST)



Eot-wash experiment : University of Washington (2006)

Stanford EXCLUDED
REGION

. Colorado

J. Murata 2010



Newton-V : @ 10% precision . .

next generation micron scale experiment Smaller scale around above Casimir region
Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)

Irvine

single Yukawa mode excluded

- 1— - - Casimir

---. Stanford

excluded by
Washington
o

il Y T Y Y N A W A A I ) I e I | I Y T A A A A
02" 10™ 10™ 10™ 10° 10° 10° 1 10° 10° 10° 10" 10’
A [m]

High-end digital microscope & wire cantilever

Reduction of thermal noise by wide range video
iImaging (space smearing effect).




Before

X-position [pixel]

position precision = g / sqrt(N) : standard error
<< optical resolution = ¢ : standard deviation
<< pixel resolution= pixel size




1cm

Cathode Strip (5 mm stripping)
Cathode Strip Direction
o #1:+11.25,-11.25,6 deg.
o #2:+11.25,7.5,3.25deg.
o #3:+11.25,-11.25deg.
e Wire (5 mm spacing)
¢ Anode signal wire
=20 micron (Au plated tungste
o Field wire
= 76 micron (BeCu)

Anode-Cathode Gap =6.35 mm
HV=1700 Vv
Gas

=50% Ar + 30% CO?2 + 20% CF. 8

112odNON= flammable)

Over 20,000 read-out channels

Jllollurg @@7391 )

cathode

100micron

3
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