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@TR'UMF Measurement = R-Correlation
Searching P-odd & T-odd New Interaction *
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Past Studies
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Experimental Sensitivity >> CKM (Standard Model) Predictions
===) | Search of New Physics beyond the Standard Model

Suppression of CKM effect is desired
u, d system = Normal Nuclear is rather better
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Polarized 8Li Beam Facilities
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Tilted Foil : 3ug/cm?2 Polystyrene x 20 @ 70deg.

2008 Apr: Unpol. Test Exp.

2008 Sep. Physics Run : 40% precision
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cil26G)  P. Levy 2003 2010 Physics Run : 0.1% precision achieved Run-I|
2011 CDC commissioning Run-lll
2012-13 CDC full setup test Run-IV & V
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Transverse Polarization Measurement

Utilizing Analyzing Power of Mott Scattering

Plastic Scintillators
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> e Box for Pb-Foil

UP/DOWN Asymmetry
in Mott Scattering




rﬁ) -
§r
: DIe and DE 3 - g
Measuring Mott Scattering using Drift Chamber
MTV V-Track Detection N ’
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Backward statt. Analyzing Power Figure of Merit
~107-4 ~ 50% max. max. at 110deg.

Analyzer Foll

[ MTV-TRIUMF Setup

Analyzer Foll

Drift Chamber

Electron V-Track

Mott Scattering

Trigger Counter

Magnet

Al Stopper

Polarized Beam /
\O\ Asym. Counter
Hitting Stopping Counte
Polarized Beam
_

Transverse Polarized 8Li ~107 pps — 80% pol. @ 30keV
Stopper: Aluminium at room temperature, BO=500G
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KEK-TRIAC Experiment

2days Physics Run performed Sep. 2008

{:---»-_j"""“ | \;'\\_\ Apr 2008 Unpol. 10%pps
LN - Ny : Sep 2008 8% pol. 10°pps

0.6M V-Track events obtained
with 8% pol. 10°pps 8Li beam
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MTV-TRIAC Final
0.6M V-Tracks/12M Triggers/17G 8%pol. 8Li

R =-0.020 + 0.41stat + 0.024sys Nov.2009
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Scattering Angle (deg.)

40% precision for (8% pol.), 1.3x10°pps x 2days (37hours)

First Results from Reliable Tracking Measurement !

Results of KEK-TRIAC Experiment
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effective analyzing power
<&>~0.065

polarization | < J >~ 0.08

0.2%

Or ~ =40%
0.065x0.08
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H. Kawamura, PhD Thesis, (2010) Rikkyo-U
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Shipping from Japan in July 2009
100MBg 90Sr Commissioning in August
First Test Beam in Nov. 2009

Physics Run : 2010
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100um Foil > 10um Foil x 1/10
KEK-TRIAC 2008 FINAL R =-0.020 + 0.41stat + 0.024sys Efficiency 100% > 10%  x1/10

Pol 8% > 80% (x10)

\ 4 Beam 105 -

& TRIUMF MTV-Run | 2009 (70% analyzed)

Preliminary
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MLa > 560GeV/c? \ PSI 2003 R = (0.09 + 0.22stat+sys)%
\ 0.09% = (0.16 - 0.07)%

Standard Model FSI | R = +0.07%

Improvement [stat. FOM]

Systematics [0.5deg. Pol. Prec.]
T mm———— [ DAQ 1kHz > 100kHz x10

TRIUMF MTV-Run |l 10um Foil > 100um Foil x10
E 2010 expected 2days > 14days x10

Rckm~ 10 14% ( P ) 4 d
l Efficiency 10% > 100% x10

Trigger Acceptance X 2

A1, Nov. 2010 A 6.5% > 11% X2
.‘ - vel on Run-ll, na. power 6.5% b X
| Reachlng ESt o Total x10 4 '




1 week data production in Nov. 2010
First Physics Run

28G Lvl-1 / 3G Lvl-2 Trigger

2.5G events recorded

~ 250M V-tracks

M

Vgt pelorpmetig for T=Viokllon exp.




Run-II achievement Ny AV W

Run Number VS each parameter of KEK TRIAC, Runl and Run Il
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@TR'UMF Achieved Statistical Precision
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MTV Run-Il Acheived Sensitivity
2012 Totsuka

0.6M events @ 8% pol

|

—

Run-11 2010 250M events @ 80% pol

‘S———Pw R =(0.09 + 0.22stat+sys)%
~ 0.2% stat. precision

— KEK-TRIAC 2008 R =-0.020 + 0.41stat + 0.024sys
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Standard Model FSI 'R = +0.07% Reaching the highest stat.
precision !

Run Number [ hour]

(only 37 hours from 5.5days data taking was effective due to beam spot problem ..)
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Axial-Symmetric detector is desired
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Source = Detector Asymmetry + Parity Violation

Spin up data theta VS gamma distribution
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Resolved in two dimensional analysis
Symmetric detector is desired




@TR'UMF Systematics-1II : Efficiency
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Source = Non-Isotropic Efficiency Non-conservation during beam spin-flip

Power un-stability on Vth / LV / HV
under
high counting rate environment

-\’

Single Ratio

Resolved in efficiency
determination analysis usiric| ungal, clziz
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Vgt pelorpmetig for T=Viokllon exp.

Run-II result

Systematics :

1. Beam pol. tilting
KEK-TRIAC 2008 2. De_te_ctor asymmetry
3. Efficiency un-stability

'
“TTTTT Almost Corrected ...

Asym ~ (0.2 +2.1) x10™

Standard Model FSI

50 60 70

Scattering Angle (deg.) sta. sSys.(unfixed)

MTV Run-Il preliminary

Still has difficulty in unpol. data



Next Generation Detector: MTV-CDC

Remaining Systematics : Asymmetric Acceptance + Beta Asymmetric Emission
>>  Offline restoration analysis using Tracking Information

= Analyzer Foil §
: =

4mm pitch & gap - 5 Sense Layers
374 Sense Wires

V-Tracks

Highest Statistics with minimum Systematics
Designed 2009, Fabrication 2010, Commissioned 2011 "
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oltions exp.

MTV-CDC

Next generation detector : CDC

Beam Stopper

Stopping Counter

Trigger Counter

To Remove Systematics : N-correlation, Asymmeric Acceptance | )
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MTV-CDC

Next generation detector : CDC

Beam Stopper

S
s

Trigger Counter

Ty — :
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Symmetric Acceptance

Need Offline Rejection

Rightward

T A

[ Leftward | [ Rightward |

[ Left-Right Asymmetric Fiducial |

Left-Right Symmetric Fiducial

—-ETormeiry
Parity Violation
= 0 fake signal

Asymmetric Geometry
+ Parity Violation
= non-zero signal

Asym(-7/2) = (L-R)/(L+R) < 0

R-correlation

R-correlation

\ ‘zﬁﬂ“x{w&ndiy for T2V olalions exp.

Log. 8Li Po

Asym(-71/2) = (L-R)/(L+R) > 0

N-correlation




Designed in 2009 - 2010,
Fabricated in 2011

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

High rate capability,
Large and symmetric acceptance

_KEK 2011

Y
A
v

wlations exp.

. Anode (20pm Au-W) x 400

. >> signal readout

- Field (100pm Au-Al) %400
>> applied voltage




v

v
Mot pelormeting for T=Violallons exp.




@ TRIUMF MTV-CDC Performance Test
Run-IV 2012

Beam test Run-lll : CDC commissioning 2011
Run-IV : Full setup test 2012




@ TRIUMF MTV-Tracking
M T Run-1V 2012

oft polarimetry for T-Violation exp.

M W

N

Run-Il MWDC

gvenl H4Y
P 200 23066

Excellent V-tracking

.

Significant Improvement of event Reliability !



@ TRIUMF CDC performance
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CDC V-track
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0.8kHz @ 10Mpps
0.8kHz @ 100kpps

Same event rate achieved (thanks to fast full FPGA-DAQ)

Should be robust to the efficiency un-stability systematics

26



CDC systematics = MW
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MTV Run-Il (MWDC)

3 3.2
Theta [rad.]

o)

MTV Run-V (CDC)
test run

3
&
z
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S
-
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Systematic behavior is not
clear within statistics ...

Final source test in 2014
before physics production
(8 days )

—
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| 27
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Theta [rad.] MTV Run-V 2013 23hOUI‘S
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Calibration & Systematics Check

MTV-G CDC

Scattering Foll  Longitudinal pol. electron_
1 Coulomb Scatt.

Transverse pol. electron

Stopping Counter

<<<<<<< <-<-““"" cattering angular dependence («=90deg.)

_ +
. 'UEW H hﬁ #”PFH} ﬁ ++ +

Trigger Cq

Analyzer Foil

Analyzing power confirmation
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Vit pelarbneiv o T=Vielors exp.

The MTV experiment
Activity Summary

2008 Test Experiment at KEK-TRIAC

_~
. /1

2011 CDC Commissioning

2012 MTV-CDC Full Setup Test

2013 CDC Systematics Test (physics)
2014 CDC Systematics Test (source)
2015 -16 Physics Production

0.01% precision, 107pps X 16 shifts remaining

run! |
We are almost ready to the next o
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Tokai Radioactive lon Accelerator Complex|
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Formalism
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Theoretical Calculation of Final State Interaction

P. Vagel, B. Wemer [ Final-state interactions Ra dla tlve Corr'e Ctlon

NLO -~ alpha/pi =0.2%

Realistic Electron Wave
Function

RE= Mg\ j[iz Im(C7C’y + CCYy)

ar./ 1

Re(C;Cy — C4C! ]
Pe

+ 8y M Mg Y Ii 1 [1 Imf C.\'C:{ + Lﬁ(
wZm , Finite Size Effect ~ 10%

— CyCy - CCy =2 o Re(CsCy + C5Ch

G - ('_’,}]_ (B10) 4 [ ,, L

—
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3. D. Jackson, et. al., NP4 (1957) 206 / //
.r.-/f

-
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Q

Fig. 1. Feynman graphs describing radiative corrections.

Fig. 4. The expressia (26J divided by its pomt Coulomb limit, for p,=0.6m. and the indicated
Z-values. The position of the nucloar tadius is indivated by an arrow.
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iR = - (M| {or) 72 5 IHMN 2 +g(B)
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Burd {rr}wfu+];| 4 M 16

P. Vogel and B. Werner, NPA404 (1983) 345




Final State Interaction is really comes from Charge ?

Point Charge = Electric Moment = No Axis

electron

Q/L.

l N-Correlation

R-FSI ?
T=uxB
Magnetic Torque Thomas Precession ?
) s

€ v o
. my v+1 (.' L+ c )
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Future

Non-zero signal ~ 0.01% ?

FSI or New Physics ?

1. Check Electron Momentum Dependence
2. Systematic Study over various Nuclei

Systematic study of ESlitselfi IS an interesting subject. ..

(333\)}\) n}arge
/‘B@{m)s\m@“'m is)

P @Mt oniom P e
Application of MTV to mu-TRV at J-PARC ? ™

Need different polarimer for. high energy. electron ) Jre,
(Mott analyzing power.isismall) o .
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Vgt pelorpmetig for T=Viokllon exp.

MTV-G : Gravity Experiment

Test of Gravitational inverse square law at nuclear scale,

to search large extra-dimension

Scattering Foll

Stopping Counter

spinning particle

Trigger Counter

Analyzer Foll

Nucleus large geodetic precession Nucleus

Newton Gravity = Flat Space Time Strong Gravity = Warped Space Time

34



Newton-1Vh (2013)

70mm) x 20
(PCD 70mm) Tungsten Wire 40um x 236mi

Collider

Cantil Outside : Tangsten Target Bar (Dia. 2mm x L 55mm) x 20
antilever (PCD 80mm)

».

Geophysics

P':‘.'! I
5

10%" 10™ 10™ 10™ 10°

To compete with the LHC like
micro gravity experiments !

.

4.6 TeV

Washington

J. Murata arXiv:1408.3588

Review of short-range gravity experiments in the LHC era (Topical Review in Classical and Quantum Gravity)
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Summary

The finest precision test of T-Violation at 10 level will be performed very soon.

We will see something non-zero effect, for the first time.

We hope that theoretical model calculations are triggered !

Journa

Herczeg 2005 36



Dirac Particle Approximation ?
Point Charge = Electric Monopole Moment = No Quantum Axis

Point Charge Approximaion

Dirac Particle Approximaion ?

/—\ Magnetic Dipole Moment
e Me ==0 Us

electron

8- transition:

Fial=AT=0

Aw=no

Ty, =084

. E nox "3 MeV  logft =54
GT:Al=AT=0, %] }
I ll:l"j‘--r:lzl

Aw=no

g-factor unknow
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CDC EVENT DISPLAY MWDC/CDC TDC Spectrum (Run-II/Run-III)
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VME Bus

103311 7 [9A97]
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// TDC Buffer
LVDS Capacity: 32k long word

I9[[01U0)) TNA

()ptical Cable

VME Bus BLK Transter

V1495 FPGA-based Input Reg.
* V1495 FPGA-based TDC
V1190A TDC
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10°
Request Rate[Hz]

Custom FPGA system : Trigger & DAQ (TDC/IO reg.)



