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@TR'U“F Measurement = R-Correlation
Searching P-odd & T-odd New Interaction °

Pol. Nuclei

electron

Beta Decay Rate
o< J >G|E.Q)EdQ, =- (7

oy

m p <J>
+h—+=£{ 4
[ 3 Ec( 7 +Go|+0-

Required Components

Measurement | Electron Momentum
o 8 Electron Trans. Pol.




MTV Run-II Precision

2010 MTV experiment using MWDC at TRIUMF-ISAC

1x107pps @80% (250M V-tracks) WM 4, =(7.5+1.2_

MTV Run-II Acheived Sensitivity
2012 Totsuka

— KEK-TRIAC 2008 R =-0.020 + 0.41stat + 0.024sys

_Analyzer Foil
Drift Chamber

Run-11 2010

R Sensitivity

PSI 2003
‘*

~ 0.2% stat. precision

Standard Model FSI 'R = +0.07% Reaching the highest level
stat. precision !

37
Run Number [ hour] | Same order systematics due to detector asymmetry etc.
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MTV-CDC

Next generation detector : CDC

Beam Stopper

/ /
B b T
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Stopping Counter

Trigger Counter

To Remove Systematics : N-correlation, Asymmatric Acceptance ( Fake Tracking ) | )
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MTV-CDC

Next generation detector : CDC

Beam Stopper

7\

zer Foll

Trigger Counter

To Remove Systematics : N-corrslation, Asymmetric Acceptance ( Fake Tracking ) 5



@TRIUMF Geometrical Systematics Reduction gmsd W[/

?’z.lfffv&r'n‘diy foe T-Volations exp.

N ————
Asymmetric Acceptance N-correlation

Asym(+77/2) = (L-R)/(L+R) > 0 Asym(+71/2) = (L-R)/(L+R) > 0

Need Offline Rejection

[ Leftward | [ Rightward |

[ Left-Right Asymmetric Fiducial |

Left-Right Symmetric Fiducial
Asym(-71/2) = (L-R)/(L+R) < 0 -m/2) = (L-R)/(L+R) > 0

- R-correlation N-correlation
Parity Violation
= 19 a2 signzl

Asymmetric Geometry =
+ Parity Violation !

= non-zero signal

--------------------------- N correlation | =0, if pure Trans. 8Li Pol.




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

MTw

Mot pelormeting for T=Vilallons exp.

. Anode (20um Au-W) x400

>> signal readout

- Field (100pm Au-Al) x400
>> applied voltage







@ TRIUMF MTV-CDC commissioning

Mot polorsmetiny foe ToVlatlons exp.

2011 : CDC installation
2012 : Full setup commissioning
2013 14 Systematlcs test

Tanaka, NIM A752 (2014) 47-53



D TRIUMF CDC-Tracking
M T Run-IV 2012

lott polarimetry for 7-Violation exp.

MW

Run-Il MWDC

Excellent V-tracking

:

run’ 20123066

significant improvement of event reliability !




1 week data production in Nov. 2010
First Physics Run

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

2.5G events recorded

~ 250M V-tracks ( sigma(R)~ 10-)
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D TRIUMF |
MTV systematics on Run-II

good efficiency
| fake Mott Asymmetry |

Observed Strange Asymmetry : Understood as
lower efficiency Gain reduction due to space charge effect
' & Parity Violating beta asymmetry

Evaluation and Correction using
mixing real data making artificial beta asymmetry
[dominant systematic error,)

Gain reduction

due to higher radiation

MTV Run-Il Systematic Correction
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Artificial Parity Violation Signal :
Left — Right oscillation robot
Moving at different frequency
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— MTV2015 20 evens/d nour
% = unpol Li-8 at 108pps Robot Frequency
<5>E’ = Expected PV fake peak x 6 ™ e
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107

Frequency [HZ]

Asym = 4x10- expected
in 24 shifts

Systematics are under control now ! Asym = 3.5x10°

FSI prediction
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N-Correlation R s

F(xZ,E))

w(<J>6|E, Q)IE dQ, = i p.E.(E,-E,)dE.dQ,
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Leftward Nuclear Polarization

Non-zero N-correlation :
also usable to check analyzing power




N-Correlation

A
RFSI~0.07%
[R-correlation | (current precision)
| N-correlation | N ~ 4%
(0.7% @ 10deg.)

Mott Asym.

Common Analyzing power with R-correlation :
can be checked by N-correlation




2 TRIUMF .
Lorentz Violation

Theories of Quantum Gravity : Difficult to be directly tested

Requesting violation of Lorentz symmetry : Test of LV ~ QG

Lorentz symmetry is not well tested in weak interaction

j als
LVlike P, C, T, CP_‘ ' LV Data Table : 2016 Kostelecky-0801.0287v9

n TETR
' | — 1| (] "'n R Table D33. Electroweak sector, d = 3,4
I.' TIf== W A= ¥ I'II . F - S
{ I T H ( J | I I [ — ) I| y = Combination Result System
\ ! | ; / -31 (v < .
1 f - s )Y < 10 GeV  Xe-He maser

ll () ), < 2.8 x 10727 GeV

< 3.3x107% Kaon decay
< 107* ”
< 6.0x 1072

PHYSICAL REVIEW D VOLUME 14, NUMBER 1 1 JULY 1976

Test of the rotational invariance of the weak interaction® oy 103 Nt i
(=9 to2)x10 Nuclear beta decay

Riley Newman' and Stephen Wiesner® 2(k5 s (=6 to 4) x 107°

Columbia University, New York, New York 10027 .S )Y X (=0.5to 1) x 10—%

ROTATION AXIS - (=1 to 0.4) x 107
(=1to3)x 1076

<1x1076

<2x107®

5% 1077

3 x 1016

9 x 10716

EVACUATED -
CHAMBER

High Precision tests in 1970’s Sl %0 <0 ok oo

(no spin correlation)

") pav < 107°  Astrophysics
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Lorentz Violation I Ry AN R

Evening
Preferred Direction of nuclear polarization Sidereal Variation Of upward/
downward anisotropy
A
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No Mott analyzing ...
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Evening

Y]
©

Leftward Mott scatt. Rlghtward Mott scatt.

~—

Leftward/Rightward Mott Asym.

Preferred Direction of electron polarization

Lorentz Violation II

Sidereal variation of leftward/
rightward Mott asymmetry

unpol Sr-Y 90 source
duration ~ months

LV signal

pd

Sidereal Day (23h56m)
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Rlghtward Mott scatt.
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bame as electron
omentum measurements ?
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Leftward Mott scatt.




Strong Gravity at Nuclear Scale Ry AN R
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D TRIUMF

Summary:
Expected Physics from MTV 2016-17

Tools

A. Polarized Li-8 production run ~ 2 weeks (R,N,LV)

B. Unpol Sr/Y-90 production run ~ 6 months (LV)

C. Left-Right oscillation robot to control PV-like systematics
D. Rotational table to flip detector directions

Physics "'

1. T-Violating R-correlation : reaching non-zero FSI precision
2. nonzero Transverse pol. from N-correlation :
3. Tests of Lorentz Invariance in weak interaction & polarization correlations

FSI physics

1. Check sign & Electron Momentum Dependence (Test of SM)
2. Systematic Study over various Nuclei (Rgg; N)

C, +C}]+1aZFme

CA 3 pe




MTV 2016
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backup
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QTR'UMF S1183-MTV

Activity Summary

2008 Test Experiment at KEK-TRIAC

2008 First Proposal to EEC
2009 - 2010 MTV experiment using MWDC

(2010 EEC Progress Report)

1 x107pps x 11shifts (250M V-tracks)
Same order systematics due to detector asymmetry

2011-12 CDC Commissioning

(2012 EEC Progress Report ) I_’ l
2013-14 CDC Systematics Study

Systematics due to PV understood ! _

2015 CDC Systematics Calibration System Completed

2016 EEC Progress Report

Ag ~ 10 precision (< FSl level), 10%ps x 12+12 shifts

-

MW

Vot polarametioy foer T2V okations exp.

2016 — 17 Physics Production
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& TRIUMF MTw

MTV on TV program ! et T o

BS Fuji Galileo-X, Nov 2013
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@ TRIUMF Run-II result

Systematics :

1. Beam pol. Tilting (N-correlation)
KEK-TRIAC 2008 2. Detector asymmetry & PV beta asym.
3. Gain Reduction & PV beta asym.

Asymmetr

J Evaluate & Correct

7512, 6.5,

50 60 70
Scattering Angle (deg.)




Q@ TRIUMF . |
Systematics Calibration : expected signal

(1) Asymmetry vs time Monte Carlo

e

Ty

150 200 250

Asymmetry
I IIII|IIII

Calibration Signal

Ll
i
1 | 1

0.1 j "l ,
015
0

time [time bin]

(2) frequency spectrum of Asymmetry Monte Carlo

o
[N}

Calibration Signal is to simulate the fake Asymmetry, scaled to PV A

o
o
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o
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R Asymmetry

Asymmetry amplitude
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D TRIUMF _
Transverse Polarization Measurement P gl Tl

Utilizing Analyzing Power of Mott Scattering [MTV V-Track Detection |

Analyzer Foll

Electron V-Track

Mott Scattering

Pt Stopper

Polarized Beam /

UP/DOWN Asymmetry O

in Mott Scattering Hitting Stopping Counte

MTV-TRIUMF Setup

Asym. Counter

Analyzer Foil
| Trigger Counter | Drift Chamber

> =
I I “- il

Stopping Plastic Counters




& TRIUMF | SR
Results of KEK-TRIAC Experiment ®lg ) ' % o

MTV-TRIAC Final
0.6M V-Tracks/12M Triggers/17G 8%pol. 8Li

R =-0.020 + 0.41stat + 0.024sys Nov.2009

$ 8Li Spin O

XNIN{NN

Asym

~~

[

F Upward <E><J>

~ V=V _~02%
UASym /Nevent /\/W ’

effective analyzing power

<& >~0.065

polarization | <J >~ 0.08

] 0.2%
- . Or ~
- _..—1 | | . | I I Ll .."I-.. P 1 0.065X0.08

100 120 140 160 180 200 220 240 260 280
Scattering Angle (deg.)

"o

. Downward

XNX‘NNN‘NN

- 40%

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

First Results from Reliable Tracking Measurement ! 30
H. Kawamura, PhD Thesis, (2010) Rikkyo-U
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Vot polarametioy foer T2V okations exp.

N sin[x]

projection angle : &

FPOL hook™

Asym./(< x Pol.) [%]

| 25
I

projection angle : o [deg]
DC hookA = Mir —
e |
. h

FPOL hook ~_ | -’.
\_\_\ e R

\I!i """" \\\
FPOL (Forward Polarimeter)

=0.024 £ 0.029%

N —correlation

Axial-Symmetric detector is desired
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theta VS gamma distribution

ﬂ
s
N2

gammalrad.
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Right scattering

Detector
Asymmetry

Entries 2.46064e+08
Mean x 3.116
Mean y 1.562
RMS x 0.5489
RMS y 0.3355

—

o] @ [
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0.5
0

M| Ll Il
5 6

theta[rad.

o

| Left-Right Asymmetric Fiducial |

+ Asym( ’6’) | . "( _‘H‘ _’W y)dy . F‘*‘H‘ )’7 i , R.'.:(_—|(9‘,;’) M1+ .45'_1'1)1(’6")_:
D 8 — .0 o D 8.”): TR -
2(Ph = | 1- Asym( ]HD | (6] »)mz (7)dy | e(+6}.; e ) (6.7 R™(+6l.y) | 1-4sym(6]) |

Resolved in two dimensional offline analysis
Symmetric detector is desired
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U1+ Asym(

A+ (=0, )y (r) ¢ 1L+ Asym(

NIV
CEED
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CeC Vot pelarsmeding forr T=Violdlions exp.

e (0,y)=¢€"(0,y)(1+ a(ﬁ,y)))
gD(eay) = 50(597/)(1—05(‘9»7))

)L+ a6, 7)) ()

Ve [1 - Asym(
)Tl = Asym(

A= a6l y)mb (r) [l = Asym(
)+ a6l e, (r) 1711 = Asym(

) (1= a6, y)rp, (1)
)L+ a(+6,7)1m, (7)

e[l + Asym(

(A= a(+|6ly)mb, (r)  t"[1+ Asym(

= a(+6}, )0 (7)
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