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Muon Tube Polarimeter (MTP)
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Fitting function

f(T)=Nyexp L (1+ Acos(aT +¢))+ BG.
T

T
= p,exp|—— (1+p2COS(p3T+P4))+p5

Py

u SRE| &

TDC-262 TDC262

Entries 154863

2200 Mean 1.681e+04
RMS 1.203e+04

2000 Underflow 0
Overflow 2517

1800 Integral 1.235e+05
Skewness 0.6319
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Amplitude p, Mean  1.846e+04+ 35.98
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=Asymmetry %2/ ndf 502.1/414
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— 5.7+0.5[%] Pl 22426404+ 6.2726+02
p2 0.05694 = 0.00505

p3 0.003018 = 0.000008
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f(t)=p, eXp(—E)eXp(—ﬁt)(Hpg cos(psft+p,Ty +py)) + ps
P P

=a, exp(—aL)(l +a,cos(ayt+a,))+a;
1

¢$,=3.20%+0.17[rad] ~183°
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PM =, X3

a,: FRIR D BF £ $72.1851+0.0611ps,
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a,: IR F D HRIES5.69420.505[%]
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| Drift_time_distribution |

Drift_time_distribution

Entries

3500
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[counts/5ns]
-t N N
[$)] [=} an
(=] [=} [=}
o o o

Mean
RMS
%2/ ndf
[o]0)

pi

p2

p3

p4

147704
50.68

28.88
210.4/57
4.061= 2.822
-15.29 + 0.38
3730 = 20.9
5.442 + 0.079
2.852 + 0.046
99.45 = 0.14
3.761+ 0.095

1000
s00 Po |
0—%p— & 20
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1 1 I 1 1
40

time[ns]
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HOU 120
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140

f(7)=Po+
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: back ground

: slope of the drift time distribution
: intercept

: time starting point

: width of the rising time

: max of the drift distance

: width of the fall time
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x(f)=(-1.50x107)r* +(7.33x107)1  (t=T-py)
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I: U 7 I‘EEE&&J\E EntriesX2147704
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K1) 7 bZEEREA(cross check)
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X2=(X1+X3)/2[mm]
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Example of Muon fitting
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Entries 9086
Mean 2664
RMS 1816
%2 / ndf 120/76
T=2216=0.015(us) | o 00009614
Constant 6.316 = 0.022
Slope  -0.0004513 + 0.0000067
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11 1| 11
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Example of positron fitting
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ARIERESE L . vertex N RI-EHED
ARIRIRILIF2BYH DD, EEFDH
EARZAVTONDSEDZEVT=LN. Certer u1=(- b ___a )
F9,BEDARRNIFLUDSE,FE . V& +b> N> +b
DhitDEEEDFHETE R pe® =GV
RIEMNIEIZESHBDZEERLT-. az+by+c=0

opening_angle

- |opening_angle U, = b - a
2= ’

10 | Entries 492835 V& +b> Na* +b’

- |Mean  0.897

L |[RMS  0.2016

REDAECcosIXLUEBAIENEFELLA,
OFHEICHEEOMZHHLTLNS.

Counts/bin

REFBERLIZEDT, vertexEZEF DN
HANRDONDKSIZEHT-.

‘ 1111 ‘ L1 11 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ - ‘ 1111
2 03 04 05 06 07 08 09 1
cos_open

_\\\\‘\\\\
0 0.1 0.
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AN E— 4

sin_distribution

400§ sin_distribution
\ o s =t NO cut o 0osac
)\%‘J'[:_L\O)ﬁﬁx_ﬁj\ﬁjéﬁﬁ&f: 300; RMS .02706

YAEMKENARUMNIRB BB IECH I
HNTUWVEWED THOT=1=0HO R -

Counts/bin
g
I I I I I I I I

AEDOIEHAYIX130mradibL THoT=. N o
Zh[EDegrader TN % F &E (#994mrad) &£ — e
LDHEH Y ($933mrad)IZ&KBEDIZFH YT 5.

3DDWIFFESFTCBolE—L, Fa—T DY \1' X’/NDF < 20
[CEITICESI-RBOBRERIZE TAEEDFR sin_distribution -
EHIZEDELDTHLHEEZEZONS. 4500 S'E':t;jft"f;z:

Mean 0.006932

RMS 0.1354

Left-right ambiguity 500
‘ 5608 571
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Counts

v3Iialb—varv
dr
dxd cos@

Geant4|Z&Y, BAFF SN S AE N 1.

o F(x)[l + a(x)cos@]

: sin@sin Z cos6
Sy = zy == ¢ COSY = — =
2 2 .2 2 2 1) i
T +Y \/cos H+(1—cos H)sm ) \/Z +y \/cos 0+(1—cos 0)sm 1
in distributi cos distribution -
sin distribution Entries 48511 Entries 48511
2200 — 2200[F
2000 [ 2000[F-
1800 — 1800[f-
1600 — 1600{—
1400 @ 1400~
C c C
1200 :_ 8 1200[—
1000~ © 1000}~
800 - 800 H-
600 600
o 400
400 — =
c 200|—
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:I 1 1 I 11 1 I 11 1 I 1 11 I 11 1 I 1 1 1 I 1 11 I 1 1 1 I 1 1 1 I 11 1 '1 '0.8 '0.6 '0.4 '0.2 0 0.2 0-4 0-6 0-8 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 .
SNy COS Y
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Transverse u* polarization (P;) in Ku3

P O0THELMEZIFL, FIEZ DK EBHEEERFS) THRALMIZP, N EFEINA
UV (X B R ERE A AL TULVS.
(K, —mutv FRIR TILFSIO 2@ O faf BALF D fE [ZCoulomb ADMEILNTL R DAY,
KHEBFSIMIER 2SN,
Kobayashi-Masukawa¥ 0 Standard Model TIEP, [&&ETH/PNELY,
'10750%%:2%\1‘5@ 1 ZRDFNIL, SMESF DCPORN DEEEE R DI =2 &

e

FSI (example) 0 , SM v

T
W/ ﬁd{ S l : ”
Y
Y
A%

small vertex correction

+ E246 (1999) 90% C.L.

E246 (2004) 90% C.L.

EO06 (TREK) 90% C.L.
assuming P = 0.0000+0.0001

Allowed regiomn

Modlel Predictions FSI
i Multi Higgs doublet
R-parity violating SUSY
SUSY with squark mixing

2 -3 -4 -5
10 10 10 10
P,



Charge division study

® Read both sides of wire

® The position where particle hit on each wires could be determined
using the charge ratio.

To find offset parameter derived from such as amps, we focused
narrow beams on chamber and changed position for x-axis.

beam
>
X
3mmx3mmx200mm
fiber scintillator beam
R = QADCIS — QADC128 R relati
X-R relation
x=0mm OQ.pcis T Cancins
‘ ADC[15]:ADC[128] {ADC[15]>400 && ADC[128]>300&&ADC[15]<1500&&ADC[128]<1500} 05
1600— ’
= C 220!
o r
% 400 - q 200/ 254 . .

C —180| [ ]

r 0.3 [ | _htemp
“F I ® . f -
1000 - i 149 0.2 . ooooo g— RMS (:24:?:

: —120! ‘ 00000 - 67e+04 = 8.479e+01

800 o0 et = siamn ey

F —(800 =

600/— 600 ® 0 oo
E 400 -300 200 ® 100 0 100 20w
- 0.1 E
400
:\ | o . g 2\7 ‘‘‘‘

L L PR T N ST TN [N T ST N N (N N S| 0 0 5 o4 08
200 400 600 800 1000 1200 1400 1600 =02 = (ADC[15]-ADC[128])/(ADC[15]+ADC[128])
ADC[128] ADC15and ADC128 saw same Wit from the another side



TOF-O' T0F0
170MeV/c Entries 8273
B - - . Meoan 1637
4Mr ................................. Sessssccsgescecnes RAXELEL RMS 20.61
e - -
= ' Uncerflow 26
4w:.—...-.-........-...........-......% .......... nt:. ...... Overtiow 0
- - - Integral  2.2480+04
350E_,... $elecssnafssssss Showrness .0.9634
- . . .
- M . .
Y | IELIED SRISRTTL) SERSRIIE TITIERD £ i AL Rt SRR foueeeees
%250:_. ................................. ................................
= -
gzw;— .................................................................
o =
‘m:— .................................................................
=

TOF spectrum

1450

1500 1550 1600 1650

Time[ch=97.5ps]

1700 1750

1800

— pt et
Lifetime 26.033(5) ns | 2.19703(4) us | > 4.3x10%y
Mass (MeV/c?) || 139.56995(35) | 105.8389(34) | 0.51099907(15)
Charge (e) +1 +1 +1

Spin (%) 0 2 2

Delay (ns) 8 24 38
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TDC calibration

htemp
90000 Entries 661367
E Mean 7087
E S .
TDC[290][0}- TDC[261]0] {TDC[290][0}>0&&TDC[261][0]>08&(TDC[290)[0]- TDC[261][0])>(-7400)&&(TDC[290][0]- TDC[261][0])<(-6400)} 80000 ; ;‘zM, ndf 9247 ‘/8‘;
3 E Prob 0
200 ﬂ 0 htemp 70000— ConstanB.585e+04 = 1.4600+02
- . Entries 1144600 60000 F Vean '-37025 =0%<2>
r . igma .78 +
180F Mean -6899 =
- RMS 220.3 50000
160 — 40000
= 30000
140— =
- 20000—
120— E
- 10000
100— oL Lol e e L L
- -7300 -7250 7200 7150 -7100 -7050 -7000 -6950 -6900
C TDC[290][0]-TDC[261][0]
80—
- TocisororToctzs orToci
60 — 43 3 7 n S htemp
- C Entries 482025
40 - _445Ch r Mean -6642
N 60000 — RMS 18.2
- C ¥2 1 ndf 4197/5
ool <1ch=97.46ps g :
— 50000[— Constant 6.3e+04 = 1.4e+02
- F Mean 66412 0.0
0 1 \ 1 1 1 l J 1 C Sigma 13.8x 0.0
-7400 -7200 7000 -6800 6600 -6400 40000—
TDC[290][0]-TDC[261][0] C
30000
20000{—
10000[—
0 Co o | L | L 1

5750 6700 5650 5600 6550 6500
TDC[290][0]-TDC[261]0]

The frequency for the TRIUMF cyclotron is 23.06 MHz so the time separation of the

beam pulses is 43.37 nsec. ’



E246 Systematic errors

Canceled by

Source Y12 fwd/bwd 6Pr x 10

T counter r-rotation yes yes 0.5
e™ counter z-rotation yes yes 0.2
e™ counter ¢-offset no yes 2.8
e™ counter r-offset yes yes <0.1
e™ counter z-offset yes yes <0.1
B offset (e) no yes 3.0
B rotation (6,) no yes 0.37
B rotation (4,) no no 5.3
™ counter y-offset no yes <0.1
CsI(T]) misalignment  yes yes 1.6
K™ stop distribution  yes yes < 3.0
MWPC y-offset (C4) no yes 2.0
K™-dif background yes no <19
K o-dif background no yes 0.6
1 multiple scattering  yes no 7.1
e™ time spectrum no yes 0.8
Decay plane angle (6,) no yes 1.2
Decay plane angle (6,) no no 0.66
Uncertainty of o - - 1.3
< cos O > uncertainty - - 3.3
Py gradient - - 0.3
Analysis - - 0.9
Total 114
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P;=-0.0017 £ 0.0023(stat) + 0.0011(sys)
(|P;]<0.0050:90% C.L.)
Statistical error dominant 20




Table 4: Outline of the propesed experiment in comparison with E246

TREK

F246

Methodology
Beam

Detector setup

Asymm. measurement

Polarimeter

Field method

79 selection

e’ detection

Pr deduction

¢ detection
pnt tracking
Alignment

Main upgrades
Tracking

Target

79 detection

e’ detection

Data taking

stopped K+

Toroidal Spectrometer with
upgraded E246 setup

Active polarimeter
Longitudinal
B | Pr
B = 300 Gauss
by dipole magnets
primarily in fwd and bwd
integral or event-by-event

option of event by event in L/R
< cosfr > correction for integral

event-by-event with
E,.., 0, measurement

weighted analysis

2y
5 chambers + target

10~ by positioning and using data
CO(GEM)+C1{GEM)+4C24C34+C4

in He gas bag

~ B0mmeg with

2.5 x 2.5mm Sci.fiber (L=0.2m)
SiPMT readout

CsI(T1) with
APD readout with FADC

active stopper with DWPCs

KEK-VME, COPPER system

stopped K™

Toroidal Spectrometer with
E246 setup

Passive polarimeter
Longitudinal
<B> Pr
B = 150-300 Gauss
by SC toroidal magnet

integral in fwd and bwd
correction by < cos 0y >

integral in the e” counter
use of analyzing power a
Pp = Ayp/a < cosfp =)
2v 4 1y
3 chambers 4 target
10™* by positioning
C24C34C4
in air
93mmeg with
5 x Hmm Sei.fiber (L=1.85m)

1/2” PMT readout

CsI(T1) with
PIN readout with PH-ADC

plastic counters

TKO4FASTBUS, UNIDAQ

31
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RSM=( 2.477+0.001)x 107
R, SM=(12.352+0.001)x 10°°

BREFERTOFREES AR/R ~ 0.05%

R=(2.488+0.009)x10° (KLOE, NA62)
ZEBRMNS 190 LTS

BiZAIEREIL AR/R, ~ 0.002



