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1o —e Y Decay




Flavor of Particles 4




U T—e" Y “ undiscovered decay

@® Forbidden in Standard Model
(Lepton flavor conservation law)

@ It is possible, with neutrino
oscillation, probability is < 1070
no exist practically

@® Promising theories beyond SM
predict accessible probability [ X & \\VVV\’Y
-see—saw mechanism 7 A
-SUSY-GUT T XN e
"etc. — L—

1 —e Y via SUSY particle
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History of ‘u+=—e 9 -search

1
1936 'L e ®
Discovery of U I o °ou—ey
g . 4 m U -e conv.
1947 510 ! AU —eee
. . . 5 10 ip
First search with cosmic—ray = 40" ° 4
. . ]
O U is not an excited state of e T 10° &
= 10’ . L
E L [ Ty
1950s ?) 10 ° . AA "
U —e Y search with accelerator g 10° e ==
Ke] 10—10 o0 A | ]
E 11 o o _eecMe
1 97OS E-) 10 o Mu3e-I1A
. . = 12 MEG2011) @ TE
search with meson factories £ 10 MEG013) ® st
0 1 7 MEG-IT
O Concept of lepton flavor @ B s
. 10 COMET-Il/MuZe
X Rumor of discovery, but not true .
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Crystal Box 1.7 X 1071 1984 @LAMPF Year
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Sighal & BackGround

O Signal
52.8 MeV = m, /2, back—to—back, at the same time.

@ BackGrounds

O Raditive Muon Decay (RMD) u* — e™v,vey

O ACCidental BG (ACC)
— e from normal py+ decay

— ¥ from RMD or annihilation of e*

Rge < R 2" 0E,*(0E, )" w/4m- 4t

Type Er Eet Time Angle
Signal 92.8 MeV 92.8 MeV Te=TY 180°

RMD <52.8 MeV <52.8 MeV Te=TYy =180°
ACC <52.8 MeV =52.8 MeV | uniform no correlate




2. MEG Instruments
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PSI experimental ‘hall

Injektor 2
72 MeV

waGA TTH 4 Cockcroft-Wal
870 keV

main ring

cyclotron
e 2 |
Ef_ e

LT

Solenoid

magnets

Tt ED spec.
at entrance
Intensity 108 /s
Momentum | 28 MeV/c
+ 5-7%
Solid angle 150 mstr
Spot size V: 15mm
H: 20mm
Angular V: 450 mrad

divergence

H: 120 mrad




BTS & Target
Bearn o o < no—sca(l:e3 | k J

Transport i Degrader\ T
.‘ \ arget

Solenoid = }H _— I?‘H | ;

_\‘ - H - — H
He=cooled , Beam Transport Solenoid
Superconducting .
magnet to conduct 199 A, 2.4 T (nominal) |
U beam on target Spectrometer Solenoid

Requirement
Must stop p*, but
must not interrupt e*
— Put thin film with angle

Design
8 cm X 20 cm ellipse

: 20.5° slant angle
cross—marker - Stacked PE & PS, 205 ym

U " stopping target



MEG detector

COBRA
Magnet

Timing
counter

Drift
chamber

| = —1 ]
I.' [ ]
X ;o ] Liquid xenon
‘:‘ v " detector
Z S —
y 1m




Liquid Xe ¥ =ray detector

Liquid Xenon ? Difficulty in
-Rare—gas scintillator application £
=
-Fast, Many photon Handle E T e e
o = | soli ‘gas
*Heavy as a liquid low—temp liquid = e
(T 165 K) £ P
"Homogeneity A phase diagram
10-15::::':::::::.::::” :"": """ _::::::j::::::?:::
-No self-absorption Control S ofxelnon E=ms
pressure 120 140 160 180 200 220 240 260
(A P < 0.01 atm ) Temperature [K]
F 7
— Many applications in |
Detect
high—energy experiments Ultra-violet light
(A ~ 175 nm)

Hamamatsu R9869
Photo—multiplier



LLXe detector.design

“ I"S'de\"fthedﬁtecf“ S Characteristics

WD 2@ A Y O Total 900 | LXe

- C—shaped cryostat

=846 PMTs on 6 face
Honey—comb window at ¥ —
ray entrance face

- Cooled with pulse tube
refrigerator

2 kinds of purification

systems equipped

200 W pulse tube
refrigerator



LXe detector: ¥ —ray calibration

Main 7 calibrations

A. Cockcroft—Walton (CW)
accrlerator
target of Li,B,0,
14.8, 17.6 MeV

B. Neutron generator
Ni(n, ¥ )Ni reaction
9.0 MeV

C. Charge exchange
T +p— n%+n
o=y +y

f’ff “'“a____.--u




7T @ ealibration

2 v from the reaction 19— ¥ + ¢
By selecting back—to—back ¥ pair, concentrated energy 7 can be selected.
Most important calibration, since 55 MeV is near signal.

BGO detector is small and movable, to scan all acceptance of LXe.

||||||||||||||||||||||||||

s ; LXe
83MeV Detec%or

55MeV

)

Energy [MeV]

(2]
o
FT FFr 9 s T g F T F F N T A B [ F FT ¥ [ V8

I COBRA
150 160 170 180 counter

opening angle [° ]



Number of events /(0.50 MeV)

Y —ray resolutions

m T 1 T 1 r 1 ]
(a) 42% *

100~ w, <2 cm M g up N
I A ]
s0- X }j 23%
_r++ +++++++++++++++++[+++++++++++#“HH \»\ |
L L R S B A
“(b)58% -
200~ ." L 0w —

w7>2cm ! |

i 1 o16%

|
I [t |

+
() Lttt |

30 40 50 60 70
E, (MeV)

Fit 55MeV peak with response function
considering
*Correlation of 2 ¥ angle and energy
*Difference of noise condition

Detector acceptance is divided into small parts
and fit each.

When 7 —-ray convert at shallow part of the
detector, energy resolution is worse

Position resolution is evaluated with lead collimator.
tobe 5 mm O in v vdirection and 6 mm O in wdirection.



COBRA magnet

Uniform B—field

AR /

;

e* emitted in 6 790 0 vs radius of track

Gradient B—field |/

low momentum es
are isolated

reduce pile up

Compensation coil

Outer end colil

Inner end coil ©
/Gradientjcoi[ |
~ ~ Central coill = -

Characteristics
*Combination of SC magnets with
different bore size

*Thin that 7 —ray to transmit
*Cooled by GM refrigerator
*Compensation magnet which
reduce field at LXe detector



Dritt chamber

e 'tracker

Interaction of e* and matter: Low mass
Multiple scattering — Worsens angular resolution ‘ tracker

Pair annihilation — Generate Y —ray background

@ direction

High—rate tolerance: 16 modularized detector in
High rate [ s in beam eventually ‘
decay into e's.

Detector locate only at

Iarge R 3.035 3.5
.
. o - 2
=1
.

aumpRy m
a41m asuas @

drift cell



e’ track reconstruct

z-direction
. . cathode SR ‘D_ I
Hit detection by N‘_%J_‘-» . v ' - it A
waveform analysis a{@[-deus \ e T — _pyarotes
l cathode S i N
(inner/Us) . 5 . ) cathode
. . f cathode pad : inner/DS
Reconstruct hit in each cell < — e

mm

*Ratio of charge on each side

*Detail z—position by vernier
| P
Connect neighboring hits 10
! -
First fit by circle 25
|
Main fit of track

-Kalman Filter algorism is used

Y [em]

50
40
30
20
10

Z [cm]

-10

. . . e . -20
(Fit error in each event is utilized in 30 | | | | |
final physics analysis ) %4 S RN R AU R R
- 20

[=]
IIH‘IIH‘IIII|HH|IIII|HII‘HII|IIH|IIH‘HIIA

i
e
g



Positron observables

Positron energy resolution (0 p_) is obtained by fitting spectrum of

normal U decay with response function.
(1) theoretical spectrum

(@ acceptance function \

@ resolution function

i150001

vents /( (l 25 MeV)

“Double turn” method is adopted to evaluate energy;,‘“““";—
position and angular resolutions.

Num ber ¢

5000

=
TF T T T

Independently propagate
1st and 2" turn of

\7 \/ genuine track.

Resolutions are largely affected by operation condition of DCH, but roughly
Ee ~ 300keV, Be-pe ~ 10mrad, ye ~ 1.3 mm, ze ~ 3.0mm

—
T

=
n

Relative eflficiency

Y & 50 55
E, (MeV)




e+ timing counter

@ counter
BC404 scintillator
4% 4x79.6 cn
15 bars on each side
PMT read—out on both end
(Fine mesh type)

Z counter

- BCF-20 scintillation fiber
Total 256 pcs.

*APD readout at one end

(2% z counter is not used)

Roll of timing counter
*Precise measurement of e* hit time
*Provide information for trigger

Assembled @ counter (one of two)




Timing reconstruction

From the PMT hit time at TIC both end,
hit position and time at TIC bar is calculated.
Emission timing of positron needs track information
(Ltrack)'
tin + tour  Lbar
tric = > ~ 5,

v
ZTIC = 5 (tin — tout)

te

t trie t

in out

Time—walk effect of PMT is
— > corrected in tyy , touT-

Final timing observable is defined as,

_ |ry _ rul Ltrack
tey = | tLXe — c —\tric — c




Timing resolution

Timing resolution is evaluated with RMD data, where all the ¥ —ray
detector, positron detector, trigger are the same as the data for
L e?Y physics data.

(E v, Ee correlation on te ¥ need to remove)

RMD events
peak

Number of events /(!

Accidental

00 T T T ] ]
—L J
40000 —
. N = 74880 +704 |
- [ =078 £0.01 4
20000 Geore = 130 +2ps —
L | 45<E <55 MeV Gl = 280 +5ps -
| 4O<EY<48 MeV h
|9€Y| <0.3rad

B |¢ev| < 0.3 rad 7

0 | | | | | | | | | | | | | | | | |
-2 -1 0 1 2

tey (nS)

Oy

122 = 4 ps

resolutions

for each component
oty ~ 65ps

Oote ~ 100 ps



Efficiencies

Y —ray detection efficiency

62.5+2.3%, for ¥ from target aiming at detector acceptance
Loss: material between (COBRA, cryostat wall, PMT etc)

leakage of electro—magnetic shower

positron detection efficiency
48% from Monte Carlo simulation.
It is not needed in physcis analysis

Trigger efficiency
After improvement in 2011
trigger rate13Hz
Live Time ratio 99%
Selection efficiency 97%

Live time

* First part

Second part

06%65 07 075 08 08 09 095 1
Online efficiency



3. Analysis and-Result




History of MEG

2000 2004 2008 2012 2016

data taking
® 1999 2007 @ O O
/O \ (

PSI proposal Detector
Approval Complete 2010 2011 2013
Nucl. Phys. B Phys. Rev. Lett. Phys. Rev. Lett.
834 1 107, 171801 110, 201801
Old - 2.8 x 1071 24 x 10712 5.7 x 10713
‘ (90%CL) (90%CL ) (90%CL )

—
-

MEBERH 9911 BHET—HE 93TB

Accumulated N'pr (10”)

S = N W R
- - ——— —

%J% DR o #EHDAQHFE 288H
YT 2012 BB rungl 124156

\ '%ﬁ'b(ﬁ 2RI ("2000 event/run)
2014 At AUT=5]  BERLE 75X 10"

31/Dec/09 31/Dec/10 01/Jan/12 31/Dec/12 31/Dec/13
Date



Event selection

Firstly, apply pre—selection in order to obviously accidental events.

Then, detailed calibration is done on passed events

Final event selection is defined as,

48 <EY <58 MeV
50 < Ee < 56 MeV
lte Y| < 0.7 ns

|6 ey| <50 mrad
|der| <75 mrad

Region |[te 7| < 1.0 ns is
blinded at first.
Parameter for physics
analysis is determined
by outside (sideband)
events.

Signal events will
concentrate around
here, if exist.

Negative
Timing
SIGELERT

=N
1200 =
S—
+ &
S
1000
2
Positive 800
Timing
Sideband 600

, Sideband, | W

1 2 3
tey (IIS)
RMD



Likelihood analysis

Definition of MEG likelihood function

extended constraint N = Ngig + Ngmp + Nacc

likelihood term t: Target parameter

_N ) .
L(Nsig» NRMD:NACC: Z) = N C(NRMD, NACC: I_f)) 1_V>obs- Event number in window
N obs- X . (Ey: E,., tey: eey: ¢ey)
obs ) S, R, A: (Probability Density
x| | NeigS (. ©) + NesapRGED + NaccAGD)  Fuetion)
=1 C : Constrain Ngyp Nacc around
PDF expectation in side band

Best fit value is defined by such that maximized likelihood function
Confidence interval is determined with Feldman—Cousins approach,
setting Nsig as the main parameter, and profiling out the others.



P D F Probability to find the observable to be the value

when Signal, RMD, AceBG happens.

Determined from sideband data (partially Monte Carlo simulation)

All known correlations between observables,
detector position etc. are corrected.

event—-by—event PDF
Shape of function
changes, according to
Error in reconstruction
Position in detector
Correlation

#%: Signal
7~: RMD
Hk: ACC

=
B.Sum

75
(mrad)

Examples in certain events



Target Position

There are 2 methods
1. Optical method — next page
2. Software method
Utilize correlation of apparent
hole position depends on
position direction.

hole #2 22 ndf 4.566 1 6
1 T o502
0.3F | Yholefom] 0272 0.0108

AP[em] -0.2357 + 0.02644

+

e Drift
3¢ non-scale Chamber

0.1} — | o

Y-hole [cm]

When
r ~ 10 cm
Az, ~ 1 mm,

_0.6;\\‘l\\l‘|\|\i\|\|i||\|{|\|\i\|||i\|\|‘|\|\i\|\'
-30 -20 10 0 10 20 30 40 50

phi [degs]

true assumed
A ¢pe ~ 10 mrad target target
(¢ e reso. 10mrad)



Target measure

Measure target with theodolite.
Conventionally fit is done with plane, but expanded to
paraboloid fit.

2009-2011 data can be seen as plane, but
2012, 2013 data has large strain.

Horizonal
_ _ %2/ ndf 4.973/2

=T p0 -0.001284 + 8.261e-05
: p1 0.4653 + 0.1432

o
(Y]

N
sl

0.09958 + 0.003806

-0.05

0.1

-0.15

=3 IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII

-0.2

¥
-y

o Cross marker
====Plane fit
— Paraboloid fit

Hole position

Vertical




Deformation ‘& countermeasure

For detail investigation 3D laser scan was performed in 2015.

As the result, deformation of complex shape was found, but
around the beam—spot, paraboloid is a good approximation.

Countermeasure :
1. In trac reconstruction,
set start point of e*
(= stopped point ) to be
fitted paraboloid,
(previously fitted plane)

¥, (om)

| |
I O T R

1 2013 paraboloid
| Result of 3D scan

Y, (cm)

2. Remaining uncertainties
= position*local shape
are taken into account as
nuisance parameters.

| |
I O T R

\IHH!HHIHH1|\H‘\|||1||||||
™o




Target uncertainty

Shift center of ¢ e ¥ PDF for Signal event PDF.

Parallel shift Paraboloid of 3D scan
A.uqb = Aud)ey (D, ) + S[AFARod)ey(xe: Ve) — Aparaqbey(xe» ye)]

p : Parallel shift parameter

0] ~ 1
s : Local shape parameter

Paraboloid ~ 3D scan

p and s are independent for each year,
A ¢ \ro is scaled to match with curvature of paraboloid fit.

p is constrained by Gaussian dist. centered at 0 (error 300 (500) um)
s is constrained in [0,1] for 2013, narrower region for previous years.

Impact on sensitivity:
Sensitivity is worsened by13% in sensitivity.
This is largest systematics, and the others occupy only 1%.



positron AlF recognition

(Annihilation in Flight)

Tag one of the sources of 7 -ray,
“positron AIF”

Y estimation

A. Recognize interrupted e™ track
in drift chamber

l [
| B. Estimate 7 —ray momentum
\ | from that before AIF
\ LXe / C. Calculate angle difference
detector between estimation and
observation

\ §




AlF reduction;and impact

Sharp peak in A 6 5, A @ 5 distribution is really tagged AIF events.
Cut events near peak.
X Precise shape of At, distribution is difficult to obtain.

It is used only for rough cut.
— 50
3 -year 2013
Method : 2 ]
1. Fit 2D distribution A 8 5z, A @ s with %
combination of 2D Gaussian function.
(2 peak and 1 base component.)

2. Remove events within 0.7 0 from either of
the peaks, as they are likely to be AIF
Accidental BG. —30¢

50 S
~50 40 30 20 —10 0 10 20 30 40 50

Impact : 46, (deg)
No significant improvement in sensitivity.
Insurance for AIF event to come near center of window.



A constant to convert event number 38

Normallzatlon and (,*—e* ¥ branching ratio

+ +.,\ — _
B(.u — € )/) - T - k is considered to be a number of events
TOTAL — .
multiplied with detector acceptance and
Norm. factor  detection efficiency,

a |
>
= 5L : %5 | There are independent 2 ways,
Z::. Ej Michel positron way and RMD way.
4+ e -1 Final value is given by combining two.
T
3 g@ | Both ways do not need e* detection
3 efficiency.
2 7 Michel Y
1 o (O  RMD B
_ | Combined For all statistics of MEG data,
0

| | | | |
2009 2010 2011 2012 2013
Dataset (Year) k =1.712%£0.06 X 1013



Search sensitivtiy

median

2009-2013

140
120;
i Sensitivity
53X 10713

100

80|

40—

20—

|

|

|

|

|

- ;
- |
00— |
- |
|

|

|

|

|

|

* x10713

10 15 20

90% CL Upper Limit

Arrows are limit from time
sideband ( —2.0ns, +2.0ns)
8.4x10713 83x 10713

<—Histogram of upper limits of many Toy
MCs which do not contain signal.

Data 2009- | 2012- | 2009-
set 2011 2013 2013
k
K on | 815 | 8.95 | 17.1
Sensiti
vity 8.0 8.2 9.3
(x10713) N

\ (90% CL)

Previous publication(2009-2011)
Sensitivity was 7.7 x 10713

Understandable, considering the
changes in analysis.
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51 <Ey <555 MeV (74% € _,..)
52.385 < Ee < 55 MeV (90% € _...)

-
S
)

s
O
S
4+
D
e
4

3

0

>
LL]

Excess of the signal is not seen.
@)

E, (MeV)

cos© < -0.99963 (90% € )
lte 7| < 0.2443ns (90% € ,,.,)

Contours show averaged signal PDF (10,1.640,20)



z
=)
2
z
2
5
-
o

events / 0.24 (MeY)

Fit result -4

«— 2009-2013 full data

u:': - @ data  ----- ACC
a0 003 00 0TS R S e e (500events)
t,, (ns) E. (MeV) —sum ---RMD

S emET T 7 |
1 2 | i .
E . R J / : Data and projected PDF agree well.

10 3:_ ;:_:"- 2009_ 201 2_ 2009_

1 ! / 2011 2013 2013

48 i . best fit

2 —_ —_ —
: ) B(x10_13) 1.3 5-5 2-2

g :_ ) - =+ 2009-2011
i?f 350 1_ /! _ -=-2012-2013
E 300 i ! — 2009-2013

250 i .13 ) . .

0 0 ('] - 5' B .110. X0 «—Indication for signal—

150 Branching Ratio likelihood A sig

S J 1E \ i R. = SCxi)

604020 0 20 40 60 1086 420 24 sig — = Ev
o, ; 0.07R(X;) + 0.93A(x;)



Confidence: interval

Consistent with no signal g - g
assumption é 05 .
Data 2009- [2012- |2009- | % | N N i
set 2011 [2013 |2013 |~ 06 B(u*™ —e™y) .
B oal <42x10713 B
90% UL 6.1 1.9 4.2 Tr (90% CL) A
(x10713) N I :
Sensitivit 0-2 i
y 8.0 8.2 5.3 [ 1

Branching Ratio

In previous result, 5.7>]10‘13
with 2009-2011 data.
Consistent including change in
analysis.

CL curve with 2009-2013 data
(Ratio of ToyMC with A} < 2data)



Move of the observables

High rank event in either (current/previous) of results are plotted.

§ 58k T T T ‘ T ‘ T ‘ T ] ? [ T T T T ]

S - Previous | %6 ]

o556 Current - 0.4 ]

- - 0.2y E

54— X — 1 ‘/A;\A -

L p | ‘;ﬂvgﬂ IA_L' :

L . gy - - 0* v_y —

52* x ¥, . e B ]

I R 1 025 7 .

50 e 4 04 .

I exrr ] —0.6 -

4 | l | l | l | l | l | B | l | l | l | ]
%0 51 52 53 54 55 56 -1 —-0.9995 —-0.999 —-0.9985 —0.99¢

E. (MeV) cos®‘w

We tested MC experiment to simulate move of observables and
compared upper—limits.
Data located around the center of the MC distribution.



Fit.result constrain

Usual likelihood function contains constraint term for Ngyp & Nago to be near to
the estimation from sideband.

(Nrmp — MRMD)Z} { (Nacc — .UACC)Z} S
expy— c(t)

C(Nrmp, Nacc, ) = exp {— o2
ACC

2
20%Mmp

In order check the BG distribution in analysis window, fit without constrain
term were tested.

2009 -2013
expect 1743.7 +41.2
fit no constr. 7684.4 +103
standard fit 7739.1 +37.7
expect 6144 +33.8
fit no constr. 663.3 +59.1
standard fit 624.6 +28.4




4. MEG 1l-experiment




MEG 1I experiment

Upgrade aiming at 10 times higher
sensitivity of MEG

Main features
= 2.3 times stronger beam
target not easy to deform
*Replace PMT of inner face
of LXe with MPPC
*Unified, larger volume,
stereo wired drift chamber
Pixelated timing counter
with SiPM read out
New detector to tag
RMD AccBG

Expected sensitivity is 4 X 10714



MEG II status “X 47

Xenon detector

Drift chamber

Timing counte
MR




MEG Il prospects

Specification MEG I MEG Il
Beam intensiy (/s) 3% 107 7 %107
Resolutions

Ey (% w>2 / w<2) 2.4/1.7 1.1/1.0
Y pos. (mm, u/v/w) |5/5/6 2.6/2.2/5
Ee (keV) 306 130
Bey/pey (mrad) |9.4/8.7 5.3/3.7
te v (ps) 122 84
Efficirncies (%)

trigger >99 >99

Y 63 69

et 40 88

ac <2012

2013 Upgrade proposal
approve

<2016

2017 upgrade complete
start data taking

Q
=8 3 vyears
()

sensitivity

41014 <2020



Summary

MEG experiment is searching for 4 *—e™ 7, evidence of the
physics beyond the standard model of particle.

MEG I experiment has been finished and we published final

result Eur. Phys. J. C, 76(8), 1-30
New limit 4.2 X 10713 is 30 times more stringent than MEGA

experiment.

MEG II experiment is aiming
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= Optical method

- A=z
& FEDrunBAIRTEIT
f5E 0.2-0.3mm (x,y) 1.5-2.5mm (2)
- L—H%—r5wHh— &corner cube
2011 EEHVis
FHE 0.3mm (x,y,2)

- Software method

WA [off

— Millipede alignment CRC

FEEHDYA(CRC)EHUN =45 krun
FHE 0.15mm

— Michel positron alignment
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High rank events

Rank |[Run Event |Pair [Rsig [t [ps] |Ee [MeV]|Eg [MeV]|[mrad] [[mrad] [cos AIF
1 77431 1715 2l 3.06f 141.6 92.934 93.98 -25.19 -2.40 —0.99968 15
2l 195187 1856 21 2700 -75.0 93.338 51.74 -0.13 -9.19 —0.99996 1.4
3 189150 1089 25  2.41 -9.6 92.187 92.95 10.56 16.957 —0.99981 9.1
4 160737 785 100 2.31 47.6 92.816 51.92 8.30 6.12 —0.99995 8.3
o 956081 39 13| 2.26)] -22.2 92.524 92.81] —-20.70 15.85 —0.99967 10
6] 167931 1076 17] 2.25 415.0 53.184 93.78 -7.67 -23.61 —0.99969 10
7| 228740 1892 28] 223 398.0 92.955 90.55 —0.83 -9.72 —0.99998 10
8 123579 1318 15| 2.23] -20.7 92.806 99.13] —-33.56 12.99 —0.99936 10
9 185612 1612 6] 2.18 13.2 92.816 99.41 12.87] -29.79 —0.99948 10
10 87743 1484 24, 215 -80.7 52.914 52.28 —18.08 23.97 —0.99955 4.3
11| 218877 862 14 2.11 79.2 92.782 90.59 18.64 -9.77 —0.99978 10
12| 113706 175 71 210 87.9 92.078 53.01 1.64 1.43 —1 10
13| 185590 975 6] 2.02 -57.1 93.009 92.59] —38.58 -3.11 —0.99925 3.9
14 194581 1185 17, 2.01] -65.1 92.703 51.83 3.86 10.88 —0.99994 10
15| 181128 1391 9 1.98 11.2 92.696 92.24 21.64 9.12 —0.99973 15
16| 193209 1452 18 1.92] -310.1 92.708 94.83 -3.93 12.69 —0.99991 10
17, 64033 592 ol  1.83[ 1575 53.385 49.65 19.15 6.12 —0.9998 10
18] 100452 1878 6 1.81] -28.7 52.860 4927 -14.59 21.97 —0.99965 13.3
19] 111484 647 9 1.80 45.7 92.896 49.66 19.14 -23.65 —0.99954 15
200 84066 879 14 1.79] -61.9 92.759 51.31] —28.50 16.95 —0.99946 10
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