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Introduction : Why tau’s 5-leptonic decay?

ℒ ∝ 3 {𝑔67
8 [𝑙6$:Γ8 𝜈)< =][ 𝜈) ?Γ8𝑙7]} 

�

8BC,D,E
6,7BF,G ΓC = 𝐼, ΓD = 𝛾J, ΓE = 𝜎JL/ 2�

In the Standard Model, 𝑔FFD = 1, and others are 𝑔678 = 0

Purpose : 
Constrain a coupling 

constant 𝑔678 .  

𝜈( 𝑊 𝜈)

𝜏 𝑙In the SM, the Lorentz structure of the 
charged weak current has a V-A 
coupling. We study the Lorentz 
structure through the constraints of 
Michel-like parameters. 
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RECENT CONSTRAINTS TO 𝑔678

Reference: P. Roig et al., B2TIP@Pittsburgh ‘s slide

Tighter constraints to 
these coupling constants 
is possible from Michel-
like parameters  



𝝉±→𝒍±𝒍$%𝒍$&𝝂𝝉𝝂𝒍	(𝒍, 𝒍$ = 𝒆, 𝝁)
Michel parameters

Michel-like parameters appear
in a width of five-body leptonic
decays of tau 

Michel-like parameters 
are the combination of 
coupling constants 𝑔678

We measure the Michel-like parameters through the measurement 
of branching fraction of five-body leptonic decays of tau 

(the detail will be described later) 5

↑From: 
W. Fetscher, H. J. Gerber and K. F. Johnson,

Phys. Lett. B 173, 102 (1986)

Ref. [JHEP 1604, 185 (2016)]



STRATEGY OF MEASUREMENT
� Use the value of branching fraction will be measured 

by the data of experiment
� Use the theoretical formula of branching fraction 

which depends on the Michel parameters
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𝐵𝑅(±→)±)X)YLZL[
\]^_`a]b = 𝐵𝑅(±→)±)X)YLZL[

c\	da]befg]b + ∆

𝐵𝑅c\×[𝑏𝑄GF, 𝑐𝐵GF, 𝑄GG, 𝑑𝑄FG, 𝑒𝐵FG, 𝑓𝐼p, or 𝑔𝐼q] < ∆

Assuming the discrepancy Δ,

We constrain the Michel-like parameters by,

To do this, we calculated each coefficient 𝑏~𝑔.



7

STRATEGY OF MEASUREMENT
� Use the value of branching fraction will be measured 

by the data of experiment
� Use the theoretical formula of branching fraction 

which depends on the Michel-like parameters

6

!"#±→%±%&%'()(*
+,-./0,1 = !"#±→%±%&%'()(*

3+	50,1678,1 + ∆

!"3+×[<=>?, A!>?, =>>, B=?>, C!?>, DEF, or GEH] < ∆

Assuming the discrepancy Δ,

We constrain the Michel-like parameters by,

To do this, we calculated each coefficient <~G.

In general, Michel parameters are measured by kinematical fitting to 
extract it. However in our strategy, we try to constrain the Michel 
parameters only from the information of branching fraction.
We assume that, the discrepancy of branching fraction between 
the measured one and that of SMs’ prediction is brought by only 
one term in 𝐵𝑅c\×[𝑏𝑄GF, 𝑐𝐵GF, 𝑄GG, 𝑑𝑄FG, 𝑒𝐵FG, 𝑓𝐼p, or 𝑔𝐼q].

←Previous slide

𝑄GF < ∆/(𝐵𝑅c\𝑏), 𝐵GF < ∆/(𝐵𝑅c\𝑐), 𝑄GG < ∆/(𝐵𝑅c\), 𝑄FG < ∆/(𝐵𝑅c\𝑑), 

𝐵FG < ∆/(𝐵𝑅c\𝑒), 𝐼p < ∆/(𝐵𝑅c\𝑓), 𝐼q < ∆/(𝐵𝑅c\𝑔), 

We give tighter constraints to Michel parameters by the discrepancy Δ:
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BELLE EXPERIMENT

9

8 GeV 𝑒&

3.5 GeV 𝑒%

・Integrated Luminosity 1000 𝑓𝑏&t
・Energy of Collision 𝑒& (8 GeV) / 𝑒% (3.5 GeV)
・ 𝑠� = 10.58	GeV

Belle is B factory, 
and also tau-factory.

𝜎(( = (0.919±0.003) nb𝑒%𝑒& → 𝜏%𝜏&
𝑒%𝑒& → 𝐵𝐵� 𝜎�� ~ 1.05 nb

(neutral+charged)
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𝜎(( = (0.919±0.003) nb𝑒%𝑒& → 𝜏%𝜏&
𝑒%𝑒& → 𝐵𝐵� 𝜎�� ~ 1.05 nb

(neutral+charged)

Belle	has	large	data	of	tau-pairs
𝑁((〜	9.0×10�



OUTLINE

� Introduction

� Belle Experiment

� Study of Monte Carlo Simulation

� Study of Systematic Uncertainties

� Study of method to measure a Michel parameter

� Future plan

11



STUDY OF MONTE CARLO SAMPLE
� We developed the event generator of 
𝝉±→𝒍±𝒍%𝒍&𝝂𝝉𝝂𝒍 by using full matrix elements given in 
Ref. [JHEP 1604, 185 (2016)]
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𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�

𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈�

𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J

𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J

Framework:
KKMC+PHOTOS+TAUOLA

𝑀���

𝑀�JJ

𝑀J��

𝑀JJJ

Invariant mass of 𝑙±𝑙%𝑙& [GeV/𝑐�] (Generated events)

Recent published 
analytical formalism 
of 𝜏±→𝑙±𝑙%𝑙&𝜈(𝜈) was 
embedded

Signal Monte Carlo 
sample is generated 
by this developed 
generator.



SELECTION

� Define thrust vector by 𝑛g� = max{
∑ |���� ¡�
¢£¤,�¥¤ |
∑  ¡�
¢£¤,�¥¤

}

� Separate signal and tag side by:
[{𝑛g� � 𝑝8¢£¤ < 0}&&{𝑛g� � 𝑝g^§ > 0}] or [{𝑛g� � 𝑝8¢£¤ > 0}&&{𝑛g� � 𝑝g^§ < 0}].

� Require the number of charged tracks in signal side to be 
three and that of tag side to be one

� Require ∑ 𝑄�
_e§ = ±1 and ∑ 𝑄�

g^§ = ∓1

14

𝑝g^§： momentum vector of charged particle 
in tag-side

𝑝8¢£¤： momentum vector of electrons in 
signal-side

Pre-selection of tau-pair and thrust selection are applied at 
the first stage

Thrust selection is applied as following method (in the CM-frame).

※Pre-selection of tau-pair and second stage selection
are written in a backup 

We use 1-prong decay of 
tau as tag
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CONTAMINATION OF BACKGROUND
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𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈� 𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J

𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈� 𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J

𝑀��� 𝑀J��

𝑀�JJ 𝑀JJJ

To evaluate the 
background and calculate 
efficiencies, a Monte Carlo 
(MC) sample of 4 million 
signal decays was used. 
Histograms shown left are 
plotted by assuming the SM 
predicted branching ratio.
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𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�

After the selection 

⇒⇒⇒

𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J

𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈� 𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J
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To evaluate the 
background and calculate 
efficiencies, a Monte Carlo 
(MC) sample of 4 million 
signal decays was used. 
Histograms shown left are 
plotted by assuming the SM 
predicted branching ratio.
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𝐵𝑅 𝜏±→𝑙±𝑙′%𝑙′&𝜈(𝜈) 𝐵𝑅 1 − prong = 	
𝑁gg^® − 𝑁¯§
2𝜎((𝐿𝜀

_e§𝑅

𝑁gg^®: Number of entries after applying all selections

𝑁¯§ 		 ∶		Number of backgrounds

𝜀_e§: Detection efficiency of signal

𝑅: Correction factor of detection efficiency  𝑅 =
´�µ¤¶¥�¥

´�µ¤
·¸

´¹º»
¶¥�¥()±)
´¹º»
·¸ ()±)

´¹º»
¶¥�¥()$X)
´¹º»
·¸ ()$X)

´¹º»
¶¥�¥()$Y)
´¹º»
·¸ ()$Y)

Signal-side Tag-side

𝐵𝑅 1 − prong =0.8524±0.0006 : Fraction of 1-prong decay of tau

𝐿		 ∶		 Integrated Luminosity we use

For the measurement of branching fraction, we use this ↓ formula.

STUDY OF SYSTEMATIC UNCERTAINTIES
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For charged tracks’ reconstruction
in the signal-side
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𝑁gg^® − 𝑁¯§
2𝜎((𝐿𝜀

_e§𝑅

Contents of systematic uncertainties

𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈� 𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J

𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈� 𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J

In next page, we show the preliminary results of systematic 
uncertainties for four modes.
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Preliminary : estimation of systematic uncertainties
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STRATEGY OF CALCULATION 
OF 𝑏~𝑔

� Method of Monte Carlo integral is used

� Take the ratio of 𝐵𝑅c\ to avoid considering the complicated 
common factor appears in the theoretical formula

34
↑ from my note

BACKUP : MICHEL-LIKE PARAMETERS

!"#±→%±%&%'()(*
+,-./0,1 = !"#±→%±%&%'()(*

3+	50,1678,1 + ∆

!"3+×[<=>?, A!>?, =>>, B=?>, C!?>, DEF, or GEH] < ∆

Assuming the discrepancy Δ,

We constrain the Michel-like parameters by,

We show the method of calculation of <~G and 
calculated coefficient <~G from next page.

Previous slide →
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� Method of Monte Carlo integral is used

� Take the ratio of 𝐵𝑅c\ to avoid considering the complicated 
common factor appears in the theoretical formula
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↑ from my note

𝑏~𝑔

From next page, we show the result of calculated coefficients 
for our four target modes.
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↓ from my note

Sensitive Not Sensitive 

Because of pseudo peculiarity which appears in some terms, 
some result include large error. This pseudo peculiarity is caused 
mainly by the factor of virtual gamma conversion (𝛾 → 𝑒𝑒)

|1/𝑞���|�~|1/𝑂(1MeV)�|�
in the matrix element.

𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�



↓ from my note

Sensiti
ve 

Not Sensitive 

Because of pseudo peculiarity which appears in some 
terms, some result include large error. However, there are 
some parameters which is super sensitive.

Super 
Sensitive 
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𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J



↓ from my note

Sensitive Not Sensitive 

This case is peculiarity-free and the error of all 
coefficients are small. 
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𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈�



↓ from my note

This case is peculiarity-free and the error of all 
coefficients are small. 
There are some parameters which is super sensitive.

Sensiti
ve 

Not Sensitive Super 
Sensitive 
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𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J
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POSSIBLE MEASUREMENT

Ref. [JHEP 1604, 185 (2016)]

Because of expected statistics, we 
concentrate on the measurement 
through two modes:
𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�, 𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J

The statistics of other two modes 
(𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈�, 𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J) 
expected to be small because of 
its expected branching fraction is 
small. And the measurement of 
Michel parameters is difficult from 
these two modes.

Expected BRs from the Standard Model

Result of Monte Carlo simulation



POSSIBLE MEASUREMENT
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34

↓ from my note

Sensitive Not Sensitive 

Because of pseudo peculiarity which appears in some terms, 
some result include large error. This pseudo peculiarity is caused 
mainly by the factor of virtual gamma conversion (! → ##)

|1/'(()|)~|1/+(1MeV))|)
in the matrix element.

1±→#±#3#4565( �Other modes’ formula is in backup slides
↓ from my note

Sensiti
ve 

Not Sensitive 

Because of pseudo peculiarity which appears in some 
terms, some result include large error. However, there are 
some parameters which is super sensitive.

Super 
Sensitive 
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!±→#±$%$&'(')

𝒈𝑳𝑹𝑽∗𝒈𝑹𝑳𝑻 𝒈𝑳𝑹𝑺 𝒈𝑹𝑳𝑽∗ 𝒈𝑳𝑳𝑺 𝒈𝑹𝑹𝑽∗
Tighter constraints on for example:

are possible from the measurement of BRs’ of
𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�, 𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J.



OUTLINE

� Introduction

� Belle Experiment

� Study of Monte Carlo Simulation

� Study of Systematic Uncertainties

� Study of method to measure a Michel parameter

� Future plan
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FUTURE PLAN

� Finalize the study of systematic uncertainties.

� Measure the branching fraction

� Give the tighter constraints to Michel parameters
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THANK YOU!
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BACKUP
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RESULT OF TRIGGER EFFICIENCY’S CORRECTION FACTOR

47

↓ from my Belle note

� Use GDL trigger bits

� Separate the GDL trigger bits into two groups; one is charged trigger Z, 
another is neutral trigger N



POSSIBLE SEARCH: HEAVY NEUTRINO

48

Measurement of branching fraction allows us to constrain the region of 
heavy Neutrino Model 
(The detail is described in my Belle Note !! Put link here !!)

Only < 100 MeV is calculated because of the sensitivity.

|𝑈(Ç|� VS 𝑀Ç |𝑈(Ç𝑈�Ç| VS 𝑀Ç |𝑈�Ç|� VS 𝑀Ç

Weak!! New information Weak!!

Sensitivities from BR(𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�) (assuming the accuracy 5%) 



POSSIBLE SEARCH: HEAVY NEUTRINO

49

Measurement of branching fraction allows us to constrain the region of 
heavy Neutrino Model 
(The detail is described in my Belle Note !! Put link here !!)

Only > 100 MeV is calculated because of on-shell condition.

|𝑈(Ç|� VS 𝑀Ç |𝑈(Ç𝑈JÇ| VS 𝑀Ç |𝑈JÇ|� VS 𝑀Ç

Weak!! New information Weak!!

Sensitivities from BR(𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J) (assuming the accuracy 5%) 



BACKUP: DETAIL OF SELECTION CRITERIA
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PRE-SELECTION OF TAU-PAIR

51



SECOND STAGE SELECTION
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𝑙±

𝑙′%

𝑙′&

1

2

3

𝜃tÉ

𝜃t�

𝜃�É

Sum of cos 𝜃8Ë :  (∑ cos 𝜃8Ë)�
8ÌË

Explanation of defined word



𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�

SECOND STAGE SELECTION

1. Number of charged track = 4
2. Total charge (sum of 𝑄Í8Î + sum of 𝑄ÏÐÎ) = 0
3. Number of photons (with 𝐸(𝛾)ÒÓ> 0.06 GeV) <= 8
4. Total ECL energy deposition < 9 GeV
5. 1.5 GeV/𝑐� < 𝑀Ôe__eÕ§ < 7 GeV/ 𝑐�

6. Number of tracks in signal side = 3 && Number of track in tag side = 1
7. Max transverse momentum of electron in signal side 𝑝Ï_8 > 0.15 GeV / c (CM-frame)

𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈�
8. Reconstructed vertex position of γ(→ 𝑒%𝑒&) should be 𝑟(𝑥𝑦 − plane) < 1.5cm
9. Reconstructed vertex position of γ(→ 𝑒%𝑒&) should be 𝑟(𝑥𝑦𝑧 − space) < 3.0cm
10. The number of γ in signal-side <= 1 && The sum of energy of γ in signal-side < 0.5 GeV 
11. Sum of cos 𝜃8Ë :  (∑ cos 𝜃8Ë)�

8ÌË >2.90
12. |𝑑𝑧8| of electrons in signal-side should be |𝑑𝑧8|< 1cm
13. The momentum of virtual gamma in lab frame < 3 GeV/c
14. Polar angle of the missing momentum 30 deg < θ < 150 deg
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𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈�

SECOND STAGE SELECTION

1. Number of charged track = 4

2. Total charge (sum of 𝑄_e§ + sum of 𝑄g^§) = 0

3. Number of photons (with 𝐸(𝛾)ÒÓ> 0.06 GeV) <= 8

4. Total number of gamma in sig & tag –side <= 4

5. Total ECL energy deposition < 9 GeV

6. 1.5 GeV/𝑐� < 𝑀Ôe__eÕ§ < 7 GeV/ 𝑐�

7. Number of charged tracks in signal side = 3 && Number of charged track in 
tag side = 1

8. Reconstructed vertex position of γ(→ 𝑒%𝑒&) should be 𝑟(𝑥𝑦 − plane) < 1.5cm

9. The sum of energy of γ in signal-side < 0.5 GeV 

10. Sum of cos 𝜃8Ë :  (∑ cos 𝜃8Ë)�
8ÌË >2.93

11. Polar angle of the missing momentum 30 deg < θ < 150 deg 55



SECOND STAGE SELECTION

1. Number of charged track = 4

2. Total charge (sum of 𝑄_e§ + sum of 𝑄g^§) = 0

3. Number of photons (with 𝐸(𝛾)ÒÓ> 0.06 GeV) <= 8

4. Total ECL energy deposition < 9 GeV

5. 1.5 GeV/𝑐� < 𝑀Ôe__eÕ§ < 7 GeV/ 𝑐�

6. Number of tracks in signal side = 3 && Number of track in tag side = 1

8. The number of γ in signal-side <= 1 && The sum of energy of γ in signal-side < 0.5 GeV 

9. Sum of cos 𝜃8Ë :  (∑ cos 𝜃8Ë)�
8ÌË >2.70

10. (𝐸Ü/𝑝)J of muons in signal-side should be < 0.5

11. Polar angle of the missing momentum 30 deg < θ < 150 deg

12. Invariant mass of 𝜇%𝜇& should be < 0.5 GeV/c^2
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𝜏±→𝑒±𝜇%𝜇&𝜈(𝜈�



SECOND STAGE SELECTION

1. Number of charged track = 4

2. Total charge (sum of 𝑄_e§ + sum of 𝑄g^§) = 0

3. Number of photons (with 𝐸(γ)ÒÓ> 0.06 GeV) <= 8

4. Total ECL energy deposition < 9 GeV

5. 1.5 GeV/𝑐� < 𝑀Ôe__eÕ§ < 7 GeV/ 𝑐�

6. Number of tracks in signal side = 3 && Number of track in tag side = 1

8. The number of γ in signal-side = 0

9. Sum of cos 𝜃8Ë :  (∑ cos 𝜃8Ë)�
8ÌË >2.85

10. (𝐸Ü)J of muons in signal-side should be < 0.4 GeV/c^2

11. Polar angle of the missing momentum 30 deg < θ < 150 deg

12. |𝑑𝑧8| of electrons in signal-side should be |𝑑𝑧8|< 0.1cm 57

𝜏±→𝜇±𝜇%𝜇&𝜈(𝜈J



PREVIOUS EXPERIMENT
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PREVIOUS EXPERIMENT

� Main source of systematic error
� Uncertainties of lepton identification efficiency
� Uncertainties of reconstruction efficiency of slow tracks

𝐵𝑟 𝜏→𝑒𝑒%𝑒&𝜈(𝜈� = (2.7+1.5−1.1
+0.4
−0.4

+0.1
−0.3)×10

&ß

𝐵𝑟(𝜏→𝜇𝑒%𝑒&𝜈(𝜈J) < 3.2×10&ß (at 90% C.L.)

Reference: Phys. Rev. Lett. 76, 2637 (1996)  

CLEOII measured the branching fraction of 𝜏±→(𝑒/𝜇±)𝑒%𝑒&𝜈(𝜈�/J

Result of CLEOII

Detection efficiency: 
𝜏→𝑒𝑒%𝑒&𝜈(𝜈�							(2.7±0.1)%
𝜏→𝜇𝑒%𝑒&𝜈(𝜈J (1.9±0.1)%

CLEO-II experiment
Decay mode Number 

of  events
𝜏±→𝑒±𝑒%𝑒&𝜈(𝜈� 5
𝜏±→𝜇±𝑒%𝑒&𝜈(𝜈J 1

Integrated luminosity 3.6𝑓𝑏&t
𝑁(( = (3.28 ± 0.05)×10á
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