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K — 77’7 Reconstruction
Using 5y on Csl and 1y on Barrel

| =

M2
2E(1-cos0)

E, =

Ki — 7%7%79 decay samples with 5ys on Csl and 1Yy on Barrel
Reconstruction of 27t0 from 4ys on Csl

1Y Reconstruction from hit information of Barrel (timing and
Module ID)

Reconstruction of the last g0 from“ly on Csl and 1y on Barrel ?



Vertex estimation from 27‘50

Reconstruchon
% : Blue : 4y
= Green : by

* Behavior of Vertex Chi2
of 5Y is same as g4

* Chi2 Cut of 5y is not so
effective as g4
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Cut applied

Cuts
Dalitz Cut

Klong Vertex 2500<VTZ<5000 [mm]

— Graphical cutabout " Energy on CSI 100<e<2000 [MeV]

phase space of three

Distances btw gammas D>175 [mm]

body decay Fiducial distance 150<r<900[mm]
KT S B B T 7% Chi2_1st Chi2<4
R “ Chiz_2nd Chiz>10
T - Shapechi2 Chi2<10
= fﬁéﬁjﬁiﬁiﬁjjjjjijijjjjjjjjfjf g Pi0mass Mass difference<sMeV
LE :011':,'40'60"'3;, ------ 1'05'1';5‘1;22[|\;|e§72/2204]c zijsesrence btw 2pi0 Mass difference<5MeV
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Match of Y

GenEndPos_Z — Klong Vertex Hit
<€

Y Incident
position

K, Decay Position

6148mm
e Calculation of incident v—
position of Ys onditions atch Ratio rong air
— IncidentPosition — GammaPos  Nocut 79% 50%
* One to one match for 5y Minimum Cut ~ 97.7% 35%
— Match Ratio Min. Cut+Pt  98.0% 23%
— Match for checking status of  All Cuts 98.2% 6%

700 pairing
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Veto Detectors

Veto Conditions ¢ [
S r Blue : Reconstructed events
30ns 0.25 [MeV] - Black : All cuts + Veto
NCC 40ns 2 [MeV] 10,,;_ DecayMode Infa.
Cco3 40ns 3 [MeV] Sl 1K, - mptv,
- K, — et
BCV 50ns 0.5[MeV] oL 2K = mew,
= 4 K, - ntm*nd
OEV 70ns 2 [MeV] -
BPCV 30ns 2 [MeV] 10 T = T
0 5 10 15 20 25 30
- Decay Maode
. O L
e After applying all Cuts, st f )
. .U R
— ~1% Dalitz Decay Event E *
from Ky — 7%7%2% remain.  2°%F
. > [ Black: Run62 ,
* After using Detector Veto, uogfsue:run o3 #Events After Veto
000 téD - MC : KL3pi0GenMC #Events With no Veto
— Only Ky —» 77 7" events » CV NCC CC03 BCV OEV BPCV

remain. (Decay Mode = 3}ous 6



Variables after all cut & veto
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S 1
. . * r
* Reduced wrong pair ratio to the

6% level.
— With ignored 1.8% data

e Clean Mass distribution

* Clean selection of Y which goes

to Barrel
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K, Vertex Time

_L
ToF_E

L : path length of photons
Tyvrz, = Tgarre - TOF
Tyrz, = T - TOF

TVTZB = TVTZC

Barrel

ks

Ty7z = Decay time of K|

* Estimation of decay time of K, using Barrel
Detector and Csl Detector independently.

— With clean y going to Barrel
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Spectra. & Fitting of

Vertex Tlme Difference

— 2<E

Deposned

—— 8<E

Deposned

14<E

Deposned

—— 20<E

Deposited

<10
<16

<22

Vertex Time Difference =
Fitted with Gaussian

— Mean : Offset

— Sigma : Time Resolution affected by Csl and Barrel

Tyrz-T

VTZ

All modules are integrated
Deposited energy on Barrel affects Vertex

017010

Entries 27426 Entries 32418
Mean 11.36 Mean 10.86
RMS 1.953 RMS 1.298
x2 / ndf 12.55/23 x*/ndf 23.29 /23
Prob 0.961 Prob 0.4437
Constant 555.9 £ 6.8 Constant 1100 £ 10.2
Mean 11.01 £ 0.04 Mean 10.71 £ 0.01
Sigma 1.539 £ 0.067 Sigma 1.108 £ 0.019
Entries 26230
Mean 10.99
RMS 1.139
x2 / ndf 39.13/23
Prob 0.0192
Constant 1046 = 10.1
Mean 10.79 £ 0.01
Sigma 0.9535 +0.0133

Tyrz,~Tyrz =Offset

3(Offset) = || 572, + T2,

6]’ime Difference distribution



Module consistency

TVTzBa,,e,'TVTch, [ns] TVTZB ,,,,, 'TVTzcsl [ns] Tyrz, -Tyrz, [nS]

wé— *Run62 (27k IOnly) 13:42—*Run69 MB :2:::§*Run69IB
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 Evaluation of Barrel Calibration from Vertex

Time Difference distributions



Resolution of Vertex Time Difference
& Evaluatlon of Barrel Time Resolution

22 - [ @7ndf 8.89/8 |[ »/ndf 7.855/8 |
— F | Prob 0.3517 Prob 0.4478
© pchO Run62  0.7986 +0.0474 p(go Run64 0.5681 +0.03248
QED18:“”""‘"? """ p1_ ‘ 4871+ 063 || pi | | 6.222 +0.4947
n : : | | : 5 [ @Indf 18678
B 0.1576
1.6 Run69 MB i Pmb Run69 IB  0.5824 +0.03525 B(T - )
| | 7 2.913 +0.4482 Barrel ~ Csl
1.4 é 2 2
6TBarreI + 6TCsI
2 _
0T, ~ const =P,
C,
6TBarreI E =t C2
Dep
lgnored C,
P,
| N N N N N NN N S N NN NN U N NN NN NN N NN NN S arrel E—
2 4 ® 8 10 Bepogﬁed I%%ergq/son Ifgrrelﬁ\/leV]
* P, presents resolution from other terms(Mainly Csl)
— In Run62, P, is higher than other data set.
* P, presents resolution of Barrel
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— In Run69 IB, P, is better than other data set(MB).



Vertex Time Difference at gb Analysis
* As 5Y+1Y analysis, Vertex time ighest energy
differences could be calculated at selection (Red cross)
g6 analysis.

— Gamma which has highest energy
among 6 gammas is selected as 6t

Data Set - .
gamma Sigma of Gaussian |
F hVerte TimeDiff | 2u00E hVerte TimeDiff =
— Enties 13225 | 2000 ; 44444
= f ) |Mea 08400
[ = 264
b i: 11111111 .
200/— Ru n 62 é: 21570; ?:1 M
- 1.68[ns o
F e ‘ ‘
i ’ 7 E ] hVe tex Tmefo
E M |Enres 10759
E B C
27 +13.7 ; MC nnnnnnnn 354+58
100~ Mean 0.9207 + 0.0447 S
9 50; 2.25[n ] EE::M 2.254i(‘J.076 TVTZGm - TVTZC — Offset

* Isit reIate to fit parameter ‘P, in Page 117



Comparison with MC
Vertex Time Difference

Time Resolution with regard to

Module consistency Barrel Energy Deposit
= 2 %2 I ndf 7.855/8 || %/ ndf 6.898/8 |
= L Prob 0.4478 || Prob 0.5477
g - pO 0.5681 +£0.03248 || p0 1.071 £0.06991
1.8 pi 6.222 +0.4946 || p1 3.219 +0.7993 |
=1
1.6 *MB

1.4 |

I - Run64
0.8H
i - MC W.O. smearing to barrel time

0 6: - MC with smearing to barrel time

50 60 2 4 6 8 10 12 14 16 18 20 22
Module ID Deposited Energy on Barrel [MeV]
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Incident Gamma Energy [MeV]

Deposited energy &

Incident g

2501
- IMB in Run64
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Comparison with MC
Sampling Fraction
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* Sampling Fraction is inconsistent between MC and data for

IMB and IB

— We are trying to understand the reason.

 In GsimE14CBAR.cc of E14lib, there is no definition of
material of reflectors(TiO,)



Summary

* 5v+1Yy analysis is done with ~6% wrong pair of
270
— We can choose gamma incident barrel events

e Time Resolution of Barrel with the function of
energy deposit is firstly evaluated

— The energy-independent term of Barrel time
resolution is ignored

P2

Edep

— We can check Quality of Barrel Calibrations through
6t gamma.

 Sampling Fractions are inconsistent between MC
and Data

— Effect of reflectors? Other reason?

cYBarreI = P1 +



Back up



im_

Y[m]

evtiD:8

Online Histogram

Orig PiOMom : (-22.316029,-26.680918,1519.036621) / Reco PiOMom : (-12.131899,-9.268894,1485.813965)
Orig PiOMom : (3.674011,-6.299641,805.550903) / Reco PiOMom : (8.917404,4.805401,817.211792)

“im

Orig VTZ : 4339.895101 Reco VTZ : 4348.650391
1st chi2 : 1.810908 2nd chi2 : 123.828476
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Dalitz Plots in g6

Dalitz_12_ 23 Dalitz_13_23
20010 Dalitz_12_23 20010 Dalitz_13_23
: Entrie= 52212 : Entrie= 5222
— Mean x 9.213e.04 P ull Mesn x  1.02e:05 P
180 ~ Mean y 1.063es05 180 ~ Mean y 1.063es05
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hVertexTimeDiff
Entries 13225
Mean 1.105
RMS 2.71
x2 / ndf 11.81/12
Prob 0.4607
Constant 5425+ 8.8

Mean 0.2583 + 0.0530
Sigma 1.661+ 0.085
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Entries 26603
Mean 0.9183
RMS 2.597
x2 / ndf 27.75/12
Prob 0.006015

Constant 1227 £ 13.7
Mean 0.1592 + 0.0229
Sigma 1.383 + 0.034
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Entries 48458
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OEV veto efficiency aivetwapies/

* |n MC without Barrel resolution,

SFHitZ0
1 SFHIZ0
: Entries 0001
0% : Maan x 5015
. - ‘' Moan y 0.2487
y FMS x 5031
o8 VetO En e>5 . Mev BMS ¥ 0.0895
07 - B p

SFHitZ2
SFHIZZ
B 3 t
Maan x 5012
Maan y 0.2405
FMS x £98.9
FMS y 0.02885

SFHIZ4

SFHtZ1

All veto except OEV

=E- Veto Enié_>f3fM-eV

SFHIZ1
Entries 4897
Maan x 5013
Maan y 0.2402
FMS x 4009
FMS y 0.08911




OEV veto efficiency

* |n MC without Barrel resolution,

SFHitZ0

- Veto.E[f\éj>_51_._M~eV .

SFHIZ0

Entrias 107324
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15
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Single OEV veto
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P.O.T. (Min. Bias)

With 3.6e7 #KL = 2e14 POT

Run62 : 1.39e18

— /300 =4.63e15 ->8.33e8 POT -> #KL

— # KL3piO0 reconstructed : 9110

Run64 : 4.38el8
— /300 = 1.46e16 -> 2.63e9
— # KL3piO reconstructed : 31347 (9941)

Run69 :5.21el7/
— /70 =7.44e15 -> 1.34e9
— # KL3piO reconstructed : 12799 (7950)

MC Generation

— KL3piO Gen : 1e6*2000

— #KL ~ 5.13*1e6*2000 = 1.03e10

— # KL3piO reconstructed : 132659 (10729)

Single Veto Efficiency
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Global Time shift in Run69
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