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Detector : Electronics and Nuclear Emulsion
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Detector :
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ECC finding:
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'ECC (Emulsion Cloud Chamber) Analysis
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'ECC (Emulsion Cloud Chamber) Analysis

~1mm 0.3mm OPERA Film 0.3mm OPERA Film
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Search for Tau Decay and IP disribution
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Short and Long Decay

| Tau Length for all long decays Weighted | longDecay2
Entries 23755
- Mean 1.123
= RMS 0.8665
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Decay Topogy and Back Ground

Ur=bROO—2RTID
N

T decay Charm Decay Hadron 2ry interaction

Charm Decay -> Primary Vertex|ZmuonM L\ TLV\BZ &I KYIDTES,
2ry interaction -> BGZ IR I 5B ITEB WEMHOVYNEEKRT D,

1-prong T—u ~17.4% P>1GeV/c, Pt>0.25GeV/c
T—e ~17.8% P>1GeV/c, Pt>0.1GeV/c
T— h ~49.5% P>2GeVic, Pt>0.6GeV/c

3-prong T— 3h ~15.2%
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Selection of Decay Candidate Track

# of reconstructed track segment >=3
Large impact parameter to confirmed vertex .
10+0.01*DZ um < IP < 500 um DZ < 3600 um
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Decay Analysis

Hadron flagment -> Black Track Search
B R 97 ->Gamma Search, (1->p)
Particle ID : ECC to ECC connection
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‘ Decay Search Status

# of Expected | Observed | Expected

events BG for
for v,
Decay (Prelimi
nary)

2008- Finished 2783 1

2009

2010- In analysis 1343 1

2011

2012 Started

Total 4126 2.1 2 0.2

Tau Candidate Event
= New event : tau -> 3h , Neutrino 2012 T#34t
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New V'c Candidate Event
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Detailed Analysis for Short Decay
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Vertex Seaparation for Short Decay Event
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Short Decay Analysis by Pattern Matching Method

Charm Short Decay
Candidate Event
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Mu+5h+3gamma

id AX[rad] AY[rad] P[GeVIc]

105886 0.087 -0.090 2.5[1.9-3.1] hadron
74262 0.008 -0.005 e-pair
74277 -0.013 -0.011 e-pair
74264 0.092 0.196 1.1[0.7-1.8] hadron
74265 -0.182 -0.110 0.8[0.6-0.9] hadron
84054 -0.313 -0.247 0.4[0.3-0.5] Hadron
84753 -0.022 0.365 2.8[1.8-4.1] muon
93426 0.133 0.099 1.1[0.7-1.4] hadron
Vertex Plate

LY T

70911 0.003 -0.196 gamma
75235 0.063 -0.087 gamma
75252 0.040 -0.102 gamma
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Event: 9150262114, 30 May 2009, 20:06 (UTC), XZ projection l

Columns (top view)
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[ Event: 9150262114, 30 May 2009, 20:06 (UTC), YZ projection I ®  Selected brick
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Previously defined brick information: Super module 2 Muon track parameters:
BrickId Wall Side Column Row Prob CS x CS y Momentum:
brick 1: 1101750 26 -1 22 22 1.00 72.5 8.7 Angle XZ (rad): -0.017

Angle XZ (rad): 0.375
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Vertex Point

I8 7E Track Selector CIEL I E R EFE
FE0.3um. A EfRE2-3mrad.,

L A\LVertex platelZinefficiencyh’
HEEENH D

B Ffstage TOmanualBlZE THRELC
FOGHE,ERETAENEED,

SHICHREZLITAREET S0
[Z. Stage TOBEZ&LDHT NEH
L/T:ll\o

| w.r.t 1ry depth = depth =

Vertex -1027um -1023um
id P[GeVI/c] Track Manual

Selector Measurment

Data [um] [um]
105886 2.5 54.1 63.7 hadron
74262 23.6 29.3 e-pair
74277 26.9 33.0 e-pair
74264 1.1 164.5 65.4 hadron
74265 0.8 12.9 3.1 hadron
84054 0.4 55.3 37.5 hadron
84753 2.8 3.0 0.3 muon
93426 1.1 3.0 0.3 hadron
w.r.t 2ry depth = depth =
Vertex -364um -379um
id P[GeVIc] Track Manual

Selector Measurment

Data [um] [um]
105886 2.5 6.4 0.6 hadron
74262 4.4 24 e-pair
74277 5.0 1.5 e-pair
74264 1.1 6.4 0.6 hadron
74265 0.8 127.0 119.9 hadron
84054 04 184.6 188.0 hadron
84753 2.8 252.2 249.0 muon

1 93426 1.1 124.6 127.5 hadron




085_084_3lay Ir_d.txt

| Pattern Matching of Views of Micro Scope

Ave. number of

mach pixels

865
860
850 855

shift pixel X
fitted 2D Gaussian function

y=\/a2+ bexp(_(x_)§0)2+_(y_y0)2 ]]
20

. Zoryz
‘dxpassA - dxpassB
path A
‘dypassA ~ Y usep compare displacement of 2 passes.
ax dy
paih B i Mean | 0085 |0.086 Accuracy is 12 +/- 10 [nm]
StdDev | 0.057 | 0.075 when 1pixel = 0.14 micron.

[pixel]
entries 16 23




Grain Measurement
8Z~ 1.5um
N f plastic base
@1 198 LA

I‘// track

XY projection

11 um
\4
< > ] g_
sum 32 images emulsion <
q
(x,y) v

XZ projection YZ projection

\ grain size is about 0.7 micron
in—this time of image processing.

The posion accuracy ~ 0.7/v12 ~ 0.2 um y




Pattern Matching
Calculation

w.r.t 1ry depth = depth = depth =
Vertex -1027um -1023um -975um
id P[GeV/c] Track Manual Pattern

Selector Measurment | matching

Data [um] [um] [um]
105886 25 54.1 63.7 63.1 hadron
74262 23.6 29.3 33.3 e-pair
74277 26.9 33.0 33.3 e-pair
74264 1.1 164.5 165.4 166.1 hadron
74265 0.8 12.9 3.1 6.5 hadron
84054 0.4 55.3 37.5 35.4 hadron
84753 238 3.0 0.3 0.0 Muon
93426 1.1 3.0 0.3 0.0 hadron
w.r.t 2ry depth = depth = depth =
Vertex -364um -379um -360um
id P[GeVI/c] Track Manual Pattern

Selector Measurment | matching

Data [um] | [um] [um]
105886 25 6.4 0.6 0.2 hadron
74262 4.4 24 25 e-pair
74277 5.0 1.5 1.0 e-pair
74264 1.1 6.4 0.6 0.2 hadron
74265 0.8 127.0 119.9 120.9 hadron
84054 04 184.6 188.0 186.2 hadron
84753 238 252.2 249.0 246.4 Mﬂ?“

1.1 124.6 127.5 128.7 hadron

93426
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Summary
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‘ Back Up




‘ Decay Search Status

Charm Data/MC Comparison
= Detected 49events Expected 51+- 7.5 events

(charM ) Mean 136.6 + 0.9526

w.

i RMS 39.73 % 0.6736
25
20-
150 %
100 ‘

s ’ r

'ul:l;uut ||||||||I|||l|||||||||||l|||
% 20 40 60 80 100 120 140 160 180

Phi angle (degrees)

Phi angle

Mean 1389+ 37.72

25- RMS 1117+ 26.67
m%
15—

-]
10_—

|

- [ S
_.nn.ln...ln.TL_T....lnn."

0 1000 2000 3000 4000 _ 5000

Decay Length {um)

Decay length

Mean 1144+ 2.557

RMS 1046+ 1808

101
5E
£, 1 i | IR A

0 100 200 300 400 500 600
Impact Parameter {um)

Impact Parameter
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Kinematics of the New Candidate Event

[GeV/c]

Cut Value |Error
Phi (Tau - Hadron) [degree] >90 167.8 +1.1
average kink angle [mrad] <500 |874 +1.5
CT]otal momentum at 2ry vtx [GeV/ > 3.0 8.4 +17
. . 5 0.5<
Min Invariant mass [GeV/c?] <20 0.96 +0.13
. 5 0.5 <
Invariant mass [GeV/c?] <20 0.80 +0.12
Transverse Momentum at 1ry vix <1.0 0.31 +0.11
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=== scandidate

Kinematics of the New Candidate Event —Cut

- Average kink angle _Daughter Momentum |
Phi angle Mean 136.7 + 1.664 [ 2 9] | Mean 01709+ 0.00351 . Mean 8.224+0.1617
o - E 25
241 - I 1
3 RMS 43.65+ 1.177 22 RMS 0.0955 + 0.002482 . . RMS 44101143
) 2:'- 2l ]
2 185 [ ;
185 165 : 1
1.6: 145 1.5 :
14E 12f i .
12;? 1;“ L 1
0.8’:’-—‘ f f
0.6
| Satisfying the specified .
0.2% ’—\_‘_;—-_\_J“H NPT BTN hra . W

s criteria for V — D P
[ Minimum Invariant Mass | || 3hadron decav pntum at 1ry vix |

i L] Mean 0.7198 = 0.01867
= 1 RMS 0.4523 + 0.01175 2.2F- ] RMS 0.2504 + 0.006506 -

35k u : - St RMS  0.5122=0.0132
: n : L ol
3k 1 1.8 ! 4:-'|
: ' 1.6} ' r
25¢ ! 14F ! 4
# ] : 1 31
2 ' 1.2 ' C
1.5E 1 1:' ] o |
i = [ 0.8 1 2y
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OPERA Emulsion Film

Emulsion film (OPERA film) Section of film

Emulsi E o
Before After |$l;rs(:&num)

development development

~ Plastic base
(205 um)

Emulsion i |
layer (44 um

[Microscopic Image]

Recorded as silver grains along the line
where a charged particle passed through

- horizontal track
, — 3 . EB

50 micron o

Resoltion : 0.3 um :
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