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History of automated analysis of nuclear emulsion
in Japan

Scanning speed (cm?/h)

Next generation high speed
System, Hyper-TS (HTS),




Introduction for new tracking technique

Large angle tracking High discriminated tracking




Fine Track Selector (FTS) at Toho univ.

@ (0.2751m/pixel)

Objective lens CMOS Camera
Nikon CFT Plan x50 Mikrotron Graphics Processing Unit (GPU)
oil immersion lens Fosens MC 1362 NVIDIA Tesla 2050




Large angle tracking
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Large angle tracking

Conventional Tracking algorithm
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Large angle track scanning

XY stage drive
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Large angle tracking
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Large angle tracking

Physics motivation with large angle scan
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Large angle tracking

Systematic hadron int. analysis in OPERA type ECC

We have been studied hadron int. in the OPERA ECC.

Hadron bea

Reconstructed
tracks 2205 tracks 913 tracks 584 tracks
Total track length
0 ECC 38.5m 12.6 m 8.5m
i 173 events 68 events events
in ECC 73 77
2GeV/c 4GeV/c 10GeV/c
[Multiplicity] I
|
I 3 : Scanned at normal
: angle acceptance.
O > H—‘ ‘Numhcrnifﬁ}r\\:rd5|_ka O I :4—::‘““':"‘"\ “‘5 k: ( |tan |SO' 6 )

Kink angle (1-prong) |

24F

Data and MC is
good agreement.

Number of events
.




Large angle tracking

Search for Black Track

emulsion layer

H_J
Lead plate OPERA film
Imm thick

(a) Black (0.0< ftan 0 <1.0) ~ (b) Black (1.0 tan 0 <2.0) (¢) Black (2.0< {tan 0] <3.0)

sdpowgliaselenialye PN P IR I PR N
0 1 12 13 14 15 16 " w1 12 13 14 15 16

eff = 99.8% @ 90%C.L (PH>13; 2.0<|tanB|<3.0)
T. Fukuda et al., 2013 JINST 8 P01023 , [arXiv:1301.1768




Large angle tracking

Analysis result for Nuclear fragments in hadron int.

Beam momentum [GeV /c] 2 4 10

Events 32 31 66

Fragment associated events 10 18 42
Fragment associated probability [%] | 31.3705 58.1151 63.6139

Buchear fragments assoeiated probabdling

Incident beam momentum (GeV/c)

= —2GeV/ c -. ; 4GeV/e I
Black multiplicity] 1 '
s -
[ z
: « Data and MC is good
A agreement.

 This result allowed to
reduce 30% hadorn
BG in OPERA.
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Large angle tracking

Large angle scan for minimum ionizing particles

I fake(208count)

[ thin(45count)
10 S |tane|<30 - gray,black(47count)
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Large angle tracking
Beam exposure at CERN

to make sample for evaluation of large angle scan
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Large angle tracking

automatic scanning for large angle MIP
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The high efficiency for large angle MIPs
Is confirmed by test experiment.



Large angle tracking

Short summary

We developed an technique for automatic large angle tracking.

This technique was applied for hadron analysis and also BG
reduction for OPERA.

The HIGH automatic recognized efficiency for large angle MIPs
Is found in our work.

Currently, there is many other trial and update for large angle
tracking.
(see Ariga’s talk and Valeri’s poster)




High discriminated tracking
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High S/N tracking

Current emulsion analysis in OPERA film

OPERA film

Chance coincidence of Noise is also
picked up as track in normal scan.

After reconstructing tracks in normal scan, there i S many chance coincidence
of Noise track. so we must judge signal/noise by ey e for OPERA film.

We want to reduce eye check process because it's he  avy work.
This is the motivation for development of high disc riminated (S/N) tracking.




High S/N tracking

Past progress for high S/N tracking

 We developed a high discriminated method on basis of log-likelihood
for CS analysis in OPERA. [Track Ranking method: T.Fukuda et al., 2010 JINST 5 P04009]

» Selection parameter is linearity and blackness of track data.
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Track Ranking Score (R) =
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Selection parameter from normal scan is finish up.
So tracking algorithm itself should be improved for furthermore S/N improvement.
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Tracking in FTS
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High S/N tracking

Evaluation of noise reduction rate

Sample films were exposed beam.
Films were scanned by normal scan at first.

. True ;
Fake Entries 845

- Mean 8.188
Entries 1558
Moan 7.36 . FW!S ?.709

RMS  4.052 -
Noise | Slqnal

|PJI'1IIIIII|P1II1II

Auto judge
by normal
Track Rank

: True

Normal Track Ranking score
sHERS, 2 sHERG 4 sENa
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signal

Track Ranking score (R,) = log T

The sample for evaluation

Eye check region
(Zoom)
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Sample (|tanB|<0.2) were checked
by eye ( -5<R<5).

- Signal track - 95 base tracks
- Noise track > 441 base tracks
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High S/N tracking

Effect of 32 layer scan

5 Noise reduction rate
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High S/N tracking

Track Ranking using new selection parameters

* The status of new selection parameter for True tracks and Fake Tracks.

[3] Maximum gap
between hitting layer

[1] Linearity of grains [2] Number of grains around track
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Fake Entries 166

Mean 2.694
BRMS 2.945

new TRank score is calculated based on
the PDF of new selection parameters.

FakeRank
Entries 210
Mean -6.364
RMS 4.29

b

Lsignal — p[l]signal X p[z]signal X p[3]signal

Lnoise — p[l]noise X p[z]noise X p[3]noise
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High S/N tracking

Track Ranking using new selection parameters

* The status of new selection parameter for True tracks and Fake Tracks.

[3] Maximum gap

[1] Linedrity of grains [2] Number of grains around track o .
of || (e Base tracks which has Fake tracks judged |
] e e new TRank score were rejected .
" ‘True_ |eof S
25; Ve ng!;\%iat B E ; 'FakeFi'ankﬂ | - TruéHankO EE;?:DngO
20f o el Entries 186 Entries 94 -
10; B ‘FakeRankO _ ~ TrueRank0 ILJ
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Entries 166
Mean 2.694
RMS 2.945
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High S/N tracking

Current noise reduction rate by FTS

a0l - -
1 FakeRank0 : TrueRank0

il Entries 441 Entries 85 -
e I T - The efficiency of True tracks were

- | FakeRank1 | TrueRank1 kept on 99% and 21% Fake tracks
100 Entries 94 Entries 94 .

| - were survived.

80

— e : In the case of CS
60 B 79% Noise reduction | - (OPERA film doublet),
o 98% true tracks are survived and
95% fake tracks are rejected
additionally.

40

20

D- Ll 1

FTS:32layer scan FTS: new prm for OPERA film for OPERA film
doublet
Signal 95 — 94 94 — 94 94/95 =0.99

441 — 186 186 — 94 94/441 = 0.21




We have been developing High discriminated tracking method.
This will allow an automation of emulsion analysis.

We also developed an technique for automatic large angle
tracking.

This technique was applied for hadron analysis and also BG
reduction for OPERA.

The HIGH automatic recognized efficiency for large angle MIPs
Is found in our work.

In this talk, | introduced pioneer works which is g ualitatively
different from conventional development strategy [s peed up].
| hope many kind of improvement for scanning is don




