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&« Motivation »

Automatic emulsion scanning has been usually performed by
follewing atrack (scan-back to arrive at the primary.
interaction vertex or follow-down to study the products of
interaction / decays)

1 FOV centred areund the expected position of the track
peing follewed

Only charged particles can lbe seen in emul'sion, So Processes
Involving aneutral primary particle were discarded a priori

IMoreover, position and slope measurements have local
systematic errors that are not estimated and thus are not
accounted for



&« Motivation »
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&« Motivation »

|mprovements of Total Scan over traditional Scan-back

) Unbiased event reconstruction: external predictions
are less critical (only need to know where to scan!)

) Secondary interactions andldecays are detected

) Neutral particles (h%, y) can be detected iniemulsion
through charged daughters (frominteractions,
decays, pair creation)

) L ocal systematic measurement errors are estimated
and corrected by using hundreds or thousands of
reconstructed tracks = increased sensitivity!!!



&« Technique »

Using SySal, implementing Total Scan is very smple;

\We just increase the number of views taken around a
specified herizontal pesition in each plate

N0 speciial parameter setting) s required

Scanniing proceeds without even the need for any on-line
fieedback (just keep data guality: under control)

After data taking Is complete, asingle off-line program
collects raw scanning data from several plates (10 or more)
together and yields afull reconstruction that needs no further
processing



&« Technique »

Total Scan Reconstruction steps:

)

1. Apply known corrections to track slopes in each sheet

2. Connect tracks from one plate to adjacent pliates (pattern
matching at the beginning, since there might be large shifts)

3. Optimize plate-to-plate alignment by applying affine
transformations for positiens and retations/ dilatation for
slopes; Iterate several times (usually 9) starting from step 2

4. Build seguences ofi connected segments (tracks) and
reguire a minimum length (3 segments)

5. Recognize kinks / vertices and recover short tracks (2
segments) attached to kink / vertex points

6. Refine alignment using high momentum tracks



&« Technique »
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&« Technique »

Alignment refinement using high momentum tracks

High
momentum

L ow
momentum

A “high momentum track”: atrack
whose local slope s the same
(within a proper telerance) at the
top and boettem of the velume

Alignment parameters are
optimized for these tracks and then
applied to alll segments



&« Technique »

Alignment refinement using high momentum tracks

“Local slope”: a slope estimated by /

Using pesition measurements ofi 4

segments at the plastiic base
The tolerance to defiine high --
momentum tracks is tailored” on

the data quality: the RM'S of the

agreement between the “4 point
local slope” and the single segment

slope I's used as a measure of data
guality /

Thetoleranceisset = (x RMYS),
with x = 0.5+1.5




« Technique

A sample event from CHORUS

Color code:

Blue = near

Out off the Chaos:

"

A DP production
and aecay event
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« Technique »
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& Technique »

Sample from OPERA test exposure (May 2000)
4.2 cmz, 20 plates

337,577 Segments
(37 MB)

15,505 tracks




« DaaQuaity »

Position residuals (CHORUYS)
Position residual: X, ... - X
X eas = SEgMeENt position measured at the plastic base
X, = position expected from track fit

All Tracks All Tracks
RMS(y) RMS(z)

(0.73 +/- 0.16) um (0.68 +/- 0.14) um
3636 Entries 3636 Entries

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2. 0.25 050 0.75 1.00 1.25 1.50
RMS Y Coordinate (um) RMS Z Coordinate (um)

RMS= 0.7 pm



« DaaQuaity »

Slope residuals (CHORUS)
Slope residual: SX, .« - SX5;
SXeas = SEIMeENt slope
SX:i; = slope expected from local track fit

All Tracks

RMS Sz

(3.1 +/- 0.8) mrad
3636 Entries

All Tracks

RMS Sy

(2.9 +/- 0.8) mrad
3636 Entries

0.004 0.006
RMS Sy (rad)

0.0030
RMS Sz (rad)

RMS =3 mrad



« DaaQuaity »

Position residuals (OPERA test May 2000)

e RMS Z Coordinate (Meas. Error)

ﬁﬁ h@ﬂﬁﬂ

50 100 150
Sheet Number x 10




&« TotalScanin CHORUS »

Sorry... N0V, — VvV, oscillation aetected!
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&« TotaScanin OPERA »

Always used in all technical tests upto now:
) Alignment
) Efficiency

) Emulsion quality

Multiple Couloml Scattering measurements
(listen to dedicated talk!)
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() DAQ System Setup

The systems used for the scanning are similar (not
Identical) and they use the same software

Aim of the test: share software — know how —
experience — data formats

Stage: MICOS, Nikon
Optics: Leitz 22x oil
Motors: VEXTA RFK Nanostep

Motor controller: National Instruments FlexMotion
Camera: Hitachi KP-F110 1 Mpixel 30 fps
Vision Processor: Matrox Genesis

DAQ Software: SySal 1.0



(J Emulsion Scanning

Emulsion: Fuji from Oct. 2001 test exposure

Emulsion sharing:

® plates 2+6 Bari

® plates 7+11 Salerno

® plates 12+17 Bari

® plates 18+23 Salerno

2.6 cm? were scanned (Total Scan technique) on each

plate, but because of emulsion conditions it was not
possible to choose exactly the same zone on all plates



(J Emulsion Scanning

22 plates stacked - 389,618 segments - 89 MB raw data




(J Emulsion Scanning

22 plates stacked — 5932 tracks (=2 plates connected)

Plate 2

| n 1
1.

Salerno
Plate 23



(J Remarks

This result is the product of the co-operation of two
groups, but also other Italian and European groups are
Involved in important activities

Not only emulsion plates are being shared, but
knowledge and tasks too

A tight interplay among groups is helping all of us to
get ready for OPERA



