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T.Toshito(Nagoya Univ. )

Electromagnetic ShOWer iy )

2GeV

- MC 17 Dan

Energy determination AE 04
by calorimetric method E JE(GeV)
(In study)

@ a few GeV



Changeable Sheet

e Interface plate TT to Brick(ECC)
e Brick Tagging specially for NC-like event.

CS Doublgt
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BRICK: \“://' \
ECC [ ~= |
Sub-pum res. T .
} I T.T. 2.6cm pitch
e Must be low back ground -> Doublet, Refreshed in GS

e Must be high efficiency
 Very huge Scanning load -> 5100cm>?/day




Required Scanning Power for IP(CS)

Area to be scanned | Events Scanning area
/[day cm?/day
CHORUS 1lmm X 1mm X 2 1000 20
OPERA 1 u bem X 5cm X 4 23 2300 Total
OPERA 0 10cmx 10cmx4 |7 2800 5100
0 1 event

1 u event

. 1mm

5100 cm?4/day =20cm?/hours/system
X 11systems




Autmatic Emulsion Scanning SyStem
“S-UTS 1”
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Digitizing Nuclear Emulsion Films

Image _
mpg | el PIABRE J4 L L1 & =Y 4 x 10%pixel (@)
Eide X ixels
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T4ILLN—R
< 200~800 pum

JRFI%EZHR

. ZLHIE (38) : 160um
\ 100 um

Grain Density ~15 (/45um), FOG>3000 grain(/view)



Ertries 3.71X1653e007
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174969 2-20-1-1 87,120,627 Micro Track Readout



Fourfold coincidence

CS Doublet cross section Reconstruction Conditions EX.:

Eénulsion | zl?z),g\SE | A(B¢s1-601 2) < 0.070 rad
BASE E E
Hp o BA Myl SOOHm EMu A(Besp-03.4) < 0.070 rac

A(O¢s1-0cs2) < 0.010 rac
A(Tes17Tes2) <10 pum
+ Eye Scan

Reduce random
coincidence of low
momentum tracks
(Compton electron,
fog, etc.)




Event number: 1064775 CSD ID: 3000370

Brick location: W29/RW9/COL12, rock side

SX =-0.0839 + 0.0013 SY =0.0259 + 0.0012

PX =181.54 +£0.27 cm PY =-288.03 £ 0.25cm PZ=-401.82 cm

TOP VIEW (horizantal projection) [ Event Number 1064775 |
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Found track in CSD

600micron

160micron



D~16.4mm, W~13g

Piezo driven Optics



No step and repeat Image taking
(follow shot method)

 Use Ultra High Speed Camera

— Up to 3k frames per second. PP
— Max 90views/sec~60cm?/h L 60um yoectielo
/ = """ = along inclined axis
« Image taking by follow shot Obecwmens; N

— No step and repeat operation can
avoid a mechanical bottleneck.

— FOV displacement and Blur are :
canceled by moving objective Driving in constant velocity
lens

Emulsion




Real-time Image Filtering and Packing Processor

Spatial filterand  Ring frame FIR filters Arrange readout segments
Pixel Packing buffers to lines

LVDS Camera Interface

Camera In
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LVDS Output 'ntefface‘ DATA Reduction : 1G byte/s = 10-100M byte/s



Pre- processmg before track recognltlon

lnput Pixel Data

| X Y DLl
ﬁ|01ooo4 8000 |
—=|00E005 7EFA |
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|OOF007 6C00

et
x(n) | | | | i | |

© & & &
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b vm

(c) 15 TAP ODD SYMMETRY FILTER GRAINS

'

P D @
ho h1 hz hy
H—D

Ref. GC2011A 3.3V DIGITAL FILTER CHIP DATASHEET, GRAYCHIP, INC.

Subtract DC and LF component, like defocus grains.
Zero suppression (Record only pixels over the threshold with address)



o B Processing speed :

| Track recog >40cm?/h/board

OMedl ™
I- XA LA
XNNX TR

M
%,

> 40Gbyte/s/FPGA




Track Recognition in SUTS

e REFERFT7IILOUXLIZ UTS KT D,
« BAZMEEE AL 100cm?/h (Z1=yMEIZL A FINEEZEE)

— x50 YL X EEH—MLEIFSIN DD I(E60cm2hTHAB D, [L1R
R xt Al

o« KRR FPGAIZ LS E M FLICKSERRINEEHZTITOo
2VP70(SUTS) QL3060(UTS)

Logic Cell 74,448 1,584
On-die Memory 5,904kbit N/A
On-die CPU PPC405 X 2 N/A
Max Frequency (16bitCNT) 348 MHz 97/MHz

Inter FPGA data transfer rate 40Gbit/sec  1.2Gbit/sec
Memory Band Width in FPGA  40GByte/sec 0.5GByte/sec



From Ca
Image-Pre-P

LVDS (3+1) x2
240Mbyte/sec
(2.5 msec/view)

Host interfac

32bit Bi-directio
FIFO

S-UTS Track Recognition Block diagram
(revised)




SUTS block diagram

RAW Pixel data

Camera
3kfps

Pilezo

Stage

Lamp

1.3GB/s

Filtered and Packed

150-300MB/s peak

Camera Front-end
Image processor

A

Y

Slave PC Slave PC

o
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%

Raw Micro
Track Output
6-10MB/s peak

Slave PC

To Storage
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Scanning Efficiency Check

Sample : double refreshed half size OPERA film exposed cosmic rays

Scanning area

pl
1 ~
/ 1. Pick up prediction tracks
2 z (pl1l-pl2-pl4)
éxist or not 2. Sea}rch pl3 for basetrack_ (2sufaces)
3 7 window : dx,dy < +-3micron
/ dthx,dthy < +-100mrad
4 ~

cosmeBase Track Eff. Corresponds to sqrt of CSD eff.



Base Track Efficiency

officiency cUrve window : dx,dy < +-3micron o1
4= Mean x 0.25
@100— + + + + Meany 97.23
B + Emgx 0.1414
- RMS v > 216
790% (= 81% @CSD) y
80—
60—
i Ph sum cut
- 0.0<=angle<0.1: 16
40— 0.1<=angle<0.2 : 16
u 0.2<=angle<0.3: 14
- 0.3<=angle<0.4 : 14
20— 0.4<=angle 1 13
i ] ] ] ] | ] ] ] ] | ] | ] | | | ] | ] | ] ] ] ] | ] ] ] |
% 0.1 0.2 0.3 0.4 0.5 0.6

angle {rad)



Base Track Efficiency

efficiency curve window : dx,dy < +-3micron o1

dthx,dthy < +-70mrad [ Enptries 5

4= Mean x 0.25
®100— Meany 93.17
B + N + RMS x 0.1414
- , Lufie g
C90% (= 81% @CSD) ¥ Y
80—
60—
[ Ph sum cut
- 0.0<=angle<0.1: 16
40— 0.1<=angle<0.2 : 16
u 0.2<=angle<0.3: 14
- 0.3<=angle<0.4 : 14
20— 0.4<=angle 1 13
i ] ] ] ] | ] ] ] ] | ] | ] | | | ] | ] | ] ] ] ] | ] ] ] |
% 0.1 0.2 0.3 0.4 0.5 0.6

angle {rad)



Angle displacement

window : dx,dy < +-3micron Entries 369
dthx,dthy < +-70mrad | RMSx 0005376

0.03r RMSy 0004476
0.02
001 .
K L
o S
001
002
_0 B L 1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | I I |
Yoz 002 001 0 001 002 003

delta theta distribution



Base Track angle resolution

mirk (ens)©.0<thetax <0.) | [amieriz | mirkgensy1<thetax<02) | [aminzrze [ mikgensyp2<thetax<om | [|amtrzize [ mirk gens) 23 <thetax<0.4) | [aminz1a2
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Lens side

Micro track angle resolution

| mirk(tens) (02 < fihetax| <03 | |dmth2a

| mtrk (lens) (0.3 < [thetax| <0.4) ' dmth24

mitrk {lens) (0.0 < [thetax]| < 0.1) ' dmth21
Entries 14
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mirk {lens) (0.0 « [thetay] < 0.1) ' dmth25

mirk (lens) (0.1 < [thetay]| < 0.2) ' dmth26
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Stage side

Micro track angle resolution

mtrk {glass) (0.0 < thetax| < 0.1) I dmthi1 | mirk (glass) (0.1 < [thetax| < 0.2) I dmthi2 I mtrk {glass) (0.2 < |thetax| < 0.3) I dmth13 mtrk {glass) (0.3 < thetax| < 0.4) I dmthid

Entries 214 Entries 162 Ertriss 152 Entries 13

Mesn 0.01741 22 Mesn 001936 =0 [Meen 001506 Mesn 0.01559

] RMS 0.01699 20| RMS 0.01975 RM3 0.01543 RMS  0.019
18 23

15

10

[¢]

D.1

-0.1-0.080.06-0.040.02 O 0.020.04 0.060.08 0.1
delta theta distribution

X proj 0.346<0.2

0!
-0.1-0.080.060.040.02 O 0.020.040.060.08 0.1
delta theta distributien

proj 0.21
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delta theta distribution
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delta theta distribution

mirk (glass) (0.0 < [thetay| <0.1) | [dmth1s mirk (glass) (0.1 < fthetay| <0.2) | [dmth16 mirk (glass) (0.2 < thetay| <03) | |dmth17 mirk (glass) (03 < [thetay| <0.4) | [dmth1s
Entrles 147 Entriza  1B6 Ertriea 148 25 Entrisa 119
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Base Track position resolution

dthx ( 0.1 < theta <= 0.2) | xx1 dthy ( 0.1 < theta <= 0.2) | yy1
24F Entries 206 - Enfries 217
o0 | i Mean 0.1161 220 J‘ Moan .0.03454
- AMS 0.8738 20 RMS 07791
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dthx ( 02 < theta <= 0.3

xXx2

Enfries 445

30

25

20

15

10

0 .|||_|||_||_|||HIHTIHHIHHIHH ....I....IHH

Maan -0.01829

RMS 1.035

-5 4 -3 -2 -1 0

1

2

3

4 5
micron

dthy ( 0.2 < theta <=0.3) | yy2
Enfries 438

35F

B Mean -0.03514
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251 —L
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151

10F J_L
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efficiency |

The 2nd S-UTS @20cm?/h (30views/sec)

Y

2100— , ,
2 r | |
~
=
@
BU__ 97.1 + 2.8 95.7 4+ 2.0 98.4 +- 0.9 98.6 +- 0.9 957 +- 1.7
60—
0l eff = 97.3 +- 0.7
20—
: bg : [(100*100mic2100"100mrad2]
|III III|IIII|IIII|IIII|IIII

IIII|IIII|IIII|IIII I|I
OD 005 01 015 0.2 025 03 035 04 045 05
angle : sqri(thx*2+thy»*2) (rad)



efficiency | 15 ond 5_UTS @40cm?/h (60views/sec)

—
2100— .
R S— | | | |
[T |
= n
L
80_ 941 +- 4.2 94.7 +- 2.2 3-8+ 96.5 +- 14 94.9 + 1.9
60—
ol eff = 96.0 +- 0.8
20—
: bg : [100*"100mic2/100*1 0Omrad2]
|||||||||||||||||||||||||||||||||||||||||||||||||
00 0 01 015 0.2 025 03 035 04 045 05

angle : sqrt(thx*2+thy*2) (rad)
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2L = LB E D FE e
— IR4K 60views/s (40cm?2/h) = 90view/s (60cm?/h)
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efficiency | . ond 5-UTS @75cm2h (Obiective  35)

Y

9100 |
2 - | | | | J|
2 L | |
= L
o
l 92.9 +- 4.1 w218 93.1+- 2.0 2253 = ot 35.0+-1.8
- |
60—
ol eff = 94.5 +- 0.9
20—
: kg : [/100"100mic2100100mrad2]

[ 1 1 1 | I | | I | I I | I I | I I | | I 11 1 | I 1 1 1 | I | | [ 1 1 1
DD 0.05 01 015 02 025 03 035 04 045 0.5
angle : sqri{thx~2+thy*2) (rad)



FEH
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Efficiency ~95%@ base track (2-
fold coincidence).
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