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Today’s mission of talk

Showing potential of emulsion for tracking,
particle id etc.

Then collecting opinions from you.
What should be done by emulsion.

Or what neutrino-nuclear physics suit for
emulsion experiment.

We hope emulsion technique can provide good
measurements.

Advices for target physics are very welcome.



Nuclear Emulsion Detector

—— Polymer (C, (N,0))
Charged Particle/ Silver halide crystal

f (AgBr)

lonized electrons concentrated on
Development treatment the electron trap to form the latent

image specks in a crystal
Silver grains
‘ﬁ (size : several
‘ 10 NM ~ 1 um)

.




Nuclear Emulsion Detector

—— Polymer (C, (N,0)) Nuclear spallation reaction by heavy ion

Charged Particle Silver halide crystal
o i

Development treatment 100 UM
Spatial resolution
- silver halide crystal size
‘ - number density of silver halide crystal

Silver grains
‘ﬁ (size : several e
10 NM ~ 1 pm) Sen5|t|v_|ty
‘ - Chemical treatment
. - Crystal defect and doping etc.



A neutrino event recorded In
Nuclear Emulsion

All charged track

Sub micrometric spatial resolution
3D information (ax,ay)
© | Track darkness (dE/dX)
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Readout of tracks in Emulsion

Image
sensor Resolution

Microscope view

N

Microsc_ope 512x512 pixels
Z-axis Field of View
230x230um?
Objective 35x
~3um Depth of Field
Emulsion
© (front side)
® 45~100 pm
o
E
= Film base
‘G < 200~800 pm
>
e
()
5 Emulsion
[ : / (back side)
>
z\|~ 45~100 pm

Sensitivity
35 silver grains /100um

10



Digitizing Nuclear Emulsion Film

sl-.?nas%er resolut 2 X 10*%pixels in each film
_ esolution 5 :
Microscope ‘ 512x512 pixels (100cm?,w doble side)
Z-axis Field of View
230x230um?

Objective 35x
~3um Depth of Field

Emulsion
(front side)
45~100 pum

Film base
200~800 pum

v

Emulsion
(back side) y 200pm

/ 45~100 pm
Grain Density ~15 (/45um), FOG>3000 grain(/view)

N\

Nuclear emulsion film/plate
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» Take 16 different depth images by
microscope optics.

 Shift images to aim at specific angle
tracks

« Sum up 16 images to examine

coincidence.

* Find signal of tracks. _,.....s="
* Repeat for all angles in FOV : >2000
times

Invented by K.Niwa in 1974



Signal and noise track

PHﬁ‘#ﬁ(/6mm2)

Signal track o f i .
tan 6=D/L ; p L%

8 10 12 14

Pulse Height ( Bean )

. 6 hit 16 hit
Noise track |-low energy.electron prodL.Jce.d by gamma (<1MeV) T s w73
*random noise —chance coincidence wor k. [ RMS 7637
I [
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Signal’s Ph is higher than noise 6 hit 16 hit



Reconstructed track between base

= Further noise reduction by angle residuals

Signal track
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Momentum measurement

multiple coulomb scattering

test.beam.KEK—=T1.m-

Entries 64
[Angle Method] 2l Jf
20
g ‘Jf I
10 ;— %} - e
5 [ S
5] _(D_I |||_¢>_1¢'| | ...I.l.l".it.--~
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0.8GeV/c pion : P =0.79(GeV/c), dP/P =11%
1.5GeV/c pion : P =1.53(GeV/c), dP/P =16%




Particle ID

Energy deposition dE/dX
measured by track darkness

=> measurement of 3 oo P aibeltiian i AR B =0.98
20 Hm
Combining with momentum :
particle ID. L Pl 4 B =0.54
0 B -- Darkness 20 1t m
GIJ beta—G.D
C ?]OQ'
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CQG = ! 0.87 GeVic 1@0..925005Sf:.twuwsc.jnﬁ./qm2
7(}5— 180 :_ c,\‘\g 1 1200
i . o B Entpy 1063 tracks j‘-—:’
80 C o 8 1000
50 + 140 ;_ T P %
: ¢ 120 ;_ é . 500
40? o 100 ;_ '>C<; s 600
3 80 F o,
r - °
w0 b &0 = . #00
1D-— 40 ;_ 2 ) 9 200
Q||||\|B 20;_ 1, ’ ]
0.3 0.4 .5 0.6 0.7 0.8 0.9 '1 'D C | | | 1 1 1 Dr"u 1 1 g i 0
o 0 200 400 BO0 o prphnge e e e b

Particle ID Momentum(GeV/c)



Charge determination of nuclear fragment by
C 200-400MeV/nucleon interaction with
polycarbonate

150

nsk
znné— % =0
175 - ‘ﬁ =5

150 — ;’ =4

Pulse height in sheet-1) {counts)

T R T I T T R LT T
Pulse height in sheet-B {cuunts}

FIG. d: A scotter plot hetwern svernged pulse heights in sheets- B smd sheets-10 for seeomdnry
trocks. Omne con see denr diserimination of trock charges from & = 2 to £ = 8.



Long history in Neutrino Research

1978-1983 Fermilab E531 <20GeV> ~ 100kg

charm

VU->VT

1990-2000 CERN WAS5 CHORUS <27GeV> =~ 1ton

v=Dark matter ? Check by vu->vt
charm

1994-2001 Fermilab E872 DONUT <80GeV> ~ 1 ton

2000-

vt direct observation discovery
CERN CNGSO01 OPERA <17GeV> 1250 ton

VU->VT



CHORUS



CHORUS detector

Active target Air-core magnet
nuclear emulsion target Ap/p =0.035p (6eV/c) ®
(770kg) 0.22

scintillating fiber tracker

Muon spectrometer
Ap/p =10 - 15%

4 Calorimeter (p <70 GeV/c)
et AE/E = 32 %/ E (hadrons)
CERN SPS = 14 %/ E (electrons)

Veto A0 4= 60 mrad @ 10 GeV



@ CHORUS search for v, appearance

Direct observation of t decay in emulsion

v interaction t sighature = Kink
hadron jet

SEA

.- T decay mode BR

. / ::*:H‘Vt T—> H- V’E ;/“ 18%
f— lmm — ‘ﬁ
b T— h™ v N(7°)
T decay vertex —

50%

| | T e veve  18%
need very high spatial resolution = = tracking by emulsion



Event Location Fiber tracker
500um ¢

each100um scanned by 1vew microsope

M interface emulsion

Tmmx1mm scan

Scanning from down stream
plates until reach to
interaction point.

~5. 2cm




Parent search

Search and pick up all track segments for possible tau angle assuming decay PT<1GeV.
Human eye inspection for concluding

T daughter selection
(1) wPu<30 GeV/c
(22 h-Ph 1~20 GeV/c




NetScan Offline selection

. L m!ﬂg)act parameter (Data)
i 1
= N .
E o —
g ]
£ | ]
5 L ]
; 5 =
3 UM——=—
~800  -600 400 200 0

Vertex depth (micron)

e Tracks confirmed by fiber tracker at downstream of emulsion
«Even not reconstructed tracks by Target Tracker

« Big impact parameter to 1ry vertex, r > V(3.2 + ( 26dz)?) pm

= Eye confirmation or further selection



Vi

L - C\)}:ﬁ s @
£
NetScan Data S
reconstruct vertex %
vint.vtx + D? decay vtx &

=

=

g

CIPANP 2003, May 19-24,2003 > 25

1.5mm



Detected Charmed particle in CHORUS

Decay topology |Detected Back ground
events estimation

Cl 452| 434+ 2.4
Charged 1prong

N2 819 36.6 £ 3.5
Neutral 2prong

C3 491 3.8 0.2
N4 226 negligible
C5 22 1.5+ 0.1
NG 3 negligible
5 2013 85.2




(7N -
sde=tx  Charged charm flight length
"/ g g g

(In A" analysis)

s Selection A (C1+C3) Selection B (C3)

7
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\ WA A —X* Event

Act evidence search
12 candidates has found

B(A, —X"any) =10£5%
Phys Rev. D33:1(1986) : 5 events

A, FL=60um

I:)daughter — 261%; GeV/C 'Z FL:llcm
sin@,, . =0.09
=) P, =234"3>°MeV/a

Decay VTX —*

Oink= 90 mrad

RUN : 7894
EVENT : 7004

Decay VTX)/'i
Loporm

Decay VTX —

p orim




Q Summary of t search in CHORUS

ln

Proton on target (1994,1995,1996,1997) 5.06 x10%

Events with 1 u- and vertex in emulsion /713,000
p u- <30 GeV/c and angular selections 477,600
Events scanned 355,395
Vertex located 143,742
Events selected for eye-scan 11,398
Kink candidates after eye-scan 0
Events with vertex in emulsion 335,000
1 < Ph- < 20 GeV/c and angular selections 122,400
Events scanned 85,211
Vertex located 20,081
Events selected for eye-scan 2,282

Kink candidates after eye-scan 0
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Exclusion Plot M
4.010-421/ 6.8-10-4 [ 0% CL 11

Or, for large Am?
sin®20,.< 6.8-10-4

Or, for large Am?

beVd

sin20,.< 4.0-10-4

HeV?

Phys.Lett B497:8—-22,2001
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[1] T.Junk, NIM A434 (1999) 435

Comparable with NOMAD
sin220,..< 4.0-10

[2] 6.J .Feldman and R.D. Cousins, Phys.Rev. D57 (1998) 3873



OPERA



CNGS (Baseline 732 km. <Ev>17GeV)

L AFIER | * TREES

P.O.T.(1019)

VMINOS Best Fit
— MINOS 90%

 —— MINOS 68% K2K 90%

D Italy,

J\j Hﬁ;n\_ 5
("(#\ . gt 0.7 0.8

. - 5
Citta del Vaticano;

sin®(26)
<Ev> (GeV) 17 R T ;’f'“‘_ Covers the region indicated
i Y pysSuperK, K2K & MINOS

(Ve + Vo) v, 0.89, 0.06 % %0
_V;,l / Vu 210/0 \\,I\;;‘.':;g
v, prompt Negligible /J o

22.5x10% POT (proposal) — Expected Events 7.6 Signal, 0.8 Background




OPERA ECC : Camera for neutrino interactions

Pb(1mm) / emulsion (OPERA film) interleaved structure
A DONUT v_event
Flight Length:280um

\Y% a
T / -
.................... > -;t““""b«--.. .:.'-n\..\
==. \::‘::\. '""-'----:::::\_::: -.am
: “0.. '-.\ LT
\ \‘.‘.‘:‘..‘ ~~..'n
\\‘ .... \
,. WO\
amme, S N Kk |t>e [18%
\! / X .
/ Emulsion ok |17%
[DONUT: Iron 1mm] T>h [49%
OPERA: Lead 1Imm Trident |t > 3h | 15%

56 Pb plates + 57 emulsion
plates , weight 8.3 kg

150,000 ECC 1250 ton target

9.3 million emulsion sheets




OPERA detector @ 1400m Underground Gran Sasso
150,000 ECC 1.25kt: exposed to the neutrino beam
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Lead
film
Lead
film
Lead
film

Lead

ECC

film
Lead
film

Lead
film
Lead
film
Lead

film

Changeable
Sheet

Large Area
Scanning

~5cm X bcm

film




Event Location in the ECC
eet

Small area scan
~0.1mm*0.1mm

Read-out films around the
stopping point




Neutrino interaction reconstruction

Connecting track originating from

the volume.

Raw track segments



v. CC Detection

Impact Parameter distribution

v, events (MC) (Mean10434
NC+CC v, events (MC)
NC+CC v, events (Datg

Short flight decay




The first VT event NEUTRINO2010 (O.Sato)
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Observation of a first vy candidate event in the OPERA experiment
in the CNGS beam

Rows (side view)




vM%vT oscillation evidence by detection of

tau flavor appearance

t 3rd event: t~->u~, May 2013
1% event: o o The appeared neutrino lepton number was
t->1h, May 2010 (v—>pv,, p—>7'T, ©°—>2Y)  measured through muon charge measurement.

Ary track

————— — —
C
1mm ! \k
lead muon T.
plate 20 plate 19 plate 18 plate 17 plate 16

Neutrino beam exposed during 2008-2012.

So far, 5272 events were analyzed in emulsion
cloud chamber (ECC) by micrometric accuracy.
3 v, events have been identified among them.
It allows to exclude the absence of a v évr
oscillation signal with a significance o#3.4 o
(p-value=2.9x10%).




n® mass resolution (OPERA data)

2indt 195416

Constant 7.388 = 1.757
Mean 142.2 +13.2
Sigma 65.76 - 11.56

35 gamma pairs

100 150 200 250 300 350 400 450 500
Reconstructed mass (MeV)

1 0 mass resolution: ~ 45%

41



Readout system continuous upgrade

Computer
" GPU board
e — s

-Wide FOV | T
optical system . § + 7

Automated Nuclear Emulsion N it orccision
and speed stage
Read-out system (SUTS) ~72cm#/h «

Speedin cm? hour

10000
1000 F~
100 1~

10}

0.1F
Development of ool

Automatic readout system 0.001

/]

From 1970 > 1983 1994 1998 (FPGA)
2006-

Running

TS(TTL) NTS(CPLD) UTS(FPGA) S-UTS


指南/実験授業/一般向け/SUTS_II_50cm2.wmv

Huge field of view by Huge lens

Field of view 5.1X4.9 mm?

Image pixel size  0.45um (120Mpixel/FOV)

Readout speed 0.10 sec /16depth/FOV -> >300fps
Scanning speed 9000cm?/h SUTS FOV

-

~5mm

HTS FOV _—




PEANUT



Soudan
MIN Q}_ Far Det.

The NuMI| beam

120 GeV protons
8.7us spill time

1.9 s cycle time

8.7us every 1.9 s
2.5x10%3 protons/spill
2.5x102%° protons/year
0.3 MW on target

* % Ot O % % Ot

Target Service MINOS To Soudan—l
Building 7 Carvice
< Main Injector Building — PEANUTER 137
> Protan-t e |
e LSS s i I*"“ .
Carrier’ =\ e ———— v 240m E ]
Target Hall Beam Absorber /| Minos Hall -~ |

Muon Detectors —~  Minos Near ——
Detector



PEANUT

Ner Detector ‘_

)
LA |




SFT(Scmtlllatlon Flber Tracker)

£
—

s
LTI

T3 1330d 5012

ww\’
FETETIRETS

install ECC (max 48 b'ﬁa?




Neutrino exposure in PEANUT

14000

12000

10000

Low Energy(LE) Beam component of NuMI
Peak @ 3GeV v, 917 %
anti-vM 7.0%
V. +anti v, 1.3 %

Interacted v energy [GeV]
RUN1 RUN?2
Exposure time 2005.09 - 2007.03 2007.06 — 2008.09
Aim test for OPERA study for NuMI beam
# of interactions in ~10000 events ~10000 events

ECC




Configuration of ECC

PEANUT RUN1 PEANUT RUN2
(for high energy) (for low energy)
< 10, —— < 4.5X, >

|1:> 0

\ J1 J
| |

film+56x(film+ lead plate 1mm thin)
61x (film—+steel plate 0.5mm thin) 15 x(2 films+lead plate 1mm thin)

precise detection em shower
part of v interaction developing part
RUN1 : lead plate 1mm thin = 0.18X, (= electron ID)
1 easier connection of low momentum

RUN2 : steel plate 0.5mm thin = 0.03X, =) (several hundred MeV/c) track

plate by plate



PEANUT Detector

ECC
U U
Y XY YX XY YX XY lvx XY
) ~40cm g
N J
"'

Scintillation Fiber Tracker

X(horizontal) - 10 planes
Y(vertical) - 10 planes
U(45 degree) - 2 planes

MINOS Near Detector




Event Viewer of SFT

FPEAMNUT EVEMT WIEWER. Wer. 0.00

U-projection

RUN 64 - EVENT 78092 (Triggers=6
2005/12/31 16:13:28.469 (GMT) 11360
Hits: 38 41 13 - Tracks 79 7

Run Euentl B4 75092 Frev | Mext Reset Save Chuit




Analysis in RUN1 data

- Event selection

at least one 3D track reconstructed in SFT
(X,Y-projection >= 6 hits && U-projection>=1 hit)

SRk B I

o —

T~ 3D track

|
| |
| |
| F
| |
| —| — |
| |
| |
| |
| |
| |
| |

L,z pA0em, L,z pA0em,

- Event location

|
|
|
|
I
|
|
I
|
|
I
|
(NS
Ry A[F
T—-
|
|

3D tracks associated
with muon ~ 98%

NC contamination ~ 1%

—_— e e g m e e — - -~
T T T

3D track

= search the track consistent with 3D track in ECC and follow it toward upstream
- data taking around “stopping point” and reconstruct some tracks

1 mm 1mm
L —_—

1 mm

£
£

3D track

X Y

[ [

1mm
—_—

£
£

3D trakk 4



Results in RUN1 data

New Journal of Phys 12 (2010) 113028

120~ 'g C
N 5 a0F — MC
100— MC g e + data
- + data S 250
8o E F
- s 2]
60— -
_ 15—
: - [ L]
20_— 5 —I—L
- - I -
07.11...|....|..F|% Wt wrerd T NN PN FRETE B U—||||—|—1'|I—|—|
0 1 2 3 4 5 6 7 8 9 0 005 01 015 02 025 03 035 04 045 05
multiplicity muon slope (rad)
Charged particle multiplicity distribution for Muon slope distribution in v, CC interactions

v, CCinteractions (6<0.4rad)

Multiplicity distribution and u slope distribution are well matched with MC.
However, there are some biases (SFT 3D track selection, angle allowance of
emulsion data (0<0.4rad)) in this analysis.

So we would like to try the analysis using a non-bias emulsion data (6<1~3rad)




8000}
?DDDf—
EDDDE_ angle detection
5000f- allowance efficiency
40002— 0.4 rad 45%
3000~

- 1.0 rad 76%
2000f—
1000f- 2.0 rad 90%

03 N e B 3 [rad] 3.0rad 93%
Angle (0x,0y) distribution of charged tracks (MC)

Target is treated as free nucleon. *scanning efficiency 100%
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RUN-II

NON-BIAS STUDY Without SFT
MULTIPLICITY & TRACK SLOPES
QE LIKE EVENTCROSS SECTION
NU_E CROSS SECTION

QE PP

MUON ID efficiency low ->new experiments is favour



Emulsion Self-Production at Nagoya University

[AgNO3 + K
Production scale ~ 1 kg detector/week
.

. v
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A very high grain density emulsion (dense AgBr portion)

GD=86.1* 4.7
FD= 2.9 = 0.9

OPERA type

GD=34.8%0.6
FD= 3.7%x0.4




Summary

Emulsion records all charged track and its precise position and angular information by vector.
Especially used for study of short lived particle such as charmed particle, tau particle.

Emulsion could chamber, ECC can perform particle ID by its-self.

1. Momentum measurement by Multiple Coulomb Scattering . dP/P ~20-30%

2. Energy deposition dE / dX measurement.

3. Energy measurement by Range, Proton, nuclear evaporation tracks, low energy muon.

Proton / Pi separation <1GeV
Electron / Pion separation > several x 100 MeV
An electron and gamma separation > a few x 100 MeV

ECC can be used for neutrino or hadron interactions with

H :(Liquid Hydrogen , in side Bubble chamber, E-564)

C : Graphite plate, Plastic

O : Water

Fe : DONUT

Pb : OPERA

Ag, Br: component of crystal

Now automated scanning can it possible to scan 1. m”*2/month.
And Next generation track selector can scan 2000 m”2/year.




Backup
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[ ]
G RAI N E ro e Ct 33 collaborators, 6 institutes, Pl : S.Aoki (Kobe Univ.)
p J Aichi University of education, ISAS/JAXA, Kobe University, Nagoya University,
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Gamma-Ray Astro-Imager with Nuclear Emulsion

Fermi LAT GRAINE
Converter Anaul
emulsion + metal foil ".‘ - : . RO <
Timestamper | resolution@100MeV 6.0deg(105mrad) | 0.93deg(16mrad)
multi-stage shifter 25 _‘ : :
Calorimeter @1GeV . | 0.90deg(16mrad) | 0.10deg(1l.7mrad)

emulsion + metal pl
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Considering atmospheric gamma-ray(>1GeV) as BG



A very high grain density emulsion (dense AgBr portion)

GD=86.1* 4.7
FD= 2.9 = 0.9

OPERA type

GD=34.8%0.6
FD= 3.7%x0.4




A detected y ray

Event  :716923485 /- — H/ A
Start {7
eincident :9.748 [deg]
pB,(left) :60+20-12 (25%) [MeV/c]
pB,(right): 32 + 9- 6 (22%) [MeV/c]
E, :92+422-13(+24% -14%) [MeV]
w
il
ol
— 3
0.077mm 3
\ 4



Angular Resolution r (deg)

G. . i
5. g —l— —— 1 Film m=m@e=—= T5tal
I beam test : —
10 - ‘%‘;\_& ( ) —o— 2 Films ---¢--- Front -
RN N —e— 3 Films -—-%--- Back i
. e, \0
= b ¢ TR \\ H

Angular resolution for a vy

[lf]]][ """""""" L U I""T"'I’"T"["I"] """""""" = reTTrTTTTTrrryTT” O | f""l"'l"'["l"l'I:

GRAINE(data) GRAINE(MC) Fermi—LAT(data)




v ray observation with time information !

7] C
2'60—_25tages RMS | 1.5s
£ [ 12hours IL,—L Efficiency | 98%
, £ | ~sealevel TReliability | 97%
g 2 =50~
(O\\ Ly, 8 s [
9 — =3 a—, i
e S 240
7/ é|) \5 g i
= |
30—
/ ) hour i
20—
B | | | | | | | | | | | | | | |
! ))) sec. %10 5 0 5 10
v Time difference [second]

S.Takahashi et al., Nucl. Instr. And Meth. A, 620 (2010) 192-195
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Directional Dark Matter Search with very high
resolution nuclear emulsion

Target nuclei DM

/ e Detection of recoiled nuclei as tracks

DM ' /4/ Target Nuclei :
D?rk matter ' ) C(N,O) and Ag, Br
wind ' = Sensitivity of C (N,0) recoil is
‘ ‘ ' ' dominant for tracking because tracking

Energy threshold and form factor value.
Direction sensitive Detector

1

11

Entries 3.707661e+007
Mean 23.61

— 100 GeV/C2 RMS 28.86
—: 50GeV/c? Emulsion detector will mount the

: GeV/c? x
L G:Vﬁz equatorial telescope to keep the
direction because it has no time

h.of submicron resolution.
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Emulsion Self-Production at Nagoya University

[AgNO3 + K
Production scale ~ 1 kg detector/week
.
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Nano Imaging Tracker

NIT

Mean: 44.6+ Mean:18.0 +-0.2[n
Sigma: 6.1+ - sigma: 4.9 +- 0.2 [nm

Frequency

10 20 ik &0 50

Crystal diameter [nm]

Further detector for physics run

20 40 60 80
Crystal diameter [nm]

Current R&D emulsion

AgBr density 12 AgBr/pm 29 AgBr/um

Detectable range > 200 NM >100 NM

Tracking E threshold > 8o keV@C >35-40 keV@C
One crystal sensitivity >90 % @ C of 35keV Not yet




Ideal Sensitivity for Sl interaction with emulsion detector

Emulsion 25kg - vy, 90% C.L., Track length > 100nm

38 Spin-Independent
]_0 T T T T T T T T T T | T p T T T T T T
f@//' Kr 200keV
/)7/)7 :
&/* t
b 200nm | &

fa
[

'—I.
<,
I
”

Scanning Electron Microscope

Kr 4ookeV

'—l
o
I

Cross—section [sz] (normalised to nucleon)
|
&

Only Ag, Br reco

Including C,N, O recoil

5|
lﬁ
|

DATA listed top to bottom on plot

Directionality is not taken into acco

CoGeNT, 2008, 8 4kg-days, S1

Ia
I

CoGeNT. 2011, Annual Modulation ROIL, S1
| 11 1 | 1 1 1 1 1 1 | | 1 1 1 1 | 111 CRESSTIL 2011, 730kg—days, 2—sigmu all
>

'—I.
c::]I

—_— EmulsionAgBr
” MP M&SS [Ge Y fcz] CRESSTIL 201 1, 730kg-days, 2-sigma all
1
B — Emulsion Skgy OCL_ 100 epair




Pouring

QO pick up emulsion put in hot bath @sticking base on pouring stage

-

Bwait for setting and
Move to drying cabinet




Pouring room in Nagoya university

\







GRAINEGTH

Gamma-Ray Astro-Imager with Nuclear Emulsion
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Emulsion in Magnetic Field

« Charge Sign determination
+ Distinguish Neutrino and Anti-Neutrino

+ Increase sensitivity
+ increase BG-rejection power

« We have experience
In CHORUS/ET (Emulsion Tracker by TOHO Univ.)

 Iron Core type : Cheap, for h and Mu.
Air Core type : Expensive for e, h and mu.



All neutrino flavor tagging detector with
Magnetic Field

VIVIVIVIVY,

vV Y Ye Ve

Satisfy Heavy mass and Sign determination

| —

| Pb
D

Calorimeter
ECC

For P meas.

& e-id.

Producer: low~Medium Z ECC

Space for Sign Det. 79




Charge determination (0.5T) MC

Q.57 maognetic field by slope

Charge determination (%)

=
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O QAP
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A 30mm gap x4 i
¥ 40mim gap x4
< 50mm gap x4
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2 4 3 8 10

Momentum {(Gev /c)

>:30mm Gap
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99.93%
99.95%
99.94%
99.90%
99.83%
99.58%
98.98%
97.97%
96.78%
95.32%

P(GeV/c) Eff. 20mm Eff. 30mm

99.96%
99.97%
99.67%
99.98%
99.96%
99.97%
99.97%
99.96%
99.97%
99.95%



: : : — : TOHO Univ.
Sign determination for v-v separation

with thin Air Gap (~1cm) filled with B

Group

: . 150 __
Test Experiment at KEK T1 beam line C DATA S B=1T
: i)
. . 100— QO
Emulsion Film i O
S\ i o
s/ 50— 2
f T CCII:)
5 o
refere'nce v .
(B=10) -5C|_—
100
Air Air _15{]:|||||||||||||||||||||||||||||
-150 =100 =50 0 50 100 150
15mm 15mm 5, [um]

* Proton contamination were rejected by dE/dx measurement



Neutrino
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By-product?

 Charm Physics??
DO-DObar Osclillation?

C
C
C

narmec
narmec

narmec

penta-quark study ?
hadron mean free path ?
Nucleus study?

Charm related "Hadron Physics"



E, dN/dcos?®

E, dN/dcosd

|||| r_I_ITTI'l'II—rI-;:;':r1r = T ||||||||
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- Ref. A.De Rujula et al.,
L HC NeUutrinO  nuciphys.s4os@oe3so-10e.
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« High energy neutrinos from decays of Charm
and Bottom.

* Main part within 2mrad from the beam axis

» Tau neutrino physics
Cross section, Magnetic Moment measurement
» Exotic neutrino like particle or 4" generation v
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Fig. 13. Some properties of a ». beam produced in LHC collisions. The decay D, — rv_ and the
subsequent v decay are taken as an example, (a) Neutrino emission angle versus neutrino energy; (b)
emitted neutrino’s energy; (¢) energy of the neutrinos intercepted hy a 2 mrad-wide target, where the



LHC neutrino

Interaction event rate in a year
Target Thickness : 8kg/cm2 in 2mrad cone. ~100 OPERA ECC

JET target P-P Collision
Base 5% 101" p.o.t. L =2 %X 1034cm-2-s1

v, +anti-v,  17000~21000 12000~ 15000

v,+anti-v, 1400~2000 1100~1700

About 100 ECC accumulate 10000-20000 nt events, ie. 100 vt/ECC
vt Purity In neutrino interaction is about 10% and 1000 events.
- Cross section measurement



