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oscillation

e e e = T e

Neutrino

3 eigestates of flavor 3 eigestates of mass

Unitary matrix: 3 Eulero rotation angles + 1 CP phase

A. Di Crescénzo, ICPP-Istanbul II



Neutrmo

Unitary matrix: 3 Eulero rotation angles + 1 CP phase

PMNS (Pontecorvo-Maki-Nakagawa-Sakata) Matrix

18

1 0 0 Cis 0 s,¢ ¢, Sp 0
[ = 6o il 0 1 0 cin 20 0
0 —su cnl|l—s, e 0 Bt 0 0 1
\ c.=cosb , 5. =sind.
s33 ~ 0.5 sfs < few % s53 ~ 0.3

Measured by ~ Mainly constrained Measured by v

atmospheric and
accelerator v
experiments

by reactor
experiments

solar experiments
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Neutrino oscillati

In the last decades several experiments provided evidence for neutrino
oscillations (disappearance mode)

* CHOOZ (1997): The main oscillation channel responsible for
atmospheric neutrino disappearance is not v, —ve;

® SK (1998): The main oscillation channel responsible for atmospheric
neutrino anomaly is not v. —v.and can be interpreted as vy —v-

oscillation.

® (2004-2009) K2K,MINOS: precision measurements of vy, disappearance
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The OPERA

Osc1llat10n Pr0]t w1hEu151o-RaCkmg Apparatus

AIM: first direct detection of neutrino oscillations in
APPEARANCE mode in the Vu—> V1 channel
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Osc1llat10n Projct w1th Emulsmn—tRackmg Apparatus

AIM: first direct detection of neutrino oscillations in
APPEARANCE mode in the Vu—> V1 channel

Oscillation parameters in the atmospheric neutrino sector

AT —m————————
{ .
-85
J (\’j_>\ 1
o 3.0 | Full mixing and Am?2,,~ 2.4 x 103 eV? |
™ | ‘
o
T 25 < | The light blue band indicates
c:_’ —=j the OPERA allowed region (90% CL)
g 2.0 | for the above parameter values for
— e MINOS Best f Super-K 9 | 225X 10%° pot
1.5 — miNnOS 90% —— Super-K UE 9 |
— = MINOS 68% K2K 90% '_
1.0
0.6 0.7 0.8 0.9 1
] sin°(20)
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The CNGS neutrmo beam

— e — = E—

| P+C - (interactions) - =*, K* - (decay in flight) 2 u* +v,

ﬂ Helium bags Decay tube Hadron stop Muon detegtors
l Target Horn / Relleclor \ ooz wK-decay 78 s
’ \ ' 7 L4 y, '
Pion /Kaon | vacuum /) Muon < T Fe 2
Prolon 5 -‘ — (Neuirino? N 177770 B0 | A
beam | ; ’ Z ] - Gran
............ 3 i' 1._....1" Sasso
400 GeV/c dlameter 80cm & 115¢cm K*, 7
20m_._ current: 150kA & 180 kA 3 | : T : :
Tlezm e 20-50 GeV | '
: 100m :
- ‘8-2"1 .E_

® 400 GeV/c proton from the CERN SPS on graphite target, producing pions
and kaons

® Helium tubes are placed in the free space of the target in order to reduce the
interaction probability for secondary hadrons

® Pions and kaons are directed towards the decay tunnel to produce V. beam

® Muon detectors are used for online monitoring and tuning of the beam

A. Di Crescénzo, ICPP-Istanbul II



The CNGS neutrino beam

S — e ——

Conventional v beam

' ‘{,, - <Evy> (GeV) 17
(VetVe)/Vu 0.87% *
Vi/Viu 21% *
V1 prompt Negligible *

* Interaction rate at LNGS

; NA s
Citta del Vatlca(_\o

-
T A f
e -~ £V — \
i L\‘j 2 f \
% B ARG =

b ) 3 :

- o L0 NEEA

o /” \;

| Expected interactions for 22.5 x 10 pot (nominal pot in 5 years for 1.25 kton target) |

| ~ 23600 v. CC+NC

| ~ 160 ve+ve CC

~ 115 v. CC (Am? = 2.5 x 1073 eV?)
~ 10 v: CC identified (BG<1)
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emulsion layers

interface
films (CS)

Massive active target with micrometric space resolution

Detect T-lepton production and decay

Underground location

Usage of electonic detectors to provide “time resolution” to the
emulsions and preselect the interaction region
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The deector
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The deector
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The deector

m:z: plF cumnm'

i m il ,mv | H
i ] 2 ‘
.. e | ”“““n ” ' ‘ Ay

"

{H”“:?éﬂ il e i - |t
;M”W& i MHI‘l

Immmn i i mmlgw

HH B m5 o

T‘"’
hnn

‘II‘IIIIIH |

A. Di Crescénzo, ICPP-Istanbul II

10



The deector
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Hadronic energy deposite in TT
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Emulsion Cloud Chamber Brick
ECC
e passive material —$ lead

57 emulsion films

(massive target) 26 lead plates
5 *1 Changeable Sheet doublet
o fracking device -3 nyclear emulsion 10 Xp
(high resolution) *83 kg

momentum _
measurement by MCS

electromagnetic shower

identification

emulsion films
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© selection based on decay topology ~~

Long decays T — €V.V,

T—> UV,V,

T— hv_

Short decays ¢ — ev_v,

T—> UV,v,

Event selection

Kink angle

Ok > 20 mrad

~_______——=emulsion layers

..... =4 N“‘-T:;L k l ) el{inl
N
Pb i \d“ﬁ‘"mﬁ
4 | /

Impact parameter
LP>10 to 500 pm

. plastic base
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Impact parameter measurement

—

250f- === VT events (MC)
| = NC+CC vu events (MC)
200} ® NC+CC vu events (DATA)

0 10 20 30 40 50 60 70:'8090 100
Impact Parameter (.m)

The detection of decay
topologies is triggered by
the observation of a track
with large IP wrt the
primary vertex, in addition
to kink detection

Hl

I

Momentum measurement by MCS

P MCS (GeV)

Linearity of momentum center

—

PR T NI IR }

7 8 i

92_ B MC data 2
85_ A real data
7;— — Y=x %
4 ‘/V
2E /
1=
Ea v lw g lawegly P
1 2 4
P beam (GeV)
Resolution

III}IIIII

I!IIIII!IIIIIII

= PMC=1GeV
A PMC=2GeV
¥ PMC=3 GeV
O PMC=4 GeV
0 PMC=6 GeV

PMC=8 GeV |
|
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Neutrino

interaction in the target

e e T ———

Event: 9150054731, 30 May 2009, 10:03 (UTC), XZ projection '
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OPERA film data taking

~20 brlcks dally extracted from the target
analized using high-speed automated systems (~20 cm?/h)

e

European Scanning System S-UTS (Japan)

Comon Data Base for data sharing/publication

® Customized commercial optics
and mechanics

® Asynchronous DAQ software
modular, decentralized,
approach

® Synchronization of objective
lens and (constant speed) stage
® Hard-coded algorithms, custom
electronics

~90% tracking efficiency

spatial resolution <lum & angular resolution < 2 mrad

17



Event analysis in OPERA

= e e e ———————— —_— .

Electronic detector reconstruction

Event: 9150054731, 30 May 2009, 10:03 (UTC), XZ projection | Event: 180718369, 7 Oct 2007, 16:18 (UTC), XZ projection '
500— —_ 120
. : [ ; ;
o =116 " i
B 5 -140 — "
- o - Aann: FL
- o 160 :1_14 L [ n | |
L~ - - | ]
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Event analysis in OPERA

Electronic detector reconstruction

Event: 9150054731, 30 May 2009, 10:03 (UTC), XZ projection | Event: 180718369, 7 Oct 2007, 16:18 (UTC), XZ projection '
500 — E =120 i
— — [ ]
o2 =116 " " i
— S -140— .
L o 115 I ' ' r L
B S 160fr1e L ! o !
L~ - - | ]
U= — B L] k l h b m I ¥
E Wi T '] ' "- [f-
il ~180 — . -
— - s E 712 i P .- - -
- = B e "
- I O -2004+11 Iy
500 — | | | U n 19 L Zl:il 2|1 Fz L 23| 2:1 |25 | ZB| zli’ |za I 29| 3||:i |3‘1 I 1 | I I 1 1
-1000 0 1000 -550 =500 450 -400 =350 Walls

Vertex location in the brick

1. Scan 15 emulsion films 2. Reject passing 3. Search tracks
around stopping plate through tracks making vertex
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[EE R |
> D

" days

year | beam days 5;2:;;; SeIf’fS trigger run
2006 0.076x10™ no brick |commissioning
2007 0.082x10%° 38 commissioning
2008 123 1.78x10Y | 61% 1698 Physiscs run
2009 155 3.52x10Y | 70% 3693 Physiscs run
2010 187 4.04x10Y | 81% 4248 Physiscs run
pot..
- / ® 9639 events collected
/ Loe (within 1 0 in agreement on the basis of pots)
- ® 2010 close to nominal year
2009 2.1 nominal years in 3 years

® 2011 run in progress

® Aim at high-intensity runs in 2011 and 2012

A. Di Crescienzo, ICPP-Istanbul II
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= Analysis status in ECC brick

E‘ — : :
}1 10000—{ —— I:tera::ﬂons in ;he:a;gletm L AAAAAAA —
soppl | Coemmemicssem | | s
. . . 6000_ ————— Decay Search Completed e :' AAAA
2889 neutrino interactions located, - 2
95% of the 2008-09 expected yield 4000]-
- 2000—+
| B
0 08/07/(;1 . 08/12/1;1 - 0|9l07/(ll1 — 09/1-2/1;1 | f: (I)IOI7/012l [ 16/1i2/é1 l l1‘I|/0|7l()l2 I
Number of events for which the analysis is released: ﬂ 1088 (187 NC) |

(1.85 x 10% pot corresponding to 20% of the total statistics)

|
~ With the above statistics, for Am* = 2.5 x 10~ eV*and full mixing,

.1 OPERA expects ~ 0.5 v-events
| _ _

New data will be released at the end of this month
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Charm cale events

Proof of the eff1c1ency

® 20 charm events selected
(3 events with 1-prong kink topology)

® Expected: 16.0 + 2.9
(0.80 £ 0.22 with kink)

* ~3 BG events expected

A. Di Crescénzo, ICPP-Istanbul II
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¢ 20 charm events selected
(3 events with 1-prong kink topology) L

- % T
® Expected: 16.0 £ 2.9 vertex ——"1

_—

(0.80 = 0.22 with kink) | kin§th

* ~3 BG events expected

daughter

—ﬂight length: 1330 um N

' kink angle: 209 mrad
IP of the daughter: 262 um
daughter u: 22GeV/c
‘decay Pt: 0.46 GeV/c
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Charm candldate events

® 20 charm events selected

(3 events with 1-prong kink topology) |
Iry
® Expected: 16.0 £ 2.9 vertex =

(0.80  0.22 with kink) ‘ kinN_.ﬁ

* ~3 BG events expected

daughter\u

‘ b

flight length: 1330 um
' kink angle: 209 mrad
- - IP of the daughter: 262 um
| flight length: 313 um daughter wu: 22GeV/c
— angle: 173.2° decay Pt: 0.46 GeV/c
! invarlant mass: 1.7 GeV |

A. Di Crescénzo, ICPP-Istanbul 11 B ) | - 21
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Physics Letters B 691 (2010) 138-145

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

It

Observation of a first v; candidate event in the OPERA experiment
in the CNGS beam

| Event number 9234119599
taken on 22 Agust 2009, 19:27

This result was published in June 2010

A. Di Crescénzo, ICPP-Istanbul II

= The first v: candidate was found
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Te f1rsvf cdldate

as seen by electronlc detectors

Columns (top view)

500

-500

Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection

o

|
1000

: : : : |
0 1000
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The f1rst % candldate

as seen by electronlc detectors

Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection I
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1000 um

_The first v- candidate

I ——— —e e e ——e—— —

... and as seen in emulsion

S —
B S,
——

" daughter
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* Length avaliable for y detection downstream of the vertices: 6.5 Xo

*’Two y detected, both assumed to come from secondary vertex after
impact parameter analysis

Distance from | IP to 1ry IP to 2ry Prob. of attach. | Prob. of attach.
2ry vertex (mm) | vertex (um) | vertex (Lm) to 1ry vtx to 2ry vtx
15ty 2.2 45.0 7.5 <103 0.32
2ndy 12.6 85.6 22 0.10 0.82
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—— Candidate event
[ ] MCv, events
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red bands: values for the
“interesting” event with bands
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Reject hadron interactions with
small P; at secondary vertex

Reject NC events with large
missing P; at primary vertex

Kinematical cuts
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Kinematical variables

7'_—‘-.—,,___

-
parent

T

200 um

L

SELECTION CRITERIA MEASURED
kink > 20 mrad 41 + 2 mrad
decay length < 2600 pm 1335 £ 35 pm

P daughter > 2 GeV/c 12 *§ GeV/c
Pt > 300 MeV/c 470 50 MeV/c
missing Pt <1 GeV/c 0.57 *332 GeV/c
@ > 90° 173 +2°
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bles

SELECTION CRITERIA MEASURED
kink > 20 mrad 41 + 2 mrad
decay length < 2600 pm 1335 £ 35 pm

/— ’I‘f P daughter > 2 GeV/c

parent T

L

12 *§ GeV/c

Pt > 300 MeV/c

470 55 MeV/c

missing Pt <1 GeV/c

0.57 *332 GeV/c

¢ > 90°

173+2°

= = = - — — — = = e

|
|
L —

- The event passes all the kinematical cuts required
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* Prompt V- ~107/CC

® Decay of charmed particles produced in v.interactions ~10-6 /CC

* Double charm production ~10° /CC

Main backgrounds:

* Decay of charmed particles produced in vy interactions ~10~ /CC

® Hadronic reinteractions ~10~ /CC

A. Di Crescénzo, [CPP-Istanbul 11 7 ) | o 30



Charm background

| Primary lepton not
‘l' w,e” identified
b

u

* This background can be suppressed by identifying the primary lepton
ey 95 % muon 1D

* For the 1-prong hadronic channel (7 + 4) x 10 background events are
expected for the analysed statistics

A. Di Crescénzo, ICPP-Istanbul II
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=% Simulation of the had

®160 million events (0.5 - 15 GeV//c) of m*mwk+k-p impinging 1 mm of lead,
equivalent to 160 km of hadronic track length produced with FLUKA

Pt of secondary
pion

300 MeV/c

Pion angular
deflection

20 mrad

mrad

|

* Kink probability integrated over the V. NC hadronic spectrum after 2 mm

of Pb and taking in to account the cuts on the event global kinematics:
(3.8 £0.2) x 10~ kinks/NC
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back-scattering | enes ne| forward tracks Entries w| kink 1-prong Entries 2
2

120 50r

Mean 0.1008 + 0.03005 E Mean  1.613+0.09366 - Mean 0.3394 + 0.04559
C 45 18
100+ RMS 0.3278 + 0.02125 c RS 1.0222 0.08823 - RMS  0.2955 + 0.03224
i 40 16
80l 35 [ 14
i 30 12
60~ 25 101

i 200 8
aor 155 6F |
: 10F af -
201 : : _l_\:&
I :+:‘ 50 4 2F —
-IIIIIIIIIIIIIIIIIII b : I_l_'_|_

i Jovoa i o'l||||||||||||||||||||||||T|T|n|||| 0'|||||||||||||||||||
9).5 0 05 1 1.5 2 25 3 35 0 1 2 3 4 5 6 0 0.2 0.4 0.6 0.8 1 1.2

Tracks of Back-Scattering Multiplicity Kink angle (rad)
kink 1-prong Entries 2| kink 1-prong Entrios »| kink multi prong [ewies 60
16 25 40r N
C Mean 2.45:0.3404 i Mean  0.3352: 0.055 - Mean 0.4078=0.04155
141~ RMS  1.801+ 0.2407 351 RMS  0.3219 % 0.02938
SR RMS 0.2962: 0.03889 n ‘
12 30F
10} 251 [
8 201
6 I 151
- —— + -
C L C
4 L 10
o—lllllllllll||||||||||||1|1|||!|||| o—|||||||||||||||||||||||||||I|||I'-l"' :||||||||||||nnnlnn?ﬁt'#—r_r*_-
0 1 2 3 4 5 6 7 0 02 04 06 08 1 1.2 14 16 18 2 00 02 04 06 08 1 12 14 16 18 2
Momentum (GeV) Pt (GeV) Pt (GeV)

* ECC brick exposed to 4 GeV /c pion: 18 times track length (20m) of T search

* DATA /MC comparison: good agreement in normalization and shape

A. Di Crescénzo, [CPP-Istanbul 11 7 7 ‘ 33



Hadromc BG sdy W1th data

= e e e e ———————— .
S ,’m - == — -

[ Hadronic interaction, 1-prong

r“
g 1ar
> -
| @ -
S 12— . .
- L Signal region
h No events in the reference sample
AE = 8 times track length of tau search
0.6
04 i
ol :
| 0.2_—h [ —
M BEat S e el I
e '.-‘v—'_?: = T ) +
O_III#I':'IIIIIIIIII'IIIlTllIllIIlllIllllllllllllllllllll
o 1 2 3 4 5 6 7 8 9 10

Daughter P (GeV/c) |

* Search for “decay-like” interactions track far away from the primary vertex
* No background-like interaction has been found in the signal region

* The probability to have a background kink over 2 mm of lead is less than
1.54 x 103 at 90% CL
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* This event passes all cuts, with the presence of at least 1 y pointing to the
secondary vertex

*This event is a vt candidate with the t—1-prong decay mode
* The invariant mass of the two detected v is consistent with the mass n’ value

* The invariant mass of the st-yy system is compatible with taht of p (770).
The p appears in about 25% of the T decays:

T—=p (7= 710) v,

n’ mass 0 mass

120 +£20+35 MeV | 640 *12+100 MeV
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tatistical s

1 vt candidate in the 1-prong decay channel observed
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e e ——ee

1 vt candidate in the 1-prong decay channel observed

[

Background expectation for t—1-prong hadron decay :

0.018 + 0.007 (syst) events

* Probability that the observed event is due to background: 1.8 %
* Significance of v observation in OPERA: 2.36 0
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1 vt candidate in the 1-prong decay channel observed

[

Background expectation for t—1-prong hadron decay :

0.018 + 0.007 (syst) events

* Probability that the observed event is due to background:

* Significance of v observation in OPERA:

Total background from all decay modes:
0.045 = 0.020 (syst) events

* Probability that the observed event is due to background:

* Significance of v: observation in OPERA:

1.8 %
2.36 0

4.5 %
2010
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Ve events

13 ve candldate events have been located

in the OPERA target
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* The OPERA Collaboration is successfully operating a hybrid detector
to search for v: appearance in the CNGS beam

* The hybrid design concept in OPERA allows detailed study of each
event, exploiting the best features of its nuclear emulsions,
scintillators, RPC’s and drift tubes

*1 vz candidate was found in 2010 out a sample of 1088 fully analysed
events

* Data taking in progress, more results to come in the near future!
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Thank you for your attention!



Backup slides
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=%= FEvent topological features

— == == — 5 e —. Pt —

daughter
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TRACK
NUMBER

4 (PARENT)

8
(DAUGHTER)

PID

HADRON
range in Pb/

emul=4.1/1.2 cm

PROTON

HADRON

HADRON:
range in Pb/

emul=9.5/2.8 cm

HADRON:
range in Pb/

emul=1.6/0.5 cm

From a prompt
neutral particle

HADRON

Probability

Prob(u)=10-3

range,
scattering and
dE/dx

interaction
seen

Prob(p)=10-3

Prob(u)=10-3

interaction
seen

tan ©y

0.177

-0.646

0.105

-0.023

0.165

0.430

-0.004

MEASUREMENT 1

tan ©,

0.368

-0.001

0.113

0.026

0.275

0.419

-0.008

P (GeV/c)

0.77
[0.66,0.93]

0.60
[0.55,0.65]

2.16
[1.80,2.69]

1.33
[1.13,1.61]

0.34
[0.22,0.69]

12[9,18]

tan ©y

0.175

-0.653

0.110

-0.030

0.149

0.334

0.445

-0.009

MEASUREMENT 2
tan ©, P (GeV/c)
0.357 0,80 [0.65,1.05]

0.001

0.113

0.018

0.259

-0.584

0.419

-0.020

1,71 [1.42,2.15]

1,23 [0.98,1.64]

0,36 [0.27,0.54]

0.58 [0.39,1.16]
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Vertex tracks followed down (through several bricks) to assess the
muon-less nature of the event.

Residual probability of v,CC event (due to a possibly undetected large angle muon) ~ 1%

“Nominal” value of 5% assumed

Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection

e e ——

60
= » | | |
: L : L
n
‘S 40— 1 ’
> hu ot 3. . F
g 20{125 = 1 o L r '
(g — r 8 l 1
. |
= (1 26 i | " '
D I
8 126 F !
o 0 1M 12 13 14 15 16 17 18 19 20 21 22 23
=700 650 -600 550 -500
Event: 9234119599, 22 Aug 2009, 19:27 (UTC), YZ projection Brick in cell
240 - Empty cell
| | 1
—_ — " i " . I I Fake brick
= 58 L I
o 220— | L F 1 I |
> [& I /5 '3 .
S 56 " _' L |.I- ' i
= 200> S —— ==L
» H rlrrm-
T,,' 55 N ! ' 6 ! L
- H I I
% 180 |54 ! I [ I ! "
2 S 1T F I ! U
- 10 11 12 13 14,15 16 17 18 19 20 21 22 23
=700 -650 -600 550 -500
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The deector

[~3100 m.wie. ove

Veto (RPC)

I mmmu. "mmim

o | | ' = p
I i1 |
E i 9 s k¢ B
& ] " | A TS
g (S il
il ' M
hhaakhidd
I 'J e
||

i
|
|

l“’
[

i HPE

!m-r- IIRHTI

, B ! umumm |
I

AT
Itl[llilli

Target + Target Tracker (6.7 m)?

High precision tracker
e 6 4-fold layers of
drift tubes

Dipole magnet
o153 T
o 22 XY planes of RPC

muon spectrometer (8x10 m?)

e target/SM: ~75000 bricks

(Pb — nuclear emulsions)
Mass/SM 0.625 kt

e Target tracker : 31 doublets XY

[Ref. JINST 4 (2009) P04018]

(256 plastic scintillator strip + WLS
fibres+ multi-anodes PMT) for trigger,
brick selection and calorimetry
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The f1rst candldate

e ===

all the charged hadrons and electromagnetic particles attached to the primary vertex
have been measured

P,.iss at primary vertex 0.57 *032 .. GeV/c
— event kinematics almost closed (no neutral particle missing at the primary)

Sum of the modulus of the momenta at the primary vertex 24.3 *61 ., GeV/c

Total hadronic momentum at the primary vertex ~ 5.5 GeV/c
(not including that of the parent assumed to be a )
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OPERA Discovery probability (%)

100

80

60

40

20

4-G evidence

1 Lt I 1 1 1 1 I 1 1 1 1 I 1 1

L s R 10| o0l o SOOI S

3-0 evidence:

Sl

Q1 Q.15

0.2

0.25 0.3 0.35

Am? (eV?)

5 years, nominal 4.5 10'° pot

By assuming that Am?2,,= 2.5 x 10-3 eV2 and full mixing, we expected:

0.54 + 0.13 (syst) v. CC events in all T decay channels and
0.16 % 0.04 (syst) v. CC events in the 1-prong hadron t decay channel

and we observed 1 event.
This result allows us to exclude at the 90% CL

Am?Z,; values > 7.5 x 10-3 eV2 (full mixing)
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Sensitivity to 013

full mixing, 5 years run @ 4.5x10'? pot / year

Simultaneous fit on: o Signal Background
E., missing p; and visible energy N T v.CC
€ (deg) ) _u_‘.\ e T—e \'P-CC \'.uNC
beam
- ~ 9 | 93 | 45 | 10 | 52 | 18
% b
’ QEERA 7 | s8 | 45 | 10 | 52 | 18
% il Preliminary
9 4 ) 5 30 | 45 | 10 | 52 18
10 \
R
M Limits at 90% CL for
2.5x1073 eVt TP Am? = 2.5x10-3 eV? full mixing
10" o -
“\‘,\_ .y
— Norminal intensity >IN 2®|3 ®|3
----- High intersity (+50%) CNGS
. CHOOZ | <0.14 | 1°
10 -
; 2 0.06," ,
? ° Y i, OPERA | <0.06 7.1°
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Decay modes
T — € (17.8 %)
T o W (17.4 %)
- — I (49.5 %)
= — hh*h (152 %)
D
V EEEEEEEEENEEEEEEEEEEEEEEEEEETSRE
R v,
decay .v

'VM llllllllllIlllllllllMtlll

oscillation

*

‘Q
“
*
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P+C - (interactions) - =*, K* - (decay in flight) 2 u* +v,

Hadron stop Muon detegtors

Helium bags Decay tube
~1km,2.5m
Target Horn /  Relleclor oo wK-decay
’ \ : .," .
e D
—— —u- — ] . Pion /Kaon | vacuum n\l Muon
Proton | | ¥ | F— (Neutring; [
400 GeV/c dlameter 80cm & 115 ¢m - K*,
20m___i: current: 150kA & 180 kA :
‘““:2'?m 43.35m§ 20-50 GeV
' 100m_ :
' 1092m_
cCOTvertonar nmeutrito— 0T with-ar e artersTey
(J

......................

beam, intense short beam pulses and small beam spots (<Imm

*400 GeV/c proton from the CERN SPS on graphite target, producing

pions and kaons

*6 s cycle length, 2 extractions every 50 ms, 10.5 us pulse length

® beam intensity 2.4 x 10™° pot/extr
® average power at the target 510 kW

* neutrinos from pions and kaons decaying in flight

_®*muon detectors are used for online monitoring and tuning of the beam
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