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Kaon Physics at the SPS (NA48, NAG2)
CP-Violation & Quark Mixing
Lepton Universality
Strong Interaction at Low Energy
Rare Decays

Neutrino Physics at the SPS

Long baseline neutrino experiments
o CNGS1 OPERA
o CNGS2 ICARUS



ION AND QUARK MIXING



Baryon Asymmetry of the

Universe (BAU)
ANTIMATTER’'S WHEN DID THIS
GONE MISSING.., HAPPEN, SIR?
ABoUT 15
ILLioN YEARS —
0.

nquark'nantiquark/nquark (PI’O'[O Universe) ~nbaryon/nphoton (TOday)~



Sakharov Conditions for BAU

Andrel Sakharov (1967)

To allow the development of an
asymmetry between matter and
anti-matter

1. Violation of Baryonic Number

2. Thermodynamic Non-equilibrium

Scanned at the American
Institute of Physics

3. Violation of C & CP

Origin of BAU: Baryogenesis or Leptogenesis?



CP-Violation

Da Gino Isidori;

Spin-Down
Positron

When the top-left
and the bottom-right
Pictures are not
exactly the same,

we have CP-Violation


http://scienzapertutti.lnf.infn.it/P1/schedaCP.html

Types of CP-Violation

A =(fIHIM), A, =(f|H|M)

AF

1
=

A =(F[HIM), A, =(fH|M)

CP Violation in mixing [EEASE@Y (indirect)
CP Violation in decays(direct)
CP Violation in the interference

The study of direct CP-violation in the two pion
M ° Decays of the neutral kaons (¢’/e) was the

main motivation to study kaon decays
at the SPS




NA48/NA62 at CERN

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

1997 &'le: K +Kg

1999: K +Ks  KgHI

1998 K, +Ksq

Helium tank
//

Drift chamber 3
/
/

Magnet
e

,Drift chamber 2
/" Anti counter 6

2000 K_only  KgHi

2001 K, +Kg  KgHI

Drift chamber 1

Kevlar window

A

N 2002 Kg/hyperons

2003 K*/K-

Magnetic spectrometer (4 DCHs): Old DeteCtO_r New 2007 K*,/K*, tests
4 views/DCH Collaboration
Ap/p = 0.48% + 0.009%*p [GeVi/c] 2008 K*,/K:, tests
Liquid Krypton EM calorimeter (LKr) a
High granularity, quasi-homogeneous; New Detector 2012 Technical Run

0,=0,=0.42/EY2 + 0.6mm (1.5mm@10GeV) 2014-

K*—n*vw Data Taking




Re €'/¢ measurements versus time
F(KL —>7r°7[°) F(KL —>7z+7r‘)

" 1“(KS —)72'071'0) F(KS —>7z+7z_)

~1- 6 Re(¢'/¢)

Direct CP Violation

KTeV
} ®V 97 o899 q 96/97

E731
PDG Average: (1.67 £ 0.23) x 103

PN A O A NW A OO

Crucial CERN Experiments: NA31 & NA48



Cabibbo-Kobayashi-Maskawa (CKM)
Quark Mixing Matrix

With 3 generations CP violation is
naturally introduced by an irreducible
complex phase in the quark mixing matrix

(Kobayashi & Maskawa, 1973)

(PDG 2012)
|V 4l = 0.97425 + 0.00022 0* — 0* super-allowed nuclear 3 decays
|V,sl =0.2252 + 0.0009 Kaon semi-leptonic and leptonic decays
V.4 =0.230 + 0.011 21/1u ratio in neutrino/antineutrino interactions
V.| =1.006 + 0.023 Average of semi-leptonic D and leptonic D, decays
V|l =(40.9 £ 1.1) x 103 Combination of exclusive and inclusive B decays
V| =(4.15 £ 0.49) x103 Comb. of exclusive and inclusive charmless B decays
V4| = 0.89 £ 0.07 Single top-quark production cross-section

V.4 & V,; accessible from FCNC processes (loops)
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CP-Violation in Kaons and CKM

® Neutral Kaon Mixing (n, semi-leptonic)

2 £2 2
&= M B {Uls(xc) Im(VCSVC’; )2 +17,5(X%) Im(\/tsvt; )2

12\E7z2AmK ‘
+ 21,8 (%, x) IV VoV, Vs )

cs' cd

& |=(2.233 £0.015)x10"°

@ Neutral Kaon Decays into nnt PDG Average

/

Ref =(1.67+0.23)x10°°

/

Re < oc ImV,,V,)) ;
E

Direct CP-Violation
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V,. and universality

(l T7 T v — Y — v — 8"
—W - (UrVermy*Dr + ey ver + Ay vu L + Toy s L._) + h.c.

V2

12 o2 o2 -
V -'u..d.‘ + V us + V ub| — 1

Standard-model coupling of
guarks and leptons to W

Universality: Is G from u decay equal to G from x, K, nuclear g decay?

(fr = (Gpe /My = Gexn = (9990)° (Vaal® + |Vus|?) /My,

Physics beyond the Standard Model can break gauge universality:

i




V . from semileptonic decays

CrGrm (0 -
F(K€3(y)): II<92};I3K SEW|VMS‘2‘ 1 " (0)|2

X Ixo(Aky) (1 + 2Af<U(2) + ZA%}/I)

with XK € {K', KV}, £ € {e, u}, and:
C2 1/2for K', 1 for KV
Universal SD EW correction (1.0232)

SEW

Inputs from experiment: Inputs from theory:

[TE ﬁ}')j Rates with well-determined £ g () Hadronic m atrix slement

treatment of radiati ve decays: (form factor) at zero

. Eiranghmg atins momentum transker |:I= |:|:|

= Koaon lifetimes ELIEUE] Fomm -factor comaction for

I ({4}, Integral of form factor over <UL 4) breaking
phase space: As parameterize p  EM Formm-factor comecion for
e ] .
evdlUtion in ¢ long-distance EM effedts

" Ko Only A, for 47 47
" KgpiMeed 4, and 4




“Modern” V. experimental input

Kt >nl0ety

(a)

MC: Sum of all contributions

-

Experiment Measurement

—
[=]
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BR(K, ), BR(K,,;), BR(K,,,), 4.(K,,;)

y *+,0 (KL,M)
7(K*), BR(K .), BR(K,,;)

7(Ky)

BR(K,,,/2 tracks), i.(K},,)

BR(Ks,/K,.s), 4. o(Kp,3)
NA48/2 BR(K*,./mn%, BR {Ix+ )

b
+ DATA —— MC: Sum of all conrribmion(s
- 1 nn'n’
EE

The experiments determine the product of
Vs 1.(0) and V . fy

Events (per 1.66 MeV)

Precise theoretical calculations (lattice QCD
and chiral perturbation theory) allow one to perform
stringent tests. The theory works very well for kaons.




Evolution of Experimental Input...

BR(K,s) [%] BR(K,) [%] 7 [ns]

Kﬂ crrrprrrrp e AL L N B B

PDG "04 —— —

PDG '08 - -

FlaviaNet '10 - u

39 40 27 27.5 51 52

BR(X ;) [%] BR(K,;) [%] 7 [ns]

K* I crprerrprr e

PDG 04 —— ——

PDG 08 —— .

FlaviaNet ’10 --- ]

Illllllll IlIlllIIlIllIll

4.8 5 5.2 32 33 34 12.35 124




...and of the theoretical one f,(0)

095 096 097 0088 099 1.00

RBC/UKQCD 10
RBC/UKQCD 07

our estimate for N, = 2+1" The LQCD calculations are
ETM 10D Improving, for instance they
ETM 09A go beyond “quenched”
QCDSF 07

approximations (N; = 2)

RBC 06
JLQCD 05

our estimate for Nf =2

Kastner 08 K08
Cirigliano 05 cos
Jamin 04 104
Bijnens 03 B03

LR 84 L84

095 096 097 098 099 1.00

The Cabibbo angle can be precisely determined (~0.4%)!
Unitarity test of CKM the first row (PDG 2012):

IV, |2 +]V,o [2+] V., |2=0.9999 * 0.0006




UNIVERSALITY




]

'K+ — ety ) - : (m%{ — mg ) (1 4 sRrad-corr.)
= AL LN a5 3 ) (LA ohyg )
I'K= — p*v) mi — mg

SM
R, SM = (2.477+0.001)x105

Cirigliano & Rosell PRL 99 (2007) 231801

e.g. Masiero, Paradisi Petronzio
PRD 74 (2006) 011701,
JHEP 0811 (2008) 042

-~

s Leptonic decays

of the pseudoscalar
mesons are helicity
Suppressed in the
standard model

Example:

(Ar5=5x10-%, tanp=40, M,=500 GeV/c?)
R MSSM = R SM(1+0.013).

18



NAB2: Ry =K /K

== Data

: 5 : : : : . | Koty
B Koy L L |[EK s
Heowveoe) K
Bl K'—e'vy (SDY) |  |EEIBeam halo
Il Beam halo [ K opty
[ KEontety : : : : | i i : :
- Ki—)ﬂtﬂo
[ K'setv

-0.06 -0.04 002 0 0.03 0.04 0.06, -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1
M.is<(€), (GeVic?) M2 (1), (GeVic?)

145 958 K*—e*v candidates.
Electron ID efficiency: (99.28+0.05)%.




NAG2: Ry full data set
Published (40% sample)
Rg = (2.488 % 0.007,, + 0.007,) x 105 CERN-PH-EP-2011-004,

arXiv:1101.4805,

Ry =(2.487 £ 0.010) x 10> PLB B698 (2011) 105

K. (5.64+0.20)%
K., (u—>e) (0.26+0.03)%
K., (SD*) (2.60+0.11)%
Koo (0.18+0.09)%
Kooy (0.12+0.06)%
Wrong sign K (0.04+0.02)%
Muon halo (2.11+0.09)%
Total (10.9540.27)%

0
Lepton momentum, GeV/c

Errors in momentum bins

are partially correlated




Ry world average

2HDM-II
R, =2.487(12)x10

Heard et al. (1975)

Heintze et al. (1976)

KLOE (2009)
= PDG 2010

Direct searches (LEP)

NA62 (2011)

full data set Rk: 95% CL exclusion
m oA=1x10"°
B A,=5x10"
B A.=1x10"

% 0.1 02 03 04 05 06 07 08 09 1
H* mass, TeV/c?

World average OR, Precision Other limits on 2HDM-II:
PDG 2008 2.447+0.109 4.5% PRD 82 (2010) 073012

SM with 4 generations:

Today 2.488+0.009 0.4% JHEP 1007 (2010) 006.




NG INTERACTION AT
LOW ENERGY



Strong Interaction at low energy

At high energy the strong interactions are
described by Quantum Chromo Dynamics

(QCD)

Below ~ 1 GeV, the strong coupling becomes
large and the perturbative description is not
possible

An effective theory, Chiral Perturnation Theory
(ChPT) allows to study the strong interaction
at low energy In terms of momenta and light
meson masses

Kaons are a good laboratory to study the
strong interactions at low energy (n m
scattering, radiative decays,...)



2: K*—ntne*v & cusp in K== wn’n cusp

K*>n'me*v  (Ked) Cusp In K*— n*rn°n® decays

— o 7 N EPJC (2009) 64
-:h:u:'%_ ;
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I"_—r__l 1 | 1 1 1 L 1 1 | 1 1 1 | 1 1 1
0.076 0.077 0.078 079 0.08

0
M3, (GeV/c?)?

: ] : 3
H(K")(rad) @(K ) (rad)

Cusp-like structure at the n*n~ invariant mass threshold




nit scattering length

NA48/2: EPJC (2010) 70

NA48/2 combined Ke4 + Cusp NA48/2 combined Ke4 + Cusp
(statll. + syst.) errors (stat, + syst,) errors
68% CL contour 68% CL contour

PLB 619 (2005)
DIRAC

024 025 026 027
NA48/2 two parameter fit

Consistent results on the scattering lengths obtained with
completely independent techniques
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Looking for physics beyond the SM

Direct searches: LHC energy frontier
Indirect searches:

Improve meaurement precision of CKM
elements

Compare measurements of the same quantities
which may or may not be sensitive to new physics

Extract all CKM angles and sides in many different
ways — inconsistencies would signal new physics

Study Flavour Changing Neutral Currents
(FCNC) processes where the SM

contributions are suppressed and precisely
predictable — Rare Decays

27



A. Buras list of Flavour Superstars

Superstars of 2011 - 2015
(Flavour Physics)

from Tree
Level
Decays

T — 3 leptons *) Direct.2P in

K —nn




Kaon Rare Decays & CKM

excluded area has CL > 0.95

PDG 2012

€k

sol. w/cos 28 <0
(excl.atCL > 0.95)

A



NA48/1: KO »n° e'e~and KO —»° uu-

NA48/1

(.44  0.46 048 0.5 (.52 0.54

(GeV)

0.35 6.1 7011 012 013 0.14 0.15 0.16 0.17

7 events, expected back. 0.15 m_ 1GeV mm
6 events, expected back. 0.22
9 —
B R(Kzs;ﬂoee) x10° = BR(Ks—»Pup) x 109 =
+2.
5.8 T2, sstayy £ 0.8(syst) 2.9 14 _ay £ 0.2(ys)

PLB 576 (2003) PLB 599 (2004)

Blind analyses



‘Rare K Decays: Next Frontier
P .
Decay Branching Ratio (x10")
Theory(SM) Experiment

K™ — z'vv(y) 085+0.07™ 173722
K = z'vv 0.27+0.04" <260 (90% CL)™

[1] J.Brod, M.Gorbahn, PRD78, arXiv:0805.4119 R kable st d
[2] AGS-E787/E949 PRL101, arXiv:0808.2450 — 7 | o 10> =2 OPPE

[3] M. Gorbahn, arXiv:0909.2221 kaon experiment
[4] KEK-E391a, arXiv:0911.4789v1

*Must bridge the existing gap between
theory and experiment
*A measurement of BR(K*— z*vv) to 10 %
determines V4 without input from Lattice QCD
*The strong suppression of the SM component (<107°) offers
good sensitivity to NP



K" 27 vv in SM

BR=BR(K*—> n*vv)
o BR(SM) = (8.5 £ 0.7) x

J. Brod, M. Gorbahn

~(B R )1/2
Vil

(0,0) (1,0) P,

p
5 Vil / Vgl =0.4 8 PP, @ 0.75BR/BR @8 |Vy|/ [V

~2 % (mostly d m,) 3%
7% aim of NAG62 (2y)



Kaon Rare Decays and NP

C. The Z penguin (and its associated W box)
- SU(2), breaking: SM :v2Y, 2Y.)' ~mlV,V,,
MSSM :viAZ A~ m? x O(1)?
MFV v A7P AL~ miViV, | Agas —cot Bl

d - Relatively slow decoupling (w.r.t. boxes or tree).
(courtesy by Christopher Smith)

Buras, Ewerth,Jager, Rosiek ‘04 Isidori,Mescia,Paradisi, Trine,C.S. ‘06
""\,'}‘I.".:-l"“l"“\ BT BT BT Bl Y B Fo | T T A

_ tonﬁ=2."/

tan f=2

" 90%CL exp. bound

Isusy / T'sm

100

AT, Lor LAY 1 (GeV)




NA62: K+ — ntv v in-flight MIIEZEQE
@ CERN-SPS o

SPS primary p: 400 GeV/c INFN

Unsepared beam: LAV:

* 75 GeVlc (Ap/p ~ 1%) Large Angle Photon Veto SAV

+ 750 MHz CERN small Angle Veto
e t/K/p (~6% K*) Beam Line + Infra.

CHOD
Charged
Hodoscope

CHANTI

Gigatracker’(GTK)

Ll
MeasureKaon: W 'm m
:;I:;(Iaes \ Y } Straw
INFN s Decay Region 65m Tracker

Belgium |
Total Length 270m

34



NAG62 Technique: Decay in Flight

mriiss — (EK - 5;;)2

Unconstraint Decays

~92% of
Kaon decays

Arbitrary Units
Arbitrary Units

[l - e e mn |
01 0.15 -0.15 -0. -0. . 0.1 0.15
mZ,,, GeVZc* m2,.. GeVic*

miss




Gigatracker (GTK)

Requirements: GTKI1 Pixel[34

Total rate: ~1 GHz /station GTK?2 Pixel[34
(hence the name!)

Time resolution:
200 ps / station

Position resolution: pixel size
300 pum x 300 um

Thickness : 0.5 % X, / station
Expected fluence: 2 x 10141
MeV n,, /year/cm?
Technology:
hybrid Si pixel
Flip-chip bonding
ASIC R/O chip 130 nm IBM
CMOS with ToT front-end, DLL
TDC
Choice of sensor:
Planar Si 200 um thick

Reverse Bias Voltage as high as
possible (but at least 300 Volts)

-4000 -2000 0

o time resolution [ps]




GTK: Layout & Rate

MHz / mm 2




/\/ ?

NA62 Vetoes

* Photon vetoes to reject K*— 77"
P(K*) =75 GeV/c 8 orders of magnitude n°
Requiring P(rt) < 35 GeV/c suppression required
P(n°) > 40 GeV/c It can hardly be

missed in the calorimeters

Signature: Tt
‘Incoming high momentum K* " ___________

*Outgoing low momentum r*

* Muon Veto to reject K*— 1*v

38









~ 7 rejection ~ 5108

06 — [ sav + miss
L |[sav+Lav
— I sAV + LKR oo
0.5 | LKR + LAV Spasimir Baley
T |[JLKR+LKR
- B LKR + MISS
0.4
- 60 m fiducial volume
0.3F
0.2
10% ) 0.1-
‘POO 110 120 130 140 0 160

Expected background from K*—7z*7? as
fraction of the K*—z*vv (SM) signal as a
function of the kaon decay vertex

41



Straw Tracker in NA62 il

There are two main performance requirements for

secondary particles:

K+ eK

ABy. = 60 urad

From this follow the main requirements on
the straw detector:

@ Spatial resolution < 130 #m per coordinate and
< 8oum per space / point

@ =< o0.5% of aradiation length (X ) for each

chamber

€ Installation inside the vacuum tank (P <1075

mbar) with minimum gas load for the vacuum system
(~10" mbar*l/s)

@ For straws near the beam, operation in a high rate

environment (up to 500kHz/Straw)

@ Possible multiplicity veto for triggering

42



Straw production

*PET 36 micron thick
*9.9 mm diameter
*50 nm copper

«20 nm gold
*Ultrasound weld

Straws are handled and
transported under pressure
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Giuseppe Ruggiero

4
o
o
=3
[ ov]
(5]

Th L # Total resolution
N - 4«  Contribution from P,
% - m  Contribution from P,,
4] B : @ Contribution from g,
— 0.002 |- frm frome e Contribution from 8
w B : : : : :
¢
00-0015_ ........................................................ .............................. .............................. R — ..=
B ; ; ; [ =gt}
- "R
L : : 'K ] :
B snnneoe®?® " :
0.001 [IEXEFHYEEDR S e nt - i.......l ...................................................
C m®
C -
B é m " é 5 z
C ooomm"
0.0005 —oroe e e e 8 LT —
}“.=§.....gooooogoota.g...!‘g_,‘
I : Lasartteg
: & : & : :
-I.I 1 1 | 1 1 1 1 |‘I‘I‘I‘I‘|‘I‘I‘I 1 | 1 1 1 1 | 1
qlﬂ 20 30 40 50 60

P, GeV/c

Missing Mass Resolution

Kinematic Rejection

Spectrometer Reconstruction

IW

ntvy

[ ]

* 7*n0
®

]

uhv
i et
40 50 60
P [GeVic]

The simulation includes:

Multiple and Single large angle
Coulomb scattering

o-rays
Elastic and inelastic nuclear
interactions

Errors in the straw spectrometer
pattern recognition



K, :largest BR: .
positrons

Need ~10-!° rejection factor N
Kinematics (GTK +STRAW) : ~107° [

pion

Muon Veto: ~107°
Particle ID (RICH): ~1072

I L | Ll L L L L [ N | Lis byl L L
0.2 -0.15 -0.1 -005 -0 005 0.1 015 02 02 -0.15 0.1 005 -0 005 01 0.15 02

Rings in NA62 RICH prototype
Essential to match the pion track seen by the straw with track (kaon) seen by
the beam spectrometer (rate: 8oo MHz)

To avoid a wrong match which spoils the kinematic suppression, the RICH
must measure the pion time to 100 ps or better to connect to the kaon
measured in the GTK

Radiator: 17 m neon atmospheric pressure; spherical glass mirrors (17m focal
length; ~ 2000 Hamamatsu PMT R7400U-03



10

10?

10°

10

1CH400: performance

Hit PMs Vs Momentum

Hit PMs=

18

16

14

12

10

e at f=1
E n*at 35 Gevic
2500 " at 15 Gevie
3000
2500
2000
1500
1000
S00—
r PN I R T
O 0
Integrated = (0.572 + 0.005)% % 7 Lloss

* U Contamination

Time Resclution Vs Momentum

Muon suppression (15-35 GeV/c): o}7

Time Resolution [ps]

e
e ¥
ﬂ}ﬁ =
L]
P ORI S o B R S SR NI SR ST SR R
15 20 25 30 35
Momentum [GeV/c]

B. Angelucci et al., NIM A621 (2010) 205-211

75

70

1II|III|III|III|III|III|




NAG2 Sensitivity

Decay Mode

Sigll‘d]: K= vV [ flux = 4.8x10" decay/year] 55 evt/vear

K+*—=nn [n_,=2x10%(3.5x107%) ] 4.3% (7.5%)
K= ptv
K= e v

Other 3 — track decays

K= mnnhy

K= pvy
K+—e+(u*) n'v, others negligible

Expected background <13.5% (=17%)

The ORKA proposal at FNAL plans to extend significantly the sensitivity
of the BNL stopped kaon technique (4™ generation experiment), while
the KOTO experiment at J-PARC addresses K° — n®v v with a pencil beam



INOS: CNGS1
OPERA




OPERA Experiment

® Oscillation Project with Emulsion-tRacking Apparatus

® Designed to make the first detection of neutrlno oscillation in direct
appearance mode through the study of v,—

® OPERA s a hybrid detector consisting of emuIS|on/Iead target
complemented by electronic detectors

@ Itis placed in the high energy long-baseline CERN to LNGS beam
(CNGS) 730 km away from the neutrino source

® The CNGS beam has enough energy to be above the t threshold
@ First v, candidate event: Phys. Lett. B 691 (2010)

Neutrino deca
V Oscillation V \,y
K — T
<Ev>:17 GeV /‘
Negligible prompt v, v, CC int

52



OPERA Detector

sM2 —

T JTe \
(I : A 7“"_-“—"‘ T '\/; !
; il | {4 oo || -

e | ——
i 1( |

v I
‘I !
'llmhm {

i il ::::::::“::’:3..1_ | it

,:mnhm 1

Al

‘Igu{gugu
1‘1?M‘.:lé

1113k
sRastiineey

VETO Target area Magnetand PT PT+XPC BMS
RPCs
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OPERA Muon Spectrometer

PT: Precision Tracker : drift tubes 8 x 8 m2

Magnetised iron and RPC chambers

magnet with RPC magnet with RPC ||
[N RN R Lo ooy




Neutrino interactions in OPERA

\}E;- fi \-’E.l 557
CHARGED CURRENT K K
e v, N P

Vi ve Ve Vi
NEUTRAL CURRENT I I
e e N N

New J.Phys.13:053051,2011

Charged Current (CC) neutrino  Neytral Current (NC) neutrino
interaction interaction
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OPERA Emulsion Detector

Emulsion cloud chamber (ECC)
56 1mm thick lead plates

i 57 Ision | +ch ble sheet
*Target: 2x625 tons of lead/emulsion emuision layers + changeable shee

*Target Part: 31 walls (62 in total)

1 wall: brick wall + target tracker (TT)

«Automatic brick manipulation

*TT consists of horizontal and vertical strips
with 2.6 x 2.6 cm? effective granularity

*TT provides a trigger for v interactions

o —-l-l.l-l -n me |
= .—-n-u-l--n-l l n " W ¥
= Y k—- B LS S ;

< rmmemermn §

; o I EmS .

— [ TR

[ -

Brick piling station
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Opera first T Candidate

Phys. Lett. B 691 (2010)

primary /

verte \ " i

/
decay —— {

vertex /

daughter

Variable

Missing Py at primary vertex (GeV/c)
Angle between parent track and primary

hadronic shower in the

transverse plane (rad)

Kink angle (mrad)
Danghter momentum (GeV/c)
Daughter Py when ~-ray

at the decay vertex (G

Decay length (pm) <2 lead plates

3.014+0.03
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Opera second t Candidate

2000

Mean 1144 + 2,557

RMS 1046+ 1.808

LT
% "0 a0 60 80 100 120 140 160 180

Phi angle (dogroos) [] 400 200 300 400 500 600

Impact Paramotor (um)

L T —
1000 2000 3000 _ 4000 5000
Decay Length (um}

Decay length Impact Parameter

Phi angle

Charm Data/MC comparison

Years

Status

Finished

# of
events
for
Decay
search

2783

In analysis 1343

Started

Expected
v T

(Prelimin
ary)

Observed

L

Candidat
e Events

Presented by M. Nakamura
@ Neutrino-2012, Kyoto

Expected
BG for
v T
(Prelimi
nary)
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ICARUS Concept

The Liquid Argon Time
Projection Chamber: A
New Concept For
Neutrino Detector

C. Rubbia, CERN-EP/77-07
(1977)

Innovative liquid

argon time projection
chamber, suitable for
large volumes
applications

Spatial resolution
comparable to that of
bubble chambers bull
fully electronic

drift of electrons

charged particle’s track
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|ICARUS To0OO Detector

Taking data in LNGS hall B

electron driftdirection

o
<] ‘l

ithrough

=11} |
- !‘“lli\‘“"'

l ‘ » H.V.feedthrough

Two identical modules
*3.6 Xx3.9x19.6 ~ 275 m3 each 4 wire chambers:

e Liquid Ar active mass: ~ 476t * 2 chambers per module

Drift Iength =15m (1 ms) * 3 readout \_/vire planes per chamber, wires at Q,iGO°
_ % _ % * ~ 54000 wires, 3 mm pitch, 3!mm plane spacing

*HV=-75kVE=0.5 vicm - 20+54 PMTs , 8” @, for scintillation light detection:

e v-drift = 1.55 mm/us « VUV sensitive (128nm) with wave shifter (TPB)
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ICARUS T600 physics potential

® Self-triggered events
® For 1020 pot: 99 _
. -2800 CC events e atmospheric v CC
« ~900 NC events interactions
RGN * Proton decay 3 1032
° vu—>ve
e Sterile neutrinos nucleons
° [ )

LAR-TPC

. LAr-TRC
Chamber 1L ) Chamber IR

ST
E RS

¥ T
| —— e , —
g €hean

/'.” J Vbeam
“

(A

13.2m from wall
11.9m from wall NC event

> v

T600 is a milestone towards the realization of multikton Lar detectors
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ICARUS Energy Reconstruction

M. Antonello et al. Phys.Lett. B711 (2012) 270-275
e-Print: arXiv:1110.3763 [hep-ex]

<Epys> =7.5£0.9GeV
rms =9.0 G¢V

<Epue > =10.1105 GeV
rms =9.6 GeV

<Eye> =10110.2 GeV
rms =11.6 GeV

<Eyc> =84104GeV
rms =104 GeV

Pl < By 8=5.10% >=5240.05 GeV

Deposited energy spectrum Deposited energy spectrum

neutrino Interactions neutrino Interactions



|ICARUS: Electronic Bubble Chamber

185116

192116

142+12

9418

2612

141112

Shown at NEUTRINO-2012

In Kyoto by F. Pietropaolo 123110



Flavour & Neutrinos at SPS: Summary

Possible longer term evolution of this of the
CERN programme:

Flavour: test the SM relation

(Sin zﬁ)K—wer = (Sin Zﬂ) B—>J/yK,

by studying very rare decays of both charged
and neutral kaons

Neutrinos:

o Long baseline experiments to address the

neutrino mass hierarchy and CP violation in the
leptonic sector

o Short baseline experiments (e.g. P347) to clarify
the situation of sterile neutrinos
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