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Forward

 The Standard Model (SM) was largely built from kaons
— Theta-tau puzzle and the fall of Parity Conservation
— Strangeness and flavour conservation in Strong Interactions
— Universality of the Weak Interaction
— Absence of Flavour Changing Neutral Currents (FCNC)

and GIM Mechanism

— CP-Violation
— Kobayashi-Maskawa ansatz and its implications

« Kaon decays continue to be a powerful tool to
— Probe the SM and look for New Physics in quark decays
— Study non-perturbative aspects of the Strong Interaction
— Look for non-universal lepton couplings
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Content of the Presentation

* For recent results from NA48/1 and NA48/2 on
radiative kaon and hyperon decays see N.
Molokanova talk in parallel session #1 (24/5)

* Here | will remind briefly some highlights from the
CERN Kaon programme...

- ...and | will give the status of the new initiative to
study ultra-rare decays at the CERN SPS (NA62)

 For complementarity between different kaon
experiments see V. Duk and M. Doroshenko at the
parallel session #1 (24/5)
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NA48 Detectors to Study Kaon Decays

Muon veto sytem
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Kaons@SPS: Data Taking so far

-Direct CP-Violation NA48: ¢&’/¢e

In Neutral Kaons
*Rare decays

Semileptonic decays

*Search for Direct
CP-Violation in K*
*Pion-Pion
Scattering

May 25, 2008
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CP Violation

%
From Gino Isidori:
http://scienzapertutti.Inf.infn.it/P1/schedaCP.html
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http://scienzapertutti.lnf.infn.it/P1/schedaCP.html

Sakharov Conditions

n,-ng/n, (Early Universe)
~ng/n, (Today)~10-°

Matter and Antimatter
Should exist in equal amount:
Where is all the antimatter gone?

Sakharov Conditions (1967
To allow for a Matter Anti-Matter unbalance one needs:
1. Baryon number Violation

2. Non-equilibrium (at some stage)
3. C & CP-Violation

But what is at the origin of CP-Violation?
May 25, 2008 A. Ceccucci 8



What is the origin of CP-Violation?

« Super-weak interaction (Wolfenstein)
— To be seen only in kaon oscillations and not in decays
— No other plausible experimental effect

 Three families of quarks (Kobayashi & Maskawa, 1973)

Ng:2 N =0 = No CP-Violation

phase

Ng=3 Nphase=1 = CP-Violation Possible

— When proposed, not even the charmed quark had yet been
discovered!!

— Important experimental implications:
* Three families of quarks

« A second Manifestation of CP-Violation in Kaon decays: g’ #0
- CP-Violation observable in other systems (B mesons)

* Multi-Higgs models
* L/R models
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NA48/2:
Search for Direct CP-Violationin K > 3 «

IM(u,v)|?>~ 1 + gu + hu? + kv?
U=(s3-so)/m,?, v=(s,-s,)/m,?

s, = (Px —Pm;)? i=3 for n with odd charge
S = (S4+s,%s;)/3

A, =(9*-g’)/(g*+g’)~Ag/(29)

A, > 10 would signal Direct CP-Violation beyond
the Standard Model

The experiment was performed using a narrow-band 60 GeV/c
achromatic beam to concurrently collect K* and K- decays
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NA48/2 Final Results: hep-ex:07070697
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CP-Violation and Quark Mixing: Outlook

« NA48/2 has closed another window of
opportunity

* Current experimental manifestations of CP-
Violation (K and B decays and mixing) seem
to be consistent with one complex phase in
the CKM matrix (“Standard Model”)

* Precise experimental probes are required to
detect deviations from the Standard Model

« A promising road is provided by the study of
ultra-rare kaon decays

May 25, 2008 A. Ceccucci 13



Important by-product of NA48/2
CP-Violation Studies: n—n Scattering

It is the simplest non-trivial hadron scattering process
It is an ideal laboratory to test low energy QCD
*Theoretically is very attractive (no spin!)

‘Experimentally hampered by the lack of real pion targets!

May 25, 2008 A. Ceccucci 14



NA48/2 n Scattering Measurements

1. tw scattering in K* —» 't e*'v) decays (Ke4)

T+
K+ 4
-

A% et

2. 1trt scattering in K* - n*n'n® decays

+
x 4
'l
(1) -
]TU (2) W
& 7
Kt 0 *

[~|My+M,|?
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NA48/2 Unexpected Discovery

Observation of a cusp structure in the T°7t° invariant mass distribution
at M_. . =2m_, in high statistics study of K* — n*n°n° decay
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ZOOM ON THE CUSP REGION
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2500

2250

Destructive interference
between virtual
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K*— n*n*n~ states
followed by n*n™ — n°n°
and the K*— n* 1°7° amplitude.
Integrated event deficit ~13%
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=) a new method to measure a, — a, and its sign
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6 (rad)

NA48/2: nr Scattering Length: K* ->ntn-ev
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CKM Unitarity and Rare Kaon Decays

The unitarity of the CKM matrix can be expressed by triangles

ina comple_x pl_ane. _ o (AN (v, Vo VL)
There are six triangles, one is more “triangular”: u

VuadVub *VeaVer ViV = b') \V, V. V,/\b

It is customary to employ the Wolfenstein parameterization:
Vus ~ A Vcb ~MA Vub ~ A A(p— in) th ~ N A(l—p— iTl)

(p.n)

Kt - nTvw
Sensitive to |V, |

Ky — v
Kg — 7T06+€

K1 — mlete” Ki — 7y
K1 — eeyy

(1,0) (1.4.0)

(0,0)

P

It is important to check that the unitary triangle is the
same for all heavy quarks.

*The s-quark is just as important as the b-quark.
*If experiment shows that there are differences between the

flavors this would be an important discovery.

19
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NA48/1: K% rare decays

Examples of rare decays studies performed at CERN
Important to determine CP-Violation from mixing in K°_ decays
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“CKM Unitarity Triangle”

The KM Mechanism for CP-Violation is very successful

I= F
. 1_
Sin 23 (2¢,) [
0.5 | *
i Paradigm shift:
_ / use precise probes to
ok Tebl N see deviations from SM
/ a
- v.
0.5 .
1—
05 0 0.5 1
What will we learn next?? | P
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K-z vv: SM Theoretical Prediction

A=V

W
ﬂ“ Vcchd S

ﬂt qm
NLO Calculation: q —
Buchalla & Buras: 1993,1999 W

Misiak, Urban: 1999 Imﬂt ﬂ,[
B(K*—)yz*vv)—/g-{( X( t)j +( X(X)+ CP(X))
0 0 — Imﬂ.[ 2 . .
B(K{ =7 vv)=xK ( 5 X(xt)j charm contribution
N\ ') NNLO
- = ' Buras, Gorbahn,
. =1 3a’Br(K” - z'e"v) L top Haisch, Nierste
K 27% sin* 4, contributions hep-ph/0508165

The uncertainty of the SM prediction is mostly due to uncertainty of the
CKM parameters and not to hadronic matrix elements:

sBR(K*->7w*vv) = (1.6%10°) | V , [{on*+(p-p)*] — (8.0 £ 1.1)x10!

sBR(K; »70vv) ~ (7.6x10°) |V 102 — (3.0 £ 0.6)x1011
May 25, 2008 A. Ceccucci 22



New Physics Reach of the K —» © vv decays
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Long History

« Kt > ntvv
E787/E949 BR(K* -» 7" vv) = 1.47+130 .. x 1010

— BNL E787 together with the upgrade E949 published 3 events,
see also recent long article: PRD 77, 052003 (2008)

— E949 run only for a very short time before being terminated
— An In flight experiment at Fermilab (CKM) was cancelled

« KO > n0vv
— BR<6.7 x 108 90%CL (E391a @ KEK)
— KOPIO cancelled
— Next steps E14 @ JPARC (Awaiting Stage Il Approval)
— KLOD @ U70 (Proposed)

May 25, 2008 A. Ceccucci 24



Proposal to Measure the Rare
Decay K*—=z* v v at the CERN SPS

NAG2

CERN-SPSC-2005-013
SPSC-P-326

Bern, Birmingham, CERN, Dubna, Ferrara, Fairfax, Florence, Frascati, IHEP, INR,
Louvain, Mainz, Merced, Naples, Perugia, Pisa, Rome |, Rome Il, Saclay, San Luis
Potosi, SLAC, Sofia, Triumf, Turin

May 25, 2008 A. Ceccucci 25



Principle of the Experiment

1) Kinematical Rejection

2, zmi(l— L 'j+mi[1—' it ']—| P |IP. | &,
P P

T

K'>nr*n?

Arbitrary Units

2) Photon vetoes to
reject K— 77"
P(K+)=75 GeV/c R RIS (8 i PR fl = BT
Requiring P(r*) < 35 GeV/c I T me,, Geviic!
P(n°) > 40 GeV/c mm) It can hardly be
missed in the calorimeters

3) PID (RICH) for K*— i vrejection
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Updated Detector Layout

i Kf>ztvv
2 SPS primary p: 400 GeV/c
. Unsepared beam: HAC
1 +75GeVic ANTI 1-12 M RICH 'MUV
] +800 MHz ! H ” m H -t
1 * t/KIp (~6% K*) | /
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1 c2 cs A + |
0] s L L “Eli{ K ~75 Ge%-------- ______ e
s D = | N I om o §\::\\ —
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_: Achromat 1 i i ! : T~ - I | S
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E ngn = - . . i i i i IRC"E* = lron
1 Sensitivity is NOT limited by protons flux I T B LKr
—2 Straw Chambers
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0 50 100 150 200 250
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P-326 Sensitivity

Decay Mode

Events

Signal: K*>n*vv [ flux = 4.8x10"? decay/year]

55 evt/year

Krsnmd [17,0=2x10°8 (3.5x10°9) ]

4.3% (7.5%)

Kr—ptv 2.2%
Kft—ern*nv <3%
Other 3 — track decays <1.5%
K*—>n*nly ~2%
K*—utvy ~0.7%
K*—e*(u*) nlv, others negligible

Expected background

<13.5% (£17%)

May 25, 2008 A. Ceccucci
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Status of the R&D

A. Ceccucci
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Large Angle Veto: OPAL Lead-Glass

* During the 2007 run we have
exposed a few Lead-Glass
blocks to radiation doses
similar to those expected during
the experiment lifetime

 No radiation damage was
measured

 An engineering designed for the
integration of the Lead-Glass in
the experiment was prepared
and was used to obtain
industrial offers for the
mechanics
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STRAW Prototype built in 2007

Ultrasound Welded mylar
(linear weld, no glue!)

*36 Al

*12 (Cu+Au) mylar straws

May 25, 2008 A. Ceccucci 31



Straw Prototype inside the Vacuum Tube

October 3, 2007 '

I /7

uaw 1 [ [ suen 6

—><—

F F o
I

-

‘\ Nominal gap value is L=1.20 mm
Max gap value deviation: 0.1 mm

-Data were collected with hadron, muon and kaon decays

*The test in the actual vacuum tank enabled one to address
realistic issues
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Aluminum straws (preliminary)

Resolution

Residuals
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Distance error from selected layer

R.M.S.=130 um
sigma=67 um

30000 |-

20000 -

10000 -

| I . 1 e,

-0.025 0 0.025 0.05 0.075 0.1

Distance error

B e | i T

0-().1 -0.076 -0.05

R.M.S.=113 um
sigma=49 um
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The RICH prototype

* Full scale (longitudinal) RICH prototype Achieved time resolution:
« 18 m long tube, vacuum resistant 75 ps per event

* Mirror: $=50cm, f=17.01m In 2008 the prototype

« 96 PMs Hamamatsu R 7400 U Will be equipped with

. Test: negative beam from SPS@200 GeV/c ~400 PMTs

May 25, 2008 A. Ceccucci



Gigatracker (Silicon u—pixel)

8

o
=
=
=
\-n'
="
=
L
=
L4
=
‘-:'
fa

ZHO =104 010} ML) E1dS

Requirements:
Time resolution: 200 ps / station
Material Budget: < 0.5 % X, / station

Driven by the experience with the thin hybrids of the ALICE SPD
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IRST Diode with NINO chip ﬁﬂﬁZQ

| ~0.13 n CMOS

|”|”§-o - ToT NINO
Next step: 1 LA .
~8 x 8 matrix
prototype
Bump-bonded
to R/O chip for
Beam Test

Fadmar Osmi¢ — P326 GTK Meeting, Seprember 10, 2007 -7-
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Muon Detector

ok

Must refurbish Na48 Hadron Calorimeter

sNecessary to add fast trigger plane for veto

“sAdd sweeping magnet (IHEP-SP12)

*The Collaboration of INR and IHEP is essential!
2006/01/02

A. Ceccucci
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Status of NA62

« We are in the phase of completing the R&D and
preparing the construction

« Some Funding agency, and notably INFN, have
already approved the full programme

 We foresee construction during the 2009-2011 period
and first data taking for K*—>7z* v vin 2011-2012

 The New Collaboration is growing and the best way
to blend the new groups is to do physics together

* In 2007 the New Collaboration NA62 has collected 5
months of proton data at the SPS to study lepton
universality in kaon leptonic decays

May 25, 2008 A. Ceccucci 38



Ri=I'(K—o>ev)/IT'(K— puv)

PLFV _ S K —evy; FSM(K —eve) +I(K —ev;) . Masiero, Paradisi, Petronzio,
K7 SUK — Fom(K — jy) r IS RT hep-ph/0511289 PRD74,(2006)
CR:MR  eHEr, — 207 AR ian?s

- V2M
H V2w R«(SM) = (2.472 £ 0.001) x 10°°
A3L L 22 53
R 47 RR

V1 AR ~5.107% t53=40 M+ =500GeV

I . 0
4 Variations of the order of 1% to
ArSdle, ~ ( i )(”’*) A2 tand 3 ~ 1072 °

with respect to R, (SM) may be
present from breaking of u-e
universality in SUSY

(maximum effect possible -3.2%)

World average (PDG): R, = (2.44 £ 0.11) x 10

from three experiments: 1972 (112 evts); 1975 (534 evts); 1976 (404 evts)
From the analysis of NA48/2 2003 data ( ~ 4000 events ):

= (2.416 £ 0.043 £ 0.024) x 10° (~ 4000 evts) presented at HEP2005, Lisbon

May 25, 2008 A. Ceccucci 39



Ratio of Leptonic Meson Decays

[ m. 2y The latest theoretical predictions give:
ol 1=
y = 2 ) =( meJ ™| «(146R, ) R= (1.2352 £ 0.0001) x 10
M > uv(y)) (m, [ m, i
m,, Ry«=(2.477 £ 0.001) x 10-

Experimental Situation
R, =2.457+0.032x107

7T —>CV
PDG 2006
R4 (£0.4%) Clark, 1972 -
1.2265(34)(44)X10™* tRivmr (1992) Heard, 1975 —
1.2346(35)(36)X10™ psi (1993) Heintze, 1976 T
rel. +:
New experiments AL (003 pret {1
planned at TRIUMF NA48/2 (2004). prel. | kaoN07 ~— T3 q
and PSI to reach <0.1% KLOE, prelim. {|—e—
on R, 21 23 23 24 25 26 27 28 29

MK ) IT(K ) (1073
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NAG62: 2007 data taking for Ry

x10°

K —) ev candldates recorded

100 ----- — e e —— _________________ L-
- | (June 21- October 2, 2007)

v

[ | I I I 1 | Ihlllmeer Of|S|h|IfF€‘
050 100 150 200 250 300

NAG62 has accumulated more than 100 k K — e v events
in 2007 to push the error on Ry from ~2% to ~0.3%

May 25, 2008 A. Ceccucci
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Subset of the NA62 data (2007)
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500 o _-*"""- -------------------------
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M2, (GeVic?)?
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Kaons@CERN:

s e TR
.

N, ;5“;:62 The rarity fro-l;t'ier- -
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Glorious Past & Bright Fu
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Spare Slides
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Ri=I'(K—o>ev)/IT'(K— puv)

prrv _ ik —evi Tom(K —eve) + (K —evr) . Masiero, Paradisi, Petronzio,
K S K — Fsm(K — ) P IS hep-ph/0511289 PRD74,(2006)

mr

CRLMUR eH* 1, — g—z—A%} tan®

S 2 Mw
o Y R(SM) = (2.477 + 0.001) x 10°
- A3L L 22 53
R 47 RR
u

L \Y
U AR ~5107* t5=40 M+ =500GeV
s
- m m? _ I I I
A o (Mﬁi) (mé) AD P tant s ~ 102 Experimental Situation
PDG 2006
Clark, 1972 ®
Variations of the order of 1% to Heard, 1975 o
with respect to RK(_SM) may be Heintze. 1076 il o
present from breaking of u-e g
universality in SUSY NA48/2 (2003), prel le—sm
(maximum effect possible -3.2%) NA482 (2004), prel. | KAONOT ~— O]
KLOE, prelim. —_——

21 22 23 24 25 26 27 28 29
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NAG62: 2007 data taking for Ry

/
M2 =0 for X=v

K+ miss
%10°
C | | X T
1 00—K--——> ev candldates recorded )
(June 21- Octoberz 2007) /f | ez miss2te) | Eriries. 2002255

C Mean 0.01275

80— 450057M,i§§inq Massicomputed under the |(RMS _D.01254
£ Positron hypathesis
[ 4000 = , | - . N
60 Eo F *
I 3800+ SRy T A A

3000-BR ~4x 105 T o

40 : 2500 ;7 77777777777777777 b S . *
i / " ] N S e wo ==
20 / - - 1500-Sub-set of data B -
1000~ o e e

B A RN KT T I VA R 10 Vel AN VR ] L1l 500; """"""""""" S E I el
0 50 100 150 200 250 300 ST R L AT
-8.03 -0.02 -0.01 0 0.01 0 02 0 03
M2, (GeVic?)?

Number of shifts

NAG62 has accumulated more than 100 k K - e v events
in 2007 to push the error on Ry from ~2% to ~0.3%
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g’': CP-Violation in K° — 2 decays

Subtle differences between K, and K, decays to 2
due to different

contributions from
isospin |I=0 and 2.

AK, - z°z")
AK, — 7°7%)
AK —»7'7")
AK, > 7z°77)

<27z|KL>:

In consequence...

If &’ #0 particle and

antiparticle decay rates
differ:
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Compare NA48/2 Statistics with the
original Dalitz plot!

Decay of « Mesons of Known Charge™f

R. H. Davnrrzi
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York

(Received February 9, 1954)

The experimental data on the 3x decay of T mesons is summarized on a convenient two-dimensional plot,
both (a) when the m-meson charges are known and (b) when they are not. Some events may be included in
plot (a) only if the parent = meson is assumed positive and arguments supporting this identification for
T mesons decaying in an emulsion are discussed. The dependence of this plot on the 7-meson spin (j) and
parity (w) is discussed in general terms and those features depending particularly on w and on its relation
with 7 are emphasized—for example, if the density of events does not vanish at the bottom of the plot,
the 7 meson must have odd parity and even spin. Simple estimates of the distribution, using only the lowest
allowable angular momenta and a “‘short range” approximation, may be modified by final-state meson-
meson attractions, whose effects are discussed qualitatively. The available data are insufficient for any
strong conclusion to be drawn but rather suggest even spin and odd parity for the 7 meson; the need for
careful assessment of geometrical bias in the selection of experimental material is stressed. A

0* ->ntnd even parity e e ee ®
Same particle??
7 DT T odd parity
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Discrete Symmetries

@ G
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L. Landau, 1957: “Has is well known, the unusual properties of K-mesons

have created a perplexing situation in modern physics....Invariance
of the interactions with respect to combined inversion (CP) leaves space

completely symmetrical....
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K — ©m vv decays

E787/E949: BR(K* » z* vv) = 1.47+130 . x 1010
E391a: BR(K®, »7z2°vv) <2.1 x 107 @90%CL

1= 12—
C|U T R(K' —=*vW)
11—
- Dramatic illustration
0.8 still allowed by
u BR(KL_}:'T“\"‘:F) Current data
0.6
u.4:—
nz:—
oF
_u'z-_..l....l T TR | (TR IR | (T
-1 -0.5 0 0.5 1

The uncertainty of the SM prediction is mostly due to uncerta?nty of the
CKM parameters and not to hadronic matrix elements:

sBR(K*—>71*vv) ~ (1.6%10°) IV, 14 on*+(p_-p)*] — (8.0 £ 1.1)x101
sBR(K; »>novv) = (7.6x10°) |V, 1402 — (3.0 % 0.6)x1011
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Time resolution per event: 75 ps

75 ps 150 ps
N.of Events | P N.of Events P
F : Ent ‘ # 167788 10t Er T T T o T Erkres 167788
Mejen 0. 36QE70W r Mejen }0.2683E702
RMS 30.878:5E*O'\ [ : : : : : : RMS Qﬂ457
10.000 | uoRw 16.000
OVELW. ... 132,00 ovﬂw 13.000
L T S ot e ———————————— ——————————————————————————————————————
L e e 4 Rt S ———————————— ——————————————————————————————————————
| 10 e rrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
- T KMWMHMHH
0 0.2 0.4 0.6 0.8 ] 1.2 1.4 1.6 1.8 2 —2.5 -2 —-1.5 —1 —0.5 0 0.5 1 1.5 2 2.5
root mean squar e of the aver age (rs) t(1st half) - t(2nd half) (ns
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