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Our physics — the landscape

Particle physics seems to be described by a simple and economical theory:

LSM - Lgauge(sz ‘Pl) * LHiggs((I)? Aa’ 11’1)

/

* Experimentally tested with
high accuracy

 Natural

* Stable with respect to
quantum corrections

* Highly symmetric (gauge
and flavor symmetries)

l

* Ad hoc

* Necessary to explain data (presence
of a non-symmetric vacuum)

 poorly tested in its dynamical form

* Not stable with respect to quantum
corrections

 Determine the flavor structure of the
model
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Our physics — the future goals

Particle physics seems to be described by a simple and economical theory:
LSM - Lgauge(sz wo + LSymmetry Breaking(q)?’ Aa’ 1")1)

Key problem addressed by high-P,. LHC experiments:

The dynamical structure of ew symmetry breaking mechanism
Is there a Higgs boson? Is it fundamental or composite?

But the “genuine” Higgs mechanism is not stable. Theory prejudices:
“the Higgs boson (if any) will not be alone;

A new sector @ TeV scale might show up, to stabilize the electroweak scale,
<¢> = 246 GeV?” [Isidori, 2009 NA62 Physics workshop]

Key problem addressed by high-precision low-energy experiments:
Investigate the symmetry properties of the Higgs sector
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Kaon physics — the landscape

Kaon is the lightest strange particle, studied since 60’s to test fundamental
properties of nature. The SM appears remarkably simple @ E ~ My, :

Loy = (m,=my, my) + Lopp + Lp(m,-my) + L,
*Only 2 parameters in : mg and my ~m, ~ (m;+m,)/2
*Logp and L, isospin-breaking: often neglected, but add 3" parameter

L, links to physics @ e.w. scale, breaks many symmetries: P, CP, flavor

— weak decays

theoretical cleanness

Kaons special role < ] ] ]
short distance FCNC with the strongest SM suppression

_ limited number of decay modes

Kaons reach the highest sensitivities to CPT violation, QM tests and are
competitive with B decays to test new physics in LFV or CPV transitions
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First achievements: CPV

K®s produced are stable for decay via QCD, K’-K?° oscillation determined
by 2"d order weak transitions (box diagrams)

|KS,L> o (1+€g,) K + (1-g5y) K?)
CPT demands 0 =¢g-¢, =0
CP implies K, have definite CP, so € =0
first CP violation effects first revealed from K decays to i (1964)

it is a tiny effect: |e| = (2.221 = 0.006) x 103

Mixing studied with precision (in the past decade, data dominated by
CPLEAR experiment)

Evidence of T violation in time evolution of strangeness-tagged kaon decays
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Direct CPV: the €'/¢ saga

For deeper insight into CPV compare K, ¢ — nw decay widths @ level of

10 K ~K .,+eK
L odd even
“Direct” \ & “Indirect” from
in decay asymmetric
} , —0 .o
process v K'—K mixing
nn
, 1 F(KL—>7r+7r‘)/F(KS—>7r+7r“)
Re(e'/e)=— ~1

6| T(K, — nono)/F(KS - Jrono)
A new class of high-sensitivity experiments (NA31—NA48, E731— KTeV)
kaons produced by proton interaction on fixed Be target
unprecedented fluxes, to collect >10° K; — nt'x"

guarantee thorough control of systematics by careful setup design
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The NA48 experiment

Enriched Kg beam: bend fraction
of p beam via channelling crystal

Muon veto sytem
Hadron calorimeter

ﬂ- Z Liquid krypton calorimeter
_ »}_’/,_3_ / Hodoscope

// Drift chamber 4
/. / Aml counter 7

Simultaneous K, /“K¢” beams:
assure K-K; overlap in 3 Hellum tank

Drift chamber 3

Alternate analyzing magnet

N,/ Magnet
polarities during data taking ‘

v Drift chamber 2
/- ,Anti counter 6

Magnetic spectrometer:
o,/p =1.02% @ 0.044% p [GeV]

Electromagnetic calorimeter (LKr): R

Kevlar window

0,/E <3.2% / VE[GeV] @ 9% / E[GeV] @ 0.42% -

o, ,[mm] =0.42 / VE[GeV] @ 0.6

Specific operations for high-intensity K¢ beam and K*K~ beams (NA48/2)
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The KleV experiment

MUON FILTERS MUON COUNTERS

Select enriched K¢ beam from regenerator

LEAD WALL
Csl| CRYSTAL CALORIMETER

Regularly alternate regenerator position HoooscopEs—\\
=)\

DRIFT CHAMBER 4 BACK-ANTI

during data taking = HADRON-ANTI

DRIFT CHAMBER 3

TRD'S (E799)

MAGNET

Magnetic Spectrometer:

DRIFT CHAMBER 2

o,/p < 1% for charged tracks, p > 8 GeV

Momentum scale known < 0.01% from K— wt'm

‘&
’\ SPECTROMETER ANT!I
HELIUM BAG

Electromagnetic calorimeter (Csl):

ox/E <1% for E, >3 GeV

Energy scale known to 0.05% from K— nev N ARS
|
. K + pK ! r
Provide zy from n'— YY, mnz z~E E, r212 HEGENEHATOR (E832) > < o1
MASK-ANTI (E832) ) N Y,
Unprecedented sensitivity for rare K; deca}9§AM Zyr
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Final results for €’/¢

Effort of ~ 20 years, ended only recently:
KTeV 2007: R(e’/e)=(19.2x1.1 ., + I.SSW)IO'4

[KTeV 2003: R(e’/e) = (20.7 = 1.5, + 2.4,,,,)10%, 50% of data]

E73193 ——t

74+ 59
NA31 93 —-—o—— 230+ 6.5
NA48 02 —0— 147+ 22
KTEV 07 —0— 192 + 2.1

0 10 20 30 (x104)
New World Ave. O~ 168+ 1.4

World average: R(e’/e) = (16.8 = 1.4)104, with a 13% CL
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g’/€ as a test for new physics?

So called “superweak” theories predicting €’/ = 0 are ruled out

An accurate SM prediction of direct CPV in mtiw decays is still missing:

] 10
p(AS=1) _ (;—ngu’i {Z {‘_”(“) N %:ﬁ’;)‘/(/ﬂ} Qi}
> ts Yo

yes, easily related to CKM elements, Re(e’/g) « Im(V V. *)
obtain Wilson coefficients (z,, y;) as a function of CKM elements, of the masses of

heavy degrees, of the gauge couplings

=1

but, difficult to precisely evaluate K--tit AS=1 hadronic elements @ low energy: use
non perturbative QCD for the Q,’s, but a dangerous cancellation occurs: e.m. <= QCD
penguins

A future task for lattice, RBC/UKQCD collaborations are working
“20% result within 3 years for €’/¢ and AI=1/2 rule!” [N. Christ (RBC), KAON2009]

If so, it will provide stringent CKM test and will probe for new physics (see later on)
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CPV comparing K and B mesons

Significant progress in time for knowledge of €, now better than 3 per mil!

from |e, | = (2.284 = 0.014)103 [PDG04] to |¢, | = (2.221 = 0.006)10~

the SM prediction relates €, to p and ) parameters of CKM matrix:

lex] =C, B, V21 [C,+ C, V_?(1-p)], where C; uncertainty is negligible

0-7 | l— T T I T T T I T T T T I T T T ]

n . S -
— < fitter —]

N os =K Summer0s” ]
s -

05 ¢ —

L ® sol. il cos 28 < 0 _]

— g (excl. at CL > 0.95) 7]

0.4 — 3 —

= & -

0.3 ~ o -

0.2 —

0.1 —

B u

0.0 1 1 1 1 1 1 L L I L L L I L L —
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 f_) 1.0

Past uncertainty dominated by contribution from B, parameter and V
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CPV, K vs B mesons: lattice improvements

The “bag parameter” B is the QCD matrix element of a 4-quark operator,
<E’OLL|KO

, > Orr = (8d sd
%ff(M}( LL ( )L( )L

Recent lattice calculations significantly improved [Sachrajda, NA62PW 2009]
now exact flavor symmetry and good chiral symmetry are achieved by DWF technique

discretization error reduced, results closer to continuum limit

RBC/UKQCD collaboration new result, 5% error, By, = 0.720(39)

used by PDG 09 review, ~10% difference PDGO07: B, = 0.79(4)(9)

This result confirmed by Aubin et al. 09, B, = 0.724(8)(28), with 4% error
Averaging to be done with care [P. Boyle @ KAON 2009, Lelluch @ LATTICE 08]

a FLAVIANET group is devoted to Lattice result averaging (FLAG)
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CPV: Kvs B mesons and V

V,, limiting present impact of €, on UT fits:

Parametric uncertainty for g, scales as o(|V 4|
expected value from UT inputs from B physics: |¢,| = (1.78+0.25)10-3
~20 difference wrt experimental value [Buras, Guadagnoli, Lunghi, Soni]

agreement changes if V, from exclusive decays 38.6(1.1) wrt inclusive 41.54(73)

Would be easy to find new physics explanations...
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Kaons and unambiguous new physics signals

... for the moment, better to discuss NP unambiguous signatures:
1. CPT violation: foreseen in extra-dimensions, impossible to conceive in SM
: foreseen in certain quantum gravity models

3. Direct search for lepton flavor violation: channels forbidden/ultra rare in SM

Dedicated experimental designs to reach ultimate sensitivities:
1. Precise measurement of main channel widths (T’s, BR’s) and charge asymmetries
Production of coherent KK pairs

3. Fixed target experiments: huge statistics, stringent veto and PID, dedicated
triggers

For 1. and 7. 2 KLOE

For 3. 2 Fixed target experiments
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An independent approach to K physics: KLOE

Precision physics benefits of independent approaches: the KLOE

€

W=m,(1019.4 MeV) ||
Lyesign = 5%10° cm? 571 |

LINAC

/550 MeV e+
800 MeV e-

Collisions at cm energy around m o Vs ~1019.4 MeV

DA®NEL/ -/ _

Angle between the beams (@ IP: a.~ 12.5 mrad

A" 4|

Residual laboratory momentum of ¢: p, ~ 13 MeV N4
Cross section for ¢ production @ peak: ,~3.1 ub ¢ A ACCUMULATOR
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The KLOE detector

Large cylindrical drift chamber + lead/scintillating-fiber calorimeter +
superconducting coil providing a 0.52 T field

‘Hedrit: ol D P i

O'p/p 0.4 % (tracks with 6 > 45°) E/E 5.7% /\/E(GGV)
ot 150 um (xp), 2 mm (7) o, 54 ps VE(GeV) @ 50 ps
()'XVel'teX ~1 mm (relative time between clusters)

o L(Y’Y) ~2 em (a0 from K, — mrn )
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Kaon physics at KLOE

KK pairs emitted ~back to back, p ~ 110 MeV

Identification of KS,L(K”") decay (interaction) tags presence of KL’S(K"*)

Almost pure K, ¢ and K*~ beams of
known momentum + PID
(kinematics & TOF):

* Access to absolute BR's

* Precise measurements of K, . from
factors and K , K" lifetimes
(acceptance ~0.5T,,T,)

Above points crucial for V _determination

K physics in the LHC era —T. Spadaro— Wednesday seminar in Zeuthen, DESY, 27 January 2010
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CPT symmetry test from Kaons

The most stringent test of CPT symmetry comes1 from kaon decays
Diagonal states for t evolution: |Ksu)= | 12, &) £ -2, | &)
S,L

21+]g
5 l(mfo —mKO)— (i/2)(FEO —FKO)
2 Am+IiAl'/2

Probability conservation implies a unitarity constraint (Bell-Steinberger)

d =% (e5-¢;): CPT violation in mixing,

Output
rs+1, Re—iIS 1 X Am =m; —m
5Lt = S oA, (f) Al )
FS—FL 1 anfbsw ( 1+€2 FS_I—-L f L(f) S (f) Ar_rs_rL

\ / \ by = arctan(2Am/AT)

Advantage of K’ system: sum over all
final states, but only few (7w, mrm,
and rlv) give significant contribution

Experimental inputs
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Impact of new data on CPT test: KLOE

With KLOE data, improved CPT violation test:

Precise measurement of BR(Kg — mr), K; — mtlv charge asymmetry, UL for Kg — 3z’

After CPLEAR measurements (2001) After KLOE measurements (2006)

Re(e) = (164.9 =2.5) x 107 Re(e) = (159.6 =1.3) x 10~°
Im(0) = ( 2.445.0) x 107° Im(d) = (0.4£2.1) x 107"

Im d W 95% CL ' Im & W 95% CL
LH(10™ M 65% CL LH(10™ M 65% CL
0 | 0; ‘
! 4L

Re £(1072) Re £(107%)

0.15 0.16 0.7 018 0.5 0.16  0.07 018
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Impact of new data on CPT test: KleV

Further improvement from KTeV in 2008:

New measurement of Arg(K; — ot / K — ntw) = ¢~ = 43.8(6) [KTeV 08]
¢t~ =43.4(7) [PDG 06]

As precise as previous world average

CPLEAR 01 | KLOE 06 PDG 08 KTeV 08
Re € (x10°) 164.9+2.5 159.6+1.3 161.2+1.6 161.2+1.6
Im § (x10°) 2.4+5.0 0.4+2.1 -0.6x1.9 -0.1+1.4
Comment K—7lv vs Kg — nlv, it | Better treatment | New ¢~
proper time | UL(K{— 3n’) | of CPLEAR data
MMy, 10 GeV (3.3 +7.0 0.5+3.0 -0.9 £ 2.6 -0.1 2.0

Limit on AM obtained assuming I'y, = 'z (no CPTYV in decay): | M — Mg |/ M, <4 10-"
Compare with: | My — M|/ Mg <10'% and | M,— Mz|/ M, <107
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lest of quantum mechanics coherence

Study t evolution of KK decays into w—mnw final states, unique at ¢ factory
Test QM coherence: I(At) oc e TiAl 4 e T80 — 2(1 — (| ) e-Ts+TAY2 cos(AmAL)
Ko, o> att, +—— ¢ —> K, > nn att,

KK, — mmn
B e'e —mann
antisymmetric, 1-~ state o Eaan S
i

K¢K; pairs produced from ¢ decays: Evts w0« pata

for a wr-ww decay expect no events for At=0 0 |

Fit observed distribution including: 00 |-
resolution effects and selection efficiency bias ;

regeneration on beam pipe material

400

(£3.8,,) x 107

200 F

sta

KLOE final: ), = (1.4 £ 9.5
Compare with B system: o= (29+5.7)x10*> |
Compare with quantum optics, o(g,,) ~ 10-3 ” _ 4 " NAt / | T )
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Searches for unambigous NP signals: LFV

Huge efforts along the
years to isolate signals
from LFYV transitions,
which are forbidden/

ultra rare in the SM

Ctr. alsot — ey, T — uy,

T — 11l modes [see P. del
Amo Sanchez, PIC 2009]

Sensitivity roughly
increased by 2 order of
magnitudes per decade

BR
107!

10~

1013

1940

4
[Landlsberg all'XivzheP-ph/04110261] .

O u—ey O K — ne

¢ nL—eee + Kr— mwtute

® UN—eN @mK,— nlue
O K; — n’nOue

’
O
O'
S e
0% 8
¢ _ o =
®
v o
Seoc ® O
® o
® ® °

|
1950 1960 1970 1980 1990 2000
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Direct searches for LF'V with kaons

Searches motivation: tests for tree-level LFV amplitudes possible in
Technicolor, SUSY, ... :

10—t
B(Kt —7atpute)

E.g., horizontal bosons in extended TC: My ~ 85 TeV [

d

Activity still alive, results continue to come (cfr. new KTeV limits):

K, — pe (1011
22 PRL 63 (1989) 2181, BNL E791
3.9 PRL 70 (1993) 1049, BNL E791
3.3 PRL 70 (1993) 1049, BNL E791

K— n*u*e‘ (10-11)
2.1 PRL 64 (1990) 165, BNL E777
0.39 PRL 85 (2000) 2450, BNL E865
0.21 PR D72 (2005) 012005, BNL E865

04 PR D51 (1995) 2061 KEK E137 0.13* PR D72 (2005) 012005, BNL E865
0.5 PRL 81 (1998) 5734 BNL E871 ES65 combined
K, — mpe (101 )
620 PL B432 (1998) 230, FNAL E799 K — pepre e (10
7.6 PRL 100 (2008) 131803, FNAL KTeV 610 PRL 76 (1996) 4312, FNAL E799

12 PRL 87 (2001) 111802, FNAL KTeV

K, — n%nue (10-1)
4.1 PRL 90 (2003) 141801, FNAL KTeV

17 PRL 100 (2008) 131803, FNAL KTeV
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Direct search for LFV

S
World kaon data dominated by Sost| @ Data ES65 ||
results from fixed target 5 0% |
. 0.49 |
experiments : L
0.48 ] MC K= mtute
: 270 8 6 4 2 0 2 4 6 8
Results generally dominated by S ikelihood
statistics collected T
.-. .' Data ES871
Would need higher fluxes to ' .
. Signal Box
improve by relevant factors , K, — e
P L N P R e T N
485 490 495 500 M;:S(Me 1/5) 0
el KTeV
N
i\bf Signal Box
nﬂ& 0.02 | I<Le nou’ie
M, (MeV)

K physics in the LHC era —T. Spadaro— Wednesday seminar in Zeuthen, DESY, 27 January 2010 54



Direct search for LFV — results and lessons

SM extensions with < ~100 TeV mediator masses ruled out by exp, with
some model dependence (Technicolor, SUSY)

Outcome might have been regarded as disappointing, but allowed focus
to be put on new possibilities:

* Presence of NP effects in loop amplitudes
* Seek deviations in processes suppressed in the SM

* Precision physics of medium, rare and not-so-rare processes

Golden modes: leptonic & semi-leptonic widths in the SM, predicted @
% level or better, accounting for radiative & isospin-breaking corrections

Kaon decay studies are very well suited to match required precisions:

« Experiments with clean environment, low level of background
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Kaon decays with leptons. precise predictions

K — Iv (K},) and K — =nlv (K;) decay observables linked to the wanted
short distance physics with independent theoretical uncertainty:

i

For K|; decays, Ademollo-Gatto theorem dictates
S/Ué) terms appear at 2"¢ order in f*,_(0)

K,»/m,,: f/t, uncertainty reduced from latest
lattice results
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NP test from (semi)leptonic K decays

Measurements of K — nlv, Iv decays can shed light on NP BSM

Precise determination of V _from BR’s for K — mlv, ff slopes, etc.:
allows most precise test of unitarity of the CKM matrix

translates into a severe constraint for many NP models

Test of SM from F(Kuz)/r(“uz):
probes NP RH contributions to charged weak currents

probes H* exchange in every SM extension with 2 Higgs doublets

LF violation test from F(Kez)/F(Kuz) (most recent results):
sensitive to NP effects, which might be at % level wrt SM prediction
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Interest in V, . measurement with kaons

In SM, universality of weak coupling dictates:

G2 (Vv *+ |V, | =G*from p lifetime) = (g /M _)*[V , negligible]
One can test for possible breaking of one of the two conditions:

CKM unitarity: is (|V_[*+ |V [})=1?

coupling universality: is G.> (|V_|* + |V |)= G*(from p lifetime)?

New physics extensions of the SM can indeed break coupling universality:

SM +NP «G?[V, [*(1+a My¥M?)?, naively a, , ~1, a /1672

~ o2
loop gW
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Interest in V. measurement with kaons

A measurement of G.,,= G.(|V, |*+ |V, [*) with error @ 0.5%

* is sensitive to tree masses M, ~ 10 TeV and to loop masses M, ~ 1 TeV

* is competitive with ew precision tests:

G, =1.166371(6) x 10 GeV- -~

G, =1.1678(26) x 105 GeV?2 <

a + My, +s
G, =1.1655(12) x 105 GeV? <« mo oW oW

[ew precision tests]

G yen= 1.16xx(04) x 105 GeV-? -
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V . from semileptonic kaon decays

2 5
2

. , KO AN G 7~ ) [ -
Master formula: I'(K;5,)) = [Vus|? |75 (0)? 1158”? Sew Ck Irce (1 + 65)

Theoretical inputs:

* £,(0), FF @ zero momentum transfer: theoretical calculation
Recent result from UKQCD/RBC, 07 prel.: £,(0) = 0.964(5)

e 0l = 2(A Y + Al o), I-breaking + em effects: K0 K+

LA SUQ) = 0 ¢ em— +0.50(11)% +0.05(13)% t=e
Recent y Pt results: A, +2.9(4)%, A'g +0.70(11)%  +0.01(12)% (= p

* Spws short distance correction (=1.0232), C, = 1 (27%) for K (K*) decays

Experimental inputs:
« 14 =1T({\, },{\},0), phase space integral, A,, A, — t-dependence of vector, scalar ffs

* I'ki3(,) semileptonic decay width evaluated from y-inclusive BR and lifetime

* m,, appropriate kaon mass

Recent measurements for all relevant inputs: BR's, t's, {f's
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Vus from KI3 decays

World data for K, , K" — ntlv BR’s quite satisfactory, determined by
experiments with very different techniques:

KLOE @ DADNE e*e collider (tagged K; s, K*~ from ¢ decays)
absolute branching ratios for K;, K%, and Kg

NA48 @ CERN (intense K, K* beams from SPS proton beam)
ratio of BR’s for K, and K*-

KTeV @ Fermilab (intense K; beam from Tevatron proton beam)
ratio of K; BR’s

ISTRA+ @ IHEP, Protvino
ratio of K°;; BR’s
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Experimental status of KIi3 BR s - world data

. (1Y 2_ 1 7'2‘5' ., ¢ L e LI/ 2
From: I'(Kp() = <65 CrcSend Vs £4.(0) Tk (At.0) (1 + 350 (2) T 65;5)
£,.(0) x|V, | Error,% Contributions to % error
BR T d I
- K, ; 0.2164(6) 0.26 0.09 0.19 0.11 0.09
lavi A
M€l Kaon WG K, ; 0.2170(6) 0.29 0.10 0.18 0.11 0.15
—o— 2
K., 0.2156(13) 0.62 0.60 0.03 0.11 0.09
@
K*, 0.2174(8) 0.38 0.26 0.13 0.25 0.09
-—
K* . 0.2177(11) 0.51 0.40 0.13 0.25 0.15
o—U
f4(0)XV

0.215 0.2175 O
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Results for f,V, from KI3 decays

1. Agreement of f (0)V , for K* and K" is a brilliant success in calculating
Isospin-breaking and e.m. corrections @ few 10-3:
2.81(38)% found vs 2.9(4)% [Kastner-Neufeld 08] or 2.36(22)% [Cirigliano 07 xPt O(p?)]

2. For each K charge state of K,; decays, can test e / u universality:
\ 2
(R',u,.e)obs o F,uB IeB (1 + Oeg) - &

e = = . - = —
He (R-,u..e ) SM I'es I,u,.‘?) ( 1+ O,u...?») 95
Results satisty universality:

guz/ge2 = 1.0050(44)
Ctr. with test from T—/vv decays, sharing the same theoretical scenarios:
guz/ge2 =1.0005(41) [PDGO8]

Precision from K’s comparable to that from t’s
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V' Viafrom K, , decays

Can also get |V /V . from K,& — puv widths [Marciano PRL93 231803,2004]:

Theoretical inputs:

structure-dependent e.m. correction 1+o/m (Ci-C,) = 0.9930(35) [Marciano PRL93 (2004),
Cirigliano Rosell JHEP 0710 (2007)]

form factor ratio fi /f, = 1.189(7) [MILC-HPQCD collaboration, arXiv:0706.1726]
Experimental
, BR(KW “uz)’ Ty, very accurate: BR(K ;) = 0.6366(17) [KLOE PLB632, 2006]
Obtain: |V /V 4| = 0.2322(15)
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ViV, from K Vs Vo from KI3
Use £,(0) = 0.9644(49) [UKQCD-RBC
arXiv: hep-1at/0702026] and fit: 0.230} I-_I{:IyI_A
® ' Kaon WG
1) [Vy/Vya = 0.2323(15) from K ,,/m,, > |
2) |V, =0.2237(13) from K|,

3) |V 4 = 0.97424(22) from 0" — 0* nuclear
B decays [Towner & Hardy CIPANP 2009]

—V,, (0">0"

£+(0) = 0.9644(49)
fi/f = 1.189(7)

Obtain: 0.995
V.4 = 0.97425(23) & |V, | = 0.2254(9)
P(x2=0.6/1) = 44%

A=1-|V -V, [=(1x6)x10™

Fit with unitarity constraint:

V.. = 0.2254(7), P(=0.6/2) = 74% 0970 0975 Vo
Total accuracy of 0.3%

K physics in the LHC era —T. Spadaro — Wednesday seminar in Zeuthen, DESY, 27 January 2010 ¢



Weak coupling universality test

Agreement between weak couplings from K decays and from u lifetime:

G, =1.166371(6)x10"° GeV?2 <

F

G ion= 1.16620(40)x10° GeV? <

A~ W

Agreement at this level of accuracy implies observation of short
distance radiative corrections at ~40 o level [Marciano-Sirlin]:
2 oy log M,/M + ... ~2.5%

Might be able to extract from this: M, = (90 =+ 7) GeV!
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Weak coupling universality test: BSM

Agreement between weak couplings from K and from p constraints NP

In SO(10) Zx boson [Marciano]:

G, =Gyyy [ 1-0.007 x 8/3 x In(M,,./M,,)/(M,, 2/ M2 — 1) |

F

Z‘l’

Implies: M,. > 750 GeV @ 95% CL
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Weak coupling universality test: BSM

In non-universal gauge interaction model, a tree level contribution from a
7' boson breaking unitarity might be present [K. Y. Lee PRD 76, 117702 2007]

5000

Assume different couplings of

- 95%CL lower limit

4500

3 (g,) -
g, =e/sinf, coso
g, = e/sin0,, sin¢
g’ =e/cos0,,

3500 |-

>

Q

15t-21d Jepton generation (g) and (D
N

=

3000 |-

2500

0, is the weak mixing angle 1500 |
¢ is the mixing angle between o r |
SU(2), and SU(2), s Sinco

o Ll b boan b e Lo boaaa laaaa b
0 0.1 02 03 04 05 06 07 0x 09 1

This gauge structure might appear in extended technicolor models
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Weak coupling universality test: MSSM

Scanning over MSSM parameter space, unitarity is sensitive to the
squark-slepton mass difference [R. Barbieri 85, K. Hagiwara et al. 95, A Kurylov 00]

(1 - Vud2 B \/usz)l/2 x 10

1

M, (GeV)
2

0.5

3
s5,d

Present error 0.3%

o5 Need to improve
error by x2 to really
have an impact here

. .xcluded by LEP

100 200 - 300 400 500 600 700 800 900 1000

[Mescia and Paradisi 07] w (GGV)
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A model-independent analysis of K data

From the unitarity constraint A = (1+6) 10~ can constrain new physics:
naively, if Ayp = My2/Ayp?, then Ayp > O(TeV)

Model “independent” approach: effective lagrangian + symmetries
World @ O(100 GeV), Buchmuller-Wyler 86, Leung et al. 86
World @ O(1 GeV), Cirigliano et al. 09

Did we knew that from collider bounds? [Han, Skiba PRD 71:075009 05]
model-independent analysis of 237 measurements from HEP data
fit 21 NP parameters
obtain A, = (-4.7£2.9) 10~

Kaon data improves by a factor of 5 on HEP data

If new physics is flavor-blind or with minimal flavor violation, can state:
Anp > 11 TeV @ 90% CL
[Cirigliano, Gonzalez-Alonso, Jenkins arXiv:0908.1754, 2009]
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K ,again — Sensitivity to NP
In two Higgs doublet models (MSSM, too), exchange of H" provides an

additional scalar current, which might contribute sizeably wrt to SM:

(K —w) | ""n%ﬁ | tan? /3
Cone( g—0v) M é N ms ) 14 €gtan /3

"~y

[Hou PRD48 (1992) 2342,
Isidori-Paradisi]

NP effect is suppressed for &, wrt K,,, so NP might appear in K/2 / n/2,
predicted in the SM to be:
F(Kgig(,),ﬂ 2 famg (1 —m2/m3
F(ﬂ-ztz (7)) f2me \ 1 —m?/m2

NP test from comparing V_/V 4 from M—/lv with V (K;)/V 4(0*— 0*):

B miy., | tan? 3
M 12{ N ms ) 14 €ptan 3

Vs
Vu d

)2 X (1 + dem)

Vs (I$p2) 9 Vua(0T — 07T)
Vus ([(63) V'Yu.d (7‘_82)

?
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K ,—Sensitivity to NP

Vus (K€2) Vud(0+ - 0+)

Result is: X
Vus (K€3) Vud(WKQ)

= 1.004(7)

NP sensitivity from K— pv ~ as that
from BR(B — tv) = 1.73(35)x10™
For Belle and Babar updates and a combined fit

in 2-Higgs doublet models, see P. Del Amo
Sanchez, P1C2009

Error dominated by theoretical
uncertainties in form factors

Test competitive with expected
sensitivity from 10fb-! ATLAS data,
following gg/gb — t(b) H", H* — tv

,Qllill'g(,’(l, I.Iigg:s mass, (_G_C_V )

100 200 300 400 500
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Form factor evaluation: progress from lattice

Lattice produced solid results with recent improvements...

> R LR 1984 = MILC
__________________________________________________ —or%
K o ChPT+LR N e HPQCD
| - i f et
A ——o— ChPT-+disp. _ e BMW
o . ChPT+I/N_ a—>0 )
F—e— AUBIN et al.
N=0 i SPQCDR 2004 T
- f_-
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _——
a——(
P JLQCD 2005 A
— RBC 2006
=4 =7 - .
E N2 . QCDSF 2007 N ’ NPLQCD
R ETMC 2009 S . | RBC/UKQCD
a=0
f——e—— PACS—CS
N=2+1 —e—i RBC+UKQCD 2008
EEEEREEEEEEEEEEEEEE AR NN v b b b b
f,(0) £,

*Preliminary from MILCO09, cfr Heller @ CHIRALO09

...but other tools are available to validate these calculations
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Form factor evaluation: progress from lattice

Dispersive parametrization of f (t) from Kp3 + K scattering data
relate value in the Callan-Treiman point to fi/f_ [Stern et al., Pich et al.]
The correction needed, A = (-3.5+8) 10, is evaluated in p-QCD

1.25

1.2 — fo(t) fK/f,,+ ACT KLOE

1.15

UKQCD/RBC F Tavi A

nefKaon wG

——1—

ISTRA+ — e
I.1

s | .
. |
0.95 | / K A

Kn

() () 1 li i . I 1 i | L i A | I | I i i | . AE 1 1 1 1 1 1
: 0 2 4 6 8 10 12 0.9 0.95 1 1.05

t/m 2 f.(0) = (F/f,+ A_)/C
Perspectives: info from t decay + theory improvements possible
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New-physics potential of R, = I(K ,)/I(K )

SM prediction w 0.04% precision, benefits of cancellation of hadronic
uncertainties (no f, ): [Cirigliano Rosell arXiv:0707:4464]

Helicity suppression can boost NP [Masiero-Paradisi-Petronzio PRD74 (2006) 011701]

In R-parity MSSM, LFV can give 1% deviations from SM:
4 2
RLFV ~ RSM [1 n (mK> <m2> [A3L[2 tan /3]

M, Mz

NP dominated by contribution of ev_final state, with effective coupling

I
g2 I,  Ho
(H*v > Ai13 | froml !
dlih / \\

Present exp. accuracy on R, @ 6% ;@ . o\

1
i -~

; /

New measurement of R, can be very Cr ad v,

interesting, if error is pushed @ 1% or better
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Analysis of K, /K, @ KLOE - basic principles

KLOE integrated ~2.5 fb! of data & BR(Ke2)~10'5: expect < ~4x10* events
Perform direct search for K , and Kuz, no tag: gain x4 of statistics

Select 1-prong Kinks in DC, K track from IP & secondary P> 180 MeV

Exploit tracking of K and secondary: assuming m_=0 get leep
10°E

rf’#ff ~

MC K e o 11 T

10*E Rt Vallon gipS

10k H | my
3 ‘<;__ / . __;7’
/ Sizdl |-
il JT[f 7 A=y giEss
ﬂHH / I L % % [z @

-50004000300620001000 0 100020003006‘M21e (MeVZ)
*
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R, analysis @ KLOE, kinematic selection

Rule of the game: reject Ku2 by 104, with Ke2 efficiency of O(50%)...
Background composition: Ku2 events with bad Py, bad P, reconstruction
Apply quality cuts for K and exploit ® — KK two-body kinematics

- P consistent w

I ®— KK

Inconsistent

102:-

]0 :_ :: ‘-'n:

i)K-PK(MC) (MeV)
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R, analysis @ KLOE, quality criteria

M, > = (P, P, cos6) = a-priori error M, * is scaled by opening angle
Achieve cancellation in Ke2/Ku2 efficiencies, applying cos0 trailing cuts
1055 105§
: MCK , - #_...H"‘f - After quality cuts
10°E Bamt 10%E
T | -
10°% Before quality cuts 10°E MCK,

102§

K
—
e "FTMCK,
ISR N BN N
f . g §§§”E | if , ; :1F} éggﬂ 0

il
7
mnl il
Az R s RMNIN I N
-500040003:30002000-:1000 0 1000200030004000500' -50004000-30002000G-:1000 0 10002000300040005000
M?  (MeV?) M? (MeV?)
p €p

Total efficiency ~ 33% at this level: select ~60% of Ke2 decaying in FV
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Analysis of R, @ KLOE, electron identification

Apply quality cuts, enough to count Kuv not for K , (still Bkg ~ 10xSig)
Further rejection for K _,: extrapolate track to EmC, select closest cluster
PID exploits EmC granularity: energy deposits E _into 5 layers in depth

Combine cell-level information into a single NN variable

EmC, fiber direction view

10°E

- After uahty cuts
10°E

5 - o
103; ML K-M e

e an
nar

o
: e , “ C
i h]r /%} 1] _'f leep O Impact position

LI it i, 7L (MeV?) O Cluster energy centroid

CLl 1 pa !
-50004000:3000:2000-:1000 0 10002000300040005000
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R, analysis, fitting for Ke2 counting
Two-dimensional binned likelihood fit in the NN- leep plane

‘ ENTRIES 715860137 600

2 = 113/112 * Data

20000 0.86 <NN <102 — MCHit

400 5 —4—
1500 !

1000} ==
200 | +T$\\\ |
500/

- .

-10000 -5000 0 5000 -2000 2000 4000
M2, (MeV?) M2 (MeV?)

lep lep

Count in entire statistics: NKe2(e*) =7060(98), NKe2(e") = 6750(97)

|
o
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R, @ KLOE — Radiative corrections

To match theory, has to count IB only loe?Evts/O.S MeV
Expect DE ~ IB , but we poorly know 0%}
SDE/DE ~ 15% o
e Fit using IB+DE, count IB by o IB+DE

considering as “signal” events those N
with E° <10 MeV 10

e Correct for IB tail, ¢'® = 95.28(5) 10

» Repeat fit varying DE by its 15%
. Eaa s T
uncertainty, get 0.45% error... 0 25 50 75 100 125 150 175 200 225 250

...too bad. Perform a dedicated analysis to measure DE, 4% accuracy:
» Explicitly detect radiated photon
* Fair agreement of DE/IB with expectation from theory, yPt O(p*)
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RK in the NA48/2 experiment

NA48/2: unseparated, simultaneous K* highly collimated beams, designed
to precisely measure K* — w+0n~0* dalitz-plot density

* px ~ 60 GeV, 0, ~ 3 GeV (3.8% p-bite) Ypcui (cm)
o S T
* spot of ~5 mm width @ DCH1 entrance
TAX 17,18 . e £29E 2.5
Bt FDFD collimator DCHI 1 DCH £IEE
_ N e, N Prgntin o ('t 0
/ S ‘.":. | i s - collimator ! :
S\ u.""". “;.“ ; K I : ,_‘..LI\’A\]{ES 1 N Decay volume ! i -2.5

— 4
M I mmmmmmiaiaiiiyy

Sﬂk I z ! Z
erget \ 1 focused beams ! 3 i 5
N/ /KABES 2 N - _ " 2.5
K — 2 |
V] DFDF , 2nd ﬂ | 0
FRONT-END ACHROMAT (3,;24rin0le ACHROMAT Vacuum He tank + 10cm
1cmr Quadruplet s fank Spectrometer -2.5
0 50 100" 200 250 m 5
Track decay products with 4 DCH’s: 5 25 0 25 5
. X cm
« P, kick of 121 MeV after DCH2 pcr (€M)

* 0,/p ~ 1.02% @ 0.044% p [GeV]
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Analysis of Ke2/Ku2 at NAxx

Scintillator hodoscope:
« establish event time (0~150 ps), initiate trigger

LKTr calorimeter: efficient vetoing, e.m. energy resolution

* 0p/E = 3.2%/NVE[GeV] @ 9%/E[GeV] @ 0.42%

* Oy, = 4.2mm/VE[GeV] @ 0.6 mm, granularity of ~13,000 2x2 cm? cells
Hadron calorimeter, Muon veto system

Analysis starting samples:
K,, trigger: 1 track (hodoscope) & 1-track activity in DCH’s & E; .. > 10 GeV

K, trigger: 1 track (hodoscope), downscaled

First useful data in 2003-4 NA48/2 runs, two preliminary results for Ry ...
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Analysis of Ke2/Km2 at NA62 — 2007 data

...then design of NA62 run optimized for Ke2/Ku2; major parameters

tuned:
Py: ~60 GeV — ~75 GeV

g MM? resolution improved
Better separation for Ke2 and Ku2

Momentum bite: 3.8% — 2.5%
0.06 0.06

0.05 & 0.05 |
o4 Data |4

2003

~ 7 o
0 0011 ke2 1001 E ke2
v'o.oz ||)J||lll||||||||||-0. -l_||||||‘l|||[|||||
S 20 30 40 50 20 30 40 50
> p (Gev/c) p (Gev/c)

0.06
> o005 |

0.04 ; ‘ Ku2 NA62 2007 Data

003

| | | | | I Il | | | | Il |
20 30 40 50 P, (GeV)

0012 F g(MM?) (GeV?)

Contributions:
001 | -
| Data 2007: ® w0 Puo O
0008 b . ,
- Expected: 2003/4 par’s
0.006 — — 2007 par’s

0.004 ey R

I~ Se - -
~. I .
0.002 S ieezzTTTl -
~o - -
. Z - . == -
i T Pt anini
————m 2”7 ,—’

° ° M
K,, counting region
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Analysis of Ke2/KuZ2 at NA62: u background

Electron PID by LKr: 0.95 <E /P, < 1.10 guaranteeing rejection by ~109!
But: check probability for p’s to fake e’s [O(10-°)] by directly measuring it:
Subsample of data taken with Pb wall between HOD’s
Use HOD pulse heights to select u’s (pure @ <10-7) with MIP energy loss in Pb

Evaluate 6.28(17)% Ku2 bkg to Ke2, error dominated by sample statistics

Ke2y Direct-Emission background
suppressed by photon-veto w LKr

Total background to Ke2: 8.03(23)%

HOD(H)
HOD(V)
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Analysis of Ke2/Km2 at NA62

Data taking lasted 4 months: the world largest data set of Ke2, > 100 Kevts

Preliminary result presented in 2009 from 51089 candidates

E— ] | K, candidates | F——
6000/ —— Data LRUUI—— | | [~ Data
C (K opty 5 : ; ; 10 = | K pty :
- | K spty ('seh) ] E i E E K opty (n'—eh ]
5000 B K*—e*vy (SD") fof Lo - | K*—e*vy (SDY) |
| Il Beam halo } : E E ~ |l Beam halo ; ;
- LK =%ty 10 LK %ty
4000 | : : : : E B K a0 : r
B - K ety
3000~ 101
2000~ [
- : : : 1071 :
1L e A '
S Log scale
[ | ]
-8.04 -0.03 -0.02 -0.01 0 0.01 (2).02 0.03 9.204 .08 -0.06 -0.04 -0.02 0 0.02 12).04 0.06 9.208
<(e), (GeV/c?) M__.(e), (GeV/cT)
ISS miss
MM2(e) (GeV’} MM2(e) (GeV?)
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Presenting new results for R, (2009)

Experiment

KLOE

NA62

Ke2’s on tape

30 k

100 k

Kin.

10° @ € ~ 60%

10°—1, p,, in

Rejection 20—60 GeV
e/u rejection | 103 3—1.510% p,,,
in 20—60 GeV
Bkg to Ke2 16% 8%
Ke2g (SD) Include as bkg | Suppress in
Dedicated analysis
mmt.
Ke2 counts 14 k 50 k
Ry x 10° 2.493(25)(19) | 2.500(12)(11)
Total error 1.3% 0.64%

Status

Final result

Preliminary

PDG'08 *—— June'09 average
o Clark (1972)
~ Heard (1975)
o Heintze (1976)
KLOE (2009)
T final result
NA62 (2009)
Ml preliminary
SM
llIlllIIIIIIlIIIIIIlIIIlllIlllIllI
22 23 24 25 26 27 28 .
Rx10
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NP search from 2009 R results

New World Average:
R, =2.493(14) 103

tan(f)

Compare with SM:
R, =2.477(1) 107

Test NP from LFV transitior
in R-parity SUSY:

RLFV NRSM |:1_|_
2

(575 ) (52 ) 1t et

R, = (2.498 £ 0.014) 10”

200 400 600 800 1000
charged Higgs mass (GeV/cz)
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The present and future of K physics

Sensitivity to new physics from the TeV scale reduced by small mass

Approach for the present and future of K physics:

1. push at the limit accuracy of fundamental tests:
Violation of CPT symmetry [KLOE-2]
Test presence of QM decoherence in KK evolution [KLOE-2]
Measure T symmetry violation from p polarization in K — nmuv [TREK @ JPARC]

2. study processes suppressed in SM, detect NP in loop transitions:

Improve on Ry = Ke2/Ku2, in the near [KLOE-2|, mid-term [NA62] future
K* — mvv: from present evidence [E787/949] to O(10%) BR mmt [NA62]
K, — mvv: from present limits [KEK391a] to future mmt [E14 @ JPARC]

Old and new experiments to reach the sensitivity frontier
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The KLOE-2 project

Dafne upgrade in luminosity, with new crabbed waist scheme

goal is an increase by x 5 with relatively low cost and minor modifications

first test successful on Dafne

KLOE-2 project

Phase 0: resume data taking @ end 2009: minimal upgrade, get 5 fb-l, i.e., aim at
integrating x2 of present statistics

Phase 1: full KLOE upgrade, start after 2011 to integrate > 20 fb!

Physics goal Detector upgrade
Neutral K interferometry: CPTV, QM Insertion of an inner tracker
violations Tagging system for yy physics
LFV studies, rare KS decays Increase read out granularity of EmC
n,n’ physics, yy physics FEE maintenance and upgrade
o(ee — hadrons) at low > and p anomaly Computing and networking upgrades

K physics in the LHC era —T. Spadaro — Wednesday seminar in Zeuthen, DESY, 27 January 2010 60



Golden K modes

FCNC processes dominated by Z
penguin and box diagrams

Can give direct information on
CKM matrix elements:

No long distance contributions fron
processes with intermediate y’s

Hadronic matrix elements can be
obtained from BR’s of leading K
decays

K; — nt'vv is nearly pure CPV

T
EL|m
B B
r 1 a
~ ~ 8
< &
a
g mw -?%bp)
aa)
Y 3, B
BR(K, »utu~) ¥y
charm
I'yp /T Irreducible SM BR
theory err.
(amp)
K, -» a'vv >99% 1% 3 x 101
K+ - wtvy 88% 3% 8 x 101"
K, > nle*e~ 38% 15% 3.5 x 10"
K, = a%* u- 28% 30% 1.5 x 10-1
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SM prediction for K — mvv

wo d

Al |

14

2 2
BR(KT — 7ntwi) =k [(%X(zﬂ) + (Re A X(z) + Re P(.(X)> ] = 8.5(7) x10-11

- - A AP A
] 0 _ Im A . 2 . o A= Vs
BR»(I\L — T l/l/) = K[, \G X (J't) = 2.6(4))(10' , Where Tq = ma/mf‘- and \, = V.V,
R S Ao = VicVia

Loops favor top contribution

Hadronic matrix elements from BR(Ke3) via isospin rotation:
302 BR(Kt — 7lety)

\(‘5
- ¢ . /
272 sint Oy

hy =TK+

non-parametric error 7% for K* vs 3% for K,
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SM prediction for K — avv and NP

Deviations from SM by more than 10% quite possible in many NP models

B, 1.8x B, 3.0 B,
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SM prediction for K — avv and NP

Exciting possibilities from theory improvements for €’/¢

BR.x 10/ / h’Z | Sebastian Jiger Na62
5 E949 Physics workshop
~ ) il - CERN 2009
= :
— 20 =
< — [ = -4
£, ZN\ . ll-ac
$ | [Cnel = 1x10-#
=

g | _ 1bwd = 34107
a .
= | [ N (Onel = 1x10-9

[ [ [l&F | 20% erroron €/ €

0 ‘ k/' T+ / . AAAAAAAAAAAA J
0 5 10 15 20 25 30 BR(K+—>J'IZ+’V’V)X1011
e BR:x 10"
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SM prediction for K — avv and NP

Exciting possibilities from theory improvements for €’/¢

BRLx 10" .f"'{ 1 Sebastian Jiger Na62
E949 Physics workshop
~ * CERN 2009
=
Ao 20
x | :
> ——  [Cnel = 3x10-4
< 15 4———/’
S
y | [Cel = 1x10-4
—
g || itwl=%10°
g C 7/ i | oo
O(L; 5 10 15 \ é/ 20 25 30 BR(K+—>J'|;+'V'\/))(1011
BR+x 10!
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Experimental methods for K™ — mvv

K*—ntn0

Main backgrounds to K* — wttvv:
K* — pv with r ID for p

Kf—>mtntn

need excellent PID, especially u/m

arbitrary scale

K* — nn’(y) with y’s lost

need excellent y vetoes

for 2 b()dy"/' -0.15;' e T e 0 00

M, miss2 [GeVZ]
To reach 1012, PID & vetoes also reject unclosed bkg (K;, K4, ...)

1 | 1 L 1
0.1 0.15

Stopped K* Decay in flight
Kinematics K+ at rest Must track K+
Photon vetoes Low-energy photons High-energy photons

Range Advanced Cerenkov counters
PID :

m-u-e decay chain Muon detectors
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Fixed target approach: E949 (@ AGS

The entire AGS beam of 65 x 10'? (Tp/ spill) at a momentum of 21.5 GeV/c was
delivered to the E949 K* production target

Barrel
Veto-

Duty Factor: 2.2s/5.4s ~40%

BVL
Range

1 interaction length Pt target Stack

RSS l

Before separators: S00x: 500 p : 1 K coli?dcﬁ m %
After separators: Purity K:w ~3--4 : 1 eamc N, 860/ 8 \\\\_—,Target DPV

Incoming 710 MeV/c K* identified by C and slowed
down by BeO and Active Degrader

~27% K* stopped in the target (1.6 MHz)

Tracking in 1 T solenoid field

[ Delayed Coincidence

Range
n" identification: { Energy Barre
Momentum

| Detect entire > u*—>e* chain
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Final results from E787/E949 (2008)

Combined results, from E787 (1995-8 runs) & E949 (12-weeks run in 2001)
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Prob. all 7 obs. evts are bkg~10-3

Prospects for upgrade @ FNAL Pro;ect X
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The in-flight approach: NA62 (@ CERN
m A Wﬂﬁ?é RICH u/x ID

Large angle photon vetoes 1 atm Ne
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0
400 GeV SPS primary proton beam — unseparated 75 GeV K* beam
750 MHz beam — 50 MHz K+ — 6 MHz decay in 60-m fiducial volume
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NAG62 expected sensitivity

Decay Mode Events
Signal: K* — ww*vv [ flux = 4.8%x10"? decay/year]| 55 evt/year
K*—=mtnl [n,,=2x10% (3.5x10%) ] 4.3% (7.5%)
Kt — ptv 2.2%
K*— etntn™v <3%
Other 3 — track decays <1.5%
K* — mtnly ~2%
K* — vy ~0.7%
K*— e*(u*) nlv, others negligible
Expected background <13.5% (=17%)

year & running efficiency defined from NA48 story: ~100 days/year, 60% overall efficiency
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NAG6?2 timescale

2009 2010 2011 2012
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The hardest job: KV — 7’ vv

Search for “nt® + nothing”, pencil K; beam:

0.4 -

Run Il result 2-month run

vtx from vy directions + TOF BR <6.7 X 10-8 90% CL
E391a @ 12 GeV KEK PS |[Sce Hideki Morii PIC09] = 0.25
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The future for KV — a°vv, K’TO

E391a seen as a preparation for KOTO (E14 @ J-Parc) [see T. Masuda, PIC 2009]

Japan Proton Accelerator Research Complex

3 GeV Proton Synchrotron
(1MW, 25Hz}

Wrt E391a: x10 K; beam, x10 Schedule:

acceptance, x10 running time 2009, construction & survey of beamline

30 GeV primary beam 2010, construction of CsI calorimeter &

20-m K1.1 beamline engenireeing run
Core/halo, 10* — 10 2011, 1%t physics run: 3-7 SM evts/ 3 years
Neutron/K,, 40 — 7 Possible upgrades: 100 SM evts
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Conclusions — kaon physics alive and kicking

Kaons pushing fundamental principles at severe test:
 CPV, CPTYV, and QM decoherence at state-of-art

* Progress from lattice, expect results will constrain more severely CKM fits soon

Recent K decay mmts greatly improve knowledge of gauge coupling:
» Effective coupling measured @ 0.2% (!), thus constraining many NP scenarios
New and interesting tests of NP from two-body decay studies:

 Sensitivity to NP from Kuz/nuz: complementary wrt & competitive with B — tv
* Golden LFV observable, R : KLOE final @ 1.3%, NA62 prel. @ 0.6% error

The future: NP test from decays w clean theoretical signatures, K — nwvv
Sound theoretical basis, prediction @ % level
Sensitive to extremely high NP scales: 10% BR => NP sensitivity up to TeV
A new experimental challenge, to compete with/complement LHC data
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Additional information
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Overview of KLOE data

Data taking for KLOE experiment, years 2001-2005, now run completed

A
‘L 180 b L KLOE "logged"
. 160 H/pb/month 01-05
\ —
£ )
S 2001 320
E 100 F 172
~~
£
-

month since Jan '01

1 3 5 7 9 11 13 15 17 19 21 37 39 41 43 45 47 49 51 53 55 57 59

2001-5: ~2.5 fb! integrated @ Vs=M(¢), yielding ~2.5 x 10° K K, pairs

Maximum peak luminosity, 2.5 10°2 cm? 5!
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The TREK experiment (@ J-parc

Physics goal: measurement of transverse u polarization in K—muv decays
Gu : (1?[ "'X I)Ll )
In SM, P, = |‘(p ><p ‘) F 107: Py in 10-3—10- implies T-violating NP

Stopped K-beam, upgraded E246 detector

Muons polarization measured as forward-backward
asymmetry

Aim at improving E246 limit P, <5 103 by x50
Beam x30, detector acceptance x10, syst x10-!:

Improved p polarimeter: measure energy and
direction of emitted e, better alignment

Finer segmentation of active target
Better tracking, improve rejection of K_, bkg
New APD readout for Csl calorimeter

2009: R&D + ask for budget, 2012-13: start run
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