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Outline of the lecture

< Introduction: landmark results, physics
issues, present impact and context of Kaon
Physics

<> Same formalism and review of experiments
and measurements of simmetry violation
effects with Kaons

» Prospects in Kaon physics: quantitative test
of theoretical techniques and review of high
precision rare decays measurements and
experiments
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Kaon Physics: landmark results

< Concept of strangeness — quark model
— basis of QCD

< First hint of Parity Violation — chiral
nature of weak gauge forces

< Absence of FCNC — charm quark and
GIM structure of flavour dynamics

< Discovery of CP Violation — matter-
antimatter asymmetry — 3-generation
structure of nature and KM description
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Kaon Physics Issues

Motivations for Kaon
Experiments:

< Simmetry violation

*Qverconstrain —
flavour structure of
Standard Model

»Sharpen theoretical

tools

LNF Spring School 2003
Frascati 20-5-2003
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CP Violation: charge asimmetry, )
T violating observables

CPT test: tigher contraints from
Bell-Steinberger rule, Ks/K,
semileptonic decays

Rare decays suppressed (due to
2nd order weak interactions, GIM,
CP Violation) or not allowed by SM
— fundamental SM parameters
. sensitivity to new physics BSM

Low energy hadron dynamics: xPT
tests and parameter determination

— framework for interpretation
of more fundamental processes
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Some properties of Kaons

Kaons: pseudoscalar mesons

NEUTRAL KAON SYSTEM |
Production: S.I. - Decay: W.I.|

Strangeness eigenstates
K° 5d)  (5=+1)
K° (sd) (5=-1)

CP eigenstates

1 ‘;\-H r

— (w0 O —

A 12 0 +12 +1 K, =(K® +K°)/v2 (CP=+1)
— (w0 _yO —

7, =(5.17£0.04)x107"s KZ — (K -K )/\/E (CP — _1)

= (8.927£0.009)x10™"s -

e T Mass eigenstates

T, =Tg XS

m ., =497.67210.031 MeV KS DKI te KZ (CT =2.67 Cm)

Am=m, —mg =(5.304+0.014)x10’s™ |<L [ |<2 +tE Kl (CT =15.51 m)

T = (1.2385£0.0024)x10"s e~ 2.28 x 10-3

m , =493.677+£0.016 MeV Arg(g) ~ tan-1(2Am/Ar) ~ 43.5°
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The physics

context: CKM matrix

— . . (@) ((vavov, ) [d)
CKM: Unitarity matrix connecting | (© ud Yus Yub
weak with mass quark eigenstates | || 7| Vea Ve Voo | |S

sba \vtd vts vtbj \bl
Wolfznstein Parametrization: (1-22/2 \2 A N(p-in))
> expansion in power of A= |Vus | 22 1-22/2 AN
> 4 parameters: A\, A=V /A2, p, i :
¢ A N3(1-p- -A \? 1
arameters, 1 phase ~ A (1-p-in) A _/

> 3 real

Unitarity implies

VemVTeem=VTcemVexm=1
i.e. rows and columns verify:

TS V -

i=1,3 j=1,3
Z k1T_ZVV T_O
i=1,3 j=1,3

LNF Spring School 2003
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where A=sin(0c,,ippo) ~ 0.220 A~p ~n~1
and the imaginary part n violates CP

.| 6 triangles in the complex plane (p, n)
with same area A2\n, lenght of sides
obtained by measuring decay rates, angles
obtained by measuring CP asymmeftries.
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Unitarity Triangle

Vig Vi * Vg Ve + Vig V¥, = 0

»p and n precise measurements

D = p(1-)2/2) are very important to confirm
=1 (1-A2/2) the CMK formalism used to

A describe CP fenomena and

N A=(p.T) quark mixing
\‘"udV*ub a V‘rdV*’rb
p+in 1-p-iT
Y B
>
€=(0,0) V V. B=(10) p

LNF Spring School 2003
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Test CP structure of CKM matrix

K and B provide 4 super-clean mode measurements
to test CP violation and quark mixing formalism
with sufficient theoretical robustness

K" - 1TV [V¥4s Vil CKM (FNAL)
0] 0..— ~ KOPIO (BNL)
Kl - W Im (V745 Viq) Oh E391a/THF (KEK)
. BABAR, BELLE, CDF
sin 2 ' :
Bd - WK, P DO, LHCB, BTeV
Xs _ Bs —Bs / CDF, DO
. = |V'rs V’rdl
X4 Bd _ Bd LHCB, BTeV
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Constraints from K and B contributions

A AM ,/AM
O r] - d s
Ky - 1w S| OV VIV, O= +8%
on/n = * 10%
n rll(O-P_O E CDF/DO
I
< 1By - TM K*- 1w

o CKM

~ >
\\(1,0) 0
KL—HH- By -~ J/YKs
S dsin(2B3)=+0.06
Vib B-factories
vcb
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Simmeftry Violation Tests with Kaons

> Brief review of Re(¢'/c) measurement
results and experiments

> T violation in neutral Kaon Mixing
» CPV in K, —»1r'mme*e” (T-odd asymmetry)

> CPV in semileptonic K° decays CPV in
Kc—3m° (CPT test)

» CPV in charged kaon decays
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CP Violation in KO—T1rmr

naturally included in the SM due to an irriducible
complex phase in the quark mixing matrix with three families

Indirect CPV: ¢
KO-K° mixing
Box diagram AS=2

Direct CPV: ¢
Interference of I=0,2 amplitudes
Penguin diagram AS=1

d S

Ko uct uct Ko

S d

OA(K® - tm)0# DA(K° - mn)0

S W d
+
u TU
o u,c,t (
K 9.2y -
. _ugm
d d

A(KL - w )/ AKs - M) =n""=¢ + &
AKKL - ) / AKg - ') = ° = ¢ -2¢’

OO = (2.282 + 0.017 ) x 1073
(PD62002)

e =ie @) Tm(Az/Ao) /V2
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The Re(e'/e) measurement

Re(e7¢) is connected to the "Double Ratio” R of the
four observable decay rates K°—trm:
|r]00|2 r(KLﬂT[OT[O)Xr(KS—)T[*TF)

- [ O 1- 6 Re(s7€)
||"|+—|2 F(K5—>Tl0Tl0)x|_(K,_—>T[*Tr)

R =

The measurement of Double Ratio: count number of events

N(KL - 1% x N(Ks - 7°11)
R = [T I:>Simul1'aneously

If the 4 modes are taken:

00 + -
N(Ks—-1 1) x N(KL>717711) — In the same decay region

Theoretical predictions: Re(¢7¢) in the range 5-40 x 104
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Review of Re(g'/e) experiments

** Pioneer experiment: (1972, Y\@ regenerated K beam, fD

BNL)
Re(e'/€) = -0.008 £ 0.02

<+ First generation experiments:

4 11T modes collected in
different periods, decay ratios
corrected for beam fluxes:
/rIOO ‘ 2

= 1.05+ 0.14

CERN NA31 (1981) and FN
E731(1983)

<+ Last generation experiments:

-

h‘""*’% .

I

New precision experiment

CERN NA48, FNAL KTeV
KLOE at DASNE (LN

Error down to 10°%: Aigh intensity
simultaneous K. and Ks beams
and concurrent modes collection

LNF Spring School 2003 Patrizia

design, error down to 107:
intense beams, Double Ratio
technigue, systematics
reduced with simultaneous
mode collection (NA31) or
S/mu/ faﬂeous beams { E83] )

Cenci Experlmental Progress
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The ideal Re(e'/€) experiment

—

Simultaneous
K., Ks beams

( Identical detector
illumination

Identical K, Ks
energy spectra

Overlapping
decay volume

LNF Spring School 2003
Frascati 20-5-2003

D

E

-

E

C

\ Decay Volume ) T
\/ O

R

/Idem“ical trigger
and acquisition
biases and
detector efficienc
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..and the real case

7(

Different

Short term Non overlapping . e N
variation decay Volume ||lum|nGT|0n
K., Ks beams (lifetime) b
N E
K, ., Ks beams T
: E
. . C
Non identical K, Decay Volume T
K< energy spectra 0
. Trigger and acquisition R
Colllma‘ljor' Different biases (intensity,
scattering :
backgrounds accidentals), detector || P
inefficiencies
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Re(e'/g) in KTeV and NA48

» Last generation experiments for Re(£7&) measurement
» High intensity simultaneous K, and K. beams

> Precise magnetic spectrometer and EM calorimeter

— small backgrounds from other K decays and good
control of the decay volume

KTEV-FNAL NA48-CERN
Proton beam Tevatron (800 GeV) SPS (450 GeV)
Kg Production Regenerator 2 target
Kg Identification Center of Gravity of K Proton tagging
K, decay vertex dist. | MC (KL weighting as check) | K weighting
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Re(e'/e) measurement results

NA31: (23.0 + 6.5) x 10 |
. - Re(e/=)x10% -2
E731: (7.4 + 5.9) x 10-4 ae | )} 253
S E=2
30 | = 883
NA48: (14.7+2.2)x104| || _ % .y
PL B544 97 (2002) (final result) . E = {% ©
20
NA48 Total Event Statistics: 15 I 1
K.o->mn: 4.8x10° K, - 11°: 7.4 x106 NA48 T ‘H
K o T 1 21,6 X108 Ko - U : 31.8x10° | 10 | | _ = 8 o2
& S % SE
5 | S % 58
KTeV: (20.7+2.8)x104| | |. . o5
PRD 67 012005 (2003) ('96-'97 data) g S S S
In progress analysis of 1999 data am = =
Vac+uu_m beamO(I%L) Reg,+. ]:%eam ("g(%”) ’ New world aver‘age .
. nﬁ) (:17(;6) (:11(;6) (:11:)“’) G(Eflfg')‘f;m ’ 4
(x10 - -
96+97 11.2 34 194 5.6 1.5 Re (g/g) - (1 6 . 6 i 1 . 6) x 10
1999 14.9 3.7 25.8 6.1 1.4 _ o
96-99 26.1 7.1 45.2 11.7 1.0 )(Z/ndf = 6.3/3 (10% pmb')

LNF Spring School 2003
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Comparison of theoretical predictions

SM can strech to accomodate experimental value

6 Lo oo ool o e
A Dubna Beijing
= | Miinchen Roma Valencia T Tsukuba
w2
—
w I I Lund
L Il ______ Trieste: 1 |1 CP-PACS
- Dortmund
Hamburg = .
e
2001
Theoretical predictions: Re(g7¢) in the range 5-40 x 104
(but also recent negative values)

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Lessons from €'/¢

> Direct CPV clearly established in K°—1rm by
NA48 and KTeV: waiting for KLOE results

>Result consistent with SM predictions

> Alternative to CKM mechanism excluded
(superweak models and approximate-CP)

»Large hadronic uncertainties — no useful
CKM contraint

>»New physics may contribute significantly as
a correction to SM predictions

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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FNAL KTeV Experiment

¢ Parallel K beams: 2 high intensity
proton lines (~ 102 ppp), K5 from K,
on Regenerator (scintillator plates),
Ks identification via x-y position,
switches beam line once per cycle

¢ 11T Magnetic Spectrometer

¢ 1°r°: CsT calorimeter

¢ Photon veto and muon veto

CsI Calorimeter Resolution:
- o(E)/E 02.0%/JE O 0.45%
e (E in GeV) (0.7% for 15 GeV photons)

h Spectrometer: (p; kick ~ 400 MeV/c):
;chziat};f;m D :’fj;g | o(p)/p 00.17% O 0.007 p[GeV/c]%
on(Pr%) ~ gp(mrm) ~ 1.5 MeV
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KTeV Experimental Program

Two KTeV goal, different
experimental setup:

> E832: Re(e'/c) measurement
with K, and K, beams

» E799: no regenerator, higher
beam intensity, TRD for
particle identification to
investigate rare K decays

LNF Spring School 2003
Frascati 20-5-2003

Decay Mode

K, — nlyy
K_— nle*ey

K, — n'nle*e

K, — e*e e'e-

K, o efe pip

K, —ete 'y’
K, - n%u e

Patrizia Cenci
INFN Sezione di Perugia

Publ. # Events
Direct CP Violation

2 < 5.1 x101°

2 <3.8x101°
0 <59x107
Indirect CP Violation
8,669 (2.08 £ 0.03) x 102
x B(K,_ — n*m*)
1,558 (3.63 +0.11 +0.14) x 107
+4PT and VMD
884 (1.68 +0.07 + 0.08) x 106
48 (2.34+£0.35+0.13) x 108

1 <54x10°
Kyy* Vertex

9,327 (3.62 £ 0.04 +0.08) x 107
1,543 (5.84 +0.15 £ 0.32) x 107
4 (1.04:975  _ +0.07) x 108

Ky*y* Vertex
441 (3.72+0.18 £ 0.23) x 10-®

x97+99 132 (269+0.24 +0.12) x 10°

Lepton Flavor Violation
x 97+99 0 <412 x 10"
2 < 4.4 x 1010

Experimental Progress
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CERN NA48 Experiment

INA48 beam lines|

near target Muon weto sytam
Hadmon ¢a lorimetar
Liquid kry pton ealkrimeter

Hodoasope

Drift chamber 4
Anti counter T

Helium tank

Detfector

Orift ¢ ha mbar 3

collimator R

/
Bent crystal 5 >0 Maanet
£ © £5
EE §E 5 _
i @35 = Ornift eha mber 2
O o O o iz

Anticoumer &
~114m

Y]
o
3

LKr Calorimeter resolution:

o(E)/E [3.2%//E O 100MeV/E O 0.42%
(E in GeV) (< 1% for 25 GeV photons) NN -
Spectrometer (p; kick ~ 250 MeV/c): VNN

ao(P)/P 0 0.48% 0O 0.009 P[GeV/c]%
oM(TOT0) ~ oM(T+11-) ~ 2.5 MeV

Drift ehamber

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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NA48 Experimental Program

> Main physics program:
Re(c'/c) measurement

> In parallel with Re(g'/¢):
many rare K, Ks and neutral
hyperons decays studies

» Two addenda to NA48
proposal approved in 2000:

NA48/1: investigation of K
and Hyperon decays with a
high intensity K beam

NA48/2: precision
measurement of K*decay
parameters with
simultaneous K*/K- beams

LNF Spring School 2003
Frascati 20-5-2003

1997 1998 1999
g'/e g'/e g'/e
K.+Ks || KL+Ks || K +Ks

No spectrometer

Patrizia Cenci
INFN Sezione di Perugia

2001
g'/e
K +Ks

2003
NA48/2
K*+ K-
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NA48/1: Ks Program

A high sensitivity investigation of
Ks and neutral hyperon decays

Platinum
Converter

Sweeping
Magnet

NA48/1: Kq Physics

5 SWEEF MG RAACHET
T IBLA TOHL

Plug to reduce
background

Beam modifications: K- target

> No K, beam, high intensity |
modified K beam, improved
readout and daq capabilities

> Data records:

Phase I (2000): #1010 K,

Kq Decay Mode PDG 2002 Theory NA48/1 expected (stat err)
Measured

Constraint the Indirect CP-Violation in K, Rare decays e

[ BR(Ks>r® e* e)x10" <1400 NA48/1 test 1-100 ~4 (SES) ||
_B'RTKS?_TE“ TRV e LA 1-100 ~ 2 (oEa) L

CP Violation, Test of CPT
(ﬁmmmw 512 =0 T (T 2R
[ lm ax10° 24150 ~0 + 3 (Y2K)
. el Im o, o %103 2+9 ~0 t5

CPC Reix10%, Imax10® [28+9,-10+8 - td,+4

Ke3, BR xI0# 72 +14 - +0.1

Re & x104 ~3 0 -

mrete BRx10° asym.(%) | 4.5+ 0.8 NA48 ~0 +0.04, 0.2

Chiral Perturbation theory

BR(Ks=>7y)x108 2.5 + 0.4NA48/M test | 2.1 O(pd) | 2.78 £ 0.0V(Y2K)

BR(Kg>eeyx109 - 3.4 +0.2

BR{Ks>nlyy)x108 3.8 + 2 (Y2K)

BR{Kg=n nlyy)x10° 5.0 1(SES)

IPhase IT (2002): ~4.4x1010 K,
gifSES(F)% acceptance) # 4.5x10-10

LNF Spring School 2003
Frascati 20-5-2003

Patrizia Cenci

INFN Sezione di Perugia
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NA48/1: Main Physics Cases

NA48 ('99 data): BR(K, - mPe+e) <1.4 x 107 (90% CL)
K5 — TPe*e i NEW RESULT (all data): CERN Seminar in June

»bound BR,,..(K - TPe*e):

BRping(K\) = 16121 /15 BR(K) #~ 3x10-3 BR(K,)
> test chiral structure of K—y* vertex:
BR(Ks — TPe*e™) ~ 5.2x107 10| 2

(ag ~ O(1) according to XPT)

»Expected #~ 7 events with SES &~ 6 x10-10 BR o & 2.1x10°6
»Main background: Kg — ™10, < 0.3 ev. (MC) with 10% error

°rrP: CPV decay, parametrized with ngg! || Kg— 1@yy:

> Re(nge) = Re(ge) =, indirect CPV measurement collected 114 events,
» Im(ny,) sensitive to direct CPV BRpr # 3.8x1078
» Aim: ~ 1% error on Re(Ngy) and Im(nyg) (m,,>220MeV/c?)
(Ks-K, interference near production target)

> Precision of B.S. sum rule to ~ 2x10-2 (CPT test)

LNF Spring School 2003 Pafrizia Cenci Experimental Progress
Frascati 20-5-2003 INFN Sezione di Perugia in Kaon Physics/25

Sizeable samples of
radiative K decays
of interest for xPT
phenomenology:
Ks-vyv

co_IIectéd 0O(10%) events




NA48/2: K= Program

» Main goal: K* — T
Dalitz Plot slope asymmetry:

direct CPV measurement
Present experimental limit:

A,=(-7+5)x1073 (1970)
» HyperCP ~3.9/1.6x108 K*/K-
A,=(2.2¢1.5,,,+3.7, ,)x103

stat=
» KLOE ~ 6x105 K* tag/pb-!

» SM predictions ~10¢ to 104
» Data taking in 2003

> Also: asymmetry in =mom® and
oy and K* rare decays

TAX 18 FDFD

Defining Protecting
collimators collimator

k- 1 KABES1

DFDF
Quadrupole 2nd

FRONT-END ACHROMAT Quadruplet ACHROMAT

‘M(u,v)‘2D1+gu +hu’ + kv’ +

u

3m?

LNF Spring School 2003
Frascati 20-5-2003

_2M (M -3E}) 4, =55

NA48 aims at ~107% 8A,
& 7.3/4.4x10°% K*/K™ decays/year
+0A;~0.7x104(stat)
¢ Simultaneous K* beams + B field
reversal to symmetrize efficiencies

+0 Ay~ 0.5x107%(sys)

rizia Cenci
INFN Sezione di Perugia
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The KLOE Experiment at Da®ne

Frascafli ("flf—'l;éctbr}I comPIe?c S Umma I'y 0 f DA(I)NE Op el' atIOIl S

L.Passalacqua LaThuile2003

! Ik ph! I 350 March 1% 1998:
N1 | 300 2002, First collisions

13wl ssomev es 150
L0 | Hl 800 MeV e-

200 1999 run: 2.5 pb!
150 detector calibration
100
50 2000 run: 25 pb-!
0 . 7
0 50 100 150 200 250 7 Sx10 ¢
day of rumming first published results
»-:fi____m_cfrjjlrgﬂrgruk Design 2002 2001 run: ;S;O plbﬂls
. JX
+Max number of bunches 120 51 . ¢
analysis in progress
« Lifetime (min) 120 40
+ Bunch current (mA) 40 20 2002 run: 300 pb!
« Single Bunch lum. (103¥cm2s1) 44 1.5 9.0 x 108 ¢
« Peak Luminosity (10% cm2s™) 5.3 0.75 analysis in progress
+ & per year (107) 15 0.9

next run (2003): 1 fb-!

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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The KLOE Physics Program

& Factory: tagged K | KLOE physics program
decays from 2—KK: Scuitots oyttt (CPT
— pure K beams Eiislntcrltmnmlr} \

» complimentary Re(e'/¢) X, form factor,rac K, decays, 1
measurement £ Sk i .

> clean investigation of R
rare K decays and
precision measurement

¢ Decays Available data set:
KK~ 49.1% % 500 pb-! ..
K,Kg 34.3% Including efficiencies htst'tesult
pTT 15.4% . . published
ny 1.3% this correspons to:
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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The KLOE detector

Drift Chamber (DC)

As =0.6cm

Electromagnetic Calorimeter (EMC)

= Cylindrical structure, (4 m @x3.3 m) 2 =340cm = Lead/Seintillating - Fiber calorimeter
[ =
= 12582/52140 sense/total wires _ = 24 Barrel Modules
A, =95¢m
= All stereo geometry - = 64 End-Cap Modules
= Helium (90 %) + Isobutan (10 %) N B m w—— = 4880 channels
Serwd ENC l e [
:-.,_,.':: 2 ':-:L-\-_-. E x.-
ad " vl &
finik S | B e N o =
".t-h| éi. |- o P =
] / ‘ i1 e ; : B %
i 7y c,, =150m ‘ a ) i 3
L] E . P . i : fTE/E = 5.?[1*’15/1}E{(}EV)
o, =3mm Chvere ==l | o, =54ps/JE(GeV) @ S0ps
) ]I -: l = EE'-—. T
ﬁp/;} =0.4% - - o = lem

LNF Spring School 2003

Patrizia Cenci

Experimental Progress
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KLOE: prospects for Re(¢'/¢)

. _BR(K, >mm)/BRIK,—>mm)_, e
doubfe}?mm_BR(KL—>7Iﬂ7zﬂ)/BR(K5,—>7r”7r”)_1+6XR =

E

X ]
Statistical error: = 1%

Contributions to the systematic error :

Presently at about 2% level, improving
bv work on:

~ Residual effects in tracking
(gravitational sags)

~Separation of overlapping clusters

~ Regeneration

Need at least x10 data to reach
the 10 régime

X

Statistical error : already negligible

Contributions to the systematic error

Q . |
Source Error, % Ao/
. BAR
Tagging 0.55 !$0xﬂ
y-counting 0.20
trigger and t, 0.23
tracking (.26

Total error 0.68 %

Should scale down to 0.1% on
full data set

LNF Spring School 2003

Patrizia Cenci
Frascati 20-5-2003 INFN Sezione di Perugia
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Motivations: first part of double ratio in Re(c'/c) measurement
extractions of Isospin amplitudes A,, A, and phases 3, and &,

£
.75 L ' o . Everhart 76 WIRE
Cowell 74 OSPK
L Hill 73 DBC
d Alitti 72 HBC
0.5+ . ., Morse 72 DBC
. ' o . MNagy 72 HLEC
“ ! Baltay 71 HEC
e Moffett TO OSPE
0.25F mﬁﬁﬂ . Morfin 69 HLBC
r“'tﬂﬁ _* ' - KLOE 2000
*
| | | : | : *I #ﬁ+ﬁ+‘+ ++ PDG 2001 World Averge
0020 40 60 80 100 120 140 i60 9 j’ ‘2‘1‘ zﬂhvijl ;}i 2526 l2?
l. “ & = e P s s s
BR(Ky —>m7r) Ey (MeV) by 00
BR(K —mm) IK-r )T (K-
KLOE 2000 data  2.239 + 0.003(ta) + 0.015y9 + Measurement done on Y2K 17 b
PDG 2002 2.197 £ 0.026 N KsTo T ) —1.098%1 06
. Phys. Lett. B 538 (2002), 21 N( Ks—7n? ) = 0.788 x10°
L.Passalacqua LaThuile2003
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KLOE: Isospin Analysis

Neg[ect[ng Al=5/2
EM contributions:

BRIK —mr) _ |my=4m,
2

= 2+6\F 2cos(S -8
BRK —rm'w) \\m —4m’, CDS[ ”]

A

4 ;’Az]zzgrs 1 ~1=(22.240.07f
47 BR(K' —>m 1)

Using PDG values for the KO- g +m—/7%70 BRs:
0y—0,=(56.7£3.8)

This value is in disagreement with:
s the prediction from O(p?) ypT [Gasser et al. ‘91 6“—(52
» the value from ot scattering [Gasser et al. 01] (5{} O

m II?
—_

N

'Lh

I\J

|+

")

_I.

4.5
Sy,
L.Passalacqua

While with the KLOE measurement LaThaile2003

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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CPV in Ks= 1m0

PHYSICS INTEREST

|Ks > Ky > +eg|Ko >
CP(IKy >) =+1 CP(|K:>)=-1 CPx"z"7") = -1 |[lf CPT conserved:
- - (K g — 707070 NRenoon - CP violation in mixing
= parametrized by 1o = (R =r7ro0) Jmnooo - Sensitive to direct CP violation

MEASUREMENT IN NA48

Time evolution of /| s — 37

K| decay  Kgdecay
N e—
[370(t) oc e Tt + |pggol? et

A

+2 D(p) (Re(nogo) cos Amt — Im(ngao) sin Am t) e 3(Ps+TL)!t

W

K| -Kg interference

N(K") — N(K)
N(K") + N(K")

Dilution D(p) = ~ (1.35 momentum dependent.

» NA48 Sensitivity to Ny
from Ks-K, interference
superimposed on a huge

flat K - mmOm°
component

> Aim: O(1%) error on
Re(Nngo) and Im(nggo)

» Method: measure K<-K_
intferference near the
production target

Patrizia Cenci

LNF Spring School 2003
INFN Sezione di Perugia

Frascati 20-5-2003
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NA48: Search for K- 11010

METHOD and DATA SAMPLE

Method:
B Use 37" events from
near-target run for 7.

M Normalize to | — 37" from
far-target run.

B Use Monte Carlo to correct
for residual acceptance

difference and Dalitz decays.

Data samples:

< s0000F
ﬁ 40000
30000
won
-I— [Py {near target)
o000 — K" 22" {far target, scaled norm.)

[ b 10
Lifetime /1 (Kg)
R. Wanke Moriond2003

Near-target run: Events
3r" data: 6.5 x 10°
K, — 37" MC: GG % 10°

Far-target run:

K| — 37" data: 154.7 x 10
K| — 37" MC: 66 % 10

Fit Method: Fit double ratio

37" (Data, K¢ run) F\':.

37" (MC, Kg run)

K —37" (Data, E\Lrum Wy,

-39 (MC, K run)

Simultaneous fit in energy bins

Free parameters:
I-{('[.J'flﬁltltl:]: llIl[J’ﬁtltuﬁ::‘,
normalizations

LNF Spring School 2003
Frascati 20-5-2003

Patrizia Cenci
INFN Sezione di Perugia

3In’ events /K — I Intevents (K — 30

3n’ events /K — 30

-
=

08

14

08

14

1.08

08

Collimatar

position T5<E, <80 GeV

1.08

#r

-Lll‘l' M SNE 1 +—I—|—4—.+‘|'

0.05

i

_l_ “——  Fitregion —=

1
1 2 3 4 5 [ 7 8

MO<E <15GeV

1.05

e H _L.J-I-|-+++II+‘|'
=T T

0.85

+F+ o+ L
e oo e S SRS o

il

1 I 1 I I I I
1 2 3 4 5 [ 7 ]

145 <Ey < 150 GeV

0.08

i H...uﬂﬁr Jrllj( il #1
Nl

—_—
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NA48: nggg Mmeasurement

PRELIMINARY NA48 RESULTS

Preliminary NA48 result:

] ] :%m _ Re 1,4, <26+ 10, +05 Lo
I{(‘[. Hooo | — —HU_){;-:{]'{}li}stat:“““'lsyq Ch Im I:..... (-3.4 4 |-”;.l-.| t ||_,|I Ki
oz [ 27/ ndf=415405
Im(no000) = —0.034£0.010g5;=0.01 1y E _
(CPLEAR: Re(rj000) = 0.18 = 0.14 = 0.06 b &
Im(nooo) = 0.15 &= 0.20 % 0.03) WE_ R4
If Re(no00) = Re(e) (CPT): =l
008 et Fih‘.ing._lRe Moo = Re &
[n(1000) = —0.012+0.0075a£0.01 15y p "l 01250 a® bl 107
-0 -0oe -00s 004 002 o 0.0z D'EEE. nl.’:l]i:’:‘
Branching fraction: (preliminary)
Br(Kg — 37") < 1.4 x 107° 90% CL
With Re(nopn) = Re(n.) (CPT):
Br(Ks — 37") < 3.0x 1077 90% CL
. o —. 30 —5
R. Wanke Moriond2003 Lok BI’(:PLS 3 ) < 1.4>10 )
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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NA48: CPT test from K - 11010

CPT TEST RESULTS

W Bell-Steinberger relation:

Connects CPT violating phase 4 with ;; parameters via unitarity:

(I + i tan -’f'.-a."i'i':'“-“}lf‘[- €) — fllll[f‘ﬂ: — E oy g (dsw = arctan —=IL )

I'rp,—I'g
final -
. . states 1
M Largest contributions:

cx f 103 x Re(ar) 103 x Im(oeg)
o =ny_ Br(Kg — wtw ) 1.139 += 0.017 1.O7Ts =0.017
apn = noo Br(Kg — 0w 0) 0.520 £ 0.010 0485 £0.010
ay_~ = N4~ Br(K — wta—) 0.004 + 0.000 0.004 £+ 0.000
03 0.004 + 0.000) 0.003 £+ 0.005
g = :—f % _o Br(K| — wtwm—x9) 0.000 + 0.002 0.000 + 0.002
oo = ;f NG BriKL — 37Y) 0.029 £ 0.040 —0.026 £ 0.058

W NA48: oo = ((— 0.009 = 0.004 ) + i (0.012 £ 0.005 ) x 10—

— Im(d) =(—1.2 = 3.0) x 10°° (was (2.4 + 5.0) x 10—5)
— o —mgm = (—1.7 £ 4.2) x 1071 GeV
R. Wanke Moriond2003
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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T Violation Measurement

Kabir Test: A.Ceccucci WINO2
first direct 0 A 0 7 N

K -K)-T(K—K) P Tk K’

of time reversal T el {) (] el |

non-invariance r(K - K )+ r(K - K) f) Ko-K° \g‘-Tag with K* charge

F aod F
00 1 Ap=(6.6£1.3,,,21.0, X103
0.03 E *
002 L
o0t E g o ViLgl L g
={3.01 :
l-:'.':lf:' I..I_I 1 | .!.|.I.I..I..|.!.!..!.!_!..! .I_|..!..! .!..I..!.!.!.. .- |'
3 § B 10 12 1 168 18 20

Neutral—kaon decay ime [,

CERN-CPLEAR: tagged strangeness at t=0 N fﬁ}?"
T

Assuming CPT conservation in semi-leptonic decays:

_T(Ky = 77e ) -T(K 2 77eT,)
MK, »rev )+TK' = rle_)

x!r(r)

s 2lmx, sin{Amr)
::Dsh(%ﬂsl"r) —cos(Amr)

Imx, =T -violation AS #AQ

4Ree=6.2414,£1.0,,%107

sa —

R -3
Imx, =1.2£1.9, £0.9, X10

| cfr. review of T and CPT tests with semileptonic K decays in CPLEAR in Eur. Phys. J. €22 (2001)

LNF Spring School 2003

Frascati 20-5-2003

Patrizia Cenci
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T Violationin K, —1r*mme*e

-

— T r-e’e” proces

: matrix elements from Heiliger, Sehgal (1993)

Inner Bremsstrahlung
CP Violating (g;,)

El Direct Photon Emission
CP Violating (g;)
(both direct and indirect CPV:
indirect contribution dominant)

\

B

Iy %\

dommanf confr'lbuhons

M1 Direct Photon Emission
CP Conserving (gy,)

. ﬂl"az
P9 M TME, }
* ‘\\ K° charge radius

CP Conserving (9.)

v The interference between IB
and M1 DE leads to an observable
CP-violating polarization of y*

=

dI'/d@=T",cos?@+I,sin’g+ ", sinpcoso

CP-violation asymmetry:

A — Nsinq:msq::vﬂ N Nsirrq:cnsqm'ﬂ
’ Nsihq:msq::vﬂ a Nsihq}r_:ngq.:ﬂ

T-odd observable:
function of the angle

Expected: | A(p )| #14%

¢ between m*1T- and

LNF Spring School 2003
Frascati 20-5-2003

e*e- planes in K, C.M.

P+t P -
|E5x++ Ei,[-|

- T M AW A
S11 osHh = 1Iin Xxn =Zin *n
dcosh = (i xn )y 2 -h )
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K, —T1*1re*e” experimental results

Measurements in KTeV Couplmgs measuremen‘r (NA48) g
(Phys.Rev.Lett 84, 408 (2000), 1st evidence) ————— - T

v Couplmgs are exTracTed by max -~

and NA438 likelihood fitting of datato MC | 5~
K, —mmete in NA48: —— I
= . o/a--0815%,.:0.02, eV
Data sample: 1998-99 data LI A
Signature: 4 tracks 9,-0.9907..:0.07,, V'l morree »
K. events: 1162 i

9.-0.19:0.04,,:0.02,,, ik = e

Background: (3.2 + 0.5)% IR
Normalized to K, —r+mm0, .., |/ Inagreement with KTeV results | .. "

-
0 0.02 0.04 0.06 0.08 0.1

C. Cheskov Moriond2003 M(e'e™) (Gev/c?)

N r'anchmg Ratio measurement Tov
BR=(3.08:0. 0951@0 15 +0.10,,,)x107 | | BR=(3.63 +0.11,,, 0.14, . }x10-7
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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K, —T1*1re*e” -experimental results - I

—Tr*me*e” analysis results: Asymmetry measurement

8 9F
Ly C - - o
N 4F K —on'me'e =
- 4 q)
= F —
— L
- 3 . Acceptance corrected c_.m_.
E =
2 A(h =(14.2 + 3.0“&“)% =
C —_
1F =
C —_
0 " 1 ] L L ] L L L ] L 1 L | L L L Z
=0.5 =03 =0.1 0.1 0.3 0.5

-0.5 04 -03 -02 -0 0 o1 02 03 04 05

P=singcosy

Experimental data in agreement with theory predictions:
clear signature of indirect CPV effects, T-odd effect
due entirely to mixing, no evidence of direct CPV

TR R R e

pring
Frascati 20-5-2003 INFN Sezione di Perugia in Kaon Physics/40



CP Violation in'semileptonic K decays

Motivations: check semileptonic K Asymmetries in Standard Model

<e+ﬂ—v H e K0> —a+ b T Ima=Imb=Imc=Imd=10

(e v | Hyy | K% =a™— b |cp Ima=Reb=1Imc=Red=10

(e=*V | Hyy | K =c+d | |01 |P7d70

(eta—v | Hyp | KY=c"—d | [ASAQ|c=ad=0

T+y, — T, | Ag=2R(e )+ 2RO ) +2R(b/a) —2R(d*/a)

Ase T+, + T, | A, =2%R(e) — 2RO ) + 2R (b/a)+2R(d*/a )
er cPT CPT AS=AQ
A.\. — A!,_il[} implies erT in mixing | in decay  and CPT
T, sem = I +4R(x ) =1+4N(c /a)
L.Passalacqua LaThuile2003
A : recent measurements (K.3): NA48 (new
Present situation: result) and KTeV
Ag: never measured before (now— KLOE)
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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CP Violationin K°,; decays

» Charge asymmetry in K°; decays
due to K°-K° mixing (CPV)
> If CPT conserved and AS=AQ:

Measurement Results

5 - (K, menmv)-T(K, memV)
TR, senv)+ (K, s e )

=2Ree

NA48: (new result, preliminary)
(3.319 + 0.070,,,, + 0.068_)x10-3

> Results in NA48 and KTeV

> K.s;_analysis in NA48:

Data sample: 2001 data

Selection: E(LKr)/p to distinguish
N(w+e-) from N(n-e+)

K.; sample: 2.1x108 (~108 per mode)

Statistical error: 7x10-5

Systematics: asymmetry of particle
interactions (correction for trigger

KTeV: (Phys. Rev. Lett 88, 181601 (2002))
(3.322 + 0.058,,, + 0.047_ )x10-3

S (o) N(m—e™) — N(mwTe™)
(] e = — T
_ N(m—em™) - N(m7e™)
8, - 107° ' . ' :
4
3.?5E l'
35
3.25 | | + +
; T
275
2.5
2.25
2 ] ]
T ® T ¥ T &
= -—
§ § § § g 32
= [ 'E o E =
= =
L =1

inefficiency and w identification)

World average:

5, =(3.323 £ 0.055)x10-3

LNF Spring School 2003
Frascati 20-5-2003
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KLOE: Semileptonic K decays

KLOE: first results on
Semileptonic K, decays

K = mre v/ met vy

KLOE PRELIMINARY

Event Identification:

'_o. et B -.-.-n.
+ g e MCrc'y .
L .
20000 i X2 ='] _5
- 1500 [
i N.mmer =3865+88 N.mer =3854+92 '
1000 - .
ta - I .
L > .... '-'
. w i 4 -
f Lol e as ﬂ. L < L ity ‘——H L u 1
=i} 50 -4 ] A =14k L] 10 20 El] 04}0 =0 T 230 0 10 0 0 20 30
miss cpmjss (MeV) Emiss - CPmis " (MeV)

L.Passalacqua LaThuile2003

Semileptonic K, decays data samples

Patrizia Cenci
INFN Sezione di Perugia

LNF Spring School 2003
Frascati 20-5-2003

*Events tagged by a ‘K, cluster

cras
2 tracks and 1 vertex close to the [P
*Reject events with invariant mass M__
close to the KY mass

*Use time information from calorimeter
clusters to perform PID for charged tracks

Experimental Progress
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KLOE: Semileptonic Ks decays - IT

K. BRANCHING RATIO
PRELTMINARY RESULTS
BR(7-e'v) = (344 = 0.09 ,£006 ) 10~
BR(7-e'v) = (331 £0.08,+005 ) 10~ | "™ '
BR(zte'v)= (676 £0.12 , =010 ) 10 |
ﬁ KLOE PRELIMINARY -h
PD62002: BR(mev)=(7.2+1.4)x104 (CMD-2@VEPP-2M, 1999)  vxoi | oa

ASYMMETRIES PRELIMINARY RESULTS N B R R R
and comparisons BR(K; > mev) x 10"

L.Passalacqua LaThuile2003

KLOE PRELIMINARY

MM“" 10 ¢ 8| CPLEAR R(x,)=(—1.8%+4.1+4.5)10-3

KLOE A(K)=(19+1.7+0.6)10 [ KLOE  9i(x)=(+22+53%3.5)10"

FIRST EVER DONE MEASUREMENT

F pring School 2003 Patrizia Cenci Experimental Progress
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KLOE: Prospects in Charged Kaons

Tagging via K*—mm? and K*—ptv ID in DCH (BR~85%): 6x10° tag/pb-!

(data reprocessing under way
to improve reconstruction)

Vs measurement expectations: >

Porticles present

Foal MoVl & <10 W <30 & <40 <60 & <80 = <100 = €120

B {0 m <160 m <939

LNF Spring School 2003
Frascati 20-5-2003

Patrizia Cenci

INFN Sezione di Perugia

1
180

1 1
229 240

1 L -
180 200

250

Momentum in K* frame

280 o0
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AV, ~ 0.8 ABRy +AT +005M++A‘f;(0) BRs essentially
V. BR, 7 A, ‘]‘;(O) from|Chiang et al., ‘72].,
J____ S—p—
K* 0.59% 0.22% 0.86%
KLOE A
: 3 S ey
Kes samples - s
P& 15.31
(N 400 pb-l) P7 LETET
Tk, 2.8 x 106"
Kts:19x106
K118 x 108
K112 x 106 |-




Prospects in Kaon physics

»Quantitative tests of CKM mechanism
are possible with rare Kaon decay
mesurements

»High level of precision is attainable

>Constraints to CKM variables and

further test of CPV from FCNC
processes:

> K - tPe*e”decays
» K - mvvdecays

LNF Spring School 2003 Patrizia Cenci Experimental Progress
Frascati 20-5-2003 INFN Sezione di Perugia in Kaon Physics/46




K, - 7il decays

K, - ml

>

> access to quark level physics with small theoretical uncertanties:
< dominant short distance contributions
+ long distance only for charged lepton modes
+ matrix elements of quark operators related to K,; decays
+ CPV K_ decays

> charged leptons final states easier to measure but high levels of
radiative background W

S %t S

L
-

> Best change: K - 1w decays: S A e
no long distance contributions ’

clean theoretical predictions . W B
no radiative background # A <
K, decay dominated by direct CPV d *

D)

L X4

D)

L X4

*,

A X4

>

*,

%

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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K, — Tee'e” decays

KI: - TPete- | K> = | Koop™ t € | Keven®

¢ SM prediction: BR = 3-10 x 1012

2 f|‘K;.

¢ 3 components contribute to the BiK, »1'c'e =g mm{xﬁ. Sr'ee]
decay:
o Large direct CPV component
. oy
through electroweak penguins and oz mete
W boxes with top quark 0 W W
¢ Indirect CPV component, due to Ky > o |K'> - |
the decay of K; component in the MN— . —M
K, : study of K —>mPete T
¢ 2y CP conserving long range VigVis = ViV
contribution proceedings through o §(VigVis) o A%SN

TO y*y* states: study of K - 1 vyy

& Prohibitive physical background from
yyete  (“Greenlee”, BR = 6x10-7)

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KTeV: search for K —1’e*e

KTeV: measurement of M, vs M, ...
upper limit _in BR BV
> Published result: 1997 data
»New measurement: 1999 data
> K, - yye*e” (main) background
reduction s Tt

+ F
. 0
Tev+nl.

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

» Other background: 0100, WELSIEL

> Normalization to K —T0TCy i, LN TR

> Signal and control regions in A S
M5 M I T

X
LNF Spring School 2003 Patrizia Cenci xperimental Progress
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KTeV: K, —ml%e*e" experimental results

» 1997 data: 2 events observed, with
background = 1.06+0.41 : (90% CL)

BR(K, -~ Pete)<5.1x10-10

1999 data sample
M, vs M

o=

»>New result (preliminary) from

1999 data: 1 event observed, with
background= 0.99 + 0.35 : (90% CL)

BR(K, - TPe*e")<3.5x1010

» Combined result from whole
data sample (preliminary):

BR(K, - mPete)<2.8x1010

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Prospects for K, — me*e"

> Huge Greenlee background
> Difficult to disentangle contributions:
¢ CPV components contribution (interference):

* * 2
BR(K! = ie'e’),,, = 10‘12[15.3a§ ~6.84, %n.g(—m(fgfd)j ]z 7x1072 +22

oK. mdete : needed better BR measurement
(if ag = 0.5 then indirect/direct 1)

B.R.(Kg = ﬂDe+e_)

¢ CP conserving
<~ NA48 K - mPyydata gives BRp- < 10712

2 -9 NA48 limit: (90% CL
=5.2a: %10 mit: G0% L)

CPV BR(K - mPete”) <1.4 x 107

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Prospects for K = mete” - IT

K, — tPe*e™: direct vs indirect CPV contributions

Measured BR (10-12)

Direct CPV BR (10-12)

Littenberg hep-ex/0212005

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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CPC contribution to K, — mPe*e-

» The CP Conserving contribution to K, - mPete~ proceed
through K, - 1 y*y* infermediate states and can be
derived from the measurement of K —» 1y ydecay rate
and m,, distribution

> important to know BR(K, - 1y y) and the angular momentum
state J of the 2 photons

> predictions from xPT (effective theory of SM at low energy in
the hadronic sector) can be parametrized as:

2 —_—
Dzz‘A+B‘2 +(y2 _J/iax)zB COHZz[n/lyy] = ‘pK(kylz kﬂx
m, m,

d’r
dydz
where amplitudes A and B refers, r'espgc‘riveln\ to the photon

angular states J=0 J=2, and B is sensitive to The low mass m,
region and to the CPC component of K - mete-

> J=0 gives no contributions to mPe*e” (helicity conservation)

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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K, - 1y v experimental results

»NA48 find small B (J=2) contribution
to CPC in K - TPe*e-

»KTEV data in disagreement with NA48:

predict bigger contributions to CPC in

K - mPete"

» The contribution to me*e depends
on fit function to m,, distribution

NA48 | Fit m, distribution :-VMD | 047" " x 1012
Gabbiani- | Fit distribution and rate: +0.09 12
Valencia | VMD 138 0 ¥ 10
.. | Fit distribution and 022
(\jalobla‘m rate:3 parameters a la 0.46 J_r 0'17>< 10-12
alencia O(Pé) XPT :

LNF Spring School 2003
Frascati 20-5-2003

Patrizia Cenci

INFN Sezione di Perugia

KL_’ 1% y*y* - Tlete"

=

NA48: m distribution

+DATA
| [ Bockground +
— Expectation

X n.d.f = 311,30

N.ofevent

300

200

Lo

0, 1k, 20k, 300, 40,
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K - mvvdecays

K - TIve:

» FCNC processes sensitive to physics at
the scale of my,, m; and m+

>

> unique “theoretical cleanliness”
+no long range contribution

«<matrix elements of quark operators
related to K5 decays

+K, decay dominated by direct CP
> direct sensitivity to V., and BSM physics
» K, decay: direct CPV, negligible hadronic
uncertainties (fop quark dominant)

» K* decay: CP conserved, hadronic
contributions from top and charm quarks

1 BOX

a
-
....
.

Oz Ly W i

t g

K ; —
. Qs | e
U_

T — b 7

LNF Spring School 2003 Patrizia Cenci
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K - mtvvin the SM

CKM structure of K - 1vV processes

K, : direct CPV

Bk~ #w)=kBK* — rPe'v) 1

Small additional

- 5 Hz e Known to ~ 2% precision

uncertainty from m,

K*: CP conserving

2
B(K+ . lfVD):kB(K" . 770e+|/]VC*VCdA n, D[(1.4—,0‘)<I72]=8X10_“

Theoretically clean extraction of A= V¥ V4 Constraints on n, p

¢ Huge experimental challenge
% BR ~ 10719- 1011, kinematics underconstrained (v)
+ background from channels with much larger decay rates

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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The K*—T1r'v experimental program

»BNL E787 completed, analyzed 5.9x10!2 stopped K*:
2 candidates, measured background 0.15+0.05 events

» BR=(1.57*175,,)%10-1°

»BNL E949 running (upgrade of E787):

> expected 40 x 10!? stopped K* corresponding to
5-10 SM events

»Fermilab CKM (Charged Kaons at the Main injector)
approved in 2001:

> decay in-flight technique

»100 SM events over 10 background
>will match expected theory uncertainty
»results before 2010

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Progress in Kt - 11"V

( courtesy of L.Littenberg)

LNF Spring School 2003
Frascati 20-5-2003

el "L R . 4+ + - —~ . . )
E787 2002: | Two K~ — a vv Candidates
— . - _ hep-ex/0111091
b 6 T ¥ T T T LI R
S0 & E| — -
= t® Klems : 7 ] ek Range vs. Energy
T [ mCable 1 - W) : Lul
1) L 1 e o | "‘\,_4- mqg L
210—? 3 3 F s = e Ty
2 | i WG4 nf
L r il LR Pt Y
| | L0 - I | 1 1y
Q0 _ i \"——.. a
L5t L m E787 1988 4 bl o -
= E 1 EFY o L
e r m E787 1989 1808 Evont ab & i
o | o unF
10 ¢ E787 89-91 = 4 SRRV [ E [V I ' F IV
E787 1995 | LR T A N
E 89-91 bek level * 4_____—5—-—"“—_——-—— “'i“xi? = (Hev]
| 0.98 x 1010 95—7 1 &
0 10 ; i r Fvent P R E &N
_E Standard Model | o E787 Final § - [t ER] femij I ]
'''' . 5| . 1565 2182 EEE) 1175 5
I . 1 1508 iz |3 17.1 16
16" L 0.56 x 1010 £949 |
T k| r = g R . _7
: i Ng =59x 1012 Efficiency €= 2 x 10
167 L CKM o Estimated Background: 0.1510.05 events
Ee oo o0y AU IO SN AU SR N SR AU S S |
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

B(K* = z'vw) =1.57+7

Branching Ratio

.75

Y ]_()—IO

SM: BR = (0.7220.21)x10-10

Patrizia Cenci
INFN Sezione di Perugia

Experimental Progress
in Kaon Physics/58




Status of K*—11*VvVv

Experimental features:
> 3 body decay (BR~10-1°) with 2 missing particles — weakly contrained kinematics

» Huge amount of background: signal at the 10-1° |evel — need background
measurement at 10-1! level

» Tool for background reduction: kinematic suppression, y-veto and particle ID

Signal and background kinematics: above 205 MeV/c
no m* from other significant decay mode than mvv

Background reduction tools

get
® momentum
5 e direction 1
L e particle ID (BR = 1x10™9
U & 3-body decay

1

w . -
+ ™y
Background sources |i § é
= - J'\\ + # ® particle ID
decay BR = \ K — e 2-body decay  0,350,000,000
mode [“] _,; § ‘% b (BR =0.635)
Kt — gtg0 0.21 - % g
+ oyt < _ T
1}| e e \ \\\ S e deray 2,120,000,000
Kt — putus 5-10— \ ) < y o 2-body decay s BR,_O,212
Nt — 7%t 0.032 § v-‘é T ¥ LS,
h‘vl —r Tu( l‘U 0‘048 =) [ T | E\t\\'\.\tl I T 5 TE+
k7 +minn7 | 0.056 0 50 100 150 200 250 300 K o
: & charged veto .
Momentum (MeV/c) ® }x * low material
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BNL E787 Experiment

Key features:

> stopped K* in active degrader and
target — access to K* center of
mass, help vetoing

» hermetic veto coverage

» redundant kinematic information
on 1 : comparison of momentum,
energy and range to identify low _ .
energy particles; 1 identification T
through m—p—e decay chain '

> misidentification m/y rate O(10-8)

> look for 1 above end point for
K- p,, > 205 MeV/c

Arbitrary Unit

0 50 100 150 200 250 00

Momemtum (MeVic)
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BNL E787 Experiment Results

To establish a signal at the 10-10
level, measure background at 10-11

> A priori identification of
background sources, directly
from data, independent cuts
for each source

> Correlations accounted after
studies with looser cuts

» Acceptance measurement
based mainly on data

> Blind analysis, likelihood
method for assessing
candidate events

> 5.9x1012 K* with £=2 x 103

E 46 [ w+ Range vs Energy
@ 44 |- Signal: 2 events
42 |- Background: 0.15+0.5

Branching Ratio
B(K" > x'vv)=1.57+ x

Consistent with SM: (0).7220.2D)x 1(r10
Estimated probability of being due to background only - 0.02%

Limits on A =V_V,
A <1.2 x 107 (68% C.L.)
—0.88 x 107 < Re(,)<1.2 x 107 (68% C.L.)

Im(4, )<1.1x 107 (90% C.L.)

(Independent of B system, £,.£")

29 x10% <

LNF Spring School 2003
Frascati 20-5-2003
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BNL E949 Experiment

E 949: upgrade of E787 experiment

» Run with RHIC, get entire AGS
proton production

> improve sensitivity ( x 14)

> extend kinematical region in
140 < p_,< 190 MeV/c (s/b ~ 1)

» data for 2 additional years

> expect sensitivity ~10-11/evt by
2004 ( 7 events for SM BR
prediction)

Detector improvements:

> veto coverage

> beam instrumentation

> higher DAQ capability

> more efficient trigger counters
» upgraded chamber electronics

LNF Spring School 2003
Frascati 20-5-2003

Patrizia Cenci
INFN Sezione di Perugia

Uperade of BNL AGS 787

Sensitivity improvement with respoct to ETST (100G):
e Increased spill length (=< 1.56G)

e Lower momentum [ 1.35)

¢ Increased efficiency (trigmer, DAQ), analysis) (<3.2)
e Aoc, below K2 + higher rate analvels reopt. (=2)
e Total gain - =14 per hour of data taking

Expoct t0 reach ~ 1071 fevt by 2004

Experimental Progress
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The CKM Experiment

> First attempt of in-flight CKM experiment at
measurement of K*— 1w Fermilab Main Injector
» Superconducting RF separated
. o o 8 (j
beClm- hadr‘on purlTy >7O /o g CKM Apparatus t @KM‘
33MHz 22GeV/c K o a s b
» redundant determination of K* ' F I
and 1T momenta: magnetic o B
spectrometer + RICH T
“F R gl T
-
i |
» expects 100 signal with ~10 i _.|_ ‘ B
background events (BR ~10-10) R it B
> 5°/° STGTI’STI.CGI preCI.Sion On | | | | | | | | | | | | | | | | | | 1| | | | | |
|V.qy| determination e e e e e
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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CKM Experiment Requirements

Searching for K™ >m'v

Signal
T[+
K’ -—/
x:_-_-:::__“v
_ "y
BR~ 107"

Requirements for 100 K~ —mvv and 10 bkg

Background

* A clean, debunched, 33 Mhz, 22 GeV K beam

»0(10°) kinematic rejection of the 2-body
background

* Robust / redundant particle ID

* Veto systen to achieve O(10')

rejection of the multi—particle background
ICHCBH 2002 H.Nguyen

Number of Kaons Needed

BR(K  =1'wy) = 107"

~—/ H Acceptance =2.86 ¢ 10”

3.63x 10" K needed for 100 events

Assuming;

n * 2 year run
._/ , * 39 weeks/year, 120 hr/week, 3600 s/hr
“1<. y * | second long spill every 3 seconds

We will have 1.12 x 10" seconds of beam
= 32,5 MHz K" beam needed
[mplications:

X - Unbunched and enriched K beam

0(10") Background Rejection
Needed

K ~—/ :

BR~ 635V

BR~ 212

Kinematic Rejection: O(10’)

Veto Rejection: O(10')

LNF Spring School 2003
Frascati 20-5-2003
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CKM Experiment Technique

Kinematic Rejection of Background

The dominant K —r'n’ and
K" — p'v backgrounds have
well defined missing mass T
M ) Y

niss

M, =M (1=p Ip J+M (1-p Ip )-p p, ¥’

K'+—> H*v | K' i’
(U" assigned T mass) K" =ty
signal region
—‘li'l.l —'2?.:(?& —'IP.II(?f‘.' —'IP.I'(H —(P.IH;E (|J. j(:.-i:lf (HI;H (PJ:CP'.‘: | (?.‘ICF&
M’  (GeV?)

miss

Patrizia Cenci
INFN Sezione di Perugia
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background after 2 years running

CKM experiment sensitivity and

CkM Exparmant Sangitivity ond Baekgrounde

105
K —»mtm® 158K events

10t
13
'|D2 - K+ﬁ'ﬁ+y;

F 95 events

in signal region

D
1 —

L1
-0.005 [ 3,305 0.01 0015 0.02 0,005 0.03

M’ e [GEV]
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Lessons from Kr—1rtvv

» BR(K*— 1mWV) consistent with SM expectations:

SM: BR=(0.72+0.21)x10-0 |

> It provides a model-independent upper bound on
K, —10vv decay

BR( K, - mw)<1.7 x10 ;

> A more precise measurement would be extremely
interesting both as a CKM constraint and as a probe
of new physics

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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The K, - mPvu experimental program

»KTEV: 5.9x107 (90%CL)

»KEK-E391a: pilot experiment, exploits full hermetic veto
coverage. Accurate design of "pencil” beam. After detailed
studies of physics limitations to detection of y, e and 1t expect
sensitivity ~10710 (x30 above SM level). Proposed continuation
(JPARC) > 2008

»KOPIO at BNL: new technique to measure K momentum and y
direction. Expected sensitivity of ~ 40 Standard Model events
(~ 20 background events)

» Veto power complemented by kinematic rejection of
dominating background

» K% momentum by TOF using beam microbunching

> full measurement of 10, including y direction by tracking
preradiator

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Prospectsiin K, - 1°vv

BR(K, = 77 vv)

LNF Spring School 2003

Frascati 20-5-2003

.7 el - Current Exp. Limit

N) ELimit from K* = n*vv (PRL 84, 3768 (2000))
£391a 'i New Physics (?)
5. M. Prediction

IIIII[I]—FI'ITITI] T

a3 JHE KOPIO(BNL)

hep-
ph/9908399

hep-

ph/9804412
hep-
ph/9808487

Patrizia Cenci
INFN Sezione di Perugia

Experimental Progress
in Kaon Physics/68



K, - °vwu Upper Limits in KTeV

A ALAVI-HARATI et al

FIG. 3. Final p, distribution. The dots represent data, and open
histogram is for MC expectation. Two main background contribu-
tions are overlaid. Also shown is the signal distribution predicted
from the MC simulation whose normalization is arbitrary.

PHYSICAL REVIEW D 61 072006

TABLE 1. Summary of expected background contribution in the
final signal region.

Decay mode Expected number of events

K;—mev+y 0.02x0.02
K;—a*a <0.01
A—ny, <0.04

+0.006

0.01 ~o0us
=+ 0

0.01Z4004

E' AN —payad

B AN —ua")nd

E' AN —nad)a® 0.01+0.01
K;—aaal 0.03+0.03
K;— a5 <0.01
n+X—a'x’ 0.042051
Total 0.12180

==004

B.R. <5.9x10-7 (95% CL)

» Flux of 0.33x10!2K decays analyzed, required 1 - ye* e
» Constraints on T mass ( vertex unknown in 1°)
> Better pr measurement resolution (no pencil beam)
> Disadvantage: BR(® - ye*e )=1.2%

LNF Spring School 2003
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KEK E391a Experiment

> <p>02 GeV/c

> pencil beam

» compact detector

» apparatus in vacuum

» CsI photon calorimeter

> Very high performance
veto

> First dedicated experiment for K - v v
> Approved in december 1997. Addressing relevant experimental
ISsues in a systematic way:
» Detector inefficiency and physics limits measurements
» Beam survey ( Dec. 2000 )

» Data taking in 2004, aiming at SES ~ 3x10-10
> Test bed for experiment at JHF aiming at sensitivity ~3x10-14

iINI oPl'll‘y QCIVVI VYV 9 FUull iaiu voriol l..l\')Cvl LLANLI AR RS LI A | Uyl I3
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>New proton accelerator in Japan
>final parameters : E=50 GeV i=15uA
»phase 1: E 30 0 40 GeV

»experimental hall with 2 beam lines | vl
in addition to Kamioka neutrino beam £ Y B st

._JPrjmar-y' Beam Expgriment
CE HRL-

»>one beam line instrumented in phase 1. &~ _ ==
»>start in 2008 e
K-hall

> Many letters of intent for K physics:
>K -1 vv (E391a upgrade)
»K*-1m vV (stopped K* ala BNL E787)
» T violating P+ in K* - pmdv at 104 level
»K* - e for V  measurement

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KOPIO: a proposal for K, —m°wv

Lessons from BNL E787 experiment

o Measure as much as possible:
Energy, position and ANGLE of each photon.

o Work in the C.M. system :
Use TOF to get the K7 momentum.

e Search for K} — 7

o, | KOPTIO program

100 150

o Photon Veto limited by photonuclear interactions at - o
low energies. Measure BR to 20% — dn/n ~ 10%
100 ! ' ' 1.0
[ Az | 1 % <
-I-—-ll T %% -og 0.6,
r‘( L ocfEeemeitesin ::f g polt :;
e 3 e
Signal,/ Background
Expected ~ 40 SM events, S/B ~ 2
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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K, - v theoretical predictions

K, - m™vv in Standard Model K. - v beyond SM

1

w e What
Si—— Yyt S 0 e vt I Fuchala Standard Mocl CKM fit ZE=+1.1
Ly £ ol 2 Plhsscrymahl Schune  Comservative SM fit l—5
Qa/3 el W = 3 DBums of ot Giepegie SUSY w/min, part. combent 0 — 410
g 7l d Cay3 T 1 Dums eof al MESM w/o new flavor or COF 80l (0,41 — 1.03)x SM
W v ’ 5 Dbk & ol all CPodioll dwe to SUSY ra 155
[ LTI T3]~ T » Himes % G
T Hattorh of @l Tth generation L5 — G0
W . :
] P % ng 10 Grossma N Fordra  “necbor-lil | qua ks 1.7 — 330
A 11 Ko, o o soemny LIl mmosded! [1—-12]x M
j '--"‘--.,_ T poedices spectruamn vl be alipenad
d T
10—' ] L 1 : 1 : 1 : 1 : 1 -
07 -
:510"“— L
N | | [
e -1
E_'.'IF‘ID —_ _—
10—12_ |
o . . I . : .
Q 2 4 & ] il 12
Theary
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K, - VU experimental issues

\ el . J
-
el
- -
- -
-
=

v

: l_:/v
All neutral initial & final state, 4’s make 70

Only 2 photons seen, a priori unknown
decay vertex and K energy

Background from K decays:

Expected branching ratio 3 < 10~
- need high flux of K,

Largest background K; — 799, BR ~ 103
- need excellent vetoing, other handles if possible

Backeround from neutron-produced s, 178
- TequirTes vacuum of 10~7
- need to make sure decay vertex was in beam

Potential backgrounds from hyperon decay 7 s
- cotld use a clever way of getting rid of them

LNF Spring School 2003
Frascati 20-5-2003

el
Process Modes Main source | Events

K} = nvi 41
K} decays () 71on0, 207072, m0yy 070 12.8
K —rtr 0.6
K} -y 0.02
K] decays (charge) ety utyatr T ety 0.02
K} decays (3, charge) = Fuy, o Fund oty ety | 44
Other particle decays | A — 7', K- = 7 2% Xt = | A1 | 0.0
Interactions n, Kj,v n—n" | 02
Accidentals n, K7, n K,y | 08

Total Background

189

Patrizia Cenci
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K, - ™ 1@ background

Reduction of K - 1 background:

> require 4 recostructed photons
> require kinematics: in K center of mass the two m© have E* = m,/2
»Combine photon energies: photons in m = m. 4 could come from:
» same 1O (EVEN pair) E*,, = m/2
> different m° (ODD pair) bigger E*

Kinematics ..with instrumental effects
E" (vi*v2) vs E" (Vi-Y2) || = Pl SRR
Method of T kinematic Zmo , T
. . .L-f‘zno — 'L-Tzou
reconstruction in K c.m.: |1 *
found region with negligible |, | s
K, — 1 1 background el N\ N e
2 25 oo sz;(c;:‘.li{( 1;)5 i 225 25 il ?:bs1({éi1.li,;5€'d;%5 200 225
signal K> background
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KOPIO experiment concept

Barrel Veto
o~200psec
40nsec |
u ,

K 2 ..-""ILF'. .E,, _E

L o
[T eV K, 3l @
4 ~ el =
£ “"-._".. E 8
T T o E

TOF technique for K. momentum reconstructed T from K, - 1OV

=<
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KOPIO Detector

PRERADIATOR-CONVERTED
PHOTON DIRECTION & ENERGY

PHOTON CALORIMETER

| HIGH RESOLUTION "SHASHLYK"

HIGH EFFICIENCY

EXITING
NEUTRAL BEAM FROFILE

IN-BEAM AEROGEL
CERENKOV GAMMA VETO

L
™

DOWNSTREAM VETO
IN VACUUM TANK

) w— & BARREL PHOTON
MICROBUNCHED K, BEAM \ VETO
(WITH NEUTRONS) \ THIN WALLED

\ HIGH VACUUM VESSEL
\ IN DECAY REGION
CHARGED PARTICLE VETO
IN VAGUUM
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KOPIO detector requirements

I Obtained with prototype test —
Parameter Minimal Expected ‘
Requirement | Performance

@) E., resolutio S5%VE | 2T%/VE

OR | 6, resolution (250MeV) | (25— 30)mr | 23 mr

PR+CAL| &, resolution 100ps/VE | 50ps/VE
PR | 24,0 resolution(250MeV) | 10mm < 1mm
AGS | jrbunch width 300ps 200ps
+-veto inefficiency Epmsr 0.3E s
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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KOPIO: existence proofs

» Many critical parameters established by test
measurements
» Beam bunching: 280 ps achieved with 33MHz, 30 kV cavity

» final scheme with 25MHz, 150kV + additional harmonic cavity
at 100MHz

» Preradiator angle resolution 25-30 mr for 250 MeV yy
> Energy resolution in Shashlik 6.7% for 250MeV y
» In combination with preradiator Monte-Carlo indicates

v D”%E(Ger/)

> Veto efficiencies from E787 measurements, only slightly
upgraded for better sampling ( low E ) and larger number of

radiation lengths ( high E )

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Possible KOPIO outcomes

KOPIO Window of Opportunity

\ KTaV upper limit

Gros

2 bosed on EF87 K

srman—MNir  lirig

e ey ey e e e e emn e _eem e e e e e e en en g g e e e

L L e )

P KEKAZ 10 s.a.5.

e e g e e e v -

result

g g g

o e e g

o N, 8

Lo e L

— e s 2

1 3
The
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Sensitivity frontier

Branching fractions 1R Tschirhart |

s BNL E787 W e

103 K ,—1*m 1964: discovery of CP violation pr = w\\ L

105 |- K —e'ey .: i 'L f F‘“rir}_%_ IL.;__L _1___‘- Th |

106 | 1980: Dalitz Decays L Q. g 4 / EM

107 — KL_’U+|-|-V i -""E:J—

i il 'Tun;l{ns;u

108 — K —p'u- 1973: GIM suppression Br(K*—m w) = (1.57+175  g5) x 1010

109 -

0w K—mw 1997: birth of quantitative CKM tests

10— K.—e'e~ 1998: rarest decay ever seen 2, BNL E871: Br = (8.7*57_,,) x 10-12

10-12 -

10-13 |— The frontier: K —p'e < 4.7 x 1012 (90% CL) (2002)

104 | ,BNL E871: corresponds to LFV X-boson my > 170 TeV
LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Conclusions

> K and B respect so far the CMK CKM mechanism: fit with standard
formalism, even if more CPV than contraints (sin(2B) non included)
expected is heeded (baryogenesis — ._ —
dilemma)

» CKM mechanism is very likely the
dominant source of CPV at EW
scale, however:

»consistency could be accidental

— needed many new CP Violation
measurements and SM test by direct
mesurements of U.T. parameters
with rare K decays, B decays and .
study of CPV in leptonic sector 1

> still room for new physics
— corrections to CKM (rather than .
GH-er'nGTives TO CKM) ) A. Hoecker FPCP 2002

1k
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Spare slides
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FCNC decays: K, —u -

o K - u*r
;Experimental effort concluded with 2.4% precision:
BR=(7.18+0.17)x10° E871 (BNL AGS) (~6000 events)
oShort range contribution reliably calculated in SM but
comparison with measurement limited by interpretation:
«<+Dominating absorptive contribution from intermediate yy:
BR,,. = (7.07+0.18)x107

«Better experimental information on K, - ppy,eey,eeee,eeyu
needed to constrain long range dispersive contributions:
additional effort required both experimental and theoretical

M
v B(K +yy)=5.92 x 107" Them ae recent wsults on:
Ky gives Kp —+ eey KTeV, NA4S
-5 K — pp KTV
B(K ~ =707 x 10 Lt
¥ (Kisets e K, — ecce KTeV, NA4S
K, — eepp KTeV, NA4S
7
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The Unitarity Triangles

5 VoV (A
V-ldvh;(}-\-:'} — Ll (TES E". :} ds
Vg Ve (1)
. s ViV o (1)
vubv ch l:::"- J A uc
Umv-‘;dtlj I
"
) 4 VoW (e
ViV el ) sb Re
VsV (4 )
- 1h"II-I_-i‘h"III-v;:.:il::ﬂ"-_:}
VgV eal® )\ = ct
1""'-L1:|"'hlf ch [:"- :"
. 3
. 3 WL
VgV g ) ut

. .3 VL.JV.L}:-':"." ) —
VgV bl ) db Beauty UT
VoV ()
v'l.lli v'l.lﬂ 1||"'I.u'l:w
vﬁd vl:ﬂ Ui:—h
vtcl vts Vip
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CKM Matrix Elements measurement

Vid Vs Vi
Vexkm = | Ve Ve Vo
Vie Vis Vi

Element Value Error Method
1 | V9| 0.97354+0.0008 0.08% nuclear 3-decay

neutron F-decay
2 |Viis | 0.21964+0.0023 1.1% K3 decays
hyperon F-decays
3 |Vos| 0.0402+0.0019 4.7% B — DIy,
mclusive B decays

4 | Ve | 0.22440.016 T7.1% ¥ charm production

5 | Ves | 1.04+0.16 15% Dy decays
charm-tagged W decays
6 |ViVie| 0.0083+0.0016 19% AMpg,

7 |Vis/Va| 0.0904£0.025 28% b — wl*e

LNF Spring School 2003 Patrizia Cenci Experimental Progress
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Comparison of K'and B contributions

Buras 1999 comparison:
a(| V., [)=+0.002(0.001)

K — vy B-Factory Era| LHCB/BTEV
a(|V, ) +10%(9%) |15.5%(3.5%) | £5%(2.5%)
o(p) +0.16(0.12) +0.03 +0.01
a(n) £0.04(0.03) +0.04 £0.01

o(sin2/f5) +0.05 +0.06 +0.02
o(Im4,) +5% +14%(11%) | +£10%(6%)
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NA48 experimental technique

> Ko-K, identification: proton tagger to gl N\
identify K¢ (T.O.F. technique) | :

» m+1- identification: magnetic spectrometer N
a(p)/p = 0.5% 0O 0.009 p[GeV/c]%

» 1’0 identification: LKr calorimeter \
o(E)/E O 3.2%/VEI90MeV/E0.42%

(E in GeV) (< 1% for 25 GeV photons)

Mistagped K,

€ 4 2 0 2 4 53 a 1o
Kaon time - nearest proton time (ns)

L Ll L Ll Ll
> Lifetime weighting to equalize_acceptanc -
=
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g ] i
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NA48 experimental technique
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> Background to ' (K., K 5):
> Background to O (K, ):
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K—n'n (vertex selected)

Mistagged K,

-6 4 2 4 B a8 1o

Kaon time - nearest proton time (ns)

Ks{nom. to KIj + Ku3 + Ke3 + collimators

s Ks{nom. to KI)
K3 background

4 Ke3d background
collimators scattering

NA48: 0.2%
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KTeV experimental technique

Black = Data \

\
y

KL + p KS "_ﬁm T
g %10 5 ;::B.:S:;: of backgrounds
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0 107 \
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I'NA48: the Detectors

LKr Calorimeter:
o(E)/E 0 3.2%/JE O 100MeV/E O 0.42%
Spectrometer (p; kick ~250 MeV/c):
a(P)/P 0O 0. 48% 0O 0.009 P[GeV/c]%
on(mr) ~ oy () ~ 2.5 MeV
Convergent Beams: K from protons on
target, K ID via pr'o1'on tagging

m
'Hadron calorimeter

- Liquid krypton calorimeter

Hodoscope

Drift chamber 4
// Anti counter 7

Helium tank

Magnet
Drift chamber 2

Cs1l Calorimeter:
o(E)/E 0 2.0%/JE O 0.45%
Spectrometer (p; kick ~400 MeV/c):
o(P)/P 0O 0. 17% EI 0.007 P[GeV/c]%
on(TP1O) ~ oy(T'T) ~ 1.5 MeV
Parallel Beams: K from K, on
regenerator, K; ID via x-y position

pring Schoo Patrizia Cenci Experimental Progress
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KTeV & NA48: the Art of CalommeTr

[=1 3100 CsT crystals
=1 0,5 m depth (~27 X,)

(=1 0.7% resolution for 19 GeV Yy

KTeV

jg._"."':-"_- ‘:__—.-. -

[=1 10 m3 of LKr (13212 cells)
(=7 1.25 m depth (~27 X,)

[=7 1% resolution for 25 GeV Yy
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KLOE vs NA48 and KTeV

KLOE vs NA48 and KTeV
6
Y KLOE, scaled from NA48

< 4l ORele=0.51/VN(K,»n'n")
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X 3 4

‘:‘ (2[].?t 2.8)x10

~ 2 KTeV (19981997 data)
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= [H’%il)}xl '
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CKM Experiment Veto

Beam Interaction
Veto: rejects

C
PR ‘

CKM Apparatus :

) . B 1.8 r d s b
inelastics in the oo S S
=5 Entranca Wato Walo
KRICH gas and 1 F I
5 Fion RICH
windows i ! e Forward y
ne -
. e veto to reject
i R . "0
" r ':'I”' forward m
I traam
Mol
K& . Muon Veto
-18 L Magnelic .
| Spasiremstar to reject K" —= u'v
- =2 : _
| | | | | | (redundant with &
=20 a ao 40 =14] 80 100 RIL H)
Vacuum Photon Veto
* Handles most of the n°rejection
® 25 tons of plastic scintillator
* Must not spoil the 1 pTorr Vacuum
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The CMK Beam

Enriching the Kaon Content of the Beam

Target L nitary Transfer Lattice RF Point-to=Parallel Beam
ot ies SEO
e Ol B 0 o ~<fib==
BG4 m e ' K
,r"/ E .,
wv/c P K T
T 0.9999 8 I T T
K- 0.9097 5 7.7 crme 201 cma om
256 ps 67 ps 0ps
P O GGG O o 3. ,:/ﬂl:
RF 1 —£ N
" A
- RF 2 P
= M 180"
net kick
RE 1 —£
et RF 2 — N o,
net kick \"‘-.._..-""F{
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E391a status

> Under completion: data
taking in 2004

> engineering run falling 2002
with CsI detector

VL prssssrse— 2
§

sssss

i ’
" ( ' “ |||l
2D FO0 FOH) S N O

Two y invariant mass
(MeV/c?)
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DAQ using self-trigger of Csl
Same scheme of real run

Tuning / feed-back
Csl calibration
Cosmic test in vacuum chamber
Cosmic test during stacking
Punch-through muon
Two gammas from single T
Multi-gamma decay (Kpi2, Kpi3)
KL decay data — same format of real run
Develop on-line/off-line software
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New sources of CPV

ICHCBH 2002 H.Nguyen
New Sources of CP Violation

CKM CP Violation 1s too small to explain baryon asymmetry in
the universe. Lots of possible new sources:

Multi—Higgs—doublet and supersymmetry models
Spontaneous CP violation

Left—right symmetric models

Strong CP violation

Leptonic sector

"We are willing to stake our reputation on the prediction that
dedicated and comprehensive studies of CP violation will reveal the
presence of New Physics"

— Bigi and Sanda, CP Violation
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