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DA@NE: the Frascati ¢ factory i @

30/ [¢
W=m, H - fj  Two interaction regions
(1019.4 MeV) ; l% ' e Separate et, e~ rings minimize
L gesion H%{ 4 i beam-beam interactions
5:10%2 cm2 s | wdlssomeve.  © Beams cross at 12.5 mrad angle
. i § 2OMY= e Injection during data-taking

DA®NE parameters Design 2002
= H Max. bunches 120 51
e Lifetime (mins) 120 40
F | Bunch current (mA) 40 20
A L, single bunch (cm=2s=1) 4.4 .103° 15.10%0
ACCUMULATOR L, peak (cm=2s—1) 5.3-10%2 0.75 1032
P 510 MeV
¢ per year (10°) 15 0.9
//
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Physics opportunities at DA @NE oy %

SJo/ M 4

olete- > ¢) =3 ub KK, (K*K™) produced in pure J°¢ = 1~ state

Principal ¢ decays Kg, K+ ) > K, K-
K*+K~ 49.1% 1
KSKL 34.3% ﬁqKL’pN KS’_p>_‘KL’_p>‘ KS’p>)
o, 15.4% _ .
Observation of K¢, signals presence of K| ¢
(e 1.5% Allows precision rﬁeasurement of absolute I§R’s
Allows interference measurements of KK, system
ps =110 MeV As =6 mm: Kq decays near interaction point
PLs=0.22 A, =3.4m: Appreciable acceptance for K,

(~0.52,)
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KLOE data taking: 2000-2002 9 .

SJo/ M 4

350

300 2002 2000 run: 25 pp-t  FIrst

250 80-10° ¢ decays published
y results

2001 run: 170 pb—1
530-10° ¢ decays Analysis in

Hr_ZOOO 2002 run: 280 pb—1 progress
.l.l"'" 1 |||||||||
100 150 200 250 300 3s0 ©/0-10°¢ decays

Days of running

50

Integrated luminosity (pb—1)

50

= III|IIII|IIII|IIII|IIII|IIII|’IIII

5 months of KLOE data taking in 2002:
Best value of L., 7.8 103 cm—2%s—1

Best [Ldtinoneday: 4.5pb-!
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he KLOE experiment

CoOIL

N =

£ m

g .
$o/1 1 [4Me]

Be beam pipe (0.5 mm thick)
Instrumented permanent magnet
guadrupoles (32 PMT’s)

Drift chamber (4 m [(x 3.3 m)
90% He + 10% IsoB, CF frame
12582 stereo sense wires

Electromagnetic calorimeter
Lead/scintillating fibers
4880 PMT’s
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Dxift chamber. .
O'E/E 5.7% /\/E(GGV) ap/p 0.4 %0 (tracks with 6 > 45°)
o, 54 ps VE(GeV) @50 ps gt 150 um (xy), 2 mm (2)

(relative time between clusters)

O'L(')/’}/) ~1.5 cM (#° from K_ - 7770

O-XVG reex 1 mm
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Kaon physics at KLOE

E - z; ;,_(V) Phys. Lett. B538, 21 (2002)

e E?gllfmlu_r? ;tEyBuSdeQts %N(iff?%)()l data

Kg mass KLOE Note 181 (http:/imww.Inf.infn.it/kloe)

K. = yy/K - 372" Submitted to Phys. Lett. (hep-ex/0305035)
K, = charged Preliminary results

ﬁlie;;':::;';n & Prospects & preliminary results

Kt = g +aVr0 Preliminary results

Vi Prospects & preliminary results
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I K rcrash”

K, tagged by K =zt~ vertex at IP K tagged by K, interaction in EmC
Efficiency ~ 70% (mainly geometrical)  Efficiency ~ 30% (largely geometrical)
K, angular resolution: ~ 1° Ks angular resolution: ~ 1° (0.3° in ¢)
K, momentum resolution: ~ 2 MeV Ks momentum resolution: ~ 2 MeV
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I'(Ks = 7= ()T(Ks > 7'7°) 9 .

SJo/ M 4

- First part of double ratio forRe /e p 5 (0 2.197 + 0.026 (avg.)

 Provides information on EM isospin KLOE "02 2236 + 0.003 + 0.015

breaking in K - szt decays 17 ob- "00 data: 1.1-106 K .
. Ll : pb- ata: 1.1 s >t
Can extract 0, — 0, If effective E, 0.8-106 K — 7070

cutoff known for story channel

075 Enmy Reasonable efficiency . Everhart 76 WIRE
' to high values of E . Cowell 74 OSPK
) 4 — . Hill 73 DEC
Allows fully inclusive Al 7 HBC
0.5k measurement L1 . MoseT2DBC
' Nagy 72 HLBC
’ . q , Baltay 71 HBC
\b o, Moffer 70 OSPK
0.25F +¢+¢¢ ‘+ R — Morfin 69 HLEC
‘ 4.**% ' KLOE ‘02
¢ * PDG 2001 World Avern
12 nge
G | | | | *I *ﬁwl+++ * ek | A el 1 el 'l i
020 40 60 80 100 120 140 160 19 2 21 22 23 24 25 26 27
* -
Ev (MeV) [K—n' )T (K-n )
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Extraction of 0, -0, LY %

3014
Conventional extraction of « Extraction of K - szt amplitudes from
strong phase shifts from measured widths must take into account
Ks, KT = ztzr decays: effective cutoff for processes with y in

final state

— 2 i, 10,
A \/AAOG -l_‘\/}éAZe * Including isospin-breaking EM effects:
Ay = [WAg® + [2nes  AE - (A +a )N
00 % 0 A 2 v, = EM phase shift

; X1 =0, Y,
A = \/%Azel i K = 2zt decays actually measure y, — x,
For 0, — 0,, need theoretical input (v, —v,)
Xo~ X2 0g— 0,
PDG widths (56£8)° (45+6)° xPT estimate
Cirigliano et al. ’01 Gasser & Meissner, "91

KLOE ’02 value for

48+73)° 47 7+15)° 7 scattering
['(z 72 )IT (770 (48:£3) ( )

Colangelo et al. ’01
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K=~ eTy, mre v

3000

Events

2500

2000

1500

1000

500

D L el
-0 50 40 30 200 -

_‘7[_9-'_1/
x4ld.of=15

5 E

miss pmiss

| N(7—etv) = 3854 + 92

e Data
+ MC

Events

KLOE preliminary (170 pb~! 01 data)
BR(7—e*v) = (3.46 = 0.09 =+ 0.06) - 104
BR(z*e~#) = (3.33 + 0.08  0.05) - 10—*
BR(zFetv) = (6.81 = 0.12 + 0.10) - 10—

2500

2000

1500

1000

300

Ttey
L y2ld.of=1.1

| N(z—e+7) =3863 £ 88 .

00 MeV
CMD-2 99
PDG eval. from K
KLOE *02

. KLOE ’03 prelim.

6 7

8 -10~4

Recent results from KLOE at DA®NE — M. Moulson — CIPANP, New York, 22 May 2003 11



SJo/ M 4

K® - zrev decays and CPT Y @

(mmetv |H, K =a+Db T Ima=Imb=Imc=Imd=0
(mte~v | Hy | KO =a"— b" CP Ima=Reb=Imc=Red=0
(mte~v |H, [K%)=c+d CPT |b=d=0
(rmety |Hy | KD =c"—d"  |As=aQ|c=d=0

r

[(w~e*v) —T'(wTe™v) | A;=2(Ree+ Red, + Reb/a — Red/a)
<
[(z-e*v) + ' (#"e™v) | A =2(Ree,— Red, + Reb/a + Red’/a)

Ag — A # 0implies CPT CP  CPT in CPT in A4AS=A4Q
mixing decay and CPT

A

KLOE preliminary
A;=(19x17%6) - 10~  Compare to KTeV ’02 result for A

First measurement of Al AL = (3322 £ 0.058 + 0.047) - 107
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KO - zrev decays and AS =

No AS#AQ transitions at lowest order
(AS=AQ In higher order transitions)

x| ~10~7 ’
— o —— l:"\-\. :
K’ \\r'ﬂl ¥a \_.;f/ n K" -_\""I w =
& ___.Ff’f W K‘“---___ _d | '::l
Re x, =

2 BRy(ev)lrs + BR, (mev)/r,

KLOE preliminary
Rex, = (33x52=*35) 1073

Compare to CPLEAR ’98
Rex, = (—1.8*4.1+45)- 103

AQ o @
3j0/] > [4Ne

x = (¢ — d)/(a + b)
AS#=AQ in KO decay to e*

X = (c+d)/@ —b"
AS#AQ in K° decay to e~
X, = (X +X)/2=c"/a

AS#=AQ if CPT conserved
CPLEAR 98

KLOE prelim.

-8 -4 0 4 8 -1073
280 pb~*! from 02 running +
KLOE measurements of 7|,
BR(K_ = zev) on the way
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Measurement of K. mass oy ﬁ

SJo/ M 4

i -1 Momentum scale calibrated to CMD-2 ’01
2001 ¢ peak scan: 29 pts, 0.5 pb m(¢) = 1019.483+0.011+0.025 MeV

1~

W =M(ete")
- KK

08 l/ ﬁs - 7'?+Jl'l_,’_ P= p(i'lf+) + p(ﬂ:_)
S / m(Kg) = W2/4 — P2
2 ool / om/m = 0.05(6P/P)
f / m(K) KLOE preliminary
e / 497.583 * 0.005 = 0.020 MeV/
5 l ‘ ~ CMD-2  NA48 KLOE

' + T 4977 +

0 ~ 10|15 1020 1025 1030 4916__ + +

W (MeV) 4975 MeV
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(K, = yy) IT(K_ = 7°7°70) 9 .

SJo/ M 4

« Dominated by long-distance contribution (z°, ,%')  Exploits performance of

Can be calculated in yPT, sensitive to 6, EmC for reconstruction of
« Dominates long-distance contribution to K, = u*u~  photon vertex

200 1 22500 [

so0 L K= 7Y K, = 37"

20000 [

(1/10 of yy sample)

700 [ S=19127 + 184 17500 |
i B =8503 £ 174 :
600 - X = 141/100 15000 |-
200 _ 12500 _ Regeneration on
400 — 10000 — BP disabled in MC
300 — [ 7500 f
20 £ S0 | KLOE: 7, =515+ 0.5 ns
100 - | %01 PDG: 7, =51.7 £0.4ns
Goo 350 400 450 500 550 600 650 700 S T R TR T R TR 1
M, (MeV/c) Txr (ns)
KLOE ’03: (2.793%x0.022%+0.024)-107° NA48°02: (2.81+0.01+0.02)-10-3
312 pb~1°01 + ’02 data PDG *02: (2.82+0.08)-10~3
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K, = charged particles g

30/ |4
BR KLOE PDG ‘02 ey
0 Very preliminary
K = a7n 7" 0.132+0.002 0.126+0.002 78 pb~1 02 data
K, = muv 0.271+£0.002 0.272+0.002
K —= ey 0.384+0.002 0.388+0.003 K, = mmuv
Errors are statistical only! 20000 |-

(including MC statistics)

Systematic errors also ~1-2% 15000
but not yet fully evaluated

. - . | F o —
K, = s+~ contribution fixed — K > 7atm

KLOE  (2.04 +0.04)-10-3
PDG ‘02 (2.084 +0.032)-10-3

BR(K_ = z*7~), similar analysis: ¢, - —>ﬂ+n‘ﬂ(\
L

n Y S Lo G W o 8 Sl R P L P

=20Mh =150 - 1M} - L1 i L] 1=y el ]}

Ve ry p rel | m | nary! Lesser of P... — E,iis IN 7ru OF ur hyp. (MeV)
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Prospects for ¢'/e -C @

SJo/ M 4

BR(K; = t7™) BR(K, - 7%7")

1-6Rec¢'le =
BR(K; - 7%7") BR(K = zt7™)
KS KL

Statistical error: negligible Statistical error: ~1.5%
Systematic error: Systematic error: ~2%

Source Error (%) Work in progress on:

Tagging 0.55 (°00 data) = « Momentum reconstruction/resolution,

~0.1 ("01-02 data) Including DC occupancy effects

y counting  0.20 « Effect of K/3y decays on background

Trigger/t,  0.23 determination

Tracking 0.26 « Separation of overlapping clusters

* Regeneration
Total error: 0.7% - 0.4% egeneratio

Should scale down to 0.1% on Need at least 10x more data to
full data set (~400 pb~1) reach the 10~4 regime
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A first glance at interference

K, K initially in pure quantum state:
Relative time distribution for decay to two given

final states shows interference

KK, =t~ tm:

KLOE preliminary
340 pb~1’01 + ’02 data

Fit with PDG values for I'g, I',
x°ld.o.f. = 43.7/47

Am = (5.64 + 0.37) - 10~ -1
PDG ’02: (5.301 + 0.016) - 10~ f s~

First observation of quantum
Interference in relative decay-
time distribution of Kg, K

Recent results from KLOE at DA®NE — M. Moulson — CIPANP, New York, 22 May 2003

350

200

g -
$o/1 1 [4Me]

Measure I'g, I'; , Am,
e'le, ., O, etC.

| A(At) |2 |:| e_rLlAt| +e_rS |At] _2e_(rS +)JAL/2 COSM)

Coherent K regeneration
¥ on beam pipe

’r

FrT s

Peak position sensitive to Am

\

150 \
10 - .
- No simultaneous events:
s [ same final state/
antisymmetric initial state
“_IIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIII
0 5 10 15 20 25 3 35 40 45 50
18



Charged kaon decays W @

SJo/ M 4

Tagging via K - uv or K - % 6-10°tags/pb~1 for measurement of absolute BR’s

n 380 - K3 event selection by
n,_,r--‘_"': - T charged daughter mass
ff'—‘,'"_ '—fh; 300 |- e p, L from DC track
i '- L ' - e TOF from EmC with
B . *® B 250
- Ak ! tecay from 20 clusters
-J :’ = 200 L Ke3
&3 B .
1 . - b
e i . . 0
H U L e 1 LR
< H | '/ _?? oo = 1 l ) ™
Tl m
b Singn Iy 5b o v
& :-.I_‘-:- ‘-“ ol = 1-.1 1
R [ -.. - .L—-U-ll"'r ’ |
s milr..-_J "-..-.,;'-l'lﬂﬁﬂ!:: -!L PR LU T J._‘L]"’”]{ﬁ?w::-lr{h‘umumﬂ
. . Soone o 0000 0000 30000 40000 50000
Recent reconstruction improvements: m2 (MeV?)

 Second stage of tracking for identified K= (8 ~ 0.2) recently implemented
» ’01 data reprocessed with event classification robust against machine background
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Kt = g*7070 - ﬁ

SJo/ M 4

« Can extract isospin amplitudes and phase BR(K* - s*7070)
shifts for K - 37 decays (input to yPT) PDG 02 fit (1.73 + 0.04)%

KLOE preliminary
112 pb-1°02 data

(1.807 £ 0.008 £ 0.018)%

« Charge asymmetries in K* rates (~10~7)
and Dalitz plot slopes (~10~°) signal
direct CP violation

Preliminary fit to Dalitz plot
F(X)Y) =1+ gY + hY2+ kX?

KLOE 6.3 ph~? PDG
g 0.607+0.026  0.652+0.031
h 0.026+0.027 0.057+0.018

k 0.0080%0.0037 0.0197=0.0054
Errors are statistical only
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V. from K, decays

- - 0.225
Experimental inputs to V -
Mode BR(%) 1034, 1034,
K+, A487%006 27.8+19 0-22
KO, 38.79+0.27 29.1+18 :
K+, 327+006 33+10 4x9 5T
KO, 27.18+0.25 33+x05 276
= (5.17 = 0.04) - 10-8s 0.21 r
= (8.9598 = 0.0007) - 10-11s
7, = (1.2384 = 0.0024) - 1085
0.205

For K.; modes:

IV, _ 2(5BR)D 2(5TJD 1 (&L]D &, (0)

N } E865

A BR r) 20( A ) 1,(0)
exp th

Vsl = 0.2196 £ 0.0019,, ) + 0.0018,

usl o

KLOE preliminary BR’s confirm
previous values for K%, K,

KLOE will have BR(K* ;) soon

KLOE will measure all BR’s to
much better than 1% and can also
significantly improve 4., 4,, 7,

Recent results from KLOE at DA®NE — M. Moulson — CIPANP, New York, 22 May 2003 21



¢ and continuum physics at KLOE Ny @

SJo/ M 4

¢ = ata—ad Phys. Lett. B561, 55 (2003)

Phys. Lett. B541, 45 (2002)

- !
b=y Preliminary update with 2001 data

Phys. Lett. B536, 209
¢ =y, ay Phys. Lett. B537, 21
Preliminary update with 2001 data

o(ete~ = hadrons)  Status and preliminary results
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¢ = pr, ntna 9 .

30/ [¢
KLOE 03, 17 pb~! 00 data Fit parameters:
2M zta—70 events m, T, Forp*, p~, p°
350 _ 1Agicls Pair Amplitudes of direct,

ALl Do wast contributions

m,=775.8 £ 0.5 * 0.3 MeV
I,=143.9 =13 £ 1.1 MeV
my— m, =04 *x0.7 £ 0.6 MeV

m,—m_=15=+*0.8* 0.7 MeV

Relative decay intensities from
integration of |A]> over Dalitz plot

LI L L

- X p_P |, =0.937
oy Bz g il o pya B ot o oo o el oy o B Pz Interference:
~300 -200 -100 O 100 200 300 l;, = 0.0085 |+l +1 =1
X=T*,—T*_(MeV) | =0.0002 S
o(ete” = wa’ - ata~a) =
FOXY) & [pox p_f Asz + A * Ayl 92 + 15 pb
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® =Ny, ny

~ = BRlg - n'y)

g -
$o/1 1 [4Me]

%X (')‘ua+d5>+%Y (')‘s§>+ Z(')\gg>

Allows determination of »—»" mixing angle (¢,) and gg content of ' (Z')

= nn')) =
R~ my) "
FKLOE prelim. |, & @z
m 100 PO D

- 700" evts.

150 -
100 —

50 -

0 1 1 1 11 1 ' 1 1 1 I | I I 1 1 1 I . m
880 900 920 940 960 980 1000 1020

M(z*7~yy) (MeV)

¢ —=>n'y—=>ata ny | R measured from
¢ —=>ny-> n+n‘n0y st~ 3y final state

KLOE °02, 17 pb~! 00 data

R=(4.70 £ 047 £ 0.31) - 103
po =(a1852) B 6, =(29%2)
(2') =0.0679%

BR(¢ =7'y)

KLOE ‘02 (6.10 £ 0.61 = 0.43) - 10>
PDG "02 6.7+ 15)-10~
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SJo/ M 4

¢ > 'y (fy) and ¢ > 'y (ay) @M

Nature of f, and a, mesons uncertain

Precise measurements of BR’s and
dI'/dM may distinguish between

various mocilels: ¢ - ao)/ - 777'50 N {
qdaq, KK, qdg, ss, etc.

Signal shape

¢ = foy = anly = 5y

oy
Tt oy

Components of f, fit:

1.0
| drvdn,, ¢ = gy
0.6
BW ¢ = oy

0.4
i / / Components of a, fit:

I2a ": ev ¢ - 8.0)/

(. m:l (). ul] 0. H[} . I:J[:l L.0H) 1.10) ¢ - poj_[() (p s ’7)/)

dlr /d Mz xBW x k3 x Overlap
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¢ >’ (fy) and ¢ > na'y (ay) @Y

SJo/ M 4

KLOE preliminary: 01 + 02 data

-’00 data . 30 ’00 data
00 | '01+’02 data H s | 01 data 1A 1
- H} + | ’02 data ik
i 250 [
: + 200 il |
100 - ﬁ * 150 | #
: Hf#ﬁ 100
I . +¢ L N t
L +#H+ " 5“
0 &&;IIIIIIII n & ey | | .
200 300 400 500 600 700 800 900 1000 1100 1200 ‘G50 700 750 800 850 !Nlﬂ 950 2000 1050
MeV MeV
BR(¢p — 7070) BR(¢ — nzly)

KLOE 02 (1.09+0.03+0.05)-10* KLOE 02 (0.85+0.05+0.06)-10*
PDG ‘02 (1.08+0.17%0.09)-10+ PDG ‘02 (0.89+0.14)-10*
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f, and a, couplings oy L

SJo/ M 4

dI(¢—=Sy—=PPy)  2Mpp? Lys, L'ser
K* p @ gk dM = 7T D.|2
S ; sk Ds
Uspp (9ski)*(Gpki)* 19(M)F? m,> — M?
P F¢Sy(M) = ( )

K~ 1272 m,2 \ 2m,2
KLOE 4Q aq sS
(G4 (GeV?)  279+012 ~23 ~015 ~0.30
0 Orona! Dron 0504001 ~035  ~2 ~05
(Gaoi)?4m (GEV?)  040+004 ~23  ~0.15 —
% Gaone! Gaok 135+009 ~09  ~15 —

f, parameters compatible with 4q model
a, parameters not well described by the 4q model
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o(e*te~ - hadrons)

KLOE can measure do/dM__%(ete™ = wtx™) rFeSdRCce%n;glrigatLoEo
. — _ - u

for 2m_ < M__ < m, using _e_+e > Ty Y

events with y radiated in initial state

Status of a, (Davier et al., *03)

EJ 95 (e’ ~700 hadr
18684 15.7 | o ] 70% of 6al“ } fromM <m
DH 98 (e'e + 1+ QCD) ~15% of 6a(mz)hadl' ¢
176872 f——
HMNT 02 (e"a Incl.) . .
T PE R S — ete~-based estimates dominated by
DEHZ 03 (e'ebased) CMD-2 data (0.6% error)

] ——
DEHZ 03 (vhmsed)  3-00 No comparable data set for cross checks
183.61t6.9 i . .

0.90 Use of 7 data involves corrections for

il Isospin breaking, etc.

—Ld KLOE can complement ete~ - g*z-

140 151] 160 170 180 IEIE;I E[.‘ltlI 211} ) ) .
a —11650000 (10~ results and clarify situation
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o(ete~ - hadrons)

KLOE preliminary, 73 pb~! 01 data V2 =
Stat. error 1-2% in each bin near p peak ‘Fﬂ( ,m)‘ do

Working to reduce systematics to 1% level

d Jnny( M 72171)
4 (M

7T7TyF mT)

Kuehn-Santamaria fit;

30 : 5 ® Data (11 M thS.) T mp’ Fp, WEightS for a),,O'
: i | § 1 | — PHOKARA ol

" _ ISR to NLO at Pion form /H\

b g | ~OS%accuracy |7 factor yﬂ \

I ! ! ! ! ! ! ! 35 [

I : : : A o : : i / ‘
v 3 A S SRV v SN R N N SO S :

a : : : : ' : : 0 |

do(rr*y)/dM._2 (nb/0.01 GeV?)

_ . i &,
R SGeREE EUTERRT UL FERREREE EPRREE, PR TR EERRREEE v SRR D A
S ' Ty / X
: : B 15 7
) ERRRURRN SRR SO <SOSR S SRS SRS S = / \\
r ‘ ‘ . ‘ . ‘ ‘ \-é — )
E E w T $4 A
. R S — [ et
+ﬂ : : 5 +,+
s a a —
GDQ G-Ij (}Iq. ID[EI DIE II}!? I}IE I I = 00.2‘ ‘ ‘0.3‘ ‘ ‘0.4‘ ‘ ‘0.5‘ ‘ ‘0.6‘ ‘ ‘0.7‘ ‘ ‘0.8‘ ‘ ‘0.29‘ é‘zl
2 (GeVZ) M_ 2 (G&V)
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DA@NE upgrades and 2003 running (8 ﬁ

SJo/ M 4

New KLOE IR
* Rotation for low-4 quads

* Decrease 3, and coupling

 Allow changes to KLOE
field

Pole-shims on wigglers

* Eliminate octopole terms i
- Y

Run plans | I
e Increase peak luminosity and reach 1.5-10%2 cm—2s~1

 Restart by end of June with FINUDA first
« Switch to KLOE in early fall and deliver > 1 fb~! to KLOE
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Summary and outlook oy @

SJo/ M 4

KLOE is analyzing a unigue data sample: 500 pb—1! of ¢ decays

Extensions of previous KLOE analyses nearly ready:
Ks = zzr BR’s under control at per-mil level
K¢ semileptonic asymmetry measured for first time

Many new analyses about to be finalized:
Measurement of o(e*e~ - hadrons)
Measurement of K, K= BR’s, V

Data collected will be used to demonstrate KLOE’s capability for
CP violation studies

KLOE expects to collect at least 1 fb—1in 2003
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