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DA & NE Facility at Frascati @ 7
electron-positron collider / 1L -.

Vs =m, =1.019 GeV c(0) ~ 3 ub
2 rings to minimize beam-beam interactions  / ~——— © | f L3 LNac
2x12.5 mrad crossing angle (p,(¢) ~12.5 MeV) | - el sso Mev e

800 MeV e-

2 interaction regions (one reserved for KLOE)

KLOE Integrated Luminosity i 1l i
2000 : : | ! : , | Lk 1l TEST
: ; : : i : : I 4lii BEAM
2000 :
1500 2001 | s i i E s ' FINUDA
= 2002f+- Pt I - _ ik - DA®NEL ¢ ° ]
o 004 E 5 : ’ E /o N r’{?
Q 000 j :
o ;

Z_ ACCUMULATOR

500 >10 MeW

od 50 1;0 15:0 200 25io atio 35:u 400 DOubleAnnular r|ng
Days of run For Nice Experiments
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The KLOE detector

a:

N

Lo|coiL

\\@/4@%&\\@/ % ‘
%

SC Magnet

B=052T

N

N

pd

G o

Interaction point (IP)
Sphere Al-Be (D 10 cm)
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Vus, CKM matrix, gauge universality @ ﬁ

Standard-model coupling of quarks and leptons to W~

G corp (== _ _ _
f—,ﬁﬂ S (ULVermy"Dr + ey ver + 7 vun +707"vrn) + b

T ! Vaal? + Vs | +Wg o
| ~ 2x10°%

Single gauge  Unitary
coupling matrix Most precise test of CKM unitarity

Universality: Is G from u decay equal to G from @, K, nuclear f decay?
?

(*1;_]; - (ff;r":’f) /4 ”1] = '-/-f{ KM — {Uf,rﬂl’tjg ( H;ri + |]' u-| url,l
Physics beyond the Standard Model can break gauge universality:

1 £ U [ u £
Z.l'

w
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V JromK
C2GAMS
19273

r(ﬂfag;{}) -

with K € {K+, K% / € {e, u}, and:
C.2 1/2for K+, 1 for KV
Inputs from theory:

SEH-’ Universal short distance
EW correction (1.0232)

f_l_KD“(U) Hadronic matrix element
at zero momentum transfer (t=0)

A,SU(2) Form factor correction for strong
SU(2) breaking

AMEM Long distance EM effects

@ l
(<)
RIK Lol

Le({AY ) (1 + 2A5UD + 2A, EM)

EW‘ u:_i.‘ J Kon~ (O)‘?

Inputs from experiment:

I'(K;,,) Branching ratios with
well determined
treatment of radiative
decays, lifetimes

Phase space integral: ».s
I (M) P g

parameterize form factor
dependence on t:

K,;:only A, (or A,” A."”)
K, need A, and A,

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 7



f +(0)|Vusl a la KLOE All KLOE inputs KL

but K lifetime

' ' ' ; ' err % . :
f(0)| Vis | | K.e3 0.2155(7) 0.3 Comparing Ke3 with Ku3
N We can test lepton universality
o Kn3 0.2167(9) 0.4 with kaons
. K3  0.2152(14) 0.7 e = 7+(0) Vs 33
S - - une —
|f—|—(O)Vus|gS
] K:e3 0.2152(13) 0.6 iJHEP04(2008)059\\
’ K:u3  0.2132(15) 0.7 rue = 1‘000(8)}
) ! | )
0.213 0215 0217
 JHEP04(2008)059

£(0)|V, | = 0.2157(6) 12, = 7/4 (13%)

= AV BRIV 2= 4 j f, (0)=0.964(5)
|VuS| 0-2237(13) :1 lvusl lvudl 9(8)X10 J \|\ |Vud|={].97413[25]
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Constraining CKM unitarity

oJ>1 KLOE

: ty) = PLB 632 (2006
IV, Vo |= 0.2323(15) J BRIK* > #7V) = 0.6366(17)

f/f = 1189(7)

|V, | =0.2237(13) from KI3 decays | Vsl =0.97418(26)

*Fitto [Vyq |2 [V | 2and [V/Vigl?

JHEP 04 (2008)

|V, | 2= 0.9490(5)
V.. | 2= 0.0506(4)
$2=2.3/1(13%)

* Agreement with unitarity

1-V,42-V, 2= 4(7)x10* @0.6

G =1.166371(6) x10™ GeV?
v 2

Gy = 1.16604(40) x10° GeV2  Gi = Gay = (V| +|Ve

G., =1.1655(12)x10~ GeV2 from ew precision tests

G2

EW

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 9



Sensitivity to new physics: an example @ !&%

Using the determination of V _ from K, and V , from superallowed [} decay
and the ratio K ,/n , we can explore new physics model.

The observable

o ] -
1”-us(ﬁ,u‘l) I"fcd(ﬂ+ — 07) =)
Rz = |50 3 X~ |
Tl’r“_q(ji ,fj':-]j L"::.fi(ﬁ;ﬂ:} 1::5 -
608
we get '

+ R, =1.008(8)
(unitarity for K, and B-decays is used)

R,, sensitivity to H*exchange

[ M (1 'f”§+) tan” | ¢..f‘.1“.";n*."1. IS MW (amyy

Rigg =

= 100 200 300 400 500
HF;!,_l_ My 1+ €y tan /3 .

24 August 2009
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R,: LFV beyond SM

108 o

Evts / 0.5 MeV

Very high precision prediction in the SM
(no hadronic uncertainties)

R, = 2.477(1)x10°
[JHEP10(2007)005]

In SM only IB included
R = (K (Vie)) (K ,(Y,5))

2 Z 2
0 25 5 75 100 125 150 175 200 225 250

E, (MeV) ” . I
LFV in the MSSM would enhance R, up to 1% o
LFV appears at 1-loop level via an effective H*v_ ‘ B
Yukawa interaction dominated by ev_ > @ 1/, )

[PRD74(2006)011701]

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 12



Signal counting

NN

1.2}

-10000

-5000

ENTRIES

TI5R60137

0
M?,

5000
(MeV?)

<6100
600 : —
Ly = 113/112 * Data
2000/ 0.86 < NN < 1.02 MG
- B MC bk
100 |
1500 )
1000}
200
5{]0 - — = srwsaahidae
0 . T R S
-2000 0 2000 4000
M2, (MeV?)

J>1 KL

» Ke2 counts from two-dimensional binned likelihood fit in the NN- M?
plane with 0.86 < NN < 1.02 and -3700 < M’-

lep

Using the whole statlstlcs NKe2(e') = 7064(102) , NKe2(e™) = 6750(101)

* Ku2 counting from 1-dimensional fit of M2

24 August 2009
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R, final result !&@

- Sensitivity shown as 95%-CL excluded
Ry = (2493 + 0.025,, + 0.0195,’,5t))(10 regions in the tanf - M, plane, for fixed

1.0% 0.8% values of the 1-3 slepton-mass matrix

R_KSM =(2.477 + 0.001) 10 element, A, , = 103,0.5x10%,10*

Systematic errors % stat syst

Reconstruction 0.4 0.4 E

Trigger efficiency 0.4 -

Background sub - 0.3

Ke2(DE) comp. 0.2 -

Clustering 0.2 Moo=

Total 0.6 | 0.5 W 2,=5107

o oa,=10°

+ Main contribution to systematic uncertainty | Ry = (2.493 +0.032) 107

from control-sample statistics (0.6%) 200 0 609 o0 M, (Gév)

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 14
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Kaon interferometry
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i) = éﬂﬁﬂ(p)ﬂ“(—f;))—ﬁ“(f:);ﬁ“(—ﬁ))
t | &5 (P&, (- B)~| K. (B)) Ks(- B))]

Tel% | N
I(fr. f2: A1) = e 1A [‘U | 2058 4 \-}'}2\26_%N — 2%Re (-r}l-r}ge_"&"”m)}

Assuming same final state: w'n
EPR correlation:

i
T

[(A1) (a.u)

no simultaneous decays

n 0 T (Ar=0) 1n the same
T @ ®----—---- final state due to the
f t T ,
-+ - — (lE'!SU‘UC five
quantum interference

=
o
1

Decoherence effects at
small time difference are
hints of CPT violation.

=
o
1

=
T

[

[ SN FPETE NS PR T T PR PR S e
4} 25 Bl .5 0 125 15 175 W zm5 i

At/1g
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Decoherence parameter

 Analysed data:

| =1.5 fb' (2004-05 data)
* Fit including A7 resolution and
efficiency effects + regeneration
*I',IT',, 4m fixed from PDG

KLOE FINAL:

":'.[}ﬁ _(1 4+9 = STAT iE'SSYST)KIO_?

as CP viol. O(|n,_|*) ~ 1076
—> high sensitivity to <3

- Improvement x 2 wrt published KLOE
measurement (PLB 642(2006) 315)

- From CPLEAR data (7P)zesr = K°K°
Bertlmann et al. obtain (PR D60 (1999) 114032 ):

£s=04%07

- In the B system. BELLE coll.
(PRL 99 (2007) 131802) obtains:
.;i =0.029+0.057

ﬂts’rﬁ

- Comparison with quantum optics tests:
precision O(107)

24 August 2009

A. De Santis - XIV Lomonosov Conference - Moscow

17



OG induced CPTV in correlated Kaon system @

In presence of decoherence and CPT violation induced by quantum gravity (CPT operator
“1ll-defined™) the defimition of the particle-antiparticle states could be modified. This m turn
could induce a breakdown of the correlations imposed by Bose statistics (EPR correlations)
to the kaon state [Bernabeu, et al. PRL 92 (2004) 131601, NPB744 (2006) 180]:

i) or (K°K° ~ K°K° @K °K° + K°K°
i)

2/ \
(®| could be at most: |m‘2 =0 E [ M v =107 = |0 ~10~°
AT
Im e X102
Fitof I{ .. At ):
- -1
KLOE FINAL L=1.510
] £43.0 I
Ro=(-1.6%°  +0.44, <10
-Improvement x2
I = (—1 T 0smr T 2605 )>< 107*| wrt published KLOE Re & x102
1 n=3 ; - In the B system [aarez. Bernabeu, Nebot JHEP 0611 na-
¢ q':,'r : y : : ' , audl
9 <1.0x10™ at 95%C.L. —0.0084<Rw<0.0100 at 95%C.L.

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 18



J>| KL

Scalars
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Light scalars in ¢ radiative decays @ ﬁ

Scalar structure below 1 GeV is an open point: qq,qqqq, KK molecule...
BR and mass spectra of ¢—PP"y sensitive

AtKLOE pp-  to intermediate scalar meson structure
o’ = £,(980)/c(600) EPJC49(2007)473, PLB537(2002)21
rw = f(980)/5(600) PLB634(2006)148
n® = a,(980) arXiv:0904.2539, PLB536(2002)209
KK, = f(980)/a,(980) PLB679(2009)10

Phenomenological models used to describe ¢ — Sy — PP'y:

Kaon Loop No Structure P
+ P ° 9¢KK L
R |
. ® ° g %,-"“
"""" Ik 0SY 0
- ® @
" P’ 9spp gSPP'—{,\-/\’\/ Y
N. Achasov et al. NPB315(1989) 465 G. Isidori et al. JHEP 05(2006) 049

N. Achasov et al. PRD56(1997) 4084
N. Achasov et al. PRD68(2003) 014006

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 20



f,spectrum fit

[ j;—mw]
—_ 1
N% L
G
o E‘ 08
'
0.6_
0.4_ i _:
02 "’
i K . = | | | \ |
0 "oh'"alz'"ag""014"'.515'"ala"aj"ag"z'ag""12' - 900 950 1000
Mz (GeVD) m(nt) (MeV)
X
O$\/\)\\ Channel Mg, (MeV) goxx (GeV) S (GEV) Lo | S
%\2{\@9 mOn%  984.7+1.9 ., 3.97+043_ ., -1.82+0.19 ., ~4.8
Iy 983.7 4.74 -2.22 4.6
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Fit to N7’ mass distribution

n=>7Y

BR(O—nxu"y)=(7.01 £ 0.10__
N=>'nx’ BR(O—-nwy)=(7.12 £ 0.13__  0.22

sys

+0.20_)»10°
t0.20, .)x10

)10

Distribution unfolded to account for
detector resolution
Fit with both KL and NS models

, [MeV]
Daoec [GEV]
J.onmolGEV]

Jya0lCEV]
BR(¢—pr—mmy)
BR(¢—pr—mny)

P(x*)

982.5+1.6+1.1
2.15+0.06 + 0.06

2.82 +0.03 +0.04
1.58 £+ 0.10 £ 0.16

0.92+0.40£0.15
1.70 £ 0.04 £ 0.03
0.104

982.5 (fixed)
2.01 +0.07 £ 0.28

2.46 +0.08 + 0.11
1.83+0.03 +0.08

0.05+4 +0.07
1.70 £ 0.03 = 0.01
0.309

24 August 2009

Kaon Loop
No Structure
450

400 (M—>7YY)
350 |
300 |
250 |
200 |
150 |
100 |
50 |

180

M_[MeV]

-0
160 (T]—) TE+TCTE )

140 - Kaon Loop
120

80 |
60 |
40 |
20 |

A

100 | NO Structure |

A. De Santis - XIV Lomonosov Conference - Moscow

%50 700 750 800 850 900 950 10001050

M, [MeV]
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Search fOl” ¢ — K SKSf}/  KLOE PLB679(2009)10 | ﬂ&ﬁ

After all cuts we are left with 5 events in data and 3.2 in MC
UL(usig) at 90% C.L.

BR(0 — (f, + a )y — KK%) <

JLdt - o(e*e—0)- V- BR(K,—>m'T )¢

Selection efficiency on the signal is
(24.8+£0.5)%

12 |

10 |

UL(n,,) at 90% CL = 6.79 o

using Unified Approach f

by Feldman-Cousins J wo

Phys. Rev. D57 (1998) 3873 1w
BR(¢ » K K 7)<1.9x10°@ 90 % C.L. BR(0 — KK)

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 23



J>| KL

Pseudoscalars
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nN— T'mwe'e !@

Poorly measured (4 events CMD-2, 15 events CELSIUS-WASA)
BR predicted by ChPT and VMD models

n structure using virtual photon ' KLOE PLBO75(2009)283
Angular asymmetry between ee and ntrn

Test of non-CKM CP violation
Gao, Mod. Phys. Lett. A17(2002) 1583

Within SM constrained by BR(n—nm):
Experiment: A, < 104

Theory: A, ~ 10

The unconventional CPV term can increase A¢ up to 102

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 25



BR and Asymmetry KL

BRM > 7w 7w~ e*e (y)=(268£09,, £0.7, )-10°

v r O Data
=60 - - T 250 [ Cont. bckg
SI | T M ¢ beckg
s0 [ M Signal MC
[ 200
[ ] L
40 |
} T 150
30| & % 8 .
[ . 100
20 [
10 : | ! ! | | ! | | 50

Pic93
Fae(0
Bor07

Q0.5 -0.4 -0.3 -0.2 01 0 0.1 0.2 0.3 0.4 0.5

sinpcoso

CMD-2
CELSIUS
CELSIUS

KLOE

Jar67+PDG
Jar67+CLEO

First measurement!

A, =(-06%25, *18 )10

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 26



nN— e’e"e’e”
Data sample: 1.7 b

Photon conversion on Beam Pipe
and Drift Chamber wall rejected

Remaining background from 350 [

0 decay Is subtracted 0| In progress ’
Fit M____ distribution for signal 250

and continuum bckg s |

to obtain shapes

150

These are used to fit M

eecec

distribution for data

100

N__ =413 £ 31

First observation!

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 27



7]/ n ' miXing  KLOE PLB 648 (2007) @ @
SHMp|KLo

* ¢0-My nontmTn N3 o BR(¢=n"y)
c 0Ny N-r°n'n ot Rl " BR(¢—ny)
c 0> —3m° 5

q) _ . -n T . . ' In")=X_ L|uﬁ—|—a’a’>+Yn,|s§>+Zn,|glue>
Allowing also for gluonium content in 7 V2
we fit the following ratios of BR: |n>=cos<pplﬁluu+d21>+sincpplsﬁ>

=4.77+0.09%0.19

Xn,—coschcoscpP

I'(n'—py) —Cc 7

M2 NS

sin(@ ) cos (@,)]

ooty Yn,=coschsm(pP
Z,=smn@; < Gluonium content
1-C,

R¢=cot2((pP)cosz((pG)

Rossner PRD27(1983)1101
Bramon PLB503(2001)271
Escribano JHEP05(2007)6

'n'>yy)_

. 1| 5c0s (. )sin ( +f—cos c)cos(®,)
r'(m—-yy)

Z, sin(@ )cos(@,)+2C Z sin(p,)sin(p,)
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Gluonium content in 1’

' KLOE JHEP07(2009)105 |

~ow 05
[

Cp—n'pT(d—n C(O—nT (w1 )

0.45
0.4 |
035 [
03 [
025
0.2 — (' =/ (o—n"y)
0.15 [
01 _ L' —py/M(—n'y)

0.05 [

. il I il i I ] I | -]
¥2 44 46 48 50
(¢, degree

32 34 36 38 40

Fit done using:
- updated value from PDGO08
- KLOE o BR
- More experimental inputs

Gluoninm allowed

30 evidence
of gluonium
content in 1’

Gluonium at zero

o/ nad f(Prob)

1.6/3 (205 %)

14.7/1 (5 %)

72 0.115 =+ 0.036 0 fixed
- op (40.4 £+ 0.6)° (41.4 £ 0.5)°
F|t resu‘t Z s 0.036 + 0.025 0.927 + 0.023
Ay (.53 £ 0.05 (0.822 £+ (0.05
ov (3.32 + 0.09)° (3.31 + 0.00)°
T, i 1.24 £ 0.07 .24 £ 0.07
24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 29



J>| KL

Cross sections
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Hadronic cross section and a . @ !&@

v 7 0.95GeV? 1
) ) a, =4;,-;-3 fdsa(ee — " ) K(5) oC —
0.35GeV?2 Ky

KLOE has shown, for the first time, that it is possible to measure
o(ete - m*ny) at fixed Vs with high accuracy using ISR to extract
o(e*e - n*n-) for Vs” from 2M_to Vs

Requires precise calculations of

d O-1T1T _ the radiator function H(s)
\) > — 0 n ( S ) X H ( S ) PHOKHARA MC NLO generator
dM S [EPJC27(2003) ]

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 31



O(ete-—>Tmww )

G, Vs MO

T I

undressed from vacuum

polarlzatlon and inclusive for FSR

1400F =

1200; .
]UUU?
8005—
6005—

400F .

200

OL

P -

((,p\, ) ""--....

0.3 0.4

0.5

DGD

08 09

1.0

1 0.95GeV?2

a

[T 3
4 0.35GeV?

a *(0.35-0.95 GeV?) = (387.2 0.5

f dso(e'e —x"x ) K(s5)

syst -

 KLOE PLB670(2009)285

Systematic errors on a

4

2 | Reconstruction Filter negligible
g Background 0.3%
Il | Trackmass/Miss. Mass 0.2%
g n/e-ID and TCA negligible
@ | Tracking 0.3%
g Trigger 0.1%
+ | Acceptance (6, ,,) 0.1%
.g Acceptance (0,) negligible
}_3 Unfolding negligible
g Software Trigger 0.1%
.d:.) s dep. Of H 0.2%
| Luminosity (0.1,,0 0.3, 0.3%
- FSR resummation 0.3%
Radiator H 0.5%
Vacuum polarization 0.1%

+ 2.3, )x 100

24 August 2009
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Theoretical fractional error = 0.6 %
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Comparison with other measurements

2 3s
|F’IT| - 2 3 O-T(Tr(s)
P pn
50 Statistical errors only
- IF P
a5 *ﬂi
s . v KLOE 2008
40 v « SND 2006
a5 [ v ) » CMD2 2007
L ¥
B K
30 | ) *#i
25 [ ; '
C |
20 [ ! g
C *
15 [
TR ",
A T,
2 b e P
s [T P PRI | IR T | P
03 04 05 06 07 08 _ 09
M? (GeV?)

24 August 2009

0.1F (IF,[%g - IF,I%) /IF, 1% |
0.05 *)
n -
-0.05 -
01F | | . SND' ‘ | Mz,t {('.Iie"«fz]
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Integrated in the same range of other
measurements =

IIIIIIIII|IIII|IIIIIIIIIIII|
CMD2 2007:

3681.5+1.7 57 a7=2.Pgyar

——aA—

SND 2006:

361042 0gppr+4.Toyar

KLOE 2008:
e |
356.7:0.3 =3 Dy

330

a, (0.630-0.958 GeV) (1 0%

A. De Santis - XIV Lomonosov Conference - Moscow

335 340 345 350 355 360 A6H

370

33



4

Future perspective
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New DAFNE interaction scheme il -

New machine magnetic wm | TODAY
scheme: s |- o

CRAB WAIST |y |

Big improvement with 1
- CRAB Optics

S a m e b e a m C U rre n tS i . W 2LA20008 Daily averace
| W /722008 Best fill
15000 |- 4 .I KLOIE - o 5
Future DATA TAKING plans: S e
- : 1 A A |
STEP 0[2009] ) Sfb s | i v} fm»&;.{kvﬁjfmai?beﬂ
vy taggers [ e e R et
STEP-1[2011]: >20fb with: oo © 7 T
Inner Tracker current

Low Angle Cal
Quadrupole Cal

New interaction region scheme
Larger crossing angle
24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 35

For more information:
http://www.Inf.infn.it/kloe2
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Physics at a D-factory @ ﬁ
KLOE experiment acquire data at DA®NE ¢-factory e

A ¢-factory is a collider e*e running at Vs = M

¢

0 1- 0+ KAON physics
CP violation
BR 83% 1020 CPT and QM tests:
KK interferometry and
2,950) charge asym?/netries
n'(960)y 1,0980)y CKM Matrix V
0(960)x Rare Kaon decays
n(547)y /' BR 15%
BR 1.3% Non Kaon Physics
4 1.5x10° K*K- ev/fb Hadronic cross section
Ty 1.0x10° K K4 ev/ﬂy? Radiative ¢ decays
5x107 1 evi/fb (hadron spectroscopy)

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 37
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Detector description
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The KLOE experiment @ !&%
N i N Be beam pipe (0.5 mm thick)
X — .~ /i’; Instrumented permanent magnet
quadrupoles (32 PMTs)

Drift chamber (4 m Q& x 3.3 m)
90%He+10% |IsoB, composite frame
12582 stereo sense wires

-—T]
—

Electromagnetic calorimeter
L ead/scintillating fibers
4880 PMTs

\W

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 39



DA & NE Best performance !&@

DA®PNE 24h performance in topping-up mode, december
05

[ KLOE Presenter (History, D2-12-2005 : D2-12-2005) |

L =1.2-10%
cm? s’

I(e’) =1.6 A

I(e*) =1.1 A

| Ldt = 8 pb

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 40



K LOng Experiment

Detector design driven by the measurement of
direct CPV through the double ratio:

R=I'(K, »>n*n") I'(Ks »>7®°%n°) /
I'(Ks =) (K, — %)

Collect as much possible K.
MK ) ~ 350 cm = big volume

Good reconstruction of the
kaon decay vertex

Magnetic field value compromise:
highest for PID

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 41



KLOE - EMC calorimeter !Lﬁ

Physics requirements:
High discriminant power on K° — 2r and K°— 3n°
Few mm accuracy on the K neutral decays vertex

U
Hermetic ~4n Lead
Excellent time resolution Scintillating
fibers

~1 cm accuracy on the y conversion point '
FuIIy eff|C|ent in the range 20-300 MeV f
. B Technical solution:
" Fine sampling lead - scintillating fibers (1mm &)
1 mm fibers + 0.5 mm thick lead foils
fiber : lead : glue =48 : 42 : 10
23 cm thick — 15 X,
4880 PMT's
08% solid angle coverage
& = &= 1 End-caps modules C-shaped (minimize dead zones)
24 August 2009 A. b LRoramatetreugh-At between the two sides 4




EMC Calorimeter performance @ ﬁ

Energy resolution

G, =57 ps/ V(E[GeV]) © 100 ps ¢ — v’ E, from tracking
. = 0.057 / \(E[GeV]) non-linearity
% 002 b ~1%
Gshower =1.3cm/ \/(E[GeV]) Eiﬁﬁ% ﬂ_ﬂ*ﬂj}_ﬂﬁ
Gvertex(W) =1.5¢cm (KL — ) R T T T = tMéV]
Yy Mass '
resolution V]
| 1 b ;
M(r°) = 134.5 MeV o e me e e
o, = 14.7 MeV E [MeV]

€ > 95% with EY > 20 Mev

M, [MeV]
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KLOE - Drift Chamber

Physics requirements:
Large tracking volume (K decay length = 350 cm)

High and uniform reconstruction efficiency
Good momentum resolution
High Transparency

Technical solution:

80mm silver plated aluminium field wires
25 mm tungsten sense wires

4 Cell size = 2x2 cm? + 3x3 cm?

# layers (all stereo) = 58 (12 +46)

# of channels = 12582 ; # of wires = 52140
Stereo angle (variable) = 60 + 150 mrad

Gas mixture : 90% He + 10% C,H,,

X, (gas + wires) ~900 m

&l SuGiurg (9,7 mm—8 mm) < 0.1 X,

24 August 2009 A. De Santis - XIV Ldm



DC Performances

drift chamber resolution 6,,= 150 um

Bhabha scattering events

— -

o c,/p=0.3%
>
O =r 45° <0 <135°
o f 0" -
b N

s E

, b

C ++_._++—-—+—-—-—+

Ks— T m events

@ /ndf 661.68 7 29

= 1000C Nerm 0.2101E405

& Mean 0.7009E—02

Sigma 0.8075

o, = 1 Const 254.5

M
2000

o IR R R DU T DS L1 L PR T T D R B R
-15 -10 -5 ) 5 10 15
M(K.) [MeV] =

(Ks) [MeV]
z >

Jodf 2185 S 193
235

M(n%)= 135.3:0.1 MeV | & i

— Polar angle [degrees] ——

=

15

1286 128 11X 132 138 13 138 1A 142 134
Minging Mass (MeV)

M(r°) [MeV]

24 August 2009

A. De Santis - XIV Lomonosov Conference - Moscow 45



usS

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 46



CKM unitarity: G, universality @ E

U l

Universality of Weak
coupling- G_.=(g9,,/M,,)?
G.2= Gy = (IV,ql2 + [V, [2) G2

R

T F p—

Precise determination of Vus 4\/§M5V
Test of Lepton universality (Ke3 vs Km3)
CKM unitary

K Lepton-Quark universality of weak interaction

Precise determination of Vus/Vud (Km2/pm2)
Sensitivity to New Physics

Lepton Flavor violation test with Ke2/Km2
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R : World average &l -
World average: R = 2.498(14)x10 (0.56%) R, M= (2.477 +0.001) 10°

Includes NA62 preliminary (40% data set): Sensitivity shown as 95%-CL excluded
R,=2.500(16)x10~ (0.64%) regions in the tanp - M,, plane, for fixed
PDG'DE | June'0d average values of the 1-3 slepton-mass matrix
. Clark (1972) ElEITIEI'It, AH = 10'3,0.5K 10'3, 104
Heard (1975) c
— ©
]
o Heintze (1976)
KLOE (2009)
o udn final result
NAG2 (2009)
ror preliminary
| I I SM | I | Ry = (2.498 + 0.014) 10°
L1 L1 11 | || ) N [ - ) I | [ | | L1 11 L1 Ilzbu.l114ﬁu..r1ﬁ.ﬁu.lIraﬁullldlmu.
22 23 24 25 26 27 28
R,10° M, (GeV)
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Kaon interferometry
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Decoherence and CPTV from QG

Modified Liouville — von Neumann equation for the density matrix of the kaon system:

. B : : + <— extra term inducing
P ('f) - iHp +ipH ) @ decoherence:

\II‘_ - .
OM pure state => mixed state

Lip)=Lip.a. B.7 M, i

( | ( o z Atmost: o, .,y =0 K |22x107° GeV
a.v>0 . ayr> [ M pp yex
Study of time evolution of single kaons T = KR

decaying in n+7- and semileptonic final state 120 T‘—'ﬁ.j_qa‘*_m

CPLEAR PpLB 364, 239 (1999) '

a=(-05£28)x107" GeV " _ i
o In the complete positivity hypothesis
f=(25+23)x10"GeV | g=y , p=0 v
y=(1.1£2.5)x1072 GeV => only one independent parameter:y
The fit with /( 777, 777, At, ) gives: | |
KLOE FINAL L=151fb" At/t,
y=(07+12_, 03, )x107" GeV
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Scalars
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¢ — f,y signal selection

Oqr 0 +a —
TR’ « f,—> w'x

Event topology:

five neutral clusters above the
quadrupole region (6 > 22°) with
minimum energy (7 MeV) and proper
time.

Global kinematic fit (1% only general
constraint - 2™ imposing the ©° masses)
used to improve reconstruction and to
reject background (high x> or m__ out of

range)

Signal event counting is performed
on the Myy vs M=rx dalitz distribution

 KLOE EPJC49(2007)473 |

24 August 2009

Event topology:

g
two tracks and one cluster with

minimum energy (10 MeV) and proper
time. To reduce ISR contamination
photon momenta at high polar angle (6,

> 45°)

Rejection of the background using the
track mass (particle mass value
obtained form Vs value and

tracks momenta)

Signal counting is performed by fitting
the invariant mass spectrum of the di-
pion system

 KLOE PLB634(2006)148
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¢ — a,y = nna’signal selection (i !&@

Two different n decays modes used:

SN KLOE Submitted to PLB
" N = TR’ |

Event topology:

Two charged tracks forming a vertex
around the IP and five neutral
clusters with proper energy ( >10
MeV) and time (<50)

Global kinematic fit applied and
relative 2 used to reject
background (first only general
assumption — second assuming
Masses)

Events with to low photon energy
(<20 MeV) discarded

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow



¢ = a,y = nNa’y Data-MC comparison ~/ - @

:%10 4:_ _ e Data MC | I /
> C
[ \

- —1 aoyg
i /2 or
I — %
03 = 1 1) Angle between
-1y YY) photon and the

“supposed” o flight

direction (o rest
s frameye 2 .,

900 ,

Discarded regibtl
A R = A T S 800 - — nfm—:~3:rt)
0 20 40 60 80 100120140160 180 200 — £y
2 700 [{;1 == on’
X fit2 600 E

Events

v? of the second kinematic fit
In the signal hypothesis:
- n1 and ©® masses imposed

500 [ §
100 (2
300 (€
200
100

“-0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8
cost
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¢ = a,y = Na’ Data-MC comparison @ !&ﬁ

| (nomwe)
140 © Polar angle of the
ol “primary” photon.

: Expected distribution:
1+c0s?(0)

Events

Discarded region

80 [
60 F
40 F
20 F

06" 10

Events

20 30 40 50 60 70 80 92{] 100
£ fi2

v2 of the second kinematic fit

In the signal hypothesis: 80 ¢
-1 and ®°® masses imposed 60 1
20 |

0

-1 -0.8-0.6-0.4-0.2 0 02040608 1
cnsBrEC
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¢ — KKy Signalselection @JA @
Studying final state with both K, in 7"

4 tracks from IP forming 2 vertices having:
r.<3cm and z,. <38cm

Both KS invariant mass reconstructed:
(AMM)2 + (AMK2)2 < (4 MeV)?

Final state has:

One photon from IP
(0<E <23.8 MeV) Scalar meson invariant mass:
<23.

M__ <1010 MeV

Tt

Two tracks pair from
P

- Missing mass should be zero:
. |(M)? < 500 MeV?

24 August 2009 A.De Santis - 2.0 .
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¢ - KKy Data—- MC comparison @ E

50
100
0L [MC signal expectation]
0 iL”m. ................... | 600 |-
bo0 095 1000 1005 1010 1015 1020 1025 1030 1035 1040 :
[Dlscarded region | o |
4000 | | i
i 200
3000 -
2000 f ol v v 1o .
' 4000 3000 2000 1000 0 1000
1000 . .
: - | [Dlscarded reglon]
%990 995 1000 1005 1010 1015 1020 1025 1030 1035 1040 8000 | 7 .
My .. MeV - |
xx (MeV) 6000 |- §
Data and MC (all_phys) | 4000 [
comparison 2000 -
0 i r oy W'- : "
“4000 3000 2000 -1000 0 1000

m, 2 (MeV?)
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Pseudoscalars
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nN— ' e*e” Signal selection @ ﬁ

Data sample: 1.7 fb
PID using TOF from EMC info

Fitto M___sidebands for background scale factors

Photon conversion on Beam Pipe rejected
. in the signal region: N___ = 1555 £ 52

e ee

Countingon M__

Analysis efficiency ~8% 368 bckg events

| O Data ! 103L O Data | 200 3 O Data
250 [ O Cont. bekg p F 1 Cont. bckg 175 F O Cont. bekg
i = ¢ bekg = 6 bekg i = ¢.bckgMC
oot 7 Signal MC 1 Signal MC 150 7 Signal

: 125 |
150 | i

100
100 [ 75 |-

50 |

50
ik

25 |

ot
e .

TR0 . Bl Qudd

1 1 N LD

R [ R URO,

! R0 e it I 5 .
%00 510 520 530 540 550 560 570 580 590 600 1 -1 -0.8 -0.6 0.4 -02 0 02 04 06 08 1 Y0 20 40 60 80 100 120 140 160
M__.. [MeV] coseee M,
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R p measurement

dN/E

@ ->ny n-mmn n->3x°
¢ ->ny n-nn’n norn*n=x
¢ —-»ny n —->3n’

1800 [
1600
1400
1200
1000
800
600

400 |

0 S0 100 150 200 250 300

Ev(MeV)

dM

R =

¢

BR(p—n'y)
BR(p—ny)

=4.770.09=0.19

24 August 2009

KLOE PLB 648 (2007)
3500
3000
2500 . . X J
right cambination
2000
1500 |
1000 wrong combination
200
n L _ - 'E i} e A T I-I'-|:r:1:rl_l:.::_.5:;
650  T0O 750 8OO B30 900 950 1000
Mn oy (MeV)
£ 3000
i 2500 +
2000 -
1500 -
1000
300
0 0 5Iﬂl IlI][] |,%0 EllI]O 3310 300 3.%0 400 4:I30 500
Ey (MeV)
61
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physics

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 62



Search for ete- - X — n°n? L&@

11 pb1 @ Vs = 1 GeV (~240 pb™ available)
Fit to data using only background components
2/ dof=441/94

Excess of events wrt known background

| Total bckg 40 [
n 35 F
O =Ny =TTy 30
25 F
B e o> Ty oo b
] -
0 — KK, 15 F
] 10
O—>fy > F N
. 0 0 o » —_— (= o | Tk v
200 300 400 500 600 700 800 900 1000 1100 12l

ete” — vy M,, (MeV)
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Cross sections
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ete” = @’ Signal selection | Interference weighted by
the ¢ meson

Cross section assuming | propagator(b)
P only p/ p' contribution(a)

e 70

2
, mel'e
¢ (a) - o(E) :JO(E)‘l_ZD—
®
g ’ e Measured cross section :f’: gp).| ‘ (b)
= 8 Fitted cross section e (3
o 7 e z . N
( S -
| T o |  KLOE PLB669(2008)223
~ 1000 1010 1020 s (MEI%%;J 89.5 -
= 03
;E > ! s e | 89 « PDG 07
e Fl 88.5 = KLOE
03 500 1010 1020 s (Mel'{\%.;] 8 825 85 875 BR‘;EG;_;K;T_;?;E:‘;
BR(w — 77 x") = (90.24 +0.19)%
{ Co=0N e 10—5 N
BR(¢p — wr”) = (4.6 £0.6) x 10 BR(w — %) — (809 =+0.14)%
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ete” — am"’ Signal selection

Interference weighted by @D
the ¢ meson LSS

propagator(b

Cross section assuming
only p/ p' contribution(a)
Pt
mgl'y

o(F) =|og(F) ‘1 — 7 D,

)
6+ W

(b)

KLOE PL8669(2008)223

Cross section as a function of the Vs for two different final states:
:n”n‘n"’n"] W
- Only one vertex at Interaction Point — Five neutral cluster with:

- Only two tracks connected at vertex . E_ greater than 7 MeV

clu

- Four neutral cluster with: e ToF compatible with prompt y

- E_, greater than 10 MeV (Tw =3s))
* ToF compatible with prompt vy . 900_.9 < 158°
(Tw =40

o o
e 22°<0< 158 Tonference - Moscow 67




ete- = @n’ Data — MC comparison

(rrw) )
B Data I ® Data
i \_1 Signal i |_| Signal
10000 L] oBre 108 B o—sy 10000 -
. a]J'[Bkg D Other backgr. i
Lg 20 40 0 200 400 e — L
G b X /ndf
(a) (b) (a) -
5000 -
4000 &, - 2000 [~
2 20000
2000 o
! o 1 5 o 0 00 800 %00 G
Parameter ete” - ntw—n%x° ete” - m%7%
oo [nb] 7.89 £0.06 & 0.07 0.724 £ 0.010 £ 0.003
Me(”Z) 0.106 ==0.007 ££0.004 0.011 £ 0.015 = 0.006
Sm(Z) —0.103 £0.004 £0.003 —0.154 £ 0.007 £ 0.004

o’ [nb/MeV]

0.064=x0.003=x0.001

0.005340.0005=+0.0002

24 August 2009

A. De Santis - XIV Lomonosov Conference - Moscow
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ete- — 7;+7ry Signal definition 3 o&ﬁ

10%

10

I;I - D1 I 0.2 0.3 0.4 (W] G.6 0. ? O a
(GeV2)
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e'e- = 'y Signal selection

do-""Y(y)=AN0bs_ANBkg 1 1
dM"zT"T AMfrTr gsel f Ldt
200 |
Background rejection with PID using EMC < '8°F b
info (eey/uwy) and kin. cuts (¢—nrn) S 160f
— é 140 i
=
Efficiencies mostly evaluated on data 120r
with two independent methods 100

Py (y)

----------------------------------

0.3 0.4 0.5 DG 0.7 0.8 0.9 1.0

Luminosity from Bhabha scattering events
with 55°<6<125° [EPJC47(2006)589]

[Generator used for _,: BABYAGA
(NPB758(2006)22)]

M2 (GeV?)
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Future perspective
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KLOE-2 Step 0 EM Calorimeter
Two electron taggers proposed: 2x2x13cm3 LYSO
LET Cristal Matrix
Low Energy tagger
130 MeV < E_ < 230 MeV

ET
High Energy tagger

430I\/IeV<E <470 MeV
~ Vacuum Pipe
iy —

- | 'ﬁ—%——tﬂ——- —f—

£ BRracr

A\

Plastic Scintillator
Hodoscope ete” —» e'e Yy — e‘e (n’%0o,n,...)

Tagger coincidence ensure kinematic closure together
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KLOE-2 Step lI'RIPLE Cylipdrical GEM  jhher Tra

5 GEM planes
Min radius: 13 cm
Max radius: 25 cm

.~ 200um o~ 500 um

Xy

Material budget: 0.2 X,
Vertex resolution.@IPppREige3§iex3

QCAL-T
CAL-T "\ . 1m cylinder “SSGT0 / rber
12 segment AN |
LYSO Cristal Single tile ReadOut ‘
Pointing geometry with fiber

Photon impact point
fon increase: x10

24 August 2009 A. De Santis - XIV Lomonosov Conference - Moscow 73
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