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The KLOE collaboration

Frascati ¢-factory DAGNE:

an e*e” collider @ Vs =1019.4 MeV = M,
Best performances in 2005:

V' Lea= 1.4 x 1032 cm st

v' [Ldt=8.5pbl/day : *
KLOE has acquired 2.5 fb™* @ vs= M, during years 2001 05
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In these years tenths of articles have been published, with the

contribution of more than 100 researchers
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The KLOE detector

4 m diameter X 3.3 m length
*90% helium, 10% isobutane
©12582/52140 sense/tot wires
eAll-stereo geometry

e Lead/scintillating fiber
e 98% coverage of solid angle

e 88 modules (barrel + end-caps)
PMTs (two side read-out)

j,

Drift cwber .

or[E= 5.7%/ ‘
Gy = 150 pm G, =2 mm EL Vi 7 YL k§‘ \/E(GCV)

oy =3mm o,/p=0.4% 6m Raid ps/ VE(GeV)
B=0.52T .~ ® 140 ps(calib)
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Kaon and light hadron physics at KLOE
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Kaon Physics for V . and universality

2 2 5 Ko~
F(K 13(Y)) :%z%yp SEWl |2 (O)|2 IKl’(}\'+ 0) (1+8 U(2)+8K[em 2

¢ ¢ Precise determination of V,,

¢ Test of Lepton universality Ke3 vs Ku3
+* Most precise test of CKM unitarity

o v, | |Vus|2 =1 |V b| negligible
K Kondv +»* Lepton-Quark universality of weak int.
Vector tran5|t|on only 2" order SU(3) breaking [Ademollo-Gatto] G2 =G2y = (V| +]V,)G?
T(sz(x)) _ ‘ ’ % MK(I-mp,z/MKz)z

X (I+a(Cp-C )

r(n.uZ(y)) ‘ dlz m]'l:( 1 _mMZ/ rrl;rr,z)2

( *$* Precise determination of Vio/Vig D)
¢ Test of Physics beyond the SM
e right-handed contributions to >r(|< )/T(w )
B B

. charged weak currents
K Ks?fv e charged Higgs exchange

82 . .
Helicity suppressed: enhanced sensitivity to NP (2 Higgs doublet scenarios) _/
**Lepton Flavor Violation test with F(Kez)/F(KMZ)

KLOE has measured all relevant Inputs for charged & neutral kaons:

R’s, lifetimes (K, K+, K), form factors (FFs)
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|V, [f.(0) at KLOE

All KLOE exp. inputs

' - - I - - err % .
f* (O) |Vu_,~.- | KLes 02155(7) 0.3 but KS ||fet|me
—— 2010 result:
o Ku3 02167(9) 04 5™ 89:56(03)5 (04),s ps
Lepton universality
K.e3 WwWis I
. €3  0.2152(14) 0.7 o F+(0) VislZa, exp g2
° he |JC—|—((J) L;US 23 exp a !;;_J
K:te3 0.2152(13) 0.6
M = 1.000(8)
¢ Ku3  0.2132(15) 0.7 T decays: (rue)T = 1.0005(41) (PDGO6)

NI N  decays: (r.), = 1.0042(33)
0.213 0.215 0.217

JHEP04(2008)059

KLOE average |V |f,(0) = 0.2157(6) x2/ndf=7/4(13%) World Average 0.2163(5)

IV,| =0.2237(13) £, (0)=0.964(5)

1- [Vygl?- V| * = 9(8)x10 V4l = 0.97418(26)
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[Vus|[f+(0): present World Averages

2 2 5 T
D(K jyiy) =-SEGEME 5 [V, P 1LL5T OF LM ) (1485 5107#05,,)°

Approx. contr. to % err from:
% err BR T o le

Ke3 0.2163(6) 0.26 0.09 0.20 0.11 0.06

K,.u3 0.2166(6) 0.29 0.15 0.18 0.11 0.08

K.e3 0.2155(13) 0.61 0.60 0.03 0.11 0.06

K*e3 0.2160(11) 0.52 0.31 0.09 0.40 0.06

K*u3 0.2158(14) 0.63 0.47 0.08 0.39 0.08

Experimental Inputs to be improved
From Flavianet Kaon WG arXiv:1005.2323v1
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Kaon Interferometry

Neutral kaon pairs in a pure quantum state: a unique feature of ¢-factory
Study of quantum intereference can probe CPT symmetry and QM at the Planck scale
Sensitivity to interference phenomena for the unique circumstance AM ~ % I,

T K @ K T _
1400 & Dhs
7T>"“““<7T ==
- > > e
(5 11 [
1000
At = It; — o |
800 |
+ + —. [
I(m7m ,m7m ; At) x i

600

[e—FL.At + e—l—‘gﬂt] _|_ » .
—2(1 — ok Te TR 2 cos(AmAL)) i

¢ = 0 Q.M. .;u...,,
¢ = 0.003 + 0.018 £ 0.006 - : 10 2

This and other decoherence effects should manifest as a deviation from
I(t & 7t 7 ; At=0)=0 QM prediction
We need better vertex resolution for events close to IP to improve sensitivity at At=0
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Low-energy QCD

K—>yy
v" KLOE can tag K. by identifying K, decays, and measure directly the

decay

Presently a 3o discrepancy between KLOE and NA48:
> Need better rejection from K;—7°z° and more data to clarify

n—>n*rw ete-
1 mesons produced by radiative decay ¢—ny || Using the approach by Bramon et al. KLOE
A possible non-CKM CP violating mechanism || extracts the n’ gluonium content Z; by

n’ gluonium content _

pions and the electrons, O(1072)

Ay =-(0.622.521.8) x 102

selection efficiency

would result in an observable asimmetry A, in J| Measuring R= BR(¢—n"y)/BR(¢—my)
the angle between the planes containing the J| Gluonium content confirmed at 3¢

statistical main contrib, ptmm—23MeV limits o0s |

0.5

More statistics WO
could improve n’'BR .
A and sensitivityto  ** ¢

03

gluonium 028

02 | Nin'—aydTio )

01 b | - T —p T (—me"y)

4
30 32 34 36 38 40 42 44 46 48 S50
q’pdcgrcc
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Search for c meson

e In ¢—>fyy—>n*ny decay analisys, a contribution from c meson must be
accounted for in the ntw invariant mass spectrum

e 1’—nnn decay can be mediated by scalar mesons including  ; studied at KLOE
with early data

e golden channel is w*nn final state, with n—yy

Expected M__ shape using Faribortz-Schechter model, including analysis efficiency (flat in M__ shape).

Reconstruction effects not included Blue: without 6(600) Red: o(600) included

Tl ) iy

‘E 250 — un ﬁlw\ﬁ W\IIHW* Hﬂ.w lj[ lmHllH MHH{
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g 200 [ | }H N + } HH hﬂ

o ﬁ WH Hﬂ} | H*
150 :—J | ﬁH m m +
100 [ HH hi

50
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vy physics with KLOE

5 “vv physics” stands for €'e” >e'e y ¥ —>e'e” + X
vy—1n0 o{nb)

JPC = 0*,2* final states through
quasi-real photons: nn(c),n,n’, f,, ag

‘xi For W, <1GeV, present experimental

5|tuat|on is unsatisfactory:

= small data samples and large backgrounds

= small detection efficiencies and particle ID for low-
mass hadronic states

v Study of yy—7nr® could tell about the existence and
nature of G meson

v' meson transition form factors through yy—n° n
decays : low momentum transfer form factor crucial
for light-by-light contribution to g-2

yy events acquired at the ¢ peak would suffer from ¢ decays as background

v’ use KLOE off-peak data @ 1GeV

10t

=

Q’IF(Q?)I (GeV)

14}

[ B s =

2-loop ChPT

resonanft

yy—)cs—)nono ~ma

400 500  &00
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missing data
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vy physics at 1 GeV

Yy—=>n
e Data sample: 240 pb-1 @ Vs =1 GeV

e Selected channel: n—>n*nn® ; main background: ¢—ny «
with undetected photon

40

\4

Extraction of o(e*e—e*em) and I, in progress

20

Y

Statistical accuracy on I’ comparable with existing

measurements o bt

x? fit /d.o.f.=59.8/43
dony->nrnnly

- total background
ke
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the yy—o(600)— n9n region

0'+
2

M, (MeV)

cross-section in progress

yy —> o —> n°n°

# * Data e Cleanest channel to assess existence and nature of

o 7070 preferred w.r.t. Ttn due to smaller background

» Excess of ~“4000 events w.r.t. known backgrounds in

» Background subtraction and study of differential
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. w NE collider

New interaction scheme implemented:

v’ large beam crossing angle + crabbed waist sextupoles

v Luminosity increase factor ~

v [ Ldt =1
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K.

We already have now a deeply renewed machine capable of delivering ~5 fb1/yr
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”e HBE—Z project schedule

K.

KLOE-2 project consists of two phases:

1. STEP-0 phase, in which we:

— upgraded the detector with two lepton-tagging systems for yy-physics and
— will run for about one year to collect an integrated luminosity of 5 fb?

2. STEP-1 phase, in which we:

— wil upgrade the detector with @ new Inner Tracking system (IT), a new
Quadrupole CALorimeter (QCALT) and Crystal CALorimeter covering low
polar angles (CCALT) and

— will run to collect an integrated luminosity of 20 fb?

Salvatore Fiore -~ La Thuile, march 2Znd 2022 ... 15



Present detector upgrades

Tagging yyevents by detecting e*e” is mandatory to reduce backgrounds

Two lepton-tagging systems for yy-physics have been installed last year:
LET & HET
v LYSO+SiPMs & Scint+PMTs

HET: E>400MeV, 11m from IP
2 scintillatod hobioéop dinbéead in Dagne
| beam nmma Mgb\esmlmfnr

| dpics,is in com
310 install HET n

“‘?E",'Ii"g
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Present detector upgrades

Tagging yyevents by detecting e*e” is mandatory to reduce backgrounds

Two lepton-tagging systems for yy-physics have been installed last year:
LET & HET
v LYSO+SiPMs & Scint+PMTs

June 2010
ET inplace
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I
. Forthcoming detector upgrades

i

During 2012 new sub-detectors will be
added inside KLOE in order to improve
its performance:

CCAL

v LYSO + SiPM

v’ Veto for y’s from IP
(21°=>10° acceptance)

INNER TRACKER

v’ 4 layers of cylindrical triple GEM

v’ Better vertex reconstruction near IP
v’ Larger acceptance for low pt tracks

QCALT
v" W + scintillator tiles + SiPM/WLS
v’ quadrupoles coverage for
K, —>nnnldecays (y towards quads.)

Salvatore Fiore La Thuile, March 2nd 201
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[Vus [f+(0): present World Averages

K.

I G2Af |5 H—12 Ko . tthbl
GV . / 0)|ZJ@§E‘?§ Hg 2WI

M a’(*&éadd?ﬁMaeam@?so 3{/,4,% ep Yoy LOE ested with
<V0tb‘7 ﬂﬂsel%ﬁg &ycrapro; vin o) g5 MoK BPEheé resuI SteE’tor FF
relotkiBitoive, 2omhiPEPLT S ﬁé lsﬁztsep'o | iR ey %reté%‘ S ”a”r?d the vector and

*I-rar |nn' nnr ormance nr era\yls C!ose tC !I) <,Car?arrkE|E |n %W %ECFEtECtIOH Of K_

i NCce and b kground ] 'I'rar (S r oser 'I'r\ 'I- V) IX’ |mprn\loc

accuracy of fhe decay length

pprox. gontr. to % ert front 9
T

Ke3 0.2163(6) O. 0.0 .20, 0.11 |0.06

Ku3 0.2166(6) 0.29 0.15 | 0.18| 0.11 0.98/

0.11

K.e3 0.2155(13) 0.61 0.60 0.03 0.06

K*e3 0.2160(11) 0.52 0.31 | 0.09 0.06

K*u3 0.2158(14) 0.63 0.47 | 0.08] 0.39 0.08
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B

[ Vus [f+(0): future perspectives with KLOE-2/step0 K[&_

(K ) =S GEME S, |V, P 1A )F LMy ) (1485 5y o405,

19273
f+ (O)Vus Statistical uncertainties on BRs and lifetimes obtained
. 1 . o
KLOE today 0.28% sScaImg to _7.5 fb jcotal integrated luminosity
(World Average) (0.23%) ystemat!c errors: |
conservative estimate based on KLOE published
KLOE + Step-0+ WA  0.14% analyses without improvements from the detector
upgrade
A%orox contr. to % err from:
% err le

K,e3 0.2155(4) 0.21 0.09 0.13 0.11 0.09
World-average uncertainties

Ku3 0.2167(5) 0.25 0.10 0.13 0.11 0.15 for BR(K,e3), 6 and I, from
updated Flavianet paper

Ke3 0.2153(7) 0.33 0.30 0.03 0.11 0.09 oarXiv:1005.2323v1

K*e3 0.2152(8) 0.37 0.25 0.05 0.25 0.09

K*fu3 0.2132(9) 0.40 0.27 0.05 0.25 0.15
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- Kaon Interferometry

D':{uu)
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— Low-energy QCD

““ﬂ“[

wloCCAL :
MC all -
B MCsig s b
¢.¢+“+‘ e MC bkg = -
P 3
2 100 E by A Ks 2 50
L : . é :
> - VV =
- 3
0, L% 0
350 400 450 500 550 o600 650 350

with CCAL

MW(MCV)

K 2+vv
+

400 450 500 350

* MCall
B MCsig
 MC bkg

600 650

MW(M::V)

wmmmmmwm
Frac. accuracy
on BR(n'—Yy)
2%—>1%
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— Search for c meson

K.

Expected M__ shape using Faribortz-Schechter model, including analysis efficiency (flat in M__ shape).

Reconstruction effects not included Blue: without 6(600) Red: o(600) included
% 1000 B
= | Mt A St |
) _ + fﬁ%HHﬂHHﬁHEﬁ Mﬂ il Hﬂﬂ# HHﬂHH
N R A TR
= 800 AR "y y
w01 g g i,
1 s ! J[HH ﬂH‘l f Hﬂj{ ) i
+5f b+ §pl o
Tt f
400 1 HH f %f
[ !
200 _¢++ “++
%28 03 032 034 036 038 04
m(x*x) (GeV)
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July 2010

December 2010 March 2011
B-field ON Refined DC & EMC calibration Collisions from DAFNE
First set of DC & EMC callbratlon First operatlon W|th DAFNE On |

Electromagnetic Calorimjgg
- Time calibration: 10-20

- Charge calibration: MIP T 1 T 3
2X2 cm 5 ; | ]L
D 20 | I
Entrie 2304 —_ L * ) i
o b E e 2002 [+
00 [ - R T e i
¥/n 1292 / 61 E - | -
Constaht 204.4 = 300 — ) T
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— C

onclusions

K.

KLOE collaboration achieved several precision Kaon and Hadron Physics results

The KLOE-2 collaboration is ready to start a new enthusiastic data-
taking campaign, to pursue a rich physics program including:

e Kaon Physics
— Test of CPT (and QM) in correlated kaon decays
— Test of CPT in K semileptonic decays
— Test of SM (CKM unitarity, lepton universality)
— Test of xPT (KS decays)
e Spectroscopy of light mesons
- n,n’,f,,a, oin ¢ radiative decays
e vy physics
— Study of [(S/PS—>vy), test of xPT, existence and properties of o(600) meson, PS
Transition Form Factor

e Dark Matter searches (light bosons at O(1 GeV))

References : KLOE-2 Collaboration, Eur. Phys. J C 68 (2010) 619-681
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