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‘\ 9 DA®NE:

KLog _

ete” collider @ Vs =M,
2 interaction regions
Separate ¢* ¢” rings
105+105 bunches

2.7 ns bunch spacing
I e~ 2.4/1.5 A

6. .:2x12.5 mrad

cross*®

FINUDA
DA®NE L

the Frascati ¢-factory K

T 2008, new interaction scheme:
Lnew ~3x Lold

45000
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641550 MeV e+ w5000 b
| 800 MeV e- : \
30000 |
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25000 |- .
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BEAM 200001 . EE 18042012 KLOE2
15000 :_ x;'l:‘ O I d s c h e m e
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g T =t 5000 12/04/2007 Finuda best
N gxles . % ACCUMULATOR ' 52?83%883 %33 {;22{
‘ 510 MeV T T e
aan = 125 15 175 2 225 25
— 120*Amp® /Nbunch
Best performances (1999-2007):
» L =1.4x10%2 cm—2s~! Machine commissioning for KLOE-2
> [ Ldt=8.5 pb-Y/day completed
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‘@) The KLOE experiment

KLOE experiment took data in 2001-2006,
before the DA®NE upgrade

j; j A »\L A
N

N\ N\ )

Drift chamber

% Gas mixture: 90% He + 10% C,H,,
* Op,/ p; <0.4% (6>45°)

//%15 NN

)
| ,

0 om

Decay channel

Events (2.5 fb'!)

KK~ 3.7 % 10°

K, K¢ 2.5 % 10°

prt + o n® 1.1 x 10°
ny 9.7 x 107

ey 9.4 % 10°

ny 4.6 < 10°

Ty 2.2 x 106

Nty 5.2 x 10°
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0, ~150 pm ; 6,~2 mm

Electromagnetic calorimeter
¢ lead/scintillating fibers
¢ 98% solid angle coverage
% oy / E=5.7% / V(E(GeV))
% 0, =57 ps / V(E(GeV)) @ 100 ps
¢ PID capabilities

Physics at a ¢-factory:

»Kaon physics

»Light meson spectroscopy

»Hadron production in yy collisions

»Search for dark force mediator

»Hadronic cross-section via ISR and
n'n_contribution to (g-2),
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'@) From KLOE to KLOE-2: yy taggers KE

2+2 yy taggers installed for the KLOE-2 run
Determine lepton momenta in efe”—efey*y*—ete X

LET : E=160—230 MeV  HET : E > 400 MeV i

> Inside KLOE detector > 11 m from IP
» LYSO+SiPM calorimeters > Scintillator hodoscopes
> O’E<1O% for E>150 MeV > Op ~ 25 MeV, o~ 200 ps

‘ Nominal orbit (EMam = 510 MeV)

| Scattered
A lepton
| trajectory
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@ : From KLOE to KLOE-2: IP detectors  }(O)

Major detector upgrades ready Feb 2013.
Installation will start April 2013

INNER TRACKER

» 4 layers of cylindrical triple GEM

» Better vertex reconstruction near IP
» Larger acceptance for low p, tracks
» 4 Layer completed 10 days ago

QCALT

» W/Cu + tiles +WLS/SiPM
» QUADS coverage for
photons from K, decays
» Calorimeter ready,
FEE dressing in progress

CCAL

» LYSO + SiPM
» Better acceptance for
low angle y (21°—10°)
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'K 5 Still harvesting KLOE data...

KLOE dataset (2001-2005): 0 1 o
'1 — ~ 9
Q 2.5fb" @ Vs =M, (~8x109 ¢ produced) 2,(980)
a (off-peak data) BR =83%
1400 T _ BR ~ 0(10_4)
1200 | {)b 2005: 1256 pb* 4 BR = 6.2x107
e 2004: 734 pb™! o n(550) / / R(770)
300 | 2002: 320 pb! 2004 %
600 | 2001: 172 pb! BR =1.3% BR=1%
T 2002 _Il’o_j\
201]) - 2001 BR = 1.3)(10_3

l 1] 1 L 1, —
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

% ~ 60 publications based
on KLOE data set
% The ‘old’ KLOE data still
produce new amazing results
* Recent analyses on light
mesons will be discussed
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< n—3n = light quark masses
< n()—»atn—y = Box anomaly
< n 2> nan = CHPT
< ¢0—mete, p—n'ete = Transition Form Factors
= Dark photons (U-Bosons)
= yy—n (@)
Two-photon partial width
Transition Form Factors

<> efe—eten (n")
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‘ ") n—nnx decays and Quark Mass ratio
Klok

L = —%(mu -m,)(uu-dd)

n—nnn decay = Isospin violation

I'(n— 3m) o< |[A]* oc Q7°

Determining Q constraints d
the quark mass ratios
[Leutwyler, PoS CD09(2009)005] 107

B Nebon, Fleming & Kicup 03
Gao, Yan & Li 97

o
o
Q
]
(o]
o
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'@j n—=n"nn’ data from 2004 KLOE data K&

o=y (E, .. = 363 MeV) X=v3 A
with n—=n*n = x*w—+ 3y final state Eo —mo
450 pb! = 1.34 x 10% events in the Dalitz plot

IAX,Y)|? = 1+aY+bY?*+cX+dX?*+eXY+HY?

a -1.090 £ 0.005 """ g1 5000

b 0.124 = 0.006 = 0.010

¢ 0.002 = 0.003 = 0.001

d 0.057 £ 0.006 ~*7_ 016 :

e | -0.006%0.007 """ 4003

f 0.14 = 0.01 = 0.02 * ¢, e compatible with zero (C violation)
PO 73% « fit without cubic term (fY3) = P(x?) ~ 10
[JHEP0805(2008)006]
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'E; n—n'n’x’ data from 2004 KLOE data KE

* Symmetric Dalitz plot: i
N3 * Data
2 0.03
A x1+2aZ =>onlyone oF — MC
2 F
23 3E,-M, p’ (p = distance from "E
= 3 S\ ™M, -3Mm, = L the Dalitz plot center) 0::_
* 450 pb!; 7 prompt photons L
= 6.5 x10° events E, MeV)
%ooo_ 3 E e o
B ° Data 0.015—
w000l — Fit Op o (e §TTT
i 0.01F ¢
10000 -0'022
[ -0.03; [ o o 5 .
°|||I||-I||||||I|||I| doleniaalotiveleniu '0'04:_ l
C 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 Zi c 2‘ g ts 5; E 2 8 8 g_ 3 g g E.
0. ® 2 93§ %" 28 ¢%8
a=-0.0301+ 0.0035_}(&?&2: 8 %9 £ 52 ¢ B g
53 £33 F
g T S <
[PLB 694 (2010) 16] § 3 it
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‘fﬁ ) Q mass ratio constraints from KLOE data KE

* Recent dispersive analyses of —3n: subtraction constants fixed from a fit to
KLOE measurements of n—ntm '

—— one-loop yPT
— KLOE

— ONO-IOOP PT

L]

[

N — PDG

a — dispersive, matching

_' o dispersive, fit ’

— ONE-l00P Y PT
— KLOE

v T— _ 20 T m— =
S 104 9 15 E
x pr '
T e = 10 |

10} n—>n'w L _ . ;

10 05 oo 05 10 10 05 0.0 05 10 ! e s 08 0
Y X
= Q = 21.3 £ 0.6 [Colangelo et al. PoS(EPS-HEP2011)304]
: . m, = (2.02 +0.14)MeV
and by using-m and mg from lattice QCD =
myg — (4 91 + 0. 11)MeV
ms — m
= R = = 37.7T £ 3.3
mg — My

[Kampf et al., PRD84(2011)114015]
m,, = (2.23 £0.14)MeV
mq = (4.63 £ 0.14) MeV

0.40 0.45 0.50 055 My 0.60
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Q@ n—=n‘mn’ data from full KLOE dataset K&

New analysis of KLLOE data in progress to reduce systematics from event
selection procedure:

— Whole dataset, ~ 2.5 fb-!
— New analysis scheme
— Improved MC simulation

Test on ~ 600 pb™!
N e N

0

-0.2

-0.2
-0‘4 -0.4 _
-0.6 0.6

-1 1

-1 -08 -06 -04 -02 0 02 04 06 08 1 "1 -08 -06 -0.4 -02 0 02 04 06 08 1
X X

 With 5 fb'! @ KLOE-2 we also expect ~ 8000 1’ — st n’ events
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‘\ I'(np—ntr~y)T(n—ntn-n°) KE

KLog_~

Study of the box anomaly: test of ChPT and its unitarized extensions

[Benayoun et al. EPJC31(2003)525; Holstein, Phys. Scripta, T99(2002)55; n7 o
Borasoy, Nissler, NPA740(2004)362, Picciotto PRD45(1992)1569] P
—/ i} + -
: n' n/n’
Sizeable effect of the Contact Term expected n/n \ y v
both in T(y—n+z-y) and in M, distribution o -
» Data sample: 558 pb~1 0 Sum ot aume
» N(np—atny)=204,950
> N(n—>.7t+7t‘at0) =1.19x106
» BIS=10% BIS=0.65% "E
» Main background: ¢p—a*—n0 |
PLB 78(2013)910 LM
-40 . 30 40
E,, = |py,| (MeV)
+ —
r(ﬂ W }’) Consistent with CLEO

= 0.1856+0.0005_ =0.0028

Syst measurement, with a

factor of 3 improved precision

I'(n—a‘'nmx’)
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'g n—a*ay: fit to the M__ spectrum KE

> 7000f
. § - Experimental data
Fit to the M__ spectrum < 6000 —— Fit from model
according to the model 2 s000F- p{
c -
independent parametrization "' 4000 {9)(9(
. <
of Stollenwerk et al. 3000 0{,)3
PLB 707 (2012), 184 2000 0
oof-
dl'(n - 77~ 5 -
2T D) AP () Fi () P Tolsnr) gbofs oo S
Str 950 300 350 400 450 500 550 _ 600
‘ m;; [MeV]
A@,0)= AQB)( | 1+asy+0(s2,) ))Fy(sx)
\\/_/ RN ~ D ~ s . .o
fitted to BR\_extracted from the spectrum universal Reac‘uon-specnﬁc term.

> Simple ChPT predicts o~ 1 GeV

a = ( 1.32 + 0‘08stat o0 —0.09 syst = O‘Ozth ) GeV™?

Previous measurement: o s, = ( 1.89£0.25+0.59+0.002 ) GeV~2
PLB 707 (2012) 243
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' ) Transition FF from @ Dalitz Decay

» Interest in studying low energy vector
and pseudo-scalar Dalitz decay increased.

VPy * transitions not fully described by VMD
it works for | —y{*(~ fails for @—naC*e"

d Tg—>ne'e’)  alF,(¢)f

2 - 2 —— X

dg- T'(p—=mny) 37 ¢ q

X 1+2”§2 x[| 1+ 2q2 2| T 42m¢q2 2
q m,—m, (m¢—mn)
FF slope:
] b=dF/dg*| »_
F(q ) = : ) =dF/dq”| 2
1 —g2/A2

* ¢—omee:
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IF el

100 |

KL

10 |

param. set (P1) ——
param. set (P2)

stand. VMD -~~~
NAGD +—a—

.

0 01 02 03 04 05 06 07

byy = Ay & 1/m3 ~1 GeV 2

my*- [GeV]

: A2= (3.8 £1.8) GeV~2 (~50% error) SND @ VEPP-2M
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'ﬁ/ ® - n e+e- Dalitz Decay KE

» Slopes measurement for the ® > n e*e decay in progress with
~ 1.7 b1 and for two main n) decay channels ( w7 n?, 07'n0)

» Progresses also for the measurement of ® - n'e*e-

» Plans to study also PS - Vy* exist (e.g. i’ = y e+e-)

1 data

10° ﬁ e

1.

T 11

s ?

=
I IIIIHI] T lll”ﬂl
-’

N> nn’n’

3 oy e,
B WO%*
4

; | I cooa e da e by o b s b vy b s by s b s i by H

:l ll 1 l 1|1 1 I ll | . Ill 1 I ll 1 l l L1 l | . Ili L1 II I 1 |“l |
6”50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450

Mee (MeV)

v High precision on slope reachable (few % w.r.t. 50% of SND measurement)
v Very different systematics on the two channels. Combined fit planned

LI Illl”]

Te=
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'@) ® - n’ e*e"Dalitz Decay

BR($p — me*e’) = (1.12+£0.28)x10°5

= 25% uncertainty

SND = 52 ; CMD-2 = 46 events

Events with 2 tracks + 2 prompt photons

Background:

radiative Bhabha scattering

¢ — 7w’y with photon conversion

Signal efficiency = 16%

Data —-MC comparison (840 pb!) ‘

Work in progress ...
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e‘e’ mass spectrum

KL

—+— DATA
MC signal
MC alrad BKG

MC bhabha BKG
—— MC sum

1Y opening-angle

—— DATA
MC signal

—— MC sum

MC alirad BKG
MC bhabha BKG
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"% Low energy dark forces KE

Several unexpected astrophysical observations (PAMELA, ATIC, INTEGRAL,
DAMA/LIBRA, CoGent...) could be explained with the existence of a hidden
gauge sector weakly coupled with SM through a mixing mechanism of a new

gauge boson (U, A’, V...) with the photon:

[Arkani-Hamed et al. PRD79 015014 (2009)]
[Essig et al., PRD80 015003 (2009)]

_ * R
€ ’}/ U € U ,
AAAYA o o

€ € e X € E = —-

If the mixing parameter € ~ 10 — 10+ = observable at KLOE

e Signature: all ® Dalits Decays ... see next slide
* Other DF searches @ KLOE:
e'e—Uy—ppy;
e'e—h'U—-p'u + missing energy
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'E?Search for dark forces @ KLOE: ¢—nU KE

Meson having radiative decay to one photon can decay to a U boson

with BR(X—YU) ~ €2 x [FFyy, |2x BR(X—Y?)

U—ete” +n—a*ta—a’

U—e'e” +n—a’n’n’ | ¢ Dalitz decay

Irreducible background:

Fit to the M, distribution to extract bckg shape

«A0000

£35000 £

¥2/ndf = 84.15/83

Data corrected
with efficiency
s "
. o%’b/@
A Y,

o0 50 100 150200250300350460450500/7’)@/
Mee (MeV)

U.L. on BR(¢—nU; U—e'e)

10

050 100 150 200 250 300 350 400 450
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M, (MeV)

o'/o

PLB online
DOI: !
10.1016 -5
/j.physletb. )
2013.01.067

. Bl KLOE - qu-IOGeVz
- I KLOE - by, =3.8 GeV’

Limit depends
on FF slope

-7

0 100 200 300 400 500
M, MeV)

a’Ja £1.5%x10-5 @ 90% C.L. for 30<M,<420 MeV

a'la <£5.0x10-° @ 90% C.L. for 60<M, <190 MeV

10
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'@) Detour on Hadronic Cross Section

£ -

* Measurement done with my/uuy

4(+2m;/s)B, do,, Ids

3 ’
B do,, Ids

S.A. analysis
same sample
as KLOEO

* Many factors cancel in this ratio:
— radiator function

— luminosity from Bhabhas
— vacuum polarization

—
™’

10

n

0

L [ eKLOEI2 !
L [ * KLOE®S y
ol ' e KLOEI2 )

S ¥ Y 3

[XRYS ST

» KLOEOS

oy

: (M%)* [GeV?)

AP T PTTTY PPETE PTTE PTees PRwes FWEes ST
0.1 02 03 04 05 06 07 08 09

10%
3

Ly

\ A rrr;wn))sv;v( RARAAAN 240 as g us s Ll as
. i W

i

2
4]

3 o discrepancy
confirmed

[Accepted by PLLB
arXiv-submit:0616958]

a,™ (0.35-0.95 GeV?) = (385.1=1.1,,, =44 x1.2,) x1010
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in Data
Y, Wy
Y-+
100 110 120 130 |;0 Iéo Iéo ‘;0 180
M; . [MeV]
I 1] ] ] | 1] | l T T ] l T 1 | | 1] 1 1
DEHZ03 (tr based
165.6:6.8 ( ) —A—
DEHZ03 (e*e” based
180.9:8.0 %_‘_‘
HMNTO06
180.445.1 Lo inc. K05
JEGO8
179:6.5 ——i inc. K08
DHMYZ10
180,244.9 —A— inc. K08, K10
DHMYZ10 (: based,
189.4:5.4 ( ) F—A—i
JS11 (e*e and «
179.7:6(0 ) —e— inc. K08, K10
HLMNT11
182.8:4.9 —v—i inc. K08, K10
preiminary estimate* F—aA— inc. K12, K10
BNL-E821 02 (u*
203:8 ) — e
BNL-E821 04 (')
214:8.5 [
BNL-E821 04 ave.
208:6 -
I 1 1 4 I 1 L 1 1 1 1 1 l 4 4 1 l L 1 4
140 160 180 200 20 240

a_-11 659 000 (10™°)
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qa

Dic'l

") .... back to DF searches in et+e—> uuy

o)

Production of a photon plus an U boson and decay in a lepton pans e e —>Uy—>1+ Fvy,l=e,n

Y

v Expect a narrow Breit-Wigner

peak above the continuum

La Thuile 26/2/2013

- xﬂAﬂ<::ﬁ
h/, ,

Upper limit with the CL, method

Same sample of F (240 pb! @ M, SA)
Full KLOE statistics, 2.5 fb'! + enlarging
acceptance - sensitivity x 3 (4)

Additional factor of 2 from KLOE-2 data-taking

)

o O o

ARSI LEARNLALRY LAALE LALRY RN

-t
o o
\

» [mmg| Data

o [mmg] MC (PHOKHARA) r,..’"

o

3

do/dVs (nb/GeV
285883

1 n N 1 L " L

L 1
065 07 075 08 085 09 09

\s (GeV)

dz [dM,. .- (nb/GeV)

10° 1
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c=|) "l') M[ ('JGOV
e~ 1006, M~ 0.5 GeV
e = 0003, M =07 GeV

0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0
'\'"l i ‘GOV:'
2
1E-5 o
1 u
1€-6
1E-7 ' —

M (MeV)
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QL@ vy physics @ KLOE: I', (yy) measurement KE

16a2T E,\?2 1
/ Oetemmete-X = ——p 1t (ln—”) (<y’~’+2>2 - (192 3+1?))
" mX me y
I

y =mx/(2Ey)

yI-. KLOE: noetagging [ > Vs=1GeV

YRS oo N
e

’ S KLOE-2: tagger to reduce background from ¢
and to close kinematics :> Vs =M,

ez

Fid

Ty — xtaa® — 2 tracks + 2y

» yy—n (n’n’) studied (under-way) at KLOE

,,,,,,,,,,

> Data sample: 240 pb~' @ Vs =1 GeV -
(reduced bckg contamination from ¢) e N

e.

> Selected channels: n—a*a~7%/n%707°

» Main background: ¢—ny with
undetected recoil photon
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so |-
60 |-
10 |-

20 -

e/ d.0f.=
J[ 1139.9/2398

n—ata=al
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I I 1
0.15 0.2 0.25 0.3 0.35

Mzmiss (GCVZ)

1 I
0.05 0.1

160
140
120 |
100 |
80

60 |

e/ d.0f.=
2670.3/2994

0.05 0.1 0.15 0.2 0.25

Mzmiss (GGVZ)

2D fitto M

2—p.r plane with signal
and background shapes

miss

KL

80

GO0

40

20

920 [
80 [
70 [

60 H]
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MC signal
MC ny
} }
p. (MeV)

MC signal
MC wn?
MC ny
MC K K,




(SN
‘ Y yy—n—ann : results KE

Neutral channel, ~720 signal events:

o(ete” —ere n,\s =1 GeV) = h

3
(32.0+1.5,,+0.9, 025, 3.) pb g

JHEP

Charged channel, ~ 390 signal events:

o(ete” —ere n,\s =1 GeV) =
(34.52.5,,21.0+0.7,20.4,,, ) pb

Combined (correlated errors on neutrals, Lum, FF and rel. BRs)
o(ete” —ere n\s =1 GeV) = (32.7 1.3, + 0.7, ) pb

/

* KLOE measurements same precision w.r.t. best previous results
s Extraction of I'(n—yy) from X-sec measurement, FF and yy-flux

3 | | In agreement with PDG value of
F(n = 77) = (520 £ Wgtap + Bgyst) eV the width 510+£26 ev. Most precise
single determination
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@ ' KLOE-2 prospects: ete~—eten KE

AnnnY
o /| ean .
I'(n® — yy) width ' K ' n? — yy* transition form factor in
, Novaney the space-like region at low Q2
I'(x® — yy) at 1% feasible at KLOE-2
. _ _1 - .
with 5-6 fb Froy at5-6% feasible at KLOE-2 with 5 fb?
The coincidence between KLOE and HET  The coincidences between KLOE and one
taggers select a very clean sample of the HET stations are used
of ~1900 events per fb"! (o= 3.4 pb) v
1 o0, § oy
2 F chiral B % 2 0.2 Tk‘—k —8— CLEO data
E 12~ — ——— Anomaly — 0.542 N g, = —— BaBar data
T ] v o2
LS Gray band: theory =~ — 0591 s 4 KLOE-2 (L;, =5 fb)

and KLOE-2 precision - 0.650 First measurement +

1o _ o e
o ~ 0723 - %’ﬁ‘
8: + S | é I l P _i 0.813 0% N el L .f??““"‘"‘f-‘-a.:.—;..f..
ol 1 L “,08¢  Light-by-light term to muon anomaly : both
8 g g g g g % : measurements, width and F .., contribute to a
E E E 3 ; . .g factor of ~2 reduction in the theoretical error,
¢ & & 3 5; E dominated by pseudoscalar (1t°) contribution

La Thuile 26/2/2013 S.Miscetti@LaThuile 2013 23



‘\ Conclusions KE

» The KLOE high statistics data sample still produces copious results in
light hadronic physics such as n,’, Dalitz decay of ¢, n,  , yy-physics,
hadronic cross section, Kaon decays and interferometry, Dark bosons

» DADPNE commissioning concluded
*» KLOE detector ~ operational, KLOE-2 upgrades being completed
¢ Installation of new detectors will start in few weeks
% Expect to collect O(10 fb~1) in the next 2-3 years

» Rich physics program available for KLOE-2 [Eur. Phys. J. C 68 (2010), 619]

For light hadron physics
— study of n and ' decays, CHPT in ) 2n%y, " decay
- 1 /1’ mixing = gluonium content
—~ yy processes at \s = M,, (with ¢* taggers):
I'(n’—yy), Pyy transition form factors,
scalar mesons: 6(600) in yy—nn’;
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'@) Study of n — w interactions in ' —nprtm- KE

m Study n-1t interaction

= Quantum numbers favor scalar resonances
[Faribortz-Schechter, PRD60(1999)034002]

1t & i
a A M
7/ | y # +
] // o ' e
Jl-+--€-->--1]- ’ c. f0
\\ | ki) M & 4 n, al)
& ¥ | e
m Test predictions of ChPT and extensions
" S
I . V3(T_.—T_.)
1.06 X —
0.5 ::»: o T“. +Tﬂ +Tﬂ
Y ok - (1):2‘:: =
0.5; :::: -as Y = m“+2m" T'\ —
Al oo B m T .+T +T,
A5 as 0 o5 1 s s e e e 3
X
ao(980) I=1 dominance LN c-ChPT
Borasoy et al. EPJ A26 (2007) 383 Escribano et al. JHEP 1105 (2011) 094
m Predictions differ on percent level #» high precision needed
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1@) Study of n—x interactions inn’ —»nr*m- KE

m1.7 fb* analyzed

m Background suppression by multiple

hypothesis kinematic fitting
= Main background n —
mB/S=0.2
me=23%

m 10160 + 110 events reconstructed

Previous Measurements:

BNL (sum) 1400 events
CLEO 6700 events
VES 7000 events
BES Il 44000 events

2

o
o
s

S

rrrryrrriryrTrrrrTrrirorroroTrTaTd rerryrrrrirTrTia
I I [ I l I [

2500

Counts per MeV/c
S
S

2000

1500

1000

500

2

—}— Data

] o' (n'—nn'm)
[ ] e—ynmonna?
- Other Background

lllIIlllllllllllllIllll[IIIIIIIIIIIII-}—

880 900 ©20 940 960 980 1000 1020
Invariant Mass(©*xn) in MeV/c?

Phys. Rev. D10 916 (1974)
Phys. Rev. Lett. 84 26 (2000)
Phys. Lett. B651, 22-26 (2007)
Phys. Rev. D83, 012003 (2011)

With 10 fb'! @ KLOE-2 we expect ~50000 1’ — m t'w events
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®NE: beam profiles @ IP and paramen[&

DA®DNE (KLOE run)

DA®NE DA®NE
(KLOE run) | Upgrade
s z, ; lbunch (MA) 13 13
/“ w//, /] Nbunch 110 110
/////////77//////,, i B, (cm)
‘ Bx" (cm)
o,* (um) 7 2.6
29 o,* (um) 700 200
o, (mm)

Bros (Mrad) (half)

(I)Piwinski
L (cm2s”) 1.5x1032 >5x1032
110 |
s
5: 0
: -5 Y (um)
-10
/500
0 o
z (mm) 10 7 | v“'-vsoo x (um)
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45000 x
- r
»n r
e 40000
| r
g 35000 |-
o
Nc 30000 |-
o X
—
25000 |- .
2z CRAB Optics
.(7) [ 21/12/2008 SIDDHARTA
e ™ F B 18/04/2012 KLOE2
=
'é‘ 15000 |- f X
R * | m, ‘ ‘m"m’LN,,'.’W»"T\”"” I
= 10000 |- 3 M*W 0 g
q [ ] i fmw M " W
L WWWM Ll o }
s000 |- " o 12/04/2007 Finuda best
R : 16/09/2005 Kloe best X
[ha o e 06/08/2002 Kloe best
el N B D Y T B B N
O 0 0z 05 075 1 125 15 175 N ;
I*,I‘_ hamionic [ AQ]
bunches

Best performances:

»L =1.5x10% cm2s1 (0.8 mA + 0.8mA)
(as best KLOE run with 1.8 A+ 1.3 A)

»Background level x 2-3 w.r.t. KLOE X

La Thuile 26/2/2013

Commissioning of the KLOE-2 run

KL

First collisions for KLOE-2 @ end 2010,
followed by long machine shutdowns
due to severe hardware problems

DA®NE commissioning started on
November 2011

Performances obtained for the
Siddharta 2008 run not yet reached

Machine studies concluded = now 6
months shutdown to install upgrades

—> Temperature control on BeamPipe

Crab Waist is working—> machine
optimization still to be done

New beam pipe under construction.
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rﬂ:ws BaT\
X Max integrated Lum~ 8.2 pb/day
X Max Lum/hour ~ 420 nb sustained for 10 hours = O( 10 pb/day)
X Max lum expected O (20 pb/Day) x 200 dd/year ~ 4 fb/Year
OF ON Min luminosity, highest background
when the sextupoles are OFF
—EE. Garrea oo e+ 19.300E+4
KLOE
background
DA®NE luminosity monitor KLOE luminosity monitor
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Steps toward higher Luminosity

da 2.x fb-1/year a 3.5 fb-1

1. Optics

2. Stronger crab waist sextupoles _
3. Beam dynamics optimization C.M\\o‘d\
4. Higher beam currents

5. More bunches (102 <2 110-112)

6. New power supplies for e-cloud clearing electrodes

7. Machine studies and fine tuning

8. Better vacuum (conditioning, scrabbing)

9. Improved injection by implementing fast kickers

1

0. Higher uptime coming from more reliable & stable subsystem



4 ¢ — (fo/ao)y — K K"~ K.

_ 160 ¢
- K%K with scalar quantum numbers (J?C=0*") T2k Signal MC
* Small phase space 2M=M;,<M,) oF
= small Br expected (10 — 10-7) s0F
20 .

SR P B il P IR R
%90 1000 1010 1020 1030 1040

“Golden channel” ¢ — KKy — nimwmtmny

* Analyzed sample: 2.2 fb! 4000 £-bkg MC .
* 5 events in data and 3.2 background events (MC) 3000 --data '
e b . 2000 © .
(' (y) from ¢—K K, and from continuum) 00| * .\x
Br(¢p — K°K%y) < 1.9 x 10~ ° @ 90%C.L. %90 1000 1010 1020 1030 1040

[PLB679(2009),10]

 Consistency check: using the KLOE
couplings from ¢—mnmy, nr’y in the
Kaon Loop model 8 [

= Br(¢p — K°K°y) =4x197? —6.8 x 108

KLOE-2: sensitivity for Br = 5x10~° af
(with Inner Tracker) )

=> First observation possible
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d: oy KL

« ChPT: O(p?) « Q=0;
O(p*) @ tree level = 0; O(p*) @ 1 loop suppressed by G-parity
=> 0(p9) test
* Prev. measurements = Br(n—=n’yy): (7.2x1.4)x10*  GAMS (1984)
< 8.4 x10“@90% C.L. SND (2001)

(22.1 2.4 +4.7)x10> Crystal Ball@AGS (2008)
(22.4 + 4.6 = 1.7)x10-°5 Crystal Ball@MAMI(2009)

* KLOE = ¢—ny; n—>a'yy Bl
* Bckg.: (1) Sy processes: ¢—>aoy, INE 3
e'e—on’ (0—n'y) 5
,\

(2) —ny; n—>n'n'n’
6\\\

« L ~450 pb! | T
= Br(n—>n'yy) = (8.4£2.7+1.4) x 10-° o - T |

T 440 460 480 500 520 540 560 580 600

MeV
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@i oE-2 prospects: search for U boson K

Analysis of etfe™—Uy—uuy planned on:

i) 2 fbl sample with small-angle KLOKE final
(un-detected SA) photon sensitivity:
5 ne'e + puny
ii) 200 pb! @ 1 GeV sample with 10 \
large-angle (detected) ISR photons : : Large Angle
— SA will provide the best results in i Small Angle
the range ~ 500 <M< 1000 MeV 10 =
APEX  MAMI
KLOE-2 @ 10 fb* will improve
of a factor of ~ 3: .
10 -
= in the mass range 100<M ;<400 MeV KLOE-2 @ 10 fb-':
with the ¢—nU channe/ [ ne'e + u'uy (SA only)
- in the mass range 500-1000 MeV 10 8

with the SA sample of ete™ —>Uy—uuy 200 400 600 800
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@hrk forces : ee > hU higgsstrahlung process [}

et h Very different scenarios depending on
I/} 1

/]

]

n

I 9 _
---\~(1D8" 8=10'3

\

\ mnvisible up to & = 102=10"!

\ {90~ %em > g5 us—>ﬁyc1:>1_

my,~100 MeV rapidly increasing with decreasing & depending on m,

e U
We study only the muon case m, <m,;: €+e” — [+~ + missing energy

c(e'e—>hU) ap=a. e=103 s=1 Gev2fb ' . BR (u & pp.mm)

=00 Batell, Pospelov, Ritz , t g

Mo 0.3 f 4 %
o Phys.Rev. D79, L F 3 Y nh

- L R
115008 (2009) 7 F ' : /
Coup |
300 }
Ly

ROSe—T T .
700 107 Y o . :
o - c",“' ’P'A :-,m

100 S‘vf 33

La Thuile 26/2/2013 S.Miscetti@LaThuile 2013 35



ark forces : ee 2 hU higgsstrahlung process KE

‘;;"'_n My = .»)He o7 = 250 Ha
2 F -0 my, = | XRRES - F : :1‘..:1-. l'lfl‘
OpE€” [~ T2 ape2f & m=3ol
o M= 430 lley o D™ 1 2 miRke
- :..»"
. .l“."‘.-."

I smoolﬂe’ resu“s o
T P P P PEUTE PR PR P R
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@ o(ec'e—hadr.) below 1 GeYQL

« ~3 odiscrepancy between a SM - a,*® la,=(g,-2)/2]

J aMSM= auQED + auweak + @ » main contribution to the

uncertainty on a,°M

g - 1/ () o(e"e” —hadr)K@ds 5 K(s)~1/s

 O(efee—hadr.) below 1 GeV is dominated by e'e—n'n-
e ¢ - factory: fixed Vs = Initial State Radiation method

+

€

+ o —a ~
M 5+ Ao o "1 _olet e > am) Hs, S,
A /1

 Different analyses: (1) photon emitted at Small Angle (S.A. analysis)
[PLB606(2005)12, PLB670(2009)285]
(2) photon emitted at Large Angle (L.A. analysis)
[PLB700(2011)102]
(3) photon at S.A., o(e*e—=n"ny)/o(eTe—pn n7y)
[arXiv-submit:0616958, submitted to PLB]




a4 S.A. analysis (KLOEOS) K.

YOKE:

« 2 pions at large angle (9>50°) o 50 — 130° [y

* Photon at small angle (0<15° - not detected)
to reduce FSR
 Photon momentum reconstructed from Kinematics
ﬁ'y — _(ﬁ+ + ﬁ—)
« 240 pb'! from 2002 data-taking

N Z
52 i KLOE 2008
T = O'ee_m-ﬂ-(S)K(S)dS 1200F =™ Phys. Lett. B 670
S1 [ C N (2009) 285
1000 +_ '
7 stat. error only
800F '
a, ™ (0.35-0.95 GeV?) = (387.2+0.5 2.4 +2.3,)x1010 "
- ’ 600F &
400 F .
200:-
[ 12 (Gev )""‘\-...

03 04 05 06 07 08 09 1.0
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a, ™ (0.1-0.85 GeV?) = (478.5%2.0

2 pions at large angle (9>50°)

Photon detected at large angle (9>50°)

Threshold region accessible

Lower statistics

Larger contribution from FSR
Larger background from ¢—n*n—n’

Irreducible background from ¢—f )y—=>m'ny
Use off-peak data (Vs =1 GeV); L =233 pb"!

&£5.0,,,,+4.5,)x101

sta

[PLB700(2011)102]

Good agreement with KLOEOS
Combined KLOEOS8 + KLOEI10:
a,™(0.1-0.95 GeV?) = (488.66.0)x 10!
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& l
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F_|? from a*a~y/u*tu-y ratio
KLOEO8 KLOEI2  so;

o 451 _ = .
Syst. errors (%) A™a, abs A™a, ratio A5 F sl ::I.(«)-:'; s
Reconstruction Filter negligible negligible a0 : “‘.g‘ 4 | e KLOEI12
Background subtraction 0.3 0.8 (0.357 & 0.8,,,) ST \ . - 4 )
35 |- 055 0575 0.6 0625 065 KILOEOS
Trackmass 0.2 0.4 (0255 & 0.4,,-) E 4 g
Particle ID negligible negligible 30 _ = J &8
Tracking 0.3 0.6 (0377 & 0.5,,) 2sE ‘? A
Trigger 0.1 0.1 (0.155-) : |
Unfolding negligible negligible 20 _ J’; i‘\
Acceptance (05;) 0.2 negligible 15 s "
ot v sor| 1o} > sor |10 » - y
.~"\(u ptance .(()‘,) . negligible negligible 10f /" s,
Software Trigger (L3) 0.1 0.1 (0.Lyms @ 0.1, ) i .
Lllllllllo.\’lf_\" 0.3 (0.1¢n & 0.3e2p) . Tk (M2 [GeV?)
Vs dep. of H 0.2 - (] J T PRI S B RSS B SRS SRR S S S -
e n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Total exp systematics 0.6 11
Vacuum Polarization 0.1 - 0.1} L2 5 -
" . . . ® (IF_I. .-1F_IT ) /IF_I. .
FSR treatment 0.3 0.3 - T KOS T K12 7 KOS
Rad. function H 0.5 - 0.05 ™ + + 44
Total theory systematics 0.6 0.3 0
[| Total systematic error | 0.9 | 1.2 l -0.05 B +
- (stat. + syst. err. 0.2~ 2
-0.1 b.( - ' — : PP .(l.\'lim.) 1[('0‘ ]

0.3 T0a 05 06 07 T 08 o9
Good agreement between the two

measurements, especially in the p region

KLOE12: a *(0.35-0.95 GeV?) = (385.1 + 1.1, + 4.4, + 1.2, ) - 101
u ys eo
KLOEO8: a ™(0.35-0.95 GeV?) = (387.2 £ 0.5y, + 2.4, % 2.34,.,) - 10°"°
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The light quark masses: study of n—=3m decay

» Using dispersive relations and the fit to the n—n*an® data a reasonable agreement with
precise experimental analyses of the —>n%tn® channel, is obtained.

» The Q value obtained with this procedure provides useful information on quark masses.

« New more precise data on n—mtmn n°

important in order to reduce
systematics on Q? associated to
the residual mismatch with the
neutral channel.

* New analysis of the whole
KLOE dataset (~2fb™!) with

new analysis strategy to reduce
systematics

» At KLOE-2 with the inner tracker
and more data we expect a further
significant improvement

Emilie Pagegemar
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» Study of the box anomaly: test of ChPT and its unitarized extensions
[Benayoun et al. EPJC31(2003)525; Holstein, Phys. Scripta, T99(2002)55;

Borasoy, Nissler, NPA740(2004)362, Picciotto PRD45(1992)1569] 7 o
—P/”’}?— -
Sizeable effect of the Contact Term expected - ¥ n/n'
both in I'(n—n*n~y) and in M_, distribution Y ponn
Decay PDG 2010
n-onny 60+4 eV 56.3x1.7 eV 100.9+2.8 eV
n' -ty 60+5 keV 48.9+3.9 keV 57.5+4.0 keV
HLS: Benayoun, Eur. Phys. J. C31 (2003) 525
» CLEO result (2007) '(m—n*my) / T'(n—nan’)
~3 0’ s lower than previous value events author year
measurements 0.203 £ 0.008 PDG average
0.175 £ 0.007 £ 0.006 859 Lopez 2007
0.209 + 0.004 18k Thaler 1973
Far—n))= 4
LeLpo(n—mtny)=(52+4) eV 0.201 + 0.006 7250  Gormley 1970
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- nta~y: fit to the M__ spectrum KE

"Model-independent approach ton/n' >y
(Stollenwerk, Hanhart, Kupsc, Meifner and Wirzba PLB707 (2012) 184-190)

dl(p—7"77y)
ds

T

E,(s_)=1+(2.12£0.01)s_ +(2.134_r0.01).s-;,r +(13.80+0.14)s”

=[4P(s.. )y (s ) To(s)

O 23 * g L) MT;;;QV’
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