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The experiment
°

DA®NE

DA®NE, the Frascati ¢ factory

DADNE

SETTEMBRE 2012

beam pipe radius around IP
2.75 om now (4.4 cm in the past)

@ Most of the infrastructures of the Frascati accelerator complex have
been consolidated for a physics run with KLOE-2

@ Beam interaction region upgraded

@ Commissioning in progress

@ The goal is to collect 5 fb~! in 2-3 years




The experiment
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Detectors

The KLOE detector

@ Big Drift chamber operating with
He-rich(90%) mixture, with stereo
wires and carbon-fiber structure,
opr < 0.4-% Pr (9 > 450)

@ Hermetic sampling calorimeter with
lead, scintillating fibers, C-shaped
end-caps for full coverage,

57__ 3100 ps

Tt ™ TE(Gev)

@ Loose trigger conditions insure

maximal acceptance for any event =
topology for a wide physics program, © 250 pb™" collected at 1 GeV for
EPJ C68(2010)619 physics in the continuum
@ Integrated luminosity of 2.5 fb~! with q@w
2002 and 2004-2005 runs =
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The experiment
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Detectors

The detector upgrades

@ Two different stations of yv—y taggers,
for the detection of et and e~ in the
high-energy (HET) and low-energy RN ol =
(LET) windows, : E. > 400MeV and N T N
130 < E. < 300 MeV. , o A

@ The Inner Tracker is the first 'l[ @
cylindrical 3-GEM chamber ever built 4[ i g

=4

o CCALT is a LYSO-crystal calorimeter Feosesss , v~&%eﬂ?ack }7
to detect low-angle photons ‘ - s
e

@ QCALT is a sampling calorimeter to
instrument the final focusing region
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Detectors

The installation, July 2013




The experiment
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Data analyses

Physics

1400

@ Data collected in 2002 and 2004-2006 are ) [“*

) o ] ™ 2005: 1256 pb? 4
being used for precision measurements in oo | 2004: 734 pb! e

various fields. soor 2002: 320 pb! 2004
. ) ) i 600 |- 2001: 172 pb
@ Recently-finalized physics analyses include: .|

200 f

CPT tests W|th entangled kaons;
The K — 77~ 70 decays; Kaon phy5|cs B
Dark—photon searches;
Transition form factors Fy, and F,0 presented by I. Sarra at
this conference;
o The 7 radiative width JHEP 1301(2013)119,
M(n — vy) = (520 £ 205 + 1345t) €V;
@ Isospin violating decays: n — 77~ 7" to improve on light
quark masses; B
@ The hadronic cross section to improve on the theoretical Q§“
calculation of (g —2), PLB 720(2013)336

Mar  Apr May Jun Jul Aug Sep Oct Nov Dec




CPT
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Testing CPT and Lorentz Invariance

Method

Entangled kaon pairs are produced at the ¢p—factory in a pure QM
state, 17~

¢ — 7T ntw~ final state considered for the precision
measurement of the interference pattern

Any deviation from the expected distribution of the decay distance
of the two kaons is a signal of effects at the Planck scale, Mp

The SME is a model-independent framework created to select
observables pointing to physics at Mp

In this framework Aa, parametrization of CPT violation is used

Ok ~ isin pswe*SWo(Aag — Bk - AZ)/Am

appearing in the flavor mixture of the mass eigenstates :
Ks.) oc (14 €5.0)[K®) + (1 — 5. )[K) with eg 1, = ex + 6k q@)
kit
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CPT
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Testing CPT and Lorentz Invariance

Earth rotation: from lab to celestial coordinates

Transformation of § parameter in a terrestrial
coordinate system where:

i‘EH:aé-{-ﬂZ;a,ﬁER

ok (Px, Toid) = }%‘;&WWV}{ [Aau + BrAaz(cosV cos x — sind cos psin x)
—BrAax sindsinpsinwgTsq
+BxAax (cosdsin x + sin 1 cos ¢ cos x) coswrTsiq
+BkAay (cos¥sin x + sin ¥ cos p cos x) sinwgTsiq

+BrAay sin ¥ sin ¢ cos wETSld]




CPT
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Testing CPT and Lorentz Invariance

Resolution

cos0<0 €0s0>0

— After fit

P20

— Cuton 6+

nev/0.25 T

(=1
s
T

(=1
w
T

& "
- Ky
10%L
o

Y , ik 1 Pipy<0

-40 -20 0 20 40
ATpeco = Arye (Ts)

Sensitivity strongly dependent on the vertex resolution

Dedicated work to improve on vertex reconstruction near the IP

Cut on kaon acollinearity improves tails -

Data analyzed in different bins of i) sidereal time (4) and ii) kaon W@i

Ko
momentum (2) )
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Testing CPT and Lorentz Invariance

Results

The best sensitivity ever reached in the quark sector [PLB
730(2014)89):
Aao = (—6.0 £ 7.75ar & 3.155r) x 10718 GeV

Aa, = ( 0.9+ 155, +0.655) x 10~ 18 GeVv
Aay = (—2.0 £ 1.555t £ 0.555:) x 10~ 18 Gev
= ( 3.1+ 1.7t £ 0.55) x 10718 GeV
”
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Branching fraction measurement

K+t — nTnt7~ : Data analysis

@ The absolute BR(K™ — ntntn™) is
the last of the precision measurement -
in the kaon sector, the other dominant ¢ = -
decays and the lifetime being obtained Data
at sub—percent precision level 10 T KGO0 MC

e It is based on ~ 174 pb~! e ~

@ The decays are tagged reconstructing b tﬁ
the two—body decays of K~ s

@ Two pions are required to be ﬁ*
reconstructed on the signal side Ve

T N
.. . . . o x10° (MeV)
@ The missing mass distribution from

kaon (obtained from tagging side) and
two pions, is used for event counting




Branching fraction measurement

Results

K*-> x*rn* signal

K-> v tag

o From tagged samplesof ~ 12 M K~ — v "} 7“(,
and ~5 M K~ — 7~ 7% we obtain 48,032 ol .
and 20,063K™ — 77t )

@ Systematics relating to tagging, efficiency,
analysis cuts have been carefully evaluated
and are at 0.5% level

n
)..-40)...-30.-20..._10. 1

X 10° (-M

.
IR ) 2o ot ¢
&) +‘*‘+f‘ﬂf+" LR AL

s

Chbeonvaa -
.

50 40 -30 20 -10 0 10 20 30 40
IV X

107 (Mev)
BR(K* — ntn~wt(7))| ragk,, = (0.05552 % 0.00034s;,¢ + 0.00034s;)
BR(Kt — ntn~ " (7))| Tagk,, = (0.05587 £ 0.000534¢,¢ £ 0.00033,y:)
and combining =
BR(Kt — mtn~ 7t (7)) = (0.0557 £ 0.00034¢,¢ £ 0.0003,ys) [ 9

v

13 /22



Branching fraction measurement

Constrained fit of K= BR’s and lifetime

@ KLOE provided consistent precision measurements of the K+
lifetime and the six largest branching fractions

@ The fit with the unitary constraint on the sum of the BR's, taking
into account of the BR dependence on the lifetime and the
covariance matrix gives x?/ndf = 0.24/1 (P=0.68)

Parameter Value
BR(K:[Z) 0.6372(11)
BR(K}, 0.2070(9) | 0.55

BR(rt7~7") | 0.0558(4) |-0.23 | -0.05
BR(K3 0.0498(5) | 0.42 | -0.15 | 0.06
BR(K%) 0.0324(4) | -0.39 | 0.14 | -0.05 | -0.58
BR(n*n%7%) | 0.01764(25) | -0.13 | 0.05 | -0.02 | 0.04 | -0.04
i (ns) 12.344(29) | 0.20 | 0.19 |-0.14 | 0.05 | -0.04 | 0.02




Dark forces

Dark forces

@ New gauge symmetries advocated for explaining dark matter

@ Light vector bosons, with My in the GeV range are not completely

ruled out if the dark sector is weakly coupled to the SM

The KLOE program in this field includes several analyses

Search for the U-boson resonance in the nete™ final state
Search for the U-boson resonance in the u ™ final state
Search for the U-boson resonance in the eT e~ final state
Search for associated U-h’ production in the ™y~ + missing
energy final state (invisible h" expected for M; < My)

The U-boson portal should also be different from the SM photon
(vector portal)

Further analyses are feasible to search for U-bosons in case of

fermion (quark) portal looking at 7%y and 1y — (7%yy)7 final qi \
states ds 7
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Results

The exclusion plot

From the analysis of ¢ — neTe™ and ete™ — putu—v
No evidence for the signal — we obtaian an excluded region at
90% C.L. of couplings vs the U-boson mass
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Results

Limits on ete™ — UN — u™p~+ missing energy

From the analysis of final states with 2 y + missing energy
On 1.65 fb~! of on—peak data and ~200 pb~! at 1 GeV
(off-peak) no evidence for ete™ — Uh — putu~ + invisible h’

e’

m "
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Motivations

Transition form factors

@ Meson to photon couplings (TFF) are fundamental observables in
hadron physics

@ They are provided by radiative (and Dalitz—pair) meson decays,
V= Py eg. ¢ —nete

! 5 312

d N o« ‘F;ﬁ”](q ) 4m’ 2m’ q dmq’

_ — * = — LA A Ey | 1 _ ¢

qu F(¢ nee ) 3ﬂf(¢ T]}’) qz qz (1+ qz ) +m;_mz] (m;—m?])z

@ and by meson production in y—y processes

@ KLOE measured Fy,, Fyro

@ With the new run and the y—y tagger system we can measure
TFF 4v®) — 7% at low g2 with 5-6% per-bin precision and
F(7® — 47) at 1% pecision level (5 fb~! of integrated
luminosity)




Transition form factors: Fy,,, F, o

Transition form factors: Fy,, F 0

From |. Sarra talk

4] | Fit to multi-component MC-simulated shapes
= T —— DATA
- Bygee=1.17 £0.10 GeV?2 —— MC signal
FS 10° £ #3/NDF = 105.54/90 = 1.17 10° —— MC allrad BKG
E Prob.(2)=12.58% ~—— NC bhabha BKG
102 :_ .. "
E . *
F 10
ok* Mee (data — bkg)
£ - Fiat :
1 L " 1 L 1 il Laaaal il 1 il 0
0 50 100 150 200 250 300 350 400 450 M, [MeV]
Mee (MeV)
) BKg subtracted and « corrected spectrum
w0
DATA
MCFF=1

SND/CMD-2 KLOE
(2001)
bynlGev?] 3.8%1.8/- 1170109,

BR (x10%) 1.19#0.31/ 1.075+0.038+0.007+0%6
1.14+0.16
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Light quarks
°

Lattice QCD and ChPT

Light quark masses from 1 — 37

H.Leutwyler 0911.1416 [hep-ph]

@ Isospin violating decays are 02
- . T
sensistive to quark mass differences 25////j

@ 1 — 37 provides the experimental n *7 7/
input to ChPT
@ Branching fraction proportional to

2 2
—4. 2 _ ms—myy
Q% Q2= o

Sl
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@ Dispersion relations have been applied to improve on the
one—loop results in ChPT

@ Theoretical and experimental work in progress to derive more
powerful constraints on the light quark masses




Light quarks
.

Data analysis

The n — nt7n~ 70 Dalitz plot

data
@ The analysis provides the ]

coefficients of a polynomial -
expansion around the centre of the o
Dalitz plot, 10000
p(X,Y) o< 1+aY+bY2+dX2+fY3 | 3000
@ On respect previous KLOE results, 20000
JHEP0805(2008)006, the 10000

statistical improvement is of 4.48
10 events vs 1.34 10°
The dominant systematic effect relating to pre—selection efficiency in old

data overcome by the minimum-—bias sample collected in 2004-2005

JHEP0805,006 -1.090(5)(*8 ;) 0.124(6)(10) 0.057(6)(*7_55) 0.140(20)

preliminary,2013 -1.104(3) 0.144(3) 0.073(3) 0.155(6)



Conclusions

Conclusions and Outlook

@ The KLOE experiment has recently obtained several results on
kaon and hadron physics

@ The innermost part of the detector has been upgraded to
improve vertex resolution near the IP, to increase the
acceptance at low polar angle and to instrument the DAONE
final focusing region

@ A tagging system for v—y physics is installed
@ DA®NE commissioning is in progress

@ The goal is to collect ~ 5 fb~! in 2-3 years
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