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e*e” collider @ /s * M, = 1019.4
Opeak ~ 3 IJ-b

Large eams crossing angle
Novel Crab-Waist interaction scheme

Separate e*e” rings to reduce beam-beam interaction ®
105 bunches in each ring with a time interval of 2.7 ns ¥ |
Peak luminosity 2.4x103% cms™! 4
The total luminosity integrated by KLOE:
L. =5.5fb~1(KLOE-2) + 2.5 fb~1 (KLOE)
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The KLOE-2 detector K‘&_

Large cylindrical drift chamber Superconducting coil ‘
U Uniform tracking and vertexing in B=052T
all volume - _ -
O Helium based gas T \\\?7// w:l:mE:EN$ 7 /@ h
mixture (90% He - 10% IsoC,H,,) | YA
L Stereo wire geometry S

o,/p=04%

Oy = 150 pm; 0,= 2 mm
Oy ~ 3 Mm
o(M,.)~1MeV

Lead/scintillating-fiber calorimeter | .-
L Hermetical coverage
U High efficiency for low energy

photons y
og/E =5.7% /VE(GeV) E =N
of= 54 /\E(GeV) @ 100 ps % : §
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QCALT

Tungsten slabs + scintillator tiles red out by SiPM's &= f

Low-beta quadrupole coverage for KL decays i)
==
QCALT: NIMA 617,105 (2010); Acta Phys. Pol. B 46, 87 (2015) s
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LYSO crystals+ SiPM read-out

Increased acceptance for y’s
from IP (24°->11°)
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INNER TRACKER
First cylindrical GEM detector

4 layers with 700 mm active length
Better vertex reconstruction near IP

Larger acceptance for low p, tracks CCALT: NIM A 718,81 (2013)

Increased sensitivity for the kaon interferometry measurements / M |I||
IT: Acta Phys. Pol. B 46, 73 (2015); NIMA 628 (2011),194




LET: E, ~ 150-400 MeV

+ Inside KLOE detector

/

s 20 LYSO crystals in a matrix of
6 x 7.5 x 12 cm?3 readout by SiPM
% 0p/E<10% for E>150 MeV
HET: E_. > 400 MeV

+» Plastic scintillator hodoscopes

R

% Placed after first dipoles (11 m from IP) §

R

* Capable to resolve the RF frequency on-
line and cross-correlate the signal with
KLOE trigger

¢ o~ 2.5MeV; o0~ 200 ps
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Acta Phys. Pol. B 46, 81 (2015)
NIM A 617, 266 (2010)
NIM A 617, 81 (2010)




KLOE-2 Physics K

KLOE & KLOE-2 gathered an unique data sample: L, .~ 8 fb1 (2.4 x 101° ¢p decays)

U yy physics
» m° width and ®—yy* transition form factor in the space-like region

1 Light meson spectroscopy
» Properties of scalar/vector mesons
» Raren decays
» 1’ physics

U Kaon physics
» Test of CPT (and QM) in correlated kaon decays
» Tests of CP & CPT in K decays
» Test of SM (CKM unitarity, lepton universality)
» Test of ChPT (K decays)

U Dark forces searches (Light bosons @ O(1 GeV))

O Hadronic cross section ( o, ,(M,) and contribution to (g-2) )

[G.Amelino-Camelia et al.,, Eur. Phys. ]. C 68 (2010), 619-681]




CP violation in rare K¢ decays KE

% K — mnO1t%: unambiguous sign of CP violation
“ K;— m*mn®: CPV for for L=0,2, but contains also conserving amplitude

(m°m°n°|H|Ks) , (m*tn~n°|H|Ks) ,
Nooo = (OO0 HIK,) =&+ €900 Ni—0 = =&t &,

(m*n~n®|H|K,)
% In the lowest order of the xPT: &'ypp = € +_o = —2¢’

% KLOE set the best upper limit on |ny,|:

7; BR(K¢ — 37°
BR(Ks » 31°) < 2.6 - 1078 = [nggo| = J L BR(Ks ) < 0.0088®90%C.L.

Tg BR(KL = 37T0) _

D. Babusci et al., Phys. Lett. B 723 (2013) 54

¢ Uncertainties of both 1,,, and n,_, contribute to phase of €

% Current experimental accuracy on BR(K; — m*mn®) is 30% (CPLEAR, NA48 and E621)

% First direct search for K — m*mn® is ongoing with the old KLOE data set (with
expected accuracy ~0(30 %))
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CP violation in rare K decays KE

o 41 \u _._‘
% Blind analysis on the KLOE-2 data sample (~4fb1) ff’;‘ ! .
¢ Pre-selection with the following requirements: ﬁf ‘N k: L1 }}1
A kg
o K,-crash: E>150 MeV, 0.2< B < 0.225 U{ ‘ }y
o prompt photons: E > 20 MeV; |cos 84| < 0.915 ig: f | "\ ;;
° 'T‘—__ i I __;
and | AT,| < Min(3.0-0;(E,),2 ns) *xl; y _jﬂ:&:‘
. ’

% K; —»2m0 (4 prompt photons) used
600

entries

for normalization

< Main background source: K; - 21° with two iH

additional clusters (shower splitting/accidentals) e

¢ With Full KLOE-2 statistics + optimized analysis s

] 200
we can reach Br ~ 108 F
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K semileptonic charge asymmetry KE

CP violation CPTV in mixing

s>t etv)— —»nte v \ ~
_F(Ks,L T e U) ['(Ks, > m"e"0) = 2[Re(ek) + Re(bk) — Re(y) + Re(x_)]

B r(Ks, - n‘e+v) +TI'(Ks, > mte™0) / /

CPT & AS= AQ violation AS#AQ amplitudes

As,L

< As # A; = CPT violation

% Analysis of the whole KLOE statistics (1.7 fb'1) 4

¢ Tagging with K| interaction in the calorimeter (e~30%) AT 1M

¢ PID based on time-of-flight measurement
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% Control sample: K; —»mev close to IP tagged by K, »m’mn? ‘
(track-to-cluster association and TOF efficiency 1 | By
corrections) N AR




K semileptonic charge asymmetry KE

2 a a
2 _ _ a2 10 °F ata . 10 "¢ oto N
M(e) - [EKS—E” EV] p (6) &ég‘ug - Kiomtew :h;“gtg‘ug - Kiometv
[ MCn'e” - MC n*e” i n
: o : < MC 7u A < MC 7w Fe g
Fit of M?(e) distribution varying MC E 10° Vo *, .. E 10° VRN ‘-ﬁ:};f- N
normalizations of signal and background g MCother & S | o MC other *+; A
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¢ Result combined with the previous w10 } i " ]lj[]lﬁhlﬁllhufﬁ | Hﬁ il & 10 u ]dHH
1o llll I I T
KLOE analysis: 3 il | ﬂHHH T | i t 'T‘ TH’
— - + + - ol g L T T ] ] 1 ] 1 1 1
( 38 % S'OStat - 2'653’5t) x 10 1 |-20I -15 -1&) -5 l0I I5 10 15 20 1 204510 5 0 5 10 15 20
M?(e)/1000[MeV?] M?(e)/1000[MeV?]
% Using the present knowledge on A,
SKandSK: UL I L I BN L LN BNLENL L L BB ELENL AR BELENL
PY | KLOE 2006
Re(x)=(-2.0x=1.4) x 103 ' ' As=(L5%9.6+29)x 103
Re(y)= ( 1.7 + 14) X 10-3 [PLB 636(2006) 173]
Py | KLOE 2018
] Ag=(-4.9+5.7+2.6) x 1073
% With KLOE-2 data we expect
further improvement : ° : | KLOE combination 3
of sensitivity (~3-103) fo=(3osnomaxt
° | KTev
A = (3.322 % 0.058 * 0.047) x 103
T T T T T PRLS8,181601(2002)]
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
Charge asymmetry
[JHEP 1809 (2018) 021]
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Direct test of T and CPT in neutral kaon transitions K ) ]

li > = —[|K0 > |K% > —|K° > +|K° >] =

[|[K; > |K_ > —|K_ > |K, >]
7

1
\/_
. : . CPT
s Comparison between transitions of CP and flavour states K - K_ (:)[( — KO

—0 0
% Kaon decays used as a filter for selected flavour and CP states K" — K_ (:) K. —K

KO o KO K 7~
L Y C > 350

t, t, | Attt

¢ Clean and model independent test of T and CPT via asymmetry ratios in as a function of

difference At between the two kaon decays
[J. Bernabeu, A. Di Domenico et al. Nucl. Phys. B868, 102 (2013), JHEP 10, 139 (2015)]

P[KO(0)—K_(AY)]  1(m*17v,3m0%At)
P[K_(0)—K°(Ab)] I(Tc+rc—,rc—l+v;At)

P[KO(O)—>K_(At)] 1(r*17v,3n0%;At)

R, r(At) = PIK_(0)—K°(At)]  I(mtm—mt I v;At)

Ry cpr(At) =

P[KO(O)—>K_(At)] I(m~1%v,31%At)
P[K_(0)—KO(At)] I(rc+n_,r[+ [~V;At)

P[RO(O)—K_(AY)]  1(m~1*v,3m%At)
P[K_(0)—KO(Ab)] I(TL’+TL'_,T[_ [Tv;At)

—

Ryr(At) =

Rycpr(At) =



Direct test of T and CPT in neutral kaon transitions K ) ]

<+ Asymptotic shapes of R, 7 (At) and R, r(At) are sensitive to T violation (At >>15) while:

Ry cpr(At>> 15)
Ry cpr(At > 75)

1 —8Re(dx) — 8Re(x_)

< Two categories of events to be identified: ¢ — KsK; — ntetv,3n°
andp — K.K; » ntn~,ntetv
¢ Time-Of-Flight analysis for leptons and pions to refine the K; —»mev selection

30 ¢ . RS _
55 E_ Rg/ RI const fit 1..00(? + 0.033 _i
20 | ][ Preliminary ]l ;
NTEER RN TMLIY
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Ry cp(At) ~ (o n” i vid)) 1+ 4Re(e)~1.0064
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% Dedicated trilateration-based reconstruction of K; =»3m%—6y [A. Gajos et al., Acta Phys. Polon. B 46 (2015) 13]
T T T T T T T T i T i T T 3.0 o T T T T T T T T T T T T T T T T T T T
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Lepton universality test with the K; —» v decay KE

N
< First measurement of the the K, — nuv =3 * DATA
branching ratio § ° Mews
¥ 2l MEkea
MC-K 3
X i : 5 | — MC-K'K
¢ Test of the lepton universality & |V | 10°: - —MCoothers

measurement.
% Analysis of 1.6 fb'! of the KLOE statistics T

< Tagging with K| interaction in the calorimete
(e~30%)

b5 0
< Preselection with two tracks from the [P with 2 . .o
opposite curvature |

Events/0.1

<+ The K - muv decays selected by a boosted it
decision tree built with kinematic variables +
time-of-flight measurement. 1072

% Normalization sample: Ks —

¢+ Main sources of background: Ks - n*m &

p—>K'K 1M - L L Hﬂ\ A




Lepton universality test with the K.—»nuv decay
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** Signal efficiencies evaluated using data control sample of K; — muv decays
¢ Number of signal events estimated with a fit to the muon mass squared

< Assuming universality of the kaon-lepton coupling: BR(Kg = mtpv) = (4.69 + 0.06) x 10~*

BR(K; - mpv) = (4.56 +0.115,, +0.17,,,) x 1074

[PLB 804 (2020) 135378]
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Summary and outlook KE_

KLOE-2 collected, together with the previous KLOE run, an unique data sample at
the ¢ meson mass energy

Studies of discrete symmetries with neutral kaons is one of the main goals of the
KLOE-2 physics program

Analysis of the KLOE dataset to refine K semileptonic charge asymmetry
measurement, determine for the first time branching ration of the Ks — nuv decay
and to perform novel direct T and CPT tests in neutral kaon transitions is being
completed.

KLOE-2 increased statistics together with new detectors broadens the KLOE

physics program and extends the sensitivity reach.
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10 K, and K, tagging K

A ®@-factory offers the possibility to select pure kaon beams:

I I e
.:..I. "I..
g |
| |
m——

=R s
\H | 5 \H / :
t’t_— I __77‘ :‘__ ] Iy
K, tagged by K, interaction in EmC K, tagged by K; — m*1 vertex at IP
Efficiency ~ 30% Efficiency ~ 70%
K. angular resolution: ~1° (0.3°in¢) K, angular resolution: ~ 1°
K; momentum resolution: ~ 2 MeV K, momentum resolution: ~ 2 MeV
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* !L Kaon interferometry at the ®-factory KE_

» ¢ decays provide entangled kaons pairs:

1 _ _
P > = \/—i(lK" > K% > —|K° > |K® >) = N(|Ks(P) > |K,(—P) > —|Ks(—P) > |K.(P) >)

_ VO + el A+ e [?)

N
(1 — eser)

» Complete destructive quantum interference prevents the two
kaons from decaying into the same final state at the same time

¢ Interference patterns for different kaon decays provide studies of different symmetries:
!

£
¢ > KK, »>ntn n'n = ~ (CPV)

¢ — KK, — 1ty n%n°7° nmr = T violation

¢ — KsK;, —> n~l"v ™"V = CPT and AS = AQ rule
¢ — K.K; — ntlTvnmr = CPT and AS = AQ rule

¢ — K;K; — ntn~ntn~ CPT, Quantum Mechanics PLB 642(2006) 315
J.Phys.Conf.Ser.171(2009) 012008
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