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KLOE and KLOE-2 at the DAPNE P-factory

* |Location: Laboratori Nazionali di Frascati, Italy
e DAONE: e*e™ collider and a ,,Phi factory”
* Vs = My =~ 1020 MeV
(off-peak operation possible as well)

e neutral kaon pairs produced in @ decays
iIn an entangled state

e the only existing setup of this kind

KLOE/KLOE-2 timeline:
« KLOE ©@ DA®NE

* 2001-2002 L, = 1.5 x 102 cm s
e 2005-2006: [Ldt = 8.5 pb! per day
—
KLOE — KLOE-2 & DA®NE upgrades
=

KLOE-2 datataking campaign:
* Nov 2014 — Mar 2018

L  =24x10*2cm?st

peak

Ldt = 14 pb* per day
[
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The K LOng Experiment — detector

Superconducting magnet
e B=052T

Drift Chamber (DC)
e gas: 90% He
+10% C,H,
° RIN = 25cm, ROUTZ 2m
« O, = 150 um,
o =2mm

« o(p,)/p; =0.4%

Electromagnetic calorimeter (EMC)
* barrel with C-shaped endcaps

* lead and scintillating fibers
* hermetic coverage (98% 4m)

54 ps
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KLOE-2 upgrade and datataking

Inner Tracker KLOE:
1400
 First cylindrical GEM detector 00l
in a HEP experiment 2001-2: 0.5 fb! 2005
. 1000 F
* 4 layers of trilple-GEM 2004-5: 1.7 fb!
* Increasing vertexing resolution T
600 |

and efficiency
Very low material budget (2% X)) o}

NIMA 628 (2011),194, 200 |
NIM A 958 (2020), 162366

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

' mDafne Delivered
~Dafne Target
mKLOE acquired

New calorimeters around the
final focusing magnets

* Photon veto and energy

measurement at low angles S Y A
NIMA 617 (2010),105 NPB 197 (2009), 215 R /A [ R

1?/14 06/15 01/16 07/16 02/17 09/17 03/18
KLOE-2 Run time (Month/Year)
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Measurement of the K.—muv branching ratio

Motivation: gﬁ ® DATA
* BR(Ks—Tmuv) was never measured before § I : MC-ALL
* Independent determination of |Vys| - MC-r* X
* Test of the lepton-flavour universality ‘°5§— Mg K 93
104: MC K§,13
10 — MC-K'K
Analysis: | — MC-others
107
* Performed with the complete of
KLOE dataset (1.7fb?) :
. . b’ |
* Presence of Ks tagged by interaction i "goT
of KL In the calorimter 2
—10 E
* event selection based on: 2 F
» BDT using kinematic variables mmﬂ_
* time-of-flight analysis
 Signal efficiencies obtained “’21_
using KL— Ty events
10*
*W \
28.07.2021 A. Gajos - Flavour Physics and CP Violation at KLOE-2 5



Measurement of the K.—muv branching ratio

o K.—muv events counted using a fit to the spectrum of reconstructed muon mass squared

e Ks —T+T1- used as a normalization sample
e 7223 = 180 signal events found

2 2 —5)
N m,u — (EKS,tag - E7r _pmiss) _p/,L
10° — * DATA ©
Z = TMCGAL 22000[
g - - “MC-t'r g -
% [ —MCKes 21800,
§ [ —MCkgd . 3 | *DATA
. p— I\h:ligic})(thlfers . o "v J E sk E —FIT
1005 1400 Tntw
k 1200:_7 Kep3
10002
10 - 800,
f eoo;
" " 400:—
0 e S
5000 10000 15000 20000 -5000 0 5000 10000 15000  2000Q
m(MeV) mZ(MeV)
First ever measurement: (v 5% ,) /Feotal Fo/T
VALUE (units 10~4 EVTS DOCUMENT ID TECN  COMMENT
BR(K,—mpv) = 4.56:£0.20 OUR FIT 1 :
4.56+0.11+0.17 7223 BABUSCI 20 KLOE direct measurement
(4.56 i 0.] ]stqt i 0.] 7syst) X ]0-4

1Value obtained by normalizing to the KLOE measurement B(K$ — nt 7 ~) = (69.196 +

] ) 0.051)%. Also comparison with the PDG 18 based derived value leads to a lepton flavor
In agreement with the expected value universality test |V,¢ £, (0)[2 /|Vius £1(0)]2 = 0.975 & 0.044.

: c : KL = K% e
assuming lepton-flavour universality: s TRV s —rmev

BR(K.—muv) = (4.69 + 0.06) x 104
% (Ks )= ( ) Y,
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Measurement of the charge asymmetry in K.—Tev

Charge asymmetry In semileptonic decays of neutral kaons:
I'(KSL—>7r e* )—F(KSL—>7T+e V)

A, #0 = CP violation
A ;é A = CPT violation

A —
ol (Ks. — 7 etv)+T(Ks i — nte D) Assumlng CPT invariance:
S = decays of K, L = decays of K| A=A = 2Re(g,) = 3 x10°
Analysis: Signal: ® — KK — mev K (EMC)

- - Main backgrounds:
K, tagged by K interaction 9

In the calorimeter

\ Signal event counting on A% (e

—1 1 -T-q'“
AR TS, 10 F oo
g'é—_ _“LS. HC jl,l - - ‘
I+ gl MC n%e
© MCrmy  F g S %
T (i} E MC other g '+f* Ja
g T S ., ey T, T
%- 3 t ‘F S0 +”‘‘-’tii‘r%qwE ;tﬁ;++++ A *:+++: s - ?4‘
\H : Y @ FE et t |
*:;J: ,é’ It ISy A ';‘,:#{ﬂf’fﬂm* H +++¢I1$ﬁ+j[_|;
| | :. k _—_?"P" E ‘H
1 - A L w 10 ¢ 1'H+ + ‘I-
Vel e Hmﬂ* |
: : 1 JLLJLHJ_L-_. HAAP JLJJ_. | I‘H
Time of flight analysis 1 05 10 50 5 10 15 20
for the K. decay products M?(e)/1000[MeV?]

K, =1 (y) K. =Tt — 1y (pion decay)

) = [Exg — E(r) — E,)* — p*(e)

4
10 " data i
HC all o ,_,

MC 7’*9’ P L.

MC 7L £ ‘*

-y
o
w

MC other .gl" .
¥ * t
R +

-l-:i“.p'“"'

Entries/(800 MeV?)
2

-y
o

g £l m

MC mrry . E "

'I:':t Tt +-|+++4"' +'|'"+ + i *

] $of
I;..-, ++ ‘H'*+++¢+ [ + + .|.'|:*+ + 1
I'H*I * Jr.l.Jr # ++ ]’I‘fﬂ#

20 -15-10 -5 0 5 10 15 20
M?(e)/1000[MeV?]
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New result on charge asymmetry in K.—Tev

4 New most precise A, measurement:
A=(-49+57,,+26_,)x10°

stat == syst

Previous KLOE measurement:
A;=(15+96,, +29_ ,)x10°

(~4x smaller sample)

Combined result on A:
A= (-3.8+50,  +26 ,)x10°

JHEP 1809 (2018) 021

~y
-~

\_ [PLB 636 (2006) 173]

i —with CPT ' A, — A = 4[|Re(5, )|+ Re(x ) ]

|§I6(1)3E i e 1A A, + A, = 4]|Re(e, )|~ Re(y) ]
known from other
KLOE " measurements
- o — S
2006 The most precise determination
‘ of Re(X ) and Re(y):
KTeV - $ <AL Re(x ) = (-2.0 + 1.4) x 10
-0.02 -0.01 0 0.01 0.02

Lepton charge asymmetry

28.07.2021

Perpsectives:

Using over 5 fb! of KLOE-2 data, the

statistical uncertainty on A,

. can be reduced to 3 x 103
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Search for CP violation with rare K. decays

4 +.—0 R
Ny o = (mTn | H|Ks) e+ey In the lowest order of xPT: €' =¢'  =-2¢
(mtm=m®|H|KL) Im(n, ) = -0.002 % 0.009
(n°n°n°|H|Ks) , Im(n. ) = (-0.1 + 1.6) x 102
— —= 000
71000 <7TO7T07TO‘H’KL> € + €000
. %
K.—3n’ — a geniune CP-violating decay K—onnm’
« SM prediction: BR(K.—3m°) = 1.9 x 10° » CP-violating only for L=0, 2
e Best upper limit comes from KLOE: e current accuracy ~30%
« BR(K.—3m°) < 2.6 x10° « search for K.—mmm’® with the
e |n,,| < 0.0088 @ 90% C.L. KLOE dataset is in progress

Phys Lett. B 723 (2013) 54
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Search for Ks—31® with KLOE-2

KS—)31'I:0 at KLOE-2

KLOE-2 data analysis ongoing H
e about 5 fb' ﬁ{
Tagging of Ks with K interaction in the q;
calorimeter

Ks — 21° (4 prompt photons)
used as normalization sample

Main background:

3 ; ¥ ID 12

Ks — 21° with 2 split/accidental £ 8000 F = i

calorimeter clusters ° 2000 |- -

’ Others

Also testing an MVA approach 6000 | 1ATS
Expected sensitivity 5000 |-
with full KLOE-2 statistics & 4000 |
optimized analysis <10° 3000 |
2000 |

1000 | ._./i[‘%_

0 i
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Direct T and CPT tests in transitions of neutral kaons

* direct, model independent tests Nucl. Phys. B 868 (2013) 102
JHEP 1510 (2015) 139

* only feasible with entangled neutral mesons

* the only measurement to date: T violation @ BaBar (B mesons) >50 [PRL 109 (2012) 211801]

Processes under study: ~
I ﬂ_;
P—K.K —e v,31° ‘
+
Observables of the tests (we focus on the asymptotic region ):
L I(rte v, 370 At _violati I(mTe v, 3n% At
T-violation Rg(At) N ( ) CPT-violation RQCPT(At) ~ ( )

sensitive [(mra—,mety; At) sensitive I(ntn=,mte=u; At)

I(m~etv,37Y; At)
I(mtn—,mre v; At)

I(37%, e") I(nTn,e”) RSPT
I[(3nY et) I(ntn—,et) R{PT

I(m~eTv,3n0; At)
I(rtm=,m~etr; At)
[(3n% e") I(nt7m—,et)
[(3nY, eT) [(nTm—,e7)

RT(At) ~ REPT(AL) ~

Double
ratios: Rg (At) _

Ry

(At) =
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Direct T and CPT tests in transitions of neutral kaons

2.5 T T T T T T T T T T T T T T T T T T T T T
* Analysis at the final stage o b R4T fit 42 / NDF = 22.2/18 = 1.23 E
1.5 -
Preliminary results Lo e e S DU R
. . . . '_—l—‘ 1 T 1 i 1 1 1 1 _l_ 1 - ,_l_ 1 |
(statistical uncertainty only) - .
104 ¢ 05 [ At E
: - Expected: RT 1 4+ 4Re(e ) ]
1.03 T observables CPT observables CP observables 0.0 & : B
F TV from CPV4CPT — CPT invariance - CPV PDG 50 100 150 200 250
102 F N At[r]
: D 1.04 .
1.01 F @© - ]
: S — O 10 | REP fit 42 / NDF = 24.8/18 = 1.38 e
f M (I (= e e = E E
: c 102 =
W i ) - .
0.99 1 C ]
s SO + b et S
Ll S LT ‘_H—++ | Bk
: Q = ]
0.97 F = 099 At>>T 3
5 S FExpected: Ry ® 1+ 4Re ~ 1.0064 :
096 r < o8 E — : T T
: 50 100 150 200 250
0.95 1 I 1 1 1 L 1 1 At[TS]
&~ &~ B~ B~ b~ <8 Q a, 2.5 —— — —
N =t a, A a @) @) @) C 3
. 5 E’ Sg’ & 2 & o B R(;PT/ REPT fit %2/ NDF =20.0/18 = 1.11 E
s b =
1.0 + ! l I I I ; ; : _'— _l— '_l_' T '_!_:'
= T 1 1 1 —]— I .
. exp —1= ]
05 Ry &pr(At > 75) 1 _ SRS — SRy =
- Expected: R{Ep (At > 75) - -
00 so 100 T 15|0 "" 2'.")0 "" 25|0 "
Atlt]
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Summary and perspectives

KLOE & KLOE-2 data sample = ~8 fb''= ~2.4 x 10%° of ® meson decays recorded

* Worldwide-unique data sample
* Neutral kaon pairss — especially useful for CP violation studies and strangeness physics

Results are still obtained from KLOE data:

Also see the poster

* Improved determination of charge Tests of CPT symmetry and quantum coherence
asymmetry in K. semileptonic decays with entangled neutral kaons at KLOE-2

e First measurement of BR(K, — muv)

by Riccardo D'Amico

e Direct T and CPT tests
In transitions of neutral kaons

First KLOE-2 data analyses are in progress:

« Search for the CP-violating K. — 3m° decay

 More new and improved results expected from KLOE-2

KLOE-2 Physics programme:
KLOE-2 Collaboration: EPJ C68 (2010) 619

Proceedings: EPJ WoC 166 (2018)
https://agenda.infn.it/event/kloe2ws

28.07.2021
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ThanK you

for your attention!
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