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Outline

o KLOE/KLOE-2 @ DA®NE

@ Ks semileptonic charge asymmetry

@ Direct test of T and CPT in neutral kaon transitions
@ Search for a CP violating decay Ks — 797070

@ Summary
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KLOE/KLOE-2 @ DA®NE
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1400 @ DA®PNE ete™ collider located in Frascati,
| T . . .
PET T 2008: 1256 pbt — ] @ two alternate interaction regions (one for KLOE),
. 2004: 734 pb! \ /‘ﬂ\ e 0
2002: 320 p 1 AL @ /s~ me, BR(® — K Ks) = 34%,
600 2001: 172 pb! @ KLOE has collected ~ 2.5fb~1 of data,
” @ KLOE-2 goal: L(acquired)>5 fb~!
200 2001
. @ KLOE-2 data-taking campaign completed on 30"

Jan  Feb

Mar  Apr May Jun Jul Aug Scp Oct Nov Dec

March & collected 5.5 fb—1

KLOE + KLOE-2 data sample: 8fb™1 = 2.4 x 10'° ¢ mesons produced,
the largest sample ever collected at the ¢(1020) peak
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The KLOE/KLOE-
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2 detector

Electr tic calori

~4n solid angle coverage
barrel-endcap

o /E
Ot

= 5.7%/VE(GeV)
54 ps/VE(GeV)®100ps

DRIFT CHAMBER (DC)

(4mg x 3.3 m)

G/p =0.4%

Gy= 150 pm
= 2 mm

o, =3 mm

INTERACTION POINT
berylium beam pipe (2 10 cm)

(EMC)

To improve the track and vertex reconstruction
First time CGEM in high energy experiment ﬁl

SUPERCONDUCTING MAGNET
B=0.52T

LET & HET = e+e- tagger stations
for yy interatctions

Low Energy Taggers (LET)
LYSO with SiPM read-out
E = 160-230 MeV

High Energy Taggers (HET)
Scintillator + PMT
11 m from IP
E > 400 MeV

'CCALT (lyso-cristals)
QCALT (scintillator tiles and fibers with SiPM read-out)

2 new calorimeters to improve acceptance at low polar
angles and for ys from KL->3pi0 decays inside the DC volume
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Charge asymmetry measurement for Ks

_ T(Ks —»n etv)—T(Ks — nte D)

A =
it r(Ks,L—>7T7e+I/)+r(K57L — mte D)
:Z[Re(sK Re(JK)—Re(y):I:Re(x_)] @ A5, #0
signals CP violation
T violation in K®K? mixing ) @ As #£ A,
@PT violation in KOKO mixing Signals CPT violation

CPT violation in AS = AQ
CPT violation in AS # AQ

(As — AL)/4 = Re(0k) + Re(x_) = (—0.5 £ 2.5) x 1073
(As 4+ AL)/4 = Re(ex) — Re(y) = (1.2 £2.5) x 1073
input from other experiments [PLB 444 (1998) 52]

| KLOE 2006
Ag=(1.5+9.6%29)x 103

Re(x_)= (—0.8 +2.5) x 1073 :
Re(y)= (0.4+25) x 103 m |

PLB 636 (2006) 173 | | L | . 1 I
-0.02 -0.015 -0.01 -0.005 ] 0.005 0.01 0.015 0.02
Charge asymmetry

KTeV
A = (3.322 £ 0.058 + 0.047) x 103
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Charge asymmetry measurement for Ks

Tag: K, crash

| T ms(c:v;m,:mw T [3 :ll
[+ a T
0 Ecyy(crash) > 0.17 < B* < 0.28 W
’ ' ®

100 MeV

Preliminary selection

DATA

Preliminary selection N
o [HCan
; HE S
Time of Flight « B =

Entries

R
My (x.7) [MeV]

N

a[degree]

A = WIE=R = 5
_ SR Puix < cm . .
|zvtx| < 10 cm 70° < o < 175

300 < Mjpy (7, ) <
490 MeV
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Charge asymmetry measurement for Ks

Time of flight selection
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Charge asymmetry measurement for Ks
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Control sample: K; — mev close to IP
tagged by Ks — 7070

track to EMC cluster and TOF efficiency
correction from data c.s

Due to some discrepancies between data
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Charge asymmetry measurement for K
Systematic
Tag: Ky crash Contribution uncertainty
(107%)
—Preliminary selection Trigger and event
classification ITEC 028
Time of Flight i
Toesngand | ool oo
MC to data preselection _
normalization et B 0.67
" Zytx 0.01
+ " Pix 0.05
: : 045
" My (7, 70) 0.20
N*Jet =N~ /e~ - -
As = vttt Time of flight
/ NF /TN e o eation Se(m, ) 0.71
B ot(e,m) vs 0.87
K. de(m, e)
- o — Ks —
Efficiency (%) ‘ a—ety ‘ ate— b ‘ " 51:(6) Vs 1.82
Trigger and event classification (c7gc) | 99.80£0.02 | 99.80 £0.02 0t(m) )
Ks tagging (< 1ac) 36.5410.05 | 36.67£0.05 Momenta smearing oMs 0.58
Kinematical cuts (¢ xc) 75.6010.08 | 75.62£0.07 -
Track to Cluster Association (7ca) | 42.22E0.08 | 41.85£0.08 Fit procedure THBW 0.61
Time of Flight (e 70F) 64.0310.10 | 67.96£0.18 ™ Fit range 0.49
Fit range (e%) 99.16£0.03 | 99.17£0.02
[ Total I 2.6 |

@ The new KLOE Ag analysis has been finalized with 1.63 fb—! data sample

As = (—4.8 + 5755t + 2.65y5) x 1073
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Charge asymmetry measurement for Ks

@ Combined with the previous KLOE analysis:

As = (—3.7 £ 5.0star & 2.65y5t) x 1073

(As — AL)/4 = Re(dk) + Re(x_) = (—1.7+ 1.4) x 1073
(As + AL)/4 = Re(ex) — Re(y) = (—0.1£1.4) x 1073
input from other experiments [PDG (2017)]
Re(x—)=(—2.0+1.4) x 1073
Re(y)= (1.7+1.4) x 1073

T T T T T
'
'
'

KLOE combination
Ag=(-3.7£5.0+2.6) x 103

| KLOE 2018
Ag=(-4.8+5.7+2.6)x 103

_| KLOE 2006
As=(1.5%9.6+2.9)x 103

KTeV
AL = (3.322 + 0.058 + 0.047) x 10°3

-0.02 -0.015 -0.01 -0.005 o 0.005 0.01 0.015 0.02

Charge asymmetry

Paper in preparation



L@ Zos il ) i
Direct test of T and CPT in neutral kaon transitions

) = (KOKO KOKO) = L (K K- — K_Ky)
-+
gego;/r ngz K — 379 decay
KO K, L Ky — KO KO state TOgS K_ state
CPl %
K_O - K+ K+ — K_O
K?) Ko K2)
5 [K) -
(] KO, KO - strangeness eigenstates fl e fl At ;2
@ K, K_ - CP eigenstates of neutral
kaons
KO —7aITv ] S =+1
KO —atimp | S =1 ) .
Ky —ate— | CP =+1 |KO) state is
K- —3x° cCP =1 known before

kaon’s decay

@ Unique direct T and CPT symmetry test with kaons (model independent)
J. Bernabeu, A. Di Domenico and P. Villanueva-Perez: Nucl.Phys. B 868 (2013) 102, JHEP 10 (2015) 139

@ KLOE-2 can do significant tests with L~ 5fb~!
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Direct test of T and CPT in neutral kaon transitions

K 5K, —L s Ky = KO

cP| %

K_O—)K+ K+—)K_O

Reference T-conjugate CPT-conjugate
K= K, (I",7am) | Kt = Ko (3m,1%) | Ki = K° (3m,17)
KO K. (I7,3n) | K- = Ko (am,It) | KL= KO (mm, ™)
KO — K, (I*,7m) | Kp = KO (3m,17) | Ky — K (3m, 1)
KO — K_  (It,37) | KL - KO (am,17) | Ko = K° (&m,IT)

=

Example observable of the test

_ PIK°(0) = K_(8)] _1(1~,37% At)
FlAD = P (0) = Ka(B)] ™~ T(am, 17 At)
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Direct test of T in neutral kaon transitions

First test of T in transitions with neutral kaons (L=1.7 fb—1)

Re(At) =

1.002

0.998

Rg(At >> Ts) ~ 0.996 |

1- 4Re(€K) 0.994
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1+ 4Re(eK) 1000
1
0.998
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Direct test of CPT in neutral kaon transitions

First test of CPT in transitions with neutral kaons (L=1.7 fb—1)

REPT —

R4CPT —

1(1=,37% At)

R R et REPT(AL >> )

(7, I—; At) —RfPT(At S =1—8Re(dk) — 8Re(x-)
1(1T,37% At) ~ 14 2(A - As)

I(7m, IT; At)

2 bt E
ik

g-g : preliminary
0ok ‘ o(DR) = 0,028 3
’ 50 100 150 200 250 300
At[rg
REPT (At>>7)

CPT invariance = RCPT =1

(At>>Ts)



Search for a CP violating decay Ks — 7%7%7°

@ 370 is a pure CP=-1 state; observation of Ks — 37¥ is an unambiguous sign of CP
violation in mixing and/or in decay.

@ Standard Model prediction: BR(Ks — 37%) = 1.9 x 10~°

@ Best upper limit by KLOE with 1.7 fb~! (PLB 723 (2013) 54)
BR(Ks — 37%) < 2.6 x 1078 @ 90% CL

SIGNAL BACKGROUND

@ the analysis is based on ~
counting and kinematic fit (in

the 270 and 37° hypothesis)

@ searching for "KL crash” (KL
in the EMC) + 6 prompt
photons

@ Main bekg: Ks — 2n0 (4
prompt photons), also used
for normalization

@ at KLOE-2: Selection criteria
hardened to face the larger
machine background ~10
times better background
rejection

Ks — 3n®— 6y K — 2m° + accidental/splitted clusters
K, — 3n° Ks¢— m* 1 (,fake K, ‘crash”)
@ KLOE-2 data analysis (L=300 pb~1): With the old analysis scheme 1 event selected as a
signal: = Br(Ks — 37°) < 2.5 x 10~7 @ 90% CL (preliminary)
@ Full KLOE-2 statistics+-optimized analysis could reach < 10~8
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Summary

@ The study of discrete symmetries with neutral kaons is one of the key
issues at KLOE-2 including several high precision tests of CPT and
Quantum Mechanics.

@ The analysis of the full KLOE data set is in progress:

e a new measurement of the Ks semileptonic charge asymmetry
o the analysis for first test of T and CPT in neutral kaon transitions
processes is ongoing.

o KLOE/KLOE-2 all together have completed the data-taking and
collected about 8 fb~! data at ¢ peak

@ The analysis of KLOE-2 data started on several benchmark processes.
Among them a preliminary study searching for the CP violating
Ks — 370 decay shows the possibility to improve the sensitivity on
this BR.
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