Motivation

A direct test of 7 symmetry — for spin 0 particles means an )
observation of asymmetry between one process and a process P(la) — |b)) = P(|b) — |a))
obtained by exchange of its initial and final states.

Kabir asymmetry at CPLEAR [1] 0 T 0
» Measured probability asymmetry of K% — K and KX — K° KO — K ¥ K — KO
b < A%P > (6.6 & 1.3 + 1.0o,e) X 1073 [1] |

. . 0 «— 70 ' —0
» Controversy: asy.mm.etry in K¥ = K may be attributed both K —s KO
to 7 and CP violation!
A test independent od CP violation
possible with transitions between flavour and CP-definite states of

tral B and K
BaBar measured neutral B an mesons KLOE-2 is capable of

a significant asymmetry ‘ ’ performing a significant

in BY = B_ [3, 4]. test with neutral kaons! 2]

Testing 7 symmetry with neutral kaons

: —0 ' :
Strangeness eigenstates { K%, K }: reversible C’Plelg_enstates {K_"’ K_}:
K.) = ——||K% + |K CP = +1
—0 —0 transitions 1 10 —0, ]
= — K_)=—|K") — K CP = -1
S |K") 1K) [K-) /2 _| ) — | >_
" - time K' —» K, —/— K, — KO
» C’P-flavour transitions and their time-inverses -+ -+
are only connected by 7 conjugation c’pl N"DT
» Can be observed in an entangled system of —0 —0
SR K — K, K, —» K
neutral kaons
Identifying flavour states {KO,KO} Identifying _CP states {K+7 K_}
by observation of semileptonic decays: by observation of hadronic decays:
"L~ decay: y . ” ¢t decay: d d "’ decay: "370” decay:
K — nte i S ‘}W<— ;’_ K —» n ¢ty s g}%ﬂ Ky — :;_77:0_ K, — 3n°
§=-1 . S=+1 ) CP = +1 CP=-1
0 - e
» Neutral kaon pairs produced in ¢ Example: |[K') — |K_) in time At
(JF€ = 177) decays at the DA®NE
¢@-factory are in an entangled state: K — 0ty K — 370 decay
0
1 e, L decay tags |K") state tags |K_) state
8 = (1K) [K(-5)
V2 . \ k7 ¢ k7 /
R KO 5 ——
(+8)) [K°(~5)) h A
» Quantum entalglement in the EPR sense
allows for identification of a state of the |KO> state is known
kaon without its decay. before kaon's decay

Reconstruction of events for the test

» The following proceses can be » Good resolution of kaon decay times required
reconstructed for the 7~ test: > Obtained from decay vertex position
¢ — KKy, — nte i 370 > Decay vertex resolution of O(1cm) needed
b — KKy, — n ¢tv 2 » Good vertex reconstruction obtained using charged
¢ — KsKp — 7 £tv 370 particle tracks for wlr and w7~ final states
¢ — KsKi — nte o 2 » The Ki, — 37° decay only invovlves neutral particles

and requires a specialized reconstruction method!

A direct test of time-reversal symmetry
In the neutral K meson sOystem with

Kqg — 7mflr and Ky, — 37
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at KLOE-2

T test at KLOE-2

Possible transitions

Transition Identified by | 7T -conjugate Identified by 1002 F
1K= K, (¢(,mm) | Ky — K (3= ¢%) 1B Ra
2 Eg — K_ (£,37%) K_ — Eﬁ (7w, £1) 0.998
3 K - Ky (¢f,nr) Ki—K (3w%£7)
4K S Ko (0,37 Ko = K° (7w, £7) R
0.994 _
KLOE-2 will collect high statistics of events allowing to measure i
ratios of time-dependent probabilities of two transitions and their U932 1=
time-iverses through numbers of events identified by certain K 0,09 Lol b b
decays in time interval At: . - L EJ[ 20
_ P[K°(0) — K_(At)] I(¢—,3n% At) /Ts
RAL) = 5 0) = Koan)] ™ I(xm, £+ Ar) =
1.01 4

~ P[K'(0) » K_(Ar)]  I(%,3x% At)
A = PIK_(0) —» K'(At)]  L(mm, £ At) i

Asymptotic discrepancy of these ratios and 1 is a measure of T~ 1-006
symmetry violation: 1.004
Ri(Bt) 227 1 — 4Re Re 7 0 implies
Ts lolation|2]. -
Re(A1) A>T 1 L A T violation[2] '1 :
G+gga {:II | |5| [ |1||::}| [ |1|5| [ IED
Figure shows simulated behavior of the ratios ﬂJ[/T
expected for 10fb~! of KLOE-2 data [2]. 4 >

KLOE Detector at DA®NE

The KLOE (K LOng Experiment) detector is located at the DA®NE e e~ collider in the National Laboratory
of Frascati (LNF). DA®NE is a ¢-factory operating at the energy of the top of ¢ meson resonance, 4/s =

1020 MeV. In the years 1999-2006 KLOE has collected 2.5 fb~! of data which corresponds to about 1010 ¢
mesons produced. Pairs of neutral kaons are produced in about 34% of ¢ decays.

KLOE is a barrel-shaped detector whose basic
components are the drift chamber and electromagnetic
calorimeter immersed in magnetic field of 0.52 T.

Barrel EMC

» One of the largest DCs ever built

» 2 m radius = captures
~40% of Kj, decays
(Ag, = 3.5 m).

» Good momentum
resolution % = 0.4%

» o, , = 150pum,

Drift chamber

o, =3mm

6 m Upgrade to KLOE-2

Electromagnetic Calorimeter Upgraded KLOE-2 detector[5] is starting operation
with the following improvements:

54 ps
or = \/ﬁ ®140ps,  p Triple higher luminosity
e = 5.7%E of upgraded DA®NE
V E[GeV] » New C-GEM inner

ox =0, =1cm,

1.2 cm tracker [6] m———

AR o, =

- VE[GeV] » New calorimeters at
» Lead-scintillating fiber sampling calorimeter small angles around
» Hermetically covers 98% of full solid angle beam pipe [7]

K; — 37% — 6~ vertex reconstruction for KcK; — mér 3n°

» selection and analysis of Kg — mev decays to be adapted from [8]
» Ki — 379 reconstruction must rely exclusively on calorimeter information
» Reconstruction of K;, — 370 similar to GPS positioning is possible:
6 clusters in the calorimeter from - hits are the only direct information on the
process recorded by the detector
For each cluster with location (Xj, Y;, Z;) and recording time T; a set of possible
origin points of its incident =y is a sphere with radius dependent on kaon decay time:

(T: — t)%c> = (Xi — x)2+(Yi—y)?+(Zi—2)® i=1,...,6,

where the unknowns x, y, z, t correspond to Ky, decay vertex location and time.

The Ki, — 379 — 6~ decay point and time are found as an intersection of
spheres defined for all clusters. At least 4 clusters are required for reconstruction but
additional 2 can be used to improve resolution.
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