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KLOE-2 physics program discussed in several occasions in the past with  
different luminosity scenarios. 
(reminder: KLOE program for interferometry and eps’/eps based on 10 fb-1) 
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�  QM, CPT and Lorentz invariance tests with neutral kaons,  sensitive 
to effects at the Planck scale (1019 GeV) 

�  SM test with precision measurements of the Vus element of the CKM 
mixing matrix 

�  Low-energy QCD with radiative kaon, η, and η’ decays and      
low-mass scalars with the study of scalar-KK coupling 

�  γγ physics with the measurements of the π0 width and                  
π0 → γγ* transition form factor in the space-like region 

�  Search for new light bosons from dark sector 
 

21.07.15 GGI 4 D. Domenici - Status of KLOE-2 

The KLOE-2 physics program is under revision taking into account the 
quality of the data and the new detector performance 
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Decay mode Physics case Physics reach 

Kaon physics - φ → KSKL 	  
π+π−π+π−	  	   QM, CPT and Lorentz invariance 

tests 
Factor 4 improvement in sensitivity 

KS	  →	  3π0	   CP violation, best limit:                
BR<2.6 × 10-8 @ 90% C.L. 

< 1 × 10-8  
 

KS	  →	  πeν	   CP, CPT test AS=(1.5 ± 11)×10-3 ± 2.7 × 10-3    (CP viol. AS=3.3× 10-3) 
(CPT : AS-AL=0 )  

Hadron physics – Transition Form Factors	  
φ	  →	  ημ+μ−	   BR < 9.4×10-6  (PDG) BR and TFF slope 

φ	  →	  ηπ+π−	   BR < 1.8×10-5 (PDG) BR and TFF slope 

e+e−	  →	  ωγISR	  ,	  ω→π0l+l−	   NA60 discrepancy with VMD in 
ω→π0μ+μ−	  

~ 104 ω→π0e+e−	  evts  
~ 103 ω→π0μ+μ−	  evts 

Hadron physics 
η	  →	  π0γγ	   test of ChPT at O(p6) 

recent meas by A2@MAMI 
~ 104 evts expected 
Meas γγ invariant mass spectrum 

φ	  →	  [f0(980)+a0(980)]γ	  
→	  KSKSγ	  	  

f0/a0	  interference;  
BR < 1.9×10−8, @ 90% C.L. 

With IT possible evidence at 3σ   if 
tetraquark is allowed 

η′	  decays η′→π+π−γ (box anomaly) 
η′→ηππ (f0/a0	  	  contribution) 

~ 106 η′	  expected 
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Decay mode Physics case Physics reach 

γγ	  physics 
e+e−	  →	  e+e−π0	  
(γγ	  →	  π0)	  

Γ(π0→γγ)	  	  
PrimEx (2011) ⇒ 2% stat. unc. 

HET - HET coincidence 
~1% stat. accuracy 

γ*γ	  →	  π0	   TFF Fπ0γ*γ(q2,0) at |q2|<0.1 GeV2 HET - EMC coincidence 

e+e−	  →	  e+e−ππ	  (γγ	  →	  ππ)	   study of f0(500) 

Dark	  force	  searches 
Dark Higgs-strahlung higher statistics + reduction of K 

charged bckg ⇒ at least a factor 2 
in limits  

B-boson 
B	  → π0γ	  	  

leptophobic vector boson coupling 
to quarks 
[S.Tulin PRD 89(2014)114008] 

η	  → Bγ	  → π0γγ	  
ϕ	  → ηB	  → ηπ0γ	  
(preliminary study on  
2004-2005 data in progress) 
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Param. Present best published 
measurement 

KLOE-2 
L=5 fb-1 

KLOE-2 
L=10 fb-1 

KLOE-2 
L=20 fb-1 

BR(KS→3π0) < 2.6× 10-8 < 0.9× 10-8 < 4× 10-9 < 2× 10-9 - seen 
AS (1.5 ± 11) × 10-3 ± 2.7 × 10-3 ± 1.9 × 10-3 ± 1.4 × 10-3 

AL ( 332.2 ± 5.8 ± 4.7 ) × 10-5 ± 8.9 × 10-5 ± 6.3 × 10-5 ± 4.5 × 10-5 

Re(ε’/ε) (1.92 ± 0.21) × 10-3   ± 0.72 × 10-3 ± 0.51 × 10-3 ± 0.36 × 10-3 

Im(ε’/ε) (-1.72 ± 2.02) × 10-3     ± 9.4 × 10-3 ± 6.7 × 10-3 ± 4.7 × 10-3 

Re(δ)+Re(x-) Re(δ) = (0.29 ± 0.27) × 10-3  

Re(x-) = (-0.8 ± 2.5) × 10-3    
± 0.7 × 10-3 ± 0.5 × 10-3 ± 0.4 × 10-3 

Im(δ)+Im(x+) Im(δ) = (-0.6 ± 1.9) × 10-5    (*) 

 Im(x+) = (0.2 ± 2.2) × 10-3   (**) 

± 9 × 10-3 ± 7 × 10-3 ± 5 × 10-3 

Δm (5.2797 ±0.0195) × 109 s-1 ± 0.096 × 109 s-1 ± 0.068 × 109 s-1 ± 0.048 × 109 s-1 

Prospects for KLOE-2 at upgraded DAΦNE  

(**) = KLOE-CPLEAR combined fit 
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(*) = using Bell-Steinberger rel. 
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Semileptonic asymmetry of KS  (CP and CPT test) 
 
eps’/eps   (CP test) 
 
KL lifetime 
 
etc… 

2 fb-1 (old KLOE) + 6-7 fb-1 (KLOE-2) ~ O(10 fb-1  ) 
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Focus on φ →KSKL→π+π- π+π-  
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δ =
H11 −H22

2 λS − λL( )
=
1
2

m
K 0
−m

K 0( ) − i 2( ) ΓK 0
−Γ

K 0( )
Δm + iΔΓ/2

 

 ε LS δε ±=,

€ 

Δm = mL −mS    ,      ΔΓ = ΓS −ΓL
Δm = 3.5 ×10−15  GeV
ΔΓ≈ ΓS ≈ 2Δm = 7 ×10−15  GeV

ε =
H12 −H21

2 λS −λL( )
=
−iℑM12 −ℑΓ12 2
Δm+ iΔΓ / 2

 

•  δ ≠ 0 implies CPT violation  
•  ε ≠ 0 implies T violation 
•  ε ≠ 0 or δ ≠ 0 implies CP violation 

012 =Γℑ(with a phase convention               ) 

CPT violation:

CP violation:

CPT violation: standard picture 

T violation:

10 



A. Di Domenico  LNF Scientific Committee meeting – 24 May 2016  
 
 
 

€ 

δ =
H11 −H22

2 λS − λL( )
=
1
2

m
K 0
−m

K 0( ) − i 2( ) ΓK 0
−Γ

K 0( )
Δm + iΔΓ/2

 

 ε LS δε ±=,

€ 

Δm = mL −mS    ,      ΔΓ = ΓS −ΓL
Δm = 3.5 ×10−15  GeV
ΔΓ≈ ΓS ≈ 2Δm = 7 ×10−15  GeV

ε =
H12 −H21

2 λS −λL( )
=
−iℑM12 −ℑΓ12 2
Δm+ iΔΓ / 2

 

•  δ ≠ 0 implies CPT violation  
•  ε ≠ 0 implies T violation 
•  ε ≠ 0 or δ ≠ 0 implies CP violation 

012 =Γℑ(with a phase convention               ) 

CPT violation:

CP violation:

CPT violation: standard picture 

T violation:

11 



A. Di Domenico  LNF Scientific Committee meeting – 24 May 2016  
 
 
 

<m> 
(GeV) 

 

Δm 
(GeV) 

<Γ>
(GeV) 

ΔΓ/2 
(GeV) 

K0 0.5 3x10-15 3x10-15 3x10-15 

D0 

 
1.9 6x10-15 2x10-12 1x10-14 

B0
d

 5.3 3x10-13 4x10-13 O(10-15) 
(SM prediction) 

B0
s
 

 
5.4 1x10-11 4x10-13 3x10-14 

neutral kaons vs other oscillating meson systems  
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Decoherence and CPT violation 
Possible decoherence due quantum gravity effects (BH evaporation)  
(apparent loss of unitarity): 
Black hole information loss paradox  =>  
Possible decoherence near a black hole. 

13 

S. Hawking (1975) 

Hawking [1] suggested that at a microscopic level, in a quantum gravity picture,  
non-trivial space-time fluctuations (generically space-time foam) could give rise  
to decoherence effects, which would necessarily entail a violation of CPT [2].  
 

Modified Liouville – von Neumann equation for the density matrix of the kaon system 
with 3 new CPTV parameters α,β,γ [3]: 

 

 
!ρ t( ) = −iHρ + iρH +

QM
! "## $## + L ρ;α,β,γ( )

(“like candy rolling  
on the tongue”  
by J. Wheeler ) 

GeV 102,, 20
2

−×≈⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

PLANCK

K

M
MOγβα

[1] Hawking, Comm.Math.Phys.87 (1982) 395; [2] Wald, PR D21 (1980) 2742;[3] Ellis et. al, NP B241 (1984) 381; 
Ellis, Mavromatos et al. PRD53 (1996)3846; Handbook on kaon interferometry [hep-ph/0607322], M. Arzano PRD90 
(2014) 024016 
 

 

 

at most: 
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φ →KSKL→π+π- π+π- : decoherence and CPT violation

The fit with I(π+π-,π+π-;Δt,γ) gives: 

 
In the complete positivity hypothesis   
α = γ      ,     β = 0       
=>  only one independent parameter: γ

CPLEAR 

€ 

α = −0.5 ± 2.8( ) ×10−17  GeV
β = 2.5 ± 2.3( ) ×10−19  GeV
γ = 1.1± 2.5( ) ×10−21  GeV

 PLB 364, 239 (1999) 

Study of time evolution of single kaons  
decaying in π+π- and semileptonic final state 

KLOE result     L=1.5 fb-1  

€ 

γ = 0.7 ±1.2STAT ± 0.3SYST( ) ×10−21  GeV
PLB 642(2006) 315 

single 
kaons 

entangled 
kaons 

Found. Phys. 40 (2010) 852  
14 
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Prospects for KLOE-2 KSKL->pi+pi-pi+pi- 
Param. Present best published 

measurement 
KLOE-2 (IT) 
L=5 fb-1 (stat.) 

KLOE-2 (IT) 
L=10 fb-1  (stat.) 

ζ00 (0.1 ± 1.0) × 10-6 ± 0.26 × 10-6 ± 0.18 × 10-6 

ζSL (0.3 ± 1.9) × 10-2 ± 0.49 × 10-2 ± 0.35 × 10-2 

α (-0.5 ± 2.8) × 10-17 GeV ± 5.0 × 10-17 GeV ± 3.5 × 10-17 GeV 

β (2.5 ± 2.3) × 10-19 GeV ± 0.50 × 10-19 GeV ± 0.35 × 10-19 GeV 
γ (1.1 ± 2.5) × 10-21 GeV 

compl. pos. hyp.  
(0.7 ± 1.2) × 10-21 GeV 

± 0.75 × 10-21 GeV 
compl. pos. hyp. 

± 0.33 × 10-21 GeV 

± 0.53 × 10-21 GeV 
compl. pos. hyp. 

± 0.23 × 10-21 GeV 

Re(ω) (-1.6 ± 2.6) × 10-4 ± 0.70 × 10-4 ± 0.49 × 10-4 

Im(ω) (-1.7 ± 3.4) × 10-4 ± 0.86 × 10-4 ± 0.61 × 10-4 

Δa0 (-6.0 ± 8.3) × 10-18 GeV ± 2.2 × 10-18 GeV ± 1.6 × 10-18 GeV 
ΔaZ (3.1 ± 1.8) × 10-18 GeV ± 0.50 × 10-18 GeV ± 0.35 × 10-18 GeV 
ΔaX (0.9 ± 1.6) × 10-18 GeV ± 0.44 × 10-18 GeV ± 0.31 × 10-18 GeV 
ΔaY (-2.0 ± 1.6) × 10-18 GeV ± 0.44 × 10-18 GeV ± 0.31 × 10-18 GeV 

15 
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640 Eur. Phys. J. C (2010) 68: 619–681

Fig. 7 The sensitivity to the
ζSL, ζ00̄, Re ω and α, β , γ
parameters with the present
KLOE resolution σ∆t ≈ τS
(open circles), and with the
improved resolution
σ∆t ≈ 0.3 τS expected with the
IT at KLOE-2 (full circles)

as the multiplet of massless Goldstone bosons associated to
the chiral-symmetry breaking and the scalars are used as de-
grees of freedom of the effective field theory at energy scale
λ< Mρ .

This section is mostly dedicated to the measurements of
non-leptonic and radiative decays of the KS and the η me-
son; other significant results in the field can be achieved at
KLOE-2 with the study of events in the continuum, reviewed
in Sects. 5–6.

4.1 Rare kaon decays

The measurement of KS decays at the φ-factory has the
unique feature to rely on pure KS beams, tagged by the
reconstruction of KL decays and KL interactions in the
calorimeter. Background sources are limited to the dominant
KS decay channels, KS → ππ , severely constrained by the
KL 4-momentum reconstruction.

With a target integrated luminosity of 25 fb−1, accessi-
ble channels include non-leptonic and radiative decays with
BR down to O(10−9), KS → 3π , KS → γ γ , KS → π0γ γ ,
KS → π0ℓ+ℓ−, KS → π+π−γ , KS → π+π−e+e−.

We can divide kaon decays into three categories: (i) long-
distance dominated (LD), (ii) with comparable short- and

long-distance contributions and (iii) short-distance domi-
nated (SD) decays. Categories (i) and (ii) are those of in-
terest for KLOE-2: the LD modes are addressed by the KS -
decay analysis. They are properly described by ChPT [192–
196], whose ∆S = 1 Lagrangian at O(p4) reads:

L∆S=1 = G8F
4 〈λ6DµU†DµU

〉
︸ ︷︷ ︸

K→ππ/3π,γ γ

+ G8F
2
∑

NiWi
︸ ︷︷ ︸

K+→π+γ γ , K→ππγ

+ · · · (46)

G8 is fixed by the K → ππ amplitudes; the first (L2
∆S=1)

and the second term (L4
∆S=1) represent the O(p2) and

O(p4) weak Lagrangian, respectively [197, 198]. There are
37 counterterm coefficients, Ni ’s, and operators, Wi ’s. Un-
fortunately the low-energy constants Ni ’s (LECs) are both
theoretically and phenomenologically very poorly known.
New measurements of the non-leptonic and radiative decays
are relevant to test the weak ChPT Lagrangian and help set-
tling the LECs, which encode the underlying quark dynam-
ics.

The Vector Dominance Model, by analogy to the treat-
ment of the strong amplitudes, has been used to determine
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( ) 2
SYSTSTAT 106.08.13.0 −×±±=SLζ

KLOE FINAL 2004-05  L=1.5 fb-1 

only stat.err. (MC)  

Systematic error depends from 
resolution and can be reduced 
with IT 

no IT 

with IT 
Sensitivity gain due to IT ~ x 2 

(the plot is for ζ – almost identical for γ) 
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Improvement in resolution x 3 (x 4) 
⇒  Sensitivity x1.5  (x 2) 

Statistics x 4 (1.5fb-1 x 4 = 6fb-1) 

⇒ Overall improvement in precision 
1.5 (2) x 2 = 3 (4)  

Black: KLOE res. 
 
Red: KLOE + inner 
tracker resolution 
 
Blue: ideal 
 
 

Δt/τS

I(Δt)  (a.u.) 
MC 

KLOE Δt resolution ~ 1 τS 
 
KLOE-2 with IT ~ 1/3 τS 



HET taggers for γγ physics 
-  Main goal is the precision measurement of 

the π0  width 
-  104 π0  expected with Lint	  =5 fb-1  (~1% stat)   
-  The HET stations are installed after the 

bending dipoles, 11 m from the IP  
-  28+1 scintillators of different length  
-  Operational since the very beginning of the 

KLOE-2 data taking 
-  Energy acceptance from 425-490 MeV. MC 

validation is needed 

19	  

1950; Steinberger, Panofsky, and Steller, 1950; Panofsky,
Aamodt, and Hadley, 1951), and its primary decay mode
into two gamma rays. This last feature is closely connected
with the chiral symmetry of QCD (Donoghue, Golowich, and
Holstein, 1992; Nambu, 2009), which makes ! mesons the
lightest hadrons (Nakamura et al., 2010).

During the 1950s it was discovered that the pion family is
an isotriplet with spin ¼ 0 and negative parity J! ¼ 0".1 The
pseudoscalar nature of the pions (Nakamura et al., 2010) was
interpreted by Nambu (2009) as being due to the breaking of
the underlying chiral symmetry of nature. In modern terms,
the QCD Lagrangian is chiral symmetric in the limit where
the light quark masses vanish (Donoghue, Golowich, and
Holstein, 1992). If this symmetry were to be manifested in
the conventional Wigner-Weyl fashion, each quantum state,
such as the proton, would have a nearly degenerate opposite-
parity partner particle. Since this is not the case experimen-
tally, Nambu realized that the axial symmetry is instead
realized via the appearance of massless pseudoscalar mesons
(now called Nambu-Goldstone bosons) so that, e.g., the
opposite-parity partner of the proton is a state containing
the proton and a massless ‘‘pion.’’ This conjecture was put
on a stronger theoretical basis by Goldstone (1961). Of
course, in the real world pions have small but nonvanishing
mass due to the explicit breaking of chiral symmetry, since
the masses of the up and down quarks are small, but nonzero
(Leutwyler, 1996, 2009; Nakamura et al., 2010). The modern
picture of pions is that they are Nambu-Goldstone bosons in
addition to being Yukawa’s mesons and are the source of the
longest-range component of the nucleon-nucleon interaction.
They play this role by having relatively weak interactions
with nucleons in the s wave (vanishing in the chiral limit
when the masses of the light quarks vanish) but strong
interactions in the p-wave channel.

Electromagnetic effects make the charged pions 4.6 MeV
heavier than the neutral pion. This means that the !0 primar-
ily decays in the two gamma mode or the relatively weak
(’ 1:2%) "eþe" Dalitz decay mode (Dalitz, 1951). This
decay, similar to the two-photon decay of positronium, re-
quires that the two photons are E1 and M1, in order to carry
away the negative parity of the J! ¼ 0" state (Perkins, 1982).
This means that the electric field vectors of the two photons
are orthogonal, as has been experimentally demonstrated in
the double Dalitz !0!eþe"eþe" decay (Plano et al., 1959;
Abouzaid et al., 2008).

Since the !0 lifetime #ð!0Þ is ’ 10"16 s, it is far too short
to measure by electronic means. The conceptually simplest
technique is to measure the mean distance that the !0 meson
travels before it decays. By measuring the upper limit to the
decay distance dð!0Þ in low energy reactions it was realized
that #ð!0Þ< 5& 10"14 s within the first year of its discovery.
The difficulty with this technique is the small magnitude of
dð!0Þ ¼ $"c#ð!0Þ, where $ is the !0 velocity relative to the

velocity of light c, " ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1" $2

p
is the relativistic boost

factor, and c#ð!0Þ ’ 2:4& 10"6 cm using the currently ac-
cepted value of #ð!0Þ ’ 0:8& 10"16 s. This short decay

distance dð!0Þ is hard to measure unless the pion is accel-
erated to high energies, where $ approaches unity and " is
large, and is why the early series of low energy direct decay
distance measurements obtained only upper limits. This effort
was not concluded until 1963 with the first definitive, high
energy measurement, which utilized an 18 GeV proton beam
at CERN with the result that #ð!0Þ ¼ ð0:95' 0:15Þ &
10"16 s (von Dardel et al., 1963).2

The results for the !0 lifetime (and decay width) are shown
in Fig. 1. There have been four different experimental meth-
ods which have been utilized to measure the !0 lifetime. The
first is the direct technique, discussed previously. Figure 1
shows the result obtained by the latest and most accurate
direct measurement performed at CERN with much higher
energy protons (450 GeV) (Atherton et al., 1985). The
second experimental procedure utilizes the Primakoff
(1951) effect in which an incident photon interacts with the
Coulomb field of a nucleus to produce the !0 meson. A
measurement of the cross section combined with detailed
balance yields the value of #ð!0Þ. Measurements using
this technique were carried out from 1965 through 1974
(see Sec. IV). The third method, published in 1988,
involves measurement of the cross section for the purely

FIG. 1 (color online). !0 ! "" decay width in eV (left scale) and
#ð!0Þ, the mean !0 lifetime in units of 10"16 s (right scale). The
experimental results with errors and publication dates are from left to
right: (1) 2011 particle data book average (Particle Data Group,
2011); (2–(4) Primakoff experiments (1970)–(1974) (Bellettini
et al., 1970; Kryshkin et al., 1970; Browman et al., 1974a); (5) direct
method (1985) (Atherton et al., 1985); (6) eþe" (1988) (Williams
et al., 1988); (7) !$ experiment (2009) (Bychkov et al., 2009); and
(8) new Primakoff measurement (2011) (Larin et al., 2011). All of
these experiments with the exception of the last one are the basis
of the particle data book average. The lower dashed line is the LO
prediction of the chiral anomaly (Adler, 1969; Bell and Jackiw, 1969)
[!ð!0 ! ""Þ ¼ 7:760 eV, #ð!0Þ ¼ 0:838& 10"16 s]. The upper
solid line is the HO chiral prediction and the dotted lines show the
estimated 1% error (Ananthanarayan and Moussallam, 2002; Goity,
Bernstein, and Holstein, 2002; Kampf and Moussallam, 2009)
[!ð!0 ! ""Þ ¼ 8:10 eV, #ð!0Þ ¼ 0:80& 10"16 s]. For the rela-
tionship between !ð!0 ! ""Þ and #ð!0Þ, see Eq. (3).

1For a brief history of the experiments leading to the measure-
ment of J! ¼ 0" for the pion family, and the connection with the
two-photon decay of positronium, see Perkins (1982). 2This is the corrected value presented by Atherton et al. (1985).
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Data quality benchmark (1): φ→ηγ  with  η→3π0 

21 

ϑclu [°] 

αij [°] Ecluster [MeV] 

After  kinematic fit 
Nprompt 

-  data 2015 
-  data 2001/02 

Polar angle 

Angle between γ pairs 

•  Neutral rad w/ Nprompt > 5 clusters 
•  To select ϕ→ηγ with η→3π0 (recoil γ ⇒ 363 MeV) 
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Neutral rad w/ Nprompt > 5 clusters 

3 

Eclu [MeV] 

ϑclu [°] 

αij [°] 

-  DBV 36 
-  DBV 35  

January 2016 

Final sample 

Nprompt 

Eprompt [MeV] Ecl(fit) [MeV] 

After  kinematic fit 

Total prompt energy after cut on  
320 < Erecoil < 400 MeV 

-  DBV 36 
-  DBV 35  
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Data quality benchmark (2): φ→ηγ with  η→γγ

φ→ηγ→3γ   φ→π0γ  
e+e-→γγ  χ2 
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Data quality benchmark (2): φ→ηγ with  η→γγ

π0 peak 
 
m23

2 <0.65 GeV2–m12
2  

η peak 
 
m23

2 <0.73 GeV2–m12
2  
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Dalitz plot distributions

● E1 < E2 < E3

● Kinfit χ2 < 35 

(as in km333)

● Cuts to select eta and pion peaks

2001 2015 
run1

2015 
run2

Data quality benchmark (2): φ→ηγ with  η→γγ



A. Di Domenico  LNF Scientific Committee meeting – 24 May 2016  
 
 
 

26 

Data quality benchmark (3): KS lifetime with KS→π+π- 

•  Exponential function folded with a triple gaussian 
•  Time calculated from the projection of the decay  

length on the KS momentum direction  
(negative tail due to resolution) 

•  Better resolution and efficiency expected  
from IT tracking  

7.09.2015 6

Fit to t
KS

 distribution (log scale)

Run 30300 Run76024

2005 2015 
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7.09.2015 6

Fit to t
KS

 distribution (log scale)

Run 30300 Run76024

2005 2015 

27 

Data quality benchmark (3): KS lifetime with KS→π+π- 

2005 2015 
χ2/ndf 1.12 1.34 

σTOT  (τS) 0.96 ± 0.16 1.32 ± 0.05 

KS lifetime (τS) 0.95 ± 0.12 0.979 ± 0.038 
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Data quality benchmark (3): KS lifetime with KS→π+π- 

7.09.2015 5

Fit to t
KS

 distribution (linear scale)

Run 30300 Run76024

2005 May 2015 

15.12.2015 4

Fit to t
KS

 distribution

Run 78774Run 78691Run 78247 October 2015 
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Data quality benchmark (4): KL→3π0

•  New method to recostruct the KL→3π0 decay vertex  
inside the drift chamber volume by using a “GPS” technique 
(and without a KL tag from KS→π+π- ) 

•  Additional cuts to reject background: 
θ in [20,160] deg  and tlast-tfirst < 15 ns 

•  First step to select: 
 KL→3π0  , KS→πlv  

J. Bernabeu, A.D.D., P. Villanueva: JHEP 10 (2015) 139 

•  This is a key ingredient for testing CPT symmetry  
in transition processes (never done before and possible only at KLOE) 

2004-05 
2015 with add. cuts 

RKL (cm) 

21.09.2015  6

K
L
 path length after reconstruction

Result of K
L
→3π0 

reconstruction as used for 
the 2004-2005 data

R
KL

 [cm]

additionally
θ in [20,160] deg
for all clusters 

additionally
t
last

-t
first

 > 15 ns

for 6-cluster sets

For comparison:
2004-2005 data

The peak for small R
KL

 values corresponds 

to K
s
→π0π0 decays mistaken for K

L
→3π0,

whose rejection was not included in this 
study. 

KLOE-2 data

2015 
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15.12.2015 5

Study of K
L
 inv. Mass from K

L
→π+π–   

● Rough selection of K
L
→π+π–

For events from KSL stream with KLTAG at one vertex and:
● Second vertex with two tracks of opposite curvature
● ρ > 30 cm for this vertex (K

L
 decay in the DC)

● α
CM 

> 179.8o – cut on opening angle of 2 tracks in K
L
 CM frame 

● A double gaussian fit to the K
L
 invariant mass peak

Runs 303XX Runs 76XXX2005 May 2015 
Data quality benchmark (5): KL→π+π- 

15.12.2015 6

Study of K
L
 inv. Mass from K

L
→π+π–   

Run 78774

Run 78691

Run 78691

Run 78774

Run 78247

Total
78247
78691
78774

October 2015 
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Daria Kamińska Data Quality Kaon lifetime estimation 05.04.2015 2 / 6

Samples selection steps - reminder

KSe3

� ! K
L

K
S

! K
L

(crash)⇡e⌫

KLe3

� ! K
S

K
L

! ⇡0⇡0⇡e⌫

1. K
L

crash selection

K

L

cluster energy > 100MeV ,

0.17 < �
cr

< 0.28

1. K
S

! ⇡0⇡0
selection

events were selected based on standard
KLOE algorithm: KSNEUT

2. K
S/L ! ⇡e⌫ selection

Preliminary selection

cuts on fiducial volume:
|z

vtx

| < 10cm,
⇢
vtx

< 15cm
300 < M

inv

< 490 MeV,
70� < ↵ < 175�

Time of flight analysis

particle identification,
fixing global T0

Daria Kamińska Data Quality Kaon lifetime estimation 05.04.2015 5 / 6
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Data taking monitoring: few examplesData taking monitoring: few examples

Beam parameters are 

constantly monitored also for 

DAFNE feedback

Event classification selection 

efficiency is constantly 

monitored to provide “fast” 

feedback to the detector 

experts.

Neutral kaons counters

P
relim

inary

P
relim

inary
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Data analysis: energy scanData analysis: energy scan

Different decay channels have  been 
considered:
●fÆK

S
K

L
 with K

S
Æp+p-

●fÆhg with hÆgg and hÆ3p0

In all the cases the event counting 
has been performed at the end of well 
known selection scheme.

Event counts have been normalized 
with the corresponding counts of very 
large angle Bhabha scattering events 
used to measure the luminosity.

Data have been fitted including all the 
energy dependence in the line shape, 
radiative correction and beam energy 
spread (300 keV).

Free parameters are the absolute 
normalization for each decay channel 

considered and the f mass, while the 

width has been fixed at the value of 
PDG.

●φ→KSKL with KS→π+π-, π0π0 

●φ→ηγ with η→γγ and η→3π0 
Event counts normalized with very large 
angle Bhabha scattering events used to 
measure the luminosity. 
Fit includes all the energy dependence 
in the line shape, radiative correction 
and beam energy spread (300 keV). 
Free parameters: absolute 
normalization for each decay channel 
and the φ mass. 
 
Conclusions: 
KLOE absolute √s fine calibration: -240 
keV 
 
DAFNE: √s has been shifted by  
+550 keV to run exactly on φ peak 
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•  Starting with  DC tracks  
•  IT Clusters reconstructed are added 
•  IT+DC Kalman filter  
•  Updating track parameters 
•  Bhabha scattering events used as benchmark  

Integrated IT+DC tracking 

•  Residual between IT clusters  
and expected position from  
Kalman w/wo Calibration 


•  Using the first IT calibration, first comparison between  

IT+DC and DC vertex 

σ1=3.1 mm 
σ2=2.4 cm 

σ1=2.8 mm 
σ2=1.7 cm 

Layer #4



After rejection of Tracks … 
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Cteta
1− 0.5− 0 0.5 1

Pi
nv

0

50

100
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1
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210

310

410

510

Pinv:Cteta {Pmat==0}

We are interested at cos(θγγ) ~ -1 which correspond  
to the decay of πo at rest  



Search for π0 production – Double-Arm Tagging 
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Cut Used :  
ΔHET=1     : 12905 evs  
No Tracks        : 8733 evs 
cos(θ12) < 0    : 3481 
Δ(T1-T2) < 230 ps  : 693 
 
G. Rolandi question :   
The last cut rejects πo decay far from IP: 
first attempt to reject πo from KL 

Invariant Mass (MeV)
0 20 40 60 80 100 120 140 160 180 200 220

10

210

310 First Attempt : Preliminary !!! 

Invariant Mass (MeV)
0 20 40 60 80 100 120 140 160 180 200 2200

5

10

15

20

25

30

Bne>0&&Bnp>0&&abs(Be-Bp)<2&&abs(Be-Bhf)<2&&Pmat=0&&abs(T1-T2)<0.23&&abs(Turnbe-Turnbp)=0

MInv
Entries  436
Mean    133.7
Std Dev      30.6

Bne>0&&Bnp>0&&abs(Be-Bp)<2&&abs(Be-Bhf)<2&&Pmat=0&&abs(T1-T2)<0.23&&abs(Turnbe-Turnbp)=0

In this plot a preliminary 
attempt to reduce the  
KS background is done  
	  

Data 
Montecarlo 



Lesson from old KLOE       (just to know…) 
KLOE (04/05) started around March 04 with the same experimental setup as for 
the 01/02 data taking campaign.  
KLOE (04/05) data online reconstruction started on April, 29 2004 with 
reconstruction version #19 ending on 26/04/2007 with the full reprocessing with 
reconstruction version #26. Meanwhile some MC was produced to study and 
compare the new data with some “controlled sample”.  
First publication with 04/05 data: Jul 2007 (LP07 conference contributed papers) 
and Dec 2007 (JHEP KS->γγ).  
 
KLOE-2 new detectors have a level of complexity comparable to the “old” main 
detectors. The IT is the first detector of this kind in operation at a collider. 

Reconstruction campaign could not have started before the arrival  
of the new tape library (archiving data since 24th March 2016)   
(new disk array in 2 weeks from now, necessary with 4 drives only) 
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Version:))8)August)2015)
Revised:)23)November)2015)
Revised:23)May)2015)
!
KLOE&2!milestones!
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!
!
DATA!QUALITY!
Data!quality!benchmark!!!
&!(neutral!channel)!phi&>(eta&>3pi0)!gamma!(September!2015)!done!
&!(charged!channel)!Ks&>pi+pi&!!(September!2015)!!done!
&!continuous!data!quality!monitor!(all!the!run)!
!
TAGGERS!
&!Preliminary!calibration!studies!of!HET!with!radiative!Bhabha!events!!
(December!2015)!done!
&!Preliminary!study!of!e+e&!&>!e+e&!X!process!with!X=pi0!(June/July!2016)!
!
DATA!REDUCTION!
Implementation!of!a!filter!based!on!bunch!crossing!identification!to!reject!
machine!background!
&!Finalization!of!the!studies!(January!2016)!
&!Implementation!of!the!filter!(April!2016)!lower!priority!
!
INNER!TRACKER!
&!First!alignment!and!calibration!set!with!cosmic!rays!with!magnetic!field!
(November/December!2015)!done!
&!First!alignment!and!calibration!set!with!Bhabha!scattering!events!with!
integrated!tracking!DC+IT!(February!2016)!done!
&!Preliminary!studies!on!vertices!with!integrated!tracking!DC+IT!(March/April!
2016)!done!
&!Implement!a!first!version!of!data!reconstruction!with!IT!(September!2016!at!
the!restart!of!data!taking!after!Summer!shutdown)!!
&!Measurement!of!the!resolution!of!vertices!close!to!IP;!Ks&&>!pi+pi&;!Phi&&>!pi+pi&
pi0!etc!(end!of!october!2016)!
!!
QCALT!!
&!First!calibration!set!with!cosmic!rays!(December!2015)!possible!delay!done!
!
REVISION!OF!PHYSICS!PROGRAM!
&!Establish!DAFNE!milestones!in!terms!of!delivered!luminosity!and!allowed!
background!(September!2015)!done!
&!Preliminary!prioritized!plan!of!physics!analyses!(November!2015)!
!!e.g.!Preliminary!results!on!e+e&!&>!e+e&!pi0!with!the!first!2!fb&1!(December!
2016)!!
!!e.g.!Preliminary!results!on!KSKL&>pi+pi&pi+pi&!with!the!first!2!fb&1!(February!
2017)!
&!Organization!of!a!KLOE&2!Physics!workshop!(March!2016)!to!be!postponed!in!
Summer!2016!fixed!for!26&28!October!2016!
!
COMPLETION!OF!ADVANCED!ANALYSES!WITH!OLD!KLOE!DATA!
&!Dalitz!plot!of!decay!eta&>pi+pi&pi0!(June!2016)!published!

Version:))8)August)2015)
Revised:)23)November)2015)
Revised:23)May)2015)
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&!Finalization!of!the!studies!(January!2016)!
&!Implementation!of!the!filter!(April!2016)!lower!priority!
!
INNER!TRACKER!
&!First!alignment!and!calibration!set!with!cosmic!rays!with!magnetic!field!
(November/December!2015)!done!
&!First!alignment!and!calibration!set!with!Bhabha!scattering!events!with!
integrated!tracking!DC+IT!(February!2016)!done!
&!Preliminary!studies!on!vertices!with!integrated!tracking!DC+IT!(March/April!
2016)!done!
&!Implement!a!first!version!of!data!reconstruction!with!IT!(September!2016!at!
the!restart!of!data!taking!after!Summer!shutdown)!!
&!Measurement!of!the!resolution!of!vertices!close!to!IP;!Ks&&>!pi+pi&;!Phi&&>!pi+pi&
pi0!etc!(end!of!october!2016)!
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QCALT!!
&!First!calibration!set!with!cosmic!rays!(December!2015)!possible!delay!done!
!
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&!Establish!DAFNE!milestones!in!terms!of!delivered!luminosity!and!allowed!
background!(September!2015)!done!
&!Preliminary!prioritized!plan!of!physics!analyses!(November!2015)!
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2016)!!
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&!Organization!of!a!KLOE&2!Physics!workshop!(March!2016)!to!be!postponed!in!
Summer!2016!fixed!for!26&28!October!2016!
!
COMPLETION!OF!ADVANCED!ANALYSES!WITH!OLD!KLOE!DATA!
&!Dalitz!plot!of!decay!eta&>pi+pi&pi0!(June!2016)!published!
Version:))8)August)2015)
Revised:)23)November)2015)
Revised:23)May)2015)
&!Ks!&>!pi!e!nu!and!semileptonic!charge!asymmetry!(CPT!test)!(December!2016)!
&!Vacuum!polarization!contribution!and!running!of!alpha_QED!with!!
e+e&&>mu+mu&gamma!(December!2016)!
!

KLOE-2 internal milestones 
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-‐	  Implement	  a	  +irst	  version	  of	  data	  reconstruction	  with	  IT	  (September	  2016	  at	  the	  
restart	  of	  data	  taking	  after	  summer	  shutdown)	  	  
	  
-‐	  Measurement	  of	  the	  resolution	  of	  vertices	  close	  to	  IP;	  Ks-‐-‐>	  pi+pi-‐;	  Phi-‐-‐>	  pi+pi-‐pi0	  
etc	  (end	  of	  october	  2016)	  
	  
-‐	  Preliminary	  results	  on	  KSKL-‐>pi+pi-‐pi+pi-‐	  with	  the	  +irst	  2	  +b-‐1	  (February	  2017)	  
 
-‐	  Preliminary	  study	  of	  e+e-‐	  -‐>	  e+e-‐	  X	  process	  with	  X=pi0	  (June/July	  2016)	  
- Preliminary	  results	  on	  e+e-‐	  -‐>	  e+e-‐	  pi0	  with	  the	  +irst	  2	  +b-‐1	  (December	  2016)  	  

FOCUS 



 
 
Manpower issue 
 
(difficulties due to next “concorso”) 


