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The DAFNE Ф-factory 
 

● e+e- collider @ √s = Mf = 1019.4 MeV  
● LAB momentum pφ ~ 13 MeV/c  

● speak ~ 3 μb 
● Separate e+e– rings to reduce beam-beam 
interaction 
● Beams crossing angle:  12.5 mrad 
● Peak luminosity 1.5×1032 cm-2s-1 

BR’s for selected F 
decays 

K+K- 49.1% 

KSKL 34.1% 

+ 15.5% 

M. Silarski EXA2011, 05 - 09 September 2011 3 



DAФNE Luminosity history 

KLOE Integrated  

Luminosity  

KLOE run: 
Daily performance: 7-8 pb-1 

Best month L dt ~ 200 pb1 

Total KLOE  L dt ~ 2400 pb1 at φ mass 
peak + 250 pb-1 off peak ( @ 1 GeV) 

L
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cm
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DAФNE upgrade 

New interaction scheme  
implemented: large beam  
crossing angle + sextupoles  
for crabbed waist optics 
  

 Lnew ~ 3  Lold 

 

 ∫Ldt = 1 pb-1/hour 
  

New scheme 

Old scheme 
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e- e+ 

KLOE (K LOng Experiment) 
 Large cylindrical drift chamber 

 Uniform tracking and vertexing in 
all volume 

 Helium based gas 

mixture (90% He – 10% IsoC4H10) 
 Stereo wire geometry 
σp/p = 0.4 % 
σxy = 150 μm; σz = 2 mm 
σvtx ~ 3 mm 
σ(Mππ) ~ 1 MeV 

 

Lead/scintillating-fiber 
calorimeter 
 Hermetical coverage 
 High efficiency for low energy 

photons 
σE/E = 5.7% /E(GeV) 
σt = 57 ps /E(GeV)  140 ps 
σvtx(γγ) ~ 1.5 cm 

 

Superconducting coil 
B = 0.52 T 
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KS tagged by KL interaction in EmC 
Efficiency ~ 30% 
KS angular resolution: ~ 1° (0.3 in φ) 
KS momentum resolution: ~ 2 MeV 

KL “crash” 
b= 0.22 (TOF) 

KS  en

KL tagged by KS  π+π- vertex at IP 

Efficiency ~ 70% 
KL angular resolution: ~ 1° 
KL momentum resolution: ~ 2 MeV 

KS  

KL  2

KS and KL tagging 
  A F-factory offers the possibility to select pure kaon beams: 
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From KLOE to KLOE-2: γγ taggers 

Measurement of leptons momenta in e+e-→e+e-𝛾*γ*→e+e-X 

LET: Ee ~ 160-230 MeV 

  Inside KLOE detector 

  LYSO+SiPM 

  σE<10% for E>150 MeV 

HET: Ee > 400 MeV 

  11 m from IP 

  Scintillator hodoscopes 

  σE ~ 2.5 MeV 

  σT ~ 200 ps 
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γγ taggers are installed and ready for the first KLOE-2 run (STEP0) in autumn 2011 
~ 5 fb-1 of integrated luminosity expected 



From KLOE to KLOE-2: IP detectors 

Major detector upgrades for second KLOE-2 run (STEP1): 

INNER TRACKER 

  4 layers of cylindrical triple GEM 

  Better vertex reconstruction near IP 

  Larger acceptance for low pt tracks 

QCALT 

  W + scintillator tiles + SiPM/WLS 

  Low-beta quadrupoles: coverage for KL 

decays 

CCALT 

  LYSO + APD 

  Increase acceptance for γ’s from IP (21°→10°) 
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KLOE-2 Physics Program 

Goal: ~20 fb-1 in the next 3-4 years to extend the KLOE physics program at 

DAφNE upgraded in luminosity (approved and funded): 

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

  

 γγ physics 

 

 

 Light meson spectroscopy 
 

 

 Kaon physics 

 

 

  

 

 

 Dark matter searches 

 Hadronic cross section 

  Test of CPT (and QM) in correlated kaon 
decays 
  Test of CPT in KS semileptonic decays 
  Test of SM (CKM unitarity, lepton 
universality) 
  Test of ChPT (KS decays) 

  αem(MZ) and (g-2) 

  Light bosons @ O(1 GeV) 

  Properties of scalar/vector mesons  
  Rare η decays 
  η’ physics 

  
  Existence (and properties) of σ/f0(600) 
  Study of Γ(S/PS→γγ) 
  PS transition form factor 
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KLOE results in kaon physics 

 KLOE has measured all relevant 
inputs for charged  and neutral 
kaons: BR’s, lifetimes, form factors 

 SM test in the flavor sector  through 
precise measurements of  Vus and 
RK=  Γ(K eν)/ Γ(K  μν)  

 CPT and quantum mechanics tests  
with the analysis of the QM interference 
of neutral kaons, Ks semileptonic decays, 
unitary (Bell-Steinberger relation) 

 Recent results and ongoing analysis 
 KS lifetime 

 [Eur. Phys. J. C 71, 1604 (2011)] 

 KS → π0π0π0 (preliminary result) 

 KSKL → π+π－π+π－ (QM/CPT tests 
updated; further studies in progress) 

 K+ → π+π+π － 
 KS regeneration  
 KSKL → π+π－π0π0 
 KSKL → π+π－πℓν 
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|Vus| = 0.2253 ± 0.0007 JHEP04(2008)059 

τS = 89.562 ± 0.029stat ± 0.043syst [ps] 



Search for KS→ π0π0π0 

• The direct  CP violation studies 

• Test of the SM 

• Γ(KS→3π0) =  Γ(KL→3π0) |η000|2  
⇒ BR~ 2×10-9   

• Best sensitivity from KLOE  
450 pb-1 ⇒ BR(KS→3π0)< 1.2 × 10-7  @ 90% 
[PLB619(2005)61]  

• KL interactions in the calorimeter tag Ks decay 

• 6 prompt photons  required 

• Dominant background from KS→2π0 + 2 split or 
2 accidental clusters  

• The updated analysis: 

 improved clustering procedure to reduce split 
clusters  

 hardening the βcr* and energy cuts for Ks tagging 

 processing the entire data set (~ 8·109  KsKL pairs) 
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 Track Veto 

events with at least one track from the Interaction 

Point (ρPCA  < 4 cm & |zPCA| < 10 cm ) 

 Kinematical fit 

KS mass, total 4-momentum conservation, consistency 

between the measured time and position of each 

cluster 

 DE/sE cut 

DE = EKs –Σ Eγ  

Rmin counting DE/sE Sbox c2
fit Track Veto 

13 

Search for KS→ π0π0π0 

M. Silarski EXA2011, 05 - 09 September 2011 

• DATA 
- MC background 

• DATA 
- MC background 



 Signal region definition 

χ2
2π :

 pairing of 4 out of 6 photons 

(π0 masses, EKs, PKs, angle between π0’s) 

χ2
3π : pairing of 6 clusters with best π0 mass 

estimates 

 

 

 

 

 

 

 Rmin  

The minimum distance between clusters 
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Search for KS→ π0π0π0 

• DATA 
• MC background 

• DATA 
• MC background 



Search for KS→ π0π0π0 

𝐵𝑅 𝐾𝑆 → 3𝜋0 =

𝑁3𝜋
𝜀3𝜋 

𝑁2𝜋
𝜀2𝜋 

× 𝐵𝑅 𝐾𝑆 → 2𝜋0 < 2.9 × 10−8 

We count Nobs =0 event selected as a signal and Nexp=0 events in MC 

 SM prediction: 1 event after tagging ⇒ 0.19 after selection 

 The selection efficiency for KS→2π0 decay: e2  ~ 0.66 

 Upper limit  on signal events: N3π < 2.44/ ε3π = 12.84 ( 90% C.L. ) 

 Normalization sample: N2π = 90062000/ ε2π = 136457576 
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This result points  to  the feasibility of the first observation at KLOE-2 

Ecr > 129 MeV 

0.196 ≤ βcr ≤0.25 e30.19±0.012 

χ2
fit < 35 

DE/sE≥ 1.7 
12.1 ≤c22≤ 60 
c23

 ≤ 4.6 
Rmin > 65 cm 

ecr28%

 Using the following set of cuts:  



no simultaneous 
decays (Dt=0) in the 
same final state due 
to the destructive 
quantum interference 

Dt/tS

I(
D

t)
 (

a.
u)

 

       cos2;,
2/

tmeeetI
ttt LSSL DDD

DDD 

Kaon interferometry: Ф  KSKL π+π -π+π- 

f 





 t2  t1 

Dt=t1-t2 

Ideal vertex reconstruction  

with no resolution effect 

 Study of interference with neutral kaon pairs at the Ф -factory : a probe of CPT 
symmetry and QM at the Planck scale 

 The interference pattern can be measured thanks to the fact that Δm ~ ½ Γs 
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Modified interference term introducing 
a decoherence parameter . 

Decoherence and CPT in neutral Kaon system 

Quantum Gravity could also imply at Planck 
scale modified particle/antiparticle states: 

   
   LLSSSLLS KKKKKKKK

KKKKKKKKi







 00000000

I(, ;Dt)  (a.u.) 

Dt/tS



  3103

f  0
35

2
2

10~10  








D
  PLANCKME

O




00 
 0       QM


00 
1       total decoherence




00 
 0

0
00

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• Analysed data: L=1.5 fb-1 
• Fit including Δt resolution and 
efficiency effects + regeneration 

Ф KSKL π + π - π + π -  : test of quantum coherence 




00 
 1.4  9.5STAT  3.8SYST 107

J.Phys.Conf.Ser.171:012008,2009.  



  1.62.1

3.0

STAT
 0.4SYST 104

  1.73.0

3.3

STAT
1.2SYST 104

 1.0 103    at  95% C.L.
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 KLOE-2: increased statistics 
(x4 in Step0) & improved resolution 
in the vertex reconstruction (x3 in Step1 
with Inner Tracker) 

Ф KSKL π + π - π + π -  : test of quantum coherence 

  Refined analysis of the Ф KSKL π + π - π +π-

process   is in progress 
 Symmetric event selection to avoid systematic 

asymmetries 
 Global fit of the event using geometrical relation 

to improve the resolution on the decay length 
(additional quality request) 

sensitivity with the 
present KLOE resolution 
(σ(Δt) ≈ τS) 
sensitivity with improved 
resolution (σ(Δt) ≈ 0.3 τS 
expected) 



Re ω x10-2  

Im ω x10-2  

Re ω x10-2  

Im ω x10-2  
PRESENT KLOE ACHIEVABLE AT KLOE-2 
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Ф KSKL π + π - π + π -  : test of quantum coherence 



Conclusions  
 

•  KLOE is a high precision experiment which allowed detailed studies of both 
kaons and light scalar mesons to be done, as well as to test conservation of 
the CP, CPT and low energy QCD   

• Ongoing analysis on kaons: 

– the best upper limit on BR(Ks → 3π0) ≤ 2.9 10-8 (pointing to the 
feasibility of the first observation at KLOE-2 ) 

– From the analysis of the neutral kaon pairs, stringent constraints, at the 
Planck scale, on decoherence/CPT violation  

• KLOE-2 @ Upgraded DAφNE:  

 STEP0: LET & HET installed,~ 5 fb-1 of integrated luminosity expected; 

 STEP1: improved tracking with the Inner Tracker and improved photon 
acceptance with the calorimeters in the final focusing region (installation by 
the end of 2012); Data taking campaign during 2013-15 for a total of about  
20 fb-1 integrated luminosity. 
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Thank You 

for 

attention 



SPARES 



DAFNE 

(KLOE run) 

DAFNE 

Upgrade 

Ibunch (mA) 13 13 

Nbunch 110 110 

by* (cm) 1.7 0.65 

bx* (cm) 170 20 

sy* (mm) 7 2.6 

sx* (mm) 700 200 

sz (mm) 25 20 

qcross (mrad) (half) 12.5 25 

FPiwinski 0.45 2.5 

L (cm-2s-1) 1.5x1032 >5x1032 

DAFNE (KLOE run) 

DAFNE Upgrade 

DAФNE upgrade 
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KLOE-2 upgrades 
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QCALT  1 

Inner Tracker 

CCALT 1 

LET 1 

QCALT  2 

CCALT 2 

LET 2 

7 New Detecors to be 

integrated inside Kloe 



K+ → π+π+π- analysis  

• Measurement of the absolute BR, to complete the program of precise 
measurement of the dominant K± decay channels 

• Previous measurement :  Chiang (‘72) (2330 evts)  BR = (5.56 ± 0.20)%  
[PDG fit : BR = (5.59 ± 0.04) %] 

 

 

• Analysis strategy:  

– tag with K → µν  

– 2 tracks with vertex along the K path before  
the DC wall  

– K path from the extrapolation of the Ktag  
to the Interaction Point 

– signal peak in the missing mass distribution 
(3rd pion) 

– control of the selection efficiency by reconstructing K+→ π-X 
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• Analyzed sample: 174 pb-1  

• Efficiency evaluated from MC and 
corrected for data-MC 
discrepancies measured with 
K+→ π-X control sample: 
εsel ~ 7%  

• Signal obtained from a fit using MC 
shapes  

• BR relative precision: 0.6% 

K+ → π+π+π- analysis  
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