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The The DADAΦΦΦΦΦΦΦΦNE NE machinemachine

DAΦΦΦΦNE : e+ e - collisions at
high luminosity (L= 5x1032cm-2s-1)
at the Φ peak : E = MΦ = 1.02 GeV
σ(Φ) ≈ 3.3 µb

Φ=decay products:
K+ K− 49.1%
KL KS 34.3%
ρπ 12.9%
π+π−π0 2.5%
η=γ 1.3%
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The The DADAΦΦΦΦΦΦΦΦNE NE machinemachine

9×1010 particles/single bunch

20 →=120 bunches
➥ 5 A/beam
➥ RF = 368 MHz
➥ P ≈10-9 torr
➥ 2 indipendent rings

L ~ 2×1031 → 4.8 × 1032 cm-2s-1

≈VEPP-2ML1b= 1 → 4×1030 cm-2s-1

intersection at ≈ 25 mrad

Interaction regions
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Integrated Luminosity Integrated Luminosity vsvs. run #. run #

April August October Nov Nov-Dec
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Average Luminosity per runAverage Luminosity per run vsvs. run #. run #
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Average Luminosity,  last periodAverage Luminosity,  last period



7

Beam lifetimes in NovBeam lifetimes in Nov--Dec running periodDec running period

ττττ+ =  ττττ====- ~  60 minutes in collision
ττττ===============

====== 180 m  not colliding
ττττLum =  30 m

During 20 day run:  <Lum> ~ Lumpeak/4

Improvements require:
➥ topping up with DC on →→→→ harden DC
➥ topping more frequently →→→→=

==

=improve DaΦΦΦΦne
➥ raise ττττ+, ττττ- in collision to 180 ττττLum = 90 m

➨ Factor 2-3 easily gained



8

➨ Both for KLOE and DAFNE the                   
present running  period is a very
useful experience
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Kaon production at a φφφφ====factory
Pure and monochromatic  KK beams from

e+e-→ φφφφ====→ KS   KL

☛ PS ~ – PL ( φ boost  = 13 MeV)

☛ Mφ = 1020 MeV          PK = 110 MeV/c
➙ Efficient tagging

☛ KK  pair has the φ quantum numbers  

(JCP=1- -)
➙ interferometric studies

☛ with β = 0.218   
➙ λS = 0.6 cm
➙ λL = 340  cm

 On April 20th, 1999, 14:00 : KLOE has collected its first Kshort Klong CP Violation candidate
event.  
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Tagging at KLOETagging at KLOE

☛ KLTAG = identif. of a KS→π+π−
vertex (~ indipendent from KL decay 
mode)

☛ KSTAG = identif. of a KL → charged 
vertex or KL cluster in EMC (~
indipendent from KS decay mode)
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The KLOE physics programThe KLOE physics program
(not only CP; not only kaons)(not only CP; not only kaons)

☛ KAON physics :
➥ CP violation studies (interferometry + double ratio)

➥ rare KS (KL) decays ( KS →→→→ ππππlνννν, KS (KL) →→→→ ππππee, πµµ,πµµ,πµµ,πµµ,=
==

=πννπννπννπνν )

➥ CPT limits KS →→→→ ππππ++++e−−−−νννν====////====ππππ−−−−e++++νννν vs KL →→→→ ππππ++++e−−−−νννν====////====ππππ−−−−e++++νννν

➥ kaon form factors (KL →→→→ ππππlνννν , K+ →→→→ ππππ0l+νννν )

➥ ...

☛ NON KAON physics :

➥ radiative φ decays (φ→=ηγ=,=η’γ=,=ƒ0γ=,=a0γ , …)

➥ σσσσHAD vs √√√√s (e++++e−−−−→π→π→π→π++++ππππ−−−− after ISR) for g-2 predictions
➥ regeneration measurements at low momenta

➥ ...

π+

π-

0.51 < √s < 1.02 GeV



12

The KLOE apparatusThe KLOE apparatus

☛ Lead - Scintillating fibers calorimeter
➥ excellent resolution to reconstruct KL

neutral vertex with ToF technique
➥ must detect photons down to 20 MeV 
➥ hermetic coverage to discriminate 

between KL →→→→=

==

=2π2π2π2π0000 and KL →→→→3π3π3π3π0000
events

☛ Helium Drift Chamber
➥ large volume for KL decays
➥ transparency ( 8mm C-fiber walls < 

0.1 X0)
☛ Two quadrupole calorimeters

➥ to avoid γ losses in KL →→→→3π3π3π3π0000 events
☛ Beryllium beam pipe

➥ sphere with radius 10 cm  (~16 λS)
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Interferometric measurements at KLOEInterferometric measurements at KLOE

☛ The probability of observing final states f1 , f2 as a function of ∆t is:

I( f1 , f2 ,∆∆∆∆====t) = |<f1|Ks><f2|Ks>|2  ×

[|ηηηη1111====|2e−ΓΓΓΓL∆∆∆∆========t +|ηηηη2222====|2e−ΓΓΓΓS∆∆∆∆========t −2 |ηηηη1111====||ηηηη2222====|e−ΓΓΓΓ∆∆∆∆========t/2cos(∆m ∆∆∆∆t+∆ϕ )]

1
2Γ

∆=m = ML− MS ∆ϕ = ϕ 1− ϕ 2

< fi |=KL >
< fi | KS >

= ηi eiϕ i 

Ks,KL KL , Ks
Φf1 f2

t1 t2
∆∆∆∆t = t1 -t2

☛ The ΚΚ pair is produced in a well defined quantum state JPC=1−−:
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Interferometric measurements at KLOEInterferometric measurements at KLOE

Informations on KAON system parameters from:
� identical final states → ∆∆∆∆m ΓΓΓΓS  ΓΓΓΓL
� ππππ+ ππππ−−−− ,,,, ππππ0 ππππ0     � → ℜℜℜℜ(ε(ε(ε(ε′′′′/ε)/ε)/ε)/ε) ℑℑℑℑ====(εεεε’/εεεε)
� ππππ+ −−−−νννν====,,,, ππππ−−−− ++++νννν � → ℜℜℜℜ (δδδδCPT) ℑℑℑℑ (δδδδCPT)
� ππππ==== νννν====,,,,==== ππππ====ππππ==== � → T and CPT, ∆∆∆∆m, |ηππ|,=ϕππ

� �

I(∆
t) 

A.
U

. �

∆=t /τs
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Experimentally:

�NKK  = Lint × σφ ×BR(φ→KSKL)    and  εεεεL,S
tag drop out identically in the double ratio

�Trigger and reconstruction efficiencies,  geometric acceptance and background 
contamination have to be checked  at the level of  few  10-4

Statistics :  ~ 2 years of data taking @  L=5×1032cm-2 s-1 ( 4×1010φ)

= 1+ 6ℜ(ε′/ε)
BR(KL→π+π-)/BR(KS→π+π−) 

BR(KL→π0π0)/BR(KS→π0π0)

( ) ( ) ′′−××××+= ±±±

FV

,0
SL,

,0
SL,

tag
SL,KK

,0
SL,

obs ddIgBRNBkgN lllllεε

Double ratio
KLOE aims to O(10 – 4) accuracy  in direct CP violation detection 
through the  double ratio:

R =
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1.     EMC coverage ~ 98%  +  low  energy 
γγγγ eff.  +  good resolution 2. DC: good momentum resolution

(+EMC πµπµπµπµ separation)

Signal              Bkg             rel BR

KL→2π0 KL→3π0 230        (1)

KL →π+π− KL→πµν 130         (2)

σE /E = 5,7%/  E(GeV) σp /p = 0.4% @ 0.5 GeV/c

Polar angle

e+e-γγγγ e+e-

Backgrounds
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�
�
�

+=
−+=

γ

γ

β
ϑ

LLct
LLLLL

KK

KK

/
cos2222

Given the KL flight direction from the KS momentum balance, the KL decay 
vertex is determined from the total time of flight tK + tγ:

EMC

L

LK

Lγ

KS

θ

Reconstruction of the KL neutral vertex

• weighted average over all γ=’s

• δLK = 0.5 cm with 4 γ ‘s    and 

σt = 55 ps /     E(GeV)

Measured σt from γγγγγγγγ events

σt  = 74 ps / E(GeV)
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selection criteria:

o 1 vertex with r < 5 cm from I.P. 
o 2 opposite charged tracks 

connected
o 50 < PTOT < 170  MeV/c
o 400 < MINV < 600 MeV/c2

σ=~ 1 MeV/c2

KL tag with KS→ππππ+ππππ- signal

Expected: Nφ • BR(φ→KSKL, KS→π+π-) • εtrig(data) • εrec(MC) =  179000

What we get :    N(KS→π+π-) = 170000 
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KS   ππππ+ ππππ- : lifetime

λS= 6.1+0.6 mm

Decay length 
distribution unfolded 
using the measured 
vertexing accuracy
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KK LL charged decay: charged decay: selectionselection

Klong flight direction   (mrad)

0
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vertex

αααα

Pφφφφ

� PL = Pφφφφ −−−− PS

� primary vertex =  KS flight 
direction  @  y = 0

� 1 vertex in a 5O cone with  r > 5 cm 
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KKL  L  charged decay: charged decay: lifetimelifetime

  35.80    /    39
Constant   5.560
Slope -0.3028E-02

Klong decay lengthKlong decay length cm
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20000 charged vertices with  r > 5 cm

λλλλL = 330 ± 66 cm
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Pmiss  vs  M2 miss
GeV2

M
eV

/c
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KL charged decay: Kl3 vs ππππ+ππππ-ππππ0

PL and  charged tracks momenta 
are used to build Pmiss and M2

miss

If the ππ hypothesis is used in the M2
miss

computation, we get a negative value for  
semileptonic  decays. 

CP violation region
Pmiss = M2

miss = 0

0 ( KL π+π-)
M2

miss=         < 0 (Kl3 , in ππ hyp)
mππππ

2 ( KL π+π-π0)



23

  5.192    /     8
Constant   15.63
Mean   494.9
Sigma   2.541

Klong mass Mev/c2

0

10

20

460 480 500 520 540

• Pmiss < 10 MeV/c

• |Mmiss (ππ)| <  70 MeV

55 events selected
(52 expected in the hypothesis of 
equal efficiencies for all charged 
vertices) 

CP violation signal : 1

The cut on Mmiss is very
loose but the signal has a
narrow peak ~ 2.5 MeV
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For semileptonic decays and π+π- events 
(π+π-π0 ruled out by a cut on M2

miss) we 
can impose directly:

M2
miss (mx, mπ, PL , p1, p2) = 0

Two solutions (mx1 or mx2) are  
calculated  for mx trying the π
hypothesis on both the charged 
momenta; one of the two solutions 
should give:

me if    Ke3
mx mµ if   Kµ3

mπ if π+π-

KL charged decay: Kl3 vs ΚΚΚΚL
2ππππ (1)
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KL charged decay: Kl3 vs ΚΚΚΚL
2ππππ (2)

Mx2B  vs  Mx2A GeV2

G
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mx1 vs mx2
� Applying the mass calculation to 
the  2π events selected with the cut 
on Pmiss and M2

miss(ππ)  results in a  
slightly better  background rejection 
power.  

� This is because, in the π=
hypothesis, the missing mass and the 
missing momentum, for semileptonic
decays, partly overlap the signal 
region at (Pmiss, Mmiss) ~ (0,0)
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Ke3 decay: momentum vs β

P 
 (M

eV
/c

)

ββββ

e
ππππ

Calorimeter ToF can 
greatly help in 
discriminating between 
pions  end leptons, 
representing an 
independent constraint to 
select a clean sample of   
2π events.



27

  30.26    /    30
Constant   61.68
Mean   129.8
Sigma   20.36

π0 Mass  MeV/c2
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  222.5    /    90
P1   285.0
P2   136.4
P3   1.966
P4   13.54
P5   132.3
P6   22.12

π0 Mass  MeV/c2

0
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The π0000 peak is easily isolated from 
Kl3 in the Mmiss distribution 

The π0 signal is present also in 
the Minv from the 2γγγγ in EMC

KL  charged decays: ππππ++++ππππ−−−−ππππ0000

σ~2 MeV

σ~20 MeV

DC

EMC
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KL → π++++π−−−−π0000 : charged vs neutral vertex

  44.52    /    52
P1   91.50
P2  0.3720
P3   1.944
P4   9.950
P5  0.6156
P6   6.383

Xch - Xneu cm

0
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  35.82    /    56
P1   89.19
P2 -0.4073
P3   2.272
P4   4.075
P5 -0.5561
P6   11.18

Ych - Yneu cm
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  49.53    /    50
P1   89.66
P2 -0.1105
P3   2.291
P4   4.497
P5   1.388
P6   9.341

Zch - Zneu cm

0

50

100

150
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Worse neutral vertex resolution because:

� in KL →→→→ π+ π - π 0 there are less γγγγ than  in KL →→→→ π0π0

� γγγγ energy in KL →→→→ π+π-π0 is lower than in KL →→→→ π0π0

<∆x > ~     4 mm
σx ~   1.9 cm

<∆y > ~ - 4  mm
σy ~   2.3 cm

<∆z > ~ - 1 mm
σz ~   2.3 cm
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  157.7    /   152
P1   7.513
P2   492.7
P3   116.8
P4   166.9
P5   497.4
P6   44.07

E6γ Mev

0

100

200

300 400 500 600 700

KL neutral decay:  π0000π0000π0=

� The total energy of the 6 γγγγ’s
is measured with the expected  
10% resolution.

� Calibration of the mean value 
is still in progress < σ6γ=> ~ 44 MeV

� Selected neutral decays with 6 clusters in EMC
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CP violation signal : 2

Klong → π0π0 Mass

Entries              71
  9.142    /    13

P1   8.760
P2   482.7
P3   21.78
P4   4.651
P5   345.1
P6   48.97

MeV/c2

0

5

10

200 300 400 500 600 700

CP 

� Loose collinearity cut between the 
KL flight path and the  momentum of 
the π0π0 system

� Cut on the two π0 invariant mass 
reconstructed

� Selected neutral KL decays with
4 EMC clusters.
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KS neutral decay:  π0π0

Minv (4γ) = 475 MeV
σ Minv = 42 MeV

MeV/c2

Selection algorithm
� 4  prompt  photons  (0.9 <<<< ββββ <<<< 1.2)

� no tracks associated

� θ==>>>> 21º (machine bkg rejection)

� 390 < Minv < 600 MeV/c2

low background contamination on real data  (≅1%) 
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�( )K
L
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� The KL interacting in the calorimeter can be tagged by a KS detected and a neutral 
cluster on EMC opposite to the KS flight direction 
� The reconstructed β*

KL in the CM is mainly affected by the machine energy spread:

β∗KL = 0.21

δEΦΦΦΦ ~ 1 MeV          δβKL ~ 0.004

KL crash  events

neutral clusters in 
KS→π+π− events
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ee++ee-- → ωπωπωπωπωπωπωπωπ00000000 → ππππππππ00ππππππππ00γγγγγγγγ

σσσσ = (0.54 ±±±± 0.09 (stat. + bckg.) ±±±±====0.050.050.050.05=
==

=((((syst.).).).)====))))====nb 

σSND = (0.64 ±=0.08)=nb
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ΦΦΦΦΦΦΦΦ → ηγηγηγηγ====ηγηγηγηγ====→ γγγγγγγγγγγγγγγγγγγγγγγγ

— Dati  (120 nb-1)
� MC

Erad =   363 MeV

ΜΜΜΜηηηη = 545 MeV/c2

σσσσηηηη = 42 MeV/c2

Nevχχχχ2   = 972 ±±±±====31

Nevbck ≈≈≈≈====0
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ee++++++++ee−−−−−−−−→π→π→π→π→π→π→π→π++++++++ππππππππ−−−−−−−−γγγγγγγγ eventsevents

Possible sources:

❶ initial state radiation

❷ final state radiation

❸ φ→f0γ=→=π+π−γ

Photon energy EγPhoton energy EγPhoton energy Eγ
MeV
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Summary and OutlookSummary and Outlook

The roll-in of KLOE in December 1998 was the 
successful end of years of constructions and testing
In 1999, with more than 2 pb-1 of data, we are showing 
that the KLOE detector fully satisfies expectations
The first CP violating events have been identified and 
studies on systematics just started
Other non-CP analysis (radiatives, K±,…) in progress 

We are ready for real luminosity data
to perform our approved program
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Reconstruction overview: Nov. 24 Reconstruction overview: Nov. 24 ---- Dec. 10Dec. 10

Collected statistics: runs 10106 - 10582 processed
===>           ~200 runs         ~3000 files

Integrated Luminosity:  966.5 nb-1

Reconstr.  Luminosity:  965.9 nb-1 ==> 99.94 %
1292.6 last score

Average Luminosity 2.0 x 1030 cm-2s-1

Average value for σ(e+e- φ)    2.86--3.06 µb
Total golden Bhabhas 5.6   106

Total KS π+π- (KL tags)          0.46 106



38Present analysis activitiesPresent analysis activities
(not a complete list)(not a complete list)

☛ φ=→=ηγ=+=π0γ==→=3=γ

☛ φ=→=ηγ=→=πππγ

☛ φ=→=η’γ

☛ φ=→=ωγ

☛ φ → f0γ

� φ radiative decays:

� φ=→→→→ (ρπ + πππ)

� e+e− →→→→ π+π−γ final state
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Reconstruction overview: Nov. 24 Reconstruction overview: Nov. 24 ---- Dec. 10Dec. 10

Average fraction of tracked sample ~15%
Average CPU time / triggers 0.03 s

max.   ~10   s
Average CPU time per tracked evt. 0.25 s

max.   ~50   s



40

☛ L1b= 1.5×1029 @ 20mA/bunch
☛LMAX =  2×1030  @ 200mA/beam
☛ Average beam life time ~ 1h 
☛ currently 100nb-1/day collected 

3pb-1 expected by the end of 
1999
☛ 100 pb-1 should be collected in 
first months of 2000, ℜℜℜℜ(ε(ε(ε(ε′′′′/ε)/ε)/ε)/ε) ~ 10-3, 
if the DAΦNE upgrade program 
succeds (new kickers will be 
installed in jan-feb) 

Delivered LuminosityDelivered Luminosity
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FiducialFiducial volumesvolumes

KL → π+π−
KL → π0π0

φe++++ e−−−−

δRFV
➥ The difference between 
charged and neutral FVL affects 
directly the double ratio 

➥ events when the neutral and 
charged vertex coincide  (ΚΚΚΚ±→→→→=

==

=

ππππ± ππππ0000,,,,========ΚΚΚΚL→→→→=

==

=ππππ++++ππππ−−−−ππππ0000 ) are 
used to monitor misalignments

➥ gaussian smearing of the 
FVL edge is negligible if σvert~
1 cm    (σ2222 /=2λ2222L)

☛ Systematics on double ratio R from boundaries determination and resolution 
smearing

☛ KS : sphere with radius RS > 16 λs error from FVS cut negligible
☛ KL : cylinder of  30 < RL < 150 cm,  |zL| < 125 cm 30 %  of KL decays


