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KLOE @ DAΦNE
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KLOE/KLOE-2 Experiment
• 1999: KLOE experiment starts
• 2000 – 2006: KLOE data-taking campaign

● 2.5 fb@√s=M
● + 250 pb-1 off-peak @ s=1000 MeV

• 2008: DANE upgrade: new interaction scheme
• Dec.2012-July 2013: installation of the new detectors 
• 2014-2018: KLOE-2 data-taking campaign

Integrated luminosity (pb-1)

5 fb-1

Run I
L = 0.8 fb-1

eff. =77%   

Run II
L = 1.6 fb-1

eff.=  82%

Run III
L = 1.7 fb-1

eff.= 82% 

Run IV
L = 1.4 fb-1

eff.=  81%

5.5 fbcollected @√s=M

KLOE + KLOE-2 data sample 
~ 8 fb-1 represents the largest sample 
collected at a  Φ-factory

About 2.4 x 1010  Φ-mesons
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KLOE-2

●  LET (Low Energy Tagger) & HET 
(High Energy Tagger)
● e+e--taggers for γγ-physics

●  CCALT & QCALT
●  2 new calorimeters (for low angle 

γs & quadrupole coverage from K
L
  

decays )
●  IT (Inner Tracker)

● 4 layers of C-GEM
● better vertex reconstruction and

Track parameters

HET 11 m from 

IP

LET CCALT

IT

QCALT
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KLOE-2 Physics Program 

KLOE-2 Coll., EPJC68(2010)619    
http:// agenda.infn.it/event/kloe2ws    Proceedings:  EPJ 
WoC 166 (2018) 

Kaon Physics:
• CPT and QM tests with kaon interferometry
• Direct T and CPT tests using entanglement
• CP violation and CPT test:
    KS→3π0

    direct measurement of Im(ε′/ε) 
• CKM Vus:
   KS semileptonic decays and AS 
          (CP and CPT test)
   Kμ3 form factors, Kl3 radiative corrections
• χpT : KS→γγ
• Search for rare KS decays

Hadronic cross section:
• ISR studies with 3π, 4π final states
•  Fπ with increased statistics
Measurement of aμ

HLO in the space-like
    region using Bhabha process

Light meson Physics:
•    η decays, ω decays
Transition Form Factors
•    C,P,CP violation: improve limits on 
      η → γγγ, π+π−, π0π0, π0π0γ
•    improve η → π+π−e+e− 

•    χpT : η → π0γγ
• Light scalar mesons: f0(500) in →Kϕ SKSγ
• γγ Physics: γγ → π0 and π0 TFF
e+e− →π0γγISR (π0 TFF)
• search for axion-like particles

Dark force searches:
• Improve limits on 
Uγ associate production
            e+e− → Uγ → ππγ, μμγ
Higgsstrahlung:
       e+e−→ Uh →μʹ +μ− + miss. energy
• Leptophobic B boson search:
    →ηB, B→πϕ 0γ, η→γγ
    η→Bγ, B→π0γ, η→π0γγ
• Search for U invisible decays
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γ*γ* → π0 HET analysis 



7

γ*γ* → π0 HET analysis 

Analysis strategy
Hits in one HET station and at least one bunch 
in KLOE associated with only 2 clusters in the 
EMC

HET and KLOE data are acquired 
asynchronously. HET acquisition time 2.5 times 
larger than KLOE → out-coincidence (HET only) 
sample + in-coincidence sample → background 
subtraction 

INOUT

Bending dipoles of DAΦNE closer to IP act as spectrometers
       for the scattered e+/e−   ( 420 < E < 495 MeV )
Strong correlation between E and trajectory
Scintillator hodoscope + PMTs, inserted in roman pots 
Pitch: 5 mm,  ~ 11 m from IP
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γ*γ* → π0 HET analysis 

γ*γ*→π0 signal is expected at low P
tot

 of the 2γ
From the TMVA studies  we understand that radiative Bhabha's events are on top of 
the signal events
Identification of the background events work in progress

OUT

IN
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Measurement of the running of the α
em

(s)

Method:
μ+μ−γ data corrected for FSR (PHOKARA MC 
generator)
Normalization to MC with α = α(0)

PLB 767 (2017) 485

(PDG:  (9.0 ± 3.1) × 10-5)
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Kaon Physics

Neutral kaons are produced in an 
antisymmetric quantum state (JPC = 1--)

● At KLOE-2, kaons are produced almost collinear in monochromatic pairs with 
longitudinal momenta of  100 MeV/c

● Tagging one kaon ensures the presence of the other one on the opposite side
● Unique capability of selecting a pure beam of K

S
 (tagging the K

L 
partner in the 

KLOE-2 calorimeter) 
● Not available at fixed target experiments

● Studies of quantum mechanics and fundamental symmetries from 
interference pattern and entanglement



11

K
S
 charge asymmetry

AS,L ≠ 0  => CP violation

AS ≠ AL  =>  CPT violation

One of the cleanest and most precise 
test of CPT symmetry

with KLOE-2 data: δAS(stat) → ~ 3×10-3

AS = (-4.8  5.7  2.6)  103

[JHEP 1809 (2018) 021]

See D. Kisielewska poster*
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● Data sample: KLOE-2  data (~1.5 fb-1)
● CP violating, never observed 
● Expected Br ~ 2×10-9 (SM)
● Best upper limit by KLOE:
           Br(KS→ 3π0 ) < 2.6×10-8 @ 90% C.L.  

     with 1.7 fb-1  [PLB723(2013)54]

Pre-selection with the following requirements:
● KL-crash: E>150 MeV, 0.2< β < 0.225

● prompt photons: Ecl > 20 MeV; |cos θcl| ≤ 0.915

and | ΔTcl| ≤ Min(3·σT(Ecl),2 ns)

● KS → 2π0 (4 prompt photons) used for normalization

● Main background source: KS → 2π0 with two additional 

clusters (shower splitting/accidentals)

K
S
 → 3π0

Hardened selection to face machine background
Full KLOE-2 statistics + optimized analysis  can reach  Br ~ 10-8

• Data
--  MC

• Data
--   MC



13

T/CPT test with φ→K
S
K

L
→3π0 πνe, ππ πνe 
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Preliminary

Preliminary

T/CPT test with φ→K
S
K

L
→3π0 πνe, ππ πνe 
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K
S
 → πμν

● First measurement of Ks →πμν Branching Ratio
● 7223 events from 1.6 fb-1

● Expected value  Br(KSµ3) = (4.69 ± 0.05)×10-4 [from KLOE + KTeV + e/mu universality]
● Lepton universality test
● Uncertainties preliminary measurement

● 2.5 % stat ± 3.1 % sys
● Analysis is almost finished

● final checks on some systematic uncertainties ongoing

M2
μ
 [MeV2]

Firs
t m

easurem
ent
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Dark Matter: U boson combined limit
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 + KLOE
KLOE
KLOE

●  New µµγ limit at full KLOE statistics
●  ππγ limit at the same luminosity (1.93 fb−1)
●  Combining procedure requires:

● Double inputs of data, expected background, 
U signal and systematical errors

● Info on different efficiency and U decay 
branching fractions: BR(U → µµ, ππ)

● Combined limit extracted by means of CLs 
Technique

● The limit on ε2 is extracted when 
Ntot 

U
 = Nµµ 

U
 + Nππ 

U
 reaches CLs < 0.1

Best limit in the 600 MeV – 1000 MeV mass region 

Phys.lett.B 784 (2018) 336-341

+ - mass spectrum
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B-boson searches

KLOE/KLOE-2 
searches

[Tulin, PRD89(2014)114008] 

Preliminary
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η→π0γγ   χ-PT golden mode

η→π0γγ (from →ηγ): χPT golden modeϕ

Imput for χPT parameters: O(p2) null at tree level, 
O(p4) suppressed by G-parity at first loop  sensitive ⇒
to O(p6)

 Br = (22.1 ± 2.4 ± 4.7)×10-5 CB@AGS( 2008)
 Br = (25.2±2.5)×10-5 CB@MAMI (2014)

Old KLOE preliminary: (8.4±2.7±1.4)×10-5

(L = 450 pb-1 ~ 70 signal events)

● 1.7 fb-1 KLOE data used
● Main bckg is →ηγ, with η→3πϕ 0 with lost or  merged 

photons  
● New TMVA-BDT based rejection which allows to 

remove 50% of the background generating from η→3π0 

Preliminary
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η→π+π- (P and CP viol.)
● η→π + π − is P and CP violating process

The BR prediction in SM [Phys. Scripta T99, 23 (2002)]
● proceeds only via the CP-violating in weak interaction → 

10−27

● introducing a CP violating term in QCD → to 10−17

● allowing CP violation in the extended Higgs sector → 10−15

● Any observation of larger branching ratio would indicate 
a new source of CP violation in the strong interaction

● The best limit Br(η→π + π − ) <1.3×10−5 @ 90% 
C.L. by KLOE with L

int
 ~ 350 pb−1

● A recent limit BR(η→π + π − )<1.6×10−5 @ 90% 
C.L. from the LHCb with Lint~3.3 fb-1

Preliminary results for 1.6 fb-1 of KLOE sample:
Continue backgrounds from ππγ
After all the cuts, efficiency for KLOE is 14%
No event excess in the η region
             Br(η→π + π - )<5.8×10−6 @ 90% C.L.

With all KLOE/KLOE-2 data → the upper limit is 
expected to reach 2.7 × 10−6  @ 90% CL

Preliminary

PLB606(2005) 
276-280
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Conclusions

KLOE-2 data-taking succesfully completed on March 30, 2018 
                          ~ 20 years after the first events collected in KLOE
         Luminosity acquired L = 5.5 fb-1

KLOE + KLOE-2 sample  ~ 8 fb⇒ -1  -- unique sample worldwide
           ⇒ ~ 2.4 × 1010 ’s produced largest sample collected in a -factoryϕ ϕ
         

The data sample collected by KLOE provided important results on 
decay dynamics of light mesons, Transition Form Factors, discrete 
symmetries of the nature, and also on searches for New Physics in the 
Dark Sector

KLOE-2 increased statistics together with new detectors broadens the 
KLOE physics program and extends the sensitivity
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