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Reminder: test of the SM with am 

Theoretical calculation of the muon anomaly am =(gm-2)/2 are currently ~3.5 s 
away from its direct measument. 
 
Calculations and their error depend on hadron vacuum polarization (HLO) and 
light by light scattering (LBL). 

At low q2 , HLO evaluation relies on the hadronic cross section measurements  

75% of the value and 40% of the error of am
had,LO  

comes from the region of q2 < 1 GeV2 



Reminder/2: the ISR technique 
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KLOE first used the ISR technique to precisely measure  
s (e+e- → p+p-) using 140 pb-1 collected in 2001  
observing  a 3s discrepancy between am

SM and am exp  : PLB606 (2005)12 
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KLOE @ DAFNE 

at the f peak 

+ 240 pb-1 @s=1000 MeV 
(year 2006) 

DAFNE is an e+e- collider  
in Frascati INFN lab 
operated at s=Mf~1020 MeV 

With the ISR technique the KLOE 
detector can measure spp from 
threshold up to 1 GeV 

KLOE has published 4 such measurements: 

KLOE12 measurement (PLB720(2013) 
336) using ppg/mmg ratio in 240 pb-1 
2002 data 
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Pb-SciFi Calorimeter 
( barrel + endcap, 15 X0 depth, 
98% solid angle coverage) : 

sE/E  = 5.7% / E(GeV) 

sT = 54 ps / E(GeV)  50 ps 
 
• PID capabilities mostly from TOF 

Large volume Drift Chamber 
(13K cells, He gas mixt.) : 

4m-, 3.75m-length, all-stereo 

sp/p  =  0.4 % (tracks with q > 45 ) 

sx
hit  = 150 mm (xy), 2 mm (z) 

sx
vertex  ~1 mm    sMpp ~ 1 MeV 

Interaction region: 
Instrument quadrupoles, 
Al-Be spherical beam pipe 

B=0.5 T   

QCal 

The KLOE detector 



Selection with ISR photon at Small Angle (SA): KLOE08 
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Measurement based on 240 pb-1 

collected in 2002 at the f peak: 
 

3.1x106 evts between 0.35 and 0.95 GeV2 
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Selection with ISR photon at Large Angle (LA): KLOE10 

(i.e. detected !) 

However: 
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Event selection 

Main backgrounds come from: 
• f→p+p-p0 

• f→e+e-  g 

• f→m+m- g 

We define the “trackmass” variable assuming there 
are only 1 photon + 2 charged particles of same 
mass Mtrk and requiring 4-momentum conservation:  

• Different final states are nicely separated  
in the Mtrk-Mpp plane 
 
• Calorimeter time of flight is also used to improve 
radiative bhabha rejection 
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Luminosity 
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KLOE08 : Small Angle technique, s=1020 MeV 
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KLOE10 : Large Angle technique, s=1000 MeV 
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KLOE08 vs KLOE10 

Pion Form Factor : 
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KLOE10 vs CMD-2 / SND 
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KLOE10 vs BaBar 
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New measurement based on the ratio ppg/mmg 

The pion form factor can be obtained from the ratio of the ppg to 
mmg yields, without any absolute normalization to Bhabha events: 

Most radiative corrections drop out ! 
• Radiator Function 
• Integrated Luminosity  
• Vacuum polarization 

Same data sample as the KLOE08 measurement 
with SA (undetected photon) selection 
 
p/ m efficiently separated using  MTRK  : 
• MTRK < 115 MeV    →  0.87 x106 mmg  events 
• MTRK > 130 MeV    →  3.4  x 106  ppg  events 
 

      r region is critical  (spp >>  smm) 

PLB720(2013) 336 
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ppg / mmg analysis   

• selection efficiencies (TRG, TRK, PID) evaluated on data 
• 1% control of mmg selection, even in the r region 
• p/m separation checked with 3 independent methods (MTRK, Kin fit, sMTRK) 
• excellent data/MC agreement on MTRK and several other distributions 

f→p+p-p0 

control sample 

•f→p+p-p0  used  as control sample to precisely estimate ppg efficiency and 
contamination in the mmg sample  
• backgrounds estimated from  MC shapes  fitted to MTRK data distribution 
• All efficiencies above 96%, with data/MC corrections ~ 1% 
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mmg spectrum 

M2
mm(GeV2) 
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Results 
Cross section is directly obtained from the bin-by-bin ratio  of the measured distribution 
(independently from radiator functions, VP and luminosity!) : 

this measurement:      385.1 ± 1.1stat ± 2.7sys&theo 
KLOE08:                          387.2 ± 0.5stat ± 3.3sys&theo 

this measurement:      377.4 ± 1.1stat ± 2.7sys&theo 
KLOE10:                          376.6 ± 0.9stat ± 3.3sys&theo 

Dppam x 1010  

0.35< M2
pp < 0.95 Gev2 

0.35< M2
pp < 0.85 Gev2 
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Systematic errors 

% % % 

KLOE12 KLOE08 KLOE10 

• New measurement has different systematic error sources with respect 
to past ones 
• Very little dependence on acceptance and on theory corrections ! 
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Pion FF: comparison of results 

KLOE10 

KLOE12 vs : 

SND-CMD2 

BABAR 

• excellent agreement with previous KLOE results 
• reasonable agreement with SND CMD-2 
• fair agreement with BaBar 
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Muon anomaly grand comparison 

New result confirms 
3.5 s discrepancy with 
direct measurement 

Our extrapolation 
based on DHMYZ10 
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Dark photon searches 
After recent astrophysical observations (PAMELA, ATIC, Hess, FERMI, AMS…) 
many theoretical models postulate the existence of a secluded gauge sector: 
 a  

The dark sector should be mediated by a low mass gauge boson, the U boson 
(with mU < 2 mproton), and should be kinetically coupled to the SM photon. 
The kinetic mixing parameter e expected to be ≤ 10-3  

At DAFNE the processes f →hU and e+e-→Ug can be studied. 

U boson can show 
up as a peak in the 
mmg spectrum 
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Upper limits from mmg spectrum 

MU(GeV) 

High precision in the mmg  spectrum and excellent 
agreement with PHOKARA montecarlo in the region 
0.6< s<1.0 GeV allow to extract an upper limit in 
terms of number of evts per bin. 

This correspond to a 
sensitivity to e ~ 10-3   
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U boson exclusion plot 

Analysis of f→ hee allowed KLOE to 
set limits in the region 50<MU<400 
MeV  (PLB 720,111) 
 
In the region 60<MU<200 our limit 
rules out the hypotesis that a dark 
photon could originate the am  
discrepancy 
 
The mmg spectrum allows KLOE to 
explore higher MU masses. Work is 
in progress to improve and extend 
this method. 

e2 
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Conclusions 

• KLOE has performed a new measurement of shad below 1 GeV  
from the ppg/mmg spectra ratio 
 
• Systematic uncertainties of this measurement are smaller and 
from different sources with respect to the past 
 
• The result confirms the previous measurements and the am 
discrepancy 
 
• The mmg spectrum can be used also to put interesting limits on 
the existence of the so called “U boson” 



SPARES 
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