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Outline

• New e+e-→ m+m-g cross section measurement

• Measurement of the a(s) via e+e-→ m+m-g process

• Extraction of Real and Imaginary part of Da(s)

• Measurement of BR(w→ m+m-)from  e+e-→ m+m-g process

• gg Physics  at KLOE-2

• Conclusions
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a running and the Vacuum Polarization

• Due to Vacuum Polarization effects α(q2) is a 
running parameter  from its value at vanishing 
momentum transfer to the effective q2.

 The “Vacuum Polarization” function (q2) can 
be “absorbed” in a redefinition of an effective 
charge:

 Da takes a contribution by non perturbative 
hadronic effects (Da

had ) which exhibits a 
different behaviour in time-like and spacelike 
region

e2→e2( q2 )= e2

1+(Π (q2 )−Π (0))
;

Da = Dal + Da
had + Datop

α (q2 )=
α (0 )
1−Δα

Δα=−ℜ e ( Π (q2 )−Π (0))

s>0

t<0

E=-√-t

E=√s



Existing measurements
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EPJC 45, 1 (2006)

PLB 476, 40 (2000)

PRL 78, 424 (1997)

PRL 81, 2428 (1998)

OPAL

TOPAZ

VENUS

Very few 
measurements of 
the running of the 
a

 
coupling 

constant has been 
performed up to 
now,

 
most of them 

in spacelike 
region and only 
one direct 
measument in 
timelike region 
(TOPAZ) at large 
momentum 
transfer.



KLOE measurement of a(s) 
below 1 GeV

•  Measurement of the running of the fine structure constant α in the 

time-like region 0.6<√s <0.975 GeV obtained via :

FSR correction done by by using PHOKHARA MC event generator

● Statistical significance of the hadron contribution to the running a(s) 
is evaluated

● for the first time in a single experiment the real and Imaginary part of 
Da

● Measurement of  BR(w→ m+m-) .
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MC with a (s) = a (0)

  data
:



   e+e- collider with      =mf»1.0195 GeV

DAFNE: A f-Factory in Frascati (near Rome)

Integrated  Luminosity 

Peak Luminosity L
peak

= 1.5 • 1032cm-2s-1

Total KLOE int. Luminosity: 
 L dt ~ 2500 pb-1 (2001 - 05)

a-running and mmg cross section 
measurement (paper ready for submission)  

based on 1.7 fb-1 of 2004-2005 KLOE data

e+

KLOE detector

FINUDA detector

e-

s
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Two-pion KLOE08 measurement 
(PLB670(2009)285) was  based on 240pb-1 

of 2002 data

Two-pion KLOE10 mesurement (PLB700 
(2011)102) based on 233 pb-1 of 2006 data

(at 1 GeV, different event selection)

KLOE12 measurement (PLB720(2013)336) 
based on 240 pb-1 of 2002 data

(from ppg/mmg ratio)



KLOE Detector
Drift chamber

s
p
/p = 0.4% (for 900 tracks)

s
xy

 » 150 mm, s
z
 » 2 mm

Excellent momentum 
resolution

Full stereo geometry, 4m diameter, 
52140 wires  90% Helium, 10% iC

4
H

10
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Electromagnetic Calorimeter

s
E
/E = 5.7% / ÖE(GeV)

s
T
 = 54 ps / ÖE(GeV) Å100 ps

(Bunch length contribution subtracted from constant term)

Excellent timing resolution

Pb / scintillating fibers  (4880 PMTs)
Endcap - Barrel - Modules
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KLOE Detector



Event Selection

 

g

muon tracks at large angles
 50o< m <130o 

  

a) Photons at small angles
 g < 15o or  g > 165o

•  High statistics for ISR photons
•  Very small contribution from FSR
•  Reduced background contamination 

g

® Photon momentum from 
kinematics: m

m

KLOE
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p⃗γ= ⃗pmiss=−( p⃗++ p⃗- )



Main cuts
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Main residual background:

About 4.5 x 106 events pass these selection criteria.



mmg cross section measurement

Excellent agreement with NLO QED  
dressed cross section (with VP effects)
H. Czy_z, A. Grzelinska, J.H. Khn, G. 
Rodrigo, Eur. Phys. J. C 39 (2005) 411.
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The systematic error of the 
order of 1% - (green band)

Integrated Luminosity 1.7 fb-1



Meas. of the running of a(s)
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[1] F. Jegerlehner, alphaQED package [version April 2012] http://www-com.physik.hu-berlin.de/ fjeger/alphaQED.tar .gz; 
     F. Jegerlehner, Nuovo Cim. C 034S1 (2011) 31; Nucl. Phys. Proc. Suppl. 162 (2006) 22.

MC with VP removed

 600  Mmm   980 MeV
“Theoretical prediction" (provided 
by the alphaQED package [1]) 
Da

lep 
computed in QED with 

negligible error; 

Da
had

obtained by a compilation of data in time-like region (with 0.1% accuracy).
Excellent agreement with other R compilation (Teubner / Ignatov)



Meas. of the running of a(s)
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[1] F. Jegerlehner, alphaQED package [version April 2012] http://www-com.physik.hu-berlin.de/ fjeger/alphaQED.tar .gz; 
     F. Jegerlehner, Nuovo Cim. C 034S1 (2011) 31; Nucl. Phys. Proc. Suppl. 162 (2006) 22.

 600  Mmm   980 MeV

Stat. only

Systematic uncertainty is 
at the 1% level.

c2  based statistic test 
for two hypotheses: 
 no running and 
running due to lepton 
pairs only is performed.

We exclude the only-
leptonic hypothesis at 6 s
Our result is also 
consistent with the lepton 
and hadron hypothesis 
with a statistical 
significance of 0.3
 (c2/ndf = 41.2/37).



Systematics 
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Re  and Im. part of  Da(s)

15

In the contribution to the running of a, the imaginary part is usually
neglected. This approximation is not sufficient in the presence of
resonances like the r meson, where the accuracy of the cross section
measurements reaches the order of (or even less than) 1%.

where

Physics Letters B 720 (2013) 336-343

work in collaboration with Fred Jegerlehner



Imaginary part of  Da(s)
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Results obtained for the 2p 
contribution to Da  by using 
KLOE pion form factor [1] (red 
full circles)  and the ones 
obtained by using the R

had
(s) 

compilation [2] with the 2p 
channel only and removing 
KLOE data (blue solid line).

[1] Phys. Lett. B 720, 336 (2013)
[2] F. Jegerlehner, http://www-com.physik.hu-berlin.de/ fjeger/alphaQED.tar.gz;
     F. Jegerlehner, Nuovo Cim. C 034S1 (2011) 31; Nucl. Phys. Proc. Suppl. 162 (2006) 22.



Real part of  Da(s)

17

Experimental ReDa in 
comparison with 
theoretical prediction with 
leptonic contribution only 
and with leptonic and 
hadronic contributions.

Excellent agreement for 
Re ∆α(s) has been 
obtained with the data-
based compilation.



Fit of  Re Da(s)
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We fit ReDa by a sum of the 
leptonic and hadronic 
contributions, where
the hadronic contribution is 
parametrized as a sum of 
r(770), w(782) and f(1020) 
resonances components 
and a non resonant term 
(param. with a pol1).

For r, neglecting interference 
with w and high exc. stat. of r

For w, f 

Gw , Mf, Gf, and BR(f→e+e-)BR(f→m+m-) fixed to PDG values [pdg] 

[pdg] K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014) and 2015 update.



Fit of  Re Da(s)
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Assuming lepton universality 
and multiplying for the phase 
space correction 

Thanks to F. Ignatov for useful discussions.

Inclusion of omega/rho 
interference don’t change 
the result (within the error).



 γγ physics at KLOE2
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HET station (scintillator strips) @ 11 m from the IP
DAFNE bending dipoles used as spectrometer
Energy acceptance for final-state particles 
expected in the range 410-490 MeV

LET station (LYSO crystals) @ 2 m from 
the IP, in one of the QCALT wedges
It should detect final-state particles of about 
200 MeV



 γγ physics
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Main goal at present is the precision measurement of the p0 width 
[Rev.Mod.Phys. 85 (2013) 49] using meson production gg from 
scattering O(104) p0 expected with 5 fb-1 with HET



 DAFNE and KLOE2 operation
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 L dt ~ 2409 pb-1 

Peak Luminosity L
peak

= 2.21 • 1032cm-2s-1

Max daily delivery: 13.4 pb-1

Max daily acquired: 11.0 pb-1

From November 2014 KLOE2 
acquired an integrated luminosity of 
~ 2.4 fb-1  (DAFNE delivered 3  fb-1 )
 

Performance and operation stability 
still improving and the goal to 
acquire 5 fb-1 by the end of 2017 
appears feasible.
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HET rates

HET rate dominated by single-arm Bhabha scattering. 
Particles from intra-bunch scattering give in average 24% 
contribution for e- and 4% for e+ (average, Jan 2016)
It is the ideal device to provide fast, reliable feedbacks on the 
machine operation

HET-Rate= KLOE-Trigger-Rate x (c L + a
e/p

 I2
a/p

)
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Tagger data analysis

HET stations are completely noiseless

The timeline of the counting rate for electron AND positron stations shows only 
2 visible contributions : from luminosity and from Touschek particles

Machine background reaches a maximal relative contribution of 30% for
electron and 6% for positron beams

The total rate dominated by Bhabha scattering is at the level of 500-600 kHz

The rate of uncorrelated time-coincidences between KLOE and HET requires
full reconstruction of a large fraction of the KLOE triggers

We have pre-filtered candidates of single-p0 production from gg scattering
and a total of 450 pb-1 are being analysed



Conclusion

 Measurement of the hadronic contribution to the running of a 
with ISR differential cross section ds(e+e- → m+m-g)/d√s   in the 
0.6 - 0.98 GeV  Mmm invariant mass range at 1.7 fb-1 has been 
presented.

 Clear contribution of the r-w interference to the photon 
propagator with more than 5s statistical significance.

 Imaginary and Real part of Da extracted with KLOE data.
● By a fit of the real part of Das and assuming lepton universality 

the branching ratio of w→m+m-  has been extracted.
● The upgraded detector, KLOE-2, has already collected 2.4 fb-1 

demonstrating the feasibility of the goal to record 5 fb-1 by the 
end of 2017.

● The analysis of meson production from gg exploiting the KLOE-2 
tagging system has been started. The goal is to improve to the 
percent level the precision of the p0 radiative width and obtain 
the first measurement of the TFF at low momentum transfer.
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SPARE SLIDES
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Eur.Phys.J.C47:589-596,2006

Generator used for s
eff 

: BABAYAGA (Pavia) 
NPB758 (2006) 22

New version (BABAYAGA@NLO) gives 0.7% 
decrease in cros. sect., and better accuracy:0.1%

Luminosity:Luminosity:
KLOE measures L with Bhabha scattering

55° <  < 125°; acollinearity< 9°; p     400 MeV

e-

e+

g
27

Systematics on Luminosity:
TOTAL  0.1 % th Å 0.3% exp = 0.3%

-  MC
 Data

MC
 Data

polar angle

acollinearity



-  MC
 Data

-  MC
 Data

polar angle

acollinearity

Luminosity:
KLOE measures L with Bhabha scattering

55° <  < 125°

acollinearity < 9°

p     400 MeV

e-

e+

g
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Fit of  Re Da(s)
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To study interf. 
effect we add:
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6% for each point 
KLOE2 with 5 fb-1

By including KLOE-2→a reduction
of a factor 2 in the error of a

μ
π0 !

In addition the measurement of Γ(π
0
→γγ)

will constrain F
π0

(q2=0) (which is now
obtained by WZW model 1/4πf

π
 w/o error).

~1% st. accuracy with 1 year of data taking.
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