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Q.. running and the Vacuum Polarization

» Due toVacuum Polarization effects a,,(g?) is a D~
. . . . AR AT )
running parameter from its value at vanishing SONZZ
_ ) o
momentum transfer to the effective g=.

» The “Vacuum Polarization” function Il(g?) can be
"absorbed” in a redefinition of an effective charge:

e’ 2\ a(0) |
1+(I1(¢%) - T1(0)) a(Q)_l—Aa’

e’ —>e'(q)=

Aa =-HRe(TI(¢*)-TI(0))
Ao = Aoy + Aoy + Adyy,

» Aatakes a contribution by non perturbative
hadronic effects (Aa®®, _,) which exibits a different
behaviour in time-like and space-like region

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017
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Direct measurement of o, running

e+e- collider LEP at Vs=189 GeV, using

e+e- collider TRISTAN at Vs=57.8 GeV,
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Previous tests of the hadronic contribution to VP

1) '73: $(1020) contribution to VP at ACO
(Orsay e+e-) inthe e*e” = u+u- process:
evidence at 30 in the region +5 MeV around the
¢ peak [Phys.Rev.Lett. 30 (1973) 462-464)]

2) 70's: g-2 experiment at CERN: evidence
for hadronic contribution to g-2 at 60

[Phys. Lett. 67B (1977) 225; Phys. Lett. 68B
(1977) 191]

3) 2006: OPAL at LEP: evidence for hadronic
contributon Aa, 4 (t) (t<o) at 30in Bhabha
scattering at small angle [Eur.Phys.J. C45
(2006) 1-21]
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QED terms Muon Numerical values (x 10°)

2nd order: A 0.5 Total QED: 1165 852(19)
4th order: B 0.765 782 23 Strong interactions: 66.7 (8.1)
6th order: C 24452 (26)  Weak interactions: 2.1(02)
8th order: D 135(63) Total theory: 1165921 (8.3)

10th order: E 420 (30)
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KLOE measurement of o(s) below 1 GeV
with 1.7 fb Phys. Lett. B 767 (2017) 485-492

« Measurement of the running of the fine structure constant a in
the time-like region 0.6<+/s <0.975 GeV obtained via ISR :

a(s)’2 dogata(€Te™ — puT = ( ))|1g,13/d\/_ . data
dofc(ete= = ptp=y(v))|isr/d\/s MC with o (s) = a. (0)

FSR correction done using PHOKHARA MC event generator
[H. Czyz, A. Grzelinska, J.H. Kuhn, G. Rodrigo, Eur. Phys. J. C 39 (2005) 411]

« Statistical significance of the hadron contribution to the effective
a(s) is evaluated

o Forthe first time in a single experiment the real and Imaginary
part of Ac.

« Measurement of BR(w— u*tu’)

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017 7



DA®NE: A ®-Factory 1n Frascati (near Rome)

ete” - collider with /s=m,~1.0195 GeV  Integrated Luminosity

B ¢, Total KLOE int. Luminosity:
85 2T pb! fodt~ 2500 pbt (2001 - 05)
' 2005

wol  Lpeak= 1.5+ 10%2cm?s”

2004

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2006:

* Energy scan (4 points around mg-peaKk)
«240 pbTat =1000 MeV (off-peak data)

DA®NE is running with the KLOE-2 detector with the aim to collect additional 5fb-!
(see Berlowski & Perez del Rio presentations) [~4fb! collected so far]

Our analysis is based on 1.7pb™ of data taken in 2004/05
Phys. Lett. B 767 (2017) 485-492
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KLOE Detector g .

Drift chamber Full stereo geometry, 4m diameter,
52.140 wires 90% Helium, 10% iC,H,,

g/ \ .

S.C.|COIL

71m

O,/p = 0.4% (for 90° tracks) \/
O,y ~ 150 mm, G,~2 mm = b "

Excellent momentum
resolution




KLOE Detector

Electromagnetic Calorimeter Pb / scintillating fibres (4880 PMT)
| /7 Endcap - Barrel - Modules
3 YOKE ‘
i 7Y
! ’ - Hi ' S.C.|COIL
Barrel EMC
TN .
o o e DRIFT|CHAMBER
7m
OL/E = 5.7% | VE(GeV) 0\ 7 Ml
O; = 54 ps / VE(GeV) @100 ps ) b >
(Bunch length contribution subtracted from constant term)
Excellent timing resolution
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WUy cross section measurement

Integrated Luminosity 1.7 fb™

do(eTe™ = p ' v(7y)) Nobs — Nokg (1 — 0rsr)

dv/s ISR Av's e(Vs)- L
[ FSR Correction |
104 (1 — dpsr)
: x
1.03— .
C x
1.02
: x
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B *
[ x
- »
C o
1—_ xxxxxxxn:nuxs&x‘xx“”
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Excellent agreement with NLO
uuy(y) cross section
(PHOKHARA NLO)
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Measurement of the running of a(s)

d ISR
a(s)y =
|a;(0)| ~ doMC = 1.08
dM,.,, = F
MC with ai=c(0) g LI
with o= i bogette e
a(s) — 1 1.02:— o8
a(0) 11-Aa(s) ! 15— +ioou§ ééo ooonooooooooooooooooo
Aa(s) = Aajep + Atpag 0.98
- ® Expdata
(We negleCt the top 0.96 — @ Th.pred. for a(s)=c(0)
contri bution) 0.94 :_ Th.pred. for uz(s):on(s)IEp
o 92; —u— Th.pred. for u(s)=u(s)lep.nau
— Aa, _,obtained by dispersive E |600 = = 989 |V|e|V | | ]

approach using data in time-like region’® 06 065 07 075 08 08 09 09 1
provided by F. Jegerlehner Energy (GeV)

- Excellent agreement with other R Systematic error at ~2% level
compilation (Teubner / Ignatov)

‘ 0 o0 R :, 3 + T —Y%x—N " S
Acpaa(s) = _(a:(gﬂ_)s)RC /m‘2 s ( (s) R(S) _ oiot(ete , hadrons)

s'(s" — s — 1€) Orot(eTe™—yx—putpu—)

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017 15



Test of leptonic and hadronic contribution (sl

to a(s)

w2 -test for two
hypotheses:

no running and running
due to lepton pairs only is
performed.

We exclude the only-
leptonic hypothesis at 60
Our result is consistent with
the lepton and hadron
hypothesis with a statistical
significance of 0.3
(x2/ndf = 41.2/37).

lou(s)/(0)

1.1

1.08—
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- 20
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0.98—

: ® Expdata
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0.94 :_ Th.pred. for ot(s):uz(s)Ep
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092~ 600 < Muu < 980 MeV
olg_lIIIIIIIlIlIIIIIIlIlIlIIIIIIlIlIlIIIIIIlI

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

1

Energy (GeV)

Hypothesis | x*/d.o.f | x?/d.o.f.

stat. stat.+ syst.

Aa(s) =0 | 2189/37 | 382/37
Aa(s)ep 475/37 119/37

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017

16



Systematics

Software Trigger
Luminosity

Aapaq dep. (Normalization)
FSR treatment

Rad. function H

Syst. errors O ppary la(s)/a(0)]?
Trigger < 0.1%

Tracking s dep. (0.5% at p-peak)
Particle 1D < 0.1%

Background subtraction s dep. (0.1% at p-peak)

Mrri 0.4%

OMTRK s dep. (0.05% at p-peak)
Acceptance s dep. (0.3% at p-peak)

Total systematic error

0.1%
0.3%
- 0.2%
0.2%
- 0.5%
s dep. (0.7% at p—peak) | (0.9% at p—peak)

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017
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Real and Imaginary part of Aou(s)

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 p meson, where the accuracy of the cross section
measurements reaches the order of (or even less than) 1%.

a(0)
a(s) = ; Aa=-(TI(s)-T10))
-Aa 50 -
¢ ¢ s *® sd=tmg==— ¢ KLOEI0
Re Aa=1— \/|a(0)/a(s)|'2 — (Im Aa)z B = S ¥
ImA a PR 4 )) 400 *xd:*_ ﬁ e KLOEI10
/ ) = — = S - ’PQ C 25 A L .
m 8 3 (S) R( 5) — UtOf/ 35:_ 055 0575 06 0625 063 # & KLOEL2

e

30E %@i

25}
C $ %

(=emr) f

- 2& %

15} ¢ %

1 4: 5 9’; e?
Am? 100 h
Rhoals) = © (1 ) R : N
4 S 5F “‘,w‘

L e Mz [GeV?]
Gl by by by by by v b g by gy

0%01 702 03 04 05 06 07 08 09

= |Fx(s)|?

a(s)

Physics Letters B 720 (2013) 336-343
In collaboration with F. Jegerlehner

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017 18



Real and Imaginary part of Aou(s)

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

0
als) = 1“__(—AL; Ac = —(TI(s) - TI0))

50
':_45 et ¢ KLOEI10
ReAa=1-— \/|a )/a(s)]2 — (Im Aa) B o = e !
r 3 +
I A 44_0 ), 40:—30 e | £ e KLOE10
TMAx = _§' (S) R(S) — Utot/ 353_'“‘ 055 0573 06 0625 065 3 #{b KLOE12
F #
30F = %
N + %
25F / i
(=epmr) | foo
E ?{‘}: 6@
15F ¢ %
3 - f s
1 4m2\2 o o 10 .,": Q’m%
Rpaal(s) 1 I— ; |Fr(s)] g V4 %,
' S¢ v 0.2 2
E | .I“. | | | (Nllnn) l'(I:;e‘l ]I
5 0%01 70203 04 05 06 07 08 09

[FR(s)? = [Fx(s)]* |5

Physics Letters B 720 (2013) 336-343

In coIIaboration with F. Jegerlehner
G. Venanzoni, PHIPSI17, Mainz, 25 June 2017 19



Imaginary part of Aa(s)

ImAa = —%5 R(s)

3
Results obtained forthe |
27t contribution to Aa =
by using KLOE12 —0.005
measurement of the 0,01

pion form factor (red full
circles) and the ones
obtained by using the 0.0
R, ,(5) compilation with

-0.015

[} Exp data

Th.pred. for Im Ac=Im A

IIIIIIII]IIIIIIIIIIIIII]IIII

the 2w channelonlyand %% o
e Th.pred. for Im Ac=Im Ao
removing KLOE data P I T H T PN ] S ——
) i ’ 06 065 07 075 08 085 09 0.95 1
(blue solid line). Energy (GeV)
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Real part of Ao(s)

ReAa obtained by KLOE
uuy data compared with
theoretical prediction
with leptonic
contribution only and
with leptonic and
hadronic contributions. oo
Excellent agreement for
Re Aa(s) has been .

obtained with the data- 06 06 07 075 08 085 09 085 1
based compilation el

. Exp data

Th.pred. for Re Aa=Re Aa,
-0.02

— | h.pred. for Re Aa=Re AC b

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017 21



Fit of Re Ao/(s)

x?/ ndf 36.85/31

-0.005

non resonant term (param.

We fit ReAa by a sum of the SooasE- o
leptonic and hadronic 003E-
contributions, where 0025~
the hadronic contribution is 3
parametrized as a sum of oot
p(770), (1)(782) and (I)(1020) 0.0052—
resonances components and a 0—

with a pol1) D
3yBR(V = ) - BR(V = ") s(s = M3)
Re Aoy —y s = : 22 2172 FOr
M2(1 + dT,/M,) .
Fr(s) = BWSS = 32 o) T B For p, neglecting interference
M2 — s+ f(s) — iM,T,s

with w and high exc. stat. of p
r , Mq), L, and BR(¢p—e*e")BR(¢p—u*u") fixed to PDG values [pdg]

[pdg] K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014) and 2015 update. 22



Fit of Re Ao(s)

BR(w — ptp”)BR(w = ete™) = (4.3+£1.8422)-107°

2/ ndf 36.85/ 31

Prob 0.2165

: : : S F
Assuming lepton universality 20035~
and multiplying for the phase 003
space correction 0025
) ) 0.02F
‘6= (1 N Q'm.g ) (1 B 4772.51 ) 1/2 0.015F
mg, mg 0.01-
0.005
BR(w— p p™) = oF
= (6.6 & 1.4gqp + 1.75yq) - 107> 00E
001 = 1.
= 0.6 0.65
(9.0+3.1)- 107 from PDG
Parameter Result from the fit PDG
M,, MeV 775+ 6 775.26 + 0.25
I, MeV 146 + 9 147 £ 0.9
M,,, MeV 782.7+ 1.0 782.65 + 0.12
BR(w = p"pu )BR(w—ete )| (4.3+1.8)-107% | (6.5+2.3)-1077
x> /ndf 1.19

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017

Inclusion of w—p
interference doesn’t change
the results (within the error)
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FUTURE: auHLO from Aa(t) in the space-like region

2
HLO
a,  =—— f 1-x)Aa, (——m )dx a(t) t=q2<0
1-—x
x2m2 t=-0.11 GeV?
t = £ O=s—-t<+4 (~330 MeV)
x—1 0 5.53-1071 298 10.5 35.7 tpeak 0O
" 4m2 | |t|| x 103 (Z“,e\lﬂ) |
X 1- £, O=sx<l; __
Zmi - x)Aahad( e m )

a,"© is given by the integral of the curve
(smooth behaviour)

It requires a measurement of the hadronic
contribution to the effective electromagnetic
coupling in the space-like region Aoy 4(t)
(t=g><o)

It enhances the contribution from low g2
region (below 0.11 GeV?)

Its precision is determined by the uncertainty
on Aoy, 4 (t) in this region

2,..2

r“m [
)

= 1)xlO

(1 - I) . Aahad<

Tpeak =~ 0.91 1
tpeax =~ —0.108 GeV?

[ ___EE__ U __ P U __ PR U __ RN N _BUEE___ UL ___ e

0 0.2 0.4 0.6

08 II eak

X 0.92
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FUTURE: aMHLO from Aa(t) in the space-like region

2
HLO 2
e f (1-x)Aa,, (- ﬁmu )dx t=q2<0
\’ o Gev:
2 .2 =-
2 el Sy
x—=1 5.53 - 10.5 35.7 tpeak OO
| |z||><10'* (Z“,e\lﬂ’) | ! I
x = - x)Aahad(——m) |
~x :
- Tpeak = 0914 ‘ "
= 5 tpeak ~ —0.108 GeV? |
a,"%"is given by the integral of the curve axj :
(smooth behaviour) R 4 |
It requires a measurement of the hadronic g il :
contribution to the effective electromagnetic - '
coupling in the space-like region Aoy 4(t) L 51 |
(t=g2<0) :
It enhances the contribution from low g2 Lr II
region (below 0.11 GeV?) :
Its precision is determined by the uncertainty ’ 5 02 04 06 08 Zpem |1
on Aoy, 4 (t) in this region (t=0) z X 092

—
~
I
1
3
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Conclusions

* The running of the e.m. coupling constant a has been measured in
the ISR process e*e” = u*uy inthe 0.6 - 0.98 GeV M, invariant
mass range with 1.7 fb™.

* The uwy cross section has been measured at <1% accuracy and
shows excellent agreement with NLO Phokhara MC generator.

» Clear contribution of the p-w interference to the photon
propagator with 60 statistical significance.

* Imaginary and Real part of Aa(s) extracted.

« By a fit of the real part of Aa(s) and assuming lepton universality
the branching ratio of o—u*u™ has been extracted.

« New proposal to measure Aa(t) at high precision in the space-like
region for a,"'© (see L. Trentadue’s presentation).

G. Venanzoni, PHIPSI17, Mainz, 26 June 2017
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