Vacuum polarization calculation in VEPP-2M
energy range
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Why the accuracy better than 0.05% is required to calculate vacuum
polarization effects in photon propagator at low energies.

How today the leptons and hadrons vacuum polarization contributions
to virtual photon propagator are calculated.

Main factors affecting on the final accuracy. What should be done to
improve the calculation accuracy to the level 0.05%.

Cross sections of the processes e*te-— e*te” + vy, e*e-— puru- + vy,
ete-— Ttt-+ vy, etee— mwtm t+ Yy, etee— K'K + y.

Vacuum polarization calculation with “dress” and “bare” cross
sections.

Summary



Why is the accuracy of “bare” hadronic cross sections
better 0.2 — 0.3% required?

R(s) = 0,,. (e+e- —=hadrons)/o(e+e- — utu-),
where o(et+e- — ptu-) = (4m/3)(a?/s)
O,...(hadr) = o .. (hadr)[1-P(s)]?

To keep “bare” cross section accuracy at the same level accuracy

P(s) < 0.05%
2 o0
qhad _ (amu) / R(s)K (s) s ~ 60 ppm
e 37 s2
4m?2

* 60 ppm * 0.3 % =~ 0.2 ppm (BNL — 0.5 ppm)
e Experimental accuracy for muon anomalous 0.1+0.2 ppm

is expected in the nearest future.
e The acenracv hetter 0.3 % for hadranic cross sections will he



What does P(s) consist of ?
P(s) = P(5) +P,(5) + P(s) + Py(s)

Expression for electron P (s) is calculated in o power series
up to fourth order.

I (5)= P (5)+ () Py(s)+(2)° Py(s) +.
P,(s) = (L-im)/4 + €(3) — 5124 =10, (o/m)? P,(s) ~ 0.01%

Hadronic contribution can be evaluated through integration only
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L.epton contribution 1irst order 1n o

B(s)=L/3=-5/9+ f(x,)+ f(x,)-
i[1/3+¢(x, )00 -x,)+¢(x, )0 -x,)]

Where L = In(s/m_?) is a large logarithm (~15), x = 4m?/s

Functions f(x) u ®(x) are calculated in many papers:

> =
forx<1 f(x)==5/9—x/3+2X I-xLn V=
6 1-1-x

for x> 1 f(x)=—5/9—x/3+Z;X\/x—larctan( : )

x—-1

2+ X

-

D(x) = l-x




How has P(s) been calculated in past ?

® Well known analytical expressions for lepton Born cross sections were
used. Today itis not enough to get P(s) with 0.05% accuracy.

®* Experimental values for hadronic cross sections were used to evaluate
hadronic contribution to P(s). It was done early a little not correctly!

How (on our opinion) lepton and hadron parts of P(s)
should be calculated to improve it’s accuracy?

® It is necessary to take into account all first order in o QED corrections.
Two effects — namely: FSR and Coulomb interaction in final state should
be incorporated into Born cross sections (it was done early for electrons
only).

* For hadronic cross sections it is enough to do for n+n- and K'K’
channels only. They gives dominant contribution at low energies.

® To obtain hadronic Born cross section VP effects must be removed from



Definition of o(e*e-—hadrons)
depends on the application

A

+Hadron spectroscopy (used to get rho-meson mass,
wdth, ..): the vacuum polarization (VP) is the part of
the "dress” cross-section and is left untouched.

Final state radiation (FSR) and Coulomb interaction (CI)
are not and should be removed (they are in RC).

 "Bare” cross-section used in R: vice versa - FSR and CI
are the part of the cross-section, VP is not.

o VP calculation: for this aim to “dress” cross section FSR
and CI must be added. Iteration approach is needed.




e+

Feynman graphs for process ete- = m+n- visually
demonstrate what are talking about

‘J’c_

T+

 Dynamics of hadron production (form-factor
properties, mass, width, peak cr. sect.) must
define by strong interactions =virtual VP
effects in photon propagator must glue to the
vertex production of two pions. It is so called
“dress” cross section correctly describe energy
dependence behavior.

* “Dress” cross section does not contain FSR
by pions. Their contribution to cross section is
taken into account in RC.

e Coulomb interaction of pions in final state is
extracted from “dress” cross section, because
this effect is in RC.

* “Dress” cross section does not contain any
OFKD effocte



“Bare” cross sections for processes
ee" —etety,uTw Yy, TTT Yy, xTT +y
Used for R calculations

bare Born 20 ( FSR
Teepury ~eemuult 7 0 B
2
Born 4Tt 2
3— /2
ol =BG

sFSR| _,3 5FSR| .3
Coulomb interaction factor

f.(z) = z , where z = AT , Vo = 2 >
1-exp(-z) \Y 1+
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Relative corrections to process ete™ — u*u
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“Dress” lepton cross sections

bH
dres.s O-eea;euu +y (S)
Tee e T PP

At narrow resonances hadronic contribution to P(s) becomes huge,
whereas it must be much less 1!!! In this case expression for P(s)
(according to Landau, Lifshits) should be modified a little.

_ P(s)

dress
)=

= He(S) + HM(S) + HT (s)+ Hh(S)
dress __bare 2
eSS (=00 o GNIHTICS)

So kind redefinition should be done for all processes of
electron-positron annihilation



VF evaluation using aress Cross

sections

I1,(s)= S |\ P I

At *ox
477/162

dress ' '
I & P " Oee%“ H (S )dS . dress
M(S)= 5 J ' _lnodee%‘u‘u
47Tt "¢ A2 S —.8
y7
o T (s")ds'
R) ee—TT . dress

I (s)= 5 P I : —itO 0 (s)ds

% Ao A2 S —.8

Hh (S)=

A’
4mi
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ee—ee

dress (S')dS'

S —.S"

ee——ee

dress (S')dS'

dress

S P ofo Oﬁee%had

s —s"'

—INO oo—shad

Iteration technics is necessary in this approach.
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Value of the quantity |1-P(s)|2

in VEPP-2M energy range
Born cross sections were exploited - traditional approach
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Comparison of “dress + FSR + CI” muon cross sections
in relative units (divided on Born)
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e The same is valid for any “bare” hadronic cross sections too.
* Near w and ¢ resonanses deviations reach ~0.5% and ~2.5% respectively.
* Out of resonance the difference are inside corridor with width £0.1% as

expected — main result!!!
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Analytical expression for narrow
resonance contribution to VP operator P(s)

ee 2 2
o7 (5) = 1278, M T
X _ 2 2 : 2
M, |s-M,—-iM, T, |
ee
HreS(S)_3BX MXFX
X - 2 .
oa s-M,+iM, I,
3 ee Simple analytical expression for mass
X

(Sm shift _ shift. It can be used for quick bench

205 evaluation.

Using PDG values for I'*“ the difference between “dress” and
“bare” masses for ¢ and J/3p mesons mass gives ~262 (253) keV
and ~1080 (1040) keV. The difference between estimation and



ractors determining accuracy
evaluation of VP operator P(s)

Unaccounted corrections to cross sections more high order:

 Weak interactions contribute to cross sections 0.1% for energies

2E <3 GeV and we can omitted in our approach.

2. Second order and higher RC (NLO), which that proportional to
(o/m)?In(s/m?) ~ 104, fortunately small with respect to 0.1% level.

3. The uncertainty of about 0.1% is related to experimental systematic
error. For example, 1% error in hadronic cross sections change “bare”
cross sections at scale 0.03%.

4. Fourth source uncertainty due to theoretical models which describe
cross sections energy dependence.

5. In paper Smith and Voloshin was concluded that the combine effect
of all parametrically enhanced O(a?) corrections limited by 2¢10-4 and
it is beyond intended accuracy.

Considering the uncertainty sours as independent =>total systematic error
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Summary

e For processes ete- — ete- + y, ete-— utu- + vy, ete-— vt -+ vy, €*
e-— w'n- + vy, K*K +y total cross section are calculated with first
order a corrections.

e Coulomb interaction in FS taken into account correctly
without expansion in series o /v (integration from threshold).

e Hadron contribution to operator P(s) is calculated using
“dress + FSR +CI” cross sections with first order o corrections.

e "Bare” cross sections with first order o corrections are
required for different dispersion evaluations (VP is removed).

e Analytical expression for narrow resonance contribution to
operator P(s) is derived in compact form.

e VP effects in propagator of virtual photon have been
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A KaK MOXHO NnpoABUMHYTbLCA AadJibLlle U
NpoBepuTb TOYHOCTb AlaHHOIO nNoaxoaa?
U3MepsTh ceueHne e'e — u'u
uu
O
ex 2
|14 TI(s)

GBom
Tounocts 0.1%, yucao coobrTuii 10°. Ha VEPP-2M

ObLJI0 HAaOpaHo ~ 10° MIOOHOB.

ITIpu cBerumocTH ~ 10%? 3a TOT K€ MEepPHOA MOKET OBIThH
naopano ~ 103 cooprTnii

CkanupoBaHue 1o 3Heprum ~ 100 Touek (M30bITOK).



Crenuaju3MpoBaHHbIN AETEKTOP AJIS U3MePEeHUs
npouecca e'e — uu.

Ilpouecc ABYXKBAHTOBOM AHHUTHJISAIINHA AJIsI
u3Mepenus ceerumoctTu: HeT KSR, HeT nHTepdep.,
HeT BKJIAJA OT NOJIAPU3AIUHA BaKyyMa, 9/4 ot
ceuenuss Bhabha.

PajuanuoHHbIe monpaBku AJs ceyeHur ¢ ISR
BbIYMCJIEHbI ¢ TOYHOCTHIO Jyumie 0.1%.

HyskeH aeTeKTop AJs M3MEPEHUs KOOPAUHAT
koHBepcuu (porona B kajiopumerpe (LXe, LKr).
KoopanHaTHast TOYHOCTDb ~ 2 MM Ha 0a3ze ~ (0.5 m
3KBUBAJICHTHA mapaMernam ZK.






--- M3Jy4YeHHe (POTOHA B KOHEYHOM COCTOSAHUU

--- TOYHbIA Y4eT KyJJOHOBCKOI0 B3aMMOAeUCTBUS

---'¢’'y4yeToM BcCex (pakTopoB (“ogerbie” ceUeHUN)
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