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Monte-Carlo generator for e*e™ annihilation
into lepton and hadron pairs with precise radiative corrections

The MCGPJ generator is based on the papers from 1997
Theoretical support from Andrej Arbuzov and Eduard Kuraev (JINR)
From Novosibirsk it was lead by Gennadi Fedotovich (BINP)
The code implementation by Alexey Sibidanov for CMD-2 experiment
F.Ignatov: maintenance and etc at CMD-3
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SQED limitations | |
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Thanks to high statistics collected by CMD-3 lvsIRevEeiBiS 2231203 (2029)

It was observed a discrepancy in asymmetry from predictic _ g4
Integrated cross section for scan scenario is unaffected, o.o16f

QwA9

but very important for study and control of systematics! %0014 = —~

1% effect is disaster if we talk about ~0.1% precision 250-3.10215_-»' ' S I -
0.008F -
D.OOG; _0_,

Comes from limitations of SQED approach z:‘;gzi

The theoretical model within GVMD was introduced, of

was confirmed by calculation in dispersive formalism 0002 i 1. GVMD model;
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Implemented as correction to sSQED:

MCGPJ m+n- - above SQED corrections canbe  §5/dc = doo/de x| F2| x( Ssqep + 3¢ )

used via pre-calculated tables 8'#(s,cos ©)

either from GVMD or dispersive paper 8¢ ~ [Fa™2(qu)F=""°(q2) - Fx"™0(q)1/F=""°(q) X

8- IR finite, can be calculated separately
as correction

8
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I ~ Collinear jets limitation |

All events from RHO2013 scan

Thanks to high statistics collected by CMD-3

It was observed a discrepancy in momentum distribution

of experimental data vs theoretical spectra from MCGPJ

Important only for differential distributions in tails when two-photons
kinematic selections play role.

Integrated cross section for scan scenario is unaffected at ~0.06%.

Momentum/E,

Comes from collinear jets approximation
hoton jets angular distribution in one photon approximation

(+ few other corrections):

1 x(1—x) m

f(c=cos(8),x=w/E)~—— X=X _m
pk 1+(172x) (pk) E 330-409 MeV

1 1—x 1*[3 10°E  Cosmic additionally

1_BC71+(1—X)2*(1—ﬁc)2 ©orl. suppressed by 10

2 diag dp/Ebeam<0.0383161

MCGPJ Bhabha - jets with angles R
p+p- / w+m- - in collinear SF approximation TEL og " »j.,memdln‘./eh 1
p—
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Based on paper from 1997, since that:
Angle distribution of jets only for e+e- = e+e-
GVMD & dispersive for the box diagram for T+-
Limitations

Additive matching between NLO & Collinear
structures (exact NLO in some phase space)
No resummation of ISR&FSR interference

No further development is expected

MITP, Mainz



https://indico.mitp.uni-mainz.de/event/352/contributions/4937/attachments/3541/4575/Ignatov.pdf

o Asymmetry in CMD3 mi+T- data

Dispersive calculation in arXiv:2207.03495 was updated thanks to BabaYaga & Yannick
vl (07.07.2022) = v4 (20.09.2024)
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GVMD & dispersive disagree at ~0.3% -- GVMD & CMD-3 mi+1- agree very well

Dispersive & data inconsistency, 1) systematic in data
either : 2) something caught by GVMD but not by dispersive

3) better treatment of off-shell pion in box loop will change plc‘rur'e
15 November 2024 RMCL2, Liverpool



Vacuum polarization

() =~ =ie? / A4 €97 (O] T2 ()74 (0)HO) = TTa(a®) (9™ @ — ")

There is no any ambiguities,
the one-particle irreducible blob or the full photon propagator
is the fully defined physical tensor object
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@ Vacuum polarization
» Slide from 4™ RMCL, Beijing, 2008
VP can be calculated from dispersion relation, based on analyticity and unitarity

o) o bare ,dressed ( S ,) dS '
i S ee — Yy —everything . bare, dressed
P(S)9H(S)_ 2 PV ' o ee—>y—>everything(s)
4" x Ao S—S

P (S ) — Pleptons ( S ) A Phadrons (S )
N—__Using "bare™ cross sections “dressed” cross sections

"Polarization operator”
one particle irreducible blob

~ P S

=" P 1+TI(s)
1—P (S) This require fo use either

X "undress" experimental cross sections
X "nontrivial” task to correct physical
parameters of resonances

elf-energy function of photon”
Full photon propagator

X "dress" leptonic part and pQCD
X "dress" some of experimental data

Iterations are necessary in all cases
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@ VP at J/PS|

P(s)(bare)

 Re Pesy| 2T

==-Im P{s)

S ) [N SRR

0
|I|I‘IIII‘I|||||I||‘|IIM||II|II|| Il

1

| |Illfﬂ"T_|||||‘||||‘||I|‘|I|I‘|I|I ||I|||I||‘|||3_

e e e S TTTmT

—R-e II{s) ' """""""""

==l TI(sS})

T e R S A/ N S G e R

dressed
H B : H H : GSJ"’IP— H
107 E_ """""" """"""" e A - """""""

— Ll I 1 T —] 1 1 — Ll I ) I TR [N I Ll I — 1 Ll Ll 1 I — I T R — I Ll 1

1% 094 3.0945 3.095 3.0955 3.096 3.0965 3.097 3.0975 3.098 3.0985 3.099

15 November 2024 NS Ge¥IcL2, Liverpool




@, VP

Whatever prescription of the VP will be chosen, the final objects, like

0 doaml@e o
do -m,-m(qg q'iz, H) — “ inﬁr{:: (:)”‘2 )

Should represent the physically observable resonance cross sections.

NSK VP via resummed form 1/(1-P(s)) provides this, others VP compilations do not

15 November 2024 RMCL2, Liverpool
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D VP usage

It seems, the most accurate approach is to use ressumed version of VP whenever possible

X(1+P(s)+P*(s)+...)= =141 (s)

1
VP: 2

Simplifications via order by order calculations, like
o~ |M|2x|1+TT(s)|?2 ~ |M|?x (1+2*Re TI(s))
doesn't work on narrow resonances

Probably right now, the common approximation of VP usage in the more complicated cases is
much similar like FxsQED for m+m-:

- ~ Mnove X (1 + TTresum(s) )
X
@«C O
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