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Strong2020 activities



Radio MonteCarLow: “Working Group on 
Radiative Corrections and MC Generators 
for Low Energies”

• An informal room and a  valuable platform to exchange ideas
• Meetings with theorists and experimentalists sitting together. 
• First  meeting in Oct 2006.  20 meetings since then. More than 60 

participants  from more than 10 different countries. Last meeting 
on March 2019 

• 2 WG coordinators (H. Czyz, G. Venanzoni)
• 7 Subgroups
• A first report in 2010. 

Web page:
http://www.lnf.infn.it/wg/sighad/



Radio MonteCarlow WG page: www.lnf.infn.it/wg/sighad



Not updated list



The Subjects  covered:

• Monte Carlo generators for Luminosity
• Monte Carlo generators for e+e- into hadrons and 

leptons
• Monte Carlo generators for e+e- into hadrons and 

leptons plus photon (ISR)
• Monte Carlo generators for t production and decays
• Hadronic Vacuum Polarization, Daem(Z0) and (g-2)µ
• Gamma-gamma physics
• FSR models and Transition Form Factors

Each of them has 2 convenors



Why we need e+e- into hadrons data (R(s))

daµHLO/aµHLO=0.6%



e+e- into hadrons data 



e+e- à p+p- data

T. Aoyama et al, Phys.Rept. 887 (2020)



BaBar ISR data



Why we need Radiative Corrections

[I. Logashenko]



( ) (1 )
H bgN N

e e H
L

σ
ε δ

+ − −
→ =

⋅ ⋅ +
• Luminosity L is measured using 
Bhabha scattering at large angles

• Efficiency e is calculated via 
Monte Carlo + corrections for 
imperfect detector 

• Radiative correction d accounts 
for ISR effects only

All modes except 2p
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• Ratio N(2p)/N(ee) is measured 
directly Þ detector inefficiencies 
are (partially) cancelled out

• Virtually no background

• Analysis does rely mostly on data

• Radiative corrections account for 
ISR and FSR effects

• Formfactor is measured to 
better precision than L (true 
VEPP2M; in VEPP2000 ~same 
precision )

2p

ISR+FSR

ISR+FSR+VP

Radiative corrections for energy scan:



s�*

- ISR-Process calculated at NLO-level
PHOKHARA generator
(H.Czyż, A.Grzelińska, J.H.Kühn, G.Rodrigo, EPJC27,2003)

Precision: 0.5%

Radiator-Function H(s,sp) (ISR):

Radiative Corrections:
i)  Bare Cross Section

divide by Vacuum Polarisation d(s)=(a(s)/a(0))2

ii)  FSR
Cross section spp must be incl. for FSR
for use in the dispersion integral of am

FSR corrections have to be taken into account
in the efficiency eval. (Acceptance, MTrk) and in 
the mapping sp ® sg*

FSR contr. (sQED):

Net effect of FSR is ca. 0.8%

€ 

s ⋅
dσππγ

dsπ
=σππ (sπ ) × H(s,sp)

s�* > sp

Vac. Pol. corr:

Radiator:

(H.Czyż, A.Grzelińska, J.H.Kühn, G.Rodrigo, EPJC33,2004)

Radiative corrections for ISR (KLOE)

It cancels in the 
ratio to µµg



MC generator Channel Precision Comment
MCGPJ

(VEPP-2M, VEPP-
2000)

e+e- à e+e-,µ+µ-, 
p+p-,…

0.2% photon jets along all
particles (collinear Structure
function) with exact NLO 
matrix elements

BabaYaga@NLO
(KLOE, BaBar, 

BESIII)

e+e- à e+e-,µ+µ-, 
gg

0.1% QED Parton Shower
approach with exact NLO 
matrix elements

BHWIDE
(LEP)

e+e- à e+e- (0.1%?) Yennie-Frautschi-Suura
(YFS) exponentiation 
method with exact NLO 
matrix elements

MC generators for exclusive channels
(exact NLO + Higher Order terms in some approx)



MC generator Channel Precision Comment
EVA 

(KLOE)
e+e- àp+p-g O(%) Tagged photon

ISR at LO + Structure Function
FSR: point-like pions

AFKQED
(BaBar) 

e+e- àp+p-g, 
…

depends on the 
event selection
(can be as good 

as Phokhara)

ISR at LO +Structure Function

PHOKHARA
(KLOE, BaBar

BESIII)

e+e- àp+p-g, 
µ+µ-g, 4pg, …

0.5% ISR and FSR(sQED+Form Factor) 
at NLO

KKMC e+e- àf+f-(n)g High accuracy 
only for muon 

pairs

YFS exponentiation for soft 
photons + hard part and sub-
leading terms in some 
approximation

MC generators for ISR
(from approximate to exact NLO) 





PHOKHARA vs KKMC µµg



”Tuned” comparisons are 
essential!



Report from RMCWG: a 
common effort for RC and 

Monte Carlo tools

Eur. Phys. J. C. Volume 66, Issue 3 
(2010), Page 585

(for more details on results see 
https://agenda.hepl.phys.nagoya-
u.ac.jp/indico/getFile.py/access?contribId=1
6&sessionId=4&resId=0&materialId=slides&
confId=1691)

https://agenda.hepl.phys.nagoya-u.ac.jp/indico/getFile.py/access?contribId=16&sessionId=4&resId=0&materialId=slides&confId=1691
https://agenda.hepl.phys.nagoya-u.ac.jp/indico/getFile.py/access?contribId=16&sessionId=4&resId=0&materialId=slides&confId=1691
https://agenda.hepl.phys.nagoya-u.ac.jp/indico/getFile.py/access?contribId=16&sessionId=4&resId=0&materialId=slides&confId=1691
https://agenda.hepl.phys.nagoya-u.ac.jp/indico/getFile.py/access?contribId=16&sessionId=4&resId=0&materialId=slides&confId=1691


• New data/measurements from VEPP-2000, BaBar,
BelleII, BESIII with better quality and refined systematic
errors

• New theoretical calculations and tools from LHC and
MUonE theory communities

• Discrepancy between lattice and dispersive approach
for aµHLO

• Radiative corrections and MC generators for e+e- à
hadrons, leptons should aim at 0.1% uncertainty à
NNLO calculation needed!

• Test of FSR model (BaBar using charge asymmetry and
KLOE using F.B. asymmetry; tests undergoing at
CMD3)

Moving forward…



• RC and Radio MC activity is still very important!! à

Moving forward…

Ø STRONG2020 (Virtual) meeting: 24-26 November 2021 
(https://agenda.infn.it/event/28089/ )

Ø N³LO kick-off workstop / thinkstart 3-5 August 2022, IPPP 
Durham (https://conference.ippp.dur.ac.uk/event/1104/)

Ø WorkStop on “Radiative corrections and Monte Carlo tools 
for low-energy hadronic cross sections in e+e- collision” on 
05-09 June 2023 at the University of Zurich

https://agenda.infn.it/event/28089/
https://conference.ippp.dur.ac.uk/event/1104/


ØWorkStop on “Radiative corrections and Monte Carlo tools for
low-energy hadronic cross sections in e+e- collision” 05-09 June
2023, University of Zurich (LOC: A. Signer, G. Stagnitto,Y. Ulrich)

- Structure: Three-day in-person WorkStop/ThinkStart with a small 
group of people (~25) possibly followed by a two-day conference-
style event (with  possible remote participation)
- Work packages:
• WP1: Leptonic processes at NNLO [T. Engel, W. Torres Bobadilla]
• WP2: Form factor contributions at N3LO [M. Fael, Y. Ulrich]
• WP3: Processes with hadrons [P. Stoffer, T. Teubner]
• WP4: Parton showers [C. M. Carloni Calame, M. Schonherr, A. Price]
• WP5: Experimental input [ BaBar, BelleII, BESIII, KLOE, Novosibirsk] 
Teams starts to work around October, meet three days in Zurich

Aim to write a report by Autumn 2023 (authors not restricted to 
participants to the WorkStop)

Moving forward…



Going forward: Strong2020:
a database for e+e- into hadrons

• European project (http://www.strong-2020.eu)
• WP21 — JRA3 PrecisionSM: “Hadron Physics for Precision 

Tests of the Standard Model”
• Goal: combine theory and experiment for precision tests 

SM & BSM
• Task 2: Hadronic Effects in Precision Tests of the 

electromagnetic sector of the Standard Model: Muon g-
2:

– 2.1 Hadronic Vacuum Polarization from spacelike and timelike
processes  

– 2.2 Hadronic Light-by-Light Scattering Contribution to (g − 2)μ
• Deliverable for Task 2.1:

– Annotated database for low-energy hadronic cross sections in 
e+e- collisions.

Conveners (Task 2): A. Kupsc (Uppsala), GV

http://www.strong-2020.eu/


• Web page (https://precision-sm.github.io/)
• Input data (from HEPData)
• Check of «consistency» of input data 
• Annotate the data according  the treatment of RC,…
• Responsive Plots (cross section, covariance matrix,…) 
• (Possible) Production of useful quantities (VP,  aEM, Adler 

Function…) 
• Maintenance of the web page and polling to HEPData

Procedure 

Currently review of e+e- à p+p- data  in progress

https://precision-sm.github.io/


Main work by A. Driutti and A. Lusiani







• A lot of effort in the last 20 years to improve MC generators
and RC to e+e- into leptons/hadrons at low energy :
• Accuracy between 0.2 and 0.5%

• New data and improved evaluation of aµHLO requires
improvement on MC generators at ~0.1% à NNLO needed!

• Radio MonteCarLow activity still important!
Ø WorkStop on “Radiative corrections and Monte Carlo tools

for low-energy hadronic cross sections in e+e- collision” is
planned on for the week 05-09 June 2023 at the University of
Zurich (LOC: A. Signer, G. Stagnitto, Y. Ulrich)

Conclusions

If you are interested to contribute you are welcome!

• Strong2020 project will contribute with a database for low-energy
hadronic cross sections in e+e- collisions with relevant information
(RC treatment, syst errors,…)



END



If you are interested please send a mail to 
gvenanzo(at)gmail.com and/or to 
Andrzej.Kupsc(at)physics.uu.se

(Virtual) meeting: 24-26 November 2021
https://agenda.infn.it/event/28089

>100 participants; very reach agenda!
Proceedings at arXiv:2201.12102 [hep-ph]

https://agenda.infn.it/event/28089


(Virtual) meeting: 24-26 November 2021

Review of the e+e- generators



Bhabha: MCGPJ vs 
Babayaga@NLO

F. Ignatov
(CDM3 selection cuts)

F. Ignatov



Effect of NLO missing corrections in previous version of 
PHOKHARA (used by experiments)

TVP

ISR:

F. Campanario et al. 
PRD100 (2019) 7, 076004

H. Czyz

FSRNLO
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H. Czyz,
TI Workshop 2019



Test of FSR model for pions

BaBar vs AfkQed
PRD92 (2015) 7, 072015 

KLOE vs Phokhara
PLB634 (2006) 148
EPJC 66 (2010) 585

Charge asymmetry F.B. asymmetry

Quark model for FSR by pions sQED model (pointlike pions)  for FSR

Effect from FSR NLO can be as large as 5-10% at low mpp (EPJC33(2004) 333)



F. Ignatov

FSR parametrization
Inclusion of double Photon exchange

F. Ignatov

arXiv:2204.12235 [hep-ph]
F. Ignatov, R. N. Lee



Form factor parametrization
G. Colangelo

See also G. Colangelo et al,
arXiv:2207.03495 

FSR correction





ISR measurements




