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Working Group on Rad. Corrections and MC
Generators for Low Energies pummwmewemers

* First meeting in Oct 2006
* 14 meetings since then (2 meetings/year)
2 WG coordinators (H. Czyz, G. Venanzoni)
e 7 Subgroups
* Onereportin 2010:

* >60 participants

e 13 differenct countries
 Web page:

http://www.Inf.infn.it/wg/sighad/
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The aim of this Working Group is to bring together theorists and experimentalists in order to discuss the current status of
radiative corrections and Monte Carlo generators at low energies. These radiative corrections and MC generators are crucial
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: for the measurement of the R-ratio (both with ISR and energy scan), as well as the determination of luminosity.

"

#1% The fourteenth meeting will take place in Frascati, on September 13 2013, as a satellite meeting of the PHIPSI13
conference in Rome.

The thirteenth meeting took place at ECT* Trento, on April 11/12 2013.

A The twelfth meeting took place in Mainz, on September 27/28 2012.

Radio MonteCarlow WG page: www.Inf.infn.it/wg/sighad
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14 meetings (2 per year in Spring/Fall, starting from Oct 06)
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The Subjects covered:

* Monte Carlo generators for Luminosity

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

* Monte Carlo generators for et+e- into hadrons and
leptons plus photon (ISR)

* Monte Carlo generators for T production and decays

* Hadronic Vacuum Polarization, Aa,,, (Z0) and (g-2),,

* Gamma-gamma physics

* FSR models and Transition Form Factors

Each of them has 2 convenors



People involved
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H. Czyz, IF, US, Katowice, WG on RC and MC ... 4



Experiments involved

BaBar Not exaustive list
BELLE
BES-111
CMD2
KLOE
SND
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MC generators

BABAYAGA Not exaustive list
KKMC
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Ultimate goal of oy,p: 1% up to JAp (W(4s)?)
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How to reach 1% above 1 GeV?



0
How to reach <1% on Oysp ?

* Improve experimental accuracy
— Systematic errors under control?

e Improve theory:
— RC?
— Modelling of hadron-photon interaction?

* Tuning comparison of MC generator very
important:
— For luminosity this was done within our group;

— For ISR and scan still the situation 1s unsatisfactory,
and we should try to improve it.



Radiative corrections are important!

2
Unclear treatment of R.C. in old Gbare - O'dressed 1- H(S)‘ (1 + CFSR)

data. ® J — -
dressed = TTdt e (1+015R)

Reevaluation of RC leads to
significant changes in recent data @ H(S) = Hlep (S) + Hha,d(S)
New data (CMD-2,SND, KLOE,

Babar) paid more attention to : |
« ISR 0.040

: ; o S
7 [ A
Vacuum Polarization (VP) ... N
« FSR y
S 0.00 ———E——————I; ———————————————————
A lot of work for theorists to | :5
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Figure from Fred Jegerlehner



Radiative Corrections for ISR

_Radiator:
Radiator-Function H(s,s ) (ISR): be e
- ISR-Process calculated at NLO-level 0.4 I
PHOKHARA generator gz BN N B S
(H.Czyz, A.Grzelinska, J.H.Kuhn, G.Rodrigo, EPJC27,2003) 0 ot vanee — - ;
0 B i
Precision: 0.5 % do 03 04 05 06 07 08 09 1
s — = O, () X H(S,Sn) 108 _Vac. Pol. corr: GV
dS:t 1.07 3 o
=g . 1.06 ;
Radiative Corrections: 108 £ A
i) Bare Cross Section 08 S DRSNS SO WS SN
divide by Vacuum Polarisation d(s)=(a(s)/a(0))? BT B e S ™
9 from F. Jegerlehner 0'990.-3I - I0.4I - I0.5I - I0.6I - I0.7I - I0.8I - I0.9I [GV2]1
s [Ge
ii) FSR 10095 ESR contr. (SQED):
Cross section s,, must be incl. for FSR 1009 :“’ Nk SHsar o S T 5 T8
for use 1n the dispersion integral of a_, 10085 |
1,008 [ S
1.00752 ....................
1007 S bbb
Y 14 0.3 0.4 0.5 0.6 0.7 0.8 0.9s [GeV2]1
. : N
FSR corrections have to be taken into account e ¥ P
in the efficiency eval. (Acceptance, My, ) and in v\p@/ ¥ S > S
the mapping s, — s, SEye o 2

(H.Czyz, A.Grzelinska, J.H.Kuhn, G.Rodrigo, EPJC33,2004)



Radiative corrections for energy scan:

All modes except 2x o
o e+e‘eH)= Nig = Nog N, o, (1+0,)
Log-(140) F[ ===

N, t-lik 149,
* Luminosity L is measured using 0y (point-like )+ (1+0,,)

Bhabha scattering at large angles
* Ratio N(27t)/N(ee) is measured

directly = detector inefficiencies
are cancelled out

» Efficiency ¢ is calculated via
Monte Carlo + corrections for

imperfect detector

. Radiative correction  accounts ¥ " Tudlly ne background

for ISR effects only * Analysis does not rely on
simulation

F 1150
- Radiative corrections account for
ISR and FSR effects

- Formfactor is measured to
better precision than L
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Report from RMCWG: a common effort for RC
and Monte Carlo tools

Eur. Phys. J. C (2010) 66: 585686 THE EUROPEAN
DOI 10.1140/epjc/s10052-010-1251-4
PHYSICAL JOURNAL C

Review

Quest for precision in hadronic cross sections at low energy:
Monte Carlo tools vs. experimental data

Working Group on Radiative Corrections and Monte Carlo Generators for Low Energies
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3 RMCWG Report ...

3r 2009/ F oaline: 23 February 2010
© Speinger- Veriag / Socketh Maltam di Fiska 2010

Abstract We present the achicvements of the last years
oflhccxmmcnulnndlbwmuulgmpwhngm
hadronic cross at the low-cnergy
e*e” colliders in Beijing, Frascati, Ithaca, Novosibirsk,
Stanford and Tsukuba and on r decays. Wo skeich the
prospects in these ficlds for the years 1o come. We emph
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asancxperimentaltool . . ... ... ... 650
STaudocays . . . . ... i it iiiieeann 661
51 Inroduction . . ................ 661

lh:smu-ndlhcpou-monh:Momchﬂopm
uscd to analyse the hadromic cross

obtained as well with energy scans as with radiative return,
to determine luminositics and T decays. The mdiative cor-
rections fully or approximately implemented in lhcvunous

codes and the contrib of the pol. arc
discussed.
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1 Introduction
The sy parison of Standard Model (SM) pre-
dictions with p experi | data scrved in the last

&cn&sumlmﬂulblcmdlolallhclhwtynu:qmn
tum level. It has also provided stringent constraints on “new
physics™ scenarios. The (so far) remarkable agreement be-
twoen the measurcments of the cbcmuk obscrvables
and their SM predicts is a stril 1 con-
ﬁmmoldwdmry.mnlfmc:nafcwcbﬂv
ables where the agreoment is not so satisfactory. On the
other hand, the Higgs boson has not yat been observed, and
there arc clear phenomenological facts (dark matter, maticr-
mummuymmurymlb:umm)uwllummg!hc-

| ar hinting at the pr of physics bey

N
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“Tuned” comparisons are essential!

Theoretical accuracies of these generators were esti-
mated, whenever possible, by evaluating missing higher-
order contributions. From this point of view, the great pro-
gress in the calculation of two-loop corrections to the Bha-
bha scattering cross section was essential to establish the
high theoretical accuracy of the existing generators for the
luminosity measurement. However, usually only analytical
or semi-analytical estimates of missing terms exist which
don’t take into account realistic experimental cuts. In ad-
dition, MC event generators include different parameterisa-
tions for the VP which affect the prediction (and the preci-
sion) of the cross sections and also the RC are usually im-
plemented differently.




Example:

BabaYaga and its theoretical

accuracy

Carlo M. Carloni Calame

INFN, Sezione di Pavia

Working Group on Radiative corrections and generators for low
energy hadronic cross section and luminosity

based on hep-ph/0607181 (accepted by NPB)

In collaboration with G. Balossini, G. Montagna, O. Nicrosini,
F. Piccinini

C. M. Carloni Calame (INFN) The new BabaYaga October 16-17, 2006 1/16



Estimate of the theoretical accuracy

e switching off VP, tuned comparisons with independent
calculations/approaches (Labspv, Bhwide)

x Ao /o < 0.03% on cross sections
» up-to-0.5% differences between BabaYaga and Bhwide in
distribution tails

e comparison with existing perturbative 2-loop calculations
« currently available
1. Penin: complete virtual 2-loop photonic corrections (for Q* > m?)
plus real radiation in the soft limit
2. Bonciani et al.: virtual Np = 1 [only electron in the loops] fermionic
contributions plus real radiation in the soft limit
« the photonic and N = 1 O(a?) content of the S+V part in the
BabaYaga matched formula can be easily extracted. The terms to
be directely compared to 1. and 2. can be read out!
~ the impact of the missing O(a?) S+V corrections can be quantified
within realistic setup

C. M. Carloni Calame (INFN) The new BabaYaga October 16-17, 2006 7/16



Summary of theoretical errors

o for Bhabha cross section, within realistic setup for luminometry,
the theoretical errors of the new BabaYaga are summarized

0" (%) | (@) | (b) | (c) | (d)
6¢TT 0.01 [ 0.00 [ 0.02 [ 0.04
serr || 0.02 | 0.03 | 0.03 | 0.04
0577 0.00 | 0.00 | 0.00 | 0.00
gerr ny—1 | 0.01 | 0.01 | 0.00 | 0.01
0% ;| | 0.05|0.05 | 0.05 | 0.05
ser 1 10.09 | 0.09 |0.10 | 0.14

C. M. Carloni Calame (INFN)

The new BabaYaga

Table: LABS (a) (c), VLABS (b) (d), 1.02 GeV (a) (b), 10 GeV (c) (d)

October 16-17, 2006

11/16



Higher order QED

radiative corrections to
Bhabha scattering

Andrej Arbuzov

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear
Research, Dubna, Russia

Talk at the Radio MontecarLow workshop, Frascati,
6—7th April 2009

Fe)] ArDUZOV  Higher order QED RC the Bhabha



» Bhabha: hierarchy of contributions

» Higher order corrections: how much?

» NLO factorization for exclusive Bhabha

» MC integrator

> 2-loop Soft + Virtual

» 2 Hard photons

» 1 Hard photon ® 1-loop Soft 4+ Virtual
» e'e soft + virtual pair corrections

» Outlook

rej] ArbDUZOV  Higher order QED RC the Bhabha



Event selection conditions

Numerical illustrations are given for the simple set of
conditions:

» Ehoon = 1 GeV

>7T/3 < 0L < 27T/3

» £, > 50 MeV

» Oocon > 30 mrad

» no ey recombination: BARE event selection

rej] ArbDUZOV  Higher order QED RC the Bhabha



Studies on accuracy of the contributions from pair
production in Babayaga generator - a status report

Michal Gunia

Working Group ‘Radio Monte CarLow’, Frascati

28 March 2011




Table of contents

© Introduction
© The NNLO corrections

© Numerical results - leptons

o KLOE
e BaBar
e BES
@ Belle

@ Conclusion - leptons

© Hadrons - in progress




The NNLO corrections

Cuts dependence study for different experiments

1.® factories KLOE/DA®NE (Frascati)

(a) /s = 1.02 GeV

(b) Epin = 0.4 GeV

(c) For 6+ two selections have to be checked

i. tighter selection 55° < 0+ < 125 °°

il. wider selection 20° < 84+ < 160 °

(d) ¢max=4,5,6,7,8,...,14°, with reference value (max=9°

2. B-factories BABAR/PEP-1I (SLAC) & BELLE/KEKB (KEK)

(a) /s = 10.56 GeV

(b) |P+|/Ebeam > 0.75 and |p—|/Epeam > 0.50

or |p—|/Epeam > 0.75 and |B|/Epeam > 0.50

(c) For |cos(6+)| the following selections have to be checked

i. |cos(6+)| < 0.65 and |cos(6+)| < 0.60 or |cos(8—)| < 0.60

ii. |cos(6+)| < 0.70 and |cos(6+)| < 0.65 or |cos(6—)| < 0.65
ii. |cos(8+)| < 0.60 and |cos(0+)| < 0.55 or |cos(6—)| < 0.55
(d) 39 = 20,22,24,...,40°, with reference value ¢3¢ =30 °




Hadrons - in progress

Issues to be discussed here

Comparison of results with vacuum polarization obtained using :VPHLMNT
(T.Teubner et all.) and hadr5n09 (F. Jegerlehner) (all results from BabaYaga) - all
results in nb

KLOE: 55° < 0+ < 125 °, (max=4°
ogy =436.85(5)

vacpol Oh Ov+s sum:
VPHLMNT(2009) | 1.4346(5) | -1.126(2) 0.309(2)
hadr5n09 1.6264(6) | -1. 405(2) 0.221(2)
~NNLO
relative difference:]| VPHLMNGTBYU”‘?"’5”09 | 0.201(6) %o

BES:\/s = 3.650 GeV,|cosé| < 0.8
ogy = 11641(2) nb

vacpol Oh Ovis sum:
VPHLMNT2.0(2010) | 1.6613(3) | -1.7860(2) | -0.1247(4)
hadr5n09 1.6471(7) | -1.7686(2) | -0.1215(7)
NNLO O_NNLO
relative difference:| VPHLMNGTBY Rad 2ol | 0.0275%e.




Hadrons - in progress

Issues to be discussed here

BES:\/s = 3.686 GeV,|cosf| < 0.8
ogy = 114.27(2) nb

vacpol Oh Oyis sum:
VPHLMNT2.0(2010) | 10.006(4) | -16.80(1) | -6.79(1)
hadr5n00 0.60(1) | -16.28(2) | -6.68(3)
/Ko ——
relative difference:| VPHLMNJBY S 0.96%.

BES:\/s = 3.097 GeV,|cosf| < 0.9
ogy = 378.48(5) nb

vacpol Oh Oyis sum:
VPHLMNT2.0(2010) | -116.50(6) | 287.7(3) | 171.2(3)
hadr5n09 -119.1(2) | 291.9(3) | 172.8(4)
/. o —— X
relative difference:| VPHLMN(;’BY Ll 4.227%o




MCGPJ

Systematic treatment of
second order NLO QED

radiative corrections to
exclusive observables

Andrej Arbuzov

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear
Research, Dubna, Russia

Talk at the Radio MontecarLow workshop, Frascati,
11th April 2008

H. Czyz IF, US, Katowice, WG on RC and MC ... 17



MCGPJ: A. Arbuzov

» The ansatz for the treatment of O (L") QED
radiative corrections to exclusive observables is

described
» The ansatz is suited for MC simulations
» Many processes can be treated in this way

» O (a”L°) contributions can be put into the same
structure

» MCGPJ can be upgraded

» MC integrator and generator for Bhabha
scattering is under development (upgrade of

SAMBHA M(Q)

H. Czyz, IF, US, Katowice, WG on RC and MC ... 18



Status of MC generators
for radiative return

H. CZYZ, IF, US, Katowice = FRASCATI 2006

Motivation - what is the radiative return
What do we have on the market
Tests - comparisons, which were performed

My wish list



From EVA to PHOKHARA and ...

PHOKHARA 5.1: =nt=n—,
puTp~, 4w, NN, 37, KK

e ISR at NLO: virtual corrections

EVA: eTe™ = o

e tagged photon (6~ > 0.uy) to one photon events and two

e ISR at LO + Structure Function photon emission at tree level

e FSR: point-like pions
[Binner et al.]

Y Y 2 Y 2
ete” > 4amr 4+~ __‘M.gjm.g ’ _._mm.g

e ISR at LO + Structure Function
[Czyz, Kiihn]

e FSRat NLO:wHrw—, = KTK—

e tagged or untagged photons

e Modular structure

http://cern.ch/german.rodrigo/phokhara

H. Czyz, IF, US Katowice MC generators for ISR Frascati 2006 4



KKMC

S. Jadach, B. F. L. Ward and Z. Was
» YFS exponentation
» high accuracy only for muon pairs

» can we hope for: upgrades 777
broader collaboration 777

H. Czyz, IF, Ué, Katowice MC generators for ISR Frascati 2006 6



{a) RATIOS
A& PHOKARA O2/IKKMC CEEX2
B KKsem. OJexp/ KKMC.CEEX2

(b) RATIOS
A PHOKARA O2/KKsem.OZaxp
KKsem.O2/KKsam.Odexp

0.995

lllllllllllll'llllllllllllll

0.99

0.985

l"'lfl]'ll']l Trrh 'TI]]I]II]'IIII'I[[

IllllllllllllIIIIIIllllllllllllllllllllllllllll

.98
0 01 0.2 03 04 05 06 0.7 08 0.9 1 O 01 02 03 04 05 06 07 0.8 09 1

Q° [GeV] Q° [GeV]
PHOKHARA agrees to within 0.3% with KKMC and KKsemn.

Discrepancy at high Q2 reflects lack of exponentiation in PHOKHARA

H. Czyz, IF, Ué, Katowice MC generators for ISR Frascati 2006 9



From H. Czyz: My wish list
» benchmark for ISR NLO

separately (?) for virtual and real corrections

» benchmark for ISR NNLQ 777

What accuracy do we need ?

» beyond ISR for muon and pion pairs:
testing the codes and FSR models

» collect the results of separate code tests

and comparisons
H. Czyz, IF, US, Katowice MC generators for ISR Frascati 2006 14



FSR studies

“Non-Born”

MEE(Q. K, 1) = —i?(rt” fNB 4 oo (B | i N8y |

o explicit form of 5, is model-dependent

We now work with
@ SU(2) and SU(3) Chiral Perturbation Theory
@ KLOE model as implemented in PHOKHARA 6.1 and FASTERD
by Olga SthhOVtSOV& [ Shekhovtsova, Venanzoni, Pancheri, arXiv:0901.4440 [hep-ph] (2009) ]

These models give “predictions” for FSR:
parameters are fixed independently

H. Czyz IF, US, Katowice, WG on RC and MC ... 22



Using realistic cuts:

FSR studies

Role of “non-Born” correction

NLOina ISR and FSR
0.04

; SU@) ChPT o
0.03 i‘ ~ SU@)CHPTonlyloop o

KLOE model!

0.02 .. Pr—-—

001 | . &

for cross section

500 < 6., < 130°

-0.01

relative correction to sQED*VMD

g

-0.02 & : : !

- 1 i i I i 1 1 1

01 02 03 04 05 06 07 08 09
m? e [GeV?)

@ model dependence is small
o at KLOE statistics the ChPT-corrections are not visible
o effect is enhanced at low m._..
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MC used in experiments

The collaborations typically use their pivate MC

@ KLOE (a MC by Nguyen, Piccinini and Polosa)
@ CLEO (TwoGam by D.Coffman / V.Savinov)
@ Belle (TREPS by S.Uehara)

@ BES-III (UDOD by V.Bytev and A. Zhemchugov
and TwoGam from DELPHI)

Lately: publicly available MC generators (via CPC)

o KLOE-2, BES-IIl (EKHARA)
@ BaBar (GGRESRC)

Monte Carlo for o *+* S. Ivashyn (Kharkiv)



A safe approach to rad.corrs

@ use exact QED formulae
@ no analytic integration of hard photon spectrum
@ implement in MC

@ make it numerically efficient

Under development in EKHARA MC generator |

S. lvashyn (Kharkiv)



EKHARA rad.cors. Work in progress

@ Check independence of result from
v IR regulator A
v Soft-Hard matching scale My

@ Developing efficient mappings
@ To compare with GGRESRC

S. lvashyn (Kharkiv)




Conclusion: RMCWG

* It’s an informal room and a valuable platform to exchange ideas
It has been enriched of new subjects (and people) during the years
* Meetings with theorists and experimentalists sitting together. A
first report in 2010. Maybe a new Report will be done next year.
* A good example to follow:
* Use tuned comparison
* Whenever possible avoid patched MC
* A common effort also from your group?-> Report?
 Participation and contribution from other peoples/experimental
groups/subjects are welcome
http://www.Inf.infn.it/wg/sighad/

If you are interested, please contact me (Graziano.Venanzoni@Inf.infn.it)
or Henryk Czyz (czyz@us.edu.pl)

Next meeting most likely next March in Mainz



