
Introdution

Mo-Tsai and Bardin-Shumeiko Methods

Codes for estimating RC in lepton-nuleon sattering

Conlusions

Appliation of Bardin-Shumeiko approah for

estimating radiative e�ets in lepton-nuleon

sattering

A. Ilyihev

INP BSU

27 àâãóñòà 2018 ã.

A. Ilyihev INP BSU

Appliation of Bardin-Shumeiko approah for estimating radiative e�ets in lepton-nuleon sattering



Introdution

Mo-Tsai and Bardin-Shumeiko Methods

Codes for estimating RC in lepton-nuleon sattering

Conlusions

Mo-Tsai and Bardin-Shumeiko Methods

Model-Independent RC to DIS

Advantages of Model-Independent RC to DIS

Mo-Tsai Method

Covariant Approahes of Bardin and Shumeiko

Di�erene Between Mo-Tsai and Bardin-Shumeiko Methods

Codes for estimating RC in lepton-nuleon sattering

POLRAD 2.0: Properties and opportunities

Monte Carlo Generator RADGEN

Expliit Expression for lowest order RC

Other odes for RC in lp-sattering

Other researh groups dealing with RC

Conlusion

A. Ilyihev INP BSU

Appliation of Bardin-Shumeiko approah for estimating radiative e�ets in lepton-nuleon sattering



Introdution

Mo-Tsai and Bardin-Shumeiko Methods

Codes for estimating RC in lepton-nuleon sattering

Conlusions

Model-Independent RC to DIS ep → eX

The lowest order ontribution.

Real photon emission from lepton line

with hadroni inelasti tail. Contains

the infrared divergene.

Real photon emission from lepton line

with hadroni elasti tail. Infrared free.

Additional virtual partile ontribution

Last graph ontains the infrared

divergene.
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Advantages of Model-Independent RC

The task an be solved exatly.

Model-Independent RC is rather large beause of inluding

so-alled leading-order term log(Q2/m2).

Unertainties of the model-independent RC ome only from �ts

and models used for struture funtions.

The alulation of model-dependent orretion (box-type

graphs, real photon emission from hadroni line) requires

additional assumptions about hadron interation, so it has

additional pure theoretial unertainties, whih are hard to

ontrol.
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Mo-Tsai Method (SLAC-PUB-848, 1971)

Mo-Tsai �rstly elaborated a systemi approah to alulate radiative

orretions in elasti and inelasti eletron sattering.

For inelasti and deep inelasti proesses they showed that atual Q
2
and

W 2
going to hadroni part over a wide kinemati region inluding the

resonane region.

Also they proved that elasti proesses with the radiated photon (so-alled

radiative tail from elasti peak or simply elasti radiative tail) has to be

added as a ontribution to the total RC.

One assumption (and limitation) in their alulations was the approximate

way to onsider the soft-photon ontribution. Spei�ally, they introdued

a parameter ∆ suh that ∆ ≪ me ,E ,E
′
. Then they onsidered the region

over photon energy Eγ and kept only the leading term 1/Eγ . This allowed

them to alulate the term with the soft photons analytially (even with a

photon mass λ) and extrat infrared divergene in the form of log(me/λ).
The infrared divergene is aneled with respetive term obtained when

alulating loop diagrams (i.e., the vertex funtion). The orretion from

the region above ∆ is evaluated numerially.
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Covariant Approah of Bardin-Shumeiko

(Nul.Phys. B127 (1977) 242)

Bardin and Shumeiko improved the alulation approah in 5 aspets:

They developed an approah for extration and anellation of the

infrared divergene whih is free of the arti�ial parameter ∆.

They presented all results in the ovariant form, so the formulas an

be diretly applied in any oordinate system.

They developed a ode TERAD that alulates RC for unpolarized

target inluding nulear targets; in this ase radiative tail from

quasielasti peak have to be onsidered and added.

They suggested the radiative orretion proedure of experimental

data or unfolding proedure.

With ollaboration with Kukhto they obtained the formulas for RC on

polarized protons.
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Di�erene Between Mo-Tsai and Bardin-Shumeiko Methods

dσR

dΩdEγ

= f0(Eγ) +
f1(Eγ)

Eγ

, where
dσR

dΩ
=

∫ Emax
γ

0

dEγ

dσR

dΩdEγ

= ∞

Mo-Tsai:

dσR

dΩ
→

dσsoft
R (∆)

dΩ
+

dσhard
R (∆)

dΩ
,

Diret integration

dσhard
R (∆)

dΩ
=

∫ Emax
γ

∆

dEγ

dσR

dΩdEγ

Integration with regularization:

dσsoft
R (∆)

dΩ
=

∫ ∆

λ

dEγ

f1(0)

Eγ

Bardin-Shumeiko:

dσR

dΩ
=

dσIR

dΩ
+

dσR

dΩ
−

dσIR

dΩ
=

dσIR

dΩ
+

dσF

dΩ

Infrared part

dσIR

dΩ
=

dσsoft
R (∆)

dΩ
+

dσhard
IR (∆)

dΩ
,

Diret integration

dσF

dΩ
and

dσhard
IR (∆)

dΩ
=

∫ Emax
γ

∆

dEγ

f1(0)

Eγ
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RC to DIS of Polarized Partiles: POLRAD 2.0

(Comput.Phys.Commun. 104 (1997) 201)

Akushevih and Shumeiko essentially improved the alulation of RC to polarized

targets.

The most essential improvement was the idea of using the basis in the

four-dimensional spae and of expansion polarization vetors over momenta

suh as momenta of initial and �nal eletrons and initial proton. This

allowed to avoid a tedious and intriate proedure of tensor integration

used before.

Akushevih, Ilyihev, Soroko, Shumeiko and Tolkahev reated the ode POLRAD

2.0 that allows to alulations for:

RC in DIS on polarized targets of spin of 1/2 and 1. All ontributions

inluding quasielasti radiative tail were implemented.

RC to quadruple asymmetry for spin-one targets.

RC to semi-inlusive DIS (inluding polarized targets) in the simple

quark-parton model i.e., for the three-dimensional ross setion dσ/dxdydz .
Approximate ontribution of double bremsstrahlung

Eletroweak e�ets

The iterative proedure of RC of experimental data
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Monte Carlo Generators RADGEN

Akushevih, Boetther and Rykbosh onstruted the Monte Carlo generator

RADGEN using POLRAD 2.0 (hep-ph/9906408).

The ross setion is represented in the sum of two positively de�nite

ontributions

σobs = σnon−rad + σrad

where σnon−rad ontains Born ontribution, loop diagrams and soft photon

emission and σrad is the ontribution of additional hard photon emission with

energy larger than a minimal photon energy ǫmin assoiated with resolution in

alorimeter.

In spite of introduing the arti�ial parameter ǫmin there is no loosing an

auray and no aquired dependene of the ross setion of this parameter

Two modes for generator operation

integrals are alulated for eah event and grid for a simulation is stored

look-up table alulated in advane is used for interpolation of the grid
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Expliit Expression for the lowest order RC

The omplete RC of the lowest order (and multiple soft photon ontributions)

alulated using the ovariant tehnique (i.e., that used to reate POLRAD,

DIFFRAD, EXCLURAD, and other odes) is represented in the form

σRC = σ0 exp(δinf )(δVR + δvac ) + σF

Here the orretions δinf and δvac ome from the radiation of soft photons and

the e�ets of vauum polarization, the orretion δVR is infrared-free sum of

fatorized parts of real and virtual photon radiation, and σF is an infrared free

ontribution from the proess of emission of an additional real photon.

The ontribution of hard photons σF is represented in the form of

three-dimensional integral over kinemati variables of an unobserved photon.

σF = α3
Ckin

∫

dΩk

vm
∫

0

dv
∑

n

[

vfkin

Q̃4
L
(n)

µν,µ′T
(n)

µν,µ′ −
f
0
kin

vQ4
L
0(n)

µν,µ′T
0(n)

µν,µ′

]

The integrals need to be alulated numerially. This integral is �nite for v → 0
and not positively de�nite.
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Other Codes for RC in ep-sattering

POLRAD 2.0 FORTRAN ode for the RC proedure of experimental data in polarized inlusive and

semi-inlusive DIS. The iteration proedure based on MINUIT �tting the data is

inluded. Estimation of higher order and eletroweak orretions is done.

RADGEN Monte Carlo generator of radiative events in the DIS on polarized and unpolarized

targets. Can be applied for RC generation in inlusive, semi-inlusive and exlusive

DIS proesses. This version uses a look-up table for photoni angles whih provides

for fast event generation.

DIFFRAD FORTRAN ode for RC alulation in the proesses of eletroprodution of vetor

mesons. Versions with Monte Carlo and numerial integrations are available. Monte

Carlo ode allows to estimate RC to the quasi-real photoprodution ase (i.e., the

�nal eletron is not deteted)

HAPRAD 2.0 FORTRAN ode for RC alulation in the proesses of semi-inlusive hadron

eletroprodution. The ontribution of the exlusive radiative tail is inluded.

ELARADGEN 2.0 Monte Carlo generator of radiative events in the kinematis of polarized elasti

ep-sattering measurements.

MASCARAD FORTRAN ode for RC alulation in elasti eletron-nuleon sattering with a

polarized target and/or reoil polarization. The experimental aeptanes are

aounted for.

EXCLURAD FORTRAN ode for RC alulation in the proess of exlusive pi eletroprodution

on a nuleon.
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Other researh groups dealing with RC

Bohm, Hollik, Spiesberger: One-loop orretion in eletroweak physis; general

theory of renormalization in eletroweak theory. We ompared

POLRAD 2.0 with ode HERACLES produed by Hubert

Spiesberger.

Bardin et al.: We worked in parallel using the same approah of ovariant

alulation of RC. We ompared POLRAD 2.0 with the ode

HECTOR produed by Dima Bardin with ollaborators.

Eduard Kuraev: Produed multiple brilliant results in quantum eletrodynamis.

Asymptoti expressions for loop integrals in non�ollinear

kinematis, JINR E2-98-53, hep-ph/0703048

Approah for the alulation in leading log approximation,

shifted kinematis, Phys.Rev. C77, 055206 (2008)

Mar Vanderhaeghen: One-loop orretion and soft photon emission in DVCS,

Phys.Rev. C62(2000)025501.

Maximon and Tjon: Phys.Rev. C62 (2000) 054320; Contributions of the box

and rossed-box (two-photon exhange) diagrams.
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In the end of 60th Mo-Tsai �rstly developed a systemi

approah to alulate radiative orretions in elasti and

inelasti eletron sattering.

One limitation in their alulations was the dependene of the

�nal expressions on small parameter ∆.

Bardin and Shumeiko improved the alulation approah in

many way. Partiularly they removed the dependene on ∆.

Basing of Bardin-Shumeiko method there are a lot of odes

both for the numerial estimation of radiative e�et and the

hard photon simulation have been onstruted.
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