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Radiative corrections (RC) to the differential and total Compton scattering cross sections are calculated. We
consider the scattering of photon with a few GeV energy by the atomic electron. The reason is the unique possibility
of precise measurement of respective cross sections in the PrimEx experiment (Jefferson Lab., CEBAF), where the

high-precision value of 7° — 2y width was measured, and where this process used in normalization goals. RC

include the contributions from one-loop diagrams as well the effects due to additional real photon emission. The
FORTRAN CODE for calculation of elastic and inelastic cross sections which takes into account different
restrictions on event selection is created. Some underlying semi-analytical formulas are given.

PACS: 12.20.-m, 13.60.Fz

1. INTRODUCTION

The PrimEx Collaboration at Jefferson Laboratory
in the United States is performing a high precision test
of a key prediction of the quantum chromodynamics, a
theory that describes matter on a fundamental level. In
the testing experiment the z°-meson lifetime will be
measured by means of the small-angle coherent photo-
production of the z° in the Coulomb field of a nucleus,
i. e., via the Primakoff effect.

This experiment, in which the decay width of the
7’ = 2y will be determined at the 1.5% level, has the

highest possible scientific rating at the laboratory (an A
rating).

The peak value of the Primakoff cross section has a
strong energy dependence, proportional to the four
power of the incoming photon energy, and hence it is
very critical to have a precise knowledge of the absolute
energy of the photon beam in this experiment.

Currently, the absolute energy determination of the
photon tagging facility, to be used for the PrimEx
experiment, is known at the ~ 1% level. Developing an
independent method to determine the energy of the
tagged photon beam is very important. The scattering of
photons on the atomic electrons (the Compton
scattering) can provide an unique way to measure the
energy value of the tagged photon beam with needed
accuracy.

At present, there is the well-known formula of
Nishina-Klein-Tamm for the Compton scattering cross-
section on a free electron, which is supplemented with
first-order radiative corrections (RC) [2]. These
corrections include the one-loop contributions and the
effect of soft-photon emission, which does not affect the
two-body kinematics. As was shown in Ref. [3], the
radiative tail caused by the double Compton scattering
may give a considerable contribution on the level of the
RC.

In this connection, our tasks for the Compton
scattering calculations are to check the existing
analytical results for the single and double Compton
scattering, and to adopt them to the PrimEx kinematics.
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2. BORN CROSS-SECTION AND RC

Cross section for Compton scattering in the Born
approximation is represented by the formula of Nishina-
Klein-Tamm
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The RC to the Born cross section (Eq. (1)) induced by
one-loop diagrams have been evaluated by Brown and
Feynman [1], according to whom the Compton
scattering cross section accounting for this virtual
corrections reads
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For the function P(y,, x,) see APPENDIX.

In order to take into account the total first order RC
it is necessary to include also the contribution caused by
the radiation of the two photons. For the case in which
the energy of one of the emitted photon is much smaller
than the electron mass
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Feynman and in laboratory system do,,, .
the Eq. (39) of Ref. [1]
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is given by

+2(1—2ytanh(2y)™ (mz“’% -

where
h(y) =+ [ uddutanh(u) ™!, 2sinh*(y) = D=
yeo m

The differential cross section for the case of double hard
photon emitted with four-momenta &, and k, has been

calculated by Mandle and Skyrme [4]
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The quantity X is defined by Egs. (8.3) and (8.4) of
Ref.[4] as a function of invariant quantities
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(see Fig. 1) in laboratory system.
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Fig. 1. Relative directions in double Compton
scattering

In terms of this variables
cos 6, =cos, cos b, +sin, sinb, cos ¢

and

, L=maw,—w[m+aw,(1-cosb)] (8)

In the sum the soft- and virtual-photon corrections, the
infrared divergent term associated with the “photon
mass” A disappears, but instead the logarithmic

dependence on the auxiliary parameter @, . appears.

3. RADIATIVE TAIL

Consider now the Compton scattering in which one
has to record photons emitted into the given angle 6, .
The energy of the emitted photon in the single Compton
scattering process @, = @, is given by
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If the calorimeter has the energy resolution AFE , then
photons from both single- and double Compton
scattering processes are selected and

o, —AE<o <o,
If AE<<m, then one can use the soft photon
approximation to compute the contribution due to

double Compton scattering. In this case it needs simply
to change w,, by AE in the sum of soft and virtual

corrections. Otherwise, we have to include to RC the
double Compton cross section integrated over @, from

@, —AE to upper limit defined by conditionw, > @, .
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The differential cross section do,,,/dQ,dw, in the
Eq. (9) consists of the two parts. One of them has the

logarithmic singularity, when o, = @, . So,
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Let us rewrite Eq. (11) in the following form
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The integration of the last term in the Eq. (12) over o,
gives
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The structure of function f, allows the simple
analytical integration with respect to 6,,¢, and after
such integration the term with infrared parameter o,

cancels the corresponding term in the soft-photon
double Compton cross section. The rest is
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The right-hand side of Eq. (14) does not contain any
singularities and can be integrated numerically.

If in experiment the energy threshold of the recorded
photon is 0F, we need to change the limits of the

integration in Eq. (14). Thus, for 0<6,<6,, , the
limits of integration are
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To improve the accuracy of numerical integration we
use variables ¢,,¢, instead of cos§,,cosd,, namely
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cosf, = %tanh(ﬂtl) , cosf, = %tanh(ﬁt2 ),

To improve the accuracy of numerical integration we
use variables ¢,,¢, instead of cos&,,cos 6, , namely

cos6 = %tanh(ﬂtl) , cosl, = %tanh(ﬁt2 ),

The results of the numerical calculations are shown
in Figs. 2, 3. On these pictures ¢ is the part of the
cross-section caused by radiation of virtual and soft
photons, o> — due to radiation of two hard photons,
o™ is their sum.

In the real experiment the angular position of the
recorded photon has the uncertainty A8 that brings the

additional uncertainty to its energy
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In situation when there are both AE and A@ we must
replace

A®. (15)

2 .
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m

in the respective above formulae.
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Fig. 4. The differential functions O (upper picture)
and integrated ones (low picture) if the energy (AE )
and angular (A0 ) uncertainties of detected photon are
taken into account



Results of numerical calculation in this case are
shown in Fig. 4. If we detect the photon and electron
energies in the single Compton scattering kinematics,
both with accuracy AE, the energy of the second
photon in the double Compton scattering must be
restricted by

®, <2AE. 17)
The respective results are shown in Fig. 5.
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Fig. 5. The same as in Fig. 4, but with additional
restriction due to inequality (17)

4. TOTAL CROSS SECTION FOR DOUBLE
COMPTON EFFECT

In section 3 we calculated RC to the cross section at
the single Compton scattering kinematics when some
restrictions on event selection were applied. Here we
will compute RC to the total cross section without any
selection constraints.

In order to obtain the total cross for double Compton
scattering in which both emitted photons are hard, we
integrate the Eq. (7) over variables 6,,0,,¢,®,.
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Before to perform the numerical integration in
Eq. (18) one needs to separate the infrared singularities
on both the low and upper limits of integration over
variable ,. The respective terms are canceled with the
infrared contribution from the soft photon emission.

After such regularization we arrive at results shown in
Fig. 6.
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5. CONCLUSION

As one can see from the submitted results relative to
the differential and integrated Compton scattering cross
sections at the PrimEx kinematics, the accounting for
the RC is very important and rather necessary for the
description of respective events at the level of 1%
accuracy. The main problem is the calculation of the
positive contribution due to double hard photon
emission, which essentially compensates the negative
contribution caused by virtual and soft photon emission.
It strongly depends on restrictions for the event
selection. At the PrimEx kinematics values of the angles
and energies the above mentioned contributions into RC
are very large (up to 25% in absolute values) but
opposite in sign. Thus, the total correction to the
integrated cross section near the single Compton
scattering kinematics (in this cases we use Eq. (9) for
the double photon cross section) is negative whereas the
corresponding correction to the total cross section
(when any restriction on event selection is absent and
Eq. (18) is applied) is positive. In both cases the
absolute value of the total RC does not exceed 5% and
slightly increases with the rise of the ingoing photon
energy.
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APPENDIX
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PAJUAIIMOHHBIE ITOITPABKH B BBICOKOOHEPIT'ETUYECKOM
KOMIITOHOBCKOM PACCESIHUA

M.HU. Konuamnuwii, H.I1. Mepenkos

Beruncenst paguanvonssie nonpasku (PIT) k auddepeHumanbHOMY U HOJIHOMY CEYEHHUSIM KOMIITOHOBCKOTO
paccestHusi.  Mbl  paccMarpuBaeM — paccestHHe  (DOTOHOB, MMEIOIIMX  DHEPIHMHM  ITIOpSAAKa  HECKOJBKHX
THra3JIeKTPOHBOJIBT, HA AaTOMHBIX AJIEKTpOHaX. Takoe paccMOTpeHHe 00yCIOBIEHO BO3MOKHOCTBIO MPEIIM3HOHHOTO
U3MEpPEHHSI CCUCHHMS mporecca KOMITOHOBCKOTO paccestHus B dkcrnepumente PrimEx  (JIabGopatopust
Jlsxeddepcona, CEBAF), B KOTOPOM BBINONHSAETCS BHICOKOTOYHOE M3MEPEHHME IMPHHBI pachaga 7° —> 2y, U B

KOTOPOM 3TOT MpOILECC HCIOJB3yeTcs JUIs HOPMHUpPOBOUHBIX meneld. PII Bkirowaror B ce0s Kak BKJIAABI OT
OJHOIICTJIEBBIX [MarpaMM, TaK M BKJaJ, OOYCIIOBJIECHHBIH H3Iy4EHHEM JONOJHHUTEIBHOTO peaIbHOro (hOTOHA.
Cozmanpr mporpammbl Ha si3bike POPTPAH nans BeIUMCHGHHS YHOPYroro W HEYIPYroro CEUEHWH C Y4eTOM
pa3IMuHBIX OrpaHUYEHUI Ha 0TOOp coObITHil. [IpHBeIeHBI HEKOTOPbIE OCHOBHBIE MTOJyaHATUTHYECKUE (POPMYIIBI.

PAIIALIMHI IONMPABKH B BUCOKOEHEPTETUYHOMY KOMIITOHIBCHbKOMY PO3CISIHHI
M.1. Konuamnuii, M.I1. Mepenkoe

OOuucneni papianiiiai mompaskun (PII) nmo nudepeHmiagbHOro 1 MOBHOTO Iepepi3iB  KOMIITOHIBCHKOTO
po3ciroBaHHA. MU po3TisiaeMo po3citoBaHHS (OTOHIB, IO MAIOTh CHEPTil NOPSAKY ACKITBKOX THTacleKTPOHBOJBT,
Ha aTOMHHX eJeKTpoHaX. Takuil po3risix OOYMOBIICHHH MOXIIMBICTIO TNPENH3IHHOTO BUMIPIOBAHHS IIepepizy
Hpoliecy KOMITOHIBCHKOrO po3citoBaHHs B ekcrniepuMenTi PrimEx (Jlabopatopist xeddepcona, CEBAF), B sikomy
BUKOHYETBCS BMCOKOTOUHMI BHMip IIMPHHHM po3nany 77 —> 2y i B KOTpoMy Liei Mpolec BUKOPUCTOBYEThCS IS

HOpMyBanbHHX ITited. PII Bkio9aroTh B ceOe sk BKJIAMU Bill OJHOIETICBUX Jiarpam, Tak i BKIaJ 0O0yMOBICHUI
BUIPOMIHIOBaHHSIM JIOIATKOBOTO peasibHOro (hoToHa. Hamucani mnporpamu Ha MoBi POPTPAH mns oGumcneHHs
NPYXKHOTO 1 HENpY)KHOTO IIepepi3iB 3 BpaxyBaHHSAM pi3HUX oOMexeHocTei Ha BinOip nopii. ITpuBeneni neski
OCHOBHI HaliBaHAIITHYHI (HOPMYIIH.
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