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Complete order-a® calculation of the cross section for polarized Compton scattering
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The construction of a computer code to calculate the cross sections for the spin-polarized precesses
—e y,e yy,e ete to ordera® is described. The code calculates cross sections for circularly polarized
initial-state photons and arbitrarily polarized initial-state electrons. The application of the code to the SLD
Compton polarimeter indicates that the or@€reorrections produce a fractional shift in the SLC polarization
scale of —0.1% which is too small and of the wrong sign to account for the discrepancy iZ-hae
asymmetries measured by the SLD Collaboration and the CERN LEP Collaborations.
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[. INTRODUCTION Compton scattering was calculated independently by Velt-
man[4]. Veltman’'s paper describes her calculation qualita-
For some years, polarized Compton scattering, the scatively and presents a result in numerical form for two spe-
tering of circularly polarized photons by spin-polarized elec-cific cases of an accelerator-based longitudinal polarimeter.
trons, has been used to measure the degree of polarization [ghfortunately, it does not include detailed expressions for
one particle or the other. Circularly polarized gamma-raythe final result nor is the result checked against the TDM or
photons from nuclear decays have been polarization anas calculations.
lyzed by measuring the asymmetry in the rates of back- One of the specific cases discussed by Veltman, the case
scattering from magnetized iron foilas the foil magnetiza- of a 50 GeV longitudinally-polarized electron colliding with
tion is reverseyl Similarly, the polarization of electrons in 5 2 34 eV photon, is quite close to that of the SLAC Large

high-energy storage rings and accelerators has been detggtector(SLD) Compton polarimetefa 45.65 GeV longitu-
mined from scattering asymmetries of the accelerated bea'a\nally polarized electron colliding with a 2.33 eV phojon

with beams of optical laser photons. Until quite recently, a"This polarimeter is a key component in the measurement of

_ 2
such measurements havg made use of tree (@vdéra ) the left-rightZ-boson production asymmetvyﬁR which has
expressions for the polarized Compton scattering cross se%— .
een performed over several years by the SLD Collaboration

tion. _ :
Part of the reason for this has been the unavailability of &°]- At the current time, the measured valueAfts is ap-

next-to-leading-order calculation that is packaged in an eag2foximately 8% larger than the value of the comparable
ily usable form. The first calculation of the ordef-virtual ~ quantity extracted from measurements of six diffe2igiole

and real-soft-photon corrections to unpolarized Comptor@Symmetries by the four CER&"e™ collider LEP Collabo-
scattering was published by Brown and Feynman in 1952ations[6]. Since the SLD and LEP measurements differ by
[1]. This calculation was not confirmed until 1972 when approximately three standard deviations, the discrepancy is
Tsai, DeRaad, and MiltoTDM) published the same correc- more likely to be due to systematic effects than to statistical
tions for the polarized casg?]. The TDM calculation, by fluctuations. One possible systematic effect is the absence of
itself, is sufficient to interpret the results of measurementsadiative corrections from the interpretation of the SLD po-
involving longitudinally polarized electrons for which the larimeter data. Veltman’s calculation implies that radiative
presence of additional energetic photons in the final state cagprrections would shift the SLD polarization measurements
be excluded. This is often the case for measurements dfy —0.1% of themselves which is far too small and of the
gamma rays that have been scattered from magnetized iromrong sign to account for the 8% discrepancy.

targets. However, accelerator-based polarimeters are often This paper describes a complete ordércalculation of
designed to measure transverse electron polarization armblarized Compton scattering. It was undertaken primarily to
generally cannot distinguish between single-photon andheck the calculation of Veltman and to determine if radia-
multiple-photon final states. These shortcomings were adive corrections to Compton scattering could be responsible
dressed in 1987 by Ggora and StuatiGS) who published for discrepancy between the LEP and SLD measurements of
the matrix elements for the hard-photon corrections in a-pole asymmetries. A second goal was to develop a com-
spinor-product form that is suitable for numerical evaluationputer code which could be applied to a variety of present and
[3]. Their publication also includes spinor-product expres-future experimental situations. The main ingredients of this
sions for the matrix elements of six gauge-invariant tensorgode, the TDM and GS calculations, are sufficient for all
used by TDM to calculate their result. These expressionpresent day experimental situations. However, it is likely that
permit the application of the TDM virtual corrections to the a very high energy linear electron-positron collider will be
case of general initial- and final-state electron spin direcconstructed somewhere in the world in the coming decade.
tions. Finally, in 1989, the complete set of virtual, soft- Polarized beams are planned for all of the designs now under
photon, and hard-photon radiative corrections to polarizedliscussion. All of these projects incorporate Compton scat-
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tering polarimeters into the optical designs of their final fo- p q
cusing systems. If these polarimeters use optical lasers, the p
e~ v center-of-mass energies will be above threshold for the a
production of final state*e™ pairs. Since the process y q
—e e'e occurs at order®, it must also be included in p
the computer code. A calculation of the matrix element for b "
this process, based upon the techniques of R3f.is de- q
scribed in Sec. Il D.

The following sections of this paper describe the con-

struction and operation of tiORTRAN codeCOMRAD which p'
calculates the orde®® cross section for polarized Compton
scattering. Section Il describes the ingredients of the calcu- Dy 22" (Q, a; q: a‘; q”, a")

lations which the code is based. Section Il describes the

actual implementation of the various calculations and several FIG. 1. Amplitude for the process™ —e™ yyy (time flows left

cross checks that were performed. Section IV describes thie right).

application of the code to several cases of interest. And fi-

nally, Sec. V summarizes the preceding sections. Massive spinors of arbitrary spin direction are defined in
terms of massless spinors as follows:

1. INGREDIENTS
S+(P1.P2)
This section describes the ingredients used to construct u(p,s)= TU+(P1)+U7(D2) (4)
the codecoMRAD. The hard photon corrections, virtual pho-
ton corrections, soft photon corrections, a@de*e™ cross S (p1,P2)

sections are discussed in the following sections. Since the u(p,s)=— —u+(p1)+jf(p2) (5)
e ete” cross section calculation makes use of the tech- m

nigues used to calculate the hard photon corrections, some

technical details are presented in Sec. Il A that facilitate thevherem is the electron mass and the massless vecfyrs,
description of the original work presented in Sec. 11 D. andp,, are defined in terms of the momentum and spin vec-
tors, p ands, as follows:

A. Hard-photon corrections

The calculation of the cross section for the procesy P1= E(p+ms) (6)
—e yv is based upon the matrix element calculation of
Gongora and StuafB3]. Their calculation is the first applica- 1
tion of numerical spinor product techniqugg] to a case Po==(p—mSs). (7)
involving massive spinors. These techniques allow one to 2
express any amplitude as a function of the scalar products of

two massless spinots. (p) and their conjugategi(p). The

subscripts refer to positive and negative helicity states of &€ynman amplituded,, ,»(4,0:9".9":9",q") for the pro-
massless fermion of momentump. The only two non- C€sse (S)—e (s)¥(\)y(N')¥(\") (shown in Fig. }

The actual calculation involves the evaluation of a single

vanishing scalar products, where:\, N, and\” label the helicities of the three photons
(+ or —); ands ands’ are the spin-vectors of the initial-
S+(p1,pz)=U+(P1)U—(pz)=—S+(Pz,p1) (1) and final-state electrons, respectively. The matrix element

Myann(s,8) for the process e (s)y(\)

—e (s")y(N")y(\") can then be constructed from the
functionD,, ,» by reversing the momenta of single photons
and by interchanging the momenta and helicities of the re-
maining identical photons,

s_(P1,P2)=U_(pU, (P2)=—5,(p1,p2)*,

are easy to evaluate numerically. i@wra and Stuart define
the photon polarization vector in terms of these quantities so - - -
that it is free of axial-vector components and can be used  Myaa(s:8")=Dynr(-0,6:9".9":9".9")
with massive currents: - A -
+Dun(—0,0;9",9":.9".9")

_ 3) +Dy(@',9";—9,9;9",9")

k(q,9)=*————U.(q)y*u.(q),
€£(q,9) s (a.a) +(q)y*u~(q)

+Dyna(d",0%-0,0;9,9")
where thex subscript refers to the helicity of initial-state
photong(final-state photons have opposite helicitj@pis the

photon momentum, and is an arbitrary massless vector. +D, o (a',9:9",9":—a,q), (8)

+Dyn(9",9":9°,4";—9,Q)
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whereq, q', andq” are the momenta of the incident and where: E., and P, are the energy and 3-momentum of the
final-stgte photons, respectively. Note 'that each of the'si)mcident electronE , is the energy of the incident photo,
terms in Eq.(8) corresponds to an ordinary Feynman dia- gng Q. are the energy and direction of the final state elec-

gram. L . _tron, E! is then energy of one of the final state photons, and
Two technical issues are relevant to the present discussio Y

and to the presentation of Sec. Il D. The first issue concern? Is the azimuth of the final state photon with respect to the

i ) a i~ ~ myal—state electron directiof®]. Note that Eq(14) includes
the choice of the arbitrary massless momeqtay’, anda”. fact0r of 1/2 to account for the identical photons in the final
Gongora and Stuart point out that one can substantially sim-

; . L ; state.
plify some of the expressions by a judicious choice of these
auxiliary momenta. They present results for two
equivalently-simple sets of momenta. This approach pro-
vides an important cross che¢ene must find identical re-
sults for both sets of auxiliary momentand greatly facili- The matrix element for the procese (s)y(\)
tated the debugging of the GS manuscript and the computer-e™ (s") y(\") is expressed by Tsai, DeRaad, and Milton in
code. A number of typographical errors were discovered irthe following form[8]:
Ref.[3] and are listed in Appendix A. One should note that
the first set of auxiliary momenfaised to calculate GS Egs. i) , 1 — )
(3.3.)—(3.10.2] always produces singularities when the ini- My (s,s ):ﬁ; u(p’,s")e(a")
tial state electron is longitudinally polarized whereas the sec-
ond set[used to calculate GS Eq§C.1.)—(C.8.2] never X L;- ex(q)u(p,s)MY (15)
develops singularities so long as both photons have nonzero
energy.

The second issue concerns the evaluation of spinors
negative momenta. In order to preserve the followingry
usefu) relationship,

B. Virtual corrections

6

%herej =0,1 labels the order of the matrix element and the
six gauge-invariant, singularity-free, kinematic-zero-free,
Dirac tensorsC; are defined by Bardeen and Tufi]. The
1 B authors calculate the six invariant matrix elemei$
5(1i vs)Pp=U=(p)u=(p), 9 within the framework of Schwinger source theory to order-
(M(®) and to ordere® (M{V). They explicitly consider the
gase that the initial- and final-state electrons are longitudi-
nally polarized and express the matrix element as a set of six
helicity amplitudeqdue to the charge-conjugation and time-
— — . reversal symmetries, only six of the eight matrix elements
Uz(=p)=iux(p), Uu(=p)=iu=(p). 10 defined in Eq(15) are independehtvhich are linear combi-
nations of the six invariant matrix elements. The helicity
amplitudes are then used to derive an orad@rexpression
for the unpolarized cross section which is found to agree
with the calculation of Brown and Feynman. This cross
check was found to be useful in locating three typographical
sign errors in the rendering of the helicity amplitudesich,
S+(—d1,—02)=—S:(01,02), (120 given the complexity of the expressions, is a remarkably
o ) _small numbex. The errors are listed in Appendix A.
and that external photon polarization vectors are invariant agwas mentioned in the introduction, Ggora and Stuart
under the transformatiog— —q [see Eq(3)], supply spinor-product expressions for the six tensors,

it is necessary to define negative momentum spinors in th
following manner,

This, in turn, implies that spinor products of negative argu-
ments behave as follows:

S+(—01,02)=S+(01,—02)=i5-(071,02) (11

e(—q,0)=€(q,0). (13 |
[ N — ! ! ’
The actual cross section for the process(s)y(\) T (ss)=ulp’.sHha(@)
—e~ vy is calculated in the center-of-ma&sn) frame from X Lie(qu(p,s), (16
the matrix element given in Ed8) using the following ex-
pression:
which permits the application of the virtual corrections con-

d°alY), 1 tained in the invariant matrix elements(") to the case of

— - (sM)= 5 general initial-state and final-state electron spin directions.
dE.d(.dE,dd, 64(2m)°E,(EetPe) To make use of these, the system of six equations which
define the helicity amplitudes was inverted to extractNhe
X D [ Mynn(s,s)?, The ordera? and ordera® cross sections for the process

AN e (s)y(\)—e™ vy are then calculate@n the cm framgfrom
(14 the ordere and ordera?® matrix elements as follows:
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0 P P
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dQ; 647’ [ M+ 2E (E+ Pe)] q
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FIG. 2. Two amplitudes for the procegs—e e*e e’ (time
% E 2%[M§\?;\/(S,SI)M;{-;\";(S’S!)]’ flows left to righy.
N8

D. The e"ete™ final state
(19

The cross section for the proces® (s)y(\)
—e (s')e*(s)e (s") is calculated using the massive
spinor-product techniques given in REB]. Since the work
described there does not involve positrons, its authors did not
define massive positron spinors. It is extremely straightfor-
ward to do this from Eqg5) and(7) by making the replace-

where the order® cross section has been labeledrgh” to
explicitly indicate that Eq(18) describes virtual corrections
only.

C. Soft-photon corrections ment m— —m. This interchanges the massless momentum
The ordera® cross section defined in E¢L8) contains a Vectors,p, > p,, and yields the following massive positron
term that depends logarithmically upon a small, but nonzero>PNOrs,
fictitious photon massn{,) used to regulate singularities in s, (p1,p2)

the virtual corrections. This unphysical term is cancelled by v(p,s)=———u,(pa)+u_(py) (20

a similar term which arises in the cross section &ry m
— e~ yvy for slightly massive photons. Brown and Feynman
discuss this point at some length in REf]. Since events = __ S=(P1.P2)— T
\ e v(p,s) Ui (p2) +u—(py)-
with additional photons of energy less than some small value m
k™" are experimentally indistinguishable from the two-body 21

final state, they explicitly integrate the three-body cross se
tion over the extra photon momentd in the regionm,
<E’<kJ'". The resulting soft-photon cross section is ap-
proximately equal to the product of a functighand the
order«? cross section. The order? 2-body cross section

can now be defined as a function kﬁi”,

“These spinors have the correct normalization and orthogonal-
ity properties,

u(p,s)u(p,s)=2m, v(p,s)v(p,s)=—2m,

u(p,s)v(p,s)=v(p,s)u(p,s)=0.

2 (1) 2_(1V)
Tey (s,)\;kmi”)zﬁ(s,)\;my) Similarly, the evaluation of a massive spinor with a
dQg 7 e negative momentum leads to the replacemeffs,p,}
_ 5 (1) —{—p,,—p1} and using Eq(10) one finds the correct be-
N fk’;“”dgq,, d°og,, (sM) havior to within extra phases,
m, do.déq” _ _
v(=p,s)=iu(p,s), v(—p,s)=iu(p,s), (22
dZU(e];,V)
do. (s.;m,) u(—p,s)=iv(p,s), u(—p,s)=iv(p,s). (23
. 20'(0)
+J(my,kr;'”,Qé)—e,y(s,)\), These extra phases do not occur in the case of external pho-
e tons[see Eq.13)] and must be treated with some care. To
(19) avoid disturbing the phase relationships between diagrams, a
calculation must be formulated so that all diagrams contain
the same number of momentum-reversed massive spinors.
wherea(ely) is independent ofm,,. One should note that al- The actual calculation was carried out by calculating

though Eq(19) is independent of reference frame, the actualspinor-product expressions for two Feynman amplitudes,
integration[1,2] was performed in the rest frame of the D;, andD,,, for the processy—e e"e e" as shown in

initial-state electron. The use of the resulting expression foFig. 2. These expressions are listed in Appendix B. The ma-
J implies that the quantitk'" is defined in that frame. trix element is the sum of the eight diagrams generated by
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reversing one of the positron momenta and by interchanginthe laboratory frame. Each event is also accompanied by a
final state electron momentaccording to Fermi-Dirac sta- vector of four event weight8V; . The event weights are de-

tistics), fined as follows:
o ! M AT A N ) [ gns @ n(0)
M)\(S!S!S S ):Dl)\(_pislplslp S -p 'S ) W — 1 d g (S _)+ d g (S +) (26)
1 (n) n ’ n ’

N o n Mn! o Zp (X)_ dx dx J

—Du(=p.sip,s;p”.s";p'.s")
-D i_ s:p’,s':p",s 1 _dn()'(o) an'(O)
(PSPPSR Wpm o =T (s, )= (s, 4) | (27)
. "oaMen! of ZP (X) dx dx
+Dl)\(p151_p151p !S 1p ,S) ) -
+D2>\(—p,S;p,S;p’,S';p",s”) 1 _dno.(l) dno.(l)

e n Mmoo W= ———— ,— )+ ,+ 28
—Da(=p,s;p,s;p”,s";p’,s") 3 2p(n)(x)_ dxn (s,-) dx" (s ) (28)
~Da(p.si—p,sip’,s';p".8")

e Al M ! 1 -dno-(l) dno-(l)
FPa(P.SmPSPTSRLS), (29 W= (s o) (s )|, (29
2p'M(x)| dx dx ]

wherep ands are the momentum and spin of the initial-state
electron,p ands are the momentum and spin of the final- ) ] ) ) )
state positronp’ ands’ are the momentum and spin of one Wheren is the dimensionality of the integrated spaae (
final-state electron, ang” ands’ are the momentum and =2 for thee( ?’f'”al state, anth=>5 for the three-body final
spin of the other final-state electron. This particular formu-State$ andp™™ is the density of trials in that space.
lation does not benefit from algebraic simplifications due toa The sums of the weights yield partly or fully integrated
clever choice of the photon auxiliary moment@mit is pos- cross sections. It is convenient to define the following nota-
sible to reduce the total number of terms in the matrix ele-'°" for these sums,
ment from 112 to 96 by defining four amplitudes instead of
two and by choosingy appropriately. As formulated, the aﬁo)(x’)=2 W, (30
. ~ L . |

choice ofq is truly arbitrary.

The matrix element given in Eq24) is converted into a

cross section with an expression that is very similar to Eq. UE)O)(S;X')ZE W, (32)

(14, i
5,(1) .

d°alde (s)= 1 dD(x)=, Wi (32
dE.dQ dE.d ¢, 64(27)°E,(Ee+ Pe) '

X D IMy(s,s,s' N2, aM(six')=2 Wy, (33
s,;s’,s" I

(25

where the variables’ define the kinematical binning chosen

"y . for a particular problem. The sums of th&/; and W,
whereEy is the energy of the second electron apllis the weights yield the ordee® and ordera® unpolarized cross

azimuth of the second electron with respect to the first elec_ . ; ;
S sections, respectively. The sums of W8 and W, weights
tron direction[9]. P Y 4 Welg

yield the ordera? and orderea® polarized cross sections and
depend upon the initial spin directiagn(all cross sections are

. IMPLEMENTATION given in millibarng. It is also convenient to define notation
The FORTRAN code COMRAD consists of three weighted ;or th_e fully corrected cross sections and for the asymmetry
unctions,
Monte Carlo generatorstcOMTN2, COMEGG, and COMEEE
These perform integrations of the cross sections foethe, / (0) /1 L)y
X . - = +
e yy, ande e'e  final states, respectively. Operational Tu(X) =0y (X) oy (x') (34
details are given in Appendix C. , 0) , 1) ,
op(sX ) =0, (s;x")+ a7 (sx") (35
A. Weighting scheme . i O'EJO)(S;X’)
Each of the generators produces events that consist of AO(s;x") = oo (36)
momentum four-vectors of the final-state state particles in oy (X')
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50GeVe on234eVy

(37) ol T T TTTTI T T TTTTIf T |||||||\_
(1) @
Oew

A(s;x’)z%.

Note that the polarized cross sections are chosen to be the
differences of the negative-helicity photon cross sections and
the positive-helicity photon cross sections. In particle phys-
ics terminology, these are called left-handed-helicity and
right-handed-helicity photons, respectively. One should note
that in optics terminology, a negative-helicity photon is
called right-circularly polarized(RCP and a positive-
helicity photon is called left-circularly polarized CP). A

The generation of multiple weights per event trial allows 044 Opgg?g;"g i
the user to significantly improve the statistical power of a 2 | Total l
given set of Monte Carlo trials. The uncertainty on any func- = Gorrection
tion of the four quantitiesr;={o{”,o(? oV oV} is al- ©
ways smaller when generated with correlated weights than
separate, uncorrelated calculations would yield. The correct

i .. X X 0.42 Pl vl el
estimate of the statistical uncertainty on any such function 0.01 01 3 10
requires that the user accumulate the ful 4 error matrix Kmin (k6V)

Eik.

-1 -0 ") N
- Cey

Cross Section (mb)
\
e}

) Ll L ruul Ll

L (b) |

FIG. 3. The unpolarized virtual plus soft-photon cross section
o o) and hard-photon cross sectieff?), are shown in parta) as
Ej= 2 W} s (38 functions ofk™'" for the case of a 50 GeV electron colliding with a

i=1

ntrial

Y
2.34 eV photon. The sum of these cross sectioff$ is shown in
where the sum is over all event trials. This matrix must ther‘Part(b)'
be p_ropagated corregtly to the final regult. As an exampleto be invariant under helicity flips of both incident particles.
consider the calculation of the uncertainty on the quantlty,]_h d q f th to@$ do® min
AA, which is the difference of the full, orders-corrected € dependence ofine cross secl andoey, ONK,

. . . eyy
polarized asymmetry and the ordef-asymmetry, is shown in part(a) of Fig. 3 for the case of a 50 GeV

electron colliding with a 2.34 GeV photdiene of the cases
AA(s:X ) =A(s:x)—AQ(s:x") considered by Veltman in Reff4]). Note that the cross sec-
tions vary by approximately 1.4 mb &§'"" is varied from 30
. eV to 10 KeV. The sum of the cross section§} , is shown
T O, 1 (0" (39 in part (b) of the figure and is constant at 0.002 mb level
Oy +0-u gy SoLmin :
until k™" reaches several percent of the maximum photon

The correct uncertainty on this quantity is given by the ex-energy and the two-body approximation for the soft-photon

(0) (1) (0)
Ry + Op [0z

pression, cross section begins to fail. Even then, the 10 KeV point
differs by only 0.012 mb from the 30 eV point.
OAA  9AA Thee e*e™ cross section calculated lmpMEEEis found
S(AA)= 2 (400  to be independent of the choice of photon auxiliary momen-

2 B
k=1 doj do tum. The polarizede”e*e~ cross section is found to be
invariant under helicity-flips of both incident particles.

The sum of the virtual, soft-photon, and hard-photon cross
sections calculated byoMRAD is compared with the numeri-
B. Cross checks cal result presented in Ref4] for the case of a 50 GeV

The codecoMRAD has been checked in a number of ways. électron colliding with a 2.34 GeV photon. The ratio of the
The ordere:® unpolarized cross sectian(>) calculated from ~ unpolarized cross sections"/ o} is presented as a func-
the unpolarized initial state byomTNn2 is numerically iden-  tion of the laboratory energy of the scattered electpy in
tical to the one calculated from the diagnostic expressioart (&) of Fig. 4. The COMRAD calculation predicts that
given by TDM in Ref.[2] and to one given by Brown and o{"/a?) increases from-0.14% near the kinematical edge
Feynman in Ref[1]. It is verified that this cross section is at 17.90 GeV tot+0.2% near the beam energy. The Veltman
rigorously independent of the value chosen for the photorgalculation predicts that the ratio decreases froh3% near
massm, . It is also verified that the order? polarized cross the edge to+0.2% near the beam energy. The physically
section is invariant under helicity flips of both incident par- correct behavior follows from a simple kinematical analysis.
ticles (as required by parity invariange In the center-of-mass frame, the emission of an additional

The hard-photon cross section calculateddnMEGG is photon reduces the energy and momentum available to the
verified to be independent of the choice of photon auxiliaryscattered electron. Given the large mass of the electron, the
momenta. The polarized hard-photon cross section is founftactional change in the momentuRy, is larger than frac-

wherej andk label the four cross sections.
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50 GeVe~on2.34eVy A. The SLD polarimeter

The SLD polarimetef5] is located 33 m downstream of
the SLC interaction point(IP). After the 45.65 GeV
longitudinally-polarized electron beam passes through the IP
and before it is deflected by dipole magnets, it collides with
a 2.33 eV circularly polarized photon beam produced by a
—— H. Veltman PR D40, 2610 pulsed frequency-doubled Nd:YAG laser. The scattered and
- — COMRAD = unscattered components of the electron beam are separated
by a dipole-quadrupole spectrometer. The scattered electrons
are dispersed horizontally and exit the vacuum system
oos ® . through a thin window. A multichannel Cherenkov detector
— — H. Veltman PR D40, 2810 observes the scattered electrons in the interval from 17 to

5t — COMRAD : 27 GeVk.
= The helicities of the electron and photon beams are
£ 0.04 - — .
< changed on each beam pulse according to pseudo-random
L i sequences. Each channel of the Cherenkov detector measures
the asymmetry in the signa§ observed when the electron
0t : : and photon spins are paralleldg|=3/2) and anti-parallel
15 25 35 45 -
Elp (GeV) (1321=1/2),
FIG. 4. The ratioo{"/a(? is shown in par{a) as a function of c_Si(8)~§(172) — PP A (42)
I S(3/2+S(1/2 &
the laboratory energy of the scattered electron for the case of a 50 i i

GeV electron colliding with a 2.34 eV photon. The difference in the

fully order-a* corrected asymmetry and the ordet-asymmetry is  wherej labels the channels of the detectBf, is the electron
shown as a function of the laboratory energy of the scattered elegyegm polarizationP,, is the photon polarization, and. is

tron in part(b). ThecomRrAD calculation is shown as solid lines and the analyzing powe? of th’-ath channel. The analyzing]pow-
the calculation of Ref{4] is shown as dashed lines. ers are defined in terms of the Compton scattering cross sec-

. . tion and the response function of each chariel
tional change in the enerdy, . The laboratory energy of a P Ry

backscattered electron is given by the following expression,

JdEI’aba'u(Ellab)Rj(EI’ab)A(Sz;Ellab)
.AJ' =
where y is the Lorentz factor for the highly boosted cm del/::lbO'u(El,zalb)Rj(E|;b)
frame (the velocity is assumed to be gnét is straightfor-

ward to show that althougB, and P are decreased by the .
9e N y whereE,, is the laboratory energy of the scattered electron.

emission of an additional photon, the differerieg— P, in- \arized tion (E/ d lonaitudinal
creases. The laboratory energy of the backscattered electri-me unpolarized cross sectian,(E) and longitudinal po-

is thereforeincreasedby the emission of an additional pho- 1a1zation asymmetnA(s; ;Ej,,) are shown as functions of
ton. Itis clear that photon emission depopulates the ComptoRcattered electron energy in Fig. 5. The ordérquaptltles
kinematical edge region and thaﬁl) should be negative are ShOW’? as dashed curves in paﬁa)sand(_b) of the figure. :
near the endpoint. The frac'qonal correction to. the unpolanzed cross section
(1)) 50

The ordere: correction to the longitudinal polarization 7 /""" is shown as the solid curve in p_aa) of the figure.
asymmetry is shown in parth) of Fig. 4. The quantity It mczeases from-0.2% near the endp0|_nt at 17.36 GeV to
AA(s,ELy) [defined in Eq.39)] predicted bycomRAD is :OIZ'A) at the t?e%m energy. The correct!on to thg asymmetry
compared with the similar quantity given in Réf]. Good unCt'On,AA(SZ’Elab) is shown as thg solid curve in pal)
agreement is observed. of the flgur_e. Near the endpoinhA is almost exactly one

thousand times smaller than the ord€rasymmetry. It be-

comes fractionally larger near the zeroASf) at 25.15 GeV.

The effects of the ordes® corrections upon the analyzing

This section describes the application of theMRAD powers of the seven active channels of the Cherenkov detec-
code to several accelerator-based polarimetry cases. The fitor are listed in Table I. The nominal acceptance in scattered
case(the SLD polarimeterdeals with the detection of the energy, the ordes? analyzing powerAJ(O), and the ordeg®
scattered electrons to measure longitudinal polarization. Thiractional correction to the analyzing power are listed for
second casé&he HERA polarimetepsinvolves the detection each channel. The SLC beam polarization is determined
of scattered photons to measure longitudinal and transverdeom the channels near the endpoibt-7). It is clear that
electron polarization. The final cagée Linear Collider polar- proper inclusion of the radiative corrections increases the
imetey illustrates the detection of final state electrons whemanalyzing powers by 0.1% of themselves. This decreases the
there is sufficient energy to produce tbee* e~ final state. beam polarization by the same fractional amount. Since the

Elab=Y(Ee—Pe), (42)

. (43

IV. RESULTS

014010-7
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and it is the first storage ring to operate with a longitudinally
polarized beani11]. The ring is instrumented with trans-
verse and longitudinal Compton polarimeters.

1. The transverse polarimeter

The HERA transverse polarimetgt2] collides 2.41 eV
photons from a continuous-wave argon-ion laser with the
27.5 GeV HERA positron beam. The scattered photons are
separated from the electron beam by the dipole magnets of
the accelerator lattice and are detected by a segmented
tungsten-scintillator calorimeter located about 65 m from the
e’ -y collision point. The scattering rate is sufficiently small
that the calorimeter measures the energy and vertical posi-
tion of individual photons.

When the positron beam is transversely polarized, the dif-
ferential cross section depends upon the azimuthal directions
of the scattered particles. The average direction the scattered
photons changes when the laser helicity is reversed. The po-
larimeter measures the projected vertical directiynand

-0.5 L -0.05 energyky,, of each scattered photon. The shift in the centroid
% s % 48 of the 6, distribution that occurs with helicity reversal
Eiap (GeV) meast 7 - .
86y'°*{kpp) is proportional to the product of the photon po-
FIG. 5. The order? cross sectionr”) and the ratiocM/¢(?  larization and the vertical positron polarizati®¥
are shown in parta) as functions of the laboratory energy of the
scattered electron for the case of a 45.65 GeV electron colliding 86Tk, D ={(6,)_—(8,)
X . y lal y y/+

with a 2.33 eV photon. The order? asymmetry function and the
difference in the fully order® corrected asymmetry and the order- =PL- Py 86y(Kigp), (45

«? asymmetry are shown as functions of the laboratory energy of

the scattered electron in pdt).

left-right asymmetry is the ratio of the measurgeevent

asymmetryA, and the beam polarization,

Az

AR,

the application of the ordes® correctionsincreasesthe
measured value d& g by 0.1% of itself. The corrections are
much too small and have the wrong sign to account for th

SLD or LEP discrepancy.

Pe

B. The HERA polarimeters

(44) 36y (Kipy) =2

where 86, (Kjy,) is the shift for 100% positron and photon
polarizations. This quantity is given by the following expres-
sion,

fd¢§/crp(sy;k,’ab,d)’y)sinﬁ’ysind)’7

ay( I(I,ab)

. (46)

where 6’7 and ¢; are the polar angle and azimuth of the
ec.cattered photon in the laboratory frame. Note tﬁ’gﬁs a
constant for fixedk,,.

The ordere® corrections modify the functiod 6y (k) -
The exact modification depends upon the details of how the
polarimeter reacts to the two-photon final state. It is assumed

Thee™ ring of the DESYe™-p collider HERA is the first  that the segmented calorimeter of the HERA transverse po-
e~ storage ring to operate routinely with polarized beamdarimeter cannot distinguish between one-photon and two-

photon final states. The energy measured by the calorimeter

TABLE I. The effect of ordera® radiative corrections upon the for two-photon final states is then the sum of the individual
analyzing powers of the SLD Compton polarimeter.

photon energies kj,,= k(1) +Kiz(2). The measured

Channel  E, acceptance

A0 (A—A(O))/A(o) (%)

vertical angle is assumed to the energy-weighted mean of
the individual photon angles, 6,=[6,(1)kj(1)

7 17.14-18.02 GeV
18.02—-19.00 GeV
19.00-20.11 GeV
20.11-21.38 GeV
21.38-22.83 GeV
22.83-24.53 GeV
24.53-26.51 GeV

P NWMOOO

0.7133
0.6483
0.5520
0.4309
0.2851
0.1228
—0.0396

0.096
0.097
0.103
0.118
0.153
0.285
—0.673

+0y(2)ki(2)1/Kipp- The ordere® function 56{7 (k) is
plotted as function of laboratory photon energy in Fig. 6. The
maximum angular separation of 56m occurs near 8 GeV.
The fractional change caused by the ordércorrections
A56,156( is also shown as a function &f,,. Note that the
correction is typically+0.08% near the maximum separation
which would lower the measured transverse polarization by

the same fractional amount.
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FIG. 6. The ordew? function §6{"(k/,) is plotted as the
dashed curve as a function of the laboratory energy of the scattered
photon for the case of a 27.5 GeV positron colliding with a 2.41 eV

photon. The fractional difference in the fully ordef- corrected : _ o : —0.2
function and the ordes? function is shown the solid curve. SOk ey meete —
0 100 200 300 400 500
2. The longitudinal polarimeter Elap (GeV)

A longitudinal polarimeter at HERA has been built by the £ 7. The order? cross sectionr® and the ratioo{?/o(®
HERMES Collaboratio13]. The 27.5 GeV HERA positron  are shown in parta) as functions of the laboratory energy of the
beam is brought into collision with a 2.33 eV photon beamscattered electron for the case of a 500 GeV electron colliding with
produced by a pulsed frequency-doubled Nd:YAG laser. The 2.33 eV photon. The order? asymmetry function and the differ-
scattered photons are separated from the electron beam Byce in the fully order® corrected asymmetry and the ordet-
the dipole magnets of the accelerator lattice and are detectedymmetry are shown as functions of the laboratory energy of the
by an array of NaBi crystals. Since several thousand scascattered electron in pafth). The vertical dashed-dotted lines indi-
tered photons are produced on each pulse, it is not possibtete the allowed kinematic region for electrons from #ey
to measure the cross section asymmetry as a function of phe-e e"e” subprocess.
ton energy. Instead, the calorimeter measures the asymmetry
in deposited energpg as the photon helicity is reversed, The fractional correction to the longitudinal polarization

scale is therefore- 0.20%.
Edep_ Edep
- +

= —ge—den= PePyAe. (47)
EdePLE(P 7

Ae C. A linear collider polarimeter
Longitudinally polarized beams are likely to be important
whereE‘iep is the energy deposited by all accepted photongeatures of a future Linear Collider. It is assumed that any

in the crystal calorimeter. The analyzing powég is given  such machine will include SLC-like polarimetry which de-

by the following expression, tects and momentum-analyzes scattered electrons. The unpo-
larized cross sectiowr,(E,,) and longitudinal polarization
dk k" R(K s, k! asymmetryA(sZ;_E,’ab)_ are shown as functions of scattered
f atKiaR(Kiaw) Sz Kiap) electron energy in Fig. 7 for the case of a 500 GeV electron

Ae= 48  peam colliding with a 2.33 eV photon beam. The ordér-

f AKiapKaR(Kjap) 4 (Kiap) guantities are shown as dashed curves in gajtand(b) of

the figure. The cross section is largest near the backscattering
whereR(k[,,) describes the response of the detector. For thi€dge at 26.42 GeV. The longitudinal asymmetry function is
estimate, it is assumed that the calorimeter has uniform red-9944 at the kinematic endpoint. It decreases rapidly with
sponse in energy from the minimum accepted energy of 5§creasing energy and passes through zero at 50.19 GeV. The
MeV (lower energy photons miss the calorimg¢tén the  fractional correction to the unpolarized cross section
maximum energy of 13.62 GeV. The ordef-analyzing ¢\ "/o'® is shown as the solid curve in pde) of the figure.

power and the fu” Ordea‘?’ Correction are It increases from_ 16% near the endpoi_l’lt t61.2% at the
beam energy. Superimposed upon this is the contribution of
AE0)=0_1838 (49) thee e*e™ final state which is kinematically constrained to
the region 34.36 Ge¥ E;,;<386.1 GeV. The effect of this
Ag— A9 final state is to increase the correction to the 1.0-1.7 % level
T)E:+o_20%_ (500  in the kinematically allowed region. The correction to the
Ag asymmetry functiolA(s,;E,,) is shown as the solid curve

014010-9
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in part (b) of the figure. Near the endpoinBA is —4 (1) All of the spinor products of the form. (q) pu=(qy)
x10°" and represents a negligible correction. Due to theyiven in Eqs.(3.9—(3.10 and (C.1)—(C.8) formally vanish
influence of thee"e"e™ final state, it decreases t02.2  (they are the traces of an odd number of gamma majrices

X102 near 49 GeV then begins to increase 165.3 — .
X 10~3 near 306 GeV where it%s a 1% correction to the and should be replaced hy. () pu.-(dz) (the helicities of

asymmetry function. the u spinors are correct in all cases and the helicities of the
u-spinors are wrong in all case§ he right-hand sides of the
V. SUMMARY spinor product definitions are nearly all corréste itemsg4)
and (5) below].
The construction of a computer codgMRAD, to calcu- (2) The sign of the second term in square brackets on the
late the cross sections for the spin-polarized processes  right-hand-side of Eq(3.5.1) in the preprint is incorrect
—e y,e yy,e e"e to ordera® has been described. The [—s,(p2.9")--- should be +s,(p,,q")---]. Unfortu-

code is based upon the work of Tsai, DeRaad, and MIIn  nately, a serious typesetting error in the published version

for the virtual and soft-photon corrections. The hard-photorsigpificantly altered the equation. The correct equation
photon corrections and the application of the virtual correcnould read as follows:

tions to arbitrary electron spin direction are based upon the

work of Gangora and Stuafi3]. The calculation of the cross D.._(q,p2:9",p,:9",P1)
section for thee e*e™ final state was performed by the
author. As implemented, the code calculates cross sections S+ (P1,P2)S—(P1,9)

for circularly-polarized initial-state photons and arbitrarily ==
polarized initial-state electrons. Final-state polarization in-
formation is not presented to a user of the code but is present
at the matrix element level. The modification of the code to

S+(P2,9)S+(P2,9")s-(pP1,9")

y s+ (p1,9")s-(p1.P3)
2

extract this information would not be difficult. m
The ordere® corrections to the longitudinal polarization — —
asymmetry calculated bgoMRAD agree well with those of XU_(P1)bpu-(p2)u—_(q’)pau-(p2)
Veltman[4]. However, the ordet corrections to the unpo-
larized cross section calculated lmypMRAD do not agree +5.:(P2,9")s_(P1,p2)u—(q")pau—_(p2) |-

with those of Veltman.
The application of the code to the SLD Compton polar-
imeter indicates that the ordes? corrections produce a frac- (3) The sign of the fourth term in square brackets on the
tional shift in the SLC polarization scale 6f0.1%. This right-hand side of Eq(3.6.)) is incorrect [-s,(p»,q’)- - -
shift is much too small and of the wrong sign to account forshould be+s, (p,,q’)- - -].
the discrepancy in th&-pole asymmetries measured by the  (4) The right-hand side of the first of Eq&3.6.2 is in-
SLD Collaboration and the LEP Collaborations. correct. The quantitiep, and p, should be replaced by
The application of the code to the photon-based polarimand p,, respectively.
eters at the HERA storage ring indicates that the oeder- (5) The left-hand side of the second of Ed8.7.2 is

corrections also have small effect on the measurements @ficorrect. The quantityp; should be replaced bp,. The
the HERA positron polarization. The effects on the trans-jght-hand side is also incorrect. The sign of the second

verse polarization measurements are typically less thagyym should be flipped fs_(q”.pb)--- should be
0.1%. The effect upon the calibration of the HERMES IO”'+s,(q” )1 e

gitudinal po[arimeter is a somewhat 'argef 0.2%. (6) The second factor in the second term in square brack-
The application of the code to a polarimeter at a futureetS on the right-hand side of E¢@.8.1 should bes_(p;,q")
Linear Collider indicates that the ordes corrections are i/1$tead ofs_(p!.q") e b
% —\M1 '

very small near the Compton edge but increase to the 1 (7) The fourth factor in the fourth term in square brackets

level elsewhere. The e*e™ final state contributes signifi- . : A
cantly to the net corrections, on the rlght-halnd side of EdC.7.1) should bes_(p,.q’)
instead ofs_(p,,q).
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APPENDIX A: ERRATA [z]The following typographical errors were found in Ref.

The following typographical errors were found in Ref. (1) The signs of two of the tree-level helicity amplitudes
[3]: given in Eqgs.(5) are incorrect. The signs of the amplitudes
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f@)(—+;+—) [the third amplitud¢ and fP(—+;++) P.=—(p+Q)=p’—q (B2)
[the fifth amplitudé should be reversed.
(2) The sign of the order? amplitude f*)(—+;+ —)

defined in Eq.(8) should also be reversed. P,=0q—p=p'+Q. (B3)
APPENDIX B: THE MATRIX ELEMENT Using the techniques described in Re&f] and the Chish-
FOR e~ y—e ete” olm identity [7],

The matrix for the process e (S)y(\)

—e (s')e*(s)e (¢") is calculated from the two amplitudes T +(G1)Y,Ua (Gp) = 2[ U (g2) U (gy) + U= (a)U=(92)],

for the processy(\)—e*(s)e (s’)e"(s)e (s”) shown in (B4)
Fig. 2. This formulation is chosen so that each term in Eq.
(24) has exactly one negative momentum. The internal mo:

t t htf t luate th lit dD
menta shown in the Fig. 2 are defined as itis straightforward to evaluate the amplitudsg, andD, .

Unfortunately, the exact form for each of these functions
o depends upon the initial-state photon helicky They are
Q=p"+p (B1) listed below:

24/2¢3
—2p’-qQ%s,(q,q)

D1.(p,s;p,S;p’,s;p",8") = s_(p3,9)S;(P1,P2)s:(a,p1)s_(Pj,p2)

+5,(9,p1)s_(P1,P3)S_(A,p5)S: (P1.P1)+5_(P5.4)S+ (P1,P1)[S+(Q,p1)S_(P].Ps)
+5,(0,p5)S_(P5,Py) —S:(4,9)s_(q,p5)]

$:(9,p)s—(P1,P5)S+(P1,P2)S—(P3,P2) , L — , —
R zm; - 22 [5-(0,py)S+ (P1.Pa) +5-(0,P)S. (P5.P1)]

s_(p7.p3)s+(P2,p1) X _
+ == ; : 1(S-(pé.q)S+(p1,pz)8+(q,p’1’)s_(p2,p2)

m
+5,(9,p))S_(P1,P3)S_(9,P2)S+ (P, P1) +5_(P3,a)S+ (P}, PS4 (G,P1)S_(P],P2)

+5,(9,p4)S_(P5.P2) —S+(9,9)s_(q,p2)]

. $:(Q,p))S_(P1.P5)S+(P1,P2)S_(P2,P2)

2 [s_(q,pi)s+(p1.p’l’)+s_(q,pé)5+(p£,p’1’)])]

(B5)

2./2¢3
—2p’-qQ%s_(q,q)

Di-(p,s;p,s;p’,s';p",8") = s_(p3,Q)S:(P1,P2)S+(,p1)S_(Pj.P2)

+5,(9,p1)s_(P1,P3)S_(,p3)S:(P1,P1)+5_(P5,Q)Ss (P1,P1)[S+(A,p)S_(P1.Ps

, (9,p1)S-(P1,P2)S+(P1,P2)S—(P3,P2)
+5..(0,p2)s-(P3,p2) ]+ e - m;

X[S_(0,p1)S+(P1,P1) +5-(4,p5)S+ (P5,P1) —S_(,4)s:(q,p1)]

S_(p7,p3)S+(P2,p1) s .
+ : Zm; - (s(pz,q)&(pl,pz)&(q,pl)s(pz,pz)
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+5,(0,p1)S-(P1,P3)S-(Q,P2)S+ (P],P1) +5-(P5,@)S+ (P}, P1)[S+(a,P1)S_(P1,P2)

S (0,p)S_(P1.p3)S+(P1.P)S_(P2.P2) -,
> [s-(d,p1)s+(P1,P1)

+5,(0,p3)S_(p5,p2) 1+ m

+s_<a.pg>s+<p;.pz>—s_<a,q>s+<q.pz>])] (B6)

2./2¢3 f

——1 —s_(p1,P3)S+(,p1)s:(p,P1)S_(Py.q)
~2p-q Q%,(3,0)| v R

D2+(D,S;ﬁp’,s’;p”,s”):

+8,(P1,P2)S_(0,P2)S_(P3,P3)S+(P1,0) —S1(q,p1)S_ (P, PSS+ (P1,P1)S-(P1,Q)

S.(P1.P1)S—(P1.P5)S+(P1,P2)S_(4,P>) , .
. [s_(p}.0)s.(0.,0)

+54(P1,P2)S- (P2, 0)]— -

”n ~ " R S,(p" ,p//)s (52 ,EL)
—S_(P3,P1)S+(P1,d) —S_(P3,P2)S+(P2,Q) ]+ 1 2m2+

><( —S_(p1,P5)S+(a,p1)S+ (P1,PY)S—(P2,0) +54(P1,P2)S-(4,P2)S_(P3,P2)S+(P],Q)

—S_(p3,P2)S+(Q,P1)[S+(P},P1)S_(P1,a)+ 5+ (P,P2)S_(P2,9)]

S+ (P1,P1)S_(P1,P2)S+(P1,P2)S-(AP2)  — - _ .
S e e 2 s (2,05 (9,8) —S_(p2.p1)S: (P1,0)

m

—s_<52.p2>s+<pz,a>]>] (B7)

2./2¢3
-2p-q Q@s_(q,q)

D, (p,s;p,s;p’,s’;p",8")= [ —s_(p;,p3)S+(a,p1)s+(p1.P1)S_(P5.Q)

+8,(P1,P2)S_(0,P2)S_(P3,P3)S+(P1,a) +5: (4, P1)S_(P3,P3)[S+(P1,9)S-(9,Q)
—5,(P1,P1)S_(P1,0) =S+ (P1,P2)S_(P2,a)]

s:(P1,P1)S-(P1,P3)S+(P1,P2)S-(Q,P2)
e fnz — 2 [S_(Py.P1)S+(P1,0)+S_(P5.P2)S+ (P2, 0)]

” n

s_(p}.p4)s:(P2,P1) o
o 1(—s_<p1,p§>s+<q,pl>s+<p1,pa’)s_(pz,q)

m
+8,(P1,P2)S-(0,P2)S-(P5,P2)S+ (P}, ) +S_(P3,P2)S:+ (a,p)[ S+ (P],a)s-(9,q)
—s,(p].P1)S_(P1.0) — S+ (P},P2)S_(P2.0)]

S.(P1.PDS_(P1.Py)S:(P1,P2)S_(Q\p2) . — _
+ = : 22 S 2[s_(pz,p1)5+(p1,q)+s_(pz,pz)S+(pz,q)])].

m

(B8)

014010-12



COMPLETE ORDERe® CALCULATION OF THE CROSS ... PHYSICAL REVIEW D 58 014010

APPENDIX C: OPERATIONAL DETAILS mass frame using E¢14) and Eqs(28) and(29) to calculate
the event weight®V; and W, (W, and W, are always re-
turned as @ The five quantitie€,,, cosé,, ¢, E, and¢/,

are chosen according to the density functid® as follows:

The Fortran-codecOMRAD [14] consists of a main pro-
gram COMRAD that controls the three weighted Monte Carlo
generatorscOMTN2, COMEGG, and COMEEE These perform
integrations of the cross sections for teey, e yy, and
e e"e” final states, respectively. All three generators use a Ni/i C

- - (5) ' Q! o trial e
common set of conventions, input parameters, and a com- P (Ee, e Ey®))=
mon interface routine called/GTHST. The routinewGTHST

A -2 Egnax_'_ Er;ﬂn_ Eé

permits the user to accumulate event weights in a manner 1 1

that is appropriate to his/her needs. Note that all quantities XC| =+ ———|,
discussed in this section are assumed to be of Rgpa*8 E, EJ+EJ"-E)
unless otherwise specified. (C2)

1. The program COMRAD where:Ny, is the number of generated tridlome are later

The programcoMRAD initializes all quantities and se- discardegt E¢'®* and ET®* are the maximum electron and
quentially calls each of the event generators. Communicatiophoton energies in the cm framg™" is the minimum pho-

. Y
with the generators occurs through tloWTROLY common  gn energy in the cm frame; art], andcy are normalization

block which is specified withincOMRAD. This common  constants given as follows:

block contains the variables: EB, EPHOT, XME, XMG,

KGMIN, ALPHA, PI, ROOT2, BARN, SPIN3), LDIAG,

LBF, and NTRY. 1
The variables EB and EPHOT specify the energy and Ce= v — e

laboratory frame to be used in the calculation. It is assumed In[(Ee¢™+E, " —m)/E} ]

that the incident electron is moving in thiez direction with

an energy EB GeV (EBm). The incident photon is as-

sumed to be moving in the-z direction with an energy _ 1

EPHOT GeV. The spin of the initial-state electron is speci- Cy= 2In[ EMYEMIN’

fied in its rest frame by the three-vector SP3N The maxi- Y Y

mum energy of additional soft photons and the minimum o ) ) o

energy of hard photons is also specified in the electron resth® minimum energy in the cm frame is related to the mini-

frame k™") by the variable KGMIN. The integer variable MUm photon energy in the initial-state electron rest frame as

Y .
NTRY sets the number of trials for each of the event genfollows:

erators(COMTN2 andCOMEGG generate NTRY trials whereas
COMEEE produces smaller event weights and generates min. M
NTRY/20 trial§. The logical flags LDIAG and LBF activate BT E S (€9
the calculation of the Tsai-DeRaad-Milton and Brown-
Feynman expressions for the corrections to the unpolarized .
cross section itoMTN2 (for diagnostic purposésThe com-  Where Ecy, is the total center-of-mass energy. Note that a
mon block EONTROL/ also contains several constants usedPNoton ?n’m'tte‘j in the cmmfirna_me in thez direction with
by the generators. energyE,"™" has an energlc, " in the electron rest frame. If
emitted in any other direction, it has a smaller energy in the
electron rest frame.
After all five variables have been chosen, the electron and
The subroutineoMTN2 simulates the two-bodg™ y final  photon energies are checked for consistency with three-body
states. The calculation is carried out in the center-of-masginematics(the angled,, between the electron and photon
frame using Eq.(19) and Egs.(26)-(29) to calculate the girections must satisfy the conditi¢eos 6,,)<1). If this con-
event weightaV;-W,. The density functiop®(Q,) is cho-  dition is not satisfied, the trial is discarded. If it is satisfied,

(C3

(C4

2. The generatorCoOMTN2

sen to be uniform in the polar variables aisand ¢, the four-vectorsp’, q', andq” are generated. The photon
energies in the initial-state electron rest frame are then cal-
N, . culated and if either is found to be less tHdfi", the trial is
200"y = trial C1 . . . . . .
P (Qe) an (Cy discarded. The kinematical boundary of the integration is

therefore exactly the same as the one that defines the upper-

limit of the soft-photon integratiofand the functiord). The

integrated region is thus the complement of the soft-photon

region and the sum of the cross sections returneddyyTn2

and comeeG is independent ok”"". The event generation
The subroutinecOMEGG simulates the three-body™ vy  procedure retains approximately 60% of the generated trials

final states. The calculation is carried out in the center-ofover a wide range incident electron and photon energies.

whereNyiq is the number of event trials.

3. The generator COMEGG
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4. The generator COMEEE matics(the anglef. o» between the electron directions must

The subroutineoMeEEsimulates the three-body e*e~  satisfy the conditior{cos fye|<1). If this condition is not
final states. The calculation is carried out in the center-ofSatisfied, the trial is discarded. This procedure retains ap-
mass frame using E25) and Eqs(28) and(29) to calculate  Proximately 70% of the generated trials near thee'e”
the event weight&V; and W, (W; and W, are always re- threshold.
turned as D The five quantitie€,, cosé,, ¢, E., and¢g
are chosen according to the density functid® as follows: ) )

5. The interface routine WGTHST
Nirial (C6) The routinewGTHST allows the user to accumulate the

4727 (ED¥™*—m)?’ information needed for his/her purposes. The routine is

called by the main program once before any event generation
whereNy, is the number of generated triglsome are later to permit initialization. It is called by each of the event gen-
discardedl and EJ'®* is the maximum electron energy in the erators(COMTN2, COMEGG and COMEEE) at the end of each
cm frame. Note that the use of uniform phase space workevent trial. And finally, it is called by the main program after
well near thresholdthe polarimetry cagebut is inadequate return from the last generator to permit the information to be
at very high energies. output.

After all five variables have been chosen, the electron All communication with the routine occurs through the
energies are checked for consistency with three-body kineargument list,

CRORAAR

SUBROUTINEWGTHST(IFLAG,NEM,PP,NGAM,QP,NEP,PB,WGT

where IFLAG is an integer flag which indicates the initialization €@l an accumulation calll), or the output cal(2); NEM

is an integer which indicates the number of electrons in the final &labe 2); PR4,2) contains the four-vectors of the NEM
electrons in the laboratory frame; NGAM is an integer which indicates the number of photons in the fing0-&a©®P(4,2)

contains the four-vectors of the NGAM photons in the laboratory frame; NEP is an integer which indicates the number of
positrons in the final stat® or 1); PB(4) is the four-vector of the positron; and W@ contains the four weightg/;-W,

defined in Eqs(26)—(29). Note that the event weights have been defined such that correctly normalized total cross sections are
obtained by summing the weights exactly once per calwtrHsT. The calculation of final-state particle yields therefore
requires that the weights be accumulated each time the given type of particle is encountered.
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