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Proton mass effects in wide-angle Compton scattering
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We investigate proton mass effects in the handbag approach to wide-angle Compton scattering. We find that
theoretical uncertainties due to the proton mass are significant for photon energies presently studied at Jeffer-
son Lab. With the proposed energy upgrade such uncertainties will be clearly reduced.
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In Refs.[1-3] we have investigated the handbag approactspace and flux and of the scattering amplitude, which con-
to wide-angle Compton scattering off protongp— yp. tains the dynamics. In the handbag approach the Compton
Analogous results have been obtained in Réf. In the cross section then reals,3]
handbag approach the Compton amplitude is given by a hard
scatteringyg— yq at the parton level multiplied by soft 5
Compton form factors describing the emission and reabsorp-do  mag,
tion of the quark by the proton. The kinematical requirement dt (s—m?)2
for the applicability of this approach is that the Mandelstam

variabless, —t and —u are large compared to a typical had- (s—w?| . t . (s+w? , .
ronic scale of orderA?=1 Ge\2. This impliess,—t,—u — Rv(t)_FRT(t) + —=—Ra()
>m?, wherem is the proton mass. At Jefferson L&KL AB) |sul m |sul

there are ongoing experiments to measure the Compton cross 2)
section and certain spin transfer parameféds Presently
available beam energies are however not very high. In this ,
Brief Report we investigate, as an example, the role of 40 l€adingO(as), whereRy, Rx, andRy are the Compton
non-negligible target mass in the handbag approach. An imform factors. The one-loop corrections to the hard scattering
portant issue in this context is the way to relate the dynamih@ve been evaluated [8]. They were found to be small in
cal variables of the approach to the external kinematics, dghe Packward hemisphere and increased up to about 30% for
termined by the experimental conditions. This relation is notcos#=0.6. The Mandelstam variables t, u refer to the
unambiguous, which is one of the sources of theoretical unpartonic subprocesgq— yg. They coincide with the exter-
certainties in the handbag approach. We study three differertal variabless, t, u up to corrections of ordeA?/s. To cal-
approximations and take the differences in their predictionsulate these consistently is beyond the accuracy of the ap-
as a measure of the theoretical uncertainty, which should bproach in its present form. In particular, different choices
taken into account in attempts to extract the Compton fornfor s, t, u lead to different results for the cross section at
factors from experimental data. finite s.

The external kinematics is determined by the beam energy We investigate the numerical effects of this ambiguity in
E{ in the laboratory and by the scattering anglen the three different scenarios. For the beam energy we ke
center of mass frame. These quantities fix the external Man=4.3 GeV, corresponding te=8.97 Ge\f, where there

delstam variables by will soon be data from JLAB. We compare this with the
situation for the energ§/=12 GeV of the proposed JLAB
s=2mE/+m?, upgrade. We take the form factdRy andR, modeled in1]

using the overlap of light-cone wave functions and its con-
s nection to parton distributions and elastic form factors. From
t=— 5(1—C059)(1—m2/3)2, the overlap representation one expects a similar suppression
of Ry/Ry as for the ratioF,/F; of electromagnetic Pauli
) and Dirac form factors. For simplicity, we negleRt when
u=2m°—s—t. (1) evaluating the Compton cross section.

Scenario 1
These variables should not be changed or approximated in a

theoretical calculation. Keeping this in mind we suggest a .
separate treatment of the kinematical factors from phase s=s, t=t, u=u. (©)]
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FIG. 1. (a) The ratior defined
— 7 — 7
B \ E] =43 GeV 4 E] =12 GeV in Eq. (6) atE/=4.3 GeV for sce-
) 5| ISR . narios 1(full), 2 (long-dashey 3
. = N (short-dashed The form factors
2 2 i Ry and R, are taken from the
B model in[1] and Ry is neglected.
1 1 (b) The same folE)=12 GeV.
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The subprocess amplitude leading to E8). was calcu- internal andexternalvariables, i.e. we used scenario 3 to-
lated in the approximation of massless on-shell quarks, sgether withs=s, t=t, u=u and replacedg— m?)? with s?
that the sum of internal Mandelstam variables is zero. In thisn Eq. (3). In this case the scattering angleand the scaling
scenario this only holds approximately, singeru+t  parametes® multiplying the differential cross section do not

=2m2, correspond to the experimentally measured quantities. As a
Scenario 2 consequence both data and theoretical predictions in the
plots of [1-3] were shifted. In other words we plotted
s=s—m?, t=t, U=u—m? 4 (2mE)°do/dt against k-t/(mE) rather thans®do/dt
against co®. We realize that this is a rather confusing pro-
where nows+u+1t=0. cedure which should be avoided in future presentatiores
Scenario 3 thank Travis Brooks and Lance Dixon for drawing our atten-

tion to this problem Nevertheless, if our kinematical re-

) R S . quirements ofs,—t,—u>A? are well satisfied the expres-

s=2mE’, t=- 5(1—0050), u=—s—t. (5) sions given if1—3] are correct. The subtleties of internal vs.
external Mandelstam variables matter only for energies as
low as those currently available at JLAB, where the applica-

Notice that in this case one hast. _ tion of the handbag approach requires some care and is per-
Numerical results for the Compton cross section evalunaps more qualitative.
ated from Eq.(3) without the Ry and as corrections are Another interesting quantity is the correlation between the

shown in Fig. 1a) for the three scenarios. We plot the ratio helicities of the incoming photon and the incoming, () or
do/dt the outgoing K, ) proton in the c.m. In the handbag ap-
g

r=t4 (6) proach these parameters are given to leadda.) by [2,3]
dO'KN/dt, . .

dO'A dO’K 27Ta§|m s?—u?

h A, =K, =

e dt T dC s s
don 277'Cfglm i
dt (s—m?)? ><RA<E>( Rv<f>+ﬁRT<f>).
s+V—su

s—m? u-m? Am?t(m*—su
W - ST _umm®, _dmt(mi-su ®

u—m?> s—-m? (s—m?)?%(u—m?)? . . ..
@ The corresponding expressions for a pointlike proton are

) ] o ) o oKN KN 27Ta(29m
is the Klein-Nishina cross section for a pointlike proton. The at AlL= N
ratio r essentially measures an average 6fR()? and (s—m°)
(t?Rp)2. These spaled fo.rm fac;ors are expectgd to depend s—m?  u—m? 2m2t2(s—u)
only weakly ont in the kinematical range considered here x| = + —
[1,2]. u—m? s—m? (s—m?Z(u—m?)?2|’

For a beam energy of 4.3 GeV the differences between 9)
the cross sections evaluated in the three scenarios are mod-
erate at small scattering angles but grow up to a factor 2 fory kN 27ra§m
backward angles. With a beam energy of 12 GeV instead, theT KEF= —
ambiguities are small for all angles considered, as shown in (s—m?)
Fig. 1(b). 2 2 2.2 4

In [1-3] we plotted the scaled Compton cross section w| — s—m n u-m"__Ami(m’—su)
sbdo/dt with the squared proton mass neglected in both the u—m? s—m? (s—m?3(u-m??|’
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FIG. 2. (@) The ratioK /K[
220 o3 N of helicity correlations at E}
T T 0.6 B | =4.3 GeV for scenarios (full), 2
\3 I \';‘-\n - (long-dashey 3 (short-dashend
0.4 0.4 Ry and R, are taken from the
model in[1] and Rt is neglected.
0.2 E] =43GeV | 0.2 E] =12 GeV (b) The same foE} =12 GeV.
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which reduces toAN=KKN=(s?2—u?)/(s?+u?) in the NE
massless limit. In Fig. 2 we show the helicity correlatlon KT t)=—— = , (12
evaluated for the three scenarios, normalized to the Klein- 2m Ry(1)
Nishina value. This quantity is essentially a measure of
Ra/Ry, as can be seen from this ratio can be expressed [&
Kii Ra t2 R\t i N -1
i E v 1-— , (10) KLS_ 2my—-t 1 B 2my —t
Kie vl 2(s+u9)) Ry P T | T R
S+ \—su KT s+V-su
where we have neglectdd; and kinematic corrections of (13

orderm?/s. Note that the kinematical prefactor in brackets is

at most 0.3 for cog=—0.6 ands>m?. Figure 2 shows that A rough estimate for the quantity; can be obtained by
for present JLAB energies the uncertainties related to theonsidering the analogy between the raRg/R, and its
proton mass are sizeable, whileEf=12 GeV the effectis electromagnetic counterpaft, /F,. One may, for instance,

small. assume that
JLAB will also measure the correlatidd, 5 between the
helicity of the incoming photon and the sideways polariza- F -
tion of the outgoing proton. In the handbag approach it is (3 2;" Fa(t) ~0.37 (14)
given by[3] Toam oy T
do Zﬂaém s°—u? V-t where the numerical value on the r.h.s. is taken from the
EKLS:(S_mZ)Z 50/ 2m measurement ofF,/F; for —t=1-5.6 Ge\} [6]. (Note,
however, that on the basis of the previous SLAC measure-
Am? ment of F,/F; [7] one would rather conclude that;
x| Rp(t)+ ——=——=Ry(1) |Ra(1) (11)  =m/\/—t. For a detailed discussion of the uncertainties in
s+ V—su the measurement of the Pauli form factor $8&) We use

Eqg. (14) to estimateK, 5 in the handbag approach and plot
to leadingO(ay), with the sign convention detailed {13]. K. s/K for the three scenarios in Fig. 3. We observe that
Contrary to the previous observablég,s is rather sensitive the ratioK, s/K,, is rather insensitive to the proton mass
to the tensor Compton form facté;. It is convenient to effects already at the present JLAB enefk@y contrast, the
consider the ratid<, s/K_, where in the handbag approach predictions forK, 5 alone suffer from the same uncertainties
the form factorR, drops out. Introducing the abbreviation as for the other Compton observables discussed above

(a) (b)

FIG. 3. (a) The ratioK, s/K, |

508 0.8 of helicity correlations at E}
X e A e . =4.3 GeV for scenarios (full), 2
= ——— (long-dashe 3 (short-dashed
Q 0.4 0.4 Ry is taken from the model if1]

andRy is estimated from Eq14).
0.2 E] =43 GeV 0.2 E] =12 GeV (b) The same foE/=12 GeV.
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Measuring the ratid, /K, at present JLAB energies, and is the ratioK, s/K, which turns out to be rather insensitive

solving forKT(f) in Eq. (13) thus enables us to determine the to finite proton mass effects, and can be used to determine
ratio Rt/Ry and to test the analogy with,/F, in Eq.(14).  the ratio of Compton form factorB; /Ry . Qualitative fea-

In conclusion, we found that finite proton mass effectstures, like the sign and order of magnitude of the helicity
severely limit the quantitative test of the handbag approacleorrelationsK,, or K, 5, are not affected either. For higher
and the extraction of the Compton form factors in wide anglephoton energies as projected for JLAB the theoretical uncer-
Compton scattering for present JLAB energies. An exceptiortiainties from the proton mass become reasonably small.
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