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Charged pion-pair photoproduction and electroproduction on the proton up to 1 GeV

Saro Ong and Jacques Van de Wiele
Institut de Physique Nucdére, IN2P3-CNRS, UniversitRaris-Sud, F-91406 Orsay Cedex, France
(Received 29 June 2000; published 24 January 2001

An effective Lagrangian approach for double pion photoproduction and electroproduction on the proton
developed by the Valencia group is improved in a covariant relativistic way. We obtain reasonable agreement
with available experimental data for charged pion-pair channel from threshold up to 1 GeV. The role of the
D15(1520) resonance in this channel as an intermediate state is also discussed. This approach is applied to
calculate ther™ inclusive cross section.
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[. INTRODUCTION and electroproductiofl4], we suggest a covariant relativis-
tic approach to this problem, rewriting the coupling of pho-

The yp— ot 7=~ p reaction was investigated first in Ref. tons and pions to nucleons and resonances using effective
[1] using five Feynman diagrams in the framework of theLagrangians, and we derive the Feynman rules for the differ-
gauge-invariant extended one-pion exchange mechanismant diagrams at the tree level. The spinors of the nucleon and
They obtain reasonable agreement with experimental datde resonancesA(and D) are treated in a covariant rela-
from the Aachen-Berlin-Bonn-Hamburg-Heidelberg- tivistic way; this is not the case if12]. The A resonance is
Munchen Collaboratiof2]. considered as an intermediate state in the various Feynman

All possible double pion photoproduction reactions on thediagrams involved. This means that theis treated as a
nucleon have been studied by the Valencia grf8lpusing  propagator and for the spin 3/2 particle, we adopt the pre-
effective Lagrangian and incorporating a set of resonancescription of Rarita-Schwingdrl5], whereas the approach in
A(1232), P411(1440), andD4(1520). These predictions Ref.[12] uses the nonrelativistic propagator of the nucleon
have been found to be consistent with all available datandA resonance.

[2,4,5. Some discrepancies remain jp— 7" 7°n and yn The large coupling of th® 15(1520) to the photon and the

— 7~ 7%p channels, recently measurggl. The role of the gauge invariance of the electromagnetic current in the
D,sresonance and in particular its interference with thepresent paper are largely inspired from the previous work of
dominant components of the proce@&oll-Ruderman[7]  Garcilazoet al. [16].

and pion-pole termsis emphasized. In addition to single  This study has been also developed for the parity violat-
pion photoproduction, where tHe,5 plays an essential role ing elastic electron-proton scattering experiment GO, in the
in the second resonance region, the double pion channel dhackward scattering configuration planned at TINAF],

lows one to investigate the relative phase of this resonance tith an electron beam energy in the range of 0.335-0.940
those of different amplitudes involved through interferenceGeV. Effectively, arr~ coming from double pion electropro-
terms. duction channel can simulate a scattered electron; such pro-

The predictions of the authors of R¢8] are compatible cesses in principle could introduce important background. In
with the invariant mass spectra measured for fe¥) sys-  this study, the\ is not considered as a final state, this allows
tems from theyp— 7 7~ p reaction, both on hydrogen and one to control the angular distribution of the pions coming
deuterium(6]. from A— 7N decays.

A recent dynamical model for the resonandegl232), The 7~ inclusive cross section is evaluated without a
D;5(1520) and thep meson[9] can reproduce theyp  zero electron mass approximation and the polarized electron
— " 7%n data. However, a finite range form factor was vertex is considered in an exact way.
given to thepwm vertex. Our paper is organized as follows. In Sec. Il we develop a

Another interestingyp— m°#°p reaction close to thresh- model for double pion photoproduction and electroproduc-
old has been used to test the heavy baryon chiral perturbatidion from threshold up to 1 GeV. Comparison is made with
theory[10]. The main result of this investigation is the en- available experimental data to check the consistency of our
hancement of the production cross section due to chiraknalysis. In Sec. Ill, we estimate double pion electroproduc-
(pion) loop corrections. tion contribution in the kinematical configuration of GO ex-

The precise measurements performed or planned at Maireriment. We summarize the main result of our analysis in
with the large acceptance detector Daplifg], at ESRF  Sec. IV.
with Graal[11], and at TINAF would clarify the role of these
resonances and_the chiral Ipop corrections near threshold in |, voDEL OF DOUBLE PION PHOTOPRODUCTION
double neutral pion production char_mels. _ _ AND ELECTROPRODUCTION

In the present study, we reexamine the charged pion-pair
photoproduction and electroproduction on the proton which We reexamine the reactionp— 7" 7 p in order to
is largely investigated by the Valencia groly12,13. Fol-  check the consistency of our analysis. For this channel, we
lowing our previous study on single pion photoproductiondo not implement unitarity in the final states and we assume
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FIG. 1. Feynman diagrams of the main contributions fqr FIG. 2. The set of other Feynman diagrams f@— 7" 7 p

—a* 7~ p which have aA in the intermediate state. included in our mode(see text

that the contribution of the diagrams containing am ver- glrzjd (E:SO :;)0 reproduce the data, in particular near the thresh-
tex is negligiple a_t these energies. However, i_n %rder to re- Thegémblitude calculations of double pion photoproduc-
frodu;:i-thhe mvsntant mass-spgclittia for th,e (Z)T ™) ?ys- tion has been performed by numerically evaluating the ma-
em at higher pnoton energies in he—aap reac 10N, trix elements. We emphasize the agreement between the dif-
the authors of Re{9] predict an important role of the inter- ¢ et | agrangian terms used in this study and those in the
mediate excitatiorpN state, assuming a finite range form previous paper on one pion electroproductias].

factor to thepmr vertex. The cross section for thep— =" 7 p is given by a dif-

In the energy range in which we are interested, fromferential form with respect to the outgoing pions:
threshold up to 1 GeV, the effective Lagrangian model

should be applied in detail with good accuracy. Expressions d5o7
of the interaction Lagrangians are displayed in Appendix A— " "
In Appendix B, we derive the corresponding Feynman ruleflE;-dQ7-dQ 7.
at each vertex of the diagrams shown in Figs. 1 and 2 re-

% %
quired in the reaction of our interest. The main contribution — _ 1 1 [po| |pﬂ+|3
comes from the diagrams in Fig. 1, in particular the Kroll- (2m)> 32W E* |priER+EX (pri+ptipr)
Ruderman and the pion pole terms. Let us notice the impor- " R oo
tant role of theD; resonance which interferes with the X (| M|?). (1)

dominant term, allowing one to get information about the
sign of thes andd wave amplitudes oD 5—AN. The set of The different variables in Eq.l) are expressed in the cm
diagrams in Fig. 2 is needed to preserve gauge invarianctame of the photon-target protolV is the photon-proton
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[ oo m T The expressions df?(Q?) andF5(Q?) are given in the
140 | %  ABBHHMCol.(2) ] following form:
I 4 F. Carbonarg et al. [4) ]
F 1 GR+ rGP
120 F © Daphne (5] 4 p 2y _ E M
- [ FIQ)=—F— (4
g. L 4
< 100 + .
< 3 ] GD _GD
S P(O2)= M “E
g FRQY=—1— 5
” 80 -
8 with 7=Q%/4M?, GPy=u,GR (1p=2.793).
5 60 The Q? dependence of; andG, is taken in the simple
it I monopole type:
40 | 1
Gl(QZ):Gl(O)—QZu (6)
20 1+P
0 [ e ""ZN N P BT R B 1
300 400 500 600 700 800 900 G,(Q%)=G,(0) _ @
E, (MeV) 1+%

FIG. 3. Total cross section prediction fap— 77 p as a o
function of the real photon energy. For the delta resonance, we follow the prescriptions of the

authors of Ref[12]
center of mass energfy is the energy of the recoil proton

A2y P2
and{|M|?) is the mean value of the absolute square of the F1Q9)=F1(Q%), ®)
invariant matrix element foyp— =" 7~ p, taking into ac- A mon Pl A2
count all helicity states of ingoing and outgoing particles. Gun(Q7) = maGE(QY). ©)

For the construction of electromagnetic currents for reso; e
T ; . .In the case ofA
nance excitation in double pion electroproduction, appropri-_ 1.62u
P

ate form factors must be considered to preserve the gauge -, 'i/o pion-pole diagram in Fig. 1, the exchanged pion is

invariance. To implement th@? dependence, the Lagrang- . )
ian terms(A7) and(A10), given in Appendix A, should con- off-shell and we use a form factor of the monopole type:

, we use the experimental valyg,

tain a third term with an additive form fact@;. For ex- A2—m?
ample, the term{A7) is replaced by F.(pd)=———0F,
T AL
1 -
Lonp, =~ m‘l"ﬁm(gpﬂ%_gpvm){ﬂ 1} Fe with A ,=900 MeV. The Kroll-Ruderman and the{ A)

diagrams in Fig. 1 are affected by the same factor which is
y — . motivated to preserve gauge invariance.
+—2‘If’513(ngP#—gpﬂPy){r, 1 \F~Y The contributions of each vertex in Appendix B are now
8M well defined and one can write down the differential cross
G section for the double pion electroproduction as being
3 5, v v
+W\p%l3l(gpugv,u(9ﬂl:ﬂ _gpvg/.wavFM )
=TI
N 2 * * * * * * !
X{T,l}\I,N‘{‘ H.c. (2) dEe dQedE’IT7 dQTT7 dQTr+ dE7T7 dQ'n'* dQW+ (10)

déo d°a”

The parametrizations of these form factors are investi- 5 " * % . .
gated in Refs[12,18,19. In the kinematical region where Whered“o?/dE.—dQ7_dQ7. is the V|rtu+al photoproduc-
(Q2~0), one can neglect the term containiég. We adopt tion cross section Qf the proces p—p#w 7~ andl is a
this strategy to suppress another free parameter introducdgown flux factor given by
by G5 in our analysis.

We assume the dipole type for the electric form factor: = @ E_é E 1 (11)
2m° Eq Q?1-=
Q2 -2
P_— =
GE—(“ Az 3 in the limit m,=0. Q2= —q?=2E.E.(1—cosf) and W2

=M?—Q?%+2M(E.—E.), whereE, andE/, are the labora-
with A2=0.71 Ge\f. tory energies of the incident and scattered electronMrisl
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FIG. 4. Cross section of,p— 7" 7 p as a function ofQ?. E. (Gev)

FIG. 5. Differential cross sectiom?s/dE_ - dQ,- for ep
the mass of the protorEy= (W2— |\/|2)/2M is the laboratory —epw 7 versus ther™ laboratory energy, and for two values of
energy necessary for a real photon to excite the hadronithe electron beam energ428 and 810 MeY. Solid line: 6,
system with mas# to the cm energyV, and the quantity ~=60°; dashed lineg,=100°; and dash-dotted liné., = 140°.

e=(1+2|q|?tarf(6,/2)/Q?) ! characterizes the transverse
polarization of the virtual photon.

One can integrate Eq10) over the pion variables and
rewrite the differential cross section for electroproduction e investigate the double pion electroproduction channel
with the invariant quantitieQ” and W, in the following a5 an important background source for the GO experiment
form: which is planned at TINAF to measure parity violating

asymmetry in elasti@p scattering. In this experiment, the
2 W parity-violating asymmetry will be measured at forward and
o 7 2 2 backward angles in order to perform the precise Rosenbluth
dQ%dW M EeEéF[GT(Q W)tea (QW). (12 separation oG£ andG§; , the neutral weak electric and mag-
netic form factors of the proton. The strange quark form
factorsGg y, can be related to th@éM and the electromag-
or(Q%W) and o (Q? W) are the proton absorption cross netic form factors of the nucleo@??, :
sections for transverse and longitudinal polarized virtual ’
photons respectively. In this form, a comparison can be made
with available dat§20] on the double pion electroproduction Gé =
reaction with 0.3xQ?<1.4 GeV and a range of 13W '
<1.5 GeV(Fig. 4). We have averaged the cross section val-
ues calculated between x3< 1.5 GeV. The data point at The forward angle asymmetries in differe@t bins from 0.2
Q?=0 in Fig. 4 is obtained by averaging the experimentalto 1.0 Ge\? will be measured simultaneously utilizing a
data[5]. The agreement with the data is very good. Forbeam energy of 3.2 GeV.
higher values oV (W>1.5 Ge\j, our model cannot accom- The backward configuration measurements for e@éh
modate the data; the®-production channel is found to be point will require a different beam energy in the range of
important [20]. This shows the validity domain of this 0.335-0.940 GeV. Only the scattered electrons are detected
model, which is the same as in the photoproduction channedt 6,=108°. The =~ contamination coming from double
(Fig. 3. pion electroproduction channel is important for extracting

It can be seen that a reasonable agreement with the datatlse tiny asymmetry term with high accuracy. We have shown
obtained with our model for different kinematical regionsin the previous section that our model can offer valuable
both in double pion photo and electroproduction. We arepredictions for this channel in this range of energy.
going to discuss, in the next section, thé contamination For an accurate estimation of this contamination, we need
in backward scattering configuration of GO experiment. to calculate the cross section

Ill. PION CONTAMINATION IN ELASTIC ep
SCATTERING

1 S
Z_S|n2'9W Gem~7Gem— 7Cem- (13
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d30 momentum of ther ™ in the same framep,,, p., andp,,- are
— the momenta of the incident electron, scattered electron, and
dE,-dQ,- the 7w~ in the laboratory frame, respectively.
Ao We display in Fig. 5 thé= .- dependence of the differen-
:f dE.dQ.dO%, tial cross section foep—epw*x~ at different values of
dE,dQ.dE, - dQ .- dof ¢ i 0.,-. Two values of the electron beam energy are selected,
corresponding t@Q? values of 0.3 and 0.8 Ge&V
Special attention to very smal)? values permitting an
exact consideration of effects with nonzero electron mass is
very important here, given that the main contribution to the
photon spectrum is due ©2%=0.

ot

(14

whereE - and ) - are the laboratory frame variables of
the ~, while thleﬁ+ is the solid angle of ther” in the

(7" -proton center-of-mass frame: We emphasize the important effect of the electron mass
8 (mg#0) in the integral calculation of Eq14). The factor-
d°o ization formula(10) can be used to estimate this cross sec-
dE.dQ.dE, - dQ - in+ tion with caution. The popular virtual photon spectrum con-
cept [21] is useful to extract the electron induced cross
1 1 |pallpa-Ip s , section from the photon induced cross section.
~2n® a5y Wa (JM|?). In this study, the virtual photon spectrum concept is ex-
e

tended to the case of a polarized electron beam. For(i0ja
(15) should then be rewritten allowing for an incident electron
_ helicity h, a scattered electron helicity and the helicities of
Wg is the (7" -proton center of mass energ]u5+ is the  the nucleon target and recoil nucleby, hy, respectively,

d®oy, 1 |5_.;||5f7-| o3 M2 19

dE,dQ.dEX dO* dO*. 1282m)°|p | M |p*2EX+E* . (p*2+p%.-pi )|’

with
|M[P=+0_1 12 |A{1y(h,h")[2+ 011> [Apy(h,h)[?+2 R{OME A[u(h,h')Arl](h,h')}
h/ h/ h/
+2 Re{o_w% A(-1j(h,n" ) A% (h,h") | +2 RE{OQ% Aroy(h,h")A%;(h,h") +00,0§ Ay (hh)[2 (17)
[
In the y* p c.m. frame the virtual photon polarization vec- d8o d5o”

—T- ,
dE,dQ dE; dOY dOQY. dE. dQ} dOT.

tor s'ﬁ\] reads as

1 1 (20
(A% * —- 1 —i
8[01_Q(|q ,0.085), &= \/5(0'+1' L0 (18 yhere the flux factor reads as
The hadronic tenso®, ., calling \,\'=0,+1 the helici- F:i @E = 21)
ties of y, is expressed in terms of the hadron current matrix 87 |p| 7 "
element] ,(hy,hy) in the following form:
and
O, /= elig*” 3 (hy,hi)J* (hy,hl). , ,
A MEhZh Baendu(n )Ty () Furn= 3 [IAm (00" 2+ A )P (22
(19) nh
Let us remark that the Hermiticity relatio@)\,,}\=0)*\’}\,, virt:ﬁ(x1+x2+x3), (23
entails formula(17). Q%q|
In the limit Q>—0 and with an unpolarized electron by ) PR
beam, the formuld16) is reduced to a factorization form —Q*=0°=2[m;— (EcE¢—|pel[pelcosfe)],  (29)
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2 2
X[AfcoS(6:/2) + BIsin(64/2)], (27) APPENDIX A: LAGRANGIANS

X3=4Y|pelsi(0J2)coS(0J/2[ AT-BT], (28 L= VNy"y°0,b Ty, (A1)
g > 2P ST F2 v
V=|pel—|pil+2|pL|sir?(6:/2), (29 Lnn=—e¥y F17MAM_WU” A, VN, (A2)
= ’ _ 1 fr— - -
A= V(Eot Me) (Be=mo) + V(B me) (g —mo). 0 Lonny= =10, Wy y°A, b Ty, (A3)
Bi= \/(Eé-i- me)(Ee—me)—\/(Ee+ me)(Eé—me). @1 EWNA_ngA glw(-[—+ V(Z)‘PN—’— H.c., (A4)
In the limit (m,=0), h=h" and the expression of the flux LoNan= —iqwq_’AuA“(<5'f+)‘1’N+ H.c., (AS)
factor I' coincides withI" given in Eq.(11). Formula(20), )
with nonzero electron mass, is numerically included in our Lony=i€(d10 b= 110" P )AL, (AB)
code for multipion electroproduction channels.
The realistic estimate of this background requires knowl- _ Gl oy

Lonp..= — =0, 13w (A
edge of the collimator geometry and the magnetic field con-~ "NP13 4|V| D15(9p¥s ™ Gpr Y Hr 1

figuration. This will be done by the GO Collaboration. A G
uasielastic measurement on a deuterium target is also 2 — > »
q 9 +—V8 (9,,P,—9,,PHT 1L V\F*"+H.c.,

planned at TINAF. The asymmetry term is more sensitive to gm2 P13
the axial electric form factoGy and less sensitive to the

Gy - Thew™ can be produced from the neutron in deuterium (A7)
via en—epw . This channel is largely investigated in the = — S o=
literature. Lo pan=1fp,a7V0, 9ud - TV

ng’a‘A

IV. CONCLUSIONS

w (2,0,67) TY +H.c., (A8)

w

In this paper, we developed a model for double pion pho-
toproduction and electroproduction on the proton, selecting fo— .
diagrams which have A in the intermediate state as well as Laan=— " V30,07,0" ¢ TAWE, (A9)
those withoutA. We obtain good agreement with available m
photoproduction data and a reasonable agreement for the G, — )
electroproduction channel, assumng&am the final state. Lona=— m\lfg(gpﬂfyv—ngyM)y5T+‘IfNF“V
The important contribution from the ;5 through its interfer-
ence with the Kroll-Ruderman and pion pole terms is an

essential ingredient in this study. It would be important to +_GZ \l_fg(g P,—9,,P,)y° T ¥ F*"+H.c.,
. . . . 2 pr. um ppt v

have electroproduction data where theis not in the final 8
state to check the assumptions of our model. Such measure- (A10)
ments are planned at Graal and also at TINAF.

The pion contamination in elastép scattering for the GO - A
experiment is manageable. On the basis of our analysis, the , aa=—e1 Y30, Fi?’ 2 U”pﬂpAV)‘PK-
event generator foep—epw" 7~ can be constructed. Our 2My

code contains an original procedure to connect the photo- (A11)

and the electroproduction of multipions without introducing -

the virtual photon spectrufi2l1]. This method is very impor- ¢ ¥y, Wy, Vo, A, are the pion, nucleom, D43 and
tant in the exact consideration of effects with polarized elecphoton fields respectivelyr and T* are the isospin 1/2 op-
tron beams. Our event generator can be used in full detect@rator and transition isospin operator from 1/2 to 3/2. For the
simulations. pion fields, ¢, createsr ™ and destroysr~ and ¢;_; cre-
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ates7~ and destroysr'. The four-momentun® in Egs. v Gy oy v
(A7) and (A10) is defined aP=py+ pr Wherepy and pg VIND, = 'W(q Y- d4g"")
are the four-momenta of the nucleon and resonance, respec-
tiVEly. i 2 npv_ . 1%
In these expressions, the values of different coupling con- ! 4M7[q P*=(P-q)g""], (B7)

stants ard =1, g,.na=2.06,G,=—5.57,G,=2.97 for the
yNDy3 vertex, Tp 4,=0.911, gp _4,=—0.552, andF;

. 1/~ 9o, Am
=FP, palup=exle. VIDLBAWZ_'E fo, a0+ — pé’;pw), (B8)
APPENDIX B: FEYNMAN RULES FOR DIFFERENT m
=i , B9
VERTICES Vais=iN2pgy’ (B9)
We display in this appendix some Feynman rules in the \[ . w)
case where the photon and the nuclgmmton are incoming ViNa= 2M 3(9“y"—dg
particles, while the pionr* is an outgoing particle:
Voun=—ivV2f.p.7° (B1) ' 4M2\[[q “P’"—(P-q)g"]y°, (B10)
Vi = —e FyyttiaZonrg, |, (B2) N
7 2M ViRA=—eagye| Fiy+igy-oa, | (B1Y)
Vianny= l\/_ —7 Y, (B3) In order tol obtain the amplitudes of variogs_ Feynmaq dia-
grams used in the model, we need an explicit expression of
the propagator of the spin-3/2 resonance. For sheeso-
v 1 9mna “ nance, the Rarita-Schwinger propagator reads
Vﬂ'NA_ 0= Pz (84)
V3 ms
+M 1
ZV: pz .A gﬂv__’yM’YV
. 1 gaNA pz_MA+|MAFA 3
VyNAﬂ' I —= ) (BS)
& m,
_ yupv_ pr/.L _ 2p,upv
Vi ey = —e(ph—ph-), (B6) 3M, 3am2 |
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