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tIn this note we prove that the 
ontribution of the box diagram 
al
ulated for ele
tron muonelasti
 s
attering 
an be 
onsidered an upper limit to ele
tron proton s
attering. As an exa
t QED
al
ulation 
an be performed, this statement is useful for 
onstraining model 
al
ulations involvingthe proton stru
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The problem of the two photon ex
hange amplitude (TPE) 
ontribution to elasti
ele
tron-proton s
attering amplitude has been widely dis
ussed in the past. This amplitudehas in prin
iple a 
omplexe nature. Experimentally its real part 
an be obtained from ele
-tron proton and positron proton s
attering in the same kinemati
al 
onditions. A similar in-formation in the annihilation 
hannel (ele
tron-positron annihilation into proton-antiprotonand in the reversal pro
ess) 
an be obtained from the measurement of forward-ba
kwardasymmetry of the angular distribution of the emitted hadron in the rea
tion 
enter of mass(CMS) system.Re
ently, a lot of attention was devoted to the two photon ex
hange amplitude (TPE)ex
hange amplitude in ele
tron proton elasti
 s
attering as a possible solution to a dis
rep-an
y between polarized and unpolarized measurements devoted to the determination of theproton form fa
tors [1℄. The theoreti
al des
ription of TPE amplitude is strongly modeldependent, as it involves the modelisation of the proton and of its ex
ited states.However, it is still possible to derive rigorous results and predi
t exa
t properties ofthe two photon box. Model independent statements based on symmetry properties of thestrong and ele
tromagneti
 intera
tion have been suggested in in Ref. [2, 3℄. It has beenproved that, due to C-parity 
onservation, the amplitude for e+ + e� ! p + �p, taking intoa

ount the interferen
e between one and two photon ex
hange, should be an odd fun
tionof 
os �, where � is the angle of the emitted proton in the CMS of the rea
tion. This isequivalent, in the s
attering 
hannel, to destroy the linearity of the Rosenbluth �t, i.e., the(redu
ed) di�erential 
ross se
tion as a fun
tion of � = [1 + 2(1 + �) tan2(�e=2)℄�1, where�e is the ele
tron s
attering angle, for a �xed value of the momentum transfer squared, Q2,between the in
ident and the outgoing ele
tron. This property must be satis�ed by all model
al
ulations.A se
ond possibility is to do an exa
t 
al
ulation of the box diagram, whi
h is possible forele
tron ele
tron and ele
tron muon s
attering, and in the 
rossed 
hannel (i.e., repla
ingthe proton with a lepton) [4℄. The ele
tron 
an be 
onsidered as a massless, point-likeproton. The muon 
an be 
onsidered a stru
tureless proton. Even if su
h 
al
ulation 
annot be 
onsidered a realisti
 model for the intera
tion on proton, the interest of a pureQED 
al
ulation is that the results 
an be 
onsidered as an upper limit for any 
al
ulationinvolving protons.The purpose of this note is to prove that, modelling the proton by a Q2 de
reasing form2



fa
tor, must lead to a smaller 
ontribution of the box diagram, 
ompared to the QED 
ase.We will prove this for the imaginary part of the box diagram, and the validity for the fullamplitude 
an be inferred through dispersion relations.Let us 
onsider the 
ases where the target is a proton (Fig. 1a) and a muon (Fig. 1b)with the following 
onvention for the parti
le four momenta:e(p1) + p(p)! e(p001) + p(p00)! e(p01) + p(p0) (1)where q1 and q2 are the momenta 
arried by the virtual photons,e(p1) + �(p)! e(p1 � k) + �(p+ k)! e(p01) + �(p0) (2)where k, and q � k are the momenta 
arried by the virtual photons.The following kinemati
al relations hold in the 
enter of mass frame:p1 + p = p01 + p0, q = p1 � p01 , p01 + p0 = p001 + p00, q1 = p1 � p001, q2 = p001 � p01;Q21 = �q21 = �(p1 � p001)2 = 2(~p)2(1� 
1);Q22 = �q22 = �(p001 � p01)2 = 2(~p)2(1� 
2);Q2 = �q2 = �(p1 � p001)2 = 2(~p)2(1� 
);where 
1 = 
os �1 , 
2 = 
os �2, 
 = 
os �, and �1 = d~p1~p001, �2 = d~p001~p01, and � = d~p1~p01.The 
ontribution to the Feynman amplitude 
orresponding to the diagram of Fig. 1a 
anbe written as M = 1(2�)2 Z d�(Q21 + �2)(Q22 + �2) ; (3)where � is a �
titous photon mass and d� is the phase volume of the loop intermediate state.Taking into a

ount the fa
t that the intermediate parti
les are on shell, one 
an write forthe proton 
ase:d� = d4p001Æ(p0021 �m2)Æ(p002 �M2)d4p00Æ4(p1 + p� p001 � p00)= d3p0012�001 d3p002�00 Æ4(p1 + p� p001 � p00) = d3p0014�001�00 Æ(ps� �001 � �00);�001 = s�M22ps ; �00 = s+M22ps ; (4)Finally d� = s�M28s dO001 (5)
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dO001 is the solid angle of the ele
tron in the intermediate state, whi
h 
an be expressed as afun
tion of the angles de�ned above as:dO001 = 2dQ21dQ22pD1Q20 ; D1 = 2(Q21 +Q22)Q2Q20 � 2Q2Q21Q22 � (Q21 �Q22)Q20 � (Q2)2Q20 (6)with the relation Q20 = 2~p2 = (s�M2)2=(2s). The positivity of the fun
tion D de�nes thesolid angle kinemati
ally available for the rea
tion.Therefore one 
an write the 
ontributions 
orresponding to the 'QED' diagram in Fig.1b as: M1a = 1p8s Z dQ21dQ22pD1(Q21 + �2)(Q22 + �2) (7)Introdu
ing a generalized form fa
tor for the proton, one �nds for the 'QCD' diagram ofFig. 1a : M1b = 1p8s Z dQ21dQ22F (Q21)F (Q22)pD1(Q21 + �2)(Q22 + �2) (8)Therefore the 
ondition F (Q21)F (Q22) < 1 is equivalent to the statement that the value of theele
tron-muon s
attering amplitude 
an be 
onsidered an upper estimation of the amplitudefor ele
tron-proton s
attering.Nu
leon form fa
tors are fun
tions whi
h are rapidly de
reasing with Q2. The Pauli andDira
 form fa
tors, F1 and F2, are related to the Sa
hs form fa
tors by :F1(Q2) = �GM(Q2) +GE(Q2)� + 1 ; F2(Q2) = GM(Q2)�GE(Q2)� + 1 ; � = Q24M2 ; (9)with the following normalization: F1(0) = 1, F2(0) = �p�1 = 1:79, where �p is the magneti
moment of the proton in units of Born magneton.Let us 
onsider the dipole approximation as a good approximation at least for the mag-neti
 proton form fa
tor GM , although it has been shown that the ele
tri
 form fa
tor GEdeviates from the dipole form. In any 
ase, any parametrization 
loser to the data will giveeven lower values as 
ompared to the dipole form. In this approximation, we have:FD1 (Q2) = (��p + 1)GD(Q2)� + 1 ; F2(Q2) = (�p � 1)GD(Q2)� + 1 ; GD(Q2) = [1 +Q2(GeV)2=0:71℄2(10)In Fig. 2 we show F1(Q2) (dashed line), F2(Q2) (dotted line) and the produ
t F1(Q2)F2(Q2)(solid line), whi
h are smaller than unity pra
ti
ally overall the Q2 range. The produ
tF1(Q21)F1(Q22) is shown in Fig. 3 as a bidimensional plot, and in Fig 4, as a proje
tion on4



the Q21 axis for Q22 = 0:05 GeV2 (solid line), Q22 = 1:2 GeV2 (dashed line), Q22 = 2 GeV2(dotted line).One 
an see that the 
ondition F (Q21)F (Q22) < 1 is satis�ed, starting from very low valuesof Q2. Let us stress that F1(Q2) is normalized to 1 and it de
reases with Q2, being thereforesmaller than unity; in the expression of the hadroni
 
urrent, F2(Q2) is multiplied by q�,whi
h lowers its 
ontribution at small Q2, whereas at larger Q2 it does not 
ompensate thesteep Q�6 behavior of this form fa
tor, as expe
ted from quark 
ounting rules [6℄.Therefore all model 
al
ulations for ep elasti
 s
attering as [5℄ should result in smaller
ontribution of the two photon amplitude, as 
ompared to QED 
al
ulations [4℄.
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(b)(a)FIG. 1: Feynman Box Diagram (a) for ep and (b) for e� s
attering.

FIG. 2: Form fa
tors as a fun
tion of Q2: F1(Q2) (solid line), F2(Q2) (dashed line).
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FIG. 3: Bidimensional plot of F1(Q21)F1(Q22) as fun
tion of Q21 and Q22.
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FIG. 4: Proje
tion on F1(Q21)F1(Q22) on the Q21 axis for Q22 = 0:05 GeV2 (solid line), Q22 = 1:2GeV2 (dashed line), Q22 = 2 GeV2 (dotted line).
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