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"Non-Rosenbluth"behavior of the proton electromagnetic form factors:
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Conventional approach to the solution of this problem is two-photon
exchange:
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@ So the "non-Rosenbluth"behavior problem can't be considered as
solved.

@ Hypothesis about CP-violation in the electromagnetic processes in
the composite systems with strong interaction.

@ Measurement of parity nonconservation and an anapole moment in
cesium. (Woods C. S. et al. Science 275 1759 (1997))

@ Measurements of electric dipole moment of the nucleons.
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In this work we suggest to analyse the results of the elastic
e~ p-scattering from the point of view of hypothesis about CP-violation
in the proton as composite system.

A_.F. Krutov and M.Yu. Kudinov "Non-Rosenbluth" behavior of the proton form factors and the v



Introduction Problems
Two-photon exchange

CP-violation
Calculation

The matrix element of electromagnetic current with regard to the
self-adjointness, the current conservation low and CP-symmetry:

(B, mlju(0)p", m') = (m|DY?(p, p')|m") x "
m’’ 1
x (m"|f10(Q%) K], + i f30(Q%) Ryu|m')

K= (p+P)us Ri=cuvnpp’ PATP(P) (2)
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o A. F. Krutov and V. E. Troitsky, Physics of Particles and Nuclei. -
2009. V.40.- P.136-161.
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Rosenbluth's cross section:
do _ (do 2 2y4an2 (¢
70 = (50) e A@) + B@)1an? (5)] (4)

Ratio of electric and magnetic form factor in the polarized ep-scattering:

RO _Gel@) _ PEXE), 0y

1wy Gu(@) P 2M 2
(da) o cos” (9/ 2) (6)
dQ/ Mot 4E2 gin (9/2)[1+2§sin2 (9/2)]’
AQ) = GE(Q2)1++TTGA24(02) ’ (7)
B(Q?) = 27G%4(Q?), (8)

where ¢ = E/M, 7= Q*/4M? = —t/4M?.

A_.F. Krutov and M.Yu. Kudinov "Non-Rosenbluth" behavior of the proton form factors and the v



Introduction Problems
Two-photon exchange

CP-violation
Calculation

The matrix element of electromagnetic current with regard to the
self-adjointness, the current conservation low and CP-violation:

(B, mUju(O)|p", m') = > (mIDM(p. pm'")(m"| [ o @) K, +
w ©)
+ (@) ip, T (P)) K, + oo @)A, + i Fo(@) R, |Im)

where
K’ K
A =Tulp) - (772 - 7;)(PA M), Ki=pP-p)u, (10)

f11(Q?) - electric dipole form factor, f20(Q?) - anapole form factor
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n exchange

Cross section of the non-polarized ep-scattering:

e G L T R,
+ £1(Q?) £o(Q?) D(r0) + F3(Q?) F(7.0)] .
where
(@) = XL TEND) L 2 gy rap ey, (12
b(Q?) = 2 g})(Q?) . (13)

F(T,9)272\E();+1) (\/1+T+1+2\E(T+1)> : (14)

_ MP(E+E') (€~ ¢ +87 +107¢)

D(r,0) 3

(1+x(1+2)), (15)

x = tan? (0/2) , &= EM/,
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Ratio of polarizability:

P gm(Q?) (E+ E') 4
F: == gIZ(Qz) on @n (5) %
. 140 (Q7)/83(0%) |
148 (A1(Q?) f20(@?)) / (gm(Q?) ge(@?)) )’

(16)

where

B VT+1 5= 1
S 8VxT (VxTHVxTHx+1) T MA(r+1)°
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EDM

Approximation Kinematical function

Polarized scattering

Approximation:
f1(@*) ~0. (17)

Cross section of the non-polarized ep-scattering in this approximation:

o (3, ner ke (D) @]
P gm(Q?) (E+ E') 0 o ga(Q%)
F: = gIZ(QQ) o en (5) [l t1vs gg(Qz)} o (19)
where )
o(@) = EAL). (20)
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Kinematical function:

F(T,e)zm(w/i+T+1+2ﬁ(T+1)> . (21

The linear asymptotic of the function F at large x = tan?(0/2):

1

2m> G r(r 1R

Fa(1,x) = x <1 (22)

n

Fa(x), F(x)

o

80 05 10 15 20
x=tar’(6/2)

In the region of the experimentol angles kinematical function is close to
linear function F,.
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Polarized scattering

a g2(@)
1+7g2(Q%)

<1.

o At small Q2 ga(Qz)) < 1 because the conflict between the

non-polarized and polarized scattering is not observed.

o At midle and large Q2 kinematical function e < 1.
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In these approximations:

do

dQ)Mott [3(02) + ga(Q3) c(1) +

+ (b(@2) + g3(Q%) d(Q?)) tan? (Q

2

202 2 (02

_ (@) F7em(Q) 02 Zorg2(@Y),  (24)
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and new form factor

Connection between the new form factors and the measured in
experiments functions R(Q?), A(Q?) and B(Q?):

2y _ ge(@) 1 2
R(Q%) = Mng(Q2) =1-0.13(Q° — 0.04) .
(1+7)A(Q) = g£(Q%) + 7 gi(Q%) + ga(@°) (1 + 7) c(Q%) |

B(Q%) =27gi(Q%) + ga(Q@*) d(Q?) .

(27)

The new form factors in terms of the measured in experiments functions:

2 gy DA - ((R(@?)/1p) +1)B(@?)/2
& ((R@)/1p)* +1)d(@2)/2— (7 +1)c(Q?)
£h(Q) = 5 (B(@) + £3(@) d(Q?))
R(QQ))2 .

6(Q%) = i @) (=,

(28)
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Anapole form factor

It's possible to performed the estimation of the new form factors in terms
of the known analytical fits for A(Q?), B(Q?) and R(Q?):

e M. Gari, W. Kriimpelmann // Z. Phys. A -Atoms and Nuclei. -
1985. V.322. - P.689-693
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Cross section and new form factor P e e
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Cross section and new form factor Magnetic form factors

e e (e

Magnetic form factors
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Cross section and new form factor

Anapole form factor
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© The analyses of the elastic non-polarized and polarized ep-scattering
is performed in the framework hypothesis about CP-violation in the
electromagnetic proceses in the composite systems with strong
interaction.

@ It's shown that the Rosenbluth's behavior is conserved in the
non-polarized ep-scattering in the region of the modern experiments.

@ It's shown that hypothesis about CP-violation leads to the
emergency of the additional anapole form factor in the cross section
of the non-polarized ep-scattering.

Q It's show that contradiction between polarized and non-polarized
experiments is eliminated.

© The estimation of the new values of the proton form factors is
produced.
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