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Introduction

At present time, the description of the Compton
scattering off hadrons is performed by nonrelativistic
Hamiltonian function

S. Scherer, A.Yu. Korchin, J.H. Koch, Phys. Rev. C54,
904 (1996)],

D. Babusci, J. Jiordano, A.J. Lvov, J. Matone,
A.N.Nathan, Phys. Rev. C58, 1013 (1998).]

However for the extraction of the more essential experi-

mental and theoretical information about hadron polar-
Izabllities it is necessary to develop the Lagrangian of
electromagnetic field interaction with polarizable parti-
cle in covariant form.

THE IXth INTERNATIONAL SCHOOL-SEMINAR THE ACTUAL PROBLEMS OF MICROWORLD PHYSICS July 23-August 3, 2007, Gomel — p.2/29



Introduction
The such Lagrangian was constructed by the phe-

nomenological formfactor-based approach [A.l. Lvov,
Int. J. Mod. Phys. A., 145 (1993)]. In the present
report for the construction of the similar Lagrangian
the developed in [N.V. Maksimenko, L.G. Moroz ( D2-
11707) Dubna, 533] approach is used in more con-

sistently and completely way that allows us to deter-
mine not only the Lagrangian itself but the energy-
momentum tensor of electromagnetic field interaction

with polarizable particles.
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Introduction

This approach allows one to take into account
Introduced In

IN.V. Maksimenko, L.G. Moroz ( D2-11707) Dubna,
533]

[M.l.Levchuk, L.G.Moroz, Vesti AN BSSR Ser.:
fiz.-mat. nauk 1. 49 (1985)]

[S. Ragusa, Phys. Rev. D47, 3757 (1993).]
spin polarizabilities of hadrons.

THE IXth INTERNATIONAL SCHOOL-SEMINAR THE ACTUAL PROBLEMS OF MICROWORLD PHYSICS July 23-August 3, 2007, Gomel — p.4/29



Introduction

One of the most interesting topic in Compton
scattering investigation is the measurement of
@*-dependence of the forward polarizabilities in
deep-inelastic scattering (DIS)

[Jefferson Lab E94010 and E97110 Collaborations]
that can be presented as the imaginary part of VVCS.
[D. Drechsel, B. Pasquini, M. Vanderhaeghen,

Phys. Rept. 378, 99 (2003)]
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Introduction

Performing a such kind of the experiments it will be
also important to take into account radiative effects
correctly. Notice that FORTRAN codes have been
already developed for estimation of the radiative
effects from lepton legs in elastic (MASCARAD) and
deep-inelastic (POLRAD, ESFRAD) scattering. Basing
on these codes Monte Carlo generators for simulation
of radiative events in elastic (ELRADGEN) and
deep-inelastic (RADGEN) scattering was developed.
All of these codes are available on
http://www.jlab.org/RC.
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Introduction

Another interesting source of radiative effect contribu-
tion to the imaginary part of VVCS amplitude is photon
emission from nucleon line. On the lowest order this
process can be presented in the frame of the static po-
larizabilities. Using the standard Feynman technique
on the lowest order this process can be presented In
the frame of the static polarizability contributions.
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Lagrangian

The Lagrangian we present in a following way:

Lr=—juM (@) A (),

where 9#5,M) =0, j,M = —orG!

I _ A~
o Gou = =Gy

and G/ILV — U,uDI/ — UVDIU,‘I'gluypo'UpMU; U = \/11_? {17V}7

here D, ( M?) electric (magnetic) dipole moment of
the system. As a result

1
L= —5(Duet = Mh")

where et — FEvE, h = Frvg,,
D, = 4raggue”, M, = 4n8yg,uh".
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Lagrangian

After some transformation the Lagrangian can be
present as:

1
Lo=—;FwF™, Lr= =2 |(af = ) ¢ 52on

From the Eller-Lagrange equation of motion for media
In rest the definitions of charge and current densities
for bound charges are follow

p(M) = —47ay, div E, §M) = 47 (g0 E — Birot H),
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The energy-momentum tensor

From the Noether’s theorem using our Lagrangian one
can find that canonical energy-momentum tensor

v 1/1 o
T = —GI (" Ay) = g < (FpeG).

we determine the metric energy-momentum tensor as
~ 1
T = F, "GY o+ 10" (B G77).

The energy density for media in rest

~ 1
7% = = (B + uH?)
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The correspondence principle

e
The electric and magnetic polarizabilities extracted

from our Lagrangian can be presented in the form:

- -1
L; = —=2n(apFu,Fy ' —BhF,,Fy YUPUC, F, = SEupanF".

Using the correspondence principle between classical

mechanics and quantum field theory we find:

o 1
Lr=— [QOF,upFa H— ﬁOF,upFJ i @paa 046 = PQQ, 56 — pﬁ()a

M

where p Is induced dipole momentum density,

1

Oro — 5(@“’ + ©°7) Is the energy-momentum tensor of

spinor field and:0r7 = Ly~* 97 1.
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The energy-momentum tensor
L

The Lagrangian: £; = —1F,, G with
GO = {0~ o)l F*8, ¥~ F*8, H]-+ B, PP}

allow us to define the metric momentum-energy
tensor for interaction:

—yyy 1% S 1 1% o
T} = F, "Gy M 4 2 g (FpeG1),

For the particle in a rest its interaction energy reads
[D. Babusci, J. Jiordano, A.J. Lvoy, J. Matone,
A.N.Nathan, Phys. Rev. C58, 1013 (1998).]

Hy = / BT = —27(aE? + foH?).
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Static polarizability vertex

If we will follow the notations of Appendix B of [T.-P.
Cheng, L.-F LI, Gauge theory of elementary particle

physics, Oxford (1984) | our Lagrangian can be
presented as: )

Lﬁg]off = /H [d4xi54(az — mz)} ozglg(ml, T9, T3, T4)

1=1 B o
X Wy (23) 1 (1) A7 (4) A (2),
where
oy d'py d'py d'qr d'q
Voo (142, 43,24) = [ (531 o)1 (2m)1 (21)

<& T (D1, q1, p2, qo) P m) i (w—2)—ipa (1—rs) —iga(v—14)
o ) ) )

)

Here p; and ¢; (p2 and ¢9) are the incoming (outgoing)
nucleon and photon momenta respectively.
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Static polarizability vertex

Polarizabllity vertex

Jd J.
¥ > > %
o P2

After substitution:
0/0x1 — ip1, 0/0xy — iqy, 0/0x3 — —ipa, 0/0x4 — —iqo

we found

T

al s (p1,q1, 02, @2) = ——(P{+p5)7,, " (w0 — Bo)[d5 05 — q5ok]
M %

[QngV(S Q1Vg,05] o 1/25Mﬁ0 [q 57 — {9 5p} [Qngfy(S — Cﬂvgp(ﬂ)
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Static polarizability vertex

According crossing symmetry ¢; < —go We receive the
final expression for polarizability vertex as:

[ o~ ~
FZ;?S (p17 q1, P2, QZ) — Z(aJ(S(pl) q1, P2, qz)+a50(p17 —q2, P2, _ql))

This vertex obeys the following convolution:
l 5ol
g5 S (p1, g1, 02, q2) = 0, ¢ T0% (p1, g1, p2, q2) = 0,

e.l. the current conservation low Is performed.
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Feynman graphs for the lowest order
VVCS amplitudes

The imaginary parts of these diagrams contribute to

the hadronic tensor for inclusive DIS. It should be
noticed that contribution from diagram (e) is negligible

(~ 1078 fm®) and can be dropped.
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Contribution to VVCS amplitudes

O Cem——.
Performing cut over dash lines in diagrams (a-d) the
Imaginary part of amplitudes can be presented as

Im T = n%e*(g)e (q)/d@u(p) _FL‘%/GCS_FFL‘%/Z)CS%—
. (p+q)* — M?

[HY ¢ 4 THY d ]
VVes T Lvves o
(p— k)2 — M? u(p) — en(@)en(q)
where the contribution-from diagram (a)
Ces =T (p+q—k k,p,q)(p+ G — k+ M)LE (k)
x(p+ G+ M) H(q),
Il(q) = —ie (Fp(—¢*)yu + Fp(—q*)iouaq®/2M) is the
usual elastic vertex. The contribution from other
diagrams can be found by the same way.

)

IVvVCs
1,
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The phase space

Cd e g (Se—Q)dr
10 = G k)8((p +a—k)* = M%) = e

where we integrate over azimuthal photonic angle ¢y.
The invariants have a form:

k-(p+a)

sz_q27 Sx:2pQ7 AQZS£+4M2Q27T: kp

The limits of integration over r read:

—1+Swi\/)\7q.

Tmaz/min — 21 /2
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Contribution to hadronic tensor In
DIS

The contribution of the presented above amplitude to
the hadronic tensor can be calculated in a following
way:

2 v
WYVCS = Zqy[rIVVOs) - (guv _ %) Im T}

M pv q2

p-q\'" @2 )\ 2
U _uwaf T L _uvap I S
e dang mSl+M€ do(p-qng —n - qpg)Im Sa.
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Contribution to hadronic tensor In
DIS

Using the standard projection operator technics as
well as relations:

K r  Q? K
Im7T, = —op, ImTh =
m T = gor I = e g 77 L)
vM K Q
I — =
51 V2 + Q% 4r (OTT+ VULT>
S M? K v
m = — oTT — =0
2 2+ O2 dx TT 0 LT

we can extract Kor, Koy, Koprr and Ko .
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Contribution to hadronic tensor In
DIS

.
Taking into account the asymptotic limit

lim Kop=Ko7#0, lim Koj =0,
v>Q,M or or # v>Q,M L

u>1>ig,lM Kopr = Ko # 0, V>ES,IM Kopr = Kojp #0
we can define the next absorption cross sections that
trend to zero for v — oco: Kor = K(op — oY), Kopr =
K(opr — o4p) and Kopr = K(opr — o%) to calculate
@Q*-dependencies of forward polarizabilities.
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Q*-dependences of polarizabilities for

forward VVCS scattering
e

a(Q?) + B(Q?) = 5= ?K&T%, for sum of electric and

Vo

magnetic polarizabilities;
ar(Q?) = f Ko % for longitudinal polarizability;

10(Q?) = 5% fKa rr%, for spin polarizability;

Vo

Srr(Q?) = fKaLT ol for longitudinal-transverse

polarlzablllty.
Here vy = m, + (m2 4+ Q?)/2M is pion threshold for DIS.
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Q*-dependences of polarizabilities for
forward VVCS scattering
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@)? dependence of the polarizabilities « + 3 and o, for
the proton.

Radiative correction to Baldin’s sum rule 12%!!!
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Q*-dependences of polarizabilities for
forward VVCS scattering

e —
7o(Q%) (107 fm®) 65(Q%) (107 fm*)
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Conclusions

@ On the basis of the relativistic electrodynamics of
continuous media formalism and main relativistic
guantum field theory principles the covariant
Lagrangian of electromagnetic field interaction with
polarizable 1/2-spin particles have been obtained.
This Lagrangian let us to determine canonical and
metric energy-momentum tensors as well as
low-energy Compton scattering amplitude.

@ The applications of this Lagrangian for calculations
of static polarizability contribution to the imaginary
part of doubly virtual Compton scattering
amplitude off the proton have been demonstrated.
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Conclusions

Numerical analysis shows that:
@ Radiative correction to Baldin's sum rule 12%!!

@ The electric oy and magnetic 3, static
polarizabilities contribute not only to a(Q?) + 5(Q?)
and ar(Q?%) but to 1(Q?) and §;7(Q?) as well;

@ The behavior of o and 3y contribution to
a(Q?) + 8(Q?) and ar,(Q?) agrees with the results
obtained in other channels and presented by
[D. Drechsel, B. Pasquini, M. Vanderhaeghen];
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Conclusions

@ The behavior of ag and 3y contribution to ~(Q?)

and 6.7 (Q?) disagrees only at low Q? with the
results obtained in other channels and presented
by [D. Drechsel, B. Pasquini, M. Vanderhaeghen];

@ Similar to [D. Drechsel, B. Pasquini,

M. Vanderhaeghen] in real photon limit Q? — 0 we
found that «,(0) = 0 while é;,7(0) # 0;

@ It will be interesting to compare our result with
experimental data (f.e. CLAS detector at JLab);
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Conclusions

@ In order to estimate the static polarizabilities
contribution to VVCS correctly it Is necessary to
consider vgi1 g2 a1.02 CONtribution too. Now basing
on the corresponding principle between the
moving medium electrodynamic and quantum field
theory the Lagrangian with this interaction is under
construction.
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