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Introduction Problems

Instant form of dynamics

Problem

© Composite quark model.
Q Non Rezenblut behavior Fo(Q%)/Fm(@?).

© Construction of conserving current.

These problems will be considered in the framework of the instant
form of the relativistic quantum mechanics. This approach was

developed for two body systems by Krutov A.F. and Troitsky V.E.
and gives good description of the deuteron and different two-quark

systems.!

'A.F. Krutov V.E. Troitsky, Phys.Rev.C, 65,04501(2002)
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Introduction Problems

Instant form of dynamics

Instant form of dynamics

Complete set of commuting operators:

A ap A a

My, Je J3, P . (1)
In the instant form of dynamics J2, Js, P operators are coincided

with non-interaction system operators, therefore their
diagonalization is reduced to appropriate basis choice.

M/:Mo+\7, (2)

where My - non-interactions system invariant mass operator , V -
interaction operator.
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Introduction Problems

Instant form of dynamics

Additional constraints on mass operator:
M/ = /\A/I,+, /\A/’/ > 0; (3)
[P,V]=1J,V]=[Vp, V] =0. (4)

I\/\/I,’w(l,2,3)> = (MO + \7)’7/}(17273» = >\W(172’3)>- (5)

where \ - eigenvalue of mass operator.
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Three body basis

Parametrization of current operator
Parametrization of three-body systems
Free formfactors of three-body system
Impulse approximation

Three body systems (case study nucleon)

Three body basis

|1, m1; P23, \/523, My, L3, S23, Jo3) =

= |1, m1;) © |Paz, /523, Mys, L23, S23, Jo3) (6)
where

|P23, \/$23, My, L23, S23, Jo3) =

= Z/di%,52,m2:53,m3>YL23mL23(/A<23)

11
(5 55 M2 |S23Ms,, ) (S23L23Msy; My | J23m sy )

1 1
D} i my(P23p2) D2 (P3ps3) - (7)
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Three body basis
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Three body basis

Normalization.

(p'1, my|Pr, m1) = 2p100(PL — B1)dmym; » (8)
(P'y3, Sh, M), Loz, Sps, Jb3| P23, /523, M, Loz, So3, Jo3) =

= N22P§35(P23 - P£3)5( V S23 — \/ sé3)6mJ23mf/23 552352,35L23L'235J23Jé37
(9)

Krutov A.F., Kudinov M.Yu., Troitsky V.E. THE RELATIVISTIC ELECTROMAGNETIC STRUCTURE



Three body basls
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Free formfactors of three-body system
Impulse approximation

|'5a mJ;\/ga vV 52 3L757J7(La57~j)23> . (10)
(P mli Vs \[shs, L', S' I (L, S, I )al Py myi /s, /523, L, S, J, (L, S, J):

2P,

2 0

1kk236( ) (Vs — Vs')d( (V523 Y $33)
Omym!,05'SOL/L0141,3084. 5030 56 13, s - (11)
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Three body basis
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Free formfactors of three-body system
Impulse approximation

Three body systems (case study nucleon)

P, myi /5, V%23, L, S, J, (L, S, J)as) =
= " |B1, mu; Pas, /523, My, Lo, Sz, Jos)

[y

YLmL(/A<)<§J23m'1"”'523 |Sms)

<5Lm5mL|JmJ>D;,lfml(Ppl)D,{ij/me(PP23) . (12)

Vector |I3, my;\/s,\/523,L,S,J,(L,S, J)2) is analogue to the
one-particle one with momentum P and spin J. Particulary under
Lorentz-transformation U(A) this vector behave as one-particle

vector:

|ﬁ7 mJ;\/§7 \/52 )L757J7(L75)J)23> =
= > INP,mliv/5,v/503, L. S, J, (L, S, J)23) Dyl (AP, P) . (13)
my
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Three body basis
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Free formfactors of three-body system
Impulse approximation

Wave-function for three particles system with interaction may be
presented as:

<'57 my; \/ga \V/ 523, L75aJ7(L75>J)23|ﬁC>MC> =

Ne 8(P = Be)dm,me23(v/s. V/523) (14)
where v = {L, S, (L, S, J)23}, Nc - normalization factor.

Krutov A.F., Kudinov M.Yu., Troitsky V.E. THE RELATIVISTIC ELECTROMAGNETIC STRUCTURE



Three body basis

Parametrization of current operator
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Parametrization of current operator

Three body systems (case study nucleon)

Electromagnetic current operator for one-particle system:

(B, M, j, m|J.(0)|p/, M. j, m'y = > (m|Di(pp')|m")

m//

(m"|FLK), + Falu(p') + F3Ry + FaKulm') (15)

F _me )ipuT™ ()"

K= (p+ s Ky = (P = P)u = Qs Ru = ol 0T7(#) .
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Free formfactors of three-body system
Impulse approximation

D3 (pp') = Cos% - 2i(nj)5in% : (16)
DY(pp') = I — i(nj)Sinw + (nj)?(Cosw — 1) , (17)
_ el [ep]]
" el P o+ M) (poa + M) — (o)
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Three body basis
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nmary Free formfactors of three-body system
Impulse approximation

Additional constraints on four-vectors:
Hermitian charakter:

/

/ / K /
Fu(P) = Tu(p) = (P T (P)) 1

1
F,'AH il E{FhA'M}Jr ,I- = 2,3 , n 7é 0] y

F;—>iF;,i:3,4.

Orthogonality:
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Additional constraints on four-vectors:

Conservation of parity:

FiA, contains even factors I, (p).

Conditions of conservation:

ijﬂ :_j,LLQN =0=F=0.
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Free formfactors of three-body system
Impulse approximation

(B, M. j, m|J,(0)|p', M. j, m') => " (m|D(pp/)|m")

7

K, KN, ,
<m”\F1K;L+{F2(rM( )= (354705 ) (T () il FaRu )
(18)
In the case j = 5 we are have:
. - 1 1
(B, M, - > M), M, 5, m') = > (m| D2 (pp')|m")
(m"|fi0( Q) K], + ifs0( @) Ry, m') . (19)

Connections with Sachs formfactors:

(@) = B @) ) =

i

2Gm(Q?)

M?2 \/1+4M2
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Three body systems (case study nucleon)

Parametrization of electromagnetic current matrix element
for free three-body system

Current operator of free three-particle system:
o/ _ /1 23 o |2 13 . 3 12
L,0)=J4,0)2 "0 0)= .

<I_537 ma; Ppe, vV Sbc; My beC|J2(O)‘p/aa m;; P’ be, Si/)cv mflbcﬂ '7;7c> =

P(123)

- Z <ﬁbca @7 m—/bc?FYbC“S'/bC’ Sl/)c’ mgbc”yZC><ﬁa7 ma|JZ’:573a m/a> ’
(20)
where vpe = {Lpc, Spe, Jbe -
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Free formfactors of three-body system
Impulse approximation

</3,mJ;\E,\/523,7|J (0 )|P’ mJ:\f 523, v) =

=S " (my|DE(PP)|miy)(mlj|FY" AL + Fi A3 ml)y, (21)

m’y
where ) /
F[_’Y’Y = F,‘,Y’Y (555235 Q2,S,,S£3) )
Y= {L, 57J, (L, 5,J)23} s
1
A= g6 =5+ @Put (s~ s+ @)P).
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Free formfactors of three body systems

P(123)
-y 302( + 5"+ Q%) ko3d (/523 — /5h3)
222(s, s, — Q2?) k'

R wl+w2 M__, . wl + w2
x | ARy(Q?) Cos™——= — T B (Q?)Sin——=| .
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A=s+5 + Q@ +2(M* - s3),
B=(—MX(s,s,—Q%) +55Q*—53Q" — (53— M*)@*(s + ')+

+Qz(523 — M2)2)% .
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Three body systems (case study nucleon)

P(123)

=3 QQ( +5'+ Q) kasd(V/o23 — V/533)
M 83 (s, s, —Q2) kk!
< [~ E(@)kaSin T 2 4 (@) (RuCos T 2 4 Rysin L T2
(123
I _ Z) (4Cosws — 1)@(s + 5" + @) ka3d (/523 — \/533)
43 (s,s',—Q?) e
2By + A(s, s, —Q?)(1 — s,i) wl + w2
<] @ Y2 £(Q%) Cos =
MB3(A(s,s', —Q) =25'Q?) , o\ wl+w2
. £5(Q?)Sin—— == |
8\5 30(Q7)Si }
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Bi = (A(s,s', — Q%) + A(s23, M?, Q%)+

H(Q2 + M?)(M? + 25) + 2M?(Q2 — §))z |

B, — s(s+ ')+ (s + Q%)(Q% — 453 + 6M?) + s'(3Q? — s)
4

_S/(2523 + 4M2 - QZ) (S + QZ) (523 — M2)(5 + Q2)

4 45’

3 = 5'(s' — 2503 + 4M?) — (s + @2)? + 2(s + Q?)(s23 — M?).
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Impulse approximation

Ge(Q?) = Z/d\/@d\/;dﬁd\@x
Y

va(\ﬁ\/sz,)/:gwl(sy 23, Q27 5/7 553)1[)7/(\/57 553) )
Gu(@?) = Z/d@d\/sgdﬁdﬁx
Y

X7 (Vsy/53) Fay (5, 523, @2, 8", s )07 (VS [shs)
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Summary

Q In the framework of RQM the electromagnetic current matrix
element for three-body system is constructed at conditions of
conservation and Lorentz-covariance,

@ The electromagnetic form factors for free body system with
S =1/2 are obtained in relativistic impulse approximation.
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