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Probes of Hadronic structure

e Short-distance electromagnetic probes of strongly
interacting systems require relativistic momentum
transfers, a relativistic model of the strong interaction
dynamics and a consistent strong electromagnetic
current. (Ap ~ h/2Ax, Ax =.1 fm — Ap ~ 1 GeV)

e Model input:

H=Heot Heot [ (10,50 + 12(0.0) Au((0.x)dx



Relativistic models of strong interaction dynamics
one-photon-exchange approximation

U(A, a) — Us(A, a) ® Ugep(NA, a)
[PE PVl =0,  [J,Pi]=idkpk — [Ji, 4] =ik,
e Kkl = i€ K, [KE K] = —ieP g
(KL P =id"Hs K], Hs] = iPL.

Dynamical constraints on hadronic current
(current covariance and current conservation)

(KL 1(0)) = i0712(0), [KL,12(0)] = i£(0)
[Her 120)] = [P (O]

Not satisfied by impulse (one-body) current.



S-matrix preserving change of representation

H. = WH,W1 124(0) = WIL(0)WT
So=0l. 0,
e iHst ,—iHot T iHit ! ,—iHot
Qs =5 t_l:gcwooe Me Qo =s t_l:gooe Me

Se=5, — Wiw =1
and short range condition

s— lim (WN—-n)e "t =0  both time limits!
t—+oo

Models and many-body strong currents are representation
dependent.



For translationally and rotationally invariant W

[W,Ps] =[W,Js]=0
A representation independent calculation requires:
H. = WH, W1

K. = WK W1

1(0) = Wit (o)W

Problem: Construct a current operator, /£'(0), consistent
with the model dynamics?



Weyl representation
Irreducible set of operators {q;,p;}

Any operator, H, (local or non-local) can be expressed in the
form:
A = / d*¥ad*"bh(a,b)e™9e™?
where

ﬁ:(ﬁla"' 7p\N)
:(&17'”7(?N)

2>



Relativistic case - irreducible operators {q;,p;}
q; = Newton-Wigner position operator
function of single-particle Poincaré generators

L 1.1 P,' X (H,'J,' — K,‘)
4= Kk = VH(M; + 1)

5l =iV,

where the partial derivative is computed holding the
canonical spin constant (recall Wigner rotations are
momentum dependent).

lgi, pj] = —idj;



Replace p by a gauge covariant derivative

Hs — A = / d*Nad®Nbh(a, b)e® e/ (P~ A@)

The current is the coefficient of the term linear in A(q) (use
Trotter product formula to get)

. dHs
de |eo

/ d)\/d3” ad*"bh(a b)e’aqe’APbZA b1 ApP

Since p generates translations A(ﬁj) can be factored out of
non-commuting operators



Expression for vector part of the current

(P1---py|1(a,0)|p1- - pn)

3Nag3Np 3N o .
—e/ d)\/d acéﬁ 3N h(a, b)e~ @ (P'=pa)gipby

> " 6(a} + Ab; — q)b;-
J

Covariance gives the charge density

1°(0,0) = i[K',17(0,0)] no sum, any j



Example
H=/p2+m?
The above method gives
(P'l1(x,0)|p) =

1
—e 1 / d\ (1 — )‘)p + )\p/ eix-(p—p’)
@23 Jo T V((T=Xp+ A+ m?

2
ivisti — ).
Compared to non-relativistic result (H = 2-):

/
1 P +P i)

<p,||(X,0)|p> = _6(27T)3 o'm



Light-front case

Pt =H+ P3, E, =K, —2x)

Irreducible canonical algebra:

_ 1.1 3 0
P,ﬂ_vq, 2{E’K’}_I$
1 1
1 0

PiL,QiL = /'iji =

opyi
Weyl representation

P~ = / d*¥ad*¥bp~(a,b)e> P

Current covariance

17(0) = 17(0) = 2[/°[/%, 17 (0)]]



Remarks - conclusions

The result is a current operator rather than a matrix
element - it can be used in different reactions.

Method is applicable to non-local interactions.
Invariant under change of representation.

Consistent with the dynamics - based on local gauge
invariance.

Light-front version available for hadronic models.

Charge density operator requires a representation of the
dynamical boost generator.

Construction assumes point charges - needs to be
generalized to treat extended charge distributions
(particles with form factors).



Thanks - organizers!



