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Light-cone coordinates

W Time: xT =t +z

M Space: x = (x7,X1), x  =t—2z, X =(x,y)

oS p-=E—p;

M Momentum: p= (p*,B1), pT =E+pz, BL = (px:py)
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LFCC method

To solve P~|¢) = il +P L |4} without truncation,

build eigenstate as |1/)) VZeT|¢) from valence state |¢)
and operator T that increases particle number:

e TP eT|p) = e T LeT ),

P-=e TP e,

P~ =P +[P,T|+3[P",T],T]+

M+P

Plg) = )

M+P

P, P~ |¢) = L),  (1—P,)P~|¢) =0.

No spectator dependence and no uncanceled divergences!



Graphical representation

T = % ( P, J;, charge, ...)
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PV-regulated QED Lagrangian

L=Y2 (1) [ LEME L+ LI2ALA,, %g(auA,-ﬂf]
+ 0o (=1) i 0y — mi)i — e A,

2
)= Z V Bivi, A w = Z fAlua iwy = ,uAiu - aVAi,u-
i=0

f=1, Z )€ =0, fo=1, Z (-1)'8; =0,

i=0

and require chiral symmetry restoration and zero photon mass, to
fix 52 and ﬂz.



Electron in QED w/o positrons

Right and left-hand valence states (P~ not Hermitian!):

‘¢i> = Z Zalbji( )|0) and <¢A§i’ = (0] Ziéaibii(g)

T = Eulsa)\ f dydkl- f \/7 V p+t:7IS)\ Y, EJ_)

xaj\(yp™,yPL + k1 )bL((1— y)p™, (1= y)BL — k1)bis(p)

- = mi+pi ipl
P 7Zi,sfd8p7+(_]‘) s(P)bis(p)
2 +k2
+ 00 [ dREREE (< 1) e a], () ana (k)
s p hosA L
+Zijlsa>\fdydkaW{ i (v, k1)
xaly(vp ™, yBL+ KDBL((1 = y)p™, (L= y)B1L — K1 )bio (p)

+H.c.}



Effective Hamiltonian

P— i m?+p lii
P~ =34/ dp(-1) [50‘% + 7} b (p)bis(p)

- dp P k
Y eon [ dydks [ \/16;73+ {hZIsA(y, ki) + 3V (v ko)
2.4 2 K k
1 Ty kL) — Zj/(—l)'+j/tjgflA(y’ kL)'f”'}
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| = 1) '+/ A dydkL has)\* E FISA E
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Graphical representation
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Valence-sector equations

The projections

PPP,|o) = MitfligE) and (PP P,)1|E) = MetPL|GE)
yield

mizE + 3 Izt = M2z
and

m2zh + (-1 s = M255,

with a = 0,1 and M, the ath eigenmass.

The valence eigenvectors are orthonormal and complete
in the following sense:

S (-1)E s = (~1)%0 and X, (~1)2525 = (~1)/5;



Equations for t functions

Projection onto orthogonal to gives

0 = Y0z {m R + V)
i
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R L ]
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To partially diagonalize in flavor, we define

CoNy kL) = S () Hzs a5 (v L)
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Flavor-diagonal equation

With analogous definitions for H, I, and V :

M2+k2 M2 +k2 .
2 b 1 I\ L +sA
wg - B IR ey k)

= Hy My ki) + 5 VEMy, ki) = > —ijfjf(y, ki)

1—
b

to be solved simultaneously with valence sector equations, which
depend on C/t through the self-energy matrix /.

The physical mass My, has replaced the bare mass in the kinetic
energy term, without use of sector-dependent renormalization!



The dual to (| = vVZ{3|eT is a right eigenstate of P
PH(P) = eT'Pre T VZeT ) = ML |(P))

normalized such that

(GEYI(P) = VZ((P)[eTIo(P)) = ((P)1v(P))
= 5(P - P)

For the dressed electron, construct as

[GE(P)) = 162(P)) + Xy [ dydkiy/ 1551557 (v k1)
xal\(yP+,yPy + k1 )BL((1 = y)P*, (1= y)PL — k1)[0)




Left-hand eigenvalue problem

Flavor-diagonalize left-hand wave functions

:|:>\ EsA r
Dabsl yakJ_ Z( 1)szj/a_/ls (yakl_)a

to obtain
M2 4 k2 MZ 4 k2
M2 b 1 FIX L Us)\ k
a 1_ y y abl (y7 J_)

= Nglfl/\()/a kJ_) bl y? kJ_ ZJb’ Hg’sb>l\* y7 kJ_)

where W;;,A is a vertex-correction analog of V:bsf‘, though linear in

D, and J7, is a self-energy analog of Ip,.

Solutions for M,, zg;, 2Z;, and C"S/\ are used as input.



Dirac and Pauli form factors

Compute anomalous moment a. from spin-flip matrix element of
current J* = 4y T4 coupled to photon of momentum g in the
Drell-Yan (g™ = 0)frame

1673 (03 (P + q)| I (0)[YZ(P)) = 20,4 F1(q?) £ T dor Fa(q?).

In limit of infinite PV masses,
and with My = m, the electron mass,

dydk (7 - 7
F@?) = 1+ Yo [ %2 (i (v ke = ya )t (v, Ku).

R (v k) s (v k) |

2y _ 4 2me A [ dydk A e = \.Esh
F2(q°) = iq1f,-qz Yoo € [ Tt lioe vy ki — yd1)toeg (v ki)
A second term is absent in F» because / and t are orthogonal for
opposite spins.
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Anomalous moment

g®> — 0 limit can be taken, to find F1(0) = 1 and

de=F(0)=+m. Y, [ C’{—g’,%y &,z**(y, ki)

* (59x Fize) tooe (v, kL)

Substitution into expression for a. gives immediately the
in the limit of zero photon mass, for any covariant

gauge.
The full (numerical) solution will include all a2 contributions

without electron-positron pairs and partial summation of higher
orders.



Summary

"I advantages of LFCC approach:
% no Fock-space truncation.
"L no sector dependence or spectator dependence.
% systematically improvable.
"I future work:
L finish dressed-electron-state calculation:
I solve coupled systems numerically for t and /.
"M compute anomalous moment.
"I test gauge independence.
& dressed photon state, extend dressed-electron state to include
electron-positron pair.
muonium, positronium.
symmetry breaking in scalar theories.
adapt methods to (holographic) QCD.
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