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Definition of the mass of an unstable particle as
zero of the real part of the inverse propagator —
field-redefinition and gauge-parameter dependence
starting at two-loop order.

Defining the mass and width in terms of the com-
plex pole of the propagator — field-redefinition
and gauge-parameter independence.
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Toy model

Toy model Lagrangian respecting Lorentz invari-
ance and P and C symmetries

Lo = ¢ (D— My)p+ V(ED— Mp)W
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4 2 2
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W - heavy fermion, ¥ - light fermion, ¢ - light
pseudoscalar and A, - photon field. Dots stand for
an infinite number of interaction terms.



Field transformation

W WHEpy2y, WU+,  (2)

& - an arbitrary parameter.
Physical quantities cannot depend on €.

New interaction terms linear in &:
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+i0up U v Y + 2€ g 6°0 7. (3)



Magnetic moment of the heavy fermion
No unstable " particle” in asymptotic states:

Consider the process ¢y — v ¢1p for s ~ M3




Resonant part of the amplitude

Ar = Vilps, K)iSgr)TH(ps, pi)iSr(i) Va(pi, k) .
Dressed propagator of the heavy fermion
)

p—Mp—3X(p)’

iSp(p) = (4)

with > (p) self-energy.



Sr has a complex pole which is obtained from
z— Mp—3(z) =0. (5)

We define the pole mass as the real part of z.

In vicinity of the pole:

Sr(p) = é +n.p. = Zp(f_tj) +n.p., (6)

where the residue Z is given by

Z=14+6Z=1/[1-'(2)]. (7)



Introduce Dirac-spinors with complex masses

wl(p) =

wl(p) =

w?(p)

W% (p) =

—P3
\ VvV z+Dpo )
/> T - _ p1tip p
(07 Z+p07 \}ﬁa \/Z—iip%)>7(8)

which satisfy the following Dirac equations:

w'(p—2)=0. (9)



Dirac-spinors satisfy the identity

w'(p) w'(p) =p + 2.

Substitute dressed propagator

Sr(p) = Zw;Q(p) U_J;(p) + n.p.

in the resonant amplitude and decompose in pole
and non-pole parts
: )
Ar = Vilps, KDw'(pp)VZ—
pf — Z
X VZ 0" (pp)TH(pg, pi)w! (p)VZ

1 .
22" Zw! (p;)Va(pi, k) + n.p..
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Parameterize the renormalized vertex function in
terms of form factors

VH(g?) = VZ&" ()T (s, pi)w! (p)VZ =
= i F1(q%) @' (ps)yuw’ (p;)
+ i Fa(q%) ¢" w'(pg) " w?(p;), (10)
where

1
ot = 5 (Vuyw — Yvu) -



Calculate F7(0) and F»(0) to one loop order:
Use dimensional regularization with MS scheme.

One-loop order self-energy of heavy fermion:

Residue of the propagator:
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gm0 (M2) — 40 (11F)

+ By (Méa M27 M]%f) [_]\42 + M]%
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Loop functions:
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Tree order Vertex:

ptree — [’y'“ (e + 4kMp) — 2k (pl; + pfj)} . (12)

One-loop order vertex diagrams:
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The results of the diagrams (a) and (b) for ¢ = 0:



ie (pl' + 1) 9
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Form factors to one loop:
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. Charge does not get renormalized and the mag-
netic moment does not depend on €.

. In both quantities the ¢&-dependent part of the
residue of the propagator exactly cancels the
¢-dependent parts of the loop vertex diagrams.

. T he latter also contain imaginary parts.

. Any definition which uses the real quantity as
the wave function renormalization constant nec-
essarily leads to &-dependence.



For example, the mass M3 defined from
ME - Mp—-Rexz(ME)=0 (15)

depends on field redefinition parameter at two-loop
order.

Below we encounter similar problems already at
one-loop order.



Close to p ~ Mg the dressed propagator can be

written as
7

Orp) = (gb - Mﬁ) [1 - Z/(Mg)] —iImZ(ME)
_ 1ZR
(B - ME) [1—iZpimz/ (M| — i ZpIm= (M)
Zp=1/[1 - ReZ/(MH)]. (16)
Up to one-loop accuracy:
iSgp(p) = = _ R = _ =
(p - MR) [1 - zImZ'(MR)} —iIm=(ME)
Zp = 14+ RexX/(ME), (17)

which has the characteristic Breit-Wigner form, with
energy dependent width and real wave function
renormalization constant.



Using the Dirac spinors with the mass M£, putting
the external legs of vertex functions ” on-mass-shell” ,
i.e. p = M3 and taking Zg as the wave function

renormalization constant:
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Within "on-mass-shell” scheme the charge of an
unstable heavy fermion gets "strong’ corrections.

Charge and the magnetic moment get imaginary
parts which depend on &.



Summary

1. We performed field transformation with arbi-
trary parameter £ in EFT Lagrangian .

2. Physical quantities characterizing unstable res-
onances defined through the residues of the S-
matrix in complex plane are &-independent.

3. In "on-mass-shell” scheme the charge of an
unstable particle gets strong contributions and
both the charge and the magnetic moment de-
pend on field redefinition parameter &.



