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Vector-meson magnetic dipole moment effects in radiative- decays
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We study the possibility that the magnetic dipole moment of light charged vector mesons could be measured
from their effects intT”—V~ v_y decays. We conclude that the energy spectrum and angular distribution of
photons emitted at small angles with respect to vector mesons is sensitive to the effects of the magnetic dipole
moment. Model-dependent contributions and photon radiation off other electromagnetic multipoles are small in
this region. We also compute the effects of the magnetic dipole moment on the integrated rates and photon
energy spectrum of theselepton decays . S0556-282(99)04315-5

PACS numbd(s): 13.35.Dx, 13.40.Em, 14.40.Cs

I. INTRODUCTION [7]. We have found that this observable is more sensitive to
the effects of the magnetic dipole moment than their corre-
The magnetic dipole momenf:) and electric quadrupole sponding integrated ratd8]. Indeed, measurements of the
moment @) of vector mesonsJ’=1"), and more gener- photon spectrum in the kinematical region where this observ-
ally of spin-one elementary and hadronic particles, have noable is dominated by the emission off the magnetic dipole
been measured yet. In the case of vector mesons, even uppepment, would provide a determination of this property
bounds have not been reported by experiments up to nowvithin Ax=*+0.5 (in units of e/2my), if the photon spec-
The very short lifetime of vector mesons do not allow one totrum is measured with a precision of around 25Ph
use vector-meson-electron scatteri@s in the case of the In the present paper we are concerned with the possibility
deuteron or the spin-precession techniql# (as is useful of measuring the magnetic dipole moment of the vector me-
for hyperong to measure their electromagnetic static proper-sonsp™, K* = in the radiative decays of thelepton, namely
ties. Instead, only photoproduction experiments or radiativer™ — V™~ v_y (henceforth our discussion will be focused on
decays may eventually be able to measure these multipolelRe p~ vector meson, but everything applies to tK& ~
[2]. In this paper we study the sensitivity ef -V v,y  meson with the appropriate changes in flavor indices
decays to the magnetic dipole moment of the vector mesoAmong the motivations for this study we find the following:
V™ and identify an observable associated with this decay thaia) charged vector mesons are produced in a clean way
could provide a measurement of this important property. through the decay™—V~ v, and thep™ accounts for al-
Measurements of the magnetic dipole and electric quadmost 25% of allr decays[9], therefore the corresponding
rupole moments of th&V gauge bosons would provide a decay with an accompanying photon can be expected at a
significant test for the gauge structure of the standard moddtaction of a percent level andb) there are several recent
of particle interactions, while the corresponding multipolesstudies of the electromagnetic vertex of light vector mesons
of vector mesons contain information on the structure ofthat provide a computation of their electromagnetic multi-
these hadrons and, ultimately, about the dynamics of strongoles[10,11].
interactions. At present, more restrictive bounds on the mag- An implicit shortcoming of dealing with vector mesons
netic dipole and electric quadrupole moments of We (and unstable particles in general that the separation of the
gauge bosons are being provided from experiments at theroduction and decay processes of a resonance are in general
CERNe'e™ collider LEPII[3] and Fermilab Tevatron col- model dependent. Actually, only the fuBimatrix amplitude
liders [4]. These bounds are consistent with the predictionghat involves the production and decay of an intermediate
based on the standard model, while the corresponding exesonance is physically meaningful. Therefore, the consider-
perimental information for vector mesons is absent. The simation of truncated processes such as the radiative decays
plest of the spin-one systems, whose multipoles have beevt* —P*P%y [7,8] or the radiative production of a resonance
measured with good precision, is the deuterdi=1"): as in the present study necessarily involves a factorization
up=0.8574%y, Qp=0.2859 fnf [5]. This information approximation. The effects of the vector meson magnetic
confirms the picture that the deuteron can be viewed as dipole moment in the full production and decay processes
weakly bound state of a neutron and a proton whose electrafor example,r —p~ v,y— 7 7°v,y in the present cage
magnetic properties can be understood, for instance, in termand the difficulties associated with a gauge-invariant formu-
of a model for low-energy interactions of baryons and meation of the electromagnetic vertex of an unstable vector
sons[6]. particle[12] goes beyond the purpose of the present paper
In a previous paper we have considered the possibility of13].
measuring the magnetic dipole moment of light vector me- This paper is organized as follows. In Sec. Il we analyze
sonsp™ andK** by looking at the energy and angular dis- the effects of the magnetic dipole moment of the vector me-
tribution of photons emitted in their two-body radiative de- sonsp~ or K* ~ in the energy and angular spectrum of pho-
cays (V-—P*P%y, whereP denotes a pseudoscalar meson tons inT-—(p~, K* ~)v_y decays. These effects in the cor-
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responding integrated rates and photon energy spectra aeaters the amplitude at the same order in the photon energy
given in Sec. lll. Conclusions are summarized in Sec. IV ancas does the model-dependent contributi¢f8] (for ex-
the explicit formulas for the differential decay rates of ample,7"—m v,—p~ yv, in the present cageand we ex-

lepton radiative decays are provided in the Appendix. pect them to be suppressed for the special kinematical con-
figuration to be discussed beloisee, also, Ref.7]).
Il. EFFECTS IN THE ENERGY AND ANGULAR The four-momenta and the polarization four vectoe} (
DISTRIBUTION OF PHOTONS and 7%) of the vector particles are chosen as(p)

—V7(q, n)v.(p")y(k,€*). Up to terms of ordek®, the
Let us start by setting our notations. The relevant electrogauge-invariant amplitude for the process—p v,y is
magnetic vertex of the charged vector mesbis defined as  given by
follows [the flow of momenta and Lorentz indices are chosen

according toV,, (d1)— V4 (d2) 7,.(K)I: M= engFVud[— (q- e p e*) ”

u(p’)O%u(p)

[ 8= g8 (g + ) (k) + (kg — kfigh™) A(1) 2 i Pk
T (1+ ) KBy (K2 G007 X Lo+ PO%
d:1+d2) y(k%). (N +u(p )O"Zp.ku(p)na+ mu(p )O“u(p)
The form factorsa(k?), B(k?), and y(k?) atk?=0 are re-
lated(see, for exampld14]) to the electric chargg (in units X (K€" —k, €*) ¥ + m, 1— ,3(0))
of €), the magnetic dipole moment (in units of e/2m,)), a7 E T 2

and electric quadrupole momer® (in units of e/m\z,)
through the relations(0)=q=1, B(0)=pu, andy(0)=(1 — - €*
_M_gQ)/ng/_ (0)=a=1, A(O)= k. and(0)=( XU(D’)(1+75)U(p)(Ei—qqfkkx)nf], 2

The valuegB(0)=2 for the giromagnetic ratio can be con-
sidered as the canonical valief] and it appears in a natural wherem, andm denote the masses of thelepton and the
way in a model where the isomultiplets of vector mesonsvector meson, respectivelsg and V4 denote the Fermi
couple through non-Abelian Yang-Mills terms, in an analo-constant and the Cabibbo-Kobayashi-Maskd®@KM) mix-
gous way to theV= gauge boson couplings in the standarding matrix element, respectively, whi@*= y*(1— yz). The
model. Also, according to several authors the canonicatonstanty, denotes th&V—p~ strength coupling. As stated
value 8(0)=2 can be considered as the gauge condition foby Low’'s theorem[16], this amplitude depends only on the
spin-one particle$15]. However, the Yang-Mills nature of static electromagnetic properties of the particles, the param-
the vector mesons is far from being proved and, thereforegters of the nonradiative process, and it is model indepen-
substantial deviations from the canonical value may be exeent.

pected. For instance, the estimates of REf6,11], indicate It is interesting to look at the structure of the squared
that the magnetic moments of the light vector mesons are iamplitude in terms of the independent Lorentz scalars of the
the rangeB(0)=2.2-3.0(2.37) for thep  (K* ~) mesons. process. If we sum over polarizations of fermions and the

Following the discussion in our previous papéf, we do  vector meson we obtain [an overall factor
not consider the effect of the form factg(k?) because it (eg,Gg|V,d/\2)? is omitted:

4m?

r1P-€ q-62 (pk)Z ﬂ(O) 2
%SU\/IIZZ ok gk [(1—r)(1+2r)+4 - (1_ 5 )]
-k (0)\? " .1 o) 17
s e K e et |
LakjL, A0 1[(8(0))? a-k
R R CINES (S +WH, o

where we have introduced the dimensionless quantity place in the rest frame of thelepton:
=(m/m,)2. This squared amplitude satisfies the Burnett and

Kroll theorem[17], i.e., does not contain terms @f(k ). p-e Q€ 2_ |ql?sir?g @
Equation(3) takes a very simple form wheB(0)=2. pose |P-K Qg-k —wZ(E— |q|cosh)?’

When we sum over photon polarizations, the first term in
Eq. (3) becomes proportional to the infrared factare will whered is the angle between the photon and the vector me-
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FIG. 1. Differential photon spectrum for—pvy decay. See FIG. 2. Same as in Fig. 1 for the—=K* vy decay.
description after Eq(5).
=2w/m, andy=cosé. The explicit expressions for the two

_ =2 2 ; : . Appendix.
(the photop, and E= yq“+m* in this frame. This term is The normalized rates given above do not depend on the
suppressed for small values of the angletherefore, the

. . coupling and the CKM matrix element. Their only depen-
photon radiation off the electric charges of théepton and gpence ?s 0?1 the magnetic dipole momg(o) FoIIowir)(g thz
the vector meson can be suppressed for this angular configu-reviOUS discussion. in Fi ¢ meson ana Fig. 2 K* )
ration. In the same way, it can be shown that this small anglg ! g9- b 9

configuration allows to suppress the interference terms of€ plot the differential decay rates of Bg) as a function of

O(k®) that comes from the interference between the quadrut-he photon energyx) for fixed values of the angle [ ¢

' _ A =10 (20°) corresponds to the uppélower) half of the
Eﬁ;erégrs rgwfsd:r:dd\?pendehtterms with the emission off the plots] and three different values @(0). The short-dashed

Therefore, it becomes convenient to split the unpolarizec!mef‘ in the d|ffer_ent plots denotes the first term of Eﬁ)._
differential decay rate into two terms. The first one, which isWhIIe tlhe othfer I(|)n-es r%fei tlo the Igdeclpnd tergw,_fozr t:\e differ-
associated to the first term in E@), vanishes whe@=0, 7 ent va ues ofB(0): B(_)_ ( solid line), A( )._ (long-
(collinear photons This term reduces to the radiation emit- dashe(_j Im}z_ and5(0)=3 (long—short-dashed I|r)_e
ted from the electric charges of the andV~ when B(0) As is ewdento from'these plots, the mo@el—mdependent
—2. The second terfremaining terms in Eq3)], does not terms of orderk™ dominate PQ/e_r the radiation due to the
vanish for collinear photons and contains a sensitive depene-IeCtrIC chargegterms ofO(k™) in the squared amplitude

- the region of photon energies 8&X<0.5 for the 7~
dence on the magnetic dipole moment of the vector meson. 'ﬂ_)p_ oy gecay ar?d 0.2x<0.4%‘0r ther —K*~ vy caTse.

we denote these two terms with subscripts 1 and 2, respe o . ST . .

tively, we can write the normalizefdo the?qonradiative de!o ‘i'herefore, it is precisely in this kinematical region where the

cay rétel“ —T'(r —V~»,)] double differential decay rate measurement of the photon spectrum may provide a determi-
nr T nation of the vector meson magnetic moment with a reason-

as follows:
able accuracy.
The curves also exhibit a dip at=0.5667 for thep™ case
dr 1 dr;y dr, andx=0.4991 for the case d€* ~ production. The position
m: F_m 2;4 Wder m ' (5) of this dip is independent of and the value of3(0). Fur-

thermore, the dip is more pronounced whg(0)=2. At
first sight this dip could be associated tonall radiation
where we have introduced the dimensionless variallles amplitude[18], however, it can be checked that it corre-
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sponds to the special kinematical configuration where the 8w2(E2—m?)— 2(A+ 2Ew)?
vector meson remains at rest. Indeed, the dominant contribuF(E,w)= " C(w)
tion to the differential decay rate is the one evaluated at the w AT
E~ solution(see the Appendjxand this rate vanishes when A 1
S _ e _ .. B(0)
v =0 or, equwalently,x—l—\/F [i.e., the position of the +8| 1+ 1-——|1————
dip in the photon energy spectrum is independeny ahd 2m,w r 2
B(0)]. 2B8(0)m,w)?
+——F —8| 1+
A 2rm,w
lll. EFFECTS IN THE INTEGRATED RATE
AND SINGLE PHOTON SPECTRUM 1 B(0)\? 1 B(0)\?
X| = 1_T -B(0)|+8|——1 —
For completeness, we also provide the dependence of the r r
decay rate and the photon energy spectrum for the process A 8A 1 2
it Ahandhe I B(0)
7 —(p  ,K* 7 )wv,.y upon the magnetic dipole moment of - |+ — |1+ 1=, (7)
the vector meson. The general expression for the branching 2mo|  m? r 2
ratio is
and
B A\ W W
(17— V.Y 0> Omin) A=m§+m2—2m7w—2mTE,
a rB(r" =V v)
:2_ 2 2 2 2 B(O) 2
T mi(1l—r)5(1+2r) Clw)=mz(1-r)(1+2r)+4w 1—7 ,
2 2 gmax
X f(”‘f " )’mede CdEF(E,0),  (6)  gmaxmin
@min EMN
_ 2_ 2 2_ )
where :(mT o)(M—2m o+ m°)*e(Mm.—2mo—m ),
2(m?—2m,w)
TABLE I. Branching ratios(in %) for the 7~ —(p~,K* ") v,y
decays as a function g8(0) and the lower cutoff photon energy ®)
©min (In MeV). and a=e?/47~1/137 denotes the fine-structure constant.
Channel B(0) wy=15 30 60 90 Thus, the branching ratio for the radiative decays depends

only upon the minimum photon cutoff energy,, the ex-
o 1 0.07618 0.05900 0.04268 0.03374 periment is able to discriminate and also depends on the

2 0.07332  0.05614 0.03984 0.03094 magnetic dipole moment of vector mesgB(0).

3 0.07981  0.06260 0.04616 0.03705 In Table | we display the branching ratios for™

—(p ,K* )v,y decays for three different values g{0) and

K*~ 1 0.00246  0.00187 0.00131 0.00101 four realistic values of the photon cutoff ener@gy,,. The
0.00243 0.00184 0.00128 0.00098 branching ratios of the nonradiative processeés—V v,
3 0.00267 0.00207 0.00151 0.00119 Wwere taken from Ref(9]. As expected, the branching ratios
in Table | are of order 107 with respect to their nonradiative

N
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FIG. 4. Same description as in Fig. 3 for the
7—K* vy decay.

(M) d/dx (10~(-3))
N

counterparts. We observe that these branching ratios ap~(p ,K* ")v.y decays. Our main interest is on the energy
proach their minimum values whe®(0) is close to its ca- and angular distribution of the emitted photon. We observe
nonical valueB(0)=2. We observe also that these ratiosthat this differential decay rate is sensitive to the effects of
become more sensitive to the effect ®f0) whenw.,, in-  the magnetic dipole moment when the photon is emitted at
creases. This happens because the radiation due to the elserall angles with respect to the vector meson. This effect is
tric charges is more important at the lower end of the photormore important for intermediate photon energies where ra-
energy spectrum, while higher electromagnetic multipoledliation off the magnetic dipole moment dominates over the
are more important for higher energies of the radiated phoradiation due to the electric charges and the electric quadru-
ton. pole moment of vector mesons and the other model-
Finally, we can also compute the effects #f0) in the  dependent contributions. For completeness, we have com-
photon energy spectrum. The single photon energy spectruputed also the effects of the magnetic dipole moment on the
is obtained from Eq(6) after performing the integration only corresponding branching ratios and photon energy spectrum
overE. The plots for the normalized photon energy spectrunof these decays and found that they are less sensitive to these
(Amr,)dridx, where x=2w/m,, for values of w effects.
=100 MeV are shown in Fig. 8for ~—pv.y) and Fig. 4 Since vector mesons are detected through their decays
(for ——K*v_y). The solid, long-dashed, and short-dashednto two pseudoscalar mesons, the present study would re-
lines correspond, respectively, £(0)=1, 2, and 3. These quire to reconstruct the invariant masses of the two pseudo-
single photon spectra are more sensitive in the region o$calars in a region close to the vector meson mass. On the
intermediate photon energies. However, as in the case of thether hand, it requires one to be able to detect photons emit-
integrated rates, this observable is not as sensitive to tHed at small angles with respect to the vector meson. Those
effects of the magnetic dipole moment as the double differexperimental capabilities would allow a measurement of the
ential photon spectrum discussed in Sec. Il. magnetic dipole moments from the most favored region in
the differential decay rate with a reasonable accuracy.

IV. SOME CONCLUSIONS ACKNOWLEDGMENTS
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APPENDIX

The expressions for the differential decay rates appearing if3xe@re

dry 2ax(1-y?) (E*)3(v™)*

- Al
Ppdxdy  zl(2—x)v=+xy|[(1-r) (T)? A1)

and
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2

dry 2xaE*(v*)?2 ((1 2)(invi +1T+(1+) ) /3(0))2
B - —T- r R,
LpdXxdy  z(2—x)v*+xy|(1—r)3(1+2r) Y - r 2
ro. BOX 1(  BON]* 1 | 1 B’ @a-n( (BO)*> _.
+;(T +x)| 1+ — —F —T "r;(T +Xr) ,8(0)_?(1_ 2 )}4‘ X (X( 2 ) =T )
(A2)
In the above expressiona=e?/4 is the fine-structure constant;” =\1—r/(E~)? and
T =1+r—x—2E~,
E*=m«2—x)(1+r—x)iny(l—r—x)z—xzr(l—yz)}. (A3)
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