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ELECTROMAGNETIC MASS SPLITTINGS IN
HEAVY MESONS
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The dlectromagnetic contribation o ike pomalilpll mes spliitings of beavy mesons
is remnalysed within e lrameework of the heavy mass expamsion. [t iz shown Lhal
the leading term im Uhe expunsion s gives 1o & good approximation by the elustic
Lerm, If-qﬂmlhmuhhm Lhe maim source of umcerisinty mow
being inclastic contributions. The 1fmg-correciions io the slasis Lesm tars ool ia be
relatively amadl ia bolk [ and B e,
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I INTRODUCTION

The messurement of mas splittings in heavy pseodoscalar and veclor mesans
hns attained s substantial degree of precision in the D-aystem [1,7] and in the
B-system is expected Lo improve over the presently available data [3). In partic-
ialar, Lhe isospin splitting in [ and D" mesons is now known within am error of
#0.2 MeV [2], in B nusmons the error in lurger and aboul £1 MeV [3] and, in B*
mesons its experimental determination is an important task still to be accom-
plished. The theoretical understanding of isospin splittings is less satisfactory.
Meither the eleciroamagmotic nor ihe quark mass contribaticns can be determined
b a similar degron of precision. In both cases, the task boils down Lo a strong in-
teraetion problem where Lhe extraction of & result cannot be at prosent schieved
without assumplions and, io some extent, modeling [4-0). Surprisingly good
agreement with data was found (8] by an analysis in the limit of infinite heavy
quark mass using & linear interpolation to determine the conlribution A™ M to
the splitting by the masses of the u and d quarks, and the elastic spprozimation
Lo Lhe electromagnetic contribution ATM with & VMD model for the elastic form
fartors associated Lo the light quark components of the electromagnetic enrrent.,
There are, however, unanswered questions concerning each of Lhe asumptions
made. In the present work, we recomsider ATM in the light of the heavy mass
expansion. We consiiber models beyond VMDY and give an estimate of correc.
Lions of ordor 1 fmg. Some conclusions of general character are drawn from the
analyss,

. ELECTROMAGNETIC MASS SPLITTINGS
The QED contribution to the mass of a hadron H is gives Lo order o by:

i : 2 o
Mg = lim T My (22 f d'q D (g) T (9, F) [;—_1;] + M5 (A)

n

where P? = M}, =i Dy (q) is the photon propagator in an arbitrary gauge, the
temsor T, the covariant forward amplituds for virtual Compton scattering off
H, i ghves. by

Tita P =i [ dede (1PoIT#EFO ) (@)

where o denotes the polarization of the hadron, and 57 M5 (A) is the counterterm
needed Lo render 8¥ My 1LY, finite. The customary covariant normalizsibon of

slates is used, In this work, we focus on beavy miesons conlaining a light quark
{u, d) and a heavy antiquark (c, B). N and H* will denote respectively the
petudoacalar and veclor mesons. The eleclromagnedic current perinining Lo our
analysis s conveniently decomposed as follows:

1
=I5+ 58 +eqdy

0= % (" n — dv*d) (3)
=3 (it dytd)
J,E,:ll:h]-"l]

where QF denoles the beavy quark with dharge &g,

Since QU plus QED is & remormalizable and parily conserving Lheory, e
counterterm 87 MY [A) can ooly invalve the matrix elements of even parite @ aoes
invarinnt operafors of dimenston four or less [I0]. AL owler o, 0l onde 20
operalors ane G"G". ‘ﬁ"'"" ia Lhe f.!:“ fiekil mlvn gl il ael CALY THe 5 asd
bilinear operators must appear maltaplial by a conthiowm progestin 1 1

m“"ﬁ q,.ﬂl‘h mass as desmided ll:" a vasisanlend s b Bioe® Do Dl luiial, ol
difference of mass ahifts pelevanl o s waork
AT My = 5 My, ~ 8" My, (4)

becomes U.Y. finite, This results from the cancellation of the gloon- and heavy
quark- operalor contnbulions in the difference. Throughout this work, we take
the chiral limit; this amounts Lo an error in ATMy of order am, fAgep. The
#y*s component af the ic current drops off when considering (4).
For this reason it was not included in (3).

Following Cotlingham [11], one can perform in (1) an Euclidean rotation in
thr:-f:mquﬂuphmndumu:

L s L dg* ot S
AT M = oy 2eP )'r'ﬁ!' j:""'\-""?' 3 TE(Q, —iv)  (B)
& here q’ = —|-|‘ amd:

T""ET;:-T:: (&)

Tt s convenient Lo separate T into Lwo pieces, ane referring only to the light
quark clouds and the other Lo the light quark cloud and the beavy quark:




TE=TR 4+ TH "N
= f e 0 ((Ha | TOPO) 3 (2) + J500) 7 (2)) | Ha) —d — u)

where i = A, B, and J5 = {J§ and J§ = eglf.

Thqh:knfupﬂimﬁ]lmlnlht:hrpﬁmpﬂin"l‘;;.wud\mu
permit the reconstruction of TF°, compela ua o resorl to some approximations.
The main approgimation will consisd in taking only the elastic Lerms in the sb-
sorplive part of 7%, In the framework of the heavy quark expansion, we will
show Lhat inelastic terma are of leading order (m) for i = A and of order 1/mg
For i=B.

The elastic contributions are conveniently studied in Lhe lange mg limit, where
the paeudcscalar and vector mesoms belong Lo a multiplet under the beavy quark
symmetry [12]. It is therefore appropriste Lo keep aa elastic Lerma in the abaorp-
meﬂf}mmﬂ:hﬂﬁ:u}'dﬂhmhﬂbh inelantic Lerma
which involve a M1 tramsilbon ba H* in the intermediste state, We can then write
ihe elastic absorptive part of T

wireresy ¥ [ e0ee-rog (8)

TR
.
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wilh Lhe miatrix elesmentis

(Hp, P | JP0) | Hao P} = bap (P + F'Y FiQY)

(Ho, P | J5(0) | Wa, P) = 72, (P+ ) Fa(@%)
{Hp. . P | IMO) | Hao P) = idap """ o, P, Fs 2l Q") 9
(Ha.e, Pl (00 | Ha, P) = imay """ e PP Q)

Fr)=3R0)=} o f=ud

where ¢, ia Lhe polarizstion fowr-vector of H*. 'Inl.htl.upnun limmit one iu[lﬂ:

Fgl@") = —eg £jv.a') {10}
5@ =ca U gny=1

£ s the universal I-W form factor, and v dencles the four-veloty of the meson.
The BiEN comvention foer g ,ﬂ'ﬂ'l by this equation implics that I-|;l1-Fr=ule1r-

In the customary Lensorial decomposition of the badronic tensor, (B) and (9)
give the following expressions for the elastic structure functions:

WIS (g, P) = ~4% M} 5(2 My v = PVKP + ) (@) 0l@) (7 + Q)
W3 (9. P) = —4x M3 62 My v~ Q)B(P +)") (1

3 v 4 QP
* [‘l FilQ) Fs(@") + 9@ ) 02l Q) q

AL fixed G = 0 the dispersion integral over the variable v finally gives:

Q1+ 3ir)
TP =2 e~ “._.T_E = - (12)
T5(@%v) = -2 (4R(Q") Fal Q™) + @ (@) el Q")) ﬁ
Using thal:
Tlav) = -3TWQ" v} + TH(Q )1 + éi (13)

replacing in (5), and performing the integration over dic we finally obtain:
ATy = AT My + AL My

a7 Mu = o f-rn’(mn'wa':r [11+,—f,}:t1—1|{|+4§1+5‘]
- @ & l{uﬁ;}m— 1+4%§1-5]) (14)

To leading order in the beavy quark expansion the result becomes physically very
simiple:

4114””[.:—17" , -ﬂ(%ﬁ-lﬂ’}ﬁ[ﬂ’]
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where Le form faclors are taken in the mg — oo limik. ‘The first berm s bhe
difference between the Coulomb sell-ensegies of the light quark choads with i
unﬁddﬂ.mqu.ﬂwnmbeu,thmmﬂicrmhllﬁﬂﬂmmhlmth
Coulomb intersction of Lhese clouds with the heavy quark, and the third term @
the result of M1 transitions / — H*y medisted by the light quark component
af the a.m. current. Simee Lhe relevant conbribubions Lo Lhe integral in | 15) slem
feam valwes of 7 of the order of light hadronic masse, one can neglect the G°-
dependence in Fg(@®) 'Hmm#nmmu'nﬂuma’. Simce gy is
already of order 1/mg, it does nol appesr in [15).

Thire are Lo Lypes of | fmg-correclions, kinemalic onen which are obtaimed
by expanding the terma in the squars brackets in (14), and dynamical ones which
reside i Lhe heavy mass dependence of Lhe form faciorns sssocialed wilh the light
quark curremls. The lallet are hard Lo determine; charge conservalion assures
us that Uhe corrections. vamish al §F = 0 and can only alfeck ibe charge radius,
Kinematic corrections due to the mass difference My- = My o 1/mg are of
higher order. Cme thus oblains the Hkrhr'l'l.! I.fnlq—-tﬂ-l'l'ﬂlﬁﬂ'

ax*Mu| = 375 f' 49 (Q Fr(QY) Q") - Qo (P)9s(@)

ﬂ = nm’:) (18}

a3 Mul, = -3eari [ 40 (@ Ft0) - 30 nia")

- ;' EFF:W"'!)

We have sssumed here that the mg-dependences of Fy(Q7) and Fa{Q") are
the sume. A similar asamplion applies to the M1 form factors, In the limit
Ihﬂlh:]qthﬂ.ﬂuhhmunmmﬂ.-mlquui the term proportional Lo
gal?) im .h"' My in bdentified with the difference beiween hyperfine splitling.
'l‘l'lldmluurnﬂmﬂth M1 transition Lerma and also the sign of the
combribition.

It is imporiant Lo notice that the expansion in powers of 1fmg we have
implemented eormeaponds Lo Lhal of the HQET (heavy quark effective theory).
The imtegration over f must then be cut off sl & scale A << mg, and the
contribulions which arise from the domaln @ > A must be inclsded as local
counler-terms of order 1/mg. These terms are, moreover, reapanaibbe Tor lifting
the eul oll depedence of the resulta, A lisk of the possible counler-Lerms one

" EMQ’}?: F@) + 5 @

L=

can add has boen given innel ﬁ,ll Tha: i all lie comellicwaiba am leaemib ool 1l

terms is nok known & priori. In the case of e elastic contributions they could be
determingd cnee all Lhe form faetoen are known above the cul off. Our ignorance
about the counter-terms is manifmied, therefore, in the cut off dependence of
our results, which depends on the asymplotic behavior of the intergrands in (18],
and which tuma cub Lo be more proncanced for § = B,

There are olber terma of order 1 /mg which have been disregarded; they are
the tadpole terms resulting from seagull Lype conbribubions o T, and which
must be presesl by gauge invariance. In particular, their strength in fixed Q7 =
0 in terms of the electric charge of the meson. This fach hes Uhe particular
conseqeivcs that at order 1/mg the tad pole contributions o A™ My and A M-
are equal.

In conclusion, we are able Lo determine the | /mg-correclions of kinematical
arigin, up to the mentioned cuk off dependence, and those originating in hyperfine
iype inberactions. Thoss residing in the form factors will in any evend be buried
in our lack of knowledge of the form factors themselves, and those of Ladpole
origin will be disregarded.

For e sake of providing a rough quantitative estimate of the mass spdiitimg
we pnow pesorl o A model for the form faciors. Im the csse of e peposlen
ihe pion, Lhe asymplolic behaviour of Use foam factors seems to pervade Lhe
behavior b bower values of 7, giving rise bo the respective dipole and moncpale
shapes. For beavy mesons (ho siteation is more involved. Within the beavy
quark exprnsion, the asymplotic behavior corrmponds Lo o " Q¥ € mj.
“To beadling order i a, , U asymptotic behavior of the charge and M1 form factons
coincide with those of the relativistic hydrogen alom with o = Jo,:

FIQ") = Qa(@") = @ 4=
a, =a,(Q%) ()

The exponent has the following values al some illustrative points: §(0) = 3,
§(0.3) = 2.8, §{0.5) = 2.5, §0.6) = 2.2, §{0.64) = 2, For those values of o, where
ome can brisst this estimate the form Eaclors ab large §F fall off faster than for
the pion. Since the asymplotic behavior is not definitely known, we chooss Lhe
fseimn Msctors Lo have the following form:

3@ = 2F@)= (14 “—’)_' (1)
g
0v(@) = 20@) =5 (14 %




The chotce of mi, as the relevant scale is natural, snd likely o be & reascnably
good approximation. The conslant # delermines the rate of the tranaition H* —
Hy. We will choose here a value suggested by quark models [3): § ~ 3 GeV~"
& will be varied beiwesn 1, which eorresponds bo the veclor meson dominance

miodel [B], and 1.5, which ssymplotically corresponds Lo & loosely bound light
quark. Neglecling the 1/mg correclions Lo Lhe form factors one obiains:

sytune -2 (M (o £2H)
m, fm- h]

I
Y WMy *2x-1) k23

A} My =g = {1...-" (19)
AT Mr=1
+ﬁL (1 A Tt D)

+ (37" a-Fem))

For the chosen range of valwes for o, only A%L™ My shows non-analytic contriba-
Linns when aelling A ~ My,

=1 A= 3Eev?
H| =« .
ANy | AT"My | &7 My | AT"Ms | AT M | AN
eV Me¥ MV MeV 'l MeV
1 .30 3.0 FX ] -B.1Z Tk 0.2
-0AT 3T [32] 0,15 1'.r A6
(138 | -0.84 .3 1.8 006 | 38 | &TE 0.3 |
(K] 040 a8 .5 0,98 T8 T
1.6 | 050 ] T§ | -Bar T4 L3k 0.0 |
035 24 2.0 018 24 19
i 044 <18 21 R 18 | -5.1E 0.1 |
AT 1.9 [-2a] 0,15 1.8 A1
EECREEE ] -1.3 1.7 =N = 1.5 | -i.8% L1
(3] 040 A .8 0.8 -1.4 -1.8
1.E | -0.33 =11 -4 =R ] 1.2 | -1.4L0.05 |
-0.38 1.3 1.5 019 -1.2 A

Tabla: Resalts for sleclromagnetic mass sphillings in the elashe appros-
mation ar defimed in the fexi. Dold fype members oefer fo | fmg cormreied
salnes, The results corveapand le the chower A =~ My moeq [(19), and the
errer shoun in fhe last column resulls from & change in A by a foclor of
£ For compariaon the resulls m fhe mg — oo hmil are also shows, The
nuwimbers desigmaled by the aguare are the resulls of the VD model [8].

Namerical reaulta for Lhree differenl choices of & are shown in the table. In
all camen A7 My is oaly & fraction of AL"My. For = 0 (ie., in the strictly
elastic approximation), the considered 1/mg-corrections to AT" My are small:
0.1 MeV for D mesons and 0.03 MeV for B mesons, whils the corrections to
AL"My are larges: -0.7 to -0.5 MeV for D mesons and -0.3 to -0.1 MeV for B
mesons, and kend to suppress wmp::ﬂw-hmﬂtm
contributions to a""n..ua]'. due to the M1 transitions are of order

and [|/mg reapectively. They hﬂhln;pprﬁu- dﬁ}"&l. by a factor
J3te 1/2; this, however, affecta the overall mam splitting by less than 0.35 MeV_
The corrections Lo AL" M, identified before Lo be of hyperfine nature, have the
sign opposite to that of the kinematical 1/mg-corrections, and they are about 0.8
Lo L5 Mel for I mesons and aboul 0.3 to -0.2 MeV for B mescns. The cul off
dependence ia a function of §: |AT My increases (decreass) with increasing
AMA=0(0=3GeV"1), and according with (18) the sensitivity diminishes as



& introases, We estimate thal the cut off depemadence alfecls Lhe elastic term of
[ mndd B mesona by £0.2 Mev and £0.1 Mev respectively. The dependence on @
is important in D mesons, due Lo Lhe fact that Uhe dependences of A" Mp and
AL"Mp add up, while the contrary occurs in B mesons. A" Mp increnses by
aboul 1 MeV as § increnses from 0 o 3 GeV™¥, and A7 9 Mg varies by al most
+0.1 MeV in this interval. Overall, for the chosen value of §, 1/mg-cortections
are small even for I} mesons, and mdd“uhﬂlﬁ-lrhﬂ}dﬂnlﬁrd&l
i owr Inek of theoretical knowledge of the form factors,

AL this poini, it s approprisle io briefly sddress ithe problem of determining
the Lotal iscapin aplittings. A™ My is detetmined from the mass difference My, —
My, , which alfler Uhe inclasion of chiral corrections reads [13):

- |
Mg, — My, = Cn (m, —mg) — 1;',%,: (2ME — M3 +O(m?)  (20)

where g determines the H* — Hw ampliteds, Fp=03 MeV s the pion decay
comslant in the chiral limii, and O i an unknown constant. Using Lhe ratio
R=(m, —m)f{my = my) ~ 43 [7], with ¥ the average of the u and d quark
masse, one obtains:

|. b |
A% My a i (M, - M+ W,:‘E (2Mg = MJ) + O(m]])

{21)

L, the beading ehiral eorrections, which are mom-analytic in m,, tend Lo in-
crvase Lse imngmilude ﬂ"ﬁ."ﬂj. Clearly, (21) makes sense only as far a8 g s
small encugh; the corections are large for § > 0.3 (for determinations of g in
ihe quark model and in QOD sum rubs see refs. [16] and for comstrainls see refs.
[17]}. Drherwise, the unknows m?) terms must also be included, We conclude
thal there is & large degree of Lheorelical unceriainby in 4™ My .

For g = 0 and the ratio & ~ 43 [7] coe oblaing A™Mp =~ 2.3 Me¥. The
posilivity of the non-analyibc lerm and the experimental result AMy = 4.8 MeV
[2] imply that ATMp < 2.5 MeV.

The main omission of the analysis presenied here is Lhat of inelssiic contrbu-
tioms. We only bept those involving H* in the intermediate state. The inclastic
eontribulions to A} My appesr sl leading order in the heavy quark expamsion.
Sines ALY My huwﬂjmdhmn&}'lg one might hope that they
will Hhmﬂlﬂ’—ﬂmhmmﬂ As already men-
tioned, those considensd amount Lo les Lhan 0,356 MeV, As & curiosity, in Lhe cuse
af the p-n eleciromagnelic mass difference il has been noticed long ago [14] thal

inelastic lerma give onlly a modest contnbutbon. On the other hand, for & 5 M
wit can prove the following statement: (he imelastic coniributions fo AR My are
of order 1fmg. The prool s as follows: inelaslic lerms in Lhe shsorptive part of
TH involve products of matnx elements of the form:

(#2500 | P X (P X | dgioy | H, P) (z2)

whee ‘e intérmediate siate involves & beavy badeon with momentum P amd
light hadrons denoled by X carrying momentum Py. Let us analyse Lhe malriz
elments separately. For (P X | J5(0) | B, P) we use Bjorken's sum rule [15):

Y %u + o) (oo N + Jl.- e wisle, 0¥') (23)
where Wi, is given by:
whnatlt, ¥ ) = E}r |:|::|’1':p g= P = Pr) Fl:n PR LG M|
X
+ Z — graph ¥
where n demoles & heavy hadron and the priome s the s paphes that Tore

X =| 0) ome must Lake n 3£ M. Since esch Lot on e RIS is positive, and the
form lactor satisfies the pormalmation condition [£{1)] = 1, near the point of sero
recoll [23) implies the Cabibbo-Radicati type sum rule [15);

}:m*"“*u-'[*-"-"l-(%u IEI'II:I:}I:I—-.-'j (25)

which, supplemenisd wilh the asmmption that £ is pon-singular sb zero recall
and mild requirements of continuity Tor wiee, imiplics that

i, 2 X | J500) | B, PY| ox (o4 — 1) > ; (26)

The behavioe of (H, P | J3{0) | P'; X} for v & ¢ is determined as follows:
in arder o chamge the velocily of the beavy quark by & finite amount the large
apace-like maomentum tranaler § must flow as shown in the figure. The magnitude
of the momentum is @7 ~ 4md, (v’ — 1) in the cases where PR < m,, which
arn indesd the case in our p . An ilhstrated in the figure, the flow of the
momenium g gives s o & suppression Tactor of the order of 1/Q° stemming
from the light quark and gluos propagators. This clearly holds for all possible
dingrams conbribuling to the matrix element. Thus:




HH, P J500) | P X)| e m (37)

which is valid as far as mg (v.v' = 1)'? >3 Agep. Thus, sceording Lo (26) and
(27), in this regime the product (22) becomes proportional to mg® (.’ = 1)~*.
When mg (.6’ — 1)V ~ Agen Ube LAS of (I7) is not suppressed, and (22)
becomes proportional to mg since (v’ — 1)V o= mg! in (28). This latier
case corfesponds precisely to the inelsstic term, which we included as slastic,
with 1™ in the inlermedinte state (byperfine term). We therefors conclude that
78" (g,#) is suppressed with respect to the striclly elastic one by & factor
mg (v.v' = 1)~?, which upon replacement in (5) leads Lo the siated 1/mg sup-

pression for AL™ My

Figure: The diagram shows the fow of the lorge space fike momentzm g
in dhe process H — H' 4 X mediated by the bght yuark component of bhe
eleciromagnetic curreni.

Finally, & few comments on wector mesons. Their isospin mass splittings are
identical Lo the ones of pseudoscalar mesons ab beading order in 1fmg. They
differ al ordet 1/mg, where & number of terma can be identified as pomible
comtributions [8]. In particular, for the electromagnetic component there are the
following terms: the hyperfine term, which breaks the heavy quark symmetry
and comtributes a factor [-1/3) times the hyperfine term for the peeudcecalar
{relative factor na in quark models); charge form factors Fay for peeadoscalar

11

and vector mesons differ at this order {we expect this effect Lo be smaller than Lhe
hyperfine); 1/mg corrections to the elastic dipale form factor of Lhe light quark
components of the electromagnetic current between veclor meson states which
lead to corrections to A" My- (sxpected to be relatively small). The electric-
M:lﬁlmﬁmmMHMIfn%,d.-mm
lh:hdrﬂhmllﬂhuﬂnumlh:muhthmlnuphlfﬂ-
COTTECLHAEA.
in D mesons the dsta is summarised by [1, %):

{a) Mp; = Mp, = 141.5 £ 1.0 MeV

Mp-s = Mps = 142.12 4 0,07 MeV

H_pll--l- — "]]ut = 14064 & 0.1 MeV {'H}
(¥ Mpes — Mpes =332:2 0.1 MeV

Mg+ — Mps = 4.8+ 0.1MeV

The resalts (a) show that the QCD hyperfine splitting is remarkably S1{3) sym-
metric, as emphasized in [8]: there in n change of less than T% as the quark mases
vary from my 4 tom,. Unless this is an accident resulting from the fact that non-
linear Lerma in m, are large, one conclisdes that [8] A™Mp = A™ Mp- to & good
degree of precision. Thus, AMps = AMp = A"Mp. — 4"MWp = -1.48 % 0.15
Me¥, which suggests a hyperfine term in A" Mp of about 1 MeV, & value
-hi,qh:i-nutm—ydiﬂmmtﬁunthcnmmuhlﬂl.!ﬁﬁh,ﬂ:ﬁﬂ:\r"
wary belwesn 0.5 to 0.8 MeV. Clearly, the possibility of isolsting the hyperfine
eontribution provides & useful constraint for further theoretical understanding of
1 myg-corections.

M. CONCLUSHONS

Electromagnetic contribulions to mass splitbings in [ and B mesons are con-
weniently analyzed in the framework of the large mass expansion. Leading order
Hmmﬂ:ﬁn&.ﬂhhﬂﬂkmﬁ-hﬁlﬂﬂ.wdﬂdRMﬁh
tions which sre given in terms of Lhe elastic form factors nmocialed with the light
quark components of the ebsctromagnetic corrent. A precise theoretical determi-
nation of the latter from QCD is thus very important. 1/mg earrections suffer
from uncertainties of different sorta, and & precise Lreatment is difficull. We have
shown that the 1/mg-corrections to elastic contributions can be estimaled Lo a
good extent, and, within the wed approximations, they turn oul to be relatively
small dur Lo the fact that kinematic and kyperfine correctiona conspire Lo cancel

(F]



each other. For @ = 3 GeV¥ ™" Lhe pesults are remarkably closs o those obtained
al leading crder, To fully pin down the correclions Lo the elastic term knowledge
aof the mg dependanee of Fiya and gy 3 is required, and moreower, the difficult Lo
eslimale tadpobe terma should be included. Much more work is needed in crder
o roughly eatimate the importance of the disregarded inelastic terma,

Dhar main aim was bo conceplually clarify the amalysis of eleciromagnedic
spliltings, and therefore, we refrained from making definite nomerical claims,
which mre sensitive Lo the model chosen for the clastic form factom and otber
assumptions. Our estimates for the relative sives of the 1/mg correclions o
AT My should bowever be Laken serioasly.
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