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Under the assumption that production of the charmed vector meson D* is important in
the charm threshold region, the soft cascade pion (photon) from D~ Dx (D+ Dy) for
ML, ~ -MD & M~ (MD ~ —MD &M„) could serve as a very useful clue for charmed particles.
Also the pions produced in e+e" collisions together with (strong-interaction-stable)
charmed particles must obey energy equipartition. This strongly suggests other new
heavy-quark thresholds and/or heavy-lepton production.

The discovery of even-charge-conjugation
states in (( -~ decays" and of the r},(2.85 GeV)'
strongly suggest that l( spectroscopy is that of a
fermion-antifermion system. If the structure in
o„,(e'e -hadrons) in the region 4 ~ W & 4.6
GeV reflects cc continuum states decaying into
charmed-particle pairs, many such cq (q = u, d, s)
composites have already been produced at SPEAR
and DESY. The failure to find charmed particles
there (and elsewhere) is attributed to multibody
decays and to the possible almost simultaneous
onset of a heavy-lepton-pair threshold4 which
tends to reverse the charmed-particle signal in
the K/n ratio. ' The small mass difference be-
tween D~ (1 ) and D, ' the corresponding 0
state, leads to soft m and y emissions for 6=- M~.
—M~ & m., and 6 & m„respectively. The possi-
ble implications, particularly of the ~ &0 case,
for charmed-particle searches are discussed be-
low.

Simple potentiallike models for cc bound states

tend to predict g-g, mass differences much
smaller than the observed value of 250 MeV. The
presumably short-range spin-spin forces which
cause 'S-'S splittings are likely to be less effec-
tive in the more extended (cq) systems D and D*
than in the g and rt, systems which are composed
of two heavy quarks. Thus it is expected that 6
= mD. —m~- m& —m„and in the following I will
assume 6- 200 MeV. On the other hand com-
parison with the larger light-quark system (i.e.,
the ordinary mesons) suggests that (mo. )' —(mo)'
~ mi. ' - ml'. Thus for m~. =2 GeV as indicated
by the large rise in A at g = 4 GeV we find 6
& 0.14 =m, .

Specific model calculations" predict almost
complete dominance of the D*D* mode in the
charm threshold region. Even if the detailed pre-
diction of a, huge jump (6B=3) in A over a very
small (10-20 MeV) range due to D*D* is not
verified experimentally I believe the qualitative
result that D*D* states are important just at the
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point where 8 rises to =5.5. This is corroborat-
ed by naive statistical-weight considerations
which are 1:6:9for DD, D*D+D*D, and D*D*.
Thus a rough estimate for f~.~., the fraction of
6A rise due to the D~D* final state at W=4. 2

GeV, is f~.~.-~e ~0.55 and f~.~. = 1 in the model
of Ref. 7.

An important point for later discussion is that
the rise of the e'e -D*D* cross section above
threshold can be much faster than the correspond-
ing rise for a pointlike e'e -O'U heavy-lepton
competing process because of the existence of
resonances and virtual states in the cc—D*D*
system. "We may therefore expect that for c
=—W —2M~. = 0.2 GeV, a major part of the 6A' rise
reflects charmed and in particular D~D* final
states.

If h - 0.2 GeV then the P-wave decay D* -Dw
occurs with momenta P, - 0.14 GeV/c in the D*
rest frame. Comparing with K* -Zm with P '
= 0.288 GeV/c I estimate I'(D+) - I'(K+)/8 ~ 6 MeV,
an effectively zero width. The Lorentz trans-
formation Ew= y~. (h+P~.P,*) allows, for a=0.2

GeV, lab pion momenta to vary within (P,~e",
P, '") limits (0, —0.12), (0.03, —0.16), and (0.04,
0.21) GeV/c for 6=0.16, 0.18, and 0.20 GeV,
respectively. These limits as well as the median
value (P, ~e = y~.P,*)are insensitive to detailed
angular distributions in the decay chain "y"
-D~D* -DmDn. Thus the onset of D*D* threshold
will (if 0.2 ~ b, ~ m„}enhance, via the D+ -D n

cascade pions, the inclusive «/dP, '=do/dP, „„~
at low momenta.

The fraction of the integrated inclusive cross
section reflecting the cascade pions is

where &4 is the average number of charged pions
in the D~D*-DmDn cascade. Using 6A= 2.5,
f+.D. ——0.55, R = 5.5, and (n, ) =4, the values ap-
propriate at W =4.2 GeV, I find y =0.09. This
means that around 8' =4.2 GeV a sharp increase
is expected in the integrated «/dP at small P,
amounting to 9/0 of the total integrated inclusive
cross section.

This effect should occur over and above the
general nonscaling features, i.e., the observed
monotonic increase at x ~ 0.5 of Sd&/dx for W

varying between 3 and 7.4 GeV. In order to see
that such a "cascade pion" effect could indeed be
distinguished from the background representing
pions from noncharmed events and also the weak
DD decay I present in Fig. 1 W'dc/dp at W=3.8
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GeV and the averaged result for W= 4-4.4 GeV. '
Both are drawn on an ordinary scale versus P„."
The measurements do not extend below P „=0.10
GeV/c because of the magnetic rigidity" and be-
cause presumably also the lowest available points
are imprecise. This together with the averaging
over 4- W- 4.4 GeV prevents observation of the
possible sharp onset of the low-P„cascade-pion
signal. However by smoothly extrapolating the
available points to P, = 0 one may have an esti-
mate of the background. I also indicate by dashed
lines the low-P„region where the cascade pions
should contribute 9% of the integrated W=4. 2-
GeV curve, for ~=0.200 and ~=0.160 GeV, re-
spectively (e = 0.200 GeV).

Note that the total fraction of the area under
the 4-4.4-GeV curve to the left of these lines is
16% and 4%, respectively. Furthermore, most
of it (=75%}is readily accounted for as back-
ground as indicated by the dashed curve which is
the 3.8-GeV data scaled by the ratio of the curves
at P, = 0.5 GeV/c, a region where the soft cas-

P~ (Gev)

FIG. 1. The experimental W~do/dP ~«~ spectra
for e+e collisions at W =3.8 m.d 4~8'-4. 4 GeV. The
dashed curve indicates scaled-up 3.8-GeV data repre-
senting some minimal background at 8'= 4.2 GeV and
the lines are the kinematic limits for the soft cascade
pions for 4=0.16 and 0.2 GeV.
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cade pions certainly do not contribute. Thus even
if the value of y-0.09 is a considerable overesti-
mate and y =0.03-0.06 only, a careful study of
the low-P, region for beam energies W =4-4.2

GeV, the region of the large A rise, should very
clearly reveal the soft cascade pions by a "sud-
den" 50—100% increase of dv/dp at I', &0.100—
0.200 GeV/c. "

Instead of using the data directly to estimate
the background I could have resorted to some
statistical fireball model. In such models the ob-
served nonscaling inclusive n distribution can be
reproduced by sequential decay of fireballs emit-
ting pions with an average energy of =400 MeV.
The decay D*-Dm has much lower energy and
therefore a unique signature in the low-P, re-
gion.

To date no feature of e'e annihilation was
found to display a marked sharp variation in the
short region where A increases quickly. " The
sole exception is a jump in Sdo'/dx between W
=—3.8 and W =4 GeV for 0.8-x &12, i.e., 160
MeV &P, & 240 MeV/c. ' This may very well be
an indication that the cascade-pion effect suggest-
ed here is indeed observable.

However, in order to really verify the interpre-
tation suggested here, the association of this
phenomenon with the increase in A should be
checked much more carefully. What I am sug-
gesting in effect is that the jump in Sdo/dx for
low I', should occur very sharply in the same en-
ergy bin of 20 MeV or so where R rises by rough-
ly CA=2. The averaging over a large W interval
in the Sdo/dx data may account for the interme-
diate leveling suggested by the data. If the pre-
dicted soft cascade pions are found they could
serve as strong indications of the existence of
charmed particles.

The discussion above regarding estimates of 6
does not rule out 6 & I, which indeed we may
have to assume if the slow-cascade-pion search
fails (short of giving up the charm schemes alto-
gether). In this case D* decays into Dy with E &*

= b. (= 100 MeV in the subsequent estimates)
which transforms to a+ hP ~ E ~ d, —b,P in the
lab frame (P=0.3 for a=0. 2 GeV). This still con-
stitutes a narrow region of very low-energy (E z
= 6= 100 MeV) photons, which as indicated in
Fig. 2 stands clearly above the background esti-
mated from n' decays. Under the assumption
do/dp, ,= der/dp „the integrated signal-to-back-
ground ratio is, in analogy with (1),

y' = 25Rf~.~./(n z) R = 0.125.

I i & i I

250 .500

Er {GeV}

I

.750 .) 000

FIG. 2, The D* Dy photons (hatched area) versus
background photons for 6=O.l GeV.

since I (K~ —m'w )/I'(K ~
—n m') = 2 and K~ also

yields some (=20%) charged pions we find that
also the kaonic cascade component of the inclu-
sive cross section will contribute =70% of its en-
ergy to the charged particles and only 30/o to neu-
trals. The only mechanism for violating equipar-
tition for the cascade particles involves the rath-
er unlikely copious production of g's. This is
particularly unlikely in a cascade because of the
large g mass and even in the extreme case of ex-
act SU(3) would occur only z of the time.

This implies a slow increase of (E,t,„g~/W) in
the region 4 W ~ 8 GeV if additional isosinglet

A good-resolution experiment with ~ - 20 MeV,
if feasible, could very likely indicate the D* -By
photo ns.

Next we note a general result on the equality of
the inclusive n'm and m' spectra for those pions
which result from any charm-production events
via a strong-interaction cascade down to DB. It
follows directly from the fact that the eharmed-
particle production occurs via an isoscalar part
(cc) of the electromagnetic current and, because
it involves an eventual weak D decay, does not
interfere with noncharmed production.

A formal proof of the identity of the inclusive
cross section for the cascade n+n and n' is ob-
tained by using the Mueller amplitude for the for-
ward "scattering" of a n'n and m', respectively,
from a fictitious isosinglet "y;," target. A simi-
lar argument leads to equality of K' and K' inclu-
sive cross sections and hence eventually to

do/dp»+ =d(r/dp» =do/dp» =-do/dp»;
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quark pairs (cc) are introduced. This is so be-
cause far above the threshold region an increas-
ing amount of energy appears as the strong-inter-
action cascade m's which do obey equipartition.
Since no such trend is evident in the data' this
tends to strengthen arguments based on the A val-
ue that other mechanisms involving heavy lep-
tons which always decay to neutrinos and other
particles are operative in the range 4 ~ W ~8
GeV.

In the above we have indicated one particular
short cut for indication of charmed-particle pro-
duction. One other interesting possibility" —if
charged multiplicity distributions should become
available —is to compute the second correlation
coefficient. It should reflect the existence of a
two-cluster (DD, D*D*, etc.) component which at
W =4.2 GeV adds to the "old physics, "presumably
one-cluster mechanism.

I am indebted to A. Casher and S. Treiman for
helping elucidate the equipartition theorem.
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