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Abstract : Topics covered are (i) J/y radiative and two-body hadro-
nic decays. (ii) The JP¢ problem for c

+ states between J/y - y'.
(iii) The complex structure of R or g¢ot for 3.8 < Vs < 4.6 GeV.
(iv) Charm signals in e*te™ » £+ x and e*e™ + pe + hadrons.
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Introduction

My brief is on psion phendmenology, which I take to mean e'e physics up to
about 5 GeV. The glamorous region is above 3.8 GeV. Nevertheless, the
existence of much excellent data at J/¥ and §' obliges us to look at these
states. We can expect them to provide us with information on the new par-
ticles themselves, and on meson spectroscopy at lower energies through J/y

hadronic decaysl

Above 3.8 GeV the obsessive questions are

. . . "
(i) why is Oiot SO complicated?

(ii) where is the charm signature almost everybody expects?

(iii) is there really a heavy lepton? You will hear about this from Perl.

The new particles will be assumed to be built of heavy quarks (e.g. cc).
I follow custom and ignore color models. This should not be taken to mean

that they are definitely excluded by data.

I/

a) Radiative Decazs2

These are strikingly big - no sign of an 0(o) suppression of ny relative to

wopo, for example.

Table 1

Iy T

7%p° 300 +120 eV (SLAC-LBL)

n'y (4 +2.5) ny (DESY - HEIDELBERG)
ny 95 *¥29 eV (DASP)

Xy <7 keV (HEPL)

7% <700 eV (DASP)?

m W-y <p n°
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Vector dominance (p,w,$) would lead us to expect F(Troy) = 1 eV,

T(ny) « -;—F(ﬂoY) and T'(n'y) ~ O. Radiative decays take place via the (quark

model) diagrams:

Y

Ol

N\

g Q
3

The data seems to be telling us to ignore the first. At face value, the

second implies T'(n'y) > T(ny) > T (noy) 3.

is favored to mix with QQ, n should be suppressed by O(Sinzeps) - the mixing

angle, 6 _ ~ -10° - and n% is forbidden by isospin, 0.

ps Iqq =

To be quantitative, take the old pole model for mixing,

v
yfU]

m

Then (€ is the QQ content of the state up to first order in A):

T/ ~m) = |€ . (m2)[2 1(J/y > xy) + RMF

(cosen, for n'

2

€, - a(m2)
m2 - m2
X m

\ Sinen for n

This is because the singlet n'

QD)
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A(mz) is the mixing term in the singlet mass matrix and RMF stands for rela-

tive momentum factorsa. Now if the mixing is pure singlet (no intrinsic SU

3
breaking),
' |€ /€ | = 2.1,
_%Lﬂ_ll_ . 4 2.5 2 implies n ' @
) a2 /bR = 0.4

The mass dependence of the mixing interaction has almost cancelled out the
sin® suppression of Qa-content in the n. Alternatively, SU3 braking in the
light quark content of the x (as for J/y) could give a small n'y/ny ratio
with no m2 dependence of A. In either case, this "solves" the puzzle of why
¥' > nJ/y is so large (there is virtually no octet suppression as originally

assumed)s. It imglies3:

(i) J/y + =%, Agy or ngy very small (1 - 10 eV level).

Everything here rests on this!

(ii) J/v > wmy and KKY may also be big (at least for not too large

dimeson mass andfor JPC = 0++).

(iii) J/¥ + fy and f'y are small. This depends on A(m?) being very
small at m% (or for JP€ = 2++) or on ideal mixing in the light
quark sector implying very small QQ content.

If this prediction fails, check f'y/fy (1/2 for pure singlet mixing,

+
<< 1 for big SU, breaking as for J/y). Look for J/y + 4 n7y,

3
¥ + —
27 2K y, NNy too

(iv)  e'e” o0+ 3/ | Jy-oa'y RMF
efe” »n +J/y I >ny

at, say, Vs ~ 4.2 GeV.
The decay J/y - Xy remains. Using w -+ noy or ¢ > ny times a Clebsch and a

factor m%/mg/w (to scale the magnetic moment of the constituents) charm

gives the figure:
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M(Kev), T/P—=YX

40+

1

24

27 28 29 3.0
M, (GeV)

Even allowing a factor 2 error, the largeexpected I'(J/y + xy) may cause
trouble for the quark model if m = 2.8 GeV.2 What about the limits on de-

cays like x - PE or x > 4 7+? In any non relativistic QQ model T(x + YY)/

3 e2 where e = 2/3 for charm. Now we produce a comparative

table (I take B(J/y > xy > 3 y) ~ 2 « 10 %2,

T(3/y + ee)

Iy x
PP . 030 +.007 2R @
ee Yy
o +
AT . 58 £.16 AT ¢ o2
ce Y

The 4 ﬂi/Y'Y number is my guess from the SLAC-LBL data. An obvious (and

crude) estimate from this is that T(x) s 10 - 30 T(J/y).
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b) Two-Body Decazs6

a a
T/ —% + "‘%
Ay b A Iy b

. . +X x
SU3 says that UJ/¢= UY = 0 implies KK /w p+ = 1. Data and p3 phase space

gives 0.42 *.13. Converting this into light quark content, we get (assuming

Al = 0 (light quarks in J/¥) « 0.69(uu + dd) + 0.21 ss

( 23° mixing into an octet qg state). Besides SU4 breaking we have to re-—
. ) . ¥
member that direct and 1y amplitudes can be coherent7 (e. g. for mp, KK;

. . _ 2 =
only Iy survives for np). Putting I (ab) IA]Y + Adirectl and Re A]Y&i

cosG|A]Y|\Ad] it is straightforward to predict K°k®/np as a function of the

- .=
pn size for fixed Kﬁt(+/1r_p+ (octet SU, breaking assumed). This checks on the

3

possibility of big Iy effects. Data is shown as a band:

] 7
KK/ pTe e
7
L /// KEK:*/p=31/13
/
s
/
/
/
5- 7/ -
/ T T T T 822

Y, NI, 7
‘j:)~__4, 4——¥——_T’_—1“——’£é§§:6::0

51 15 2 25 3. 4
(PM/PTL) <100

. 2 +
The experimental fact that K°k° - Kiﬁ+ does not imply A] = 0!
I Y
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Evidently you neglect ly effects at your peril; nevertheless, I will do so in
the following discussion. It is important to look for channels like J/¥ - pn,

A, ...

There are two theoretically very interesting decays: J/¢ > n¢ and n'¢ (nw and

n'w, also important, are hard to measure). The quark comic book diagrams for

| |
Q ¥
gDC.<<¢ a ¢ gDQ¢
Z, Z; C:\ Zy

(Zn means Zweig's rule is broken n times, and the first two diagrams corres-

these decays are:

pond to mixing of qq in J/¥ and QQ in n or ¢; the last to possible Zweig's

rule breaking in the vertex.)

We can now take two approaches. Conservative: Z >> Z, >> Z_ 2 2 .
(o) 1 2 vertex
A growing number of radicalss, led by HarariS, like Z,5 Zy to be big - per—

haps dominant. A test:

Z1 only (assumes SU3)

|

TU/p>n¢) _ (3)
I'(J/v > n ¢)

T/ >ty

FQ/H > ny) 22 °nl

O0f course, all three can be present and interfering. I'(n¢)/I(wp) might turn
out to be anomalously big if Z,, Zv are large, but SU3 breaking and ly will

make it hard to draw conclusions unless the effect is dramaticg.

Similar remarks can be made about the ratio n+v_¢/n+ﬂ_m at small ©m masses.
Big mixing of uu + dd and ss in the €(700) can make Z1 (and n+ﬂ_¢/n+ﬂ—m)
larger than one would naively expect, assuming Z, only. If this is true it
implies f¢/fw << 1 and f'¢/f'w >> 1. As to inclusive J/y decays, we have the

following schema (do(a) = dca/dp).
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conservative radical

do(n') < do(n) do(n') >>do(n) > "
4
£do(k) = do(k") do (k) = do(K")
% events with n % events with n
$ % with KK >> % with KK

It is important to check for such effects; if found they would offer drama-
tic support for the ideas of references 5, 7. If they are not found, we will

still learn something new about Zweig's rule.

Il <

The direct decay ¥' - hadrons seems to amount to = 10 — 20 keV IO. This is

comparable to the radiative width of y' to the Pc/x statesl]. This does not
seem too unreasonable (compare T'(¢ + ny)/T(¢ > 3m) = 0.2; remember that ¢ is
built of charge -1/3 quarks, which suppresses I'(¢ > ny)). On the other hand,
Y' + yx has not been seen despite the much larger phase space compared to
Yoy Pc/x. It is usyally argued that this is because the ¥' and x wave

12

functions are orthogonal “, but there is not much evidence elsewhere for

such suppressions (the small p'(1600) - ﬂ+ﬂ_ may be relevant here).

There is an upper limit (reported at this meeting) on y' - wx of about twice

Y' > n J/y. If we use M, = 2.8 GeV, our mixing model and p3 phase space,

this puts a limit on QQ in the w,

which is not very restrictive in view of Gﬂ'/é%' Also note that this decay

s .5 (5)

is sharply cut off by phase space as m > 2.91 GeV.

Many peoples' notebooks must contain material on spin and parity determina-
tions for Pc/x(3.5) and P;/X(3-4)§ there are also several papersl3. Never-

theless, I allow myself some remarks, so as to illustrate the problems in-—



volved. Henceforth eY is the angle of the first photon in y' -+ Y, Pe/x
with respect to the e+e- axis; eYY (or GY") the angle of the second photon
(m) with respect to the direction of the first in the Pc/X CM . Azimuthal

angles are averaged; C,P,T are assumed good. Two examples:

a) P'/x (3.4): is it really 02

Since
P'/x(3.4) > wtn” or KK it is o** or 2™
c
(I assume J < 3). If in
dr 1 + cos?g
= 2 «in2 2 Y
dcoseY IM]’ sin ey * ‘Mo‘ 2 (6)

(The subscript labels the helicity of the Pc/x),
PC ++

Ml $0thenJ =~ =2 . If M, = 0 an isotropic c:oseﬂY distribution proves
JPC = 0"*. This is because for J = 2 the distribution is constrained to be
dP 2 1,2
dcos8 = (cos eYﬂ 3) ° M
ym

Reason: M, = O implies that the recoil Pé[x(3.4) has zero helicity if J = 2.

This gives (7).

b) P /x(3.5): excluding J =0

(1) Lf Pc/X - 7T see the Pé/x' case. If not, lMll # 0 proves J > 1 as before.

Distinguishing J = 1 and J = 2 can be hard.

(2) If IMII = 0 then for J = 1 (The argument is similar for J = 2 )
dr

|No]2 sinzeYY + 2|N]|2 cos2g, (8)

dcoseYY Yy

The subscript is the helicity of the recoiling J/¢y (analyzed via J/y + )
in the Pe/X rest frame with the z-axis now along the direction of the second

photon in this frame. J = O can now be excluded as follows: either

107



108

mol + |N1|; this implies J > 1 since dP/dcoseYY has to be constant for J = O.
If |No| = |N1| this can mimic the distribution for J = O, but then the recoil
J/¥ is longitudinally polarized. This is forbidden for J = 0. The signal for
longitudinal polarization is a dip when the &7 axis moves parallel to the

direction of the second Y.

(3) Luck can help. A term acos“6__ in dr/dcos6__ can only occur for J > 2.
YY YY -

The decays PC/X -+ yy and p; p% are forbidden for J = 1.
L L

This is a schema; real life will be less simple. Analysis of every available
decay will probably be needed to get spins and parities of the intermediate

states.

3.8 - 4.6 GeV

We 've seen the new results on R in this region. Why so complicated? A

sampling of proposals:

(1) Qa'models
Maybe the Qa-+ aﬁ = DD threshold is above 5 GeV, and this structure is due
to many Qaad bound sthtesla. These states ought to decay to J/y + hadrons,

x + hadrons, ..., much of the time.

Color models
These can have many 1 states in this regionls. Also, the existence of na-
tural parity levels below y' hints at excited states with J/y color quantum
nunbers not too much higher in mass. Then we expect to see inclusive J/y

somewhere above 4 GeV.

An experimental statement one hears is that if J/y are present at all (e.g.
at 4.2 GeV), then at a level much below the J/y + y' radiative tails. This

amounts to 0.7 nb at 4.2 GeV, and I infer at Vs = 4.2 GeV



oefe > J/p + ...)
o (efe” > hadrons)

< 17(@)

Hopefully real limits will soon be available. These models could then be in

real difficultyls.

(2) Thresholds (without interferences)

It is easy to show that even with p3 phase space and dipole form factors it
it not possible to produce a structure like that at 3.95 GeV solely from two
subsequent thresholds (e.g. DD and D%}. Of course, the conventional model

has many thresholds, plus what comes next.

(3) D-wave QQ

Every excited 3S] Qa level has (non relativistically) a 3Dl partner. If they
mix with the S-waves (tensor forces), they can couple to ete”. Maybe near
threshold they decay to hadrons (DD) via the S-wave admixture too. Then if
there is no interference a D-wave resonance has the same AR (base to peak) as
its S-wave partner. As for the location of these SPwave levels, see the
sketch:

AD--___ A7 A
S Ps Jubh 2

P

re
rd

A~ A& 7 A 410
T A 395/L00

7
7~

|
AD__ A "
3c 3 T~ 2
5D ug . ,
Hig small Hys big
Small spin—orbit splittings would favor 23D, near 3381, etc. There are now
two suboptions (ignoring thresholds now). Both take for granted that the

4.4 GeV bump is mostly D-wave (because it is narrow and Pez is small).
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(i) No interference:

The Y(4.4) and the 3.95 GeV bump are both D-waves. If so, why do they both
have roughly the same width? One is much closer to threshold than the other
and ought to be narrower. Besides this, Tt is comparable, and this raises

the question why the D-wave partner of the y' does not have a similarly large

Tote (it would then be easy to find - assuming that L.S forces and the Yy

V' spacing are small).

(ii) Interference:

The significant structure might not be the 3.95 GeV "bump', but the dip just
above it, followed by a sharp rise. This option might allow a small Fhad’
Fe*e‘ for the D-wave state. A very small Fe"’e' for 3D‘ near the y' would then
be more credible. Since the D and S states have the same decays, it may not be

possible to see a clear narrow pure D-wave resonance in some channel, as

one can for w + 3w, The figure may look familiar to you:

Maybe the 4.4 GeV is also partly an interference structure. Of course, the
standard model has both these Dstates and multiple thresholds around 4 GeV.
For this reason the structure there ought to be more complicated than around

4.4 GeV.

We can expect even more exotic explanations in the near future. Almost certain-

ly we can also expect more experimental surprises.



Charm searches in e+e_ have concentrated (unsuccessfully so farl7) on few body

nonleptonic decays. What about semileptonic charm decay signals? Near charm

threshold, e'e” + DD followed by D - l+ve X + ... is expected (seen in quIB

)

and these decays are less model dependent than nonleptonic ones. For in-

9

stance, the AC = AS = 1 rule should work welll . What signatures should we

look for? These are surely cleanest near threshold, so we start off there,
and assume that the signal is from e*e™ > DD. Much of this works at higher
energies too, ;ince the D from e'e” » bﬁ, B + Dm or Dy has most of the parent
momentum. The only difference is that NTr or NY in such events increases
through the resonance region. The thresholds are D+D_, Doﬁo; _%, ...3 FF,...
At high energies DD + multihadron is probably dominant, the average D momen—

tum small and the model dependence large.

Near Threshold

This is proportional to Bé» 3 relative to the heavy lepton e signalzo, the

L

charm pe + hadrons should be multiplied by ]3»(2:_> ARc/B2 ARL. It should fol-

L L2

low the bumps in R. D£3 and Dl4 decays are most likely, and we ignore the

rest. For 6 = 0 quark diagrams givelg:

+ + =0 + - + +
Dyt D »2" v K ; D%+ v, K5 F > vﬁn,n'

R + = (0. 0 + = .- + + o
D£4 : D -+ 4 vk(Kﬂ) ;5 DT+ g vl(Kn) 3 F > 8 vz(KK)

- . N . . 2
For pure le, IE“ = 1/2, IKR = 0 and it becomes interesting to look for K and

¢. The extremes of pure D£3, D24 can also be distinguished near threshold

+ =~ _0-0 . i . = .
(DD ,DD ') by measuring <Nhad> recoiling against &2 : for Dg3’<Nhad> 2

and for D£4’<Nhad> ~ 4, For the D23 case, 3/8 of the events have >1 Ks.
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4+ -
Above F F threshold, this fraction decreases for D4 and becomes ~5/12 for
pure DzA decay. In the latter case there will be a non-negligible number of

+ -
events with two K,. Similarly for K . Notice that for pure D,,,K and KS

S 23

% % .
never occur together. Remémber that if the DD, DD, ... threshold is very
2
nearby this picture is confused somewhat. But then D + Dy and the difficul-

ty is modest.

If Bc+2 is small, this may be the only way to see charm via semileptonic de-
21

cays. Of course, neutrino data speaks for a large Bc+2 ~ BL+E . Again, the
signal should follow the /s variation of R. If nonleptonic charm decays are
dominant (e. g. 280 %), and if they lead mostly to >4 body final states (2
and 3 body decays have not been seen), then <Nhad> for these events should

be much larger than for (1): <N = 6 - 8. We expect 1 - 2 kaons per event.

had”

+ - . .
Of course, e e - e/u + hadrons gets a contribution from heavy lepton produc-
tion and decay. If L is a conventional sequential heavy lepton decaying sole-

ly via the known charged weak current, the recoiling <Nc >~ 1 -2 and a cut

h

<Nch> > 3 eliminates = 80 7% of this contaminationzz. Hopefully most of the
charm signal survives. We expect that the low Nch events will not follow the

variation of R and that the large N, will.

h

What should the inclusive lepton spectra look like?z3 Let us assume the fol-

lowing:

(i) Near threshold Ep - Vs/2. For DD this is exact; for Dﬁ or b it is

approximate.

(ii) Asymptotically, the D(F) distribution in xdo/dx « xa(l - x)b; b =1,2
. - +
are popular and we put b = 2 (to agree with e+e + h™ + ...). Less

motivated is a = 1 (it prevents <n > « lns with a large coefficient).
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(iii) The inclusive D » 2% + ... distribution equals that for c - 2t v, s

with V-A currents and m, = 1.5 GeV, m = 0.5 GeV. The results differ

little from those for D, decay with a constant matrix element.

(iv) Do-it-yourself normalization. We compare charm - & + ... to L > % + ...
(V-4A, my = O)22 with the same AR and the same BR' Note that the plot
L
is for xdo/dx.
=~
kxdo/dx fxdoldx o7~
/ \
/ \

D—=le

D—*lg-

1 I 1

.2 Ay .6 .8 .2 4 X 5
VS =bLGeV Asymptotic

Evidently, momentum cuts on Py discriminate against a charm signal at large

™

/s but not near threshold, where charm signals are also enhanced by the re-

sonances.

There is experimental pe data in the range 4 < ‘/S—i 7.4 GeV, but it is not
yet clear what constraints on semileptonic charm decays this imposes. Hope-

fully we will soon find out.
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