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~ Motivations

ﬁc is known that in J/1 decays, the three gluon amplitude a3, \
and one-photon amplitude a, are orthogonal for

® 170~ 90°
® 10~ (106 + 10)°

® 171 (138 +£37)°

® 00~ (89.6+9.9)°

® NN (89 +15)°
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Motivations

J. M. Gérard and J. Weyers
argued that this large phase follows from the orthogonality of
three-gluon and one-photon virtual processes.

Is this phase universal for quarkonium decays?

How about

®
® wl’
® T(nS)

\_

P. Wang Universal phase between strong and EM interactions Mar 2, 2005 Page 4



experiments (BES, CLEOc).

/Recently, more ¢’ data has been available.

Most of the branching ratios are measured in eTe™ colliding
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Quarkonium in eTe~ colliding experiments
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Quarkonium in eTe~ colliding experiments *~

There are three diagrams which contribute.
S.Rudaz, Phys.Rev.D14,298(1976);

P. Wang, C. Z. Yuan, X. H. Mo and D. H. Zhang, Phys. Lett. B

593; 89-94 (2004)

hadron

~
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Contribution from eTe™ — ~*

Y.

ﬂl’he importance of non-resonance ete~ — v* diagram can be \
seen from the scanned curve of eTe™ — u* ™ in the vicinity of

20
w(zs
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Contribution from eTe™ — ~*

/

How important is eTe™ — v* ampitude?
For ¢’ :

OBorn = (387nb;

0. ~ 14nb;

With radiative correction

Or.c. = 4046nb;

With energy spread of ete™ collider

Max(oops) = 621nb at M, + 0.135MeV
with A = 1.3MeV for BES/BEPC,

Max(oops) = 550nb at My + 0.155MeV
with A = 1.5MeV for CLEOc;:

I\/Iax(aobs) = 380nb at MW + 0.236MeV
with A = 2.3MeV for CLEOc;

\_
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Contribution from ete™ — *

® The experimentally observed cross section depend on
experimental details: s,,, A, etc.

(P. Wang, C. Z. Yuan, X. H. Mo and D. H. Zhang, Phys.
Lett. 2004, B 593: 89-94)

® The resonance cross section, depends on the beam energy
spread of the eTe™ colider.

® The continuum cross section depends on the invariant mass
cut s,, of the final state particles:

1—2m
S

oo(s(1 —x))
Ur.c.<5) — / dLIZF(LE, 8) |1 . H(S(l - x))|2 .
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' decays

/For Y’ — 170~ decays

Ao
Ay

Aot -
A

K*OKO

3(ay +ac)
a3qg + Gy + ac

a3g + €+ ay + Q¢

a3q + €

which can then be expressed as

A0 = [B(s)+ 1] Foro(s) ,

Asn = [(Ce*® +1)B(s) + 1] - Furo(s)/
Agerg- = [(CRe™ +1)B(s) + 1] Foro(s
Apvoies = (CRe*® —2)B(s) — 2] - Foyro(s

R = |(asg +€)/agy|, C =

B(s)

\_

3v/s[ee /@

S—M2—|—’LMFt

—2(ay +ac) .

3,
/3
/3 .

(2)
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Y’ decays

o B, .
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Auro = [B(s) + 1] Furo(s) ,

Ayr = ;(Cew +1)B(s) + 1] - Furo(s)/3 , (3)
Agr - = [(CRe® +1)B(s) +1]- Furo(s)/3 ,
Apoee = [(CRe —2)B(s) —2]- Furo(s)/3 .

On top of the resonance, B(s) = —i3Bee/a with phase of
—90°. If ¢ which is the phase between a3, and a. is —90°, then
the relative phase between a3, and a. is 180° for pm and
K*TK~, but 0° for K*°KO.

The interference pattern due to this phase explains the small
signal of pm and K*t K~ but large signal of K*9KO0 observed
by BES and CLEOc at v’

We suggest that in ¢’ — V P decays, the strong and EM

amplitudes are still orthogonal and the sign of the phase must be
negative. (P. Wang, C. Z. Yuan, X. H. Mo, Phys. Rev. 2004, D

5 057502) y
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Y'decays

/

The newly measured ¢’ — K2K? from BES-1I together with

previous results on 7t~ and K™K, gives the phase between
strong and EM amplitudes is either (—82 +29)° or (121 £ 27)°.
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Rosner’s scenario on pm puzzle el
When we come to the phase in 1" decays, we get an extra prize
which leads to the solution of the long-lasting pm puzzle in
charmonium decays. First we need to digress to Rosner's
scenario on pm puzzle.

While pm has the largest branching ratio among the hadronic
final states in J/1 decays, the same mode was not found in %)’
decays for a long time. (Recently, BES and CLEOc report its
branching ratio at the order of 107°).
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Rosner’s scenario on pm puzzle

( )

Rosner proposed that this is due to the mixing between (235,
and (13 D;) states:

9"y = [2°51) cos @ — |1°Dy) sin 6 |
") =12°S1) sin@ + [1°D1) cos @,

where 6 = 12° is the mixing angle.
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Rosner’s scenario on pm puzzle

/

The missing of p7 in 9’ decay is due to the cancellation of the
two terms in (pm|y’).

(prc|y") = (pm|2°S1) cos @ — (pm|1° D) sin @ |
(prc|"y = (pm|2°81) sin @ + (pr|1° D) cos b ,

(p|2°81) cos§ = (pm|1°D;) sin 6. (4)

This scenario is simple, and it predicts with little uncertainty
that By ,r = (6.8 £2.3) x 107* | or

gBorn = (7.9 £2.7)pb (5)

ete- =Y —pm

with BES latest result on B(J/v — pm).

\_

/

P. Wang Universal phase between strong and EM interactions Mar 2, 2005 Page 15



Rosner’s scenario on pm puzzle

~

On the other hand, using CLEOc measurement of ete™ — pr
at 3.67GeV, scaled to 3.77GeV

according to 1/s%, we obtain

gBorn (@3.770GeV) = (7.5 4+ 1.8)pb.

ete- —~y*—pm

compared with

gBorn (@3.770GeV) = (7.9 £ 2.7)pb

ete™ =Y —pr

The question arises: how do they interfere?
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Rosner’s scenario on pm puzzle

As a matter of fact, MARK-IIl measured this cross section at "
peak, and gave

Oete——pn(@3.770GeV) < 6.3pb, (6)
which is already smaller than the continuum cross section:

Gt o s pn(@3.770GeV) = (7.5 % 1.8)pb.

We expect BES and CLEOc to bring this value further down.

This means (P. Wang, C. Z. Yuan and X. H. Mo, Phys. Lett.
2003, B574: 41)

® There must be destructive interference between resonance
and continum, i.e. the phase between the strong and EM
amplitudes is again —90°.

® B(y" — pm) ~ (6 ~7) x 1074, i.e. Rosner’s scenario gives
correct prediction! /

\_
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Rosner’s scenario on pm puzzle

/If we scan 9", we shall find the cross sections of ete™ — pm \
and ete™ — K*OKY + c.c. versus energy like the curves

35

e o
e E

o e
3.73 3.74 3.75 376 3. 77 3.78 3.79 3.8 3.87

E_._(GeV)

In the figure, the shaded area is due to an unknown phase
between the 23S and 13 D; matrix elements.

Qhe K*T K~ + c.c. cross section is similar to pr. /
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Rosner’s scenario on pm puzzle

/Recently BES find modes which are enhanced in 1’ decays
relative to J/1. One of them is KOK?:

B(J/y — KSK?) = (1.8240.04 £ 0.13) x 10~*
By — K3K?) = (5.24+0.47+0.48) x 107°
with @), = (28.2 +3.7)% versus
Qee = BB ) = (12.7 £ 0.6)%
If such enhancement is due to the mixing of 2°S; and 1°D;

states, then we expect (P. Wang, C. Z. Yuan and X. H. Mo,
Phys. Rev. 2004, D70: 077505)

(12£0.7) x 107 < B(y" - K2K?) < (3.8+1.1) x 107°

Here the range is due to an unknown phase between
(K9K?)23S1) and (K9K?|1°D4). If this phase is 0, then the
prediction is at the upper bound.

\Currently BES gives B(¢" — K2K?) < 2.1 x 104

~

v
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Y" decays to charmless final states

x ¥ .
B o W
B |
. y
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It has been noticed that there is hadronic excess in 1)’ decays
which has no parallel in T physics:

_ B¢’ = 999 +99)
B(J/¥ = 999 +799)

Q1 = (26.0 £ 3.5)%

VErsus

B —efem)
- B(J/Yp — ete)

Q.. = (12.7+£0.6)%

It indicates that most of the v’ partial widths via gluon go to
the final states which are enhanced in 1)’ decays.

\_ /
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Y" decays to charmless final states

sl e T
al S ]
. y
v S ]
e

Now we do not know what these final states are but they
account to 98% of the v’ gluon decay width.

The question arises: what are their branching ratios in 9"
decays?
There has been experimental indication that " has a

substantial charmless branching ratio, although it comes with
large uncertainties. This was addressed again recently.

So let us estimate what the possible combined branching ratio of
these final states in "' decays.
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Y" decays to charmless final states

We define the suppression and enhancement factor

_ TW > f) T = eter) )
TTU = ) TW — eren)

Q(f)

® ()(f) < 1 means the final state f is suppressed in v’ decays
relative to J/v;

® ()(f) > 1 means it is enhanced;

® ()(f) =1 means it observes the 12% rule.
In the 25-1D mixing scheme, for any final state, its partial width
in 1" decay can be related to its partial widths in J/v¢ and v’
decay with an unknown parameter which is the relative phase
between the matrix elements (f]22S7) and (f|1°D;). This

unknown phase constrains the predicted I'()" — f) in a finite
range.

\_ _/
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- """ decays to charmless final states g N
Rr = Eé}%i% as a function of Q(f)
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The final states with large Q(f), or the ones which are enhanced
in ¢’ decays relative to J/v, may have a (combined) large

Qartial width in 1" decays. /
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Y" decays to charmless final states

e J

- i
B, ¥
S
Iy |Gc,".- -

The decays of J/1 and ¢’ are classified into gluonic decays
(g99g), electromagnetic decays (v*), radiatve decays into light
hadrons (vgg), and OZI allowed decays into lower mass
charmonium states. But subtracting the second to forth classes,
we obtain

B(J/v¥ — ggg) ~ (69.2 +0.6)%
B — ggg) ~ (18.0 £ 2.4)%

Among these final states, we know that VP and VT final states
have Q(f) < 1, and NN have Q(f) ~ 1. Together they consist
5.41% of J/4 decays and 1.78 x 1072 of 1)’ decays. We
subtract their branching ratios from the total branching ratio of
gluonic decays of J/vy and v'.

\_ _/
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Y" decays to charmless final states

R ek ¥
b i
N L4
e T
iAo

The remaining 63.8% of J/1 decay and 17.8% of v’ decay
which go to final states through ggg either have Q(f) > 1 or

Q(f) unknown

On the average, these final states have

Q(rem) ~ 2.19 .

For this () value, the maximum Rr is 51.6.

The maximum partial width of these final states in ¢ is
Ciot(J/1)) % 63.8% x 51.6 which is 3.0MeV, or 13% of the "
branching ratio. (P. Wang, C. Z. Yuan and X. H. Mo,

Phys. Rev. 2004 D70: 114014)

So the 1" decays to charmless final states can be as large as
13%.

\_ /
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Y" decays to charmless final states

/

The above maximum value of Rr comes if there is no extra
phase between (f|2°S;) and (f|1°D;). There are reasons to
assume that this is the case:

® [n the matrix element of (p7|¢)’), there is almost complete
cancellation (pm|¢’) = (pm|23S1) cos @ — (pm|1°D1) sin  so
the phase between them must close to O;

® [f the phase between the strong and EM ampitudes is
universal, then there is no extra phase between 23S and
13Dy matrix elements due to strong interactions, since there
Is no extra phase between the two matrix elements due to
EM interactions, as in the calculations of leptonic decays.

So we suppose that the partial widths of these final states are at
the maximum values calculated here.

\_ _/
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" decays to charmless final states
/The calculations here take the averaged )(f) so serve as a \
rough estimation. The exact charmless partial width should be
the sum of individual final states which in general have different
values of QQ(f). But at present, experiments do not provide
enough informationm to conduct such calculation.

Nevertheless, the estimation here shows that a large charmless
branching ratio, e.g. more than 10% is not a surprise. It is well
explained in the 25-1D mixing scenario. Measuring the
charmless branching ratio of 1" decays, both inclusive and
exclusive, should be a primary physics goal for BES and CLEOc.

- _/
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/

Summary

~

The ¢/ — 170~ and 0~0~ data collected in eTe™
experiments are consistent with a —90° phase between
strong and electromagnetic interactions.

This phase also holds in OZI suppressed decays of ¢"'. This
is from the measured pr cross sections at ¢"" and 3.67GeV.

Combined with the information from J/v decays, we
propose that this phase is universally at —90° in
charmonium (quarkonium) decays.

At the same time, the measured pm cross sections at "' and
3.67GeV give B(y)" — pm) which agrees with the prediction
by Rosner in his scenario of pm puzzle.

This scenario would be further supported if the large
charmless branching ratio in "' decays is confirmed by
experiments.
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