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RECENT RESULTS FROM THE CMD-2 DETECTOR AT VEPP-2M COLLIDER
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The general purpose detector CMD-2 is taking data at the et e~ collider VEPP-2M at Novosibirsk in the energy
range 360 -1400 MeV. The integrated luminosity = 4000nb~! of around ¢ meson mass (5.0 x 10% of ¢'s) and
2 500mb~! in the 600-1000 MeV range have been collected. A latest analysis of the rare decays of ¢ meson based
on 30% of available data is presented in this paper. Data from the 600 - 1000 MeV energy range are used for high

accuracy measurements of the ete

annihilation cross section into hadrons and measurements of the w meson

parameters. A preliminary analysis for the electron width and full width of w meson is presented.

1 Introduction

1.1 VEPP-2M collider

The VEPP-2M collider ! at the Budker Institute
of Nuclear Physics in Novosibirsk, Russia, covers
the center of mass energy range from the two pion
threshold up to 1400 MeV. Experiments at this
collider yielded a number of important results in
ete™ physics, including the most precise pion form
factor measurements? and studies of the ¢, w, and
p meson decays®*. During 1988-92 a new booster
was installed to allow higher positron current and
with 40 mA per beam VEPP-2M has peak lumi-

nosity L &~ 5. x 10%%em™2s~! at the ¢ center of
mass energy.

1.2 CMD-2 detector

The CMD-2 detector has been described in more
detail elsewhere 37,

The data with the luminosity integral =
300nb~! collected in 1992-1993 at ¢ were used
for the measurement of ¢ meson parameters and
branching ratios into four major decay modes”.

The integrated luminosity ~ 1500nb~! around
@ mass has been collected during the 1993 summer



run and was used for studies of rare decay modes
of ¢, coupled KsK decays and nuclear interac-
tions of neutral kaons. Some preliminary results
are published in ® and in this paper we present
latest analysis based on 1992-1993 data.

The 1994-1995 runs were dedicated mostly to
measurements of the total hadronic cross section
at the energies below ¢ resonance ® where the in-
tegrated luminosity about 500nb~" has been col-
lected. In this paper we present preliminary re-
sults on w meson parameters measurement based
on 122 nb~! collected around w peak.

Additional 2000 nb~! have been collected
around ¢ peak in 1996 spring run and these data
are under analysis now.

2 Rare ¢ decays study

2.1 ¢—mny and ¢ — 7'y

The decay ¢ — 7y was previously observed in neu-
tral modes (n — 77, n — 37°) only. Detector
CMD-2 gives the possibility to study ¢ — 77 de-
cay in the channel with charged particles, when
n decays into 7+ 7~ 7% The primary photon has
the highest energy of all three in the final state -
362 MeV at the ¢ meson peak and was required
be detected in events selection.

The reconstructed invariant mass of 3 pions
M, 4,-50 was used to select the decay ¢ — ny
and the distribution over it had a peak around
M, = 547.45 MeV. After background subtraction
1100440 events were selected.

The experimental cross section o(ete™ —
¢ — my) with a fit function is presented in Fig-
ure 1. The obtained parameters of ¢ meson
M4=1019.3140.18 MeV and I';=4.70+0.25 MeV
are in good agreement with table values'®. Using
the electron width of ¢ from!° the Br(¢ — n7)
was found to be:

Br(¢ — nv) = (1.20 £ 0.07) x 1072,

The decay ¢ — 71’y was searched in the mode,
when 7/ decays into #¥7~n and n — ¥v. So, both
ny and 7'y final states have 2 charged particles
and 3 photons. The events with all these particles
detected were used for the constrained fit and as
a result 481 events of 7y were selected.

The decay into 7y is the basic background for
the i’y search and after anti-ny cut the scatter
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Figure 1: The ¢ — nvy cross-section.

plot of the invariant mass of two hardest pho-
tons M;; versus the weakest photon energy w3 was
studied. For 1y events Mz should be close to
n mass 547.5 MeV, while w3 is a monochromatic
60 MeV photon. The Figure 2 presents the re-
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Figure 2: Invariant mass Mj2(MeV) vs. wa(MeV) after
constrained fit. Dots are simulation, triangles - experiment.

sult of 1992-1993 data together with simulation
of ¢ — n'y. We have 1 candidate to n'y event
with 1 event as estimated background. Using for
the 90% C.L. upper limit N, <3 and the efficien-
cies obtained from the simulation, £, = 14.4%
and &, = 6.4%, the following result has been
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obtained:
Br(¢ —1n'y) < 2.4-107%

2.2 Search for ¢ — nta~mta™

A 3- and 4-tracks events were selected as a candi-
dates for the process ¢ — atn~#atx~. But due
to a high background from the main channels of
¢ decaying into 3-tracks events, in the search for
the process ¢ — T 7~ 7T 7~ only 4-tracks events
were used. The ratio of 3- and 4-tracks events at
the energy points outside the ¢ meson region was
used (along with a simulation) for evaluation of a

detection efficiency. .
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Figure 3: The cross-section et e~ — ntr=g¥ 7=,

To extract the number of events of the pro-
cess ete™ — wHa~mt 7~ we apply a simple cut to
the total momentum of 4 charged particles (should
be around zero) and their total energy (should be
arounf E, ., energy), assuming that all particles
are pions.

The cross-section vs. energy for the process
ete~ — mtx~xt7~ is shown in Figure 3. Only
statistical errors are shown. A function which de-
scribes interference of linear background with the
amplitude of the process ¢ — wta~ 777~ was
used for the fitting taking into account only this
experiment. The result of the fit is shown in the
plot by a smooth line. Using this fit and the un-
certainty in the efficiency, one can get

Br(¢ — vt~ atr™) < 1. x 1074, 90% C.L.

2.8 Search for ¢ — fo(980)y

The event candidates were selected by a require-
ment of two charged tracks in the DC and one or
two photons with energy greater than 20 MeV in
the Csl calorimeter. All particles were required to
be in the polar angle between 0.85 and 2.25 radi-
ans for the bremsstrahlung processes suppression.
The sum of the energy depositions of two clusters
associated with the charged tracks was required to
be less than 450 MeV to remove Bhabha events.

The main background for the studied process
was ¢ — 7t7~ 7% decay when one of the gamma
from 7° escaped detection. To reduce this back-
ground a constrained fit was used. The rest of
the 37 background was removed by selection of
gamma energy in the range 20 MeV< E, <100
MeV, where signal of fy was expected. The muon
range system was used to remove ptp~ v contam-
ination.
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Figure 4: a. Visible cross section for ete™ — x¥7~~.

Lines are theoretical predictions in case of no fp signal

(2), fov signal with B(é — foy)=2.4x10~* for negative

relative phase (3) and positive relative phase (1); b. Visible

cross section for ete~ — pt u—+ with theoretical predic-
tion.

Under these conditions 833%+30 events of
7t 7=+ and 846431 of p* ™y events were selected
with the integrated luminosity of 1269 nb~!, de-



¢, nb/MeV

0.015
0.01

0.005

-0.005 |

-001 F

-0.015 F— | 1 il L L Il L 1 Il
020 30 40 50 60 70 B0 90 100
Photon energy, MeV
Figure 5: Difference in spectrum for gamma at "¢" region
and "non-¢" region, normalized to integrated luminosity.
Lines are theoretical prediction for four quark model for
2.4 x 10~* branching ratio in case of positive(1) and neg-
ative(3) interference sign with 40 MeV fo width. Line (2)
is for 100 MeV fp width.

termined by Bhabha events. The detection effi-
ciency was found by simulation to be 17%. The
experimental cross sections vs. center of mass en-
ergies are presented in figures 4a,b.

The signal from ¢ — fo(980)y decay was
searched as an interference paterns in the cross
section vs. energy behavior of the ete™ — 77~y
process and in the difference in gamma spectra
of the selected events at ¢ peak and near the
¢ region. According to the theoretical calcula-
tions ! the following interference paterns were
used for foy search: a) interference of the back-
ground process ete™ — w7~y with "radiative”
decay of ete™ — ¢ — v — 77~y when no fo
present. This is valid also for u*p~ 7 process; and
b) interference of the two above processes with
ete- — ¢ — foy — wHa~y when fo was de-
scribed as a four quark state. The model predic-
tions are shown in figures 4a,b for the cross section
and in figures 5 for the difference in gamma spec-
tra. Using these interference paterns the following
results were obtaind at the 90% CL:

Br(¢ — 7t7™9) < 1.5 x 1075,
Br(¢ — ptu~v) < 2.6 x 1075,
Br(¢ — fov) <Tx 1974,

2./ Search for ¢ — nete~

The decay mode n — vy was chosen. The typ-
ical characteristics are the invariant mass of the
two gammas (0.54 GeV), the small space angle
between the two electrons and the sum of the
momenta of the electrons (0.364 GeV) The main
backgrounds are: a) ¢ — ny with gamma conver-
sion in the beam pipe and b) ete™ — eTe vy
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where the two electrons come from an internal
gamma conversion. Full kinematical reconstruc-
tion was done and calibrated with ¢ — 7+7~7°
events at small angle between the two charged
pions. The QED-process ete™ — ete™y was
used to calibrate efficiency of the drift chamber
for charged particles at small space angle and pho-
ton conversion probability in the beam pipe. The
total luminosity was 2085 nb~!, corresponding to
2,715,000 ¢’s.

In the region indicated in the figure 6 around 7
mass 12 events are seen and 4.2 are expected from
all backgrounds. The branching ratio was found
to be

Br(¢ — nete~) = (1.10+ 0.4940.19)x 104,
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Figure 6: The invariant mass of the two photons after con-
straind fit

3 Measurements of w meson parameters

The c.m. energy region from 2x380 to 2x405 MeV
has been scanned at 13 energy points with a total
luminosity integral of 122 nb~!. The beam energy
in each point has been measured by the resonant
depolarization technique'? and is known to an ac-
curacy better than 107

An events with two non-collinear tracks were
selected as a candidate for a w — 7t 7~ 7° decay.
The resulting number 13489 of 7+x~ 7% events
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Figure 7: w meson excitation curve.

were obtained by fitting the missing mass M2, pa-
rameter histograms and background subtraction.

Events, with two detected gammas from neu-
tral pions were used for combined trigger and re-
construction efficiency determination which was
found to be 0.91 £ 0.01.

Luminosity was determined by the number of
the Bhabha events, selected by the presence of two
collinear tracks in the Drift Chamber and high en-
ergy deposition in the Csl barrel calorimeter with
the statistical error in each energy point on the
level of 1-2 %.

Experimental points together with the fitted
excitation curve are shown in Figure 7. The fol-
lowing w-meson parameters were obtained from
the fit:

Fe4e- =062+ 0.01 £ 0.02 keV,
Ftot = 823 + D.20:i: 0.30 MeV.

4 Conclusion

The CMD-2 detector is taking data at the VEPP-
2M collider in Novosibirsk. Data collection was
performd at the ¢ meson region and at the energy
range 600-1000 MeV. About 30% of available data
have been analized. The new results in rare ¢
decays study

Br(¢ — nv) = (1.29 £ 0.07) x 1072,

Br(¢ — i) < 2.4 x 1074,

Br(¢ — ntr~atr) < 1.0 x 1074,

Br(é — foy) <7 x 1074,

Br(¢ — 7t7™ ) < 1.5 x 1073,

Br(¢ — putp~y) < 2.6 x 1073,
Br(¢ —nete) = (1.10+0.49 4+ 0.19) x 10~4
have been obtained.
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PERTURBATIVE CORRECTIONS TO THE HEAVY BARYON QCD SUM RULES
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We discuss an application of QCD sum rules to the heavy baryons Ag and Z¢. The predictions for the masses
of heavy baryons, residues and Isgur-Wise function are presented. The new results on two loop anomalous
dimensions of baryonic currents and QCD radiative corrections (two- and three- loop contributions) to the first

two Wilson coefficients in OPE are explicitly presented.

1 Introduction

Baryons with one b quark are very nice systems
for application of Heavy Quark Effective The-
ory (HQET). It allows one to organize the de-
termination of the properties of baryons in an
1/mg-expansion, the leading term of which gives
rise to the spin-flavour symmetry. Well known
predictions of the HQET are the relations be-
tween different hadron transition form factors.
For example, the six form-factors describing the
Ay — A. electro-weak transitions are reduced
to one universal Isgur-Wise function &(v - v') in
the HQ limit 3%, However, one still remains
with many non-perturbative parameters, such as
the mass of the baryon, the Isgur-Wise function
and the averaged kinetic and magnetic energy of
the baryon, which should be estimated by using
some non-perturbative method as sum rules®, lat-
tice calculation or some potential model. In the
present paper we review an application of the
QCD sum rule method to calculate the masses,

residues of heavy baryons and baryonic Isgur-Wise
functiontl:12/13,14,15,16,17,18,19,20,22,23,24

2 Currents, anomalous dimensions and

residues

For each of the ground state baryon currents there
are two independent current components J; and
Jz:

Ja = [@TCryvsd’)Qeijn,

Jaz = [¢TCTys704° 1Q%¢ijks

Js1 = [¢TCrig) - F1sQ%eijn,

Jz2 = [¢TCrv9¢] F1sQ i (1)

The anomalous dimensions of the heavy
baryon currents up to second order was calculated
recently in 22 and read (for example in the MS
scheme with naively anticommuting s, a = £=,
k= 160(2))

a1 = —8a + = (k + 40Np — 196)a%,  (2)

9
1

2 = —da+ g (k+ 20N - 322)a?, (3)
1

1m0 = —da + 5(k +20Np - 290)a’,  (4)

_ 8 1 2
Vo2 = —30 + 27(31: + 8Np + 324)a”. (5)

The anomalous dimensions are ingredient of renor-
malization group invariant sum rules. Numerically
effects of 4, are very small and gives about 1—2%
corrections to the current redefinition.

Let us define residues Fi(u) (i = A, E) of the
baryonic currents according to

(017 (1)|AQ) = Fa(u)u, (01J(n)|Zq) = Fs(p)u, (6)

where u is spinor.*

3 Correlator of two baryonic currents

In order to obtain information about the value of
the mass of the baryon and its residue one consid-
ers the correlator of two baryonic currents

(T T . / e (O[T (2)7(0)|0), (7)

where k, and v, are the residual momentum and
four velocity in p, = mgu, + k., respectively.
P(w) can be factorized into a spinor dependent
piece and scalar function P(w) according to

Mw) = r'l_;‘?f'%"rr(rf)ﬂ&(ﬁ)P(u). 8)
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The correlator function Popg(w) satisfies the dis-
persion relation

Pope(w) = fom

where p(w) = Im(P(w))/n is the spectral density.
The leading perterbative term and the next-to-
leading term in OPE (gluon condensate contribu-
tion) give the spectral densities

w® a, (GG
po(w) = 074" palw) =¢ 3<2ﬂ_3 >W

Next we consider the radiative corrections to the
spectral density of the perturbative contribution.
There are four different three loop graphs con-
tributing to the correlator, which are shown in
Fig. 1 in Ref?*. The fact that all graphs in Fig. 1
have two-point two-loop subgraphs greatly simpli-
fies the calculational task. One can first evaluate
the respective subgraphs which leaves one with a
one-loop integration. The first two-loop integra-
tion can be performed by using algebraic method
described in 21. It is important to note that the
results of the two-loop integration are polynomi-
als of the external momentum relative to this sub-
graph. Hence, the last integration is really a one-
loop one, but the power of one of the propagators
becomes a non-integer number. The evaluation of
results in a Taylor expansion in 1/¢ gives** ( with

-2¢
- — 2w
S
325 [ ,1 (1 107\  as
Plw) = — gL L A0TN L s g
@)= - [” 40(c+ 15)+47r’7

n?—4n+6
45¢?

ple)do’ .
T + subtraction, (9)

(10)

225¢

Here we assume that matrix I'; in Eq.(1) is an
antisymmetrized product of n Dirac matrices:
I = 4l#...4#~] This introduces a n- and s-
dependence in the QCD corrections due to the
identities

Yol Ve = hT = (_l)n(D_Qn)P! Yol = (_l)ﬂsr'

(12)
The correlator is renormalized by the renormal-
ization factor of the baryonic current, which is de-
rived in 14,
C
Zy = 1+ 328 (n? —4n +6).

P(w) = Z2P™"(w) =
(13)

40¢(2) + 61n? — 234n + 396)] (1)

The multiplication with Zf results in the cancela-
tion of the second power in 1/e¢. The first power
in 1/e is purely real and hence does not contribute
to the spectral density. The renormalized spectral
density p™"(w) = Im(P*"(w))/7 must in fact be
finite and can be read immediately off Eq. (11),

P (w) = polw)

1+ O%r(w/,u):l . where

5
w
Po(w) = m‘ and

2
rw/w) = 3(* ~4n+6)In (%) %
42—5(60((2) + 38n% — 137n + 273). (14)

The as correction can be seen to depend on the
properties of the light-side Dirac matrix in the
heavy baryon current. The results in the naively
anticommuting vs-scheme (AC) are

2(20¢(2) + 91)

rnl(w/#J =4ln (2—1!:;) i = ! (15)

~16.51

rassalo/p) = 21n (L) 4 LKE+29)
~12.12

2 2(60¢(2) + 151

rea(w/p) = 3ln (5‘:_}) n %

—_—
~11.10

The coefficient of the logarithmic term In(2w/p) in
Eq. (14) coincides with twice the one-loop anoma-
lous dimension given in Eq. (13), as expected. The
results for the Baryons A; and A, in the ’t Hooft-
Veltman +s-scheme (HV) differ from those pre-
sented above. But we know that currents in differ-
ent schemes should be connected by finite renor-
malization factors Z, Jac = ZJgyv . Such factors
was recently derived from two-loop anomalous di-
mensions of baryenic currents 22, They read

Zmzl—?—: and z,\2=1—2;—;. (16)
By multiplying the results in the 't Hooft-Veltman
scheme by Z? we obtain the same results as in the
naively anticommuting ~s-scheme.

The results show that the as-corrections
amount to about 100%, which makes perturba-
tive QCD radiative “corrections” very important
in QCD sum rules. We used p = 2w &~ 1 GeV and
as(ﬂ) =0.3.



4 Contribution of quark condensate

Next, we consider the contribution of the quark
condensate, which appears in the nondiagonal sum
rules. The leading and next-to-leading spectral
density are

(QQ) 2 25 (w)-?(

The radiative corrections to the quark condensate
term can be quite important, and we take it into
account. There are 8 different graphs contribut-
ing to the correlator, which are shown in Fig. 2
in Ref?*. We used the same method as we used
for the perturbative term. For the renormalized
spectral density we get

2) {(gg)ymi

T6n2 - (17)

plw) =

() = (qq);“ : [1 .
(3 (2n? —8n+T+2(n—2)s)-In (2%) -

3.5
41'
+§(8n — 28n 4 37+ 8ns — 14s + 8((2 )))}. (18)

Then we proceed with the usual QCD sum rules
analysis and equate the theoretical result for
Pope(w) with the dispersion integral over the
hadron states saturated by the lowest lying state
with the bound state energy Eg plus exited states
and continuum. So the phenomenological part
of the sum rule is given by the spectral den-
sity pph(w) = pres(w) + Peont(w), where the con-
tribution pres of the low-lying baryon state is
Pres(w) = gé(u—En). As is usual for the contri-
bution of excited states and continuum contribu-
tions we assume hadron-parton duality and take
Peont(w) = O(w — Ec)p(w), where p is the result of
the OPE calculations.

5 Numerical results

Let us discuss the sum rule analysis. First, we
analyse the dependence of the bound state energy
Epg as a function of the energy of continuum E¢
and the Borel parameter T in a wide region of
these arguments and try to find regions of stabil-
ity in T and E.. Second, we fix the energy of

continuum E. = EP*' by requiring that Er(T)
should have the highest possible stability in its de-
pendence on the Borel parameter 7. We take into
account the ag-correction to the spectral density
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and obtain

Ep=0.9+0.2GeV and E2™ = 1.2+ 0.2 GeV.
(19)
The analysis of sum rules at E5 = 0.9 GeV gives

for the A-residue

Fp = (0.03-0.04) GeV® and E. = 1.0— 1.4 GeV.

(20)
All other results are summarized in the Table 1
, where we compare our results with the leading
order results obtained in the %1719 and some ex-
perimental values.

6 The Isgur-Wise function

Next, we consider semileptonic transition A, —
A.. The matrix elements of the weak current for
Ay — A, at the leading order 1/mg are deter-
mined only by Isgur-Wise function

< A |eTb|Ap >= £(y)ucTup. (21)

where y = v, - v, and T' is some gamma matrix.
The Isgur-Wise function was calculated in Refl®
by using three-point QCD sum rules. The slope of

Isgur-Wise function at y=1 is

p?=—1.15+0.2. (22)

The uncertainty is connected mainly with an as-
sumption about continuum model. We have found
that the shape of the Isgur-Wise function nearly
coincides with the ansatz formula

9 LY
£(y)=y+

y+1

ezpl(20? - L2, (23)
with the slope in. Eq.(22).
Ap — A, transition were discussed recently in
The important 1/mg effects to the decay come
only from the weak current expansion.

1/mg corections to
20

7 Conclusions

We have calculated one and two-loop anomalous
dimensions of baryonic currents. We have stud-
ied the expansion of the correlator of two heavy
baryon currents at small Euclidian distances. The
radiative corrections to the first two Wilson co-
efficients are calculated. The heavy baryons sum
rules in ag order are derived. The predictions for
the mass, residues , the slope and shape of Isgur-
Wise function are presented.
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14 17 19 L.O

N.L.O.

1.20 1.2+0.1 { 1.20£0.15 || 1.2+ 0.2

1.240.2
1.440.2

0.78 0.9+0.1]0.79£0.05 || 0.8+£0.2
0.99 0.96 £ 0.05 || 1.02+0.2
Diff. 0.21 0.17 0.22

A)

Ec(T) || 146 | 1.4+01]1.30£015 | 1.44+0.2
A)
Z)

0.92+0.2
112+ 0.2
0.2

Fpn || 23£05|25+£05 | 1.7£0.6 24%0.5
Fy || 3.5+0.6 [ 40+£05 | 4.1+0.6 3.4+ 0.5

3.2+0.5

5.2+ 0.5

Table 1: All energies like Ec, Eg are given in GeV, the residues in 102 GeV®. The value of the Borel parameter is

T =0.6GeV.
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