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Y(5S) Study at CLEO

CLEO studies B, in both inclusive and exclusive modes.

Data was taken with the CLEO |11 detector.

Data set CM energy | Integrated
(GeV) lumin (fb?)
Y(59) 10.86 0.42
Y(49) 10.58 6.34
Continuum 10.54 2.32




A Brief Introduction to Y(5S)
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* CLEO & CUSB observed Y(59) in ' PRL 54, 381 (1985)
1985. i | '

M = 10.865+0.008 GeV
[ =110+13 MeV

a(Y(59)) ~ 0.35 nb ~ 0.1xa(cont) y

i . ] i 1 i i
10.6 10.8 1.0 1.2

= Dominant hadronic decay modes: | W(GeV)

Y(5S)

(Myes—2M,=307MeV): BB, BB*, B*B*, BB BB*T B*B*1, BB (& c.C)
(Myes—2Ma=126MeV): BB, BB, B*B.
-~ CUSB studied Doppler effect of photon in B* - B*y.

= CLEO studied: the shape of the lepton spectrum, inclusive particle
yield and exclusive B, reconstruction.

- Only 116 pb? of data --> no conclusive evidence of B, production

= The composition of the Y(5S) needs to be investigated (PDG only
guotes e*e- mode)



Model Predictions - | | -
* The hadronic cross section in the N
Upsilon region iswell described
by the Unitarized Quark Model
(UQM), which is a coupled C I o
channel modd (ref: S. Ono et al, N e T e
PRL55, 2938(1985)).
e The UQM predicts that the <
B.*1B_*) production ~ 1/3 of the | IRV N\
total Y(5S) cross section. And . .?*iz.l
Y(5S) decays are dominated by {% |
B*B* and B.*B_*. 5" il
S
* Other models predict a smaller s B/QL.,L@_

Y(5S) - B*B_* component. Energy GeV)



The Inclusive Channel

In the simple spectator model the
B decays into the D nearly
all the time. Since the B(B — D X)

has already been measured to be
(10.5x2.6%25)%,

I, €, e T :' N we expect a large difference

:-DS between the D, yvields at the Y(55)
and the Y(4S) that can lead to an
estimate of the size of the B/”B "

'l'!

component at the Y(3S).




The Inclusive Channél

D candidates invariant Mass Spectra

Y(45S) on resonance data

Expect more D, in Y{(5S)
decaysthan in Y(4S)
decays.

B(B - DX)~(10.5£2.6)%
B (B,- DX) ~100%

Y(59), Y(4S), and
continuum data are
analyzed to estimate
contributions from

different sources. In Y{(595)
and Y(4S) samples ~20%
of reconstructed D, come
from continuum
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D, yield is measured in different x=|p|/E, ., intervals

Reconstruction efficiency ~30%




The Inclusive Channel: MC

Reconstruction Efficiency & D, yields from MC
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il D, Spectrum from the

Y (4S) sumulated events

D, Spectrum from the
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The Inclusive Channedl: Data

D_ Yields from data
Y(4S) on

resonance data

Y(3S) on

resonance data

Continuum below the

Y(4S) data
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D. Productionin Y{(4S) & Y{(5S) Decay

Continuum subtraction and efficiency correction, no B correction in plots
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B(Y(4S) - D.X) = (22.3+0.7+5.7)%
(Y(45) -B.X) = ( )% B(Y(5S)~DX) = (55.045.2+17.8)%
‘B (B - DX) = (11.1+£0.4£2.9)%

PDG (10.5+2.6)% B (Y(5S) - D.X)/B(Y(4S) - DX)=2.5+0.3+0.6

Systematic error dominated by 38(D,— @) and number of Y(5S) events.



Evidence for B, at the Y(3S5)
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Significant excess of D, at Y(5S)
[

Evidence of B, production at Y(5S)

B, decay modes are analogous to

the corresponding B decay modes.
A model estimate gives
(ref: ICHEPO4 ABS11-0778)

B(B, - D_X) = (92+11)%.

Knowing D, production rate in
Y(5S), B, and B, decays [l

B (Y(5S) - BB )= (21+3+9)%

consistent with phenomenological
predictions.

Preliminary
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Exclusive B, Reconstruction

The B reconstruction techniques used at Y(4S) are employed to reconstruct B
from Y(59): My = \/ v ~ Pandicater 8 = B ~ Bt

Three sources of B produce three distinct distributions.

Y(5S) - BS\E, BSIE;, B; B, B(B,*-B,y) ~100%
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Exclusive B_Signals at the Y{(5S)
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Preliminary

Y(5S) decay to B,"B.® Is dominated by the B_,*B_.* mode!
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Results on BS Preliminary

e CLEO studied B, in both inclusive and exclusive modes.

Found evidence for B_*)B *) production at the Y(5S),
dominated by the B_.*B_* mode.

— B(Y(4S) - D X) = (22.3+0.7+5.7)%
— 3(B-DX) = (11.1+0.4+2.9)%
— B(Y(5S) - DX) = (55.0+5.2+17.8)%

— B(Y(5S) — DX)/B (Y(4S) - D X) = 2.5+0.3+0.6
— B(Y(5S) » BHB®) = (21+3+9)% (model dependent)
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CLEO Ill: Search for A, Production in
e*e” Collisions Near Threshold

® Motivation.

® Search techniques for A,

» Measure o,
» Look for “bumps”
» FInd characteristics of A decay

» Correlated protons, leptons, A

® Measurement of R In scan range.

® Summary

-15-



Motivation

« /\, Isthelightest b -flavored baryon (b u d)

« Recently CDF presented new, improved
measurements of A\,

M(A,) = (5620.4+1.6+1.2) MeV

« No measurements exist on the direct production
of A\, In e'e annihilation

-16 -



Data Sample and MC

Energy Region: from 5.575 GeV to 5.691 GeV
with 3 MeV increment.

Total Luminosity 710 pb-.

We used CLEO Il Y(4S) data to cross check the
performance of our methods.

We used Y(4S) CLEO MC farms.

For higher energy region we created MC using
Jetset 7.4 with default parameters.

-17 -



bb Cross Section Near Threshold

D30

D20

DD

pook

bb Xsection

: Preliminary

Ebeam{GeWV)

Scaled Xsection

Efficiency corrected
Cross section

Error bars are
statistical only

The line represents
the scaled cross
section from the
lower energy region
to higher by center
mass energy



Particle selection

Efficiencies
#p /event (%)
Proton : Good track,

Off 4S 4.96 + 0.02 + 0.10
dE/dX and RICH A, (MC) 46.1+0.1+4.6
Electron : Good track, bb(MC) 823+ 021+ 0.16

dE/dX, RICH, E/p 40q(MC) 43+0.2+0,09
Muon : Good track,
Muon Chamber hits #\ levent (%)

A\ = pTT N, (MC) 121+09+0.24

5gq(MC)  1.16 + 0.03 + 0.02

-19 -



Errorsfor band A, type of event selection

® | uminosity 2%
® Statistical from0.1to0 2%
® Systematic on hadron selection efficiency 2 %
® Systematic
B\, — p + anything) = (50 + 17) % (PDG)
Reconstruction efficiency = 46.1 + 4.6 %
--> 20% relative error overall on A, efficiency

-20-



Arbitrary number

Arbitrary number

Some of the Variables used 1n the Selection
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R in the scan range

"N Preliminary |

5605 5830 5855
Ebeam (GeV)

Near A, threshold, R=4.17+ 0.02 + 0.15
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Attempts at Fitting the A, Pair Production Threshold
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A\, Search Summary

« 95% CL upper limitsfor A, production in e'e

annihilation at c.m. energies up to 10.39 GeV
are between 20 and 50 pb

« Near A\, threshold, R=4.17 + 0.15
« Further study of systematic errorsisin progress
« Thereis no obvious “A, Factory”!

-25-



CONCLUSION

« CLEOIII explored theregion at and abovethe Y(5S),
up to thelimit of CESR'sreach

« Found evidence for B *) pair production at the Y{(5S),
In both inclusive and exclusive channels

« Measured R and lepton, proton, /\ yields above Y(5S),
up to E(cm.) ~11.4 GeV

« No clear evidence for onset of /A, production;
set upper limits
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Backup Slides
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Efficiencies and fake rates

(#p>0)/event (%)
A, (MC) 31.8+£0.1+6.7 ”“ﬁ"';';‘;".'.'."'-"'#:

5qq(MC)  2.88+ 0.06 + 0.16

g(A\)= 0.164 + 0.009 +0.010

D50~ =

Rate/0 A{GeV/c)

Momentum dependent efficiency : ]
for proton(black), ozl ]

kaon fake proton rate(green),

DoD oo oo m 818, 0,868,850
10 16 20 25 a0

pion fake proton rate(red). b
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Partial and total Br (Y(5S, 4S) — D, X) vs x

Y(5s)

T ﬁ"l"_' D, vields  «(%7) —:' %) o .".'.;r:.;.-.- | 1), vields (%) —Jlrl a
0- D.05 14 + 16 280 0.1 -+01 D-0,08 1 43 289 D1 401

0.05-0.10 261451 239 1.D0+03
010-015 H25 468 247 10405
01502 732477 204 25+07
0.20-02% 1097+ 78 277 3.5+:09
0.2%03 1838+ B0 286 56+1.4
030-0035 207970 204 062210
0.35-0.4) hT + 06 3 .4 1.3404
0.40-0.45% 34+ 43 314 0.1 =+=0.1
045050 13+-40 324 0.0+0.1

0.10-0.15% 26.7 + 10.7

D.15-0.20 47.2+ 133 .
D202 HO0.7V+1830D 27,
0.25-030 920 +143 286 130+4.1
0D30-036 76.9+124 294 11.3+34
D.35-0.40 1.0 £9.7 304 ER L1210
0D.4-045% 10.1+70 314 14+ 1.0

D45-D5S0 O0.1+60 324 00+08

D.OSD10 9.7+EB3 239 18+1.6
24
25

BR(Y(AS)> D.X) =(22.3+ 0.7+ 57)% BR (Y(55)> D.X)
BR(B-> D.X) =(11.1£04%+29% (55.0+ 5.2+17.8 )%
PDG > (105+ 2.6+ 2.5)% )



Conclusions

We report a preliminary measurement of the following Inclusive
roduction Rates:
v BR(Y(45)> D.X).BR (D> ¢n) = (80+ 0.3+ 0.4.10°%
v BR (Y(55)> D.X). BR(D,» ¢m) = (20+ 2+ 4).10%
Hence:
v BR (Y(55)> D, X)/BR (Y(45)> D, X) =25+ 03+ 06
Using BR (D, ¢n) = (3.6 +0.9%, we measure:
v BR(Y(4S)> D.X) =(223+ 0.7+ 5.7 )%
v BR(Y(55)> D.X) =(55.0+ 52+ 17.8)%
vBR(B>DX = (11.1+04+29)%
And using BR fBi 2D X = (92+ 11)%, we report a preliminary model

dependent estimate of the ratio of BB to the total bb quark pair

production at the Y(55) energy:

v BR(Y(55)> B/’B,") = (21+ 3+ 9) %
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Systematic Errors

»25% error-on the absolute D, —» ¢
» the 1% relative error on S, and 1.7% on S, scale factors.

» the 1296 on our estimate of B(B, — D_X).

» the 4.1% component from the D, detection efficiency.

* Because of the large relative error on the luminosity measurement,
we did a second measurement of the scale factors used for continuum
subtraction. We used the data to measure the ratio of the number of

tracks with 0.5 < x < 0.8. The difference between the two values gave

an estimate of the systematic error.

« Onegoing work to improve the svstematic errors...
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Signal to background ratio estimation

G a # The cross section of a
. five flavor background
— p— assumed to be 2.75 nb.
ﬁﬁ

# For the typical statistics
paAp of hadronic events per
scan bin - get signal to

I

Event selection

— ] .
- ﬁij background ratio for the

T giving cross section of

l<p&lep 015 ph . .
o050 the A, pair production.
u?DEh

. ﬁ_l

o 1 2 3 4 5 6
SN
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Data setsand MC

Energy region: beam energy from 5.575 GeV to 5.691 GeV.
Scan in 3 MeV increments between 5.613 Gev to 5.691 GeV.

Total Luminosity 710 pb-.
Used Y(4S) and Y(1S) data to check the analysis methods.
Used 4S and 1S data generated by CLEO MC farms.

For higher energy region we created MC using Jetset 7.3 with
default parameters.
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Data sets and MC (cont.)

For the signal MC we used the generic A, decay table. But we

rescaled the semileptonic branching fraction to (B° - Xlv)
T(A)/T (B?).

For higher energy five-flavor continuum MC, events were
generated separately for “light" four-flavor continuum (c, s, u, d)
and bb continuum events and then added in the expected 10:1
ratio.
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