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Baryon production rates in e"e” collision

e'e — y*—qq — Jets
o
Uhad(QJ + 1)
Relativistic-string model
S.B. Chun & C.D. Buchanan

PLB 308(1993)153

Thermodynamical model
F. Becattini Z.Phys. C69 (1996) 485

Higher rates for A and
A(1520) in ARGUS and LEP.

Feed down is subtructed?
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Large error in ARGUS results.

J=0, light (ud) diquark in A? 10
R.L. Jaffe, Phys.Rept.409,1 (2005) %
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Diquark structure 1n hadrons

Color magnetic interaction

Strong attraction in spin O flavor O channel

“Good” diquark a A A(G) L o
00 iquar — 2( ) 2(])0(2) . 3(5)
Structure of A, ¥ hyperons """
S=0 [ud] S=1 [ud]
“good” diquark “bad” diquark
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Diquark structure 1n hadrons

Color magnetic interaction

Strong attraction in spin O flavor O channel

“Good” diquark a A1) AJ) L, o,
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Motivation

Diquark correlation 1s highly important to  diquarks molecule
understand exotic hadrons. ~ ) @

X(3872), Z+(4430), Z,, gl @ q

5
Multi-quark system? Hadron molecule?
¥TO 6

Check ARGUS measurements of
hyperons with Belle data

Huge statistics, ot @ o

Excellent PID power.

Subtract feed down contributions.

First systematic measurements for
charmed baryon production rates. e /.
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Be | I e d a ta Aerogel Cerenkov

Csl calorimeter

S.C. solenoid

15T ©
8GeVe N R '
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RE Chamber
Silicon Vertex Detector L M system

Integrated luminosity
: 562. fb"! @ on Y'(4S) resonance data for charmed baryons
(Vs =10.58 GeV)
: 79.3 tb"! @ continuum data for hyperons and charmed baryons
(Vs =10.52 GeV)
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A, 29, Z** hyperons

Reconstruct decay point and pof A. T

momentum
vector of A

Check consistency of A and interaction P

point (IP). P /'/cr=7 Q0em
For 2% or £*, we combine A with y or T+ — '
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“Inclusive” cross sections vs. X,

“Inclusive” cross sections are obtained as a function of hadron scaled
momentum (X).

x, = p/+/s/4 — M2 (M, p: mass and CM momentum)

Feed down contributions are subtracted later.
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A(1520)

Select p and K- from IP.
“Inclusive” cross section 1s obtained from continuum data.
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Reconstruct decay point and p of A. nw
_) . ,

. . . . v
A 1s combined with ™ (K-) and E7(€27) is (K A
reconstructed. P /g (o )01: =4.9
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do/dx (pb)

]
“inclusive” cross sections of = and Q

Cross sections of hyperons are obtained
from continuum data.
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Al AT+ ZD, and Z 0

Reconstruct A" in invariant mass of ©"K™.
Combine A_* with = for X 9 reconstruction.

Combine A" with «" - for A."* reconstruction.
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do/d(x,) (nb)

]
“Inclusive” cross sections

Belle previous result of A" is used to £ o7k
U;o.s;— Al— p*Knr*
normalize A", . cross sections. osf- u
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Feed down subtraction

ARGUS : 257428 pb z.phys 9,177

A —
ﬁ +A:373920.5pb A+ A(incusive) \

-970+1.5 pb >’ +c.c.
-86.6+6.3 pb > +c.c.
~512+1.2 pb =,2 +c.c.
~33+0.3pb A(1520)+A€1520)
-23.6x31.2 pb A, +c.c.
tl122131.8 pb /
- >(1385)* ~
33.2 £2.4 pb Z* + c.c. (inclusive)
- 0.4 +0.06 pb A(1520) + c.c.
=32.8+24pb
\_ J

Uncertainty on BR in PDG
inclusive

A.—A + anything BR: 35+11%
sum of all exclusive BR
(A —Am, Antw, Alv,...): 12.5£1.9%

f”

One of three measurements of inclusive

BR turned out to be unreliable.

kfhe error will be improved much bettey

~

-

97.0+1.5 pb

—40+03pb I 3" +cec.
-2.7+x03pb A(1520) + c.c.
-72+x39pb A, +c.c.

\_ =83.124.2 pb

>+ g(inclusive)
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Results of hyperons

Feed down from heavier
states are subtracted.
70% of inclusive A.
14% of inclusive X.

1.2% of inclusive

A(1520).

=0 —="r* is included.
Opag = 2.794 nb.
w/o radiative correction.
Divided by spin
multiplicity.

12 13 14 15 16 1.7 1.8

Mass (GeV/CZ)
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Results of hyperons

S=-1 hyperons look lie
on “one line”.

(2 1s suppressed

ss-bar suppression?

1ide

1 i1 12 13 14 15 16 1.7 1.8
Mass (GeV/cz)
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Comparison W|th ARGUS results

~ w0 -
Strong enhancement of ¥ + A}??@?
A 1s not observed after g :::.ARGUS:
the proper feed down 2 S '+Zo" ****************** o Thi’g”w@fk """""""""""
subtraction. Y | |

Results of other
particles are obtained
much higher precision

than ARGUS results.

1 i1 12 13 14 15 16 1.7 1.8
Mass (GeV/cz)
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Results of charmed baryons

0 e

Feed down from X, X*

A (2625) are subtracted.
75% of inclusive A" .
~10% of inclusive X °.

Those from A (2595)" and s

A,(2765)" are included. N o A<$625>
LENLL A(1520) A ‘

2 7 . Qi

/(2J+1)

had.

o/o

C
No measurement of BR.

A phenomenological

calculation gives
0.24+0.12%.

Theoretical estimation i1s
necessary.

Highproductionrateof 1 12 14 16 18 2 22 24 26 28 3

A (2625)" is seen. Mass (Ge\g




Discussion

Higher rate of A_(2625)" 1s

observed. @
e’ e

For all A_,"members?

More “good diquark”™
component in all A_"’s C

» ®
than X_"’s? . ° spin-0 (good)

Baryon production rate O ¢ Py diquark 1S light

may be sensitive for 0 ,
diquark structure. and easier to be

Only for A (2625)* created?

(JP=3/2")?
Special mechanism for /
\

this particle?

But not for (JP=3/2") Gl
A(2520) hyperon. C‘\P\

A(2595)", A (2880)" are in
study. ¢

19



]
Summary

Production rates of hyperons and charmed baryons

from e*e- collision near Y(4S) energies using Belle data.

Strong enhancement of A reported is not observed after

the feed down subtraction.

Other hyperons are consistent with ARGUS results but much
higher precision.

The first systematic measurements of charmed baryon

production rates.

An enhancement of A (2625)* (JP=3/2") is observed.
Only this state is favored? Or all A.t members are favored?
Measurements of other A, members are on-going.

Baryon production rates can be a good tool to

investigate not only fragmentation but also internal

structure of baryons.
20



Backup

21
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Baryon production rate in e"e” collision

qq creation J: spin

10¢

® Mesons (ARGUS)

hadronization (jet)

o

Uhad(QJ + 1)

Mesons and baryons have §
different slope. 107

Slope : quark counting .‘

@® Baryons (ARGUS)

-
IIIIIII| 1T

Baryons (CLEO)

x exp(—ampqq)

0/0,4/(2J+1)

o
l
o

Relativistic-string model .
S.B. Chun & C.D. Buchanan 10'4§— """""" ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ................ ................ ,,,,,,,,,,,,,,,,
PLB 308(1993)153 e

Thermodynamical model %" "02 04 06 08 1 12 14 16 'J.s
F. Becattini Z.Phys. C69 (1996)

m, (mass of hadrons)[GeV]
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Feed down subtraction

A
6+K2373.910.5 pb A+K(ineusivm /

Uncertainty on BR in PDG

~

inclusive

-97.0=1.5 pb e, A,—A + anything BR: 35+11%
~-86.6+6.3 pb > +coc. sum of all exclusive BR
512412 pb = 24 ec. /)(AC—>A:n:, Amm, Aev,,...): 12.5+£1.9%
-3.3=0.3pb Ad>S2 0) One of three measurements of inclusive
-23.6+31.2 pb A +cc. BR turned out to be unreliable.

tnz.z +31.8 pb / kfhe error will be improved much bettey

o E -

- >(1385)* ~N | 970=15pb = +X’(inclusive)

33.2 £2.4 pb 2** + c.c. (inclusive) -40+x03phb = ,Z"+cec.
=32.8+24pb
\_ ) -712+x39pb  A_+c.c.

\_ =83.124.2 pb

a3




direct A. and X_. production
(; + c.c. (direct) \

=189 £ 66 pb inclusive
- (17.9+6.0pb)x3  S0++(2455) + c.C.
- (18.8+6.4pb)x3 I .0++(2520) + C.C.
- (31.3 £ 10 pb) A(2625) + c.c.
t47-6 +16.2 pb / ____________________________________________________
- A(2595) and A (2775)
> 0(2455) +c.c. (direct) = 17.9+6.0pp | feeddown
5 0(2520) + c.c. (direct) = 18.8 £ 6.4 pp .2reincluded.

A(2625) + c.c. (direct) = 31.3+10pb

24



Good vertex reconstruction

View from beam line Profile of interaction point (IP)

Rep

# SSD placed in 3cm/2cm from Interaction point (IP), and low materials.
# Resolution of reconstructed vertex for B =2 J/Psi Ks is about 80 um.
# Good for hyperon (long life) reconstruction. 25



