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Baryon production rates in ete” collision

® ¢c'¢ — y"—qq —Haronization

® ex)ec'e — y*— A + anything

_|_

—>
q

C

® .
@

_*

0’.
~0



Hadron production rates in e*e” collision
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Baryon production rates in ete” collision

e Baryon production: color
suppression to form color-

O LEP Vs=92 GeV

singlet combination among J:spin OARGUS vorl0.5 GeV
random quark colors ~ 1] p
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Baryon production rates in ete” collision

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

o J=0, light (ud)diquarkin A?
e R.L Jaffe, Phys.Rept.409,1 (2005)

e A Selem, F. Wilczek, hep-ph/0602128

® |ssues
e Feed down is subtracted?
e Large errorin ARGUS results

e How about charmed
baryons?

e Study at Belle!
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Belle data
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Reconstruction of S=-1 hyperons
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Reconstruction of =-, Q~-, Q
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Mass spectra for charmed baryons
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Inclusive differential cross sections, hyperons

“Inclusive” cross sections (including feed-down) are obtained as a function of

hadron scaled momentum (X5).
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Inclusive differential cross sections, hyperons

“Inclusive” cross sections (including feed-down) are obtained as a function of
X, = p/\/s/4 — M? (M, p : mass and CM momentum)

hadron scaled momentum (X5).
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Inclusive differential cross sections, hyperons

“Inclusive” cross sections (including feed-down) are obtained as a function of
hadron scaled momentum (Xp)- X, = p/\/s/4 — M? (M, p : mass and CM momentum)
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Inclusive differential cross sections, charmed
baryons
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Inclusive differential cross sections, charmed
baryons Sum of on Y(4S) and continuum
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Inclusive differential cross sections, charmed
baryons

—~ 05 - —~ 0.04 5
< - + Ne) [ +
€ o (@)A: +c.c. | Eons| (D)AL(2595) kc.c.
% o4 [ ew/oradiative °.ii> | |
B i correction .°° 'y % 0.03 | e w/0 radiative correcti?n ﬂw¢
035 | o i
~ o w/ radiative o . °© FO 0.025 o w/ radiative correctio b p§¢
03 | correction*’® | o | it} t
[ o |
0.25 [ o | ® 0.02 | ¢
; o P : #,O f
02 ° [ 0.015 | $ °
..o P ' [ ++¢¢ ®
0.15 3 ..Ooo | Pp 001 | *¢° | S
01 | ° ; $0
X LYo I o [ * 0 I (]
0.05 [ *n“d’ I "p 0.005 |- & | *o
IR o i g
) | &) ! P R R L 1} W W A | . 9
0 0.2 0.4 0.6] 0.8 X 1 0 0.2 0.4 0.1 0.8 X
p p
I |
I
. 0.03r 0 ) 0.03 0 - I
g [ (e) 2¢(2520)"+c.d Q () Qc— Qa7 +gc.
xmo'ozs. w/o radiative { e 0% - lio radiattiye
S oozt correction 3 M 0.02 | correction
o "fo wiradiative it 1| x U5 ° VIV/ radiative
© : correction|f {I{ b 3 correction
0.0151 0.015
| H*+++ L b f
0.01} & T 001} { I
| . # |
i % f |
0.005 I P 0.005 | + I
[ I ® ! ¥
07‘ el . %_'L O*““I“‘
0 0.2 0.4 .6 0.8 X 1 0 0.2 0.4 0.6 0.8 X
p ~ - p

~~ 0.05
O

a
~0.045

o
< 0.04

B |
5 0.035 |
0.03 |
0.025 |
0.02 |

0.015 |

0.01

0.005

0.2

| |
| (0) A(2625)1+c.c.
i 1)
- e w/0 radiative I fo"btp
3 correction ? %
- o w/ radiative P *o
correction  #¢ *0
- o] ‘o
’o %o
2 ¢
e I .
i to | %
3 to .
) I .o
] [ #
0 0.2 0.4 o.| 0. Xp
|
—0 -1
- (Q)Ec>E T +c.c
e w/o radiative |+§
B correction @
o w/ radiative  { I
correction ¢ |
' |
] o | Q
A
] ¢
R I
7\I\I\\‘\9\‘\\\\‘\\\\‘\\\\‘\\\\I\\\\‘\\\\‘\\\\‘\e\
0 01 02 03 04 05 06 07 08 09 1
X

P

g
=)
@

op

do/dx _ (nb)

0.02

0.015

0.01

0.005

o dO/(lxp XBO.F. (Eb)

e
—

0.05

| |
L (d) 20(2455)O|+c.c.
] |
e w/o radiative '
B correction Jo‘%
- e %
o w/ radiative +¢1
i correction 't¢ I ©
#Q [
e | ‘:,
- € 3
: I 5
i o
[ o
0‘“012“‘014“‘0}‘“0.‘8" 1
|
h r—wo . i+
( ):'C %QH +C.C.
7 e w/o radiative I
3 correction I
- o w/ radiative ] *
3 correction * +
b
; -
by '
A +¢ : $ )
001 02 03 04 05 06 07 08 09 1
XP

16



do/dxp (nb)

o
w
a

do/dx, no)

Inclusive differential cross sections, charmed
balyons
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Comparison of visible cross section
with previous measurements
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Comparison of visible cross section
with previous measurements
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Feed-down subtracted (direct) cross
section

o/(2J+1) (pb)

10

10 |

10

| A v Inclusive cross sections o
I v ® Direct cross sections 8
= 20 -
i —
/., :
I v R
i . N
x0.3 = ®
B A(1520)
v
* ¥
',
3(1385)" ®
— A,
=(1530)"
w Q
cc e e P b e b ey Py
1 11 12 13 14 15 16 17 18 1.9
2
mass (GeV/c)

v Inclusive cross sections
® Direct cross sections
102 A .
/o
x0.5 A (2593)*
10 = 0
- 20(2455) -
Y+ »
+
¥ AC(2625)
.l 3 (2520)°
-1
10 Lo v b b b b b b by
2 21 22 23 24 25 26 27 28 29

mass (GeV/cz)

20



Results for hyperons

/ (2J+1) (pb)
2
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Results for hyperons

/ (2J+1) (pb)
3,

Slope parameter
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Note:inclusive cross sections are
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Results of charmed baryons
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Discussion

e Assuming that a c-quark picks up a diquark from @
vacuum, anti-diquark

. . i " . 0 e+ o c
e Schwinger-like “tunnel effect” of diquark and anti-
diquark —_— €
2 . diquark mass
0 < exp(—mu/K) gluonic string tension ‘ diquark
B. Andersson et al., Phys. Scripta. 32, 574 (1985) c C
e /\.:spin-0 light diquark ("“good” diquark), °
e 2> _:spin-1 heavy diquark (“bad” diquark) O 0
e Difference of production rates may be related with
diquark structure in A_and. 2_.
spin-0 diquark spin-1 diquark
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Discussion

e Assuming that a c-quark picks up a diquark from p _ 1

vacuum,
e Schwinger-like “tunnel effect” of diquark and anti-

diquark
9 - diquark mass
0 X exp(—ﬂ,u /"3) Kk : gluonic string tension

B. Andersson et al., Phys. Scripta. 32, 574 (1985)

e /\_:spin-0light diquark ("good” diquark),
e 2> _:spin-1 heavy diquark (“bad” diquark)
e Difference of production rates may be related with
diquark structure in A_and. 2_.
e Quark model prediction by
T. Yoshida et al, PRD92, 114029 (2015)
N(2593) (1/2-) and A(2625) (3/2-)
are composed of (qq),_, diquark with L=1
excitation relative to charm quark.
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T. Yoshida et al
PRD92, 114029 (2015)
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Discussion

e Assuming that a c-quark picks up a diquark from

vacuum,
e Schwinger-like “tunnel effect” of diquark and anti-
diquark g ]
5 (: diquark mass oo e
o o exp(—mp’/K) gluonic string tension %
B. Andersson et al., Phys. Scripta. 32, 574 (1985) E
o o(2.)/ao(A\,)=0.27 £ 0.07 ol A,(2595)"
e mass difference of spin-1 and 0 diquarks A.(2625)*
0 T
m(udy)? — m(udgy)? e o T
4 2\ 2 1= Zc(2520) .
= (8.2 +£0.8) x 10* (MeV/c?) :
ref.  490% — 420 = 6.4 x 10* (MeV/c*)? s (2300)#*‘
C
B. Andersson et al., Phys. Rept. 97, 31 (1983) 10 Sy e e
. . . . . ;nass (éeV)

e Slightly higher than reference but consistent with the

spin-1/0 diquark mass difference!
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Summary

Production cross sections of hyperons and charmed baryons are

measured near the Y(4S) energy using Belle data.

do/dx, distributions for hyperons

 Slightly higher Peak positions for Q- and =(1530)

do/dx, distributions for charmed baryons

» Peak positions for heavier particles seem higher.

“Inclusive” total cross sections for hyperons

« Consistent with previous measurements with much higher
precision

Direct total cross sections

« Clear exponential dependence on baryon masses

« No enhancements for A, A(1520)

« Suppression of decuplet hyperons and 2_tamily

« Suggesting diquark structure in ground and low-lying A, 2.

Next, exotic candidates, heavier /A resonances ...

« Input of absolute B.F. for =_is helpful
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