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Introduction & Motivation Formalism Results Summary

Proposal P50 is submitted :

”Charmed Baryon Spectroscopy via the (7=, D*~) reaction”

December 10, 2012
Executive Summary

We propose the spectroscopic study of charmed baryons via the (7, D*7) reactions at the

high-momentum (high-p) beam line of J-PARC to investigate the diquark degree of freedom

in a hadron. The good diquark correlation is due to the color-spin interaction whose strength

is proportional to the inverse of a quark mass. Therefore, there would be only one good

diquark pair in a charmed baryon, which makes the study of excited charmed baryons unique

and interesting.

We will supplement the high-p beam line with the dispersive ion optical elements so
that a high-intensity pion beam with a resolution of Ap/p=0.1 % can be delivered. A new
large acceptance spectrometer for the D*™ detection is designed to achieve a missing mass
resolution of ~5 MeV. Charmed baryons from the ground state to highly excited states

of E, ~ 1 GeV will be identified in a missing mass spectrum of the p(w, D*7) reaction.

In addition to the masses and widths of charmed baryons, the spectrometer enables us
to measure some of the decay branching ratios of an excited baryon by detecting decay
products.

Here, we propose new charmed baryon spectroscopy by means of the missing mass method

to shed lights on the diquark.
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Formalism

Introduction & Motivation

Feynman model

’//

The contribution of the particle
of the ground state

Good at describing Low
energy(threshold) behavior

Parameters : coupling constants,
cut off masses
in form factors

‘'reaction
dynamics

Regge model

The contribution of the particles of
both the ground and excited states
which lie on the same trajectory

Good at describing
High energy behavior

Parameters : coupling constants,
Regge trajectories,
scale parameters

Summary



Introduction & Motivation _

1.Feynman Model
T~ p — D*(1870)A (2286)

Results Summary
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Introduction & Motivation _
2.Regge Model

T p— D" (1870)A T (2236)

Results Summary
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Introduction & Motivation Formalism
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Results Summary

Effective Lagrangians
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Results Summary

Introduction & Motivation _

Effective Lagrangians
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Introduction & Motivation

Summary

Formalism Results
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1. Feynman Amplitude
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2. Regge Propagator

1 % ap(t) |
PS meSOH(D): P —>P§€w€ - <_ ) F(_H.D“))g_”

| ) S ap=(t)—1 1
V meSOH(D*) - —-{/ — "11{%*. — Pﬁ’,ﬁggfﬁ = (_,—S‘WP.D*- 1k) F(l — {1-5*({));”'

Regge trajectories : a(t) = a(0) + o't
Energy scale parameter : stV =P A«
=> determined by using Quark-Gluon-String Model(QGSM)

Universal scale parameter :_so_
=> determined phenomenologically between 1 and 3 Gev
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3. Regge Parameters

The intercept and the slope of the trajectory for the
nondiagonal transition are related to the corresponding
parameters for the diagonal transitions :

aft) = a(0) + o't ?

20;5 = az(0) + a5;(0)  2/ag; = 1/af; +1/a3;

mp— DAY T p — K*0A
agu(t) = ag(t) = —0.0118 + 0.647¢ agu(t) = az(t) = —0.0118 4+ 0.647¢
aze(t) = an (t) = —3.2103 4 0.332 ass(t) = ap () = —0.291 + 0.606¢
ue(t) =ap(t) = —1.6115+ 0.439¢ s (t) = ag(t) = —0.151 +0.617¢
aau(t) = a,(t) = 0.55 4 0.742¢ au(t) = a,(t) = 0.554 0.742¢
0z (t) = ayrp(t) = —2.60 + 0.340t ass(t) = ag(t) = 0.27 + 0.675t
oue(t) = ap(t) = —1.02+ 0.467t ays(t) = ag-(t) = 0.414 4 0.707¢

Brisudova et al, PRD 61.054013(2000)
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3. Regge Parameters

The energy scale parameter is related to the
corresponding parameters for the diagonal transitions :

™ p— D*AT 7 m— KA
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a(t) = a(0) + o't aft) = a(0) + o't
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1 o N KA 1 = 2
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\ \
S[}(D) = 425 S[}(D*) = 4.75 5[}(K) — 164 S[}(K*) = 1.66

Brisudova et al, PRD 61.054013(2000)
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Total Cross Section 7 p — K*A

1. Feynman model

do _ Pout 1 gt
(E>CM N {’4 *s Kin 2 ZM[H

M= Mg - Fx + Mg+ Fg« + My - Iy + My - Iy

Aél

F = . —

How to determine the cutoff masses, A ?

From the reaction of Yp — K “A, we found that
the values of A=0.65~0.75 GeV describe the data pretty well.

So the same values are used for our research.
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Total Cross Section 7 p — K*°A

2. Regge model

o\ 1 Pou]
(_) = Z"’M ( :I'Iz )‘PRF‘E}{]F‘

do Regge 1 oy 1 |M |2 p 2ocge(t) F( (f)),j 1
p— = . = i — X \T —_
a0 ) 64725 kin 2= \sppcen K g

Regge 2(oge= (1) —1)
ﬂ!ﬂ' pﬂ-ur ]. 3 ( -: ) 2 ].
e — MI P ]. T ﬂ:f"" t T

Except for the universal scale parameters,
So, all the parameters are determined.
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Total Cross Section 7 p — K*A

1. Feynman model 2. Regge model

e K(R)

s ™™\ K+(R)
107§ — total(R)
210’
1005
10 7 2 4 3
s/s,, preliminary s/s,,
cutoff mass, A: universal scale parameter, sO :
0.65 ~ 0.75 [GeV] V3 ~ 3 [GeV"2]

Exp. Data : Dahletal, PR 163.1377(1967) Crennell et al, PRD 6.1220(1972)
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Differential Cross Section 77 p — K*°A

1. Feynman model 2 Regge model
50— — . 50—
K P —45GEV i K(R) P —45 GeV
gam- K ly T“U_‘ KR ]
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=
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cutoff mass, A : universal scale parameter, sO :
0.65 ~ 0.75 [GeV] V3 ~ 3 [GeV"2]

K exchange is dominant. The contributions of
u- and s- channel exchanges are almost negligible.

Exp. Data : Crennell et al, PRD 6.1220(1972)
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Total Cross Section (Regge Model)
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Exp. Data : Dahletal, PR 163.1377(1967) Crennell et al, PRD 6.1220(1972)
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<> We investigated pion induced production off the proton target,

(rp — K*A, nip — D*Ac), within the Feynman and Regge model.
< In Feynman model, we take into account the contributions

of K(D), K*(D*), N, and Z(Xc) particles.

In Regge approach, the K(D) and K*(D¥*) trajectories are considered.

The parameters are fixed by using the Quark-Gluon-String Model(QGSM).
<& It turned out that the total cross section of charm production (1p — D*Ac)

1s 100~10000 times smaller than that of strange one(rip — K*A).

< Future work :
We should normalize the amplitude for the case of K(D) exchange.

Feynman model for the charm reaction, rp — D*Ac would be considered soon.
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