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We present the results of an experiment to search for associated charm production near threshold
in 13-GeV/c¢ 7~ p interactions. A large-aperture proportional wire chamber spectrometer was sen-
sitive to the decay fragments of the forward-produced D*~’s expected from the two-body reactions
7" +p— D""+A}, 3F, .... The missing baryon mass was determined from the vector mo-
menta of the incident pion and the candidate D*~. No evidence for these reactions was found,
which resulted in a 7-nb upper limit (95% confidence level) for each of the cross sections

olm=p— D*""AM)ando(m~p— D*"3}).
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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

1.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

. |2. Regge model
4
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
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1.Feynman Model
m—p — D*(1870)AF (2286)
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We will use the same coupling constants for both reactions.

Summary

C quark

s quark
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2.Regge Model

7 p— D" (1870)AT (2236)
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Results

Summary
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Effective Lagrangians

t-channel
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s-channel

Results Summary
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In our numerical calculation,
we will use the pseudovector form.
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Effective Lagrangians

\ \’FT_ D*/—/
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u-channel

Coupling Constants

Ir KK* |grK*K* |JKNA|JK*NA KK*NA|[JK*NY KK*NX |gnNN |[grEA
6.56 7.45 1324 -4.26 291 | -2.46 -0.534 | 13.4 | 12.0

) \_ S~ v
N — — -

Exp. |SU(3) relation Nijmegen potential (NSC97a)
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Results Summary

1.1 Feynman Amplitude
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1.2 Feynman Amplitude
& Cutoff Masses

np— K*A T p— DAY
M= Mg -Fg+ Mg-- Fg- M= Mp-Fp+ Mp--Fp.
+Mn - Fy + My - Fx +Mpy - Fy + My, - F
4
. A

A4 -+ (pz _ "1162.1)2

How to determine the cutoff masses, A ?

They are determined
phenomenologically by fitting
the experimental data for the

total and differential cross section.

d(}‘ o Pout ]- 9
(E)m B h4 25 k., 2 Z“/”

—) The same values are used.
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2.1 Regge Propagator

1 - 5 ”D‘{t} j_
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In the Regge model, the energy dependence of the
forward differential cross section follows the form :

do
—— x g2e)=2

dr
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Results Summary

2.2 Regge Amplitude
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= As?t + Bs2t? . positive, dominant
+ Cs + Dst + Est? + Fst® : negative, dominant
+ Gt + Ht? + I3 . positive

+J . negative
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2.2 Regge Amplitude
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To cure this problem, we introduce new normalization

Factor such that the amplitude has a correct large s behavior :

[Titov, Kampfer PRC.78.025201(2008)]

o Np- = (s/stn)" 1

Mp- = Np- -Mp- = (5/51)% - Mp-
o Np- = (t/ten)"

M p- —>ND* - Mp- = (t/tth)_

bJ| =

. Mp-

Summary
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2.3 Regge Parameters

(a) Regge trajectories : a(t) = a(0) + o't

(b) Energy scale parameter : s 7"

=> determined by using Quark-Gluon-String Model(QGSM).
Kaidalov, ZphysC.12.63(1982), Brisudova et al, PRD 61.054013(2000)

(C) Universal scale parameter : s,
=> determined phenomenologically between 3 and 7 GeV.
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2.3 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;

p— D*AF " p— KA
au(t) = ax(t) = —0.0118 + 0.647¢ Qau(t) = ar(t) = —0.0118 + 0.647t
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
ue(t) = ap«(t) = —1.02+ 0.4671 ys(t) = ag-(t) = 0.414+0.7071

Brisudova et al, PRD 61.054013(2000)
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2.3 Regge Parameters

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

™ p— D*AT 7 m— KA
(TN—D" A TN—K*A
v (0)—1 %0 (0)—1 (0)—1
ap(0)—1 . e - o - ) a5 (0) —
= (SEN) Z(r?r;;m (0)—1) (S[J}D hﬁ) 2({:}’; (0)—1) — (S:;N) 2({1;* (0)—1) (S[l;{ h) 3ajcx (0)=1)
a(t) = a(0) + o't aft) = a(0) + o't
my, ~ 0.5,ms = 0.6 [GeV] my, ~ 0.5, m. =~ 1.6 [GeV]
. TN A v y
spN 1.5, 5850 ~ 5.46 [GeV?] s~ 15,55 & 1.76 [GeV?]
\ \
S[}(D) = 425 S[}(D*) — 4.75 S[}(K) = 164 S[}(K*) = 1.66

Brisudova et al, PRD 61.054013(2000)
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<Total Cross Section> 1. Feynman model

— () — F— AT
T p— K™A T p— DA,
2 | T wh———ee T
.
{7 p — K*OA 3
10} -
Joe =T N S ]
,,_G ra b S =l — = ] -|-G AT ]
= 10°F K H e "3 5107 "/I‘_— ]
" K . e ] 4' —Lﬂtali;"—“‘_‘““-&ﬁ-ﬁ_ﬁ_% ?
l0'f TTK+K T3 107 70 TS
-- K . -~ D+D
L] — total . L 6f — total | . L1y 3
1077 B 4 8 10 2 4 8
s/, s/Sth

cutoff mass = K, K*(D,D*) : 0.55
(A)[GeV] N,2(N,2c) :0.70

It comes from the relation O~S’ " in the t-channel exchange model.

Exp. Data : Dahl et al, PR 163.1377(1967) Crennell et al, PRD 6.1220(1972)
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Results Summary

1. Feynman model

eXx)
Results for vp — K*TA reaction

using Feynman model
(S.H.Kim et al, PRD 90. 014021(2014))

0.6

. E]r =2.7-2.8 GeV

yp — K*TA
0.5¢ — —————]
[ « CLAS data |
0.4+ ——- Born .-
I sum]::rfN
- — tota
— 0.3F
ER
o 0.2k
0.1 ]
93 > 55 3 35 4
E [GeV]
A v A
/sen = 1 5/5un = 2

We have to employ another suitable theoretical method
to explain reaction mechanisms at higher energies.
==> Regge Model
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<Differential Cross Section> 1. Feynman model

7 p— K*A
O i (Log scale)
- ] g7 T T T T
_S0F K, Plgp =4 GeV ! - K P, =45 GeV
E i K T 1{]1-
E 401 L 1 :'g
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= 20f 2
© © . 1
© jof < 10
;Qq-g__' ] R = S -2 !
03 05 i) 0.5 1 10~ 0. I
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t-channel exchange(K and K*) 1s dominant showing
a very forward peak and some backward peak.
s- and u-channel’s contributions are almost negligible.

Exp. Data : Crennell et al, PRD 6.1220(1972)
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<Total Cross Section> 2. Regge model

np— K*A T~ p— D*TAT
| - 10°F ] LR Al
JIT’E A
10°E
| g 10°
-—-K R"“m,g 10"} total(K+K ) T D*_Aj_
L _— Mo
— total ] 10— caimin’ HH"‘&.;: |
L NPT —
S/Sth s/sy,

The total cross section for the charm production (ITp — D*Ac)

1s 102 ~ 10° times smaller than that for the strange one(Ilp — K*A).

Exp. Data : Dahl et al, PR 163.1377(1967) Crennell et al, PRD 6.1220(1972)
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<Differential Cross Section> 2. Regge model

= *()
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The result for the K* exchange shows steeper
behavior at forward direction than that for the K one.

Exp. Data : 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 for the charm production (Tip — D*Ac)

1s 102 ~ 10° times smaller than that for the strange one(Iip — K*A).

<> Further works : Baryon Regge model, Spin density matrices

Thank you very much for your attention
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