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1. Motivation Baryons from PDG
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1. Motivation Baryons from PDG

<& Charmed baryons are less known than light-flavor baryons.

<>|Heavy + Light quark system

 Recent research (X, Y, Z, Pc™,... ) is a hot issue for the last decade

"
qqQQ qqqQQ
at the [ Belle, Babar, Bes, LHCbD,... ] Collaborations.
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1. Motivation Baryons from PDG

<& Charmed baryons are less known than light-flavor baryons.

<>|Heavy + Light quark system

 Recent research (X, Y, Z, Pc™,... ) is a hot issue for the last decade.

"
qqQQ qqqQQ
e A charmed baryon (qqQ) 1s one of the simplest among this system.

— -

* It gives us a hint about a diquark. @) 2> @)}

:
@

» LHCb, Belle, etc Collaborations are already producing charmed baryons.



1. Motivation Experiments

Limits on Charm Production in Hadronic Interactions near Threshold

Only an upper limit (7-nb) is estimated in 13-GeV/c pion energy.
PRL 55, 154 (1985) (BNL)

T p — DY (Ye= A%, )
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<> The pion beam up to 20 GeV/c will be made.
<& This energy can produce excited states of energies
up to around 1 GeV excitation from the ground state.
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Proposal P50 is submitted at J-PARC

Charmed Baryon Spectroscopy via the (7, D*”) reaction
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December 10, 2012

<> The pion beam up to 20 GeV/c will be made.
<& This energy can produce excited states of energies
up to around 1 GeV excitation from the ground state.

A theoretical estimation of the production rate 1s important.
How to predict?
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We employ effective Lagrangian and Regge model.
How to determine free parameters ?
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\ 2. Strategy

We employ effective Lagrangian and Regge model.
How to determine free parameters ?

Tp s DY AT — KON

dc udc ds uds
I dis) D"~ (K)
D*(K*)
p i3 = ut AL(A)
u,d < s,C

The same coupling constants will be

\
) ) YrK*K* — gnD* D*
used for the corresponding vertices.

JK*NA — YD*NA,

We rely on the strange sector for
the free parameters (coupling constants & form factors).




\ 2. Strategy

We employ effective Lagrangian and Regge model.
How to determine free parameters ?

T p— DAY

dc udc

7 p— K*A
ds uds
(K*)
A (A)

IIf‘I//OI\

InKK*| 9nK*K* |9rNN |9nEA[JKNA|GK*NA KK*NA|JK*NE KK*NE
6.56 |7.45GeV~! 13.3 |11.9|-13.4| -4.26 2.91 | -2.46 -0.529
PN o — I

A "

Exp| |SU(3) relation

o

Nijmegen potential (NSC97a) |




\ 2. Strategy
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100

50

How do the two models differ from each other ?

T p— K*OA

Low energy High energy
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How do the two models differ from each other ?
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Effective Lagrangians Regge model
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\ 2. Strategy

How do the two models differ from each other ?

T p— K*A
Effective Lagrangians Regge model
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[II. Formalism
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3. Formalism Effective Lagrangians

Tree Level Diagrams
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Tree Level Diagrams
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3. Formalism Effective Lagrangians
Tree Level Diagrams
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3. Formalism Effective Lagrangians

Feynman Amplitudes
& Form Factors

A4
. 2 —_
Form factor : Fe(p’) = 17— (72 — M2’

Megai[mp = KPAD*AL)] = M) - Fi(p) + M0y - Fir(pr)+
Mss,) - Fy) + My - Fy

How to determine the cutoff masses, A ?

" p— K*A mp— DAL

Determined by fitting

to the experimental data. — The same values are used.

Agjg*(D,D*) = 0.55 GeV
AN,E(N,EC) = (0.60 GCV
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\ 3. Formalism

Regge model

General Idea

1. Most reactions have a tendency for a forward peak.
At high energies, t-channel exchange dominates.
=> A Regge method works.

2.

S0F Py = 2.20 GeV/e i
— | J
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Ty 3 .
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3. Formalism Regge model

General Idea

1. Most reactions have a tendency for a forward peak.
2. At high energies, t-channel exchange dominates.

a(t) 1s called a Regge trajectory. a(t) = a(0) + a't

=> A Regge method works.
What 1s a Regge model?

A single particle exchange in the t-channel of spin J behaves as = .7 fj i“”i
| A |
J—1 : Sy 7 !
g~ 8§ I 1
| p 3
which violates unitarity for large J. :p - , \:
Froissart bound : U’TDt(S) < constant X logg(s/ $0) _ tchanmel -:

| R

We need to sum up all meson exchanges of various J. BN v :

UL (R

v A |

t channel

11



3. Formalism Regge model

Regge Trajectories

\\?T_ K,*/D *-\:ﬂ-_ K/*/O N o K*O/
S ,v" T e N Ve
~ ~ = N s
K K7 h d
~
! R A R N
> > > : > -~
P AP A P g A
1 a(M?) = J ]
3T K trajectory 1 11| X trajectory
aF ag-(t) = 04144 0.707t 1 o - a(u)=-0.79+0.87u _
: i £*(2455, 77)_
< 3f 1 $*(2250, 72) S
S | : 15
2F 1 5r $*(1915, 5/2%) |
1 g 1 3% £*(1670, 3/27)
) £(1190, 1/2%)
I I | 1 l i [ :
01 2 3 4 5 6 7 0 ;) 4 6 8
t = M? [GeV?] u=M? [GeV?]

Brisudova et al, PRD 61.054013(2000) J.K.Storrow, PhysRept. 103.317(1984) 12



3. Formalism Regge model

Regge Trajectories

o(t) connect hadrons with their families
which have the same internal quantum number,
where M and J are the mass and the spin of a related hadrons.

For the charm Regge trajectories,
we rely on the quark-gluon string model (QGSM).

a(M?)=J
I I | | T ' T T T I T
| _ d - : £*(2620, 77)
F K trajectory 1 115} X trajectory _
Al ag-(t) = 041440707 | o, [ @(u)=-0.79+087 i
: i $4(2455, 77)_
< 3f 1 $*(2250, 72) S
S | z 15
2F 1 5r $*(1915, 5/2%) |
1 i 1 3 $*(1670, 3/27)
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3. Formalism Regge model

Regge Propagators & Amplitudes

g ﬂ;{*(f}—l
= Pgu(s,t) = (—) L[ — cpes(t)] e
S K+

g1
#* — ] 2
t— M2,

. P3.(s,t)
MHI*(S, t) — MP *(S,t)%

The Regge propagators reduce to the Feynman propagators 1/(t-M?)
if one approaches the first pole on the trajectory (i.e. t — M?).

I[l —at)] = F2—oa)]  TL-(t-Mg.)] -1 1

1 — aft) —(t — MZ.)o! o (t— M%z.)
T T
at) =1+ (t— Mz.)d t — M2,
Asymptotic Behavior
do 1 1 9 do () Mg o st
T 167422 Z M| E(s%oo,t%(]) o b2
S8 F, ¢ ‘ (We proved

analytically.)
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3. Formalism Regge model

Form factor ; Cex(?) = (1 — p2/A2)2

M%otal[ﬁ_p — K*DA(D*_A:)] — MIR{(D) ’ CK(D) +
MIR{*(D*) - Ok (D) +M%(zc) COyx,)

{IK(D) CLK*(D*:} G’E(EC)
0.6 0.8 1.5 Ak ks D 5) = 1.0GeV
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[V. Results
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4. Results : Total & Differential Cross Sections 7~ p — K 0N

[Effective Lagrangians] Exp. Data :

[Elffectilve I;agll"anlgilanll_; - - - Dahl et al,
E | PR163.1377(1967)
Crennell et al,
PRD6.1220(1972)
¥ B SJ—I
S/Sih _ - coso
K (K™) exchange contributes mainly to the low (high)-energy region.
[Regge] :
) | Reggeel 1 00y s Gevie
10 E':‘ : lah = - evic . Sﬂi(ﬂ)—l
10" :"z 1{)‘]& |
) S + ;// )
= 1 E L= E
o 10F -% i \\‘:':':"'“f 1 ag(0) = —0.151
1 K 2 _,_,.--""-_F.F_H_J.--"" ol e
Y S A - f ag(0) = 0414
ZNE. e 3 B o ettt
__}: _[ﬂl:ﬁl | | .\'Iu i 10"4§ - o o w 4 (}QE(O) = _0-79
102 . e . - L = LT s
s/Sth coso

K™ reggeon is dominant in the whole energy region. 15



4. Results : Differential Cross Sections wp = KPR

[Effective Lagrangians]

lﬂ_ Pldb = 393 Gev-l'lrl': ] - pldh = 395 GE:VJ'FC i lﬂ_ [ T T T T [ T T T T |

9 . of | R e = I
:E lﬂ{]_ - —*: lﬂﬂ :E
£ E?
:‘E‘ E e m—— K - ——amer—r ﬁ

A = K fmer T 2 B
S 10 R0 110" =

i i i __tzm'ﬂ 3 . 1 i i
0 0.5 1 1.5 2 0 0.5 1 1.5 2
5 L R B L T o1
10° Poy=45GeVic 1 [ ,=6.0GeV/c 10
> { ¥ >
5 E —?“—“—‘- B — @
= 10t QR 10" =
A N =
_E ) 3 ______________________ e ﬁ
S _ 1 F 1028
I I I 3 E 1 I I
0 0.5 1 1.5 2 0 0.5 1 1.5 2
-t [GeV?] ' [GeV?]

K exchange governs do/dt near —t” ~ 0, whereas
% . .
K" exchange becomes dominant as —t” increases.
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\ 4. Results : Differential Cross Sections

[Regge]
10°F - Pluh =3.93 GeV/c 7
e - -
- h
Q F ]
g 10°} ]
5 d
- - Kr ] g
o
R 1L 1.
005 B 5 2 0 05 15 2
107} P..=45GeV/ic
.(:_J__ 10{]:
£l
- 4
B a2 1 1 .2
S 10° 1 F 110
L - TrE10?
... i oq=ip=q= T'n"n_n_n_l._n E e Sl S T S T P N |_“|_|_!
0 05 1 15 2 0 05 1 15 >

The slopes are faster than those of the effective Lagrangian method.

- [GeV?]

-t [GeV?]

do/dt [ub/GeV?]

do/dt [ub/GeV?]

Regge approach explains the experimental data better at higher values of piab.
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4. Results : Total Cross Sections

[Effective Lagrangians]

p->( KA & D¥AS)

1{}2;_-'?""‘4-—-!—1—-__5______,______
o e
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0 E
10T 10 307
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13 E
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10°F -

—ﬁ 1 I I

10 2 4 8
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G [ub]

E|
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4. Results : Total Cross Sections

[Effective Lagrangians]

G [ub]

Tp->D A

p->( KA & D¥AS)

lgg_l—si--—u,—-a-‘____
oot Linb 4
}._...—_ e e Time, Tiremae 3 . l{}DL 10
i 107

A D E

S D* -

R 10°'f

X, _
- — total | 6f I
i 5 4 10 1 2

S/Sth
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T'I“‘“:-_L.__

v 1 10%

.

—
O
—
—
—
—
——

Upper
limit:

7 nb at
13 GeV/c
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4. Results : Differential Cross Sections

[Effective Lagrangians]

do/dQ [ub/st]

o o slsyy =231 ¥

rﬂ"‘:!-_..?‘ "'.—-;.F-# —eo— 104

mp->(KOA & DAL )

—

K*0A

e w mE s e

P

R
—
—

ol

,_.._..--—-—H-—-.'l-*"

Where does this large gap come from?

do - | Pout 1 3
(dQ)m  64n2s ki, 2 2L M

19



4. Results : Differential Cross Sections

[Effective Lagrangians]

]ﬂﬂ-!?-'.' Sflsth_ 23'1__’_______...._.‘:46- A
= ! A~ e -----"‘; — o 10
E 1{-}_2- K_‘EUA
IE'- _4- —————————————
a 10 T = =
= - T N
HE 1{-}_6: ...... D* D*_A‘C_l_ -2
© y —— D !
3
1

Where does this large gap come from?

do - | Pout 1 3
(dQ)m  64n2s ki, 2 2L M
\ J\ J
Y Y

no effect, not main reason
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4. Results : Differential Cross Sections

[Effective Lagrangians]
_ mp->(K9A & D*'A: )
o slsgn =231 ___go I

do/dQ [ub/st]

F“HZtﬂ—=¢

—

e 104

Where does this large gap come from?

do | Pout 1 ‘
(ﬁ) T 64n2s ki, 2 M
‘ CM : i1

\ J J
Y Y

no effect, not main reason

—  form factor

A4

Feo(p?) = Nt (2 M2

— | energy scale parameter

S[].(K) = 164 S[}(K*) = 1.66
S[}(D) = 425 S[}(D*) = 4.75

g O\ age(1)-1
PR.(s,1) = (L) 1 — age (1) e
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[II. Formalism
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T p — D_A;"




\ 3. Formalism

Tree Level Diagrams

p = KA
ds uds
mw (:1(.71) f{ﬁ(kg) T f{ﬂ f{ﬁ
S 7 \ / P
A P \ / s
M \| <
#K’*‘F \ / s, x N
L » ———— 5 .
p(p1) A(ps) P n A >t A
— =
T p — 12 A
dc udc
T ) T D~ D
. Phd \ / /
~ P x \ / . /s
M \ A N\ o
i L -
1l
P AP n A T Ay
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4. Results : Total Cross Sections
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PHYSICAL REVIEW D 91, 054027 (2015)

x~p — D~ Al within the generalized parton picture

Stefan Kofler," Peter Kroll,” and Woligang Schweigerl
nstitut fiir Physik, Universitit Graz, 8010 Graz, Austria

2Fachbereich Physik, Bergische Universitit Wuppertal, 42097 Wuppertal, Germany

(Received 18 December 2014; published 23 March 2015)

We investigate the reaction n~p — D~AJ within the generalized parton picture. The process is
described by a handbag-type mechanism with the charm-quark mass acting as the hard scale. As in the

case of preceding work on pp — AZA} we assume that the process amplitude factorizes into one for
the perturbatively calculable partonic subprocess uu — ¢c and hadronic matrix elements that can be
parametrized in terms of generalized parton distributions. Modeling the generalized parton distributions
by overlaps of (valence-quark) light-cone wave functions for the hadrons involved, we obtain numerical
results for unpolarized differential and integrated cross sections as well as spin observables. Our approach
works well above the production threshold (s = 20 GeV?) in the forward hemisphere and predicts
unpolarized cross sections of the order of nb, a finding that could be of interest in view of plans to measure

7~ p — D~AF at J-PARC.
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4. Results : Total & Ditterential Cross Sections
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5. Summary & Future plan

< The production rates of the (m~p — K* A, " p — D™ Ac) are calculated.

<& In effective Lagrangians , we take into account the contributions

of K(D), K*(D"), N, and =(Zc) exchanges.

In a Regge model, K(D), K*(D®), and 2(Zc) reggeon exchanges are considered.
< In general, vector meson exchanges (K™, D) govern our reaction processes.
So(mp—=K"'A)>o (@ p—D*Ac), 10*~ 10° (10* ~ 10°) times

for the effective Lagrangians (Regge model).
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Wave function
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2. Strategy

Wave function By T. Yoshida (Tokyo tech.)

T Mixing of A(phys)=c;AC1)+c,AC p)

e.g. A-mode dominant state: How much the other mode mixes?

o
.
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=}
L]
o

Probability Icl?

o

T ey (EA/2NE

i T '
SU(3) limit
0! -

e, (A(L/27)) g

0 0.5 1 1.5 2
mgq [GeV] with myy =300 MeV




\ 3. Formalism

Effective Lagrangians

aCrNhf‘—

-CWEﬁ —

LNy =

LrNy = _gK*NYN ’Yp;Y -

Effective Lagrangians

— _igﬂKK*(RFa#T * WK: - K:(?#T * 'JTK)
— —gﬂK*K*Euuaﬁaﬁg::T y 'ﬂ.-aaKE

grNN
N e .ot N
> Mn VY5O T - TN,

gryA

Ay v0'm -+ He.
Mot 3 0t A He

GKNA
My + My

Ny, sA*K + H.c.

KK*NY

v * L
—QIMN oY 0| K + H.c.

Coupling Constants

IrKK*| 9aK*K* |9aNN|9nZA|9KNA|JK*NA EK*NA|JK*NY KK*NX
6.56 |7.45GeV ™' 13.3(11.9(-13.4| -4.26 291 | -2.46 -0.529
N AN - P - B -
Y N T
Exp. |SU(3) relation Nijmegen potential (NSC97a)




\ 3. Formalism

Coupling Constants

JrKK* JrnK*K* GrNN | 9zXA | GKNA | JK*NA  KRK*NA | JK*NY. KK*NY
6.56 | 7.45GeV="' | 13.3 | 119 | -134 | -426  2.91 | -246 -0.529
g - N B
4 ~ —
Nijmegen potential (NSC97a)
Exp. SU(3) relation
Nijmegen potential (NSC971)
H% — /\—\ ) A
IrKK* InK*K* 9rNN | grSA | GKNA | gK*NA  KK*NA | KNS KK*NY
6.56 | 7.45GeV— | 13.3 | 119 | -17.5 | -6.11 2.66 =352 -1.29
g(fyg(a) mss=p 131 1.43 1.43

Ag(D) AK+*(D*) 4x(%,)
0.6 0.9 1.6



\ 3. Formalism

Feynman Amplitudes

'}'T_(]{?Dh A

p(p1)

M = 4y MF uy

10xKK* 9KNA
ML =T ekt (ko — k1),

JrK*K*GK*NA LKK*NA
MH., = g+ e |y oo (ko — k)| Kook
K B M2, W = My + iy O R~ R | Raaks,
ME — T LYK*NA GrNN o VRK*NA  puy (F1 + 1+ My)y*vsk

LJK*NY  GnxA IKK* NS
ME =T a — M. K [ k1.
LT OEY T ME My + My P6(pe = K1+ M) [7 My + My 2”] lo



3. Formalism Regge model

Cross sections without form factors

F ' T L B T v
10°5 5= =~ [Regge] L [Regge]
j R E g 10° o T Pgp=60GeV/c
10°F - 4 4 e Te=o EI * el =
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= 10 : 1210 ~~ 3
© 10° 18 4 3
..... KR - ~ ] "-D- 1{](] 4
10 —— K% e 10 - Kr i
- ¥R "~ ] --Kr
]_0-2 | | | = 10—1 ......... P Loeoevv s
1 2 4 8 0 1 2 3
/St -t" [GeV?]

> K™ reggeon exchange may be more dominant than K reggeon one.

a

(1- /)

Form factor ;: Ce(p?) =

Tuta,l[ﬁ D — K*DA(D* A+ )| = MK(D) Ck(p) +
M (py  Cr+(p+) + Miz,) - Csis.)

CLK(D:} QK*(D*:} ‘JE(EC)
0.6 0.8 1.5 Ak K+ 5.5 = 1.0GeV




\ 3. Formalism

Regge Parameters

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

alt) = a(0)+a't

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

" p— K*A T p— D*TAS
aua(t) = ap(t) = —0.0118 + 0.647t au(t) = g (t) = —0.0118 + 0.647t
ass(t) = ap () = —0.291 +0.606¢ e(t) = ay (1) = —3.2103 + 0.332¢
us(t) = ag(t) = —0.151 +0.617t ue(t) = ap(t) = —1.6115 4+ 0.439¢
aau(t) = a,(t) = 0.55 4 0.742¢ au(t) = a,(t) = 0.554 0.742¢
ase(t) = ag(t) = 0.27 4+ 0.675t azc(t) = ayp(t) = —2.60 + 0.340t
vys(t) = ag-(t) = 0.414 4+ 0.707¢ ue(t) = ap=(t) = —1.02+ 0.467t

Brisudova et al, PRD 61.054013(2000)



\ 3. Formalism

Regge Parameters

(b) The energy scale parameter i1s related to the
corresponding parameters for the diagonal transitions :

7 p— K*A T p— DAY
TN—K*A TN—D* A,
%0 (0)—1 (0)—1 %0 (0)—1
o —: . o - apl0)—1 . e -
— (SSN)EM;*(GJ—U(S[E;{ h)E(ﬁK*(ﬂ]—lj — (S:;'N)Z(n;i(]ﬂ]—lj(s[?' ﬁ{?)z(nfjgf(ﬂ]_]_]
at) = a(0) + 't at) = a(0) + 't
my, ~ 0.5, m. =~ 1.6 [GeV] m, = 0.5,m, = 0.6 |GeV]
SF;N ~ 1~5:5£{h ~ 1.76 [GEVQ] S:}TN ~ 1.5, s[‘?ﬁ“ ~ 5.46 [GEVQ]
v v
so(K) = 1.64, so(K™) = 1.66 So(D) = 4.25, s0(D*) = 4.75

Brisudova et al, PRD 61.054013(2000)



4. Results : Total Cross Sections
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4. Results

Form factors & Size of baryons

; 3
X2 — Rem R2 - 1 (m — R. )2 2 ]
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302 402 12BmK
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0.60 GeV = 0.586 GeV
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4. Results

Form factors & Size of baryons

3
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mp->(K"A&D Al ) 172 ! — = (0.5 fm)? = (25 GeV )
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4. Results : Differential Cross Sections

[Effective Lagrangians]

,  Tp->( ;(fﬂ;x &DAL) Where does this large gap come from?

d 1 out 1 y
(—”) = =B 7 e

\ J\__ J
Y Y

do/dQ [ub/st]

no effect, not main reason

Assumptions
1: couplings (s) = couplings (c)
2: cutoff masses (s) = cutoff masses (¢)

These assumptions are reasonable?
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