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. 1. Motivation T p— K*A 1 p— D*AF

Limits on Charm Production in Hadronic Interactions near Threshold

J. H. Christenson, E. Hummel.'®’ G. A. Kreiter, and J. Sculli, P. Yamin
New York University, New York, New York 10003

Brookhaven National Laboratory, Upton, New York 11973
(Received 28 January 1985)

We present the results of an experiment to search for associated charm production near threshold
in 13-GeV/c o~ 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" 4+p— D" "+ AF 3, .... 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*""At)ando(m—p— D*"31).

Proposal P50 is submitted :
December 10, 2012

Executive Summary

We propose the spectroscopic study of charmed baryons via the (7, D*~) 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.
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in form factors scale parameters
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Tree Level Diagrams
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. 2. Formalism ™ p— KA 1 p— D*AF

Tree Level Diagrams

m p— D* (2010)A (2286)
\ﬂ_\ » il)/*/_ \\’}'['_ D*7 N \?-[-\_ l?{‘«’k/—/
. \ f N c quark
0. DO / N
~ E o\ [ y /7 N\

™ p — K*(892)A(1116)

~ - \ T K:i-:[],- N T KU
\ \\f/,"‘ \ ! \\ // V
. X £ N7
e N 7 s quark

The same coupling constants will be used for the corresponding vertices.
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Effective Lagrangians
E:rrKK* = —igﬂKK*(K(?#T . ‘JTK:; — K:;(?”T . ‘JTK)

Lo = —gricorire™POKT - wOL K
Lann = gj,,z:: Ny, vs0*T - 7N,
Losn = ﬂJf?fﬁﬂJE Ay, 50" - X + Hee.
Lrny = 1 Jf,Kfi; I N7, vsA#K + H.c.
Liony = —gieny N [ 7Y — ’g‘—f’;%ya“ K* + He.

Coupling Constants

OrKK* OrK*K* GrNN|GrZA|GKNA|GK*NA BEK*NA|GK+*NY KK*NY
6.56 |[7.45GeV 1 13.311.9|-13.4| -4.26 2.91 | -2.46 -0.529

\ VAN I~ o o I
V ' "

Exp. |SU(3) relation Nijmegen potential (NSC97a)
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Feynman Amplitudes

7 (k)™ > TK*0(ky)

p(p1) A(ps)

M = 4y MF uy

LOxK K* K NA
M = [ : skt (ky — K1)y,
K Kt—ME{MNJrMﬂ%l“ 1)

IrK*K*JK*NA IKK*NA N
ME, = Ik B |, — oun(ko — k)M koukis,
K B M2, [7 My + M, k2~ R | Raaks
LK*NA rNN IKK*NA
ME = Iyt * b ko | (F1 + pr + M)y sk,

LIK*NY  GaxA IKK* NS
ME = = @ — M H ko, | kg
5 Db M2 My, —I—Mﬁ’}‘ V5(P2 — k1 + Ms) [’}‘ M~ ‘|‘MEJ 2] 1



[. 2. Formalism mp— KA 77p— DAL

Feynman Amplitudes
& Cutoff Masses

" p— K*A ™ p— D*AT
M= Mg - Frg+ Mg« - Fg- M= Mp- -Fp+ Mp--Fp-
+Mn - Fy + My - Fx +Mpy - Fny + My - F
A'il

AT (P - M2

How to determine the cutoff masses, A ?

They are determined
phenomenologically by fitting

to the experimental data for the
total and differential cross section.

AK,K* = (.99 GPV
AN,E — 060 Gev do Pout 1
( >(‘M

—) The same values are used.

2
s N t;.4?- s k;, 2 Z|M|
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T p — K*A

m~p— D*TAT

Regge Trajectories

— () *() _
\:'?T K,- P ..\_\:‘?T K,- P NOTT K*D/’
S T S > N N P 4
"‘N\rf "‘\-Tr
E —— N7
: i N\
. .E. _L - E - I~ L > AN .
P A P P >R A
ag(t) = <0151 40617t  ak-(t) = 0.41440.707 a(u)=-027+09u a(u)=-0.79+0.87u
L L B B L B B L B BN L B AL N BRI ' I I ' I I I
5L K*5(2380) @ . -
: - +11p (2620, 77 -
af K',(2045) @ 1:(2500)_ . L9, (2455, 27)

- .‘-. 4 . - '._ + —
il i g < ‘_(.203{}, 7/27) 17, (2250, 77) =
B | . - K3(2320) 1 =t - 15

[ K*,(1430) - I - 15p (1915, 5/2%)

2 Mr,a770) _- (1775, 5/2. -

[ K*(892) - - (1385.329" 1% (1670, 3/2")

1r K (1270) § - E

[ .-'ﬁ&4g4 1 . "11"2 (1190, 1/2%)

L |.-*.'.|...?. N N EE R A B — T SE———
6 4 2 0 2 4 6 8

t = M? [GeV?]
Brisudova et al, PRD 61.054013(2000)

. A ]
0 1 2 3 4 5 6 7

u=M?[GeV?]
J.K.Storrow, PhysRept. 103.317(1984)
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Regge Propagators (t channel)

1 o 1 s\ 2% ,
P Mf{ = Pg(s,t) = (e—iwax{t}) (a) [[—ak(t)|ak,

! PR(st)=( > s\ L e (0
t—Mf{* = Pg.(s, 1) = p—imace (t) ; Qs \L)| g

PE =

F _
PE. =

do dJ 1

—(s,t = 0) o s22®)—2 IM|?
dt( ) T = o) zZ

=> We introduce a normalization factor :

N(s,t) = jz(g A(s, 1) = Z IM'(s,1)|?

TK(Sa t) — MK(S:' t)NK(Sa t)PI]?(S’ t)a
Tr+(s,1) = Mg-(5,t) Ng+(5,1)Pg.(s,t)

1

Az =
T V2Mge

(Mz, — M?)(My — My) My x s°

AR (s, ) = V=282t B AR.(s,t) = V252 C(1) M- o s
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Formalism T p— KA 1 p— D*AF
Regge Propagators (u channel)
1 s \*=®z 11
Py = Y7 = Py(s,u) = (é) r [E —ag(u)} s

do i) pa L] 2

Weuo 0T G g 2 M

=> We 1ntroduce a normalization factor :
A>(s) 2 / 2

N(s,u) = 50 A(s,u) = ) [M(s,u)

S.;',S_f,}._f

Ts(s,u) = Msx(s, u)N5 (s, u)Ps (s, u)

M *® 2* %
A5 (s) = Va2 | MA(MR /M. +2) 4+ 6222 My M5 X MEOME + M)

Ms, + My Ms, + My (My + My)?
My x s2
lim Ng(s,t) = lim Ng(s,u) =1
S'—}DO S5—r20
lim N (s,t) = 0.6 [Titov, Kampfer PRC.78.025201(2008)]

pp — Y.Y. and pp — M_.M.
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Regge Propagators (charm)

. CED*{t)—l
Tp+(s,t) = Mps«(s,t)Np=«(s,t) ( i ) ['[1 — ap«(t)] ap.

8 D+

S ﬂfzciu}_% 1
TEc (Svu) - MEC(S?H)NEC(S? H') (—) F [_ - &EC(H)] ﬂii;c

Sy, 2

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

NoK*A  nN—D*A,
(b) Energy scale parameters : sq sp

=> determined by using Quark-Gluon-String Model(QGSM).
Kaidalov, ZphysC.12.63(1982), Brisudova et al, PRD61.054013(2000)

(c) Residual factor C(t) in K* reggeon :

0.6

=> COt) = 7~ t/ A2

A=1~15[GeV]



\ I. 3. Results : Total & Differential Cross Sections

TP — K*OA Exp. Data :
- 2
———————— % i er s |Dahletal,
[Effective Lagranglan]_; . P, = 4.5 GeV/c PR1631377(1967)
=
13 Crennell et al,
] 310 PRD6.1220(1972)
1 G
E E """""
Sot T T g~ s/t
' . . 1
S/Sin cosO
K exchange contributes mainly to the low-energy region,
whereas K* exchange comes into play when s/sth gets large. Effective Lagrangians]
2
. e 1o [Reggel
107} [Regge] P, = 4.5 GeV/e
[_ i, Oi
_ 10" Z 10 X\F
E‘.. ID{]"‘ Tl i '%_ §_._.-----“'4?‘—'~—.::‘;;‘;'~ A E
o . Kr s —0°f__ [ e i T ~ 50:(0)
'y K 12 | T 0.414
- Xr L] BaotET - K = g
0% —ow S T ~0.79
1 2 4 8 S 0 0.5 1 i -
s/Si cosO

K* reggeon 1s dominant in the whole energy region. As s increases, the
intercepts a(0) play decisive roles in explaining the experimental data.



I. 3. Results : Differential Cross Sections [Effective Lagrangians]

TP — K*”A

do/dt [ub/GeV?]

K exchange governs do/dt near —t” =~ 0, whereas

K* exchange becomes the main contribution.

The results fit the experimental data between 0 < —t" < 1.2
[GeV?2], they start to deviate from the data as —t” increases.

Exp. Data :
Yaffe et al,
NPB75.365(1974)

Aguilar-Benitez et al,
ZPhysikC6.195(1980)

Crennell et al,
PRD6.1220(1972)




The results fall off faster than those from the effective
Lagrangian method, as t” increases. The Regge approach
explains the experimental data better at higher values of piab.

I. 3. Results : Differential Cross Sections [Regge]
T pP—> KK Exp. Data :
o] S ] Yaffe et al,
0T Piap = 3.93 GeVie | NPB75.365(1974)
E 10° Aguilar-Benitez et al,
E ZPhysikC6.195(1980)
5 10° Crennell et al,
L PRD6.1220(1972)
m-.{} """"" 1 2 3
?;1':
S
el
E




. 3. Results : Examples

bl

yp — KA <) 7 p— K*OA

]
% =
o
=
o
]
£
2
=]
L~
Guidal et al,
NuclPhysA.627.645(1997)

G T N, T, Y N
_E,=5,8,11,16 GeV

_-j l i i A Il | 4 It I i i i A ' A i i
0 0.2 0.4 0.6

“~tin (Cev/cY
dashed curves : K*-reggeon exchange contribution.
full curves : Gauge invariant K+K* reggeon exchange model.



\ [. 3. Results : Total Cross Sections

np-> D* AJ

Trp—>(K*0A&D AJ)

-1
10 °F T T 3
: [Effc::.,twc Ldg["dﬂgldﬂ] 2 _ [Effc::.,twc: Ldgrdngmn]
0 M2 aq___
2 I ————— === 7] e T o--==- T
10 :;,,w ddddd E lﬂ] K*OA a-
E ’_J_,f.f.- el R E 0 4
=10 7R “ . =10 10 103 .
° b, R © 10 A
10°F R RN , D™ Ac
R Tl 10~ 3
-5- — total I I | -3 I I I
10 2 4 8 1077 2 4 8
S/Sth [Effective Lagrangians]
np->( K™A & D A ) [Regge]
107} © [Regge] -
10°
ira)
=10
© 4
10T ——- Ref[31](s)
E-". <nb ___ total(s)
. BNL — - Ref[31](c)
10°f — total(c)
| L | L L L | L
1 2 4 8
/S s/
Grishina et al,

EurPhysJA.25.141(2005)

-]

il s \ 2@
(EEE2E RN oxp (285 (—) dt
h

647 (Pem) 25
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\ [. 3. Results : Total Cross Sections

. Trp-:>D AJ Trp—>(K*0A&D AJ)
107 F T T3
3 [Effc::.,twc Ldg["dﬂgldﬂ] 102 7‘-____*___‘.-1[-13_1:12::?11;{: Ldgrdngmn]
e Ep—— == ] e T PP
'_|1{] -,fﬁ ——— 10’ K*0A -
s | T T o 4
X Lo S 1 =210 10 103 _
© oD e © 10k N &
10'F TR N3 D A
Ly '~ 3 10~ 3
| — total 1
10°} —— %~ 0] ﬁ 4
s/sh S/Sth [Effective Lagrangians]
. Tp->D A np->( K™A & D Al ) [Regge]
10 T T ——— N: . :
[Regge] | 10° [Regge] 1
107} 29 nbjo’
= T 2
3-1{1"‘Er N 1 Z0°
D | .'“-_x | 2 bb )
“F " T j1Z2.011 ]ﬂ/ I -
oD BT g — K
o | ~.. of BNL — - Ref[31](c)
-RF tota | ! L 10 |_ tctaf(cj | N
107 2 4 8 I 2 4 8
/S S/Sth
L. 200pc+ (2)
Grishina et al, 92 IhceNA 2 8 “
EurPhysJA.25.141(2005) 7~ | “Gum(pan)zs PO (G ”
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II. 1. Motivation YN — K*A

< Present work contains the N* resonances of
[ PRD.84.114023, S.H.Kim, et al. (2011) ]

< In the PDG 2012 edition, Anisovich et al. performed a multichannel
partial wave analysis taking both the N and various photoproduction
data, 1n particular, reactions like,
vp — pr’, nt, pn, prl7, prta =, pnln, AKY, XK+, and YTK?
[ EPJA.48.15, A.V.Anisovich, et al. (2012)

PLB.711.162, A.V.Anisovich, et al. (2012)
PLB.711.167, A.V.Anisovich, et al. (2012) ]

< A few new N* resonances were included and some were rearranged
in the N* spectrum.



I1. 1. Motivation YN — K*A

N(1440)  1/2T bkk
PDG (2012) |ys20) 37— e
PDG (2010) N(1535} 1/2— ok
N(1650)  1/2~ ****
N(1675)  5/2 ‘*kkkx
N(1680)  5/27 *x*
N(1685) *
N(1700)  3/2= ***
N(1710)  1/2F %%
N(1720)  3/2T Hkkk
N(1860)  5/2T **
N(1875)  3/27 ***
N(1880)  1/27 **
N(1895)  1/2— **
K*A threshmld N(1900)  3/27
-y N(1990)  7/2t
N(2000) 5/27 *
{ N(2040) 3/2T *
N(2060) 5/2 **
L N(2100) 1/27 *
N(2120) 3/2= **
N(2190)  7/2 ****
N(2220)  9/2T kk*
N(2250)  9/2— ****
N(2600) 11727 ***
N(2700)  13/27 **




II. 2. Formalism YN — K*A

Tree Level Diagrams

’T(k) fi—*(@ -~ Y f‘i—?
H\'\,\/ _ /

/

A K K.k /
. : = l=1_ f -
N QJ) A {;f}’ ) N N . N A
t channel s channel
Y Vot Y
i
”
1_?—‘ -
N A . > . p A N A
11 (‘_-_11 ani .-:ﬂ contact ('1iagl“al‘[1

@ Each of the interaction vertices is defined by the effective Lagrangians.
@ The contact term is necessary to satisfy the WT identity.



\ [1. 2. Formalism

YN — K*A

-‘[:K*N*ﬂ

(

3=
2
5%
2

-’SK*M( ) - f‘iFf}ﬂ“K*“"Nﬁa - apﬁrmaﬂxmw* ’&ru 9%, K**'N%,, + H.c.
(2My)- 2M )

)= - Gy,
M,

i

s-channel
N exchange
Lo = —eN [ AP0 o (6 o k) 0 2| N
TNN fp 9 ZﬂfN 8 v '3V

N* exchange

EyNN*(%) — ["'* }F““'N*

T2,
__€hy) ;e )FEYN* + He,
{ZMJ‘\"}H
5% . e
.E ) +(—) —| N[‘L‘*}aaF#uN*ﬂ
yNN ) {EMN}Z M

i Iq B} apﬁr(:}aﬂFﬁuN;a e
2My)

—r? AT *“"N -I—.—a“;[‘“aK*MN + He,

{ZMN}

23/34



II. 2. Formalism YN — K*A

€ The transition magnetic moments hn+ and the helicity

amplitudes An+ are related linearly.
[ A.V. Anisovich et al, EPJA. 48. 15 (2012)
A.V. Anisovich et al, EPJA. 49. 67 (2013)

S. Capstick, PRD. 46. 2864 (1992) ]
proton(neutron) target

(2000)5/2+ 2090 460  +32(—18)  +48(=35)  +0.114(—=0.395)  +1.22(—0.500)
(2060)5/2 2060 375  +67(4+25)  +55(-37)  —245(+0.027)  —3.81(-2.85)
(2120)3/2 2150 330  +130(+110) +150(+40)  —0.827(—1.66)  +2.14(+2.31)
(2190)7/2= 2180 335  —34(+10)  +28(—14)  +7.87(-294)  —7.36(+2.49)

N
N
N
N

k?.
'(R— Ny)= —y(z le)Mﬁﬂflwl +|A32|’] K7

IC k, Mg /
2 > A zMA, My 7{
%: | 2 AI,‘E(%:‘:) = F MNMR I:@ MR(MR:F Mj\-)} “rg

YK*N*A

3 & k M"' ! units of >

A3f2{§ ) = 4Mm ‘:41”}» (Mg + My) A

10"3GeV ™2



II. 2. Formalism YN — K*A

€ We assume that N(2000), N(2060), N(2120), and
N(2190) may correspond respectively to Fi15(2000),
D15(2000), D13(2080), and G17(2190) in the PDG
2010 edition.

@ The coupling strength of gkn+a 1s obtained using

the SU(6) quark model.
[ S.Capstick and W.Roberts, PRD58, 074011 (1998) ]

T(N* — K*A) = > |G(l,9)?
l.s

Y K7y
PDG Mpw ['sw G(l,s) g1 g1 (final) /

N(2000)5/2* 2090 460 +03  +137  +1.37 7{
N(2060)5/2~ 2060 375 +0.2 +542 4542
N(2120)3/2 2150 330 +3.8 +129 4030 7
N(2190)7/2= 2180 335 425 443  —44.3 by« JK*N*A

.l g

-\ i':\'r* A



[I. 2. Formalism YN — K*A

Amplitude with Form factors

vp — KT*A
M, = (Mg~ + M, + Mc)F2 + Mg Fz + M, F?
+MpF} + My F3 + My F. +|Mp F.
vn — KA

M, = MgF% + M,.F? + M, F?
+MAFR + Mg Fé + My« Fg. +|M,- FZ.

Form factor

t-channel s-, u-channel common form factor

A2 o M€2:£ A*
Fﬂ,f(p2) — A2 _p2 FB(pQ) — A @2 _MEQ:B)Q

Fo = FyFg- — F, — Fi-

€ The cutoff values, A are determined phenomenologically :
A yass =09 GeV, A, = 1.1 GeV, and Ap = 1.0 GeV.




\ I1. 3. Results

: Total Cross Sections

0.5 ——— | | 0.25 ——— . C
—— - N(2000)5/2" j/p — K*+A
0.4r 0.2 N(Q060)5/2° ]
- -~ N(120)3/2° .
03 __0.15F = NQ2190)772° EXp. Data :
E. 3. . . sumof N’ W.Tang, et al,
© 02 ° 01f AN 1 | PRC87.065204(2013)
o1k 0.05F ;f f..f. ‘\ \'__l_;;:ll\ b .
[ [ , | S S.H.Kim, et al,
15 25 3 s 4 (535 5 35 4 LPRD90.014021(2014)
E, [GeV] E, [GeV]
N(2190)7/2- turns out to be equally as important as N(2120)3/2-.
It governs the dependence of the TCS on the Evy in higher Ey regions.
0.8 ——— ] 0.05 ——— . —_——
~ —- N(2000)5/2" yn — K*UA
06l 0.041 j N(2060)5/2° ]
I [ N - == N(2150)3/2'
= | = 0.03F 1 | — - NQ190)7/2 ]
= 04r = ..".rr \ - sumof N
°© o002 ] -
02F AN
. 001 1N y
{}_ . TR T T ﬂ: . . fl-l-—‘l’---+—|--_l_l.\|\-l""1—-l.__: |IL-.II T A Rl
15 2.5 3 3.5 4 15 2 2.5 3 35 4
E, [GeV] E, [GeV]

The main contribution arises from the K exchange.
The effects of the N* resonances are almost marginal.




I1. 3. Results : Differential Cross Sections

yp = K*TA

0.6 : : : : : : : : : : : : 06
—_ [ » Ey=1.7-1.8GeV « Ey=1.8-19 GeV » Ey=1.92.0 GeV « Ey=2.0-2.1 GeV 1 —
A [ — Bom =)
gl . ] =
o} sum of N T
N :
%ﬂ.zl ] -g
= - - =TT . . mosWiae 1 ™
L S | S | S () S [ | S | R /- S— U S . S | — 1 S A R | S | E— T S—
0.6 : : : : : : i
= [ *EB=2122GeV « By=22-2.3 GeV e Ey=2.4-2.5 Ge =
[ Ref. [3 - Ref. [3
g af 31 [] DA
21}.2 -BEE
33 % 03 1-I @3 0 05 1-1 D35 0 03 T S | S | I S—
0.6 T T T T LA B T T L B R B B | T T T 0.6
— [ = By=2.5-2.6GeV « Ey=2.6-2.7GeV .« E,=2.7-2.8 GeV « E;y=2.8-20 GeV | =
[ Ref. [3 —Ref. [3 ]
gﬂ.af- 31 1t 31 s lo.aZ
gn_z- 116 s '0.22
L = [ 1 8
Pro T e ] B et B e R A )]
el 30 03 T | S 03 1-T D3 0 | -T 05 0 03 -
- 1 e Ey=29-3.0 GeV « Ey=3.0-3.1 GeV e Ey=3.1-32 GeV e Ey=3.2-3.3GeV 1 =
=2 - 1t 1t Joas
2 . L s L -022
g | 1 8
ﬂél'_'ﬁrfﬂ.j' S | R | S P | . S | S 1 S [ S N | R 1 S NP | X S | R K. S l:ﬁ
- I e Ey=33-3.4GeV e Ey=3.4-3.5 GeV e Ey=3.5-3.6 GeV e Ey=3.6-3.7GeV 1 =
= - 1t 1t Joas
g, | | | "
g ] ] [ 1 B
L R | S 03 1 -1 035 0 03 11 e 05 1-1 D35 0 [T —
cos8 g7+ 7+ ——————————————————— L& cosa
= » Ey=3.7-3.8 GeV e Ey=38-39 GeV =
Zpal 11 {o.a=
2 2
-gn:z lo2=
T D5 0 05 1




1. 3. Results : Polarization Observables

The polarization observables,
which provide crucial information
on the helicity amplitudes and spin

structure of a process : ‘
B(photon beam), o
T(target nucleon), ’
R(recoil A\), 05}
V(produced K* meson) 4
1
1. Single polarization observables : 0
do |
do(B,T:R,V) _E(B T:R.V) """_0:
s _ do(L,U;U,U) = do(|l,U; U, U) ;
" do(L,U;U,U)+do(||,U; U, U) '
T _ do(U,y,;U,U) —do(U,—y,U,U)
Y de(U,y;U,U) +do(U,—y;U,U)’
p — de(U,U;y,U) —do(U,U;—y,U)
Y de(U,U;y,U) +do(U,U;—y,U)’

1.1. Photon-Beam Asymmetry (B)

yp = K*TA
L L 1 L L L

f E,=2.15GeV ] f E,=2.65 GeV ]
_ . 0.5 ]
' i o :
N (S L S R S

Ciosa [eil]
[ T ] 1 ) rerr e ]
: E,=2.15GeV : : E,=265GeV ]
- ; 0.5 ]
S - f
| N -f
o5 051 B T S R S—

Cos8 Ccose

yn —» K*OA
s _ de(L,U;U,U) —des(),U;U,U)
=

de(L,U;U,U)+ds(]|,U;U,U)



\ I1. 3. Results : Polarization Observables

1.2. Target Asymmetry (Ty) 1.3. Recoil Asymmetry (Py)
yp — K*TA l yp — K*"A

E‘. =265 GeV

E‘. =2.65 GeV

E‘. =215 GeV

E‘. =215 GeV

T :d{}'(U,_‘F;U.U)—dﬂ(U‘_y;UvU) p ~ do(U,U;y,U)—do(U,U;,—y,U)

Y de(U,y;U,U) +do(U,—y;U,U) Y do(U,U;y,U) +do(U,U;—y,U)




\ I1. 3. Results : Polarization Observables

2.1. Target-Recoil Asymmetry (TR)

‘ +
do yp = K*"A
dﬂ(B.T;R,V):E(B,T;R,V) e 1

E,=2.15GeV 1 : E,=2.65 GeV ]

2. Double polarization observables :

Lo

o P hha ki
do(r,U;z,U) +do(r,U;—z,U
v do(U,z;U,r)—do(U,—z:U,r)
C,' = :
do(U,z:U,r) +do(U,—z;U,r)
v do(U,U;z,r)—do(U,U;—z,r)
sz - ’
do(U,U;z,r)+do(U,U;—2,r)

do(U,z;z,U) —do(U, z;—2,U)

a do(U,z;z,U) +do(U,z;—2z,U)



\ I1. 3. Results : Polarization Observables

2.2. Beam-Target Asymmetry (BT) 2.3. Beam-Recoil Asymmetry (BR)

yp — K*" yp = K*"A
1 L L i7" l_lll l|||
f E,=2.15GeV ] E E,=2.65GeV 1 i E,=215GeV 1 - E, =265 GeV
05k . 05F 0.5

———————

do(r,z;U,U) —do(r,—z; U, U)

do(r,U;z,U) —do(r,U;,—z,U)
do(r,U;z,U) + do(r,U;—z,U)

CBT .

— CBR _
“ do(r,z;U,U) +do(r,—z; U, U) “




\ I1. 3. Results : Polarization Observables

2.4. Target-V.meson Asymmetry (TV) 2.5. Recoil-V.meson Asymmetry (RV)

4

E‘. =215 GeV

p— K*tA

BV
c b=

Y

ET =215 GeV

D = %

RV

Ir
0.5k

i of

*—+-

ET =2.65 GeV

do(U,U;z,r)—do(U,U;—2z,r)

RV __
c’zz _

do(U,U;z,r) +do(U,U;—-z,r)



I Summary

<& (IMp — K*A, TIp — D*Ac) , within the Effective Lagrangian and Regge model.
< In Effective Lagrangian approach, we take into account the contributions

of K(D), K*(D*), N, and 2(Xc) particles.

In Regge model, the K*(D*), and 2(Zc) 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 (ITp — D*Ac)

is 10* ~ 10° times smaller than that for the strange one(ITp — K*A).

& yN —K*A(1116), within the tree-level Born approximation.
< In addition to K*, K, k, N, A, 2, 2* contributions, we also considered
nucleon resonances.

< Among them, N(2120) and N(2190) are important for

reproducing the data for the charged K* production.



Thank you very much
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