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Noumi-san

Charmed Baryon Spectroscopy

Missing Mass Spectroscopy
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Noumi-san

Expected Spectrum in the (r,D*") reaction

(GeV/c?)
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2.9
2.8
2.75

2.7

2.6

2.5

2.4

N
w
1%
(@]

Counts/3 MeV

Signal: 1 nb/Yc* :~1000 events
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Noumi-san

How much is o (mrp—>D*Y *)?

e No observation
— the upper limit: 7 nb (68% CL)

e We want to know:

— A plausible estimation of the cross section
e Coupling Constant/ Form Factor

— possible ambiguity of the estimation: Lower Limit
e Validity of SU(4), analogy of the strangeness production, ...

— How it changes in excited state

e What we can learn from the measurement
— If it is much beyond that we expected...



PQCD for exclusive processes Lepage, Brodsky, PRD22(1989)2157

parton scattering amplitude

/

M(A+B—>C+D) |S,t,u>>A(2?CD: O X P x H(ex,(S)) < x ¢y,

//ﬂ

light-cone distribution amplitude

e Perturbative QCD O.K., if s,[t|,|u|> A& .

¢A ¢%

u u

meson { #u(u)  baryon :@v ACRY) 28 s
1-u 1-u-v

* How much energy (s,t,u) is needed to justify the use of PQCD ?

Ans. it depends not only on energies but also on the behavior of distribution
amplitude , etc. .

_______
- ~
~

d >,

i ) 1du / ) 2
Typical momentum integral: IOT¢M (u) xier, (UQ®) Q% ~s.t|.|ul

Even if Q2 is large, uQ? is not necessary large (depends on the shape of @y, .)



» Some hints on PQCD applicability to exclusive processes

(1) Pion transition form factor 030 —

S
[0 iv:
9025 arli(w.1205.3249[hep-ex] ‘

From Belle experiment

Ty

ﬁ} F(0Y) - ‘Ef' J T (v, 0% ), (. o)
g

2 2 . :
Q q ——— Asymptotic value in prediction of pQCD |

PQCD O K for Q 2 SGevf) 005 - Theoretital curves (CZ,ASY,BMS) are taken

from theEBaBar paper: PRD 80, 052009 (2009)

0.00

0 10 20 30 4
: Q2(GeV?2)

(2) Pion EM form faCtOI’ Theoretical Study
Q

If &, (p?) small in the dominant
WE6 T To
p°region, PQCD is O.K.

With quite an elaborated framework, i.e., “k_t factorization” & “Sudakov resummation”,
the contribution from the perturbative region is dominant when

Q > 20A4cp #2-3GeV Li & Sterman (1992)



Exclusive photoproduction at Jefferson Lab.

y+p—o7x +n

e Jiab E94-104

Yp>a’n * Filjii et al (1977)

m Ciifft et al (1975

Leata iz
— SAID (2002
MAID (2001)

s'do/dt (10°GeV™ nb/Gev?)

0 =90

oC 3_7

Il A Anderson et al (1976)
© Fischeret al (1672)

Onset of counting rule

Q>2-3GeV

s £ = =
B e ke &

s ‘do/dt (kb GeV™)

-
N

y+nh—>mr +p

-
o

s'do/dt (10°GeV" nb/GeV?)
o

s JLabF94-104

A Besch et al (1982)

= Fujii ¢t al (1977) :

v Beneventano et al (1969/1974
* Benzietalé;lQGS/w )

— SAID:(200
-~ MAID} (2001)

0 =90

_ s’

25! 3 3.5 a
Vs (GeV)

y+d—o>p+n ,gu

E —— Lee  #JLabE96-003 ‘HRM— — — AMEC 7}
' * Previous Data QGS —-—- RNA _
2 . JLab E89-012 3
S g g il
B 90°
3 N 1 ] ] NI ] ] sl
0.0 1.0 2.0 3.0 4.0 5.0 6.



7 +p—>D"+Y, atJ-PARC

o(r +p—>D"+A))

=@, (U) x @ (vy,V,) x H(u, u,’Vi’Vi" o, (1)) x g, (U") x g, (V1"V2’)

E_=20GeV
a ¢, (u)
p| 4 (v,w) 4

U

[
r
3 [
-

U

¢ (U')

g, (v, W)

8




o(r"+p—>D"+A,)

=¢,(U) x gy (v,,V,) x H(u,u’,v, ’Vi" o, (1)) x g, (U') x @, (V1”V2’)

¢_(u) Pion’s light-cone distribution amplitude (LCDA)

(0]d(0)a u(z)s |7 (p))

!

u
_ 4 —iup 'z - I
1-u = ‘/D du e (fgp)ﬁa O (u, 1)

) _(t=2) ( 2)

P (s

»" () [1 +az(g) C5* (20 = 1) + aa(id) €120 = 1) + . }

N

¢, (u) =6u(l-u)



¢p (xl, Xz) Proton LCDA

. (0] ™, (2,)u; (2,)u5(z5) [N (P))
1
E X =2 {(PC),, N (P),V (2P
+( pySC)aﬂ N ( p);/ A(z;p)

X, =1-X% - X,
~(0,,0"C)os (7,7sN (D)), T (z,P) }

\ (Zp) — j: XmdXZdX35(1— X — X, — Xs)e_iZXizp¢V (Xi)

DY (x;, ) = 120x 205 x3[ DY) + T () (1 — 3x3)],
A (x;, ) = 120x, x5 (x5 — X )by (),
T (x; ) = 120x1x2x3[ P8 (1) — H b3 — b3 ) ()1 —3x3)].

: _ 21 L1 E
B=fn by =S IwAL b3 =3 (1 =3V

[fxyl = (5.0 £0.5) X 107 GeV?, AY = (.38 = (.15,
1
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Heavy meson DA in HQET

0 Grozin, Neubert (97)
HK,Kodaira, Tanaka,Qiao (01)

B-meson LCDA in HQET

|
|
)
|
|

t?’b‘u' ET =woT

—~ _ — oo —_q
Pt 1) = — —~(0la(tm)[tn, Oy 45hu (0 B(v)) = [~ dwe™ ¢ (w, p)
iF(p) 0
Light-like vector : nt = (n+, n,n;)=1(0,1,0,), n-v=1
o \
Wilson line : [t??z._. O] — p exp (fa.(] /O. d)\??a;_;A'u()\'”:))
Decay constant : iF (1) = (0q(0)y4+7v5h(0)| B(v))
Scale : [t renomalization scale of operators
: 1
HQET field : b(x) = e~ "OUT [hv(m) + O (m)] . pho(z) = ho(z)
'b

vH velocity of B meson

Heavy quark limit mp — o0 = 0 < w < oo
11



OPE for B meson LCDA

OPE with 1-loop coeff. functions up to dim.5 operators  HK,Tanaka (09)

&55_(75,@) { NZC?;(t,u) :@% +ch(tvu)%
t ¢ J

FB(ty) = 1- ‘3"1(“) p(22 420+ _27@) arhe dim.3
_it% ' “8(“ (2L2 +4L-> + _WQ)] gDT ho, dim.4
221 ‘“(“)cF (212 +30, % 15_2772)] gD DT hy, §GThy dim.5

S e R R e )
2o (a2 2 oY) g g

* Valid in the small tregion. ¢+ < 1/u, o~ 1GeV
* 3 HQET parameters
AN=mp—my (Olga - gEysho| B(v)) = F(M)A ()

(010 - gH7sho| B(v)) = i F(n) A7 (1) »



OPE + NP ansatz

L =log(itpue®) — t = —irt HK,Tanaka, PLB673(2009)201

38 (=it p) = $LOTF (—ir, 1)0(re — 7) + 2N (—ir, )0 (1 — 1)

~-B,NP, . _ /OO ot W —wfwol N
—IiT, 1) = dwe N—e Ol=
b Cinm) = 2 (rwo +1)2

Consistent with QCD sum rule

7B 7B : _
o1, ¢4 continuous at 7 =7 — (IN,wp) of. Lee, Neubert (07)

OPE up to dim.4, mom. space

0.8 : : : : * Inputs
iq;g[?é cevl Short distance mass in the “shape function scheme”
To.=1.0 GeV1; _
o-1.4 Gev! Ag (1.5 GeV,1.5GeV) = 0.65+0.06 GeV
Bt - Neubert (05)
— | A2 (1 GeV)=0.11+0.06 GeV’
=T 2% (1 GeV)=0.18+0.07 GeV?
5 1 = Grozin,Neubert (97)

1 * 7 dependence is small.

13



¢D* (a)) vector meson ﬁ
pol. vector

(0]h, (O)Tq(tn)|D"(p, &)) l

- ng"DT{ b0+ 560 -5.0m e r}

leading DA ¢D* (o)

HQ spin symmetry — |{7,. (), o (@)}

All commonly given by ¢, ()

14/13



¢.(w)  Asimple parametrization by Grozin & Neubert (1996).

Light-cone sumrule ¢ () _—e A’O ¢ (w) = —e L

O

! 0, =< A ~0.3GeV
08"

0.6 —

15



o (o, v,) — d

(0]€"h,(0),,u' (tn) ,d* (t,n), [ A (p))

fM, [1+y
=3 [ 2 nC} [A.()], 4, (1)
Br

00 0 _il —i2 _ 0.10

¢A(t1’t2):.‘.o da)l.“o da)ze . ta}2¢A(a)1’a)2) 8 o008 |
00 1 ; T £

:J'O a)da)J‘O due—la)(tlu+tzu)¢A (a)’ u) E 0.06 |

Evolution eq. + LC sum rule: u:uu

. - l f ]
P (w, u) = wu(l — u][qe_f“*’ffl-’ + azCi“‘{Eu — 1)

€o
l —lw/e)
oy —41‘_" FE {22}
€]
130

with €, = 200

0.333203%3.

MeV, € = 650750 MeV, and a, =
In the above representation, @ is the total

kK =aVv =ouVv’
K, =0V =TV

— =1 Ge¥

' ——— p =25 GeV 1O

e é\\_ o—eme- i = 2.5 GeV Resumimed
&

0.5 1

Ball, Braun, Gardi (2008)
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H(u,u'v,. v, (1))

Hard Part

H p‘r[ + ‘;J\;PE
._.‘Ej
P‘T, A
[ = LA Prt +U; ‘?E
W
gTL+ vl P" M{’K'- p
o
ey . ‘_‘.;_.f’
( Ur DF l)i' P,\
| —=
P, | 2 7

U A=
.E »'* = i f~—-//u
—— | gﬂ Pf = P/‘\
"U*\\ | ot T ?_}/
A 4"1)'-"‘1}2
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Comments

e Large number of diagrams.
< Connected diagrams with 4 gluon lines connecting 5 fermion lines

 Uncertainty of LCDAS

* Scale uncertainty

 Final State Interaction

18
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