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Charmed baryon production at BESIII

If X>s>4.6 GeV, = charmed baryon physics

In order to estimate the number of charmed baryon
events produced at BESIIl, one needs to know
luminosity, c(e*e~—cc), fragmentation function of
c—hadrons

Chao-His Chang, Jian-Ping Ma, Cong-Feng Qiao, Xing-Gang Wu
hep-ph/0610205

“Hadronic production of the doubly charmed baryon =__ with
intrinsic charm”



Spectroscopy

In SU(3) representation, diquark = 3x3 = 3+6
3: ASESELD, all decay weakly

6: Q= .20 3 **0 only Q0 decays weakly

Lo sC LS
_.-'
L (8
5.
—*4  =*( *++ + (0
n ORI e S=0 S=1

Many new resonances observed:

Ground state: Qc* with mass=2768.3+3.0 MeV

Orbitally excited p-wave states: L=1
e.g. A.(2593), A.(2625) = A, ,(1/27,3/2°)
Positive parity excitations: L=2,1,0

e.g. JP[A (2880)]=5/2*



Orbitally excited charmed baryon states
L +L=L (not L +L,.=L)

Two possible p-wave states:

1. L=1, L=0; antisymmetric under q,<q,

2. L=0, L,=1; symmetric under q,<>q,

J=SHL,  J=S_+J,

State  [SU(3) S¢ L, J,* State [SU(3) S¢ Lg J,*

Aa(3,) | 3 0 1 17 || Ba(3,d) | 3 0 1 17

Zeo(3) 6 1 1 0" Zo(3) 6 1 1 0"

Yal3.3) | 6 1 1 1= | E(539 | 6 1 1 17 symmetric
Daly3) | 8 1 1 2 | Ep(53) | 6 1 1 2

Sal,3) |6 o 1 1 [ EL3H e o 1 1

Ag(l 3 - 2 (1 3 - . .
Acﬂl(i; 3 1 1 0 ) Eil 3 1 1 0 antisymmetric
Ra(f,3) |3 1 1 17 || Eu(3d) | 3 1 1 1°

Ae(3,3) |3 1 1 2 | E23) |3 1 1 2




Positive parity excitations:

1. L=2,L=0; L=0,L,=2 symmetric under q,<q,; L=2

2. L=L=1 antisymmetric under q,<q,; L=2,1,0
State  |SU(B)r S¢ Lg J,° State |[SUB)r S¢ L¢ J,°
An(37,87)| 3 0 2 2F [Z,(iT3)] e 1 2 1t
Aa(37,37)] 3 1 0 1+ ||Z.(3%3N]| e 1 2 ot
A3 3 1 1 ot |Za3TIN| e 1 2 3t
ALET3D ] 03 1 1 1 || 50370 6 0 0 O0F
AL,3550) 3 1 1 2t [Sa(3NEDH)| e 0 1 ot
A (LT3N 3 1 2 1t |S3T.80 e 0o 2 2f
(33N 3 1 2 o
AGLID| 3 1 2 s
(3730 3 o 2 2 =463 6 1 2 1f
(353 3 1 0 1t =380 6 1 2 2F
G | 3 1 1 ot |E,37,I0)| 6 1 2 3t
G303 1 1 1t | By | e 0 0 0F
(3t 5Ty 3 11 2 |23 e o 1 1+
2\ 12 cl\2 2
Sit ity 3 1 2 1t [E,3N8NH] e o0 2 2t
g3t 5Ty 3 1 2 2
=ML IN| 3 1 2 3
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1/2+ _>
-
3/2*,5/2° =P

320 =P

Only
parity of
A &

A (2880)
has been
measured

1/,+
1+

5/2*
5/2*

AL

State JT | Sg Lg J;° Mass Width Decay modes
AF 5 |o o ot 2286.46 + 0.14 wealk
A (2503)t | L™ 0O 1 1— 2595.4 + 0.6 36175 Sow, Ao
Ac(2625)T | 3 0o 1 1- 2628.1 + 0.6 < 1.9 Acwm, Bem
A_(2765)F 77 ? ? ? 2766.6 2.4 50 ew, Ao
A-(2880)+ | 3T ? 7 ? 2881.5 +0.3 55406 |=¥x Acnw, D%
Ac(2940)+ | 77 ? 7 ? 2938.8 +1.1 13.0 +50 =%, A.xwx,D%p
(2455)t+] LT |1 o 1t 245402 +0.18 | 2.23 =£0.30 Ao
3.(2455)t | LT i o0 1t 24529 + 0.4 < 4.6 Aw
(2455)° | £ |1 o 1+t 2453.76 -+ 0.18 2.2 +0.4 A
3 (2520)++ | 37T i o0 1t 2518.4 + 0.6 149 + 1.9 Aw
>.(2520)t | 3T 1 0o 1F 2517.5 +=2.3 < 17 Ao
.(2520)° | 37 i o0 1t 2518.0 +£0.5 16.1 +2.1 Aw
2800+ 377 |1 12— 280112 75+22 Acr, S, Acww
.(2800)" [ 277 |1 12— 279214 627159 Agw, 5w, Acww
.(2800)° [ 277 [ 1 1 2 280211 617173 Agw, 5w, Acww
=7 5 |0 o of 2467.9 +0.4 wealk
=9 " |o o of 2471.0 +0.4 weak
Eet i+ 1 0 1+ 2575.7 + 3.1 =y
=10 v 1 0 1+ 2578.0 4+ 2.9 =
=c(2645)+ | 2T 1 0 1t 2646.6 +1.4 < 3.1 =
=(2645)0 3 1 0 1t 2646.1 + 1.2 < 5.5 =i
=A(2790)+ | L o 1 1— 2789.2 + 3.2 < 15 =l
=A270)° | L o 11— 2791.9 +3.3 < 12 =
=(2815)T | 37 0o 1 1— 2816.5 + 1.2 < 3.5 BEw, Beww, Ehww
=e(2815)" | 3 0o 11— 2818.2 +2.1 < 6.5 Erw, Boww, EhT
=A(2980)F | 7 T 7 7 2071.1 +1.7 25.2 + 3.0 see Table VII
=c(2080)° 77 ? 7 7 2977.1 +9.5 43.5 see Table VII
ZA3077)F 77 ? ? ? 3076.5 +=0.6 6.2 +1.1 see Table VII
=A3077)° 77 ? ? ? 3082.8 +2.3 5.2 +3.6 see Table VII
09 11 o 1t 2697.5 + 2.6 weak
Q:(2768)° | 2T 1 0o 1F 2768.3 +=3.0 Qe




An ideal place for testing heavy quark symmetry and chiral
symmetry : heavy hadron chiral perturbation theory (HHChPT)

Strong decays of s-wave charmed baryons

Decay Expt. This work Tawfiq Ivanov Huang | Albertus

[7] HHChPT | et al. [27] | et al. [28] |et al. [20]| et al. [30]
St o Afst (2234030 input |1514+0.17|285+019| 25 |241+0.07
=h o Atw” <46 | 26+04 |156+0.17(363+027| 32 |2.79+0.08
S Afx 22404 | 22403 |1.444+0.16 |265+0.19 | 24 |2.37+0.07
(2520)"F o Afwt | 149419 | 16.7+2.3 [LL.77+1.2721.99+0.87| 82 |[1752+0.75
%(2520)" — Af %" <17 |174+23 8.6 |17.31+0.74
Z(2520)° 5> Afx~ |16.1+21 | 16.6+2.2 [11.37+122|21.21+0.81| 82 [16.90+0.72
E.(2645)T 5 E0tat0| <31 | 28+04 |L.76+0.14 |3.04+0.37 3.18 +£0.10
5.(2645)" 5970 <55 | 29+04 |1.83+0.063.12+0.33 3.03+0.10

in units of MeV




h,, %

Strong decays of p-wave charmed baryons

Decay Expt. | This work Tawhiq Ivanov Huang Zhu
[7] HHChPT | et al. [27) et al. [28] et al. [29] | [34]
AL(2593)T = (At#ww)r 2637105 input 2.5
A(2503)F —» SHtn— 0657041 0627037 | 1.47+057 | 0.79+0.09 | 055703, | 0.64
A (2593)t - 29T [0.671031| 067 94 | 1.78 +0.70 | 0.83+0.09 | 0.89+0.86 | 0.86
A (2593)F — =70 1.347013 | 1.18 £0.46 | 0.98+0.12 | 1.7+0.49 | 1.2
AL(2625)F 5 St~ | <010 | <0028 | 044 +£023 [0.076 +£0.009 | 0.013 0.011
A (2625) — gt <0.09 | <0.028 |0.47+0.25 |0.080+0.009 | 0.013 0.011
A (2625)T — ix" <0040 | 0.42 +£0.22 | 0.095 +0.012 0.013 0.011
A(2625)F - Atnx <19 < 0.21 0.11
%(2800)"F > Aw, 58w | 572 | input
%.(2800)T — A.w, St | 62150 | input
5(2800)° — Acw, S | 61728 input
E(2790)T » B0t t0 | < 15 .75
270" S, 00 | <12 | 81743
2c(2815)1 — EX 050+ | <35 | 32719 |[235+093 | 0.70+004
E.(2815)0 — Et0x—0 | <65 3.5130
in units of MeV
isospin violation: 3 *n%~23 %", A%~ A_mtm
as nl is lighter than r* 10




10-1%s
5t | 442426
AS | 20046
=50 | 11213
00 |  69+12
D* 1040+7
D.* | 50047
DO 410.1+1.5

Lifetimes

heavy quark expansion:

r(s, %f)—% cou (A 42+ )

C C

Pauli interference & W-exchange are 1/m3
corrections, enhanced by p.s. enhancement

factor of 1672
.

W-exchange

p d
A 5 s

destructive P.I.

11
constructive P.I.



Dec |Ann |Int(-)| Int(+) | Semi- 7(10713s) Expt
Inclusive
=5 |1 sz |1 c? small P.l. | 3.68 4.42+0.26
AS |1 |2 |1 |8 2.64  |2.00+0.06
=° |1 |1 |1 |1 small P.I. | 1.93 1.12%018
Qb |1 652 10/3c? |large P.I. | 1.71 0.69+0.12

s$=sin0;, c=cos0O
B Lifetime hierarchy t(E.*)>t(A.*)>1(E.2)>1(Q.0%) is qualitatively
understandable, but not quantitatively.

M It has been claimed that lifetimes can be accommodated (except
=.") provided that hybrid renormalization is employed and
replacement of f; by F, is made (Shifman, Blok, Guberina, Bigi.....)

H It is difficult to explain t(E.*)/t(A.*)=2.21+0.15

B 1/m_ expansion is not well convergent and sensible 12




Hadronic weak decays

Complications:
€ Baryons are made of three quarks
€ Factorization approximation generally doesn’t work
W-exchange is not subject to helicity & color suppression
€ Current algebra is no longer applicable as the outgoing meson is

far from being “soft”. Also this soft-meson technique is not

applicable to vector meson production

13



Hadronic weak decays

B Diagrammatic scheme

f’< Hﬁﬂ/[’< B Two distinct internal W
: - emission diagrams, three

different W exchange
diagrams

T C’ C
B Need information of
c . decay asymmetry to

< g % extract s-wave and p-wave
- " < < amplitudes separately

E Ey £’

14



M (B, — B, + P) =i, (A+ By.)u.

B Dynamical model calculation

pole model: M M

A 4
A 4

Consider low-lying pole contributions:
s-wave is governed by 2" resonances

p-wave is dominated by 2" ground-state baryons

Relativistic QM: Korner, Kramer, Ivanov,...

15



BRs of Cabibbo-allowed decays

Decay Kérner, Xu, Cheng, Tvanov |Zenczykowski| Sharma, Expt.
Krimer [56] Kamal [60] Tseng [59] |et al. [74] [73] Verma [72] [3]

AF = Arnt input 1.62 0.88 0.79 0.54 1.12 0.90+ 0.28
AF = S99t 0.32 0.34 0.72 0.88 0.41 1.34 0.99+ 0.32
Af -5 EFq° 0.32 0.34 0.72 0.88 0.41 1.34 1.00+ 0.34
A5 Ty 0.16 0.11 0.94 0.57 0.48+ 0.17
A7 - 5Ty 1.28 0.12 0.12 0.10
A - pK° input 1.20 1.26 2.06 1.79 1.64 2.3+ 0.6
AF - 2K 0.26 0.10 0.31 0.36 0.13 0.39+ 0.14
= - 2TK° 6.45 0.44 0.84 3.08 1.56 0.04
Ef — Dxt 3.54 3.36 3.93 4.40 1.59 0.53 |0.55+£0.16%
= - AK° 0.12 0.37 0.27 0.42 0.35 0.4 geen
= - 20RO 1.18 0.11 0.13 0.20 0.11 0.07
= ETK- 0.12 0.12 0.27 0.36 0.12
=0 — =0q0 0.03 0.56 0.28 0.04 0.69 0.87
= - =y 0.24 0.28 0.01 0.22
=0 — =0y 0.85 0.31 0.09 0.06
2 Ext 1.04 1.74 1.25 1.22 0.61 2.46 geen
o — =0K0 1.21 0.09 0.02

W-exchange plays an essential role

16



Decay asymmetry o for Cabibbo-allowed decays

Longitudinal pol. of daughter baryon from unpol. parent baryon

information on the relative sign between s- and p-waves

Decay Kérner, Xu, Cheng, | Ivanov |Zenczykowski| Sharma, Expt.
Kramer [56] Kamal [60] Tseng [59] et al. [T4] [73] Verma [72] [3]
AF = AxT —0.70 —0.67 —0.95 | —0.95 —0.99 —0.99 [—0.91 +0.15
Af o 207 0.70 0.92 0.78 0.43 0.39 —0.31
A7 - r0 0.71 0.92 0.78 0.43 0.39 —0.31 |—0.45+ 0.32
Af - Bty 0.33 0.55 0 —0.91
Af 55ty | —045 —0.05 —0.91 0.78
Af — pK?© —1.0 0.51 —0.49 | —0.97 —0.66 —0.99
Af - =K+ 0 0 0 0 0
= -5 ZTE°  —1.0 0.24 —0.09 | —0.99 1.00 0.54
=F - gt | —0.78 —0.81 —0.77 —1.0 1.00 —0.27
=0 5 AR —0.76 1.0 —0.73 | —0.75 —0.29 —0.79
=0 SORY | —0.96 —0.99 —0.59 | —0.55 —0.50 0.48
=0 NTK- 0 0 0 0 0
=0 — =00 0.92 0.92 —0.54 0.94 0.21 —0.80
=0 — =0y —0.92 —1.0 —0.04 0.21
=0 — =y —0.38 —0.32 —1.00 0.80
= =gt | —0.38 —0.38 —0.99 | —0.84 —0.79 —0.97 | —0.6+0.4
o0 - =0K0 0.51 —0.93 | —0.81

??

L7



Decay modes that proceed through factorizable diagrams
A= pod |a,|=0.60+0.10, close toc,
1/N. is also applicable to charmed baryon sector
QI—=Qrrt a,

0—=*0KO
Q==K a,

18



Charm-flavor-conserving weak decays:

Light quarks undergo weak transitions, while ¢ quark behaves as a
“spectator’ e.g. E.>An, Q—HF n

Br(Z.,>>A 1) =2.9x 10+
Br(Z.*>A %) = 6.7x 10 should be readily accessible

soon
Br(Q . >ZE"*.n")= 4.5x 106

19



Semileptonic decays

Semileptonic rate depends on B_.—B form factors

Six form factors are reduced to two in mg—c limit

— NRQM <| RQM LFam QSR QSR
Process Pérez-Marcial |Singleton | Cheng, Ivanov | Luo |Marques de Carvalho| Huang, Expt.
et al. [85] [86] |Tseng [81] |et al. [87]| [88] et al. [89] Wang [90] [3]
AF = Alety, | 11.2 (7.7) 9.8 7.1 7.22 7.0 13.2+1.8 10.9£3.0 | 105£3.0
—0.812 -1 —0.88 £0.03 |—0.86 :0.04
2 5 E-etv. | 18.1(12.5) 8.5 7.4 8.16 9.7 seen
E& — % tv, | 18.4 (12.7) 8.5 7.4 8.16 9.7 seen

in units of 1010s-1

20




Electromagnetic decays

B > Bs+y: X, > A, +7, E.>E 4y
Bg—>B§+7/: EZ—)AC+)/,E:—>aC+7
Bg—>B6+7: ZZ—)ZC+7,E:—>E;+)/,QZ—>QC+7/

suitable framework: HHChPT+ QM

Decay HHChPT Ivanov Banuls Tawfiq | Experiment
+QM [23, 92]| et al. [87] | et al. [93] |et al. [94] 3]
nF = Afy 88 60.7 £ 1.5 87
nEt 5 BTy 1.4 3.04
Do Xy 0.002 0.14 + 0.004 0.19
T = Aty 147 151+ 4
20 5 Ay 1.2 0.76
St = Efy 16 12.7+ 1.5 seen
g — By 0.3 0.17+£0.02 | 1.2+0.7 geen
ST o Bty 94 5+ 3
g1 - =y 1.1 0.68£0.04 | 51+27
Q¥ - Oy 0.9 seen

in units of keV



Weak radiative decays

® Charm-flavor-changing

U

+ + — —
Af—Zh,  ES-EY

® Charm-flavor-conserving ; .

= _)Acys Qc_):‘cy u d

Cc

U

i) e.m. penguin c—>uy
if) y emission from external quark in W-exchange

v emission from W boson in W-exchange

Br(A} > Xy)=4.9x10", a =-0.86
Br(z; - =%)=3.6x10", a =-0.86

22



Review articles:

B Korner, Kramer, Pirjol, Prog. Part. Nucl. Phys. 33, 787
(1994)

B Bianco, Fabbri, Benson, Bigi, hep-ex/0309021
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