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Why charmed baryons?

Charmed baryon strong/EM decays provide lots of excited states.
— More orbital excitation states (Q+qqg) than meson(Q+q).
— Less phase space for decays and narrower states.
— Established 17 charmed baryons up to date. (refer PDG).
— Fruitful experimental results on excited states, but a few unpromoted states.

Charmed baryon weak decays are suitable to study decay dynamics.
— Still poor measurements in weak decays of AY, 2+, E° QF°

Theoretical predictions can be tested and motivated to new approaches.
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Strong/EM decays



A_-excitation family

Mass (MeV/c?)

5T
5+ s

CLEO \.(2880)T — ©,.(2455)%7xF 2882+ 142 44242

BABAR  A,.(2880)T — D 288194+ 014+05 58+15+1.1

Belle \.(2880)T — ©,.(2455)%7xT 288124+ 02+04 58+ 0.7 + 1.1

BABAR  A.(2940)T — D% 29398+ 13+1.0 175+52+59

Belle Ac(2940)T = ¥.(2455)%7F  2938.0 +1.3%9 13 7% 17

Good consistent among Belle, BaBar and CLEO measurements.
Isospin singlets : A(2880)*, A.(2940)*

— Due to no isospin partners in D*p @ Babar

— Belle measured spin-parity of A (2880)*
A (2940)* : 5MeV below D*p threshold

— Exotics? hep-ph/0606015

— Conventional baryon? PRD75,094017; JPG34, 961; PRD75, 094017 (2007)

A (2765) : should be studied in more depth.
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PRL 98, 262001 (2007) : Belle

IP [A,(2880)*]

« J=15/2 favored
 [X.(2520)7]
. T 1[2.(2455)7)
= 0.23£0.06+0.03
 Heavy Quark Symmetry
— R=14:572-

— R~0.3:5/72*

PRD 78, 112003 (2008) : BaBar

IP [2.(2445)°]

e J=1/2 favored



> (2455), £(2520), A (2595), A(2625)

> (2455) = (2520)

AP =1/24)

— only weak decay
> (2455) (Jp=1/2%),
2. (2520) (Jp=3/2%)
— L=0 orbital excitations
— lIsospin triplets : 0, +, ++
— Strong decay to A
A (2595) (Jp=1/27),
A_(2625) (JF=3/27)
— L=1 orbital excitations

(@]

— lIsospin singlets : +

— Strongdecayto A_n nt
— A.(2595) S-wave res.
— A.(2625) D-wave res.
— Non-res. P-wave
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> (2455), £.(2520), A.(2595), A_(2625)

TABLE VIII. Measured resonance parameters, where the first
uncertainty is statistical and the second 1s systematic.

Hadron AM [MeV/c?] I' [MeV/c*]

2 .(2455)"" 167.44 +0.04 = 0.12 234 £0.13 £ 0.45

3. .(2455)° 167.28 £ 0.03 £ 0.12 1.65 £ 0.11 = 0.49
%.(2520)""  230.73 £ 0.56 = 0.16 15.03 =212 £ 1.36
3 .(2520)° 232.88 = 0.43 £ 0.16 12.51 = 1.82 * 1.37
A.(2595)" 305.79 £ 0.14 £ 0.20 h; = 0.36 £ 0.04 £ 0.07
A.(2625)" 341.65 = 0.04 £ 0.12

Consistent with previous exp. results

Considerable improvement in A(2595), A(2625)
Pion coupling constant (h,) measured.

Discrepancy in A (2595) mass with previous results

— Due to proper treatment of kinematical thresh. effect
— Refer to PRD 67, 074033 (2003).
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= -excitation family

Exp. Mode Mass (MeV/c?) Width (MeV) Sig.
BABAR  =.(2930)" — ATK™ 2931 £ 345 36 £ 7+ 1
Belle Z.(2980)T — Z,.(2645)°xT 29677 +£23 7)) 18+6+3 S=730
Belle Z.(2980)T = ATK wt 297854+ 21420 435+754+70 S=570
BABAR  =.(2980)T — ATK~«T 29785+21+20 4354+75+70 S>90
Belle 2:(2980)" — =.(2645) 7~ 29657 +£247F)  15+6+3 S=6.10
Belle 2:(2980)° — AT Kgm ™ 2977.1 £ 8.8 £35 435 (fixed) S=150
BABAR  =.(2980)" — A Kgm™ 29729+ 44+16 31+7+8 S=170
BABAR =.(3055)" — ATK #T 30542+ 124+05 17+6+ 11 S =6.40
Belle Z.0307)T = ATK T 30767 £09+05 62+12+08 S=920
BABAR =.(3077)" = ATK =T 30770+ 04+02 55+13+06 S>9
Belle Z.(3077)" — AT Ksm™ 30828 +1.8+15 524+31+18 S=44c
BABAR  =.(3077)" = AT Kgn™ 30793+ 1.1+02 594+23+15 S=450
BABAR =.(3123)T - ATK nT 31229+ 13+03 444+34+17  5=3.00

Good consistent between BaBar and Belle measurements.

Isospin doublets : £_(2980), =.(3077)
=.(2930)*, E.(3055)*, =.(3123)* : unpromoted states
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Weak decays



~ Updated results from Babar/Belle o

Experiment Baryon Decay mode Yield Reference mode Beignal /Brey.
Belle AKT(CS) 265+25  Amt 0.074 £ 0.010 £ 0.012
Belle YOK+ (CS) 75 £ 18 Ot 0.056 £ 0.014 + 0.008
BaBar AKT (CS) 1162 +£ 101 Axt 0.044 + 0.004 + 0.003
BaBar YOK+ (CS) 366 52  XOrt 0.038 £+ 0.005 £ 0.003
BaBar AK+w+t7— (CS) 16062  Ant <4.1 x 1072 90% CL
BaBar YOKTatr— (CS) 21 +24 »Ogr+ <2.0 x 102 90% CL
Belle L+ K+T7~ (CS) 105+24  Stgtg— 0.047 + 0.011 + 0.008
Belle Y+ K+K— (WE) 246 £20 Ytata— 0.076 = 0.007 £+ 0.009
Belle AF Y+ ¢ (WE) 129+17 Xtata— 0.085 £ 0.012 £ 0.012
Belle Z(1690)?(— STK—)KT (WE) 75 £ 16 Ytata— 0.023 £+ 0.005 + 0.005
Belle 2(1690)°(—= AK")K* (WE) 93426 AKYK+ 0.26 £ 0.08 £ 0.03
Belle ¥+ K+K~ (non-res) (WE) 11 =16 Ytata— < 0.018 @ 90% CL
Belle pK+ K~ (CS) 676 £89  pK—m+t 0.014 £+ 0.002 £ 0.002
Belle pé (CS) 345+43 pK @t 0.015 + 0.002 £+ 0.002
Belle pK T K~ (non-¢) 344 + 81 pK 7t 0.007 £ 0.002 £ 0.002
BaBar Y07+ (CF) 32693 + 324 Amt 0.977 £ 0.015 £ 0.051
BaBar ==K+t (CF) 2665 + 84 Amt 0.480 + 0.016 + 0.039
BaBar AKYK* (CF) 460 +£30  Ant 0.395 + 0.026 + 0.036
Belle _y AK-mhrt 117+55 E-ntxt 0.32 + 0.03 £+ 0.02
Belle —° pKY%KY 168 27 E-ntat 0.087 £ 0.016 £ 0.014
Belle pK+K+at 1908 +62 =7t 0.33 £ 0.03 = 0.03
Belle o AKY 465+37 E-qt 0.21 £ 0.02 = 0.02
Belle ¢ AK—xt 3268 276 =7t 1.07 £ 0.12 £ 0.07
BaBar Q-K+ ~ 650 =-at 0.294 + 0.018 £ 0.016
BaBar Q atx0 64 + 15 Q- 7t 1.27 = 0.31 = 0.11
BaBar Q0 Q atrta— 25+8 Q- 7t 0.28 £ 0.09 = 0.01
BaBar ==K ntm— 45 + 12 Q- 7t 0.46 £+ 0.13 = 0.03
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New Cabibbo-Suppressed =_°weak Decays

— 0 = kK
==k 0 reliminary | “°|,
f___f—--’”"d - 350 P Y 1 350
v — 0 a0l
HT,F‘JTL %30“ Reflection E 300
) s 250 s 250 |
i = Za00 T 200 |
d d ﬂ E
+ 5150 E 150
: ok [100 | & 100
i (’ 5 | Belle 5 | Belle
; ~ ' = 22 23 24 25 2§ 27 2 23 235 24 245 25 255 26 265 27
g d M(="K') (GeVic) M(A K™ Kj,) (GeVic?)
— =Y — maode —_7
= 9> A%° Mode Yield Efficiency (%) Bf:[_,-_f_-e_; j; (x1072)
d oy o =0 5 ="kt 3138578  4.47 +0.03 2.75 + 0.51 + 0.25
. ol TP =0 5 A% 315.8 +53.7  3.60 + 0.02 3.43 + 0.58 + 0.32
L, =0 = xT 15324 +262  6.00 + 0.03 1
+ . . . p—
s ' * First C.-S. mode observation in E ° weak decays.
é

w% ( * Used ~700/fb Y(4S) on-resonance data sample.

* p*>3.0GeV/c to remove combinatorial BG.
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PRL 89, 112001 (2002) : SELEX
Doubly charmed baryons e

PRL 97, 162001 (2006) : Belle

PRD 74, 011103 (2006) : BaBar
= + A+ K- o+ + K- = ++ + K — ot
=2 A K nm+pDK ES2AK ot

& Akt Ea—
= | [ and D PK 12 i 5
g s ‘ 3 A KT I Beam
o ?_ fitted masses: 3518(3) and 3519(2) g 10 peak: 3780 MeVic?
E 3 MeV/ic # 5 bin sig/kg: 22/12
g g Gaussian significance: 63o
: Poisson Prob.: <1.0x 107
mixed event bkg
[ absoluce normalization
-
2.
%4 s 35 352 as1  ass Mr’gfdg ey 3.7 38 39 4

M\, K =* ) Ge Ve’

* SELEX reported the observation of =_*

— measured m(Z_*)=3518.7 (1.8) MeV/c?
— Theory : m(E_") = ~ 3610 MeV/c®
3300 . — 1 (measured) < 1 (theory)
:ei | ‘ * No confirmed by FOCUS/Belle/BaBar
- ]
E 150 ] Experiment Limit on RE;H._H Kinematic cuts
- - A1 .9 % 10~* @ 95% CL
@ 100 = +9A+K Tt BaABAR 6.9 x 10~ @ 95% CI
50 cC c ] Babar 2T %107 @95% CL  p* > 2.3 GeV/e
0 . . , . , , , , Belle L5 x 107" @ 90% CL p° > 2.5 GeV/e
3.4 3425 345 3.475 3.5 3.525 3.55 3.575 3.6 3.625 3.65 FOCUS 2.3 x 107" @ 90% CL

M(A; K) (GeVic?) e LHCb under MC study in active. .



Decay Asymmetry



Decay asymmetry

Predicted asymmetry parameter (o)

e Parity violation occurs in charm

Decay Klfbrne?ﬁl , Xl;_ﬁ[)_ T('hmlf{_.g] Iv;m[m-'l] me'zf}'gl::_owski 1‘.":'-}uuﬂrl_n.z l-l_[x;_n, ba ryon d ecays due to eXiSten ce
riamer [56]|Kamal [60]Tseng [59]|et al. [T: [73] Jerma |72] 3 .

A —Ar | —070 | —067 | —095 | —095 [ 099 —099 [-091 £ 015 gf two Orbllt.al gngU|1? rmom.
T 7| 00 | 092 | 0B | 04 030 | 031 ecay amplitudes of opposite
AF =BT 071 0.92 0.78 0.43 0.30 ~031 |-0.45+0.32 parity.
IS 7 0% | 0 | 09 * The experimental observable is
A 3 7 —0.45 005 | 091 0.78 an asymmetry in the angular
A; = oK 1.0 051 | -049 | —007 [ —066 —0.99 decay distribution due to
A =2 o 0 0 0 0 _
= -0k 10 024 | 009 | —0.99 1.00 0.54 mterference between the two
-2 o | o8t | o | 10 1.00 -0.27 amplitudes.
=0 A7l 0.7 —0.7: —0.75 -0.2 ~0.7 : P
AR\ 076 | Lo | 0ms | om | 00 | 0 « Many theoretical predictions
2 -xk\| 09 | -099 | -059 | —055 [ -0.50 0.48 have been made so that one
-kl 0 0 0 0 0
E= N | I 092 | 054 | 004 0.21 080 can rUle_ out some of them by
2-2% | 092 -1.0 —0.04 0.21 measuring o.
EE - :UT* \\ _E: 038 | -099 _g:: —{1].?2 {)(.188-* 0.6+0.4 * However, just few measurements
= | o T available with large error so far.

y

Rather recent measurement(2006) by FOCUS:

| Under detail study @ Bell
ayt = =078 +£0.16 + 0.19(A7 — A7) nder detall study @ Belle



dcosO=-

< 1+ agooz-cosOz-

N(sig) = 3338.9+ 76.5

f-Y
(=]
o

200

Events / ( 0.0019 GeV/c?)

2.4 2.45 0 2.5 2.55
m(=.) (GeV/c?)

=~ 1t decay asymmetry

Detail study with MC & control sample
— N(sig) ~ 3K (off-resonance: 79/fb)
— Cut optimization
— o extraction procedure

Expect ~30K signals (on-resonance data)

Perform 2-D fit (M(E?) & cos0z-)

— Pi=P;(m(EQ))" x Pj(cosfz-)'

— Pgg(cosOz-)" = f(ez-)" X fagoaz-)"
— f(ez-) : efficiency correction

— f(agoag-) : ourtarget

Under systematic study

Expected sensitivity:

— do~3% (stat.) (cf. CLEO: 0.6 + 0.4)

Extend to CPV measurement
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CPV search

CPV in baryonic decays has never been measured so far.
Expected A, in the Standard Model is quite small.

O+

Acp = < 0(10_4)

o —

Only FOCUS and CLEO made in charmed baryon decays.

EXp. Mode Acp
FOCUS Al — A%7T  -0.07 +0.31 PLB 634, 165 (2000)
CLEO Aé“ — AV, 0.004+ 004  PRL94,191801 (1994)

Better stat. & syst. sensitivities can be achieved in Belle.



CPV search at Belle

Searchmode: A > A n*
Basic strategy is blind analysis with MC sample at initial stage.

— Kinematic reconstruction
— Cut optimization
Procedure of A, measurement is well established.

— Measure signal yields in cosé, bins.
— Extract A, from measured o and a-bar

Expected sensitivity B MCstudy
— oo =~ 0.5% (stat.) g::: Nb = 32870+ 204
?_, k=-1.371+0.39
- 8‘A‘CP =~T7% (Stat-) gum m= 2.287313 + 0.000045
i 1000 sig1 = 0.003729 + 0.000045

227 2.28 229 23 231 2.32 23
lamc mass



Summary

Most of recent contributions done by BaBar and Belle.
Good shape in measurement of strong/EM decays.

— Need confirmation of unpromoted states.

Still poor stage in measurement of weak decays.
— Hope to see doubly charmed baryons in a few years.
— Under study of decay asymmetry and CPV.
— Need absolute BF measurements, model-indep. BF(A_~>pKmr).

Waiting for remarkable results from running/upcoming exp.
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