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Outline

®Introduction
»Profound baryonic decays: a unique feature of B meson
»Well established after few years of B-factory running
v'(BF(4-body)>) BF(3-body) > BE(2-body)
v'threshold enhancement in the baryon-antibaryon system

» Searching ground for exotic states

»May have unexpectedly large CP violation in charmless modes

®Charmed baryonic decays
®Charmless baryonic decays

eSummary
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Two B Factories

Hiph Enerpy Ring
(upgrade of existing rimg)
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final Belle data taking is ongoing (~1 month)
large data sample has been reprocessed and is ready to be
analyzed

|
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Charmed baryonic decays

Recent results:

e

& B ->AD: BoAPr

g semileptonic B decays into A.

e e
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— 0 o —  _ PRD 78, 112003 (2008) o>
B >A.P: B>A:P7r  (383MBB) f

b C -
B A S, n+
d u <u— B C /_\c
P . P
BF(B° — AT P)(x 107) BE(B™ —> Al pr )(x 107)

Babar | 1 89+0.21£0.06£0.49 |3.38+0.12+0.12+0.88

Belle | 2.19%9% +0.32+0.57 [2.01+0.15+0.20£0.52

PRL 90. 121802(2003)(85M BB) PRL 97,242001(2006)(152M BB)
BF(B™ > AcpPz )

— —15.4+1.8+0.3
BF(B” — A:P)

consistent with theoretical description in
W.-S. Hou and A. Soni, PRL 86, 4247 (2001)
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0 + A . — +RA -
_)Ac p ! B _)AC p7Z'
Quasi two-body decay . — ALz~

" >2.(2455°p)  BF (B~ —%.(2520)°p)

PRD 78, 112003 (2008) ¢, ©“

(383M BB)

BF(B™ > ALpr )
= (12.3+1.2+0.8)x1072

BF(B™ > ALpr )
<0.9%x1072 @ 90%CL

BF (B~

—3.(2800)° p)

BF(B™ —> ALpr )
= (11.7 +2.3+2.4)x1072
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First

\ Observatlon ‘

J
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Lo ™7 T3

® first observation of X (2800)°
M = (2846 +8+10) MeV, I'=86755 MeV

J.-G. Shiu
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® about 2 of B > A.Pxr decays through a =. resonance.




—0 +A1,—
B >A.PK 7 467 M BB

» Study one Cabibbo-suppressed g
mode and compare it with a
favored mode

PRD 80, 051105 (R) (2009) <_ %

| Y T ——
60 [

50 |-

Events/6 MeV

-03 -0.2 -0.1 0 0.1 0.2
AE [GeV]

BF(B > Al PK 77)=(4.33£0.8240.33+1.13)x10-5

BF(goéA;pﬂ—f =(12.6+1.3+0.33)x10-4  CLEO PRD 66, 091101 (2002)

Belle PRD 75, 011101 (2007)

Ratio = 0.038 + 0.009

J.-G. Shiu

IVe/Vig |2 = (0.0536+0.0020) (PDG 2008)
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_0 e~y PRD 80, 051105 (R) (2009) €
B >A.PK 7« 467 M BB

Intermediate states .(2455)"" and K °

. * """"""""""""""""""""""" © BF(B" >y, @55 PK)=(L.11+0.30+0.09+0.29)x10°S
g :O: * : BF(§OHZC(2455)++Eﬂ‘):(2.3iO.3iO.6)x10—4
;&Wﬂ++++w+ﬁ+ﬁ+ﬁ +++++++j+j++++ﬁ% Selie PRD 75, 011101 (20079

R T patio = 0.04840.016
M %‘H\WM {M%ﬂ H BE(B’> Al PRK™)<242x105  @90%CL
: Egﬂw i T

m(K %) [GeV/c?]
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i i i + hep-ex 0808.0011 ¢ %
Semileptonic decays intoAc ;. 1 BB

»Compare baryonic decays with

hadronic decays ,} . i .
u At u At
d N W- ¢
B(B— DX{"vp) ‘ B(B— ArX¢- w)? B @; B {‘_j
B(B— D/DX) B(B— AF/A.X) ” 2 nE P i3
AcAc R v,

& Lo | T T IR SN = 1600
2 40F 2 E v, 2 =
s 35E 5 25 oL Bk
o 305 O 3 1200
[7a) Er w 2 iy . E
8 2sF S I l I»E 2 1000
S Jof S 15 1 raE S 800F
3 IsE 2 10?+ + .{. T3 8 e
=] E =} E 7 ~ -
§ 10F 5 .F E S 400
@ SE 1 & F E 2 200F
o L [ W S S e A R L W 3 LA | i PEES] [N IT\ TTN WNN LIRY FUI I T R N o T (LN PR S L [N S S M |
. 2.24 2.26 2.28 23 2.32 2 34 - 224 2.26 2.28 23 2.32 2.34 0 2.24 2.26 2.28 23 2.32 234
A? Mass (GeV/c?) A} Mass (GeV/c?) A, Mass (GeV/c?)

(red shaded area: peaking BG from hadronic decays)

IIPreliminary!!
L - _
BF(B_—)AC Xe 7o) _ (3.9410+1.1)% FB > A XU V)
BF(B — A./Ag X) BF (B — AL/ AL X)

= (1.5+1.7+1.7)%

—
BF (B__’ AC+XE_V ? 5% @90%CL
BF (B > AL /AL X) CLEO PRD 57, 6604 (1998)
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Charmless baryonic decays
Recent results:

rﬁig‘w BY DA™

D>

¥=) B > AAh

=y B* DAT 7
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PRD 79, 112009 (2009) =%,

o e
180:_ == GO0~ T °F = [ W 5 7 ol [ T F F S % T L L L B B e B B B ]
_ 160F 3 N ,+_ ; 1F =
NL) 140:_ 3 %500:— = E ]
> E &) C = ()q__ fan
© =5 i B - . DT 1
2 120 -+ m 0L E > F ]
) i E ] =X E 3
—+ 100 + §’3OOT 7 ar 0F ]
< sof + = g F I N ]
£ 6oF 3 FARE 5 05 “_
@ 40F = E;wo;— —+= s B ] 3
20F - & o S s SRS SN E T
0 B ol poppliipmgolpogmenn o gy otlopscs oIk Brocoe B oy v B oee o g oo v oo g™ By e o 1 1.2 1.4 1.6 1.8 2 22 24
5:2 5:21:5:22 523 524 5:25:5.26:5:27:-528 529 25 3 3.5 4 45 5 E_(GeV)
mgg (GeV/c?) my (GeV/c®) 2

o BF(B® - pAz~)=(3.07£0.31+0.23)x10~®
A, =—0.10+0.10+0.02

Events / (13 MeV )

Belle PRD 76, 052004 (2007) 449 M BB
BF(BY - pAr~)=(3.23'333 +0.29)x107°
A =-0.02+£0.10+0.03 Ay=-0.41+0.11+0.03

® near-threshold enhancement also seen
® A polarization study
» consistent with full longitudinal right-handed polarization at
large Ex
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PRD 79, 052006 (2009)

> _
B —> AAh 657 M BB

B o h h= KJ—“’ K*(“—L’O), 50 »Compare s A With e results
79, 052006 (2009) to undersf\ang the ddonplnant
' underlying physics

+ L+ L *E0
B %@h,h =7 , K-, K =00 Wb for o+, K+, KO, K*+, K*0
PRD 76, 052004 (2007)

B —|pph,h = 7%, K*, K0

PRL 100, 251801 (2008)
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B — AAh

PRD 79, 052006 (2009)
657/M BB

® BF(BO>ANKO)=

(4.76 )02 £0.61)x 106 7 My>5.27GeV/c2 | AE|<0.056eV
significance : 12.5a : g

® BF(B°>AAK?)= ;
(2.46 1257 +0.34) x 10
significance : 9.0 o I

nf—'-—“ J':_l kHL_‘HT;'

B2 BZN . Epii-,--]s 6 53
hk‘,&g?-&wrcz |AM, |<0.08GeV M, >5.27GeV/c?
|AM,,|<0.086eV |AE|<0.056eV  |AE|<0.05GeV

= = e "o g
= e 1 3
B*>ANK™ 3.70 St : ¢ S8t
rY s T 6 B4F
BO>AADY 340 £°F 5 N
. w _F @ W2
B++AA1T+ 25 U E T W] AREmi v E 0 ;
0 0.2 9.2 2,29 5.3 0.75 1
AE (GeV) M, (GeVic?) M, (Gevie’)
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PRD 79, 052006 (2009)

> _
B —> AAh 657 M BB

A threshold enhancement Is also present In
these newly observed modes.

2
o

W NN
th ¢ o o

r ( =

-
o o

dBr/dM,; (107°/ (GeVic?))
[ ) r '

-~ o B~
L N S 22525275 3 32535375 4 42545

M; (Gevicd) Mz  (GeVicT)

BO> A AKO B> A AK*

threshold enhancement: in baryonic B decays, a signal enhancement in
the baryon-antibaryon system
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PRD 79, 052006 (2009)

> _
B —> AAh 657 M BB

® Fit results in bins of cosB, with M;,<2.85GeV/c?

. . . + ry +
Angular distribution of B*>AAK Angular distribution of B*>ppK*

< 4 P
K+ fan) s o °f
A 3 35 F S 7f
C s °F e
25 F E af
2 E_ % 3 —
J : + 4‘> ol
N (p) 1.5 4‘7 1 _
TF 0 075 05 025 0 025 05 075 1
i cosﬂp
05 Q
| | | | | [ Belle PLB659, 80-86 (2008)
0 . . .

25 0 025 05 075 1
Cosﬂj\

T T !
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I
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- I> — —
</ Comparison between pph and A Ah

Branching Fractions (10°°) |  Branching Fractions (10~°)
B" = ppK®  251%03+021 | B = ARK?  4.76*731 £ 0.61
B’ — ppK** 1. 13+[,25 4+0.11 | B* = AAK*® 2. 46““”‘ + 0.34
B+ — ppK* 5.54%021 4036 | B* - AAK* 3.33*’“*“ +0.41
B+ — ppK*+ 3. 33+“ %1030 | Bf — ARK™ 2.19:%.,;3 +0.33
BY —pprt 1. 60*3?3 +0.12 | BY - At < 0.94
PLB659:80 (2008) PRD79:052006 (2009)
PRL100:251801 (2008)

®the branching fractions indicate no one to one correspondence
»comparably smaller BF(B*—AATT)
»considerably larger BF(B°—AAK?)

®lack of peaking feature in cos8, distribution for B*—AAK*

®the underlying physics between B—~AAh and B—pph might be
different
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—rI> _ PRD 80, 111103 (R) (2009)
el ot +_— s 11
B' — pAz 7 657 M BB

B — AAh, h=K* K'&0 §
®Many 3-body charmless — , 1= : , Lo
baryonic decays have been PRD 79, 052006 (2009)

studied.

hoh ot et e *(£,0)

®How about 4-body modes? B — pAh’ h=r , K , K
»BF hierarchy ? PRD 76, 052004_&2007)4_ .
>Threshold-enhancement? B — pph,h=7",K* K (+,0)

PRL 100, 251801 (2008)
charmed modes: b—c tree diagram

BF(BY — pA.z 7)) >BF (BT — pAgzt) > BF(BY — pAy)

l b—s penguin or b —u tree diagrams
BF(B™ — pAz 7 ) BF(BY = pAz")>BF (BT — pA)
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PRD 80, 111103 (R) (2009)

65/ M BB
el " © .l .'
:\[bC A S 4\[7r+7r—
~. 400 o ..
’_}; = 160
_7:’; 300 g 1251 0
P < toof f,(1270)
2 i S 75
S R
100} 223
25
%1 0 01 02 03 o< os %z 5'22 ‘ 5124 ‘ slze 528 53 °“as 1 15" 2 25 3
AE (GeV) M, (GeV/c?) M. (GeV/c")
First observation
+ Azt = +0.88 6
BF( B" = pAz'7 ) = (5.92 %% + 0.69)x10 (9.10)

Intermediate 3-body decays
BF(B" — pAp” )= (4.78 257 + 0.60)x10¢ | (9.50)

BF(B' — pAf,(1270) ) = (2.03 *077 +0.27)x10® (30)

-0.72

BF(B™ — pAZ 7 )igr = (11.281095 +1.03)x107°
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—rI> _ PRD 80, 111103 (R) (2009)
el ot +_— s 11
B' — pAz 7 657 M BB

*first observation of 4-body
charmless baryonic decay

* BF(4-body)> BF(3-body)> BF(2-body)

* Multi-body hierarchy holds for charmless
baryonic B decays

( GeV/c?)

e near-threshold enhancement also seen
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Summary

v"More baryonic modes have been observed
» B —>3.(2800)°p
> B>AAKY, B> AAK ™Y, BY > pAztr
v' Threshold-enhancement exists in all modes examined so
far

v'Comparison between pph and AAh shows that the
dominant underlying decay diagrams may be different

v'First 4-body charmless baryonic decay has been
observed

v’ BR(4-body)=BR(3-body)>BR(2-body), for both charm and
charmless baryonic modes.
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BACKUP slides
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‘&) charmed double strange baryons QS and QZO

PLB 672 1-5 (2009)

S . 65/MBB
Q~-Qrx Q>0
450F i
400} 5
_ 350F s ﬂ
2 . LR 10~
E 3OO§ % f
E;, ZSOJL\ E 8t
2 200 W = & ,
g 150} : 5 | |
100F., ok
50— - . 2._ i . ‘ 4 . .
15506 TS RIS aE T of Ml i

M@T)-M@Q ymg-  [GeV/e’] MQ%)-M©QY) [GeV/c?]

Q. mass AM(O'-O))
BaBar 2693.3+0.6 MeV/c2  70.8+1.0+1.1 MeV/c2 PRL 97 232001 (2006)

Belle 2693.6+0.3"17 MeV/c2 70.7+0.9',; MeV/c2 PLB 672 1-5 (2009)
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Spin of Z.(2455)° and
Threshold Enhancement

J=3/2 Phase space corrected:
450/ T "l"'l"'l"\‘l"'l"l: AL O LA ALY N ELANL B L AL NI L L EEL L L 5=
3 E 711} =
YOEN. = i :
350E £ g 601 E
3 3005 Yy ¥ 4 7% E
S 20k /- P i 4”? '
S oF 1 I :
s 1505— —E ”Z 30:— } z
100F 4 = : :
E First : = {{{{51 i - =
SOE oo o' o] L measurement j2 YER T ,,19?. ,-’|-.'§..."1 .'.'E. T..’.".iu'.. ‘.f
0_]' l,l()él,loél 10:; 0 2 0' 02 04 06 08 1 34 3.6 38 4.0 42 14 4.6
cos 6, My - (GeV/c))
> (2455)°is consistent with J=1/2, with J=3/2 excluded at >40 level.
*Threshold enhancement common in other baryonic modes as:
B — ppK and B — Dpp(r)
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Semileptonic decays into Ac

BaBar hep-ex 0808.0011

(preliminary)

: E ‘I"'I"'l"'l‘""l"'I"'I"'l"'l"'IE "307-;_'_1 T T T LT T T T I_’_;
> 04E : éelf‘imhary e %0‘6? preiminary 3
i» - : 1 ¢ 05 =
w 03F : H4 v 04F E
(o' - 4 N = 3
= 02F 1 = 0.3F =
SHOLEE = s =5 ' 3
S | it 1 ‘—I—t=_{___5
. O = oF —p—i ] =
Z S b b b b b b b T e T 7 A EPRPEPEE AFUETET BRI EPETEET AR ST ETETEEE SRR

0O 02 04 06 08 1 12 14 16 1.8 2 04 05 06 07 08 0.9 1 11 12

A. momentum (GeV/c) Electron momentum (GeV/c)
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Discussion based on quark diagrams

b o T b TTT — 7 &
. ——
a AN ey L
C:d C:d
u p s A
u > u u > u
) wt g ) g
b e u b il u
u p s A
a , :d
B+ C B+
d d
u p s A
& i 4 _ u > u
comparably smaller BF(B*—AATT)
considerably larger BF(B°—AAKO)
lack of peaking feature in cos8, distribution for B*—AAK*
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B to AAK mode might behave like B to pATr mode?
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PRD 80, 111103 (2009)
65/M BB

Intermediate 3-body decay

500 =sto |- " 200
£ 300 2300 =125 0
a 200 =200 5 e f,(1270)
3 50
100 100 2
0 0 D
0 025 05 52 525 53 0289 17945 3.3
AE (GeV) M, (CeV/c?) M, (GeVic®)
Red line: BF(B"—>pAz'z") = (5,928 + 0.69)x10 (9.10)
Purple:  [BF(BT = pAp® )= (4.78 287 + 0.60)x10° (9.50)
Green: | BF(B* - pAf,(1270) ) = (2.03 **77 +0.27)x10° (30)

Blue: background

Black: total
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