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The Physics of the B Factories
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Introduction

Charmless decays: a good searching 
ground for large Direct CP Violation 
due to tree-penguin interference
b → s (d) FCNC loop process: sensitive 
to new physics
Baryonic decays: Well established after a 
few years of B-factory running
Threshold enhancement in the baryon-
antibaryon system: 
Puzzle of angular distribution!

BF(2-body) < BF(3-body) < BF(4-body) 
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Observed Rare Baryonic B 
Decays in 2002:

Peak at Low Mass

Baryon form factor?
Cheng & Yang PRD 66 014020 (’02)
Chua, Hou, Tsai PRD 66 054004 (’02)

Quasi 2-body Decay?
Chua, Hou, Tsai PLB 544 139 (’02)

Glueball?
Baryonium
Fragmentation
Final state interaction
Threshold enhancement: 

a universal feature of 
charmless baryonic B decays

±± → KppB

fJ(2220)?

Phase-space MC
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Angular distribution: ppK+
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Angular asymmetry (puzzle)

−− → KppB −− → πppB
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Study of γΛ→+ pB

Theoretical prediction:
*Pole Model: Cheng and Yang 

Phys.Lett. B533 (2002)

+0.44 
- 0.38

414fb-1

Phase space
pΛγSignal
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BF(BpΛγ ): (2.45      ±0.22)x10-6



Angular distribution

Signal Yield
Fit results in bins of cosθp with 
MpΛ<4.0GeV/c2

(Assuming XpΛ, calculated in X 
rest frame.  θp is defined as the 
angle between the proton 
direction and the meson/photon 
direction.)
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Agree with theoretical prediction!



Study of −+ Λ→ πpB

Phase space
p Λπ0 Signal

Signal yield:

Signal Yield for BpΛπ- with 
MpΛ<2.8GeV/c2:  129.4
Statistical Significance: 20.0σ
BF(BpΛπ- ): (3.23        ±0.29)x10-6

≠1/2?

+0.33
- 0.29

±=
Λ→
Λ→

−+

+

90.0
)(
)( 0

π
π

pBBF
pBBF

Signal Yield

0.20
0.17

Chua&Hou
Eur. Phys. J.C29
(2003)0.93 ± 0.21
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Full data Sets of two B-factories

~770M BBbar pairs 
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Neutrino in the final state  -
performance of Hadronic Tagging  

Totally 489 modes!

Totally 615 modes!

Neural network (NeuroBayes)
with output quality selection
Typical eff 0.2%-0.4% 
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Results for

Mode

13.8

8.5

Combined Fit 9.6

Combined fit

ν−− → lppB

Electron mode muon mode 

Significance 3.2σSignificance 1.3σSignificance 3.0σ

Phys.Rev.D89:011101
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Motivation - searching for  
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γπ −Λ→ pB0

BF(2-body) < BF(3-body) < BF(4-body) 

Exp. b  s γ almost saturate theo. prediction at 10-5 level 



Results for  γπ −Λ→ pB0
Phys.Rev.D89:091102
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Υ(nS) → d + X
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ARGUS, CLEO observed Υ(1S,2S) → d + X
Kinetic energy much bigger than binding energy
Cosmic anti-nuclei probes dark matter annihilation
dE/dx to identify d

Residual 

Phys.Rev.D89:111102



Anti-deuteron CM mom. spectrum
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Evt. weighted by eff.
Simultaneous fit to on-off 
resonance Υ(2S,3S) data
Use Υ(2S) data π π recoil mass 
to determine Υ(1S) signal yield
Υ(4S) same as e+e- →qq
Spectrum fit with fire ball model

Υ(2S)

Υ(3S)

Υ(1S)

~Υ(4S)



Anti-deuteron production rate at Υ(nS) 
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Quark dominant decay ~Υ(4S)  suppressed by 
an order of magnitude to

gluon dominant  decay at Υ(1S,2S,3S) 



978 fb-1

12 D decay modes

Normalization mode for charmed baryons
Large uncertainty due to modeling

Missing mass spect. 
to determine  yield

Λc
+→ pK- π + 
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Right Sign:   D(*)-pπ+

Wrong Sign: D(*)-pπ-

D(*)+pπ-

Phys.Rev.Lett.113:042002



Exclusive Λc
+→ pK-π + 

in inclusive Λc
+ sample
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Sideband subtraction of inclusive Λc
+ yield

fbias inclusive Λc
+ rec. ε bias

due to signal mode



Naïvely Σc
0 (ddc) heavier than Σc

++(uuc) 
Precise mass splitting measurement to test LQCD, 
HQET, Quark Model, QCD sum rule, Bag Model 
Use mass difference via Σc

0/++ → Λc
+ (pK- π +) πs

-/+

Mass and width of 
Σc(2455)0/++, Σc(2525)0/++
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Phys.Rev.D89:091102

711 fb-1 Υ(4S) data

Feed down background
from excited Λc

*+

Λc
+(2595)

Λc
+(2625)



ΔM spect. after removing feed-down  Λc
*+ 
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pK- π + πs
- pK- π + πs

+

Σc
0(2455)

Σc
0(2520)

Σc
++(2455)

Σc
++(2520)

Small bump: Ξc
0 → Λc

+ π -



ΔM spectrum Fit results
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• Signal: relativistic Breit Wigner function 
convolved with detector response function

• Background: threshold function

MΣc(2455)++ - M Σc(2455)0 = 0.22 ± 0.01 ± 0.01 MeV/c2



Search for Ξcc
+(+), Ξc

23

• No confirmation of doubly
charmed baryon (SELEX)

• Charmed strange baryon 
not fully understood

~980 fb-1

Λc
+K- π+ π+

Ξcc
+

Ξcc
++ No visible resonance peak

found in bothΞcc
+ and Ξcc

++

Λc
+K- π+ 

Phys.Rev.D89:052003



Fit results for Ξc
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Σc(2455)++

Σc(2520)++

Λc
+K- π+ Λc

+K- π+ 

Λc
+ π+ 

bg estimated 
from Σc sideband 



Υ(1S,2S) → ΛΛX 
X= combinations of K+K-, π+π-, maximum one π0
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Check the ΛΛ mass spectrum 
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Threshold
Enhancement



Summary

 Angular asym. still a puzzle in b → s g
 Evidence for 
 No hierarchy BF(4 body)>BF(3 body) for b → s γ
 Anti-deuteron productions at Υ(nS) mainly from 

gluon dominated decays
 Precise Λc

+→ pK- π + measurement 
 Precise mass splitting for Σc(2455)0/++

 Searched for Ξcc
+(+) , Ξc; observed Ξc(3055)+

 Threshold enhancement for dibaryon production 
in Υ(1S,2S) → ΛΛX

 More to come  in the summer conferences
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ν−− → lppB



Back-up slide
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