Study of baryonic decays of B mesons
Lake Louise Winter Institute 2015

Miriam Hef3, University of Rostock
for the BaBAR Collaboration

February 19, 2015

* Bundesministerium
oy fiir Bildung

und Forschung

Universitat |
Rostock

raditio et Innovatio



Motivation to study baryonic decays of B mesons

@ Decays of B mesons into final states with baryons: ~ 7% of the
total decay width 2 enys cs6 (1992 1

@ Large mass of the B meson allows big variety of baryons in the
final state

Hadronisation = Strong interaction
@ Mechanism of the baryon production process unknown

@ Study of baryonic B decays provides information for testing
phenomenological models

@ Investigation of quark fragmentation at low Q? values
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Motivation to study baryonic decays of B mesons

Observed features

@ Baryon-antibaryon threshold enhancement

e Increased decay rate for low baryon-antibaryon invariant masses
with respect to phase space model

@ Large contributions to the total branching fraction from decays with
intermediate states , e.g.

B(B° — 5.(2455) )
B(B® — Atpr—nt)

~ 17% Phys. Rev. D 87 (2013) 9
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Threshold enhancement
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@ Variety of models to describe

threshold enhancement

1 Phys.Rev.D 82(2010) 031102
o, 1200 e D 822010 031102
e Pole model Z ek BaBar
e.g. Phys. Rev. D 66 (2002) 014020 % £
. . . <) 00l
e Final-state interaction R
e.g. Phys. Rev. C 68 (2003) 052201 [ ;
o Glueball 3
e.g. Phys. Rev. D 66 (2002) 054004 E
. Bound State .2 3‘4 3'6 3‘.8 «‘) 4'1 4‘4 4}6 418 5 52
e.g. Phys. Lett. B 567 (2003) 273 mAp) [GeVieT]
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Presented analysis: B’ — A/pK K"

@ Comparison to similar decay: B — Atpr wt

B(B® — Afpr—n™) = (1.1740.23) x 1072

@ LUND model: The heavier mass of the s quark suggests a
supression faction of 1/3 for B® — AfpK~ K" compared to
B = Afprn™t
o LUND model consistent for B — DA relative to B® — D%pp:
expected: BB —DA4) 1 1 1
PeCe BB = Dopp) 4 3 12
B(BY — D°AA) 1

d: —— -
measure B(BY — DY%p)  10.6+3.8
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B’ - ATpK K
@ Signal extraction via 2D fit to the energy-substituted mass mgg

versus invariant mass mp —
mp projection

N =66 £ 12 ~ o
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mgs projection =
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S = \/~2log (Lo/Lsg) = 5.40
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Threshold enhancement

B - Afprnt

@ Phys. Rev. D 87 (2013) 9, 092004
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@ Distribution of signal events compared to phase space model
scaled to the same integral

@ Enhancement not significant for B’ — ATpK~ K™ but trend of
data consistent with small threshold enhancement
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ATp invariant mass

@ Division of the
baryon-antibaryon invariant
mass range into two regions

o Efficiencies:
er = (10.93 £+ 0.08)%,
err = (11.47 4+ 0.07)%

33 34 35 36 37 38 39 4 41 42
m(Ap) (Gev/c)

Branching fraction of B° — A pK K ™:

B(B® — AJpK~K*) = (2.5 + 0.4 (g £ 0.2(5ys) & 0.6(@)) x 107°
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Resonances

@ Background substracted
signal distribution compared B JUSEN /lfrﬁK_KjL
to phase space model of ‘
B — ATpK~ K™ scaled to
the same integral

W
<]

possible psignal B4 BAR

w
8

@ Hint for resonance in the
kaon-kaon invariant mass (¢)

@ No evidence for other
resonances, e.g. A(1520)

@ Calculate upper limit for the 13 14 15 16 17 18 19
decay B° — A D¢ at 90% m(K ) (Gevie) |
confidence level

Events/ (1 GeV/c?)
g 8

= N
8 S
e b b b e b

B (B’ — Alpp) < 1.2 x107°
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Interpretation

e Compare B — ATpK K" to BY — Al pr "
@ Contribution of different intermediate resonant states

B(B" = A pr 7 ) non—res < 50%-B(B° — Afpr—7T) =6-107*

B(B® —» ATpKK*) _ 25-107° 1

— = <
B(B° = Aprm 7 )non—res . 61071 24

W

@ Other contributions than ss suppression:

o B — Apr~ 7 has contributions from Feynman diagrams that
are not possible for B — ATpK K™
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Summary

Phys. Rev. D 91 (2015) 031102(R)

@ First observation of the decay B — ApK ~ K™ with a branching
fraction of

B(B® = ApK-K*) = (2.5 0. 4(ga) £ 0.2(gpe) 0.6(“)) % 1077

@ Trend of a threshold enhancement in the baryon-antibaryon
invariant mass

@ Upper limit for the decay B — A D¢ at 90% confidence level

B (B = Afpp) < 1.2 x107°

Study of baryonic decays of B mesons (M. HeB3) 11/11



Backup

BACKUP
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The BABAR experiment

@ Investigation of features of B mesons and their decays

PEP-II: asymmetric B Factory

+

@ c" e storage ring:

E.- =9.0GeV, E.+ =3.1GeV
@ Center-of-mass energy

\/g ~ 10.58 GeV ~ mys) ~ 2-mp
e efe” - 1(45) — BB

PEP-11
Rings ™~

@ 471 -10°% BB pairs (2000 - 2007)

o
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The BABAR detector

@ Measurement of decay products: p, i, 7, e, 1 und y
BABAR Detector

' Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector

. Tracking Chamber

. Support Tube

‘ Vertex Detector
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BABAR variables
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Fit function

@ Fit function used to determine the number of signal events

fit = Nsig - S(mgs, mp) + Nokg - B(mgs, mp)
- N51g fZG(mES) : fZG(mB>
+ Nokg - faraus(mEs) - fooy(MB)

@ Nig and Ny, are the number of signal and background events
e S and B the corresponding probability density functions

@ Extended likelihood function
L(nga kag) =

e*(Nsingkag) N
— H[Nsig8i<mESi7 mp;) + NokgBi(mes;, mp;)]

=1

e ¢ denotes the :th candidate

o N is the total number of events in the fit region
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Feynman diagrams
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Feynman diagrams
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Additional Feynman diagrams B — A'pr 7"
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