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matrix elements of four-quark operators
- positive/negative Pauli interference
- weak exchange
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B> four-quark contributions of the order O(1/m32)
are crucial to explain the lifetime diversity among

charmed hadrons
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TH:

c-mesons - B. Guberina, S. Nussinov, R. Peccel, R. Riickl, Phys. Lett.
B89 (1979) 261

c-baryons - B. Guberina, B. M., Eur. Phys. J. C2 (1998) 697
ce(c)-baryons - B. Guberina, B.M., H.Stefanti¢, Eur. Phys. J. C9
(1999) 213; ibidem C13 (2000) 551
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> although strongly suppressed by a factor 1/m3,
four-quark contributions are crucial to explain the
lifetime differences between beauty hadrons
— enhancement of four-quark contributions in be-
auty baryon decays
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TH:

b-rmesons: 1. Bigi, N. Uraltsev, Phys. Lett. B280 (1992) 271
b-baryons: B. Guberina, B.M,, H. Stefantic, Phys. Lett. B (1999) 253
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> HEAVY MESONS

DYt (ed), B~ (bu) - negative Pauli interference
DOew), BO(bd) - weak exchange

- isolation of the effects of four-quark operators:

(%) = F(D%) = SEME v, v,
[<D+|z:%‘%|b+> <D°|cm|D°.>]
r(B) - (8% = TEME vy 21V, 2

[(B~|LB|B™) - (B|Cc| BO)]

-assuming the isospin symmetry (u < d) and
HQS (b« ¢):

BD _ r(B~) - r(BY) r”b |1’;?;|
| F(DF) = T(D%) — m2 [Ves

),

RBC = 0.020 £ 0.007 « REY =0.030+0.011

me = 1.254 0.1 GeV PDG, lifetimes
my = 4.59 + 0.08 GeV
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P HEAVY BARYONS

=1 (cus), :b'(bds) negative Pauli interference
=%(cds), =0 (bus) - weak exchange

-+ different NL and SL contributions from the
operators involving the s-quark

- isolation of the effects of four-quark operators
(in a manner that contributions from the operators contai-
ning the s-quark field cancel):

- = G%m?2
F(EL) = F(Z0) = —2 5 |Vesl|Vaal® x

[(EFicpi=r) - (=21cg =D
(=) - 1= = SEh v, 22
(S5 1LBI=5) — (=D1c8|=D)]

-assuming the isospin symmetry (u + d) and
HQS (b + ¢):
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B LIFETIME DIFFERENCES BETWEEN BEAUTY
HYPERONS Ay, =; AND =

M. Voloshin, Phys.Rept. 320 (1999) 275

e model-independent determination
¢ SU(3)y symmetry and heavy-quark symmetry (HQS)
e extraction of values of four-quark operators from the ex-

perimental data on charmed baryons — = BEAUTY SEC-
TOR

P LIFETIMES OF BEAUTY (A,.=;) HYPERONS and Q

Vi Al sL

B.Guberina, B.M., H. Stefanti¢, Phys. Lett. B469 (1999) 25°

& moderate model-dependent determination

o SU(3)r symmetry and heavy-guark symmetry (HQS)

e non-relativistic quark model: (four — quark operators) ~
[Wa,(0)

@ baryon wave function parametrization: |W, (0)]2 ~
(Fi")’
o (F‘gf f ) is extracted from the lifetime differences between

heavy baryons: F}// = (0.441 + 0.026) GeV — ENHAN-
CEMENT OF THE FOUR-QUARK CONTRIBUTIONS

> TO BE COMPARED:
o B-meson decay constant fp = 0.16-0.17 GeV

(WA 0)2/|WA (O3, ~
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> LIFETIME PATTERN OF HEAVY HADRONS

o model-independent analysis
e SU(2); symmetry and heavy-quark symmetry
(HQS)
e we relate heavy hadrons affected by the same
type of four-quark contributions
e approximations:

- only leading Cabibbo modes

- mass corrections are neglected

B. Guberina, B.M., H. Stefan&i¢, Phys. Lett. B 484 (2000) 43
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P DOUBLY HEAVY BARYONS

:j{,‘"(ccu), _bb(bbd) - negative Pauli lnterferencé

_m(ccd), —ba(bb“) weak exchange

- no Cabibbo-leading SL contributions

- isolation of the effects of four-quark operators:

rEtty = riEh) = GF”“%MVMF

[(—*cc+|£cu|:++> - ( |£exc|—m>]
2 2

—— T
FNEg) - EH) = Fﬂ Vgl 2| Vial®

(ERIcB=y) — (SRt I=0)]

-assuming the isospin symmetry (u « d) and
HQS (b + c):
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-using theoretical predictions for doubly-charmed
baryon lifetimes: (r(zt*) = 0.95ps~, r(=tt) =
5ps~! - B. Guberina, B.M., H. Stefanti¢, Eur. Phys, C9
(1999) 213 ):

M(E5) - T(=h) = -0.073ps™?
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e ‘1 + O(1/my, )|

> test of the model-dependent predictions — 12%

(R%:H)mwra;c/Rbc — 0.88
Ry /R =0.79

-order of neglected corrections; ~ 10%

P> PREDICTION:
-using measured lifetimes of singly-charmed bary-
ons =T and =0:

M(Z,) - (=) = —(0.14 + 0.06) ps~?

~to be compared with
i) model-independent prediction (SU(3)f and
HQS)
=) - M(EY) = —(0.11 £ 0.03) ps—
ii) moderate model-dependent prediction
(figure )
M(E;) - M=) = -(0.094) ps—1
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BENEFITS:

-HQS is applied first at C)-(l/mg’c) level = sen-
sitivity to the choice of heavy quark masses is
significantly reduced

by knowing some decay rates, one can calculate
or give constraints on some other rates

by knowing some decay rate from the experi-
ment, one can test the findings of the theory in
a model-independent fashion

~-PREDICTIONS = four-quark operators can ac-
count for the greatest part of decay rate diffe-
rences between heavy hadrons
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