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Introduction

Color suppression in non-leptonic decays

Effective Theories at quark level (HQEFT and LEETSCET)
Mesonic picture - (HLYPT

Chiral Quark Models XQM, HLxQM, LExQM)

Color suppression fdBg — 7%7°

Conclusions, further comments
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Introduction'

* Since 1970’s : Non-leptonic decays always difficult-
Perturbative QCD worked well;
BUT: “Hadronic uncertainties” (use Lattice, Quark Models)

From 1999, BBNSQCD factorization ForB — nm, 7K, ...
Corrections to factorization:

o Aqcp
= (calculable), e (not calculable).

ForB_g — 7979, tremendous effort (QCD fact, SCET, QCD sum
rules) , but amplitude factor 2 off.

Try new LEYQM ! I
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Energy/Mass Scales of the SI’I

SUSY, STRINGS,
EXTRA DIMENSIONS ... 222
1Tev 22
M,~80Ge' QCD +EW
uds.chbt ... -
2
m,~5GeV 8
HQET ¢, b T
QCD u,d,s
SUE)x SURK 5
| A X QM + HL X QM ) g
suey CPT +HLCPT
Kn s BD,..

High mass particles may go in loops and affect low-energyagegc
Chiral quark models bridge between tipgark andmeson picture
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Bridge:Chiral quark modelsyQM’s) I

Since 1990’s used (HL)QM (combined withyPT).

Collaborators lvica Picek, Marco Fabbrichesi, Stefano Bertolini,
Svjetlana Fajfer, Aksel Hiorth, A.Polosa, J. Zupan, A. Praik, J.A.
Macdonald Sgrensen, KreSimir Kumihi, L.E. Leganger

(HL) xQM also used by Bijnens et al, Pich and de Rafael, Ebert et al,
Nardulli et al,.....
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Quark Diagrams for Non-Leptonic Decﬂs

Figure:Factorizable and Color-suppressed diagrams
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Color suppression in Non-Leptonic Decjys

Effective non-leptonic Lagrangian at quark level:
Lw = Ci(u) Qp),
i

1 = renormalization scaleC; = Wilson coeff. TypicallyQ;'s are
products of two quark currents
For “flavor mismatch”, use Fierz transf:

A A 1. A
Qa — Q% = 1~ Qs+ QB
C

whereQP™ is a product of two colored currents.
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@ M,

q4
M

Figure: Diagrammatic illustration of the Fierz transf.
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Colored operators might dominar!

Generic, fpr non-leptonic processes with two numericadlgvant
operatory y:
C . .
MaMalcwl) = (Gt ) MiE (0 (M5 2
C

+  Cy (Mg Mp| Q" |M)

whereQ®@ is the product of the colored currenfsome cases:
(Cx + ﬁ—z) close to zero.How to calculate/M; My| Q% M) ?
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Heavy Quark Effective Theorny\HQET) I

Project out movement of heavy quarkg = mgVv + k , v =1
Effective Lagrangian:

Liger = Quiv- DQ, + O(mg ")
Heavy quark propagator:

Sipg) - LAY

Replacements in quark operators

b_>va ) C_>ch
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Large Energy Eff. Th.(EET — SCET)I

Project out movement of light energetic quapk: = E n#* + k*,

n(or ) = (1,0,0,+n)

AQCD m v-n
)~ mQ (—>E)7 S(pq)—>—
Effective Lagrangian for reduced light energetic quarkdfig):

1

Lieets = On <§(7 -N+ 5)) (in-D)gy+ O(E™Y),
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In the formal limitsMy — oo andE — oo, (P|V#* | H) of the form
(Orsay group ; Charles et al 1999):

(PIVHIH) = 2E ¢ (My, E) 0¥ + ¢ (M, E) v

where

¢ = c YA

¢ 1
E2

; C~ (Aqep) W §~
Behavior constistent with the energetic quark havirgipse to one,
wherex = quark momentum fraction of the outgoing pion.

J.O.E., Phys. Dept., Univ. Oslo Talk at: QCD@work, Leccegj@012

Non-leptonic decays in an extended chiral quark model



Mesonic picture : (HL)(PTI

= Effective Theor. contains meson fields

Heavy meson field: H®) = P (v) (P{E)4# — iPgvs)

Light, soft meson fields(,K,7g ). Ay, ~ 4nf ~ 1GeV

. .
Ay = S (60,6 - €0u8T) ;€= exp<§ ZA%%x))

For HLxPT, should have (?%)m, — m¢) < A, or (mp — 2m¢) < A,
Few ideal cases, b — B mixing should work well...
Bosonization of currents (to lead. order tér= B, D).

a"Qn — %fH VMy Tr {gTWL HV] +0(1/mg) + O(mg) + O(1/Nc)
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The Chiral Quark I\/Iodeb(QM)I

To be used for colored operators! Light q = u, d, s sector:

Lyom = Lgecp —M (qR Yoo+, ETCIR)

= Meson-quark couplings. Modelling confinement!!
m = congtituent light quark mass, due to chiral symmetry breaking
“Rotated version” ; flavour rotated “constituent quark f&ld

L= , xr=&0R §-6=1X%

Lyom =X Y (iDy+Vy +5A,) —mlx + O(my)
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Color suppresseM — M1 M, in y QM I

1
||<
X
Q

ft

Figure:Bosoniztion of colored operat@®@ — 1/N Tr(...) x Tr(...)
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Soft gluon emisio:'

Loop momenta inyQM'’s should be< A,
Gluon condensates (model dep.) using (Novikov et al.):

« 1
ggGZV 2(,6’ - 47r2<?562>1_2(g,uaguﬁ - guﬂgya) 5

Identification of logarithmic divergent loop integraland quadratic
div. int. 11 (Esprui and Taron, Bijnens et al, Pich and de Rafael,...):
1

2 Qs ~2
f2 = |4mZNCI2+24m2(7TG>
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Prescription I

@ Integrate ouwVW and heavy quarks:

E>p o Lw=) Ci(w) Q).

@ Bosonize : Integrate out light quark fields a@Qd

Q) — Y Gilj,
j

@ Meson loops (chiral fronﬁj ?) at meson level (FSI -some loops
suppressed)
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TheHLYQM. Including heavy quarﬂs

LuLyom = LHQeT + Lyom + Lint

HLxQM ansatz (also: Ebert et al, Bardeen and Hill, Nardulli ¥t al

Qv

Xf

Lint = —Gu QuH! x¢ + hc
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Integrating out quarks (by loop diagrams) should give thekm
HLxPT terms!=- Physical and model dep. paraf, (4q), fu, ga
linked to (divergent) loop integrals in BIQM!

Figure:Bosonization of left handed current

Fit in strong sectorm ~ 220 Me\/,(%GZW4 ~ 315 MeV,
Gh? = 22 p wherep ~ 1 andp depend orf;., (2:G?), m, ga.
Ideal caseB — B-mixing

3

A 1 Th T
Bo, — ob|1+— (1-d8) 4+ 24 X
B = 4P +Nc( 5G)+mb+327r2f2
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TheLExQM I

Ansatz( with L.E. Leganger, PRD 82 (2010)):
Ling = GA07,15(8"M)gn + hc , M = meson fields

Figure: Factorizable contribution to tHg° — D%z decay, including the
current matrix element fd8 — « . Here: Small Wilson coeff. combination
for factorized term. Colored operator dominates.

CouplingGp determined by loop diagram fgf").
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Recall from LEET
(PIVA|H) = 2E [¢¥ (Mu, E) W + ¢ (M, E) v
where

Py =my Vv pt=En"
Recall:

WjeW ~ 5~ 1/E
Property satisfied in LEQM !!
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B — m, current My, = 3 x 3 matrix of energetic mesons):

Jor(Hy — Mn) = <—iGHZGAmZF>Tr{7“LHV[’V-n] fTMn} ,

whereF = Ng/(16r) + ... ~ 1071, Used = m/E:

CouplingGa fixed from knowledge of V)
( From light cone sum rules¢™ ~ 0.3).
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Color suppression iB% — DOWOI

Factorized amplitude dominates 8% — D*7—. BUT: B® — D%%°
has very small factorized amplitude (-small Wilson coeff.)

Figure:Non-factorizable contributions 8 — D%z° from the colored
operators within LkQM. Ampl. account for 2/3 of the experimental
amplitude.Additional meson loop ampl.(?)

Bosonization of colored current for outgoiyzmeson ¢ — Q,.):

o G I
(@ Qe — ——ap BT [€1L o ] + ..
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BY — 7970 in LExQM

with T. Palmer, PRD 83 (2011)

Figure:Factorized contribution to th?ﬁ — T~ decay, as described in
combinedyQM, HLxQM and LEyQM. Factorized contrib t&] — 7%x°

small due to small Wilson coeff.

Non-leptonic decays in an extended chiral quark model
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Figure:Non-factorizable contribution tB — 797° containing large energy
light fermions and mesons. Also corresponding diagram a/biee outgoing
anti-quarku is hard.
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The coloredB — m,, current

Gh G
Fio(Hy — M)* = gsGRy 22, Tr (1L €M)

The colored current for outgoing harg:

whereXX = appropriate SU(3) flavor matrix. Loop factor:

. f; 1 Qg 2
T 4PN (1 ; 24me,§-<?6 >> ‘
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_ M(BJ — 7°1°)Non- Fact _ <%HC> 1m
M(B] = 77 )Fact “

x = model-dependent hadronic factor, dimension-less-~arttl;)°:
2F2mt/2p

Our calculations show that the ratio~ 1/N. and
r ~m/2E ~ Agcp/my as it should acc. to BBNS
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r =M ) M,
;

0.230

0.220

Constituent Quark Mass [MeV]

o

N

=]
T

0.200LC A
0.295 0.300 0.305 0.310 0.315 0.320
Gluon condensate [MeV]

Figure:Plot for the ratior in terms ofmand(2:G?)'/4. For reasonable
values of these parameters the ratan take a wide range of values such
that fine-tuning is required to reproduce the experimershie.

J.O.E., Phys. Dept., Univ. Oslo Talk at: QCD@work, Leccagj201z  Non-leptonic decays in an extended chiral quark model



Experimental value oB} — 7%7% ampl. can be accomodated for~
220 Mev and(2:G?)1/4 ~ 315 MeV. - as in previous workBUT:
Result very sensitive to variations mfand(%sz as seen by loop
factorY.

In addition,- meson loops:

o o7 e
L - ~ Ve //
7 Pi
B/ rdj B f/'f/\\
=ds=-=t === + : .
\\ o
\ N
N
N -

Figure:Suppressed and Non-suppr. meson Ioopﬁ_ﬁop .
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Extensions- Under constructi'n

Include also light vectorsy( ...)

Need coupling foN,, — My + (soft 7)
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Conclusioni

e Have constructed LEQM in accordance wittimp|j{; |B)
@ 2/3 of B — 7°D0 described. Rest meson interactions?

@ Good news: Color suppressed L/N¢) ampl.BJ — 7%7° can
be accomodated numerically! And: amp.m/2E ~ Agcp/Mpy

o Bad news: Obtained ampl. very sensitiveri@nd (2:G?)
@ extension (light vectors, meson loops) coming

@ Systematic expansion irylN; andm/E. Bosonized expressions
obtained, BUT: Models not suited for precision tests
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