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Extended chiral quark model for light energetic qujrk



B— nrw decays.

Non-leptonic decays always difficult due to QCD corrections
Use lattice, quark models, sum rules, eg

From 1999, Beneke et. alQCD factorization ForB — 7w, 7K, ...
Corrections to factorization:

2 (calculable), QCD (not calculable).

BY — 7970 is not factorizable

ForB3 — 772, calculated previously (QCD fact, SCET, QCD sum
rules) but amplitude factor 2 off.

We will use new LEcQM which includes hard pions and soft gluons



Quark Diagrams for Non-Leptonic Decis

B3 — 797% andB} — 7*7~ are dynamically different.
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Effective Lagrangian Non-Leptonic Decis

Effective non-leptonic Lagrangian at quark level:

Let = —Gca(p)Qa + ca(1) Qs

1 = renormalization scaleC; = Wilson coefficient

Qa = 4(tLy,by) (diy*uL), Qs = 4(ULy,up)(diybe)

At tree levelcy = 1 andcg = 0
For “flavor mismatch”, use Fierz transformation:

X . 1 _ R
Q — QiFlerZ = N_Jf(Ql — Oa) JI&(qS — 02) + 2 Qcolor
C

Qeolor = J (1 — A0)®j5 (0 — B)* 5 jf(ai — ) = (o)L 7™t (ai)L



Colored operators might dominje

Moo = 4G [(0 + %) (70,7, [0) (x°]dL by |BO)
C

+2Ca <7T07T0| (HL’yMtaUL) (aL'y”tabL) | BO>

[E—

(CB + ﬁ,—“) ~ 0 Color suppressed

Morr- =46 [(ea+ ) (x~[Byuu]0) (* oy b [BY)
C

+2cg <7T+7T_ | (awﬂtauL)(Uw"tabL)BO)

—

(CA + ﬁ,—B) ~ 1 color allowed



BY — 77, B® — 799 in LExQM
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M o0 = 4G 2Cp <7T07TO| (UL’y#taUL)(aL’y“tabL)|BO>

M .- =4G (CA + ) <7T_|a|_’y#U|_|O> <7T+|U|_’y‘ub|_|Bo>

How to calculatgM; M| Q% |M) ?



The Chiral Quark Model{QM) I

To be used for colored operators! Light g = u, d, ssector:

Lyom = Laocp + Ly

Ly =-m (GR XqL+0q. ETQR)

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

=& , xr=&0r ; £E-&=%

Lyovw =X YDy +V, +95A,) —mlx + ...



TheHLYQM

Luyom = Luget + Lyom + Lint

Lin = ~Gu [X Ho Qv +QuHY x|

Ingtegrating out quarks, should give the knownHRT terms

= Physical and model dependent paramefers,qq ), fu, ga linked to
(divergent) loop integrals in HLQM!

Fitin strong sectorm ~ 220 MeV, (2:G?)Y/4 ~ 315 MeV, Gy* = &' p
wherep ~ 1 andp = p(fr, (22G?),m, ga)

(A.Hiorth and J.0.Eeg, PRD 66 (2002))



Soft gluong

Hard gluons are integrated out
Soft gluons couple to quarks in the loops

Introduce gluon condensates (model dep.) by (Novikov &t al.

« 1
ggGZVGZB - 47T2<?SG2>1_2(guaguﬁ - guﬁgu(x) )



The LExQM

Ling = Ga (Q7,75(0*M) tn) + h.c , M = meson fields

CouplingGa determined by loop diagram fgf¥)
(Orsay group (Charles et al 1999)):

(PIVH|H) = 2E [gW)(MH., E)n + ¢ (My,E) v“] .,

o KW \/E (4t N 1
AT mGehFVYMy T \mFv2p) B3

CouplingGa ~ Ne /2 fixed. F = N¢/(16r) + ... ~ 1071

(J.0.Eeg and L.E. Leganger, PRD 82 (2010))Bor> 7D




Calculating the color suppressed mode

TheB — m, current with color S

a GH GA Upl/)\

b Toa N Tr (Y*LHyyA €TMn)

Je(B— 7% = gsG

The colored current for outgoing harg:
GaE

() = gsGly 2 ( 2 ) Y R e Tr [N Mg
XX = SU(3) flavor matrix, Y is a Loop factor:
f2 1
Y=-—“Z_(1- 2
PN, ( 2oz 2 O >>
Use Novikov procedure to form gluon condensate.




Result: ratio of amplitudﬂ

B M(Bg_>7r+7r )Fact ¢ Ne vVmMg

x = model-dependent hadronic factor, dimensionless-arh.)°:
™ Nc <%G2>

k= |z5—2—==]Y.
2F2mt/2p

From scaling behaviour @f¥) with C = ¢m

C
r ~ <—A /ié) Lm AQCD
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Experimental value of = 0.5 can be accommodated for~ 220 Mev and
(2sG%)1/* ~ 315 MeV. - as in previous work.
BUT: Result very sensitive to variations wfand (2:G?)



Conclusiond

» Have constructed LEQM in accordance wittirn|j; |B)

» Good news: Color suppressed {/N¢) ampl.BS — 7%7° can be
accomodated numerically! And: amp.m/2E ~ Agcp/My

» Bad news: Obtained amplitude very sensitivetand (2:G?)



Conclusiong

» Have constructed LEQM in accordance wittirn|j; |B)

» Good news: Color suppressed (/Nc) ampl.B — %7 can be
accomodated numerically! And: amp.m/2E ~ Agcp/My

» Bad news: Obtained amplitude very sensitivertand (2:G?)

» Thank you



Meson loop contributions tB — 797°
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Figure:Meson loops foBJ — 7.



Heavy Quark Effective TheonHQET) I

Project out movement of heavy quapg(= moVv + k , v2 = 1)

Lrger = +QV7iv- DQYY + O(mgY)
Heavy quark propagator:

Sipg) — Y

Replacements in quark operators

b—Qiy) . c—Qd L o-q



Large Energy Eff. Th.(EET — SCET)I

Project out movement of light energetic quapk: = En* + k*,

0+ (X) = €5 P q(x) ; n(or A) = (1,0,0,£n)

n=v1-6, ?*=m=6,v-n=v-n=1
Aqcp 7N
0~ —=; —
E SPa) — n-k
Project outg_ gives eff. Lagr. fog. = g, (~ as Orsay group):

Cieers =t (50 n+)) (in D)+ OE )



In the formal limitsMy — oo andE — oo, (P|V#* | H) of the form
(Orsay group (Charles et al 1999)):

(PIV#|H) = 2E [¢V)(My, E) 0 + ¢ (My, E) v*

where

vVMu 3/2 Cl\I) 1
C(V)ZC E2 ,CN(AQCD)/ ) WN(SNE

Behavior constistent with the energetic quark havirapse to one,
wherex = quark momentum fraction of the outgoing pion.



