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Motivation

e Goal: Calculate mib corrections to B — Xy 1=, B — X7

e Method: SCET = Systematic expansion in vV = /A /my

e Light cone coordinates:

—ab=(Mn-a)% + (7 a)% +a

e Modes in SCET:
— Hard Collinear: (n-p) ~ A, (n-p) ~mp, p1 ~V/mpA
— Soft: (n-p)~A, (n-p)~Ap ~A

o dI'~H -J®S5 at LO in A

e What happens at NLO ?
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SCET at Subleading Power

o dI' ~ WH'L,,
WH ~ (T {J1(0), J* (2)})

o mib corrections — J, £ at O(V?2)

e J=4qglb — J(O) = XTKH
—> J(2) — s e
o L =iy — c?, e, £
collinear-collinear interaction
(1)
— Lﬁ
soft-collinear interaction
— EQ)

HQET
heavy quark interaction
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Hadronic Tensor
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e Factorization at NLO H - J; ® s
e Bi, Tri, Quadri local operators = s (w, ...)

o At tree level only sy (w)
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Subleading Shape Functions at Tree Level

e LO: fdwe_%“”—”m S(w) = <<BS)0 (STh)m_>

o “HQET”: ;L [dwe 577 s(w) = (i [ d*2T{(RS) (STh)_£i” (=)}
e “Chromo-electro-magnetic”: fdw e~ FWR T t(w) =
x /2
f dt (h 7{ 5 [0,tn] v/ n” gGu (tn) [tn,z_] h(z—))

o “Kinetic”:
. 13
fdw e zwWhRT f 0) [0, tn] (ZDJ_) (tn) [tn,z_] h(x_))
0
e “Chromo-magnetic”:

[dwe™59™% y(w) = f dt(h %[0, tn] ok, G (tn) [tn, z_ | h(z_))
0

e “Four quark” SF
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Moments of the Shape Functions

W,U’V — /dw 5(n - p _|_ (.U) { (n,Uf,UV + nV,U,U' _ g,U'V . ,I:CI«LI/O’.IB nafv,B)

x [(1 + i) S(w) 4 S@ T i) | u)

— U
my my n-p

(W)}

— 2(nFv” + nYoH) —= + 2nHn”

n-p my my n-p

tw) L2856 _to) | ) v }

e s(w) absorbed into S(w)

e SF’s moments & HQET parameters

o [ dw {5(),t(w), u(w),v(w)} =0

A1+ 3\ 2\
/dwws(w) = - 1—; 2 /dwwu(w):—l

/dwwt(w) = =X /dwwv(w) = A2
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Four Quark Operators

o At O(g?) tree level: “4-quark” light cone operator: Os(z_) =
nx/2 n-x/2
TOg 1 . 1 — )
oo [ dty [ dt (hS)O T vt ta (STq)tln (@S) 4, VI HhTj ta (STh)m
0

n
t1

o Os5 = fu, fv. How big are they?
e zero, first moments vanish

e (s vanishes at vacuum-insertion approximation

e — Lee, Stewart (hep-ph/0409045) - effect on E; could be 180%
— Neubert (hep-ph/041027) - effect is € - 20% for E; and € - 3% for Py,

€ ~ 0.1. Correction vanish for g # spectator

— Beneke, Campanario, Mannel, Pecjak (hep-ph 0411395) - effect is

~ 5%. Correction vanish for q # spectator

® f.,fv = isospin breaking
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Subleading SF’s Effect on Spectra
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e Dash-dotted: Leading order
e Dashed: Kinematic Correction
e Model I

e Model 11
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Comparison with Other Studies

e QCD — HQET
1. Bauer, Luke, Mannel (hep-ph/0102089): W#¥  photon spectrum for
B — X~
2. Bauer, Luke, Mannel (hep-ph/0205150): lepton spectrum for
B — X,l7v
3. Burrel, Luke, Williamson (hep-ph/03122366): sy spectrum for
B — Xyl™v

QCD — SCET— HQET

4. Lee, Stewart (hep-ph/0409045)

5. Bosch, Neubert, P. (hep-ph/0409115)

6. Beneke, Campanario, Mannel, Pecjak (hep-ph/0411395)

1#£2,1#3
4#1,25#1,26#1,2

e 3€5,3€6
e 6~5H
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Conclusion

SCET = subleading SF’s

o At tree level: t(w), u(w), v(w)
e 4-quark operators

e Power corrections are small

e Disagreement with previous studies

10



