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It is great to be in Slovenia

The home country of the next first lady...
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Or maybe not ...
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. What is a p meson?

> Experimentalist version : Some bump in a 77 distribution
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Left: the current source for B~ — D%~ (CLEO). Right: B — D"~ (LHCb).

> Theorist version : A pole in some correlation function
Im[ / d*x O T (x), ju(0)HO) | ~ (" = mp) - £ + -

> Be not surprised that: Experimentalist version # Theorist version
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.- Why do we care about this?

> Measurement of V,,
B —plv —, Really are B — wm by
Bs — K*lv Y B, — Kr v
> Rare penguin decays (NP)
B — plt . Really are B — nm il
B — K+t Y B — Kr il
> quasi-two-body decays («, CP violation, NP ...)

B — prm B — mrmw
B — K*t | — Really are B — Krm

> Huge experimental programs for these modes at LHCb and Belle-2
Huge data sets will require theory precision.
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. Main theory objects

B — p form factors — o — B — mm form factors
(pla(x)Tb(0)|B) (mG(x)rb(0)| B)
p-LCDAs... — s — 2m-LCDAs...
(plg(x)rq(0)[0).c 0 (m7|g(x)q(0)[0)x2 0
...and its normalization f, — --- — ..and its normalization F(s)

OUTLINE of the talk: Three examples:
> B — p and B — 77 form factors from B-meson LCSRs
> B — 7w form factors from 27 LCDAs

> Quasi-two-body non-leptonic decays
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- QCD Sum Rules: crash course

> Imagine you have some correlation function

(5 0) = [ &' & (@I TGC. ROIS)

with (only) a cut for real g* > sw, and calculable via some OPE at ¢° = 3.

> One can write a dispersion relation:
_ 1 [/ Iml(s,...
nopE(qz,...) = */ ds(7_2)
T J s, s—q

> The L.H.S. can be calculated perturbatively (by assumption) in conjunction with a

power expansion, and the R.H.S. is given by unitarity:

2ImM(s) = (27)8(s — m3 ) {aljr|A) (Aj2| 8) + higher states

> Finally, a Borel Transformation §> — M? takes care of possible subtractions,
convergence of the OPE and suppression of higher states:

Mope(M?,...) = {aljt|A) ALz By ™M
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.. B — p form factors from B-meson LCSRs

> Correlation function
Fulk,q)=i / d*xe™ (0| T{d(x)yu(x), B(0)imysb(0)} | B(q + k)

> Unitarity relation

2ImF, (k,q) = S(2m)3(K2 — m2) (0ld,ulpa (K)) (pa (k)| imysb|B(q + k) + - -
A

mpfp e(A) (e(N)*-q) AP (q?)

= qu 4mmp prgp(q2)+"‘

> Dispersion relation + LCOPE 4+ Borel + duality

2m, £, AE?(q%)e™"/™ = Fope(M?, ¢%)

Javier Virto  (Uni Bern) B decays to unstable particles October 20, 2016

8/18



:: B — 7 form factors from B-meson LCSRs

> Correlation function
Fulk,q) =i / d*xe™* (0| T{d(x)y,.u(x), msF(0)75b(0)}|B*(q + k)

> Unitarity relation

2ImF,(k,q) = ms / A7 (0]dulm(ko)m(ka)) (m(ko)m(ka) G5 bl BO(q + K)) + -

Fx(s) Ft(s,q?,cos 01)

M * (£=1) 2
Y aorya OB

Corollary: F2(s) F{""V(s, %) is real for all s < 16m2 =
Phase(F®~™™) = Phase(pion form factor)

Important for CP violation!!!
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:: B — 7 form factors from B-meson LCSRs

> Dispersion relation + LCOPE 4+ Borel + duality

27T

So 2 S 2 [Bx(s 2
_ A s oo/ SV LG W F2(s) FO (s, 42) = Fope(M?, ¢?)
mﬂ'

> p-dominance + zero-width limit:

* ~ fpgpwﬂmp/\ﬁ (1) AN BW(S)\/X mﬂgP""Agp(q2)
FT(S)_ > B ) Ft (qu)—_ > .
m2 — s + iv/2[ ,(s) V3q2 m2 —s — V2l ,(s)
_ Bp, 2 %" —s/ M Vs [p(s)/m rp—0 Bpy 2y —mP /M
LHS = 2f,m,A;"(q )/4m3rds e [(mf, —5) £ sT2(5) 2f,mp,Ay (q7) e
rp—0 p sum rule v/

—— b(s—m2)
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:: B — 7 form factors from B-meson LCSRs

The main input is the pion form factor:
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Source: ete™ — wn(y) [Babar] and T — wrlv [Belle].
Javier Virto  (Uni Bern) B decays to unstable particles October 20, 2016

11/18



. B — mm form factors from 27-LCDAs

> Correlation function

n°(p*, k% ¢%,q-k) =i / d*x e (" (ki) m° (ka)|T{@(x)imss b(x), b(0)imyysd(0)}0)

> Unitarity relation

2imfM® = (2m)3(p* — mp) (x" (ki) (k2)|Gimyysb| B(p)) (B(p)|bimyy5d|0) + - --

\/?Fz(qz,k2>Q'k) mife

= (2m)8(p° — mp) mp fa /P F(q" K> q - k) + -

> Dispersion relation + LCOPE 4+ Borel + duality

sz fs V CI2 Ft(qz-, k2: q- k) eimZB/MZ = I_ISOPE(M2> q2a k27 q-: l?)
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. B — mm form factors from 27-LCDAs

> In this case:

my [*du o)/ M

2
2Jy, U

H%PE(M27 q27 k27 q- I;) = (mi - q2 + U2k2) ¢H(U, q- /_(7 kz)

> Where the 2 LCDA is defined as

dx~
—e

o269 = [ 5

) (k)m” (k)| @(x n-)h, q(0)[0)
> The 27 LCDA is normalized to the pion form factor:

[ o265 = 2¢ = D)
but for the sum rule we need higher moments.

> Narrow-p dominance on @ leads to B — p form factor from p-LCDA. v

Javier Virto  (Uni Bern) B decays to unstable particles October 20, 2016  13/18



. Two-body decays

To leading power in the heavy-quark expansion

(MyM,|O;|B) = FBMl/du T,-’(u)<j>M2(u)+/dw dudv T/ (w, u, v)dp(w)dm, (u)pm, (v)

> Vertex corrections: T'(uv) =14 O(as/)
> Spectator scattering: T (w, u,v) = O(as)

> This applies for example to B — pm.
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Sac

Javier Virto

.. Three-body decays — kinematics

> B — Ma(pa)Ms(ps)Mc(pc)

> Two independent invariants, e.g. Sap

(Uni Bern)
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: B—=mpvs. B—

This is always an improvement w.r.t. quasi-two-body decays:

AB™ = a [rta )= FB7™ Tikpun + FE7™ Tox ¢pr

p dominance + zero-width limit

AB™ = a p)=F87" Tixg,+ FB7P Toxgpn

This limit can be checked analytically.

> Factorization is at the same level of theoretical rigour for quasi-two-body and 3-body.

FB~>7r7r

> Any model for ¢, and satisfying axiomatic constraints and compatible with

data (e.g. e"e” — 7m) replaces any notion of “p".
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: B—=mpvs. B—

* Leading order amplitude:

Alsr_c1 = % [4m fo(s—)(2C — 1) (54 ) (22 + 2) + Fma(ar — 20) Fe(C, 5:-)]

* Integrating around the p:

1 st
BR(B™ —>p7r—):/ ds++/pds+_
0 Sp
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78 mg|A|?
32(27)?

with 53: = (m/) + nr/))2/m2B
BR(B*
BR(B™
BR(B*

—pr)~ 94-107° (n=05)
—pr")~128-107° (n=1)
)~ 1

BR(B*
BR(B*

— p7T+)Exp = (83 + 1.2) -107°

— pr*)qcor = (11.9759) - 107°
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.- Summary

> B-decays to unstable particles can be described model-independently in terms of
their underlying multi-body decays.

> Need better knowledge of (77), (K7), ... light-cone distributions, including the
local normalizations, and in different partial waves.

Multi-body form factors can be calculated using LCSRs (not lattice!!)

v

> Very important in view of future luminosities at LHCb and Belle-2.

> This is just a glimpse.
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