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Definition of form factors

 tensor & form factors
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(K*(p,n)[57" (1 Fv5)b|B(pr)) = PIVi(¢®) £ P Va(q®) £ P Vs(q®) £ PhVe(q?)

* 4 directions:
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* |n terms of traditional notation:

algebraically:
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V(') = =5 Ao@®) . ildh) = e Vale®) = L () = 15(0)
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Form factors & LCSR use appropriate
correlation function '

sum rule on one line: / ¢
V(g?) / ds ImFV(s q°)
. =T (p%, ¢*)|LcoprE
p2B _ sz hreshold 77 (S — pB - ZO) -

T T T

want estimate compute
(K*|V,|B) (K*|V,|Brm) + . twist & ag-epxansion

- {mb’ S’ Hf }‘{SaBorel] )

| input = correlatlon ! | sum rule parameters |

between form factors I.A | some help equation

_ofmotion1.B___|



|.A results & error correlations

computation based on + O(ms)-tree + updated hadronic input



Error correlation of form factors

- Idea: use input-uncertainty matrix to
generate pseudo-data O(100pts) for all 7 form factors

= fit-ansatz with (ao,a1...)-parameters
provide full correlation-matrix “easy-to-implement”

k=0..2 k=0..2
LCSR: 0< g2 <14GeV? “entire range” combined with lattice

from

note- Iattice with correlated errors as well



Combined LCSR & lattice plots
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|.B the use of the equation of motion (EOM)

study correction to Isgur-Wise relation
first application LCSR

more systematic exploitation

constrains vector-to-tensor form factor for fixed helicity

importance for B->K*Il since zero of helicity amplitude
largely determined by form factors

HP=VE o CMT () + ..CEMV (¢?) + long distance

In particular P, ~ Re|HoH ] for instance



EOM in QFT & relations between correlation functions

- the following equation valid on <K*...I1B>:

10" (510, (75 )b) =

- leads to 4 equation of motion

\4

Tl(q2) + (mp + ms)Vl(q2 =
T5(q°) + (mp — ms)Val(q
T5(q”) + (my —ms)Vs(g

where D;i’s are form factors of derivative operator:

<_

(K7 (p,m)|5(2i D)* (12

v5)b|B(pB)) = P D1(q%)-

=P Dy (q%)-

=P D3(q°)-

— (s £ my)57,,(v5)b + 10, (5(75)b) — 251 Dy (75)b,

-PEDp(q°)



Use of EOM | 73(a2) + (s + V(@) + i) = 0

- Any form factor determination has to obey EOM = consistency check

- LCSR checked EOM at tree-level including O(ms)-corrections
works upon use of EOM of vector meson distribution amplitudes
- lattice (future computations)

Recall Fz — Ffi{mba X, f”7 fJ_a "}|{SO7 MBorel}](QQ)
One way to obey EOM set: so[T1] = so[V1] = so[D1]

- eliminates the major source of uncertainty T+1/V-ratio [rest O(1%)]
- of course this has to be questioned .....

.. yet: T1(¢%) + (my + ms)Vi(¢?) + Di(g*) =0
0.294 -0.272 -0.022

Sgl ~ 35GeV? sy =si'41GeV? ot = s (+15) GeV?

i +55% Shlft in Dl i



Hence if D1 is considered form factor then  |sy' — sy | < 1GeV?

\

checked that twist and &5 -expansion is controlled
(= more than a numerical accident)

Vector-tensor form factor ratios e

determined up to 4-6%
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note added

similar to large energy limit and
SCET investigations

similarity:  both use equation of motion
difference: LCSR EOM in QCD — SCET EOM effective theory 1/mp

= ratios equal up to 1/mp to “SCET-ratios” in



1.C background effects (decaying vector meson)




background effects

guestion background is present in theory
and experiment (important consistent treatment)

+ B—p(—rmm)lv =signal ... rrtin P-wave
1) subtract S-wave experiment (no extra error for theory)
2) what about resonant versus non-resonant rutin P-wave?

+ hard to disentangle in theory (in practice) and experiment
main point: argue it might not be necessary

| treat T— (mm)p.w Iv same way in extraction of f, as in B— p(— rm)lv |



Y\
o A

p vs nr-distribution amplitude "
MR

» using 2-pion DA (def e.qg. ) to describe B(—r)lv requires
determination of the 2-pion DA

for Oth Gegenbauer moment of vector 2-pion DA = pion form factor

(p—DA: TR (p[V,]0) f5(a?) + -
B 2 fo P“m/?gp <
Fz’ —>7T7r(q ): < ~Jp N 7r.7r \b&
mr—DA:  (77[V,0) f5(e®) + - Mir — My — imply ko o o»"‘”&"
A\ - J/ &
\ ~FTOT (m3 ) IO
ot (e
o C‘\p‘('(

- yet higher moments or tensor 2-pion DA no experimental info available

p-DA uncertainties in (other) parameters take care of background
effects in error budget

, around p-meson peak do not see pragmatic }
| advantage in near future of using 2-pion DA}



Il. phenomenological discussion

II.A Bs— ¢ vs B2 K* tension
I.B [Vu,| from B— (p,w)Iv

LHCDb used
Ball & RZ’04 form factors

x10°
L} L L I L 3 . A J L l L} L} L | L ] /

" LHCb e

O

scaled to fit
by LHCb

-/

5 10 15
g* [GeV?/c4]

dB(B.—ou*1)/dg? [GeV>ct]

new predictions picture same: “we’re off by factor of 2”
shape ok — is there a problem with form factor normalisation?
look at ratio Bs— ¢/B—K* where normalisation effects cancel ...



B:— & vs B>K* tension

at g2=0 to photons

~ BR(B” — K*%)
R = BRE 5o 0.78(18)  1.23(32)

statistically not significant but persists at higher g2

dBR(B® — K*0t07)/dg?r, 0t | - |
Ri«lq1,q2] = ( = )/ 5 . ]7 — LGSR
dBR(Bs — ¢€T47)/dq?|(q,,q0]
—— 'LCSR + lat
origin of differences?
. . - + {LHCb
- lifetimes (effect small)
+ weak annihilation taken from | _—
- form factors determmnea ...
mainly determined by decay constants ... 0005 L0 1520
(R )16

calls for test of form factors?



|Vun| from B— (p,w)IV

involves vector form factors

2.0

2.9

3.0 35 4.0
|Vub|x103

4.5

'B-plv LCSR + Belle, ¢’< 8 GeV?
‘B-plv LCSR + Belle, ¢’°< 12 GeV?
‘B-plv LCSR + BaBar, ¢°< 8 GeV?

B-wlv LCSR + Belle, g’< 7 GeV?

'B-wlv LCSR + BaBar, ¢?< 8 GeV?

B-wlv LCSR + BaBar, ¢’< 12 GeV?
B-rtlv, global fit

'/\b—)p[JV LHCb

‘B-X,lv inclusive, global fit
| CKMfitter indirect

IUTﬁt indirect

note: B-factory [Vypl-values (could raise) if S-wave subtracted using ang-analysis




11.C comment charm resonances in B—K ()]l

BF (B — K (/)

| Theory ™ Binned theory
3-0-LHCb (3fb) -=LHCb (1)
g

LHCb
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N

LHCb PRL 111 (2013)

pronounced JPC= 1— charm resonance structure



Lyon RZ 1406.0566

Using a fit to BES-Il data e*e-—hadrons able to check

status of “nai\/e

" factorisation at high g2 in B—KIl
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Led us to speculate Ps’-anomaly in B—K ™Il might be related
to charm (since charm pronounced)
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conclusions and summary

- wether global ACg short-distance ~ -1 remains is tricky question — needs more data

- then Rk-anomaly (2.60) came along and there charm should play no role
and this points towards true short-distance new physics
talks by

- equation of motion & correlated errors for form factors
help to predict angular observables like Ps’ with higher precision

Ehanks for your attention



