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Overview

From non-lattice viewpoint Buss—y Form Factors
similar to B—1r or B—p FF yet more complication

I. Introduction
- Definition & Use in Particle Physics

Il. Computation
- LC-OPE & perturbation theory as twist 1
- comparison of photon and VM distribution amplitude

lll. Preliminary results

- Plots
- Qutlook on results to follow e.q. extraction of As



Definition of B—y Form Factors

- Local matrix element with momentum transfer g = (pg — k)*
VectorO) = — 2/emy Gy,b; & tensor O, = 2/e5iq”c,, by form factor

(7| OV > Vl(qz) — P} V||(qz) *
(y|Ol|B,) = Py T (¢*) — P} T)(¢%)

2-photon pol. P, = ¢,(e*,pg.k), P)=i(pg-ker —k,(pge®))

Remarks:

l. Algebraic constraint: 7, (0) = T,(0) (analogous to T1(0)=T2(0))
Il. Signs of FF depends on convention of cov.-derivative!!!
lll. Other FF notation F, =V, , F,=V,

* charged case contact term ~AQ - need to include further photon emission e.g. lepton



B—y Form Factors in Particle Physics

- Charged and neutral FF:

local

B. y(k)

£t v

Toy model for QCD-factorisation &

extracting 1/As from experiment
(Bellell ...)

Korchemsky,Pirjol,Yan, 99,
Descotes-G. Sachrajda’02,
Rohrwild,Beneke’11,
Braun,Kohodjamirian'12,

Wang’'16, Braun, Beneke, Ji, Wei'18, ...

local

y(k) + Long Distance
(non-local)

AN

FCNC new physics search (less attention)
Guadagnioli,Reboud,Detori,RZ,Nikitin,Melikhov,Hazard,Petrov

FFs Const. quark model
Nikitin, Melikhov, 04,'17

FFs background flavoured axions
Albrecht, Stamou,Ziegler, RZ ’19,



...contined

u,d,s
* LCSR, only LO as subpart of Weak Annihilation /b, 7757
Ali, Braun,’95, Khodj., Wyler, Stoll'95 weak/:
Lyon RZ'13 B — 4
(Weak annihilation @NLO more complicated) g q -

« The real photon emission is not a QED correction per se.
However, the real emission at low photon energy E, = (m; — ¢°)/(2my)

is the real part of QED corrections to B, - uu,B, > ¢ v
... another topic. e.q.

. Unlike B, — up, B, — puy is not helicity suppressed (Br ~ m).
Br(B, — uuy) ~ 1078



2. Computation

Information on FF contained 3-pt function

e~ Pr*e™ (0] Tj,(»)Jp (¥)0,/(0) | 0)

J X,y

- Two independent contribution proportional to cartoon charges

Lattice: Path-[ - real photon emission OK
Continuum: expand 3-point function (Light-cone OPE...)



LC-OPE

Perturbation theory (focus Qg)

LO NLO
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main piece of work

J@ J
V V
0, é 0,

Twist=dim-spin

1

» There’s more to it as photon is not only a point-particle

2,3,4,..

familiar from
B—-1m,d LCSR-FF



Aspects of the photon light-cone distribution amplitude

1

Interpretation  (713(0)0,49(2) |0) = ieQ, f,e* ks, J due™ /= (u) + ...
0

J5 = J <. +...
B
OIY OV

- Analogue of decay constant fnis "f," = (gq)r, where y is

1) vacuum susceptibility of quark q w.r.t B-field
2) sizeable (sum rules & lattice are consistent)

No signs of photon-DA differing from asymptotic form ¢, (u) = 6ui
(Gegenbauer moments consistent with zero)

m, =0, simplifications? Yes & No. 2-particle twist-3,4 determined
by 3-particle admixtures by EOM. = still sizeable!



Aspects & checks of computation

« As stated: Photon-DA twist 2,3,4 similar to B—V FF (no new technicalities)

« Most work into perturbative NLO (used & extended master-integrals H->WW@NLO)

Tools: Feyncalc, LiteRed, Kira, Master{, PolyLogTools
4000 Goncharov fits of weight 4 involved in renormalisation

» Consistency check useful: Any FF determination has to obey EOM

photon in PT =
tensor vector EOM + QED Ward Identities &

_. : _<2 _ contact terms
qi(D"io,, + gD )lyslb + (m, = my)qy,lys1b = 0

(14 7

new

All works out in nicest way
—EOM solid concept

- LCSR B—y checked @LO 3-particle LCDA
@NLO fully twist-1 (2-loop diagram) & twist-2

= non-trivial check Photon-DA classification of
Ball, Braun, Kivel '02

* helps to decrease vector/tensor FF uncertainty



Domain of Validity

« Computation valid up to ca g2<12GeV?2 ;light-cone dominance

- Analytic properties q _
of form factors B*,B1-pole continuum

euclidiean physical
region region
=expect raise to pole q* € [m?, (mg — m,)*]

» Possibility to extend in case pole residue known or combine
with (upcoming) lattice computation as in sharucha, Straub, R7 15
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Preliminary plots

Preliminary: 1) needs checking

2) perturbation theory NLO not included (just finished)
3) anticipated error 10-15%

{_VJ_Bu—> V_ Fy, _v”Bu—> Y_ F, }
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{Vle_) V= FV, ‘/”Bd—) )/= FA }

neutral

E, = (mz — q*)/Q2mg)| 2_i 4oy = 1.3GeV
Charged & neutral very different. In fact Qg parts dominates Qb-part.

Spectator parton dominates
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Tensor Form Factors

{_TJ-BU_) "= Frv, —TllBu_) "= Fra } {TJ'Bd_) '= Frv, TIIBd_) '= Fra }
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Recall: Algebraic constraint: 7,(0) = T;(0) (analogous to T1(0)=T2(0))

both V & T Form factors twist-2 is sizeable (almost as large a twist 1)



Outlook: indirect determination of 1/Ag

No direct determination of inverse B-meson moment®

VI=1(0) ~ 51 4 O ) + OC1my)

4 B(/’t

or why analytic
results are important

n dbeB(f) _ @
J ¢ AB

Indirect determination : 1) LHS experiment & control 1/mp-terms RHS (Bellell..)
2) LHS FF other method and match 1/mp-terms

Ap|MeV] | mode order match

group

160(160) | B — nfv | LO  NLO LCSR Ball,RZ’04
354(40) | B — mfv | NLO NLO LCSR Khodj 08

Khodjamirian, Mannel, Offen’05
Wang,Shen 15

600 B — ~vtv | LO LO LCSR Ball Kou’03

Descotes-G-Sachrajda’02

o Our work NLO-version of Ball&Kou determined by Qg-PT

Vi.1(0) ~ Qm; "% twist-1

Pullin, RZ in prep

“ Recent proposal for indirect lattice determination, Wang, Wang, Xu, Zhao et al 1908.09933



conclusions and summary

«  Buds—y Form Factors from LCSR @NLO on their way at low g2
uncertainties of 10-15% anticipated with z-expansion fits with error correlations

- Extension to high g2 if residue gBB*y couplings known
or match to upcoming lattice QCD computation

e.g.

 Nice application and test of photon distribution amplitude &
should have competitive value for 1/4; helpful for B-meson DA computations

« LHCb B, — uuy and Bellell B, - ¢¢y, B — ¢*vy in the making

The END
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