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Anomaliesind ¥ [J¢*¢

I Anomaliesin0d ¥ 0 * : (LHCb, Belle, ATLAS, CMS)
m@yo * ) 3 B ¥ to) 2
B(O ¥ OO * ) 1 ; manyothers 0

Combined (180 Observables) 5

Signiﬁca ntly alleviated if Descotes, Matias, Virto 2013

[Loo " G5TeV) 2[0 OO0 1|

I LFNU: (LHCb, Belle)
O, 0p &2 ; Os 0% 0% &1 Combined 4

Consistent! ) witho ® 0 + Alonso, Camalich, Grinstein 2014

NP interpretation requires accurate TH predictions of 0 ¥ J"“ obs
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Theory predictions

I TH predictions require very involved and nontrivial perturbative and
non-perturbative calculations.

I The fact that ooo . g oo, ooo - helps a lot

I Weak Effective Theory:

X<
Lomn = Looo+omo + 0; O

Short distance 0; known in SM to NNLL Bobeth, Misiak, Urban, Gorbahn Haisch,...

BSM part of [0; is the target

I This leaves non-perturbative MEs as the leading challenge
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Theory predictions

What we need depends on mode and observable. E.g.

10, ¥ “* needslq, (upto QED...)

1 0¥ 00 needs local form factors (3 for 0, 7 for 0 )

I Ry, needs local form factor ratios

I 0 ¥ 0°° needs both local and non-local form factors
- Bneedsall(3for0,7for0; )

+ Ratios such as 0% need only ratios (SCET & HQET relations)

* Rp.o - (LFNU) almost exact cancellation of FFs (both local and
non-local) within SM, but NOT in LFNU BSM in general

- QED effects relevant in LFNU ratios and angular distributions
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Theory predictions

Example of error breakdown (2014) Descotes-Genon, Hofer, Matias, Virto 2014
mn 0s — . +0:050+0:017+0:109+0:016
WA hD5'[2;4:3] = 0817507 0015 04101 0:020
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Anatomy of EFT Amplitudes

0,FYN @) 16 2DD|—| (@

: 20p0
AT=N (O DoF @)+~

I Local (Form Factors):  FO@) =na @)jo @ojo@+ D)i
Z - -
I Non-Local: H (@) =0P  0‘007°hO (D)j0 Jam(D);C O(0) jO(O + D)i

Javier Virto Theory Challenges in exclusive rare B decays June 8th, 2021 6/24



Local Form Factors

T T T T

~ FPE ()

2.0F

L L L
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1 Two main approaches: (1) Lattice QCD (large 0%)  (2) LCSRs (low 0?)
I Two approaches to LCSRs, in terms of (1) 0 LCDAs  (2) O LCDAs

I 0? dependence can be parametrized model-independently
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Local Form Factors : 0°-dependence from analyticity

FO@) =m0 @j1 ©ojo@+0)i: Analytic structure in 02 :

pO@) (2 02) FO@) has no pole, only cut.
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Local Form Factors : 0°-dependence from analyticity

o
I Conformal mapping : () = P=—p—

I+ 02+ Iy I

1 "z-parametrization” : Ib(])(DZ([)) is analytic in joj <1 (1Tphysi < 0:15)
>

FO@) = Gy WDZ) I GD%
Og 0

Bourrely, Caprini, Lellouch; Boyd, Grinstein, Lebed; Caprini, Lellouch, Neubert; ...
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Local Form Factors : New Fits to (B-DAs) LCSRs + LQCD
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Thanks to Méril Reboud for producing these plots
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Local Form Factors : New Fits to (B-DAs) LCSRs + LQCD
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Thanks to Méril Reboud for producing these plots
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