\V_, | Discussion ltems

Florian & Paolo with your Input



Inclusive Decays — Discussion ltems

- Global |V_ | fits
- Correlations of theory errors
- Correlations of experimental values
- QED corrections — also see Marzia’s talk tomorrow
- Useful measurements @ Belle Il
- Redo spectral moment measurements of g7, M., n,, and E moments
in a single analysis
- Very valuable to capture the full experimental correlations
- AFB & other differential measurements (g7, I\/IX and E| moments for
forward and backward events)
- Do measurements w/ and w/o QED FSR corrections
- Differential measurements could be useful to validate or use lattice
information




Inclusive Decays — Discussion ltems

- Useful Calculations:
- Complete O(a,) for g? and analytica formulae for M,, E, moments
- g°> moments at O( 1/m_%, 1/m°)
- QED
- Lattice Input to constrain or test relevance of higher order
corrections?

- What is the ultimate precision that can be reached? [arXiv:2310.20324]

The g¢? moments in inclusive semileptonic B decays

G. Finauri® P. Gambino®%¢

V| = (41.97 = 0.27 g, = 0.31y, & 0.25p) x 1073 = (41.97 +0.48) x 1072,



Inclusive Decays — Discussion ltems

Should provide measurements w/o FSR QED effects

- Very interesting to test our understanding of QED !

BF BF BFs — we need new measurements

B(B — X{v;) (%) B(B — XAv,) (%) In Average
Belle [63] E, > 0.6 GeV . 10.54 + 0.31 v
Belle [63] E; > 0.4 GeV s 10.58 + 0.32
CLEO [65] incl. 10.91 + 0.26 10.72 4 0.26
CLEO [65] E, > 0.6 10.69 £ 0.25 10.50 £ 0.25 v
BaBar [62] incl. 10.34 + 0.26 10.15 & 0.26 v
BaBar SL [64] E; > 0.6 GeV ; 10.68 4 0.24 v
Our Average - 10.48 £ 0.13
Average Belle [63] & BaBar [64] - 10.63 £ 0.19

(Eg 50.6 GGV)
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Veb

Details from Global Fit of [arxiv:2310.20324]
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QED versus PHOTOS
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Exclusive Decays

- How to truncate the BGL expansion? How to implement unitarity?
- QED correction and Coulomb factor
- Ininclusive decays, it dominates the correction to the total width
(but not the w spectrum)
- Structure Dependent contributions?
- 1 +amn from scalar QED (B° ->D, D*) versus
(1 + 4/9 e n) inclusive (both B and B*)
- Lattice Calculations prospects in 3 years?

- Assumptions of isospin (+/- 1%)




Exclusive Decays

- What should be measured?
- Angular coefficients are an excellent way to parametrize and

share results.

New on arxiv today!

. . Measurement of Angular Coefficients of B — D*/,: Implications for |V,;| and Tests of
https://arxiv.org/pdf/2310.20286.pdf Lepton Flavor Universality

dF(B — D*eﬂg) _2G%n§;w|VCb|2m%me
dw dcos @y dcosfy dy 24

+ (Jos sin? Oy + Jo. cos? Ov) cos26, + Js sin? @y sin? 8, cos 2

X (Jls sin? Oy + Ji. cos? Oy

+ Jy sin 260y sin 26, cos x + J5 sin 20y sin 6, cos x + (Jss sin? Oy + Jg. cos? v ) cos b,

+ J7 sin 26y sin 0, sin x + Jg sin 26y sin 260, sin x + Jy sin? By sin? 4, sin 2x) :

Need to make sure we have matching bin boundaries in w



Model Independence versus Overfitting

Model independence vs overfitting o
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P(z) = Z az. Z a? <1 e

7 ; 0.15

1. Where do we truncate the series?
2. How can we include unitarity
constraints?

3. These questions are related.



Model Independence versus Overfitting

Models on the market :

Different options with various pro/cons:

|. Frequentist fits with strong y? penalty outside unitarity; increase BGL order till )(,%u.n is stable.
Can compute CL intervals New: Feldman-Cousins. Bigi PG, 1606.08030, JungSchacht.PG 1905.08209

2. Frequentist fit with Nested Hypothesis Test or AIC to determine optimal truncation order: go to order
N+1ifAy* = )(,fu.n N~ )(,%u.n ni1 = 1,2 Check unitarity a posteriori Bernlochner et al, 1902.09553

3. Bayesian inference using unitarity constraints as prior with BGL Fiynn, Jittner Tsang 2303.11285 or in the
Dispersive Matrix approach (which avoids truncation!), Martinelli, Simula, Vittorio et al. 2105.02497




1D Example

—-1<p<1

exp=l =05t

gaussian

B) Large x° penalty
outside physical
region

C) Feldman Cousins toy
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Feldman / Cousins

Illlllllll

—2InR = sz - X2 = X%est
= x*(z, 1) — X* (@, Pbest)

Ay? | experiments (arb. units)

1. At the considered value of the true parameter pug, 1
generate a toy experiment by drawing a value zioy
from the p.d.f. That is, draw from the unit Gaus- %5 R T 2 3 a
Si&l’l G(O' — 1, /.L _ ,Ll,()) Measured Mean x

2. Compute AxZ,, for the toy experiment, follow-
ing Eq. 6. For x%(z,u), z is set to oy and
p is set to po. For x*(z, pbest), T = Zioy and
tbest = max(0, Tioy) implementing the boundary
at zero.

Mean

3. Find the value Ax?, such that a of the toy experi- 3
ments have AxZ, < Ax2.

4. The interval [z, x2] is given by all values of = such 1
that Ax2(z, po) < Ax2.

H
T T T[T T T T[T T T T[T T T T[T T T T[T TT T[T T TTI[TTTT
T | | I | | |

LO

Measured Mean x

From Moritz Karbach, [arXiv:1109.0714]



1 - CL from Feldman Cousins

1.0
| —— Wilk's Theorem

0.8j ——— Monte Carlo

0.037  0.038  0.039 0040  0.041 0042  0.043
| Vel



Convergence order by order

| VLh l ZZ d'o'f' N ‘/)mux |
BGL,, 404 +£08 456 34 3 0.70
BGL, 409+09 434 33 4 0.98
BGL,;;  407+09 452 33 4 0.60
BGL,5, 415+1.1 423 32 5 0.98
BGL 3, 381+17 417 32 5 0.98
BGL,3, 390+16 375 31 6 0.98
BGL,,, 397+10 427 33 4 0.99
BGL,,, 404+10 393 32 5 0.99
BGL,;, 371+12 377 32 5 0.99
BGL,», 379+20 375 31 6 1.00
BGL,3 372+18 377 31 6 0.99
BGL,3, 388+17 372 30 7 0.98
BGL,; 385409  40.1 32 5 0.95
BGL), 39.9 + 1.1 36.9 31 6 0.98
BGLy,, 373+12 373 31 6 0.97
BGL,,, 389+21 365 30 7 0.99
BGLy; 396+23 363 30 7 0.99
BGL3; 40.14£23 359 29 8 0.99

[2301.07529, Table XVI from PRD]

[Ven| X~ dof N puax
BGL,;; 403+08 457 32 3 0.71
BGL;;, 408+0.8 426 31 4 097
BGL;,; 40.6+0.9 453 31 4 0.62
BGL;,, 414+10 415 30 5 097
BGLi5; 39.9+09 424 30 5 061
BGLy3, 40.7+1.0 393 29 6 098
BGL,;;, 39.8+09 421 31 4 0.99
BGLy, 404+09 375 30 5 0.99
BGLy,, 409+10 451 30 5 093
BGLyy, 392+10 365 29 6 0.96
BGL,;, 403+1.0 418 29 6 094
BGLy3, 41.0+1.0 390 28 7 097
BGLy, 39.8+09 421 30 5 0.99
BGLj, 404+0.9 374 29 6 099
BGLj,, 385409 394 29 6 0.65
BGLgy, 392+10 364 28 7 096
BGLy;, 383+09 381 28 7 086
BGLyy, 38.7+15 360 27 8 099

Belle | 8+HPQCD
BGLexp 272 | Veb|
0001 78  41.0(8)
0101 68 412(8)
Ol 57 408(8)
11 57 40.8(8)
1121 54 406(8)
1222 52 406(8)
222 50 404(8)
2232 50 404(8)
3333 50 404(8)

Lack of convergence?




The problem with constraints

If we impose UT constraints directly into the fit, there are many shapes possible

Problem is that the ‘graduality’ on how the constraint is imposed, has an
impact on the uncertainties of the higher coefficients. Posed differently, it

may be that their uncertainties do not have a strict meaning in terms of a CL

These different penalties will give you different
X2 Uncertainties for higher order coefficients

Theory error constraints
Multiple choices for shape of theory error constraint thinkable

Commonly used constraints are: , Double Fermi Dirac (DFD) with w = 10, DFD with w = 50
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DFD(x, w) = 1/ (2 (1 + ew("_l)) (1 + e_‘”(x‘H)))

— Nice features of DFD: Pull on NP within one-sigma with negligible
penalization in probability; pulls larger than one sigma penalized heavily




Watch out for biases From talking with Patrick and Zoltan

Patrick and Zoltan voiced concerns that imposing UT could lead to biases.
Zoltan gave a historical example from BaBar and Patrick the generic example of

enforcing positive signal yields.
Textbook example:

- Search for small Signal over huge Bkg
(true signal e.g. zero or negligible)

- If you impose ¢ >= 0 and repeat your
measurements you will always fit a value
in [0, positive number]

Mean of meas > 0,

- / although true signal is 0

u




Benchmarking different approaches

How can we make progress on this?




Talked with Patrick, Paolo, Dean, Zoltan, Markus

Let’S benChmark |t' and others about this

| think we can actually solve this (and add a useful piece to the report)
Zoltan framed the challenge extremely well:

“l would like to have an approach that works for 5/ab now, that does not

need adjustments.”

Patrick gave us the other critical ingredient: We can produce a large number of

possible BGL shapes as true underlying distributions that respect unitarity




Benchmark procedure steps:

Step 1 : Produce a large number of possible BGL shapes as true

underlying distributions that respect unitarity and a given true |[V_ | value

Step 2 : Use these shapes and produce toys / replica measurements with

our current (or a future) experimental precision / covariance

Step 3 : Apply the different procedures (NHT, AIC, Feldman/Cousins,

stability by eye, ...) to determine FFs, |Vcb|toy and Oroy

Step 4 : Study pulls of toys : (|V

cbltoy - IVcbltrue ) / Gtoy




Toy example (very preliminary)

50

40

30

20

10

NHT

(Vcb-VebTrue)/VebErrorCorr {Status==0}

h

— N Entries 239
__ Mean -0.09631
= Std Dev 1.049
B x2/ ndf 5.986/10
— Constant 43.31+3.49
B Mean -0.08577 £0.07217
: Sigma 1.076 +0.052
_I 111 I | Y T | I Lud u I Y I | I Ly | | 1111 | 11 | 1111

5 -4 -3 -2 -1 0 1 2 3 4 5

45

40

35

30

25

20

15

10

F SR
70 Example toy fit -
60 -
50 s t —— =
40f- =4
a N -
30 Ry
s Single true hypothesis E
20¢ compatible with UT E
10 =
0 el Y L o 1 |- P - ;
1 1.1 1.2 1.3 1.4 1.5
AIC
(Vcb-VebTrue)/VebErrorCorr {Status==0}
h
__ Entries
— Mean
— Std Dev
— X2/ ndf 4.266 /10
— Constant 439+3.6
— Mean —-0.1093 £ 0.0732
:_ Sigma 1.078 + 0.054
:I L1 1 T | | 1111 | iy | | | 1111 | JL_J U= | Y V. |
_4 -3 -2 -1 0 1 2 3 4 5




Remaining Truncation Uncertainty Input from Bob

Bob had another intriguing thought : can we not just use the UT bound to assess

how dependent we are on truncating the BGL series?
We certainly could !

(although this assumes that we do not exceed UT, i.e. somehow choose to

impose it in the fit)

Idea: e.g. fit N coefficients Chose next coefficient as shown
below; check if |[V_ | is affected

N N
Zai<1 - an+1=\1—2a%
n n



Averages of experimental information

Good example: B — wfv average from HFLAV

1. Average all the experimental information 2. ThendoaV k fit

B Input Measurements: general FitBlas
14— #4 BP Belle untagged, Phys. Rev. D83, 071101 (2011) P st
- W% B9 Belle had. tag, Phys. Rev. D88, 032005 (2013) e sl

= o J FFVub. .

— % B+ Belle had. tag, Phys. Rev. D88, 032005 (2013) ]

. . ]
12— 14 B‘_’ & B+ BaBar untagged, Phys. Rev. D83, 032007 (2011) e oeeak contbiin.
B ¥ B° & B* BaBar untagged, Phys. Rev. D86, 092004 (2012) St gl

- W x2 fit average e oy ]
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Averages of experimental information

Average of tagged Belle and untagged Belle Il B — D* £v in prep. for HFLAV report
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X%/ ndf = 46.6 / 34
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Lattice (dis)agreements

B—’D*IGI

Markus Prim, FB

BGLSSIPIned x2/ndf = 27.6 / 28 (p=0.49)
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QED effects — should provide measurements w/ QED effects included
Exclusive case (QED)

More angular analysis

- Moments in forward versus backward

- Maybe more granular useful?

BF measurements?



- Test from Bob

- SumMar2 <1 —adda n+1 =1-sum



