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Puzzles...

IV, 11107

It may look cute, but that
might be deceiving...
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... Long-standing discrepancy since
more than two decades
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Puzzles...

It may look cute, but that
might be deceiving...
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SL Analysis Methods

The question of tagging:

At e e ~-B-Factories we can leverage
the known initial collision kinematics

Can gain even more information,
If we reconstruct

second B decay = tagging

ldea comes in many flavors:
- Inclusive tagging
- SL tagging

- Hadronic tagging

>

Information
Efficiency

<

e.g. with hadronic tagging the full event kinematics
but not the neutrino is reconstructed

E.g. if just one final state particle is missing, then with ¥ = X7

COS Ogy = e [-1,1]
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Exclusive Tagglng IN a hutshell 5520000 pep-en
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Reconstruct B-Mesons in several stages:

start with detector stable particles; then progress to
simple composite states; combine the composite states
to build more complexity

Each stage trains a Boosted Decision Tree (BDT) to
identify good combinations;

each stage’s BDT output is used as input for the next stage
+ all kinematic information

+ (particle identification scores)

+ vertex fit probabilities



Exclusive Tagging in a nutshell =

arXiv:2008.06096 [hep-eX]
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Reconstruct B-Mesons in several stages:

start with detector stable particles; then progress to

simple composite states; combine the composite states

to

Each stage trains a Boosted Decision Tree (BDT) to

build more complexity

identify good combinations;

each stage’s BDT output is used as input for the next stage
+ all kinematic information

+ (particle identification scores)
+ vertex fit probabilities
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Recent Results Overview

Inclusive

Exclusive

Measurements of Lepton Mass squared moments in inclusive B — X £, Decays with
the Belle Il Experiment [Phys. Rev. D 107, 072002, arXiv:2205.06372]

First Measurement of (X _,,) as an Inclusive Test of the b — c¢7U, Anomaly
[Phys.Rev.Lett. 132 (2024) 21, 211804, arXiv:2311.07248]

First Simultaneous Determination of Inclusive and Exclusive |V, |
[Phys.Rev.Lett. 131 (2023) 21, 211801, arXiv:2303.17309]

Determination of |V, |using BY — D" *#~ i, with Belle Il
[Phys Rev D. 108, 092013, arXiv:2310.01170 ]

Test of light-lepton universality in angular asymmetries of hadronically tagged
BY — D" ~{e*, u™} v decays at Belle II, [Phys.Rev.Lett. 131 (2023) 18, 181801, arXiv:2308.02023]

Measurement of Angular Coefficients of B — D*7U,, Implications on | V_,| and Tests of
Lepton Flavor Universality, [Phys.Rev.Lett. 133 (2024) 13, 131801, arXiv: 2310.20286 |

A test of lepton flavor universality with a measurement of X (D™*) using hadronic B
tagging at the Belle Il experiment, [Phys.Rev.D 110 (2024) 7, 072020, 2401.02840]

from simultaneous measurements of untagged B’ > 7= ¢ Uy

Determination of ‘ Vb

and BT — pof U, decays [Submitted to PRD, arXiv:2407.17403]

+ more, e.g. arXiv:2210.04224v2, arXiv:2301.07529, arXiv:2311.07248, arXiv:2211.09833



Belle |l Status

Run 2 of experiment started Jan 29th 2024

Collected ca. 0.55/ab = BaBar

Belle Il Online luminosity Exp: 7-35 - All runs
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Current status:
Sudden beam losses of unknown origin hinder — Devoting significant fraction of running time for

the collider to reach stable operations machine studies to understand instabilities



Measurements of Lepton Mass squared moments in inclusive B — X £, #10
' Decays with the Belle Il Experiment [Phys. Rev. D 107, 072002, arXiv:2205.06372]

Key-technique: hadronic tagging
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Measurements of Lepton Mass squared moments in inclusive B — X £1, 1

1.
. Decays with the Belle |l Experiment

1.2
Belle Il Cubic Spline
1.0 JLdt = 62.8fb? 92 > 1.5 GeV2/c*
{:‘\ @ o © 0 0o o0 o—g
o @ oo
< 0.8 of
> o
= 06 N\
T o , +
QO
o :
o 04 ¢ Determine Background
©
c o . . gy
S0 normalizations by fitting M, l
0.0 i
I 0

2.5 5.0 7.5 10.0 125 15.0 17.5 20.
q? [GeV?/c*]

Step #1: Subtract Background

Event-wise Master-formula

Nioea 2 2
_ > w(g;) X chlib,i

Nyata 2
Zjdt w(q;)

(@)

X Ccalib X Cgen



Measurements of Lepton Mass squared moments in inclusive B — X £1,

Decays with the Belle Il Experiment
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Step #1: Subtract Background Step #2: Calibrate moment

Event-wise Master-formula

Nioea 2 2
_ > w(g;) X quiib,i

Noaoea 2
Zjdt w(q;)

(@)

X Ccalib X Cgen



Measurements of Lepton Mass squared moments in inclusive B — X £1, # 13
B Decays with the Belle Il Experiment
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Measurements of Lepton Mass squared moments in inclusive B — X Z0,
Decays with the Belle Il Experiment [Phys. Rev. D 107, 072002, arXiv:2205.06372]
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‘ / f 2 #17
| b ‘ rom q mom F. Bernlochner, M. Fael, K. Olschwesky, E. Persson,
C -

R. Van Tonder, K. Vos, M. Welsch [JHEP 10 (2022) 068, arXiv:2205.10274]
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First Measurement of (X _,,) as an Inclusive Test of the b — ¢t Anomaly #18
B [Phys.Rev.Lett. 132 (2024) 21, 211804, arXiv:2311.07248]

Inclusive B — Xt _offer a great path to cross check
anomalous behavior of R(D)

BB — Xtv,)
BB — XC0,)

Observable: R(X_,) =




First Measurement of (X _,,) as an Inclusive Test of the b — ¢t Anomaly #19
B [Phys.Rev.Lett. 132 (2024) 21, 211804, arXiv:2311.07248]

Inclusive B — Xt _offer a great path to cross check
anomalous behavior of R(D)

BB — Xtv,)
BB — XC0,)

Observable: R(X_,) =

r=e,lU

Strategy: Use hadronic tagging to select sample of B — Xzv, witht — £, 1,

Key variables:

sig

2
Pfj : Mﬁﬁss: <PB. —PX_PK>

Psig = Pe+e- — Prag



First Measurement of (X _,,) as an Inclusive Test of the b — ¢t Anomaly # 20
B [Phys.Rev.Lett. 132 (2024) 21, 211804, arXiv:2311.07248]

Inclusive B — Xt _offer a great path to cross check
anomalous behavior of R(D)

BB — Xtv,)

Observable: R(X_,) =
BB — XC0,)

r=e,lU

Strategy: Use hadronic tagging to select sample of B — Xzv, witht — £, 1,

# #
A A
B —)Xfpf
B
— Py
B — XT[ — l/ﬂl/Tl/f]Uf
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Phys. Rev. D 92, 054018,
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T = with expected SM contributions of D(gap),X removed

68.3% CL contours

0.35

R(D")

R(D)
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R(Xp) = = 0.228 =+ 0.016(stat) = 0.036(syst)
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A f
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Phys. Rev. D 105, 073009,
JHEP 11 (2022) 007




3.

. First Simultaneous Determination of Inclusive and Exclusive |V, |

Tag Side

Psig = Pe+e- — Prag

Belle | Hadronic Tagging (FR)

ca. factor of 2 less efficient,
but focus on cleaner tags

Hadronic tagging just is fun:
Capability to identify kinematic
and constituents of X, system

Charged Tracks Neutral Clusters

l l
Px = ZL: (\/m?r + ’Pi’zypq) + Z (E),k;)

¢ = (Psig —pX)2 My = \/(px)u (Px),

2
mI%liSS = <psig — Px _pf> ~ I/I”LD2 = 0GeV?

But ... this is still a pretty difficult
measurement

# 23



3.
. [Phys.Rev.Lett. 131 (2023) 21, 211801, arXiv:2303.17309]

First Simultaneous Determination of Inclusive and Exclusive |V , |

Tag Side

Psig = Pe+e- — Prag

Belle | Hadronic Tagging (FR)

ca. factor of 2 less efficient,
but focus on cleaner tags

Inclusive B — X U, measurements are
extremely challenging due to dominant

B — X_¢U, background

endpoint or low My,

Clean separation only possible in
certain kinematic regions, e.g. lepton
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Multivariate Sledgehammer

# 25

Can exploit that there are
differences:

X - - X
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+ 9 other
variables
Can reject 98.7% of Xc

Selection B — X, A v, B— X, A v, Data
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... and retain 18.5% of X,




Before BDT selection
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After BDT selection

Hadronic Mass MX =

D3
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First Simultaneous Determination of Inclusive and Exclusive |V, | 28

l Pk

New Idea: Exploit that exclusive X, final states L
can be separated using the # of charged pions pl
nﬂ+ = () . B —> Jl'ofljf Use ‘thrust’,
expect more collimated system
/ —1- for B — n%¢v,and B — ¢,
! i _ Hpr = 1. than for other processes
~ — .
n.=72:
U AN max|n—; (3, [pi - nl/ Y, [pil)
n.>3:

q Extraction of BFs and B — & form factors, in 2D fit of q2 o (.

MX Use high My to constrain B = X .£7,



3.

. First Simultaneous Determination of Inclusive and Exclusive |V, |

# 29

2D Categories :

For fit link

B — 10,
)
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dr/dg? x 108 GeV~}

Two sets of results:

1) FLAG 2022

Flavor Lattice Averaging Group

[vexel-| /|vinel-| — 1,06 + 0.14,

[Vexel| /|vind| = 0.97 £0.12,
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n Determination of | V., | using B - D ¢~ U, with Belle II, # 31

Untagged analysis focussing on experimentally

Untagged
cleanest mode:

EO —> D*+f_ Df
o D't - DYt

o DY 5 K nt

Psig = Pete- — Prag

Extraction in 2D fit:
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Determine 1D projections:
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Determine 1D projections:
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dri/dw [x1071°> GeV]

Determine 1D projections:
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Belle li [rdt=189fb2 Belle Il [rdt=189fb1
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Test of light-lepton universality in angular asymmetries of hadronically tagged # 36
BY = D" ~{e™, u™} v decays at Belle I,

Construct asymmetries:

10
dI’ dI’
— [ — — dX
Alw) (dw> / / dwdX’
| 0 —1 _ l
Apg 1 dX — d(cos?))
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S.:dX — d(sinx cosb,,) 2.00 X10°
Sy + dX — d(sin2x) 1.75 222 g:g*g\‘j
1.50 F
125} b >
E.g. forward-backward I
_ 1.00 F
asymmetry in cos 6, 075
n _ 0.50 — +
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FB N+ + N+ °05 0 o5 00 05 10 Ls
cos 6,




Test of light-lepton universality in angular asymmetries of hadronically tagged # 37
BY = D" ~{e™, u™} v decays at Belle I,

Construct asymmetries:
T dr
— dX
/ / dwd X’
| 0 —1 l

FB ° (
S, 1 dX — d(cos 2x)
S, :dX — d(cos x cos0,,)
S, :dX — d(sin x cos0,,) e
S, dX — d(sin2y) o] |
] SM
0.23—3
E.g. forward-backward 022 ]
o]
asymmetry in cos 6, . w v
+ _ 0.20 1
A NT™—N | s™ _
FB — | |
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Test of light-lepton universality in angular asymmetries of hadronically tagged # 38
BY - D “{e™, uT} v decays at Belle I, [Phys Rev.Lett. 131 (2023) 18, 181801, arXiv:2308.02023)

dl’
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ALy 1 dX — d(cos0))
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: dX — d(sin x cost,,)
: dX — d(sin2y)
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0 X \ 9
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Test of light-lepton universality in angular asymmetries of hadronically tagged # 39
BY - D° “{e™, u"} v decays at Belle |l [Phys.Rev.ett. 131 (2023) 18, 181801, arxiv:2308.02023]
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n Measurement of Angular Coefficients of B — D*/,, Implications on |V, |
and Tests of Lepton Flavor Universality,

Full angular information of B — D*7#v, can be encoded into 12 coefficients :

2

dr’ Gi |Vep| m3 Each of these coefficients
— _ _ )
dg? d cos By d cos 0y dy 27 is a function of g“ ~ w
X {Jls sin? 0y + Jq. cos? Oy l

Jos sin? Oy + Jae cos? 0 26
+ (Jas sin” Oy + Jac cos” Oy ) cos 20, With some smart folding,

. 2 . 2
+ Jgsin” Oy sin” 0y cos 2x one can “easily” determine
+ Jy sin 260y sin 26, cos x + J5 sin 26y sin 6y cos x them

) 2
Je.sin” 6 Je..cos” 0v) cos @
_|_ ( 6s Vv _|_ 6c V) ¢ Based on the ideas of:

: i : . : : JHEP 05 (2013) 043
+ J7 sin 260y sin 0, sin x + Jg sin 260y, sin 26, sin SR 08 (o019) 139

Phys. Rev. D 90, 094003 (2014)
http://cds.cern.ch/record/1605179

+ Jg sin? By sin® 6, sin 2x} .

8 Coefficients relevant in massless limit & SM
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http://cds.cern.ch/record/1605179

and Tests of Lepton Flavor Universality,

Measurement of Angular Coefficients of B — D*/U,, Implications on |V, |

# 41

Full angular information of B — D*7#v, can be encoded into 12 coefficients :
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Measurement of Angular Coefficients of B — D*/1,, Implicationson |V,,|  #%4

n and Tests of Lepton Flavor Universality, [phys.Rev.Lett. 133 (2024) 13, 131801, arXiv: 2310.20286 |

Full angular information of B — D*7#v, can be encoded into 12 coefficients :

Can be analyzed to determine | V., | & test Lepton Flavor Universality
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A test of lepton flavor universality with a measurement of 2(D*) using had. # 43

B tagging at the Belle Il experiment, [Phys.Rev.D 110 (2024) 7, 072020, 2401.02840]

Signal side
A Key variables:

‘l/f

» D* 5 2
EECL : Mmiss — (p Bsig — p X p 4 )
V& T

Psig = Pe+e- — Prag .
Unassigned neutral energy
depositions in calorimeter

# #

A A 5
m; ~ 0 GeV?

() p)*> 0GeV?

Backgrounds

4 Epy //N M?

= 15 Background
B — Xt[ - v U,lu, ackgrounds




A test of lepton flavor universality with a measurement of 2(D*) using had. # 44

B tagging at the Belle Il experiment, [Phys.Rev.D 110 (2024) 7, 072020, 2401.02840]

Key variables:

2
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n Determination of ‘V
BY — n v, and Bt — pofﬂf decays [Submitted to PRD, arXiv:2407.17403]

Rest-of-Event

€_|_

B

Signal side

/

o,

T

» 7/p

First reconstruct lepton: expect fairly
energetic lepton (> 1 GeV) and below
kinematic limit ( < 2.85 GeV)
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Determination of ‘ Vb

from simultaneous measurements of untagged

n B’ —» n7¢v, and B* — p°¢, decays [submitted to PRD, arXiv:2407.17403)

Rest-of-Event

First reconstruct lepton: expect fairly
energetic lepton (> 1 GeV) and below
kinematic limit ( < 2.85 GeV)

Reconstruct tracks consistent with
pions and construct po candidates

# 46



from simultaneous measurements of untagged # 47

n Determination of ‘Vub
BY — n v, and Bt — pofﬂf decays [Submitted to PRD, arXiv:2407.17403]

Rest-of-Event

Reconstruct Rest-of-Event particles
to estimate neutrino kinematics &

2
reconstruct q2 = <pB. —Pﬂ/p)

sig



Determination of ‘ Vb

from simultaneous measurements of untagged

B’ —» n7¢v, and B* — p°¢, decays [submitted to PRD, arXiv:2407.17403)

Rest-of-Event

v

Reconstruct Rest-of-Event particles
to estimate neutrino kinematics &

2
reconstruct q2 _— (pB, —Pﬂ/p>

Use 2D fit to M,,. : AE to determine

simultaneously 7 & p signal yields &
use forward folding to account for
detector effects etc.
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Determination of ‘ V., | from simultaneous measurements of untagged # 49

n BY — n U, and BT — pofﬂf decays [Submitted to PRD, arXiv:2407.17403]

Measured differential branching fractions as a function of q2:

[ Belle Il [ dt=364fb-2 - Belle Il Preliminary B* - p%L*,
BO -1ty 12;f£dt=364fb_1

LQCD

dB/dg? (x10°8) [GeV~?]

[ LQcD
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Fit results with Lattice QCD (LQCD) and/or light cone sum rules (LCSR):

|Vub|LQCD = (3.93 £ 0.09at £ 0.13gyst & ()-19theo)><10_3
[Vubl+rcsr = (373 £ 0.075¢a¢ & 0.07gyst X 0-16theo)X10_3

BO — 7T+l_1713

B~ - pol_Vl: |VU.b|LCSR — (319 i 0.125tat i 017 t i 0-26theo)X10_3

Sys




Summary & Conclusion

Many new results from Belle and Belle Il on Belle || Belle Belle (Il)
L . . X A5 k L . 2
| Vubl & | Vcb | , competitive uncertainties B — D*v, B— D*D, incl. g~ Moments

N/

Belle |l

B — ntv,




# 51

Summary & Conclusion

Many new results from Belle and Belle Il on Belle || Belle Belle (Il)
By . . A7 k A5 . 2
| Vubl & | Vcb | , competitive uncertainties B — D*v, B— D*(0, incl. g Moments

N/

Belle |l
B — ﬂfﬂf

delle 11

+ = with expected SM contributions of D(*g:p),Xu removed A
FB
Wincl. —‘@%&
53 || ——
55 —
S7 —
59 ——
P i et e == e e e s B e e
—0.2 -—-0.1 0.0 0.1 0.2
e e
A — ASu

Many new results from Belle and Belle Il on LFU!
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q2 Reconstruction Methods

# 53

Can exploit that the B meson lies on a cone,
whose opening angle is fully determined by
properties of visible particles:

>
I 2|pgl |PY|
Y =nllpl

Can use this to estimate B meson direction
building a weighted average on the cone

(EB,pg,pg,pé) = (\/5/2, | Pl sin gy cos @, | pglsinbyy sin g, | pg| cos Ogy)

with weights according to w; = sin* @, with 0
denoting the polar angle

Entries / Bin

(following the angular distribution of Y(4S) — BB)

One can also combine both estimates

True Signal
Belle Il Simulation B »>mutv,
L D + ROE Frame [ Rest Frame: 60.1%
Resolution: 0.395 GeV? Diamond Frame: 48.6%

1 ROE Frame: 42.5%
D + ROE Frame: 42.3%

Preliminary
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Multivariate Sledgehammer

‘ ROC curves:
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Multivariate Sledgehammer

Efficiency, €

Efficiency, €

Continuum Suppression
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Going Hybrid : MC for B — X, (T,

Exclusive make-up of B — X £V, :

B Value B™ Value B°
B—mlty, *  |(7.840.3) x 107° (1.5 +0.06) x 10~*
B—=nltuy, ™ |(3.9£0.5) x107° -
B—ntty P [(234+08)x107° -
(
(
(

)
)
)
B — wlty, ©° 1.240.1) x 1074 -
)
)

B — ptty, ©° 1.6+0.1) x 107* (2.94+0.2) x 10~*
2.240.3) x 107°® (2.0+0.3) x 1073

B— X, (tv, 9°

Hybrid = Combining exclusive & inclusive predictions
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# 58
A word on “Non-resonant” B — nnfV, Background

“Non-resonant” B — nr'v, = everything that is not B — pZv,

Use Belle measurement of B — nn£’v, to estimate contamination using a simple linear
model; fit distribution with coarse binning and vary within uncertainties.

Belle Il Simulation
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A word on “Non-resonant” B — nnf'U, Background

Also correct for chosen p mass in the simulation; add uncertainties due to p-@ interference
from fit to Belle B — nnf’v, spectrum from https://arxiv.org/abs/2401.08779
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2 60000 s 87
= - I
5 O
| SE
40000 - =
I /I\ 4-
20000 ! EQ/ 2 7
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i e 4 O o T = T T T T T T
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https://arxiv.org/abs/2401.08779
https://arxiv.org/abs/2401.08779

Systematic Uncertainties

Largest uncertainties:

# 60

BT — p0€+1/g

Source ql  q2 g3 g4 qg> g6 g7 g8 q9 ql0O
Continuum mode”ing Detector effects 28 20 1.6 1.1 1.7 1.9 24 14 14 16
. . Beam energy 21 19 19 15 1.3 1.1 1.0 09 08 05
simulated sample sjize Simulated sample size  14.1 7.8 7.4 63 63 52 64 56 6.2 7.3
BDT efficiency 16 16 16 16 16 16 16 16 1.6 1.6
“non-resonant” (fOF p) & X modelling Physics constraints 28 2.8 28 28 28 28 28 28 28 28
u Signal model 07 02 02 02 03 04 05 03 18 24
: : ; : p lineshape 1.7 16 20 1.0 19 1.8 14 09 16 1.7
PhyS|CS constraints (NBB’f+O’ 1ISOSPIN Nonresonant B — nmlv, 5.6 6.3 6.7 86 93 10.7 10.1 7.0 7.8 11.8
: DFN parameters 36 55 41 35 11 1.2 27 1.7 19 23
assumptlons) B — X, fv; model 1.7 30 38 50 58 61 63 19 7.2 124
B — X.lv; model 18 19 17 11 14 1.7 09 09 19 26
Continuum 31.5 24.3 17.0 19.6 132 14.8 16.0 16.6 15.2 18.7
Total systematic 35.6 27.5 21.0 23.5 18.8 20.5 21.6 19.4 20.2 27.0
' : i Statistical 30.0 17.5 20.8 14.4 124 13.6 14.1 104 12.2 11.8
Dependmg on the bin SyStematlca”y or Total 46.6 32.6 29.6 27.6 22.6 24.6 25.8 22.0 23.6 29.5
statistically limited ; more data will help
to reduce this further
E BO—)W_£+V£
Source ql g2 q3 g4 g5 g6 q7 g8 q9 ql0 qll ql2 ql13
Detector effects 20 09 11 1.0 10 1.1 11 10 09 12 23 41 538
Beam energy 06 08 07 08 07 06 06 06 05 05 05 06 0.7
Simulated sample size 47 38 33 32 32 29 38 37 40 45 59 80 136
BDT efficiency 13 13 13 13 1.3 13 13 13 13 13 13 13 1.3
Physics constraints 29 29 29 29 29 29 29 29 29 29 29 29 29
Signal model 001 01 02 01 00 02 02 04 03 08 09 02 49
p lineshape 00 01 03 03 02 01 03 01 03 01 02 02 06
Nonresonant B — nmnflv, 0.5 06 04 04 05 1.0 1.2 10 08 1.8 1.2 2.3 14.3
DFN parameters 08 04 15 16 1.4 1.7 1.2 01 07 12 29 35 37
B — X lv; model 02 04 03 04 02 09 1.1 1.2 1.0 13 16 07 87
B — X fv; model 14 20 17 13 13 14 18 16 13 14 11 05 1.7
Continuum 151 11.3 7.6 7.1 58 57 81 83 9.6 104 145 23.8 344
Total systematic 164 126 93 87 7.7 7.7 100 9.9 11.1 122 16.6 26.0 41.6
Statistical 11.0 88 79 70 75 64 79 7.7 91 107 9.6 14.6 22.6
Total 19.7 15.4 122 11.2 10.7 10.0 12.7 12.6 14.4 16.3 19.1 29.8 47.3




Summary

V| = (3.75 4 0.06 cyp & 0.19 (160) X 1072,

Updated HFLAV 2024 (LQCD only, including latest JLQCD)

P

-

eliminary

| pilnu HFLAV
~inclusive HFLAV
1 rholnu [2104.05739v2]

total LQCD

total LQCD + LCSR
electron LQCD
electron LQCD + LCSR
muon LQCD

muon LQCD + LCSR
total LCSR

electron LCSR
muon LCSR

2.0 2.5 3.0 3.5 4.0 4.5
|Vhb|(103)



How can we measure these coefficients?

# 62

Step 1: bin up phase-space Iin q2 ~ W in however many bins you can afford

Step 2: Determine the # of signal events in specific phase-space regions

The coefficients are related to a weighted sun of events in a given q2 bin

Ji un 77@‘9 ‘ 77,»9 v normalization N;
L3y FoW L) e
. . Jic 4F +,a,a,+ +,d,d,+ 2m(1)(2/5
J. — ;,])( ;,Ief ;,IHV )(l ® 8] ® @k Jos {4+ (6,6~}  {—cc—) 2m(~2/3)2
l N ij ik il £ V Jae {(+} {=bb—} {+.dd+} 2m(—2/3)(2/5)
i . . Js {+— -t ot {+} {+} 4(4/3)°
]—1 k,l—l Jo A{++,-,- - -+ +} {++,--} {++ -} 4(4/3)?
Js {+7+7_7_7_7_7+7+} {+} {+7+7_7_} 4(7T/2)(4/3)
. . Jos {+} {++,—,—} {—,¢0c -} 2m(1)2
Norr;aaci[[zc)e;tlon Weights Phase space region Joe {+} {(+,+, —, -} {+.dd+} 2m(1)(2/5)
J7 {+7+7+7+7_7_7_7_} {+} {+7+’_a_} 4(7T/2)(4/3)
Js {+H+++--—-=-} {++--} {++,--} 4(4/3)?
Jo {+,+-,—-++,— -} {+} {+} 4(4/3)?

E.g. for J5: Split y into 2 Regions

"+ y € [0,7/4],[3/4r,5/4r], [ 7/4r,2n] N,
'y e lnld,3/4r], [5/4n,T/4n] N

a=1-11/2,b=a\2,c=20/2-1d=1-4/2/5



Step 3: Reverse Migration and Acceptance Effects

Resolution effects: events with a given “true”
value of {qz, cos 6, cos Oy, y} can fall into
different reconstructed bins

w Generated

Acceptance x Efficiency Ny

Corrections:

E.g. w migration matrix

Belle B%°-»D**eb,
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0.0260.0110.003]0.0010.001
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1.25
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1.35
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1.40 — 0.2
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1.45
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https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2301.07529

Step 4: Calculate J,; for a given w/ g’ bin

2
nl — ndi

4(4/3)

Normalization

2
q.
ny

nd: ST

fictitious errors

r=2o (sZuf oz - Zosf 23 11 12 1.3 14 15
w
More involved for the other coefficients: need full experimental
covariance between all measured w/ q2 bins and coefficients
(statistical overlap, systematics)
J; nx 772.95 77? v normalization NV;
) Jis {+ {+,a,a,+} {—,c,c,—} 27 (1)2
SM . Jic {+} {+,a,a,+} {+,d,d,+} 27 (1)(2/5)

2 2 2 2 2 2 2 2 Jas {+} {-06b-} A{-cc-} 2m(—2/3)2
{]qz' : qu' ] J% : ]qz' : ]qz' : qu' : J% : ]ql' } Toe () {=,b,b,—} {+.d,d,+}  2m(—2/3)(2/5)
Is’ "1c¢’ 25’ 2¢’ 3 4 5 65 Js === =4} (+} (+ 4(4/3)?

Ji {+,+,—-,—- - - ++ {++--} {++--} 4(4/3)?
Js {+7+7_7_7_7_7+7+} {+} {+7+7_7_} 4(71'/2)(4/3)

_ = . Jos {+} {+,+,—,-} {-,¢c -} 2m(1)2
e.g. 5 x 8 = 40 coefficients o ) o2} {+.dd4)  20()2/5)
J7 {+7+7+7+7_7_?_7_ {+} {+7+7_?_} 4(7/2)(4/3)

. J A+ +,++ ===} {++--} {++ - -} 4(4/3)?

or full thlng (SM + NP) Jo {++,——++—— {+} {+} 4(4/3)?

with 5 x 12 = 60 coefficients

a=1-11/2,b=a\/2,c =2/2 - 1.d=1-4/2/5



