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Puzzles...

It may look cute, but that ... Long-standing discrepancy since
might be deceiving... about a decade
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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 the neutrino is reconstructed

E.g. if just one final state particle is missing, then with ¥ = X7
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Tag g i n g i n a n UtS h el | g:)czir\r/]:2008.06096 [hep-eX]

Tracks [ paspaced } ! J Reconstruct B-Mesons in several stages:
Vertices L Clusters
R | B | ug | [ &2 5 start with detector stable particles; then progress to
simple composite states; combine the composite states
I ™ 0 to build more complexity
K 2+ Each stage trains a Boosted Decision Tree (BDT) to
0D+ p A identify good combinations;
DL D each stage’s BDT output is used as input for the next stage
T + all kinematic information
v + (particle identification scores)
Final Output qu + vertex fit probabilities

Score tag



Tagging in a nutshell

From
arXiv:2008.06096 [hep-eX]
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Tag g i n g i n a n UtS h el | 2:%3:2008.06096 [hep-eX]

Displaced | Neutral .
Tracks { TS } S } Reconstruct B-Mesons in several stages:
Vertices Clusters
| e | ug \ K¢ ~ start with detector stable particles; then progress to
simple composite states; combine the composite states
m " 0 to build more complexity
0 . . .
Ks 2+ Each stage trains a Boosted Decision Tree (BDT) to
0 D+ D, 4, identify good combinations;
- \*}0 x+ y . .
DD D each stage’s BDT output is used as input for the next stage
T + all kinematic information
v + (particle identification scores)
Final Output qu + vertex fit probabilities
Score tag
<105 Belle Il preliminary x10* Belle 1l preliminary
—~ 1.2 1.0F
3 mEm Y(4S)- BB L B Correctly reconstructed fﬁ dt=34.6fb~!
S 10} Jrdt=346f"1  mm continuum - MM Continuum & mis-reconstructed
- + w2 MC stat. unc. ’“ I
-§ e Btag /i// II\D,Iatat t N& 0.8} + Data
3 2 Ng: =38545 + 1161
-g 0.6 O i ’ °
87 S 0.6 Ptag > 0.5
0.4 — S
S _ 2
0.2 ;0.4— Mbc_\/S/4_|pB|
O 0.0 c I
s 1 e I
5 u>J 0.2 I
= o0 L
8 1Ha 53 i o8 06 04 03 0.

05(.)250 5255 5.260 5.265 5.270 5.275 5.280 5.285

109(Prag)
i Myc (GeV/c?)



Talk Overview

2. From 1D projections to full
angular information

1. Recent results form Belle
and Belle Il

(M) 1/rdr/dx
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Working around the curse of
dimensionality

" 3. The Potential of full angular fits
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Talk Overview

1. Recent results form Belle
and Belle Il
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Recent Results Overview

Inclusive

Exclusive

Measurements of Lepton Mass squared moments in inclusive B — X 0,
Decays with the Belle || Experiment [Phys. Rev. D 107, 072002, arXiv:2205.06372]

A test of light-lepton universality in the rates of inclusive semileptonic B-
meson decays at Belle Il [Submitted to PRL]

First Simultaneous Determination of Inclusive and Exclusive |V, |
[Submitted to PRL, arXiv:2303.17309]

Measurement of Differential Distributions of B — D*#U, and
Implications on |V, |, [Accepted by PRD], [arXiv:2301.07529]

Determination of |V, |using B — D" T/~ i, with Belle Il, [To be submitted
to PRD]

Test of light-lepton universality in angular asymmetries of hadronically
tagged B — D" ~{e™, u") v decays at Belle I, [To be submitted to PRL]

+ more, e.g. arXiv:2210.04224v2 [hep-ex] or arXiv:2211.09833 [hep-ex] (Phys. Rev. D 107, 092003)



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

Key-technique: hadronic tagging

X 4
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Measurements of Lepton Mass squared moments in inclusive B — X £1, 12

1.
. Decays with the Belle |l Experiment

1.2
Belle 1l Cubic Spline
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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 £,
Decays with the Belle Il Experiment

1.2
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q? [GeV?/c*]

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, # 14
B Decays with the Belle Il Experiment
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Measurements of Lepton Mass squared moments in inclusive B — X .Z1, 115
Decays with the Belle Il Experiment [Phys. Rev. D 107, 072002, arXiv:2205.06372]
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‘ / f rom 2 # 18
| b ‘ 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]

First extraction of | V., | from g~ moments: Included corrections
on the mom. predictions
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A test of light-lepton universality in the rates of inclusive semileptonic B-
meson decays at Belle Il [Submitted to PRL, arXiv:XYZ]

# 19

Tag Side
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n

Vi

Psig = Pete- — Prag

Hadronic Tagging

Systematic Uncertainties:

Source Uncertainty [%]
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R(X,/, | pi > 1.3 GeV/c) = 1.005 £ 0.009 (stat)

+ (0.019 (syst).

R(X./,) = 1.007 £0.009 (stat) £ 0.019 (syst),

R(X,,

)sm = 1.006 = 0.001

M. Rahimi and K. K. Vos, J. High Energ. Phys. 11, 007 (2022).



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’2>Pi> + 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

# 20



First Simultaneous Determination of Inclusive and Exclusive |V, | # 21
' [Submitted to PRL, arXiv:2205.06372]

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

Tag Side

Clean separation only possible in
Pig = Peve- — Plag =P |certain kinematic regions, e.g. lepton
endpoint or low My,
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Multivariate Sledgehammer

Can exploit that there are

differences: Higher multiplicity
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Before BDT selection
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After BDT selection

: _ 2
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First Simultaneous Determination of Inclusive and Exclusive | Vubl # 25

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 proceses
~ — .
n.=72:
U AN maxin—1 (X, [pi - nl/ 3, 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,



First Simultaneous Determination of Inclusive and Exclusive |V, |

# 26

2D Categories :

For fit link

B — 10,
)

assuming isospin

Float BCL B — n FF

constrained to FLAG 2022
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dr/dg? x 1018 Gev~!

Two sets of results:

1) FLAG 2022

[vexel-| /|vinel-| — 1,06 + 0.14,

[Vexel| /|vind| = 0.97 £0.12,
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Measurement of Differential Distributions of 5 — D*#U, and Implications
on | V_, |, [Accepted by PRD], [arXiv:2301.07529], Available on HepData

Tag Side Signal side

/”’
» [)*

Vi

Psig = Pete- — Prag

Belle || Hadronic Tagging
(FEI) applied to Belle data

8 3
2 1.25
c 1.00 3
A 0.75 3

# 28

Target BT and B"/B" and decays with slow pions

Very clean sample; signal extraction using

Belle

BO—D** 1, [Ldt = 711 b1

10°

10%

Entries / (0.15 GeV?/c?)

B DI, (correct Mgon)  EE D™ (- DMnrO)Ly, B BB Bkg
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= D1y,

MC normalized to data
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Focus on 1D projections of recoil parameter and decay angles:

Provide full experimental covariance matrix for simultaneous analysis

Overall efficiency is very challenging to determine due to tagging;
focus on decay shapes



Focus on 1D projections of recoil parameter and decay angles:

Belle B°-»D**ev, JLdt = 711 b1 Belle  B°-D"*ev, JLdt = 711b?
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Focus on 1D projections of recoil parameter and decay angles:

Entries / (0.06)

Data/MC
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B%-D** ev,

[Ldt = 711 b1
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Reverse detector

migration
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matrix inversion
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Acceptance x10°

Focus on 1D projections of recoil parameter and decay angles:

Belle  B°-D"*ev, JLdt = 711b?
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(M) 1/rdlr/dx

Provide 4 x 40 bins plus average (careful, only 36 dof) ;

Some of the (many) results:

BGL truncation order determined using Nested Hypothesis Test

w cos 6, cos Oy X
2.00
55;332 (LQCD) BGLyo Fit CLN Fit BGLs3, LQCD @ Excl. BGL121 W/ ha,(1)
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a Determination of |V, |using B — D"t~ i, with Belle II, # 34

Untagged analysis focussing on experimentally

Untagged
cleanest mode:

EO —> D*+f_ljf
s DY DV gt

o DY 5 K nt

Psig = Pete- — Prag

Extraction in 2D fit:
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Also focus initially on 1D projections:
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Also focus initially on 1D projections:
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dri/dw [x1071°> GeV]

Also focus initially on 1D projections:
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Belle li [rdt=189fb2 Belle Il [rdt=189fb1
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n Test of light-lepton universality in angular asymmetries of hadronically

tagged B — D" ~{e™, u") v decays at Belle Il,

Construct asymmetries:
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# 39



n Test of light-lepton universality in angular asymmetries of hadronically # 40
tagged B — D" ~{e™, u") v decays at Belle Il,

Construct asymmetries:
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Test of light-lepton universality in angular asymmetries of hadronically # 41
tagged B — D" ~{e™, u"} v decays at Belle I, [To be submitted to PRL]

1 0
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0 —1
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Test of light-lepton universality in angular asymmetries of hadronically
tagged B — D" ~{e™, u") v decays at Belle I, [To be submitted to PRL]

# 42
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# 43

Talk Overview

2. From 1D projections to full
angular information

2.00

CLN
1.75 | == 6L
1.50 -
1254 /.

™

-~ 0.75 1)

M) 1/rdl/dx

[ ]
0.50 {

0.25 A1

0.00 T T T T T T

Working around the curse of
dimensionality



Possible Strategies

# 44

Publish either
container that
allows later
reinterpretation

(includes final
selected data,
MC, etc.)

open
CERN

Very ambitious,
but great goal!

- Not everybody
agrees and not
everybody agrees to
what extent

Publish ND or
unbinned
unfolded
measurements

Very challenging, binned:

curse of dimensionality
(5D measurement
essentially)

Unbinned unfolding cool
new idea, beats high
dimensionality

Detector-level Particle-level

G
L

Step 1: Step 2:
Reweight Sim. to Data Reweight Gen

Natural

Up—1 — Wy Up—1 —> Up
Si e Pull Weights G e
olmulation > reneration
e
L8 |e—| &

Synthetic

Push Weights

Omnifold: unbinned unfolding
Phys. Rev. Lett. 124, 182001 (2020)

AT/Aw x 10'"° [GeV]

Publish 1D
Measurements of
partial BFs

Belle started
doing this in 2017

Followed up in
2018 and 2023



Possible Strategies

Somewhere in
between?

Without loosing
too much
interesting
information?

# 45
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Full Angular Information without going to 4D

Full angular information can be encoded into 12 coefficients :

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,

+ Jzsin Oy sin” 6, 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 JHER 08 (019 139

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


http://cds.cern.ch/record/1605179

# 47

How can we measure these coefficients?

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



How can we measure these coefficients?

# 48

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,x/4],[3/47,5/4x], [1/47,2x]
'~y € [#/4,3/4x],[5/4x,7/4x] N

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

FB, Z. Ligeti, S. Turczyk, Phys. Rev. D 90, 094003 (2014)



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

E.g. w migration matrix

Belle B°-»D"*ev,

Acceptance x Efficiency

Corrections:

1.00 1.0
0.0950.015]0.005|0.002 | 0.000| 0.000 | 0.000|0.000|0.000
1.05
0.026 | 0.004 | 0.002 | 0.001|0.000 | 0.000 ] 0.000
1.10 — 0.8
0.007 | 0.098 0.009|0.002|0.002|0.000|0.000
1.15
0.002 | 0.005 0.0260.0110.0030.0010.001
1.20 0.6
0.000|0.001 0.109 0.0210.011]0.004 | 0.001
1.25
0.000|0.000/0.002|0.003|0.104 0.0250.009]0.003 -
1.30 — 0.4
0.0000.000|0.000|0.000(0.006/0.118 0.017 | 0.006 o
1.35
0.000|0.000]0.000|0.000]0.001|0.009]0.113 -
1.40 — 0.2
0.000|0.000|0.000| 0.000|0.000|0.000|0.006 -
1.45
0.0000.000|0.000|0.000(0.000/0.000|0.001]0.006]0.136 o
2.00 i — 0.0
Q & 0O O N M» N0 H O v» O
Q Q N N ™ ™ Q
RSN RO N TN N
w Reconstruced
arXiv:2301.07529 [hep-ex]
2
QI o e_l —_ an
+ eff,+,g; +
2 —1
Ni - e = ndi
— eff,—,q; —

Unfolded yields

Acceptance / Eff.
corrected yields

T

Migration
matrix

Bkg subtracted
yields

Acceptance x10°

R R =R =N
N U1 NN O N Ul N O
oo o u1 o U1 o u o

o

<— Unfolded yields

arXiv:2301.07529 [hep-ex]



https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2301.07529

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

2 2 2
n-lq—l Aq2 1 I’l_lq_’ - I’lgl
—> J) = — =
2
nd 307 44/3)2

Normalization

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 N;
) Jis {+ {+,a,a,+} {—,c,c,—} 27 (1)2
SM . S {+} {+,a,a,+} {+,d,d,+} 2m(1)(2/5)
2 2 2 2 2 2 2 2 Jas {+} {=bb-} {-cc-} 2m(—2/3)2
{]qz' : qu' ] J% : ]qz' : ]qz' : qu' : J% : ]ql' } Toe () {=,b,b,—} {+.d,d,+}  2m(—2/3)(2/5)
s’ 1c’ " 2s° 2¢’ 3 4 5 65 Js === =4} (+} (+ 4(4/3)?
Js A{++----++ {++--r {++--} 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

FB, Z. Ligeti, S. Turczyk, Phys. Rev. D 90, 094003 (2014)



Talk Overview

# 51

3. The Potential of full angular fits

5.0
2.5

—2.5 -

Js x10°

_50 -

1.1 1.2 1.3 1.4 1.5



1D versus Full Angular Sensitivities

Errors and central values from # 52

1D projection fits of
arXiv:2301.07529 (Table XVI)

1/ x dlf/dw

1/l x dl'/dcos 8y,

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

mm BGLEY,
o BGLER,

. B-D *lVf

Some distinguishing power of ¢’
BGL “121” versus “222” shapes in w

Otherwise “222” is completely overfitted
with strongly correlated coefficients

1.1 1.2 1.3 1.4

w[l]

cosBy [1]

1/l X d'/dcos 6;

1/T x dr/dy

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

Little distinguishing power
in 1D projections of angles

— blind directions !

—-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

cos6; [1]



https://arxiv.org/abs/2301.07529

Errors and central values from # 53

1D versus Full Angular Sensitivities ... 20 s me

Data points: Asimov Fit using MC (!)

Belle Simulation [Ldt = 711 fb~!

Asimov
B-D"fv,

Proj. Fit
p BGLYRF

SM Coefficients

g BGLYRY P

J1c X103

N

Angular Coefficients
show greater
separation power

Ja x103

-8 -
| | | |
2 2 - 2 2 -
X 0 + x O o + + ¢ x 0 + + + s x 0 + + + $
= Massive = . = =
5 - _> 1 NP Coefficients 5 - _o -
Leptons
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1.0 1.1 1.2 1.3 14 15 1.0 1.1 1.2 13 14 15 1.0 1.1 1.2 1.3 14 15 1.0 1.1 1.2 1.3 14 15

w w w w


https://arxiv.org/abs/2301.07529

1D versus Full Angular Sensitivities

BGL121 1D projection fit of
arXiv:2301.07529 (Table XVI) or
FNAL/MILC prediction
[arXiv:2105.14019]

# 54

1/ x dl'/dw

1/I x dl'/dcos 6y,

2.00
0 BGLyy,

1.75 o g BGL53SP

1.50 -
1.25
1.00 -~
0.75 -
0.50 -

0.25 A

0.00 I I |
1.0 1.1 1.2 1.3

w 1]

2.00
1.75
1.50

1.25
1.00 -
0.75 -
0.50 A
0.25 -

000 | | | |

—1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

cosBy [1]

1/I x dI'/dcos 6,

1/ x dlri/dy

2.00
1.75
1.50 -
1.25
1.00
0.75
0.50 -
0.25

0.00

—1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

cos 6, [1]

2.00
1.75
1.50
1.25 -

0.75 A
0.50 A
0.25

0.00


https://arxiv.org/abs/2301.07529

1D versus Full Angular Sensitivities

BGL121 1D projection fit of

arXiv:2301.07529 (Table XVI) or

FNAL/MILC prediction
[arXiv:2105.14019]

jls X103

SM Coefficients

2 -
S
x 0
X Massive
—2 7 Leptons

1.0 1.1 1.2 1.3 14 1.5

w

le X103

NP Coefficients

1.0 1.1 1.2 1.3 1.4 1.5

w

8 - o BGL,,,
m 6 BGL53;"
=S
x 4
<
<\2

# 55

1.0 1.1 1.2 1.3 14 1.5
w

T T T T
1.0 1.1 1.2 13 14 1.5
w

Angular Coefficients also will allow us to better investigate
what is going on with lattice versus data tensions..


https://arxiv.org/abs/2301.07529

# 56

Some closing thoughts

Number of exciting developments are happening:

- Many exciting new results from Belle and Belle Il

\4

More to come...






# 58

Some closing thoughts

Number of exciting developments are happening:

- Many exciting new results from Belle and Belle Il

“The least interesting thing in your paper is your fit, give us your data”

Paolo Gambino — Challenges in Semileptonic B Decays 2022
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Some closing thoughts

Number of exciting developments are happening:

- Many exciting new results from Belle and Belle Il

“The least interesting thing in your paper is your fit, give us your data”

Paolo Gambino — Challenges in Semileptonic B Decays 2022

- We just released the Belle measurement on HepData

https://www.hepdata.net/record/ins2624324
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Some closing thoughts

Number of exciting developments are happening:

- Many exciting new results from Belle and Belle Il

“The least interesting thing in your paper is your fit, give us your data”

Paolo Gambino — Challenges in Semileptonic B Decays 2022

- We just released the Belle measurement on HepData

https://www.hepdata.net/record/ins2624324

- Angular analyses for B — D*{v, offer a good next step on making more
information available.
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Some closing thoughts

Number of exciting developments are happening:

- Many exciting new results from Belle and Belle Il

“The least interesting thing in your paper is your fit, give us your data”

Paolo Gambino — Challenges in Semileptonic B Decays 2022

- We just released the Belle measurement on HepData

https://www.hepdata.net/record/ins2624324

- Angular analyses for B — D*{v, offer a good next step on making more
information available.

Thank you for your attention
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# 64

Why is it important to measure |V | & [V, |?

d s b Overconstrain Unitarity condition
— Potent test of Standard Model
U Vud Vus Vub

c | Vea Ves Ve

\1 § " %
Vuqub + ‘/cd‘/cb T ,%d%b/ =0
t ‘/;d V;fs %b
O(A3) O(N3) O(A?)
CKM Matrix T

Cabibbo angle
SM: Unitary 3x3 Matrix sinfc ~ 0.22

Nobel prize 2008
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Why is it important to measure |V .| & |V, |?

Overconstrain Unitarity condition
— Potent test of Standard Model

IVub ! / 1Vep | 4@«1@ 22>
{8 '

i




Why is it important to measure |V .| & |V

Ove rain Unitarity condition

ent test of Standard Model

B-Meson Mixing

> > >
BO § § BY
> L >

IVuo | / IV | '

"

4«@

Q¢




Why is it important to measure |V

CPV Kaon Mixing rain Unitarity condition

ent test of Standard Model

B-Meson Mixing

IVuo | / IV | '

"

4«@

Q¢




Why is it important to measure

CPV Kaon Mixing
Present day

B-Meson Mixing

N
IV | / IVep | /37
Q Y

Some tensions Q i ]

exist, uncertainties

inflated
ﬂ




Why is it important to measure |V g1 & |V

CPV Kaon Mixing
The future?

with Belle Il & LHCb

B-Meson Mixing

> > >
BY %New Physics% BY
> > >

e

W-
Boson exchange
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How do we study SL decays to obtaine.g. |V ,| & |V, |?

Inclusive |V, | Inclusive |V, |

B%Xufpf B_)chpbﬂ

[B = |qu|2 [I‘(b — qlip) +1/mep + o5 + .. U

Leptonic |V, | Exclusive |V, | Exclusive |V, |

b - B-rmpoltiv, \)— p,uDM B(S) — D((:))fﬂf
W~ :
b > """ < : B, = Ku v,

[9? o |qu|2f2}

| (BIHIP) = (0 1), 1




How are we doing?

V| X 10°

|V, | X 10°

|Vup| Measurements over Time

(9, (@) ~

IS

CKMFitter Unitarity + |Vub| Exclusive *

EPS 2019 PDG CKM Review

|[Vub| Inclusive B - uv 0
+ PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007

Inclusive

| b}t

B-Ttv
Phys.Rev.D 92 (2015) 5, 051102

Np = pUv
Nature Phys. 11 (2015) 743-747

Leptonic

Tt

=

+1+++Hv+
;o

Exclhsiv'b

)
0
%

> > S
(o) o o
2% 2, 2

0 N2
07 <o

A

— T T T T T 1
0, 0, S0, SO, SO, 0, SO
?7 < 4 ‘26‘ SN ?(9 Z 0 90

V| Measurements over Time

+ [Vep| Inclusive
PDG CKM Review *

CKMFitter Unitarity
EPS 2019 +

|Veo| Exclusive
PDG CKM Review

B2 ->D™=p*y, CLN
Phys.Rev.D 101 (2020) 7, 0720047

Inclusive

BY-»D™~ v, BGL
Phys.Rev.D 101 (2020) 7, 0720047

-$¢++

Exclusive

+

+
+
-0
_._

I I I I I I
S S S S
[0) (o) o o
(o] 25 07 06‘ 0(9 ?0

S T Y G
0, S0, S0, S0, S0, S0, SO
Yo Yo Yo Y5 Yo Yo <p

> ~2—30

# 71



. # 72
How are we doing?

C(Ir)_1 4.8 :I 1 1 I 1 1 1 I 1 1 1 I 1 1 2| I 1 1 1 I I:
2 4.6 - Exclusive IV _,| Ay~ = 1.0 contours =
— E _ Inclusive ]
— 44 Exclusive IV | vV :GGOU ]
>5 E VIV Inclusive IV I global fit E
r_ 4 2 __ u C __

4 :_ HFLAV Average 4. V _:
3.8F =
3.6F , n
34 :_ Exclusive ', ¥ - 68% L/ Ay? = 2.3 —:
32F -

3E HrLAV
— 2021 .
28 P =89%
n 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 -

36 38 40 42 44
-3
V|10




Untagged measurements of B — DV¢D,

Rest of

Event (ROE)

fﬁ—\

_I_
U7rT1tagged
DY

Branching
fraction

68%

4%

14%

8%

1
/ \- spin configurations
‘ --------- ,

DO 7-‘-_ 31% D_ ’ﬂ'O

|

Ktr™
Ktn—xd

}

9% Ko rm~

Ktnto o~

#73



Untagged measurements of B — DV¢D,

| |
use only Branching ' spin configuration
a ) cleanest mode  fracon @~/ @\ “========
BO 68% )0 —)31% D~ 70
Untagged "" 4% Ktn— 9% Ktnn-

14% Ktni— Y
0 Vﬁ 8% K+7T+7T_7T_

) S

\—

Events

05 115 2 25 3 35 4
p’;)* [GeV/c]




Untagged measurements of B — DV¢D,

#75

—0
T b
Untagged
DO
_

v

[ﬁncl. — Zﬁz ,J
?

K e
’ . )
6_|_ 1 <Cd> 1
| |
use only Branching l‘spln Conflguratlo'nl
cleanest mode fracon @@/ @\ T======-
BO
Sig * _
i

Reconstruct ROE
to estimate Bsig°
momentum

68% O )31% D~ 70
4% KT~ 9% Kto—n~

14% Ktni 9

0
0
0
.
0
.
0
.0
.0
0
.
0
/e .

PB

51g

p incl

>
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Alternative Reconstruction Methods

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

2 2
2EBED>1<Lﬂ - WLB - mD*f

2| pgl | Ppel

G&WC

COS Og prp =

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

A00QF 7 T e ]

(EB,pg,Pg,Pé) = (\/5/2, | PgsinbOpy cos @, | pg|sinOgy sin g, | pg| cos Opy) 3000

Events

2000}

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

_._-._—azf-"'f{:?l“‘ ................. .-‘H"}-q._.__,__

20.106-0.0750.056-0.0250.000 0.025 0.050 0.075 0.100

Wreco. — Wtrue

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

One can also combine both estimates



Alternative Reconstruction Methods

4000-_'| L | 'I""I""I""I"éI'R'O'E'I'"'I'
: 1 Diamond + ROE -
: Diamond
3000F -
0 i ]
= . iy ]
) - -
v 2000 _ _
L i ]
1000} -
0 5.1060.0750.056:0.0250.000 0.025 0.050 0.075 0.100
Wreco. — Wtrue

3000:_'|"| 'I""I""I""I"éI'R&)'E'I""I'_-,
i 1 Diamond + ROE ’
2500 Diamond -
2000} :
n i ]
i [ |
c i ]
O 1500F .
> : :
i i | ]
1000 F | .
[ o L_ ]
s00p — w,
[ e T ]

o =TT
0'. PN TR ETETETETE PP EFET AT SPETETETE APE AT AT ET T
—-0.20-0.15-0.10-0.05 0.00 0.05 0.10 0.15 0.20

COS GVreco_ — COS GVtrue

Events

Events

3500_||||||:|ROE||
i 1 Diamond + ROE

3000F Diamond

2500F

2000 F d

1500F

1000F

500 F |
0:.F"'-"T'.—.--|-—....|....|....|....|....|.h...
-0.20-0.15-0.10-0.05 0.00 0.05 0.10 0.15 0.20

Coselreco_ _Coseltrue

3000:_'I""I""I""I""I""I"éli:{(')'E'l""l'_:
i [—1 Diamond + ROE ]

2500'_ Diamond .

2000} :

1500 F .

1000F ]

500 F Hﬁﬁaﬂ h
O:.Lr‘—._—.‘—'..fl:...I....I....I....l....l‘._.a:il-‘.-'-::.-‘":'.‘ﬂ.-
—-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

Xreco. — Xtrue
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More than a decade of B — D¢,

# 78

s “lost” :-(

For B — D"¢1, traditionally single form factor
parametrization (Caprini-Lellouch-Neubert, CLN)

was used.

Measurements directly determined the
parameters and quoted these with correlations.

Problem: Theory knowledge advances; today more
general parametrization are preferred (BGL, ...)

43.1 4= 1.35tar = 1.8yt

Experiment newF (1)|Va|[1073] (rescaled) p* (rescaled)
newF (1)|Vp|[1073] (published) p* (published)
ALEPH [497] 31.38 4= 1.80tat &= 1.244y¢ 0.488 4= 0.226¢,¢ 1= 0.146y
31.9 £ 180 £ 1950t 0.37 = 0.26401 & 0.14gyec
CLEO [501] 40.16 £ 1.24,10 % 154y, 1.363 = 0.084500 = 0.0870y01

1.61 = 0.09¢a¢ &= 0.21 4y

OPAL excl [498|

3620 Zi: 1-585tat :i: 1.47syst
36.8 & 1.64tat & 205yt

1.198 4= 0.2005¢at &= 0.1534yst
1.31 £ 0.215¢a¢ &= 0.166y¢

OPAL partial reco [498]

3744 Il: 1-205tat :t 2.325yst
37.5 £ 1. 25005 £ 2.56yst

1.090 £ 0.137spar £ 0.297 5yt
1.12 £ 0.14g¢0¢ £ 0.296y

DELPHI partial reco [499]

35.52 + 1-4lstat + 2-295yst
355 j: 1.4stat tg:isyst

1.139 = 0.1234at + 0.3824y
1.34 £ 0.14gar 0 33syst

DELPHI excl [500]

3587 j: ]-‘69stat :]: ]..95syst
39.2 & 1.84at = 2. 36yt

1.070 = 0.141555 & 01534y
1.32 = 0.15,0¢ & 0334y

Belle [502]

34.82 4 0.151a & 0.554ys;
35.06 & 0.15at £ 0.56ys

1.106 = 0.031tar £ 0.0084y¢
1106 Z|Z O.OBlStat :l: 0-007syst

BABAR excl [503|

33.37 & 0.294at £ 0.97 gyt
347 :i: 0-35tat :i: 1.1syst

1.182 4= 0.0484¢ar &= 0.029ys¢
1.18 & 0.05g¢a¢ £ 0.03yt

BABAR D*0 [507]

3455 Zl: 0-58stat :i: 1.065yst
359 j: 0-65tat j: 1-4syst

1.124 £ 0.0584tat £ 0.053yst
1.16 £ 0.064¢a¢ £ 0.084yt

BABAR global fit [509]

35.45 4= 0.20g¢at &= 1.084y¢
35.7 £ 0. 25000 £ 1. 24y

1.171 £ 0.019s¢ar £ 0.0604ys¢
1.21 £ 0.024¢0¢ 3= 0.07 gyt

Average

35.00 £ 0.1144a¢ & 0.34gys

1.121 &+ 0.0144¢a¢ &= 0.019y;

AN
o0

cb
N
(@)

|

G(1) IV 1107

TIEW
n
I

T

I
(\®)
I

401

AXZ

c)

BABAR global fit

0.8

Old measurements cannot be updated
the underlying distributions were not
provided but only the result of the fit.

Obviously we should avoid this in the

future.
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The emergence of beyond zero-recoill lattice:

Very exciting times:

A. Bazavov et al. [FNAL/MILC]
J. Harrison & T.H. Davies [HPQCD]

After more than 10 years in the making, we have beyond zero recoll
LQCD predictions for B — D*/D,

[Eur. Phys. J. C 82, 1141 (2022), arXiv:2105.14019]
[arXiv:2304.03137 [hep-lat]]

Three groups: One published, One freshly on arxiv, One preliminary :

w)|®

5

V.
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0.0014

0.0012 [N\

0.0010

0.0008

0.0006

0.0004

0.0002

Fermilab/MILC
Belle untagged
7 Babar
¢ Fermilab/MILC
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¢ BaBar synthetic
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0.0016
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—— HPQCD B — D*lpy,
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0.0012 &j_
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K 0.0006 g :':
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Tension with measured shapes ...
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a ~25GeV
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BGL is much better, model independent
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So is it ok to just present results with Boyd Grinstein Lebed (BGL) ?

BGL looks great:

- it removes the relation between slope and curvature on the leading form factor;

data can pull it.

- Slop and curvature of the form factor ratios R, are not constrained, data can

pull it.

Beautiful unbinned 4D fit (!) from BaBar [Phys. Rev. Lett. 123, 091801 (2019)]

600

Events/5-MeV

400!

Events/20-MeV

400

300t

al x 10%|a] x 10°|a;! x 10%|ad x 10°|a¢ x 10° ||V,,| x 10°
1.29 1.63 0.03 274 | 833 38.36
+0.03 | £1.00 | +0.11 | £0.11 | +6.67 | +0.90

TABLE I. The N = 1 BGL expansion results of this analysis,
including systematic uncertainties.

2
Pp*

Ry (1)

Ry(1)

|Vep| X 10°

0.96 = 0.08

1.29 £ 0.04

0.99 &= 0.04

38.40 = 0.84

TABLE II. The CLN fit results from this analysis, including
systematic uncertainties.
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Truncation Order

Model independence is a step forward, but choices have to be made here as well..

1 R B 1 o B 1 o
90 = B e@ 2 SO = gy oy LB R = gy 2

One Problem you face as an experimentalist: where do you truncate?

Truncate too soon:

- Model dependence in extracted result for |V, | ?

Truncate too late:

- Unnecessarily increase variance on |V, | ?

Is there an ideal truncation order?

What about additional constraints?
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Nested Hypothesis Tests or Saturation Constraints

Z. Ligeti, D. Robinson, M. Papucci, FB

[arXiv:1902.09553, PRD100,013005 (2019)]

Use a nested hypothesis test (NHT)
to determine optimal truncation order

Challenge nested fits

/ BG Lna+ 1,ny,n,

BG Lna,nb,nc «— BG Lna,nb+ 1L,n,

Test statistics & Decision boundary

A == D>

Distributed like a y2-distribution with 1 dof
(Wilk’s theorem)

Gambino, Jung, Schacht
[arXiv:1905.08209, PLB]

Constrain contributions
from higher order coefficients
using unitarity bounds

N

N
Yiar<t D (16,P+161) <
n=0

n=0

2 2 2
9 X —X +)(penalty

2
4 penalty A

> Y la,l’
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Nesting Procedure

Steps:

1 Carry out nested fits with one
parameter added

BG Lna+1,nb,nc

stationary



Nesting Procedure

Steps:

1 Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2 > 1

BG Lna+ 1,n,,n,

stationary
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Nesting Procedure

Steps:

1 Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2 > 1

Repeat 1 and 2 until you
find stationary points

BG Lna+ 1,n,,n,

stationary
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Nesting Procedure

Steps:

1 Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2 > 1

Repeat 1 and 2 until you
find stationary points

If multiple stationary points
4 remain, choose the one with

smallest N, then smallest y2

BG Lna+ 1,n,,n,

stationary
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Nesting Procedure

Steps:

1 Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2 > 1

Repeat 1 and 2 until you
find stationary points

If multiple stationary points
4 remain, choose the one with

smallest N, then smallest y2

Reject scenarios that
S produce strong correlations
(= blind directions)

BG Lna+ 1,n,,n,

stationary
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Toy study to illustrate possible bias

‘1-times’ ’10-times’
. il . Parameter | Value x 10? | Value x 102
Use the c.:entra va ugs o] t. e i 9 6954 26.054
BGL22: fit as a starting point > 3
to add fine structure b2 —0.2040 —2.040
C3 0.5350 5.350

fit = fit to prel. 2017 Belle data

!

Create a “true” higher order
Hypothesis of order BGL333

ARB

cos 0,

Has fine structure element the
BGLo2o BGlL3as current data cannot resolve
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Toy study to illustrate possible bias

Use the central values of the
BGL22: fit as a starting point
to add

llllllllllllllllllllllllllllllllllllllllllllllll

. 4
*

* ..

Toy Test

Produce ensemble of toy
measurements
using meas. covariance &
BGL 333 central values

v

Each toy is fitted to build the
descendant tree and carry
out a
NHT to select its preferred
BGLnanpnc

* *
’’’’’
-----------------------------------------------

‘1-times’ ’10-times’

Parameter | Value x 10% | Value x 107
. a2 2.6954 26.954
b2 —0.2040 —2.040
C3 0.5350 5.350

!

Create a “true” higher order
Hypothesis of order

Has fine structure element the As calculated

current data cannot resolve from
selected
BGLnanbnc fit
of each toy
‘ Vcb - ‘ v,
. tru cb to
: Construct Pulls | Pull = € y
: g Al
cb tOy

If methodology unbiased, should follow a standard normal
distribution (mean 0, width 1)
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Bias

Mean and Variance

‘1-times’ /°f Pulls ’10-times’
L>>.. _I T 171 | T T 17T | T T 17T | T T T | T 17T T 17T T 17T | T T T | T T 17T | T T T I_ (>.>,‘ _I T 1T | T T T | T 17T | T 17T | T 17T T T 17T T T 17T | T T 17T | T T 171 | T T1 I_
8_ — f- BGL o=1.06 £0.05 7 8_ C ) o=1.03+0.05 ]
© 0.3F IX 122 w=-1.32+0.04 |5 ¢ o3 fix BGL122 Ww=-2.27 = 0.07 |
= = 5=0.99 +0.03 | J ~ = ] 6=1.01:005 |3
5 025F L = 5 025F o A —
S R : N N G :
@ 0.2 : L Nested - @ 0.2 | o | =
LLJ - ] | . ] LLJ - ! SN \ ]
= ! ; Hypothesis - - | i N Nested -
015 y i ] 0-15¢ ' " V| Hypothesis -
- R { Test | : y | VP .
0.1 L g — 0.1 , 41y S Test —
- ! K ] - ’ o \ ]
0.05— Ir' "l “{ — 0.05— K |r' )] . .
O: .*‘l’l_l-l‘l—_l+l;l‘llllllllllllllllm~.~EE_JIIJ4LLE 0_|1'_|_1J_ LLLLL '7|+ﬁ'||||||||||%LL|MA;LLL|||:
- -4 3 -2 - 0 1 2 3 4 5 -5 4 3 -2 - 0 1 2 3 4 5
Pull on IV bI in Standard Deviations Pull on Ivcbl in Standard Deviations

C

— Procedure produces unbiased |Vcb| values, just picking a given hypothesis (BGL122) does not

Relative Frequency of selected Hypothesis:

BGL122 BGL212 BGL221 BGL222 BGL223 BGL232 BGL322 BGL233 BGL323 BGL332 BGL333

1-times 6% 0% 37% 27% 6% 6% 11% 0% 2% 4% 0.4%
10-times 0% 0% 8% 38% 14% 8% 16% 3% 4% 8% 1%




J. Harrison & T.H. Davies [HPQCD] [arXiv:2304.03137 [hep-lat]]

New HPQCD
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1.2
. HPQCD B — D*(y, +  Belle B — D* u'y,
L0 mmm HPQCD B — D*t5, 4 Belle B" — D*e'u,
: =0.8
|3 N
”3|~3 =| &
‘_*|L¢i < 0.6 e
] — ra— — —
1 — L«i
0.4
1.0 1.1 1.2 1.3 1.4 1.5 —1.00 —0.75 —0.50 —0.25 0.00 025 050 0.75 1.00
w cos(6y)
0.20
— L
0.6
?Q 0.15
—| L(l =
=3 8 = ﬁi
0.4 — —_—
'%) o e |L‘ 0.10
0.2 B 0.05 e e e e
—1.00 —0.75 —0.50 —0.25 0.00 025 050 0.75 1.00 0 T 21
cos(0p+) X

Is it meaningful to combine LQCD and data that do not agree in shape?
What does this mean for our |V, | values? Can we trust (1) ?



. 0.0016
_ B D, —— HPQCD B — D'y
. +  Belle B' = D* ety
- s st VT . 0.0014 + Belle B — D pty,
: | - By — Diuv,, Binned
LHCb By — Diuv
+ s sHVu 0.0012
“20.0010
53|
=
=
% 0.0008
=
K 0.0006
0.0004
0.0002
0-0000777 11 12 13 14 L5
w
00710 1.1 1.2 1.3 1.4
w

Same data / MC disagreement?



Omnifold

Detector-level Particle-level
3 Cm
«
S
=N
Y
z
Step 1: Step 2:
Reweight Sim. to Data Reweight Gen.
Un—1 % Wn, Un—1 R Un
Q : : Pull Weights :
o yuu{
s Simulation ——3 | Generation
= R
7)) Push Weights

pl(lr':l)folded (t) — VUn (t) PGen. (t)



e UNIFOLD: A single observable as input. This is an
unbinned version of IBU.

e MULTIFOLD: Many observables as input. Here, we
use the six jet substructure observables in Fig. 2 to
derive the detector response.

e OMNIFOLD: The full event (or jet) as input, using
the full phase space information.




=~ 0.06 - “Data” [ “Truth”
% I Sim. -=-  Gen. ]
O, 005 e IBUm == OmniFold 7
— ]

.8 D/T: HERWIG 7.1.5 default

5 0.04F S/G: PyTHIA 8.243 tune 26
e8! DELPHES 3.4.2 CMS Detector
g 0.03 E Z+jet: pZ > 200 GeV, R = 0.4
O ]
T 0.02F -
N ]
E :
= 0.01F __

Z [ H -
0.00 T S S S S T :
e " ;
tg Y ,miﬂ:—h-'-""""-"“'h*ﬂ*i ¥
22 1.0 'I'_r
ST 085 F Tt :
: S . | . . . | . . . | .
0 20 40 60

Jet Mass m [GeV]
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Measurement of partial branching fractions of inclusive B — X, U, decays
with hadronic tagging [PRD 104, 012008 (2021), arXiv:2102.00020]

Use full Belle data set of 711/fb

Hadronic tagging with neural /%
networks (ca. 0.2-0.3% efficiency)

Use machine learning (BDTs) to

suppress backgrounds with 171 training

features, e.g. mr%liss’ #K=*, #Ks, etc.

4 _ I B-X v
B - B_)Xulv

m | C-21 B-X,lv shape |
g 3L ¢ Data ]
= | /777 MCunc. ]
~ I 1
wn — |
-+J 2L _
c < -
) I
> by
L

0.0 0.2 0.4 0.6 0.8 1.0
BDT classifier output

Tag Side

T

7Tfrdentified

DO

— 0

Neutral Clusters

l l

Charged Tracks

px = Z (\/mi + \pi\z,pi) +2_ (B k)

¢ = (pag —px). Mx = \/(Px)“ (px),

2
ml%iss - (psig — Px _pz,”) ~ myz = 0GeV?



Fit kinematic distributions and measure partial BF
3 phase-space regions

_I_
‘V ’ B AB(B — Xu 14 VE) Phase-space region
ubl|l — T
TR - AF(B — Xu€ Vg) Mx <1.7GeV ) )
My < 1.7GeV, ¢ > 8GeV
E; > 1GeV
4 predictions of the Result for most inclusive
partial rate region with Eg > 1 GeV
¢ Stability as a function of BDT cut:
BLNP [ o { —_ 2 [] Tlotal uncertaintyl
E 241 § stat uncertainty 1100 10
DGE ; — Jeaf  fmmewmsreson
AZ_O_ at. unc. for cut = 0. 80%-8
GGOU ; o W 60 2 Je
ADFR : . SE l ] l 0 2 14
e 14} 5_}»
Our average | ° ST : . {207 2
mg 1.0} / .,R {0 10
/0.83 BDT clacgsifier cut 0.87\
4y N ] 330/0 37(%)
28 /30 32 34 36 38 40 42\ 44 more Bkg less Bkg

1O3|Vub|

Arithmetic average:
| V| = (4.10+0.09 £0.22 £0.15) X 107°

Bkg. efficiency (%)



Measurement of differential branching fractions of inclusive B — X v, decays with

# 98

hadronic tagging [Phys. Rev. Lett. 127, 261801 (2021), arXiv:2107.13855]

(Measurement of 6 kinematic variables characterizing B — X0, in EZ > 1 GeV region of PS

Selection and reconstruction analogous to partial BF measurement

~

\Apply additional selections to improve resolution and background shape uncertainties y
Bkg. Background subtraction via coarse My, fit:
subtracted
data \
I I I I i nal 400 ' i nla ‘ H ' k ' i na'
175 | \ ? ng Sm(r:acted data ] ? ng sLtTt(r:acted data zz ? :kgg SLrtfacted data
150 ] 300 ] ]
i MX |y M2 . - q2 ' Overlaid signal MC
g 1 1 €200 c 8o0f ] . —
Eljz 2 X 2wl + // (hybrld B — Xufyf)
50 =Qﬁ:F > or $ _
25 | 0 . 20 l
%0 05 10 15 20 25 30 35 40 0 ) s 6 0 0 1w K 5 10 15 20 25
My [GeV] M2 [GeV?] q? [GeV?]
120 ‘ I I I I ' ] l D SignaIIMC I ' ‘ ' o ‘
100 | EB + + 200 P + 4 Bkg subtracted data ] 1:2 _ l + _|_|
wi P | T
9 el + 150 ) 100 f +
§ 40 | § 100 § °
w L (W] L — .
of ] + [ ” P light-cone momenta:
° : =1 Signal MC 0F [ “l P. = —|P |
-20f + Bkgg subtracted data | 20 ? Z'k"’g"‘;’ﬂj[,"tfacted data + — Ex + X
1.0 1t2 1-l4 ljﬁ 1t8 2-‘0 2j2 2-14 2j6 0OAO 0.‘5 110 1i5 2:0 2f5 3.l0 3?5 4.0 00 Ill. é 3I A é
Ef [GeV] P* [GeV] P~ [GeV]



Differential Spectra
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Unfolded + acceptance corrected distributions with total Error / Stat. Error
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Differential Spectra

Full experimental correlations
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P. Gambino, K. Healey, C. Mondino,
Phys. Rev. D 94, 014031 (2016),
[arXiv:1604.07598]

Can be used for future
shape-function
independent |V, |

determinations

F. Bernlochner, H. Lacker, Z. Ligeti, .

Stewart, F. Tackmann, K. Tackmann

Phys. Rev. Lett. 127, 102001 (2021)
[arXiv:2007.04320]
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B — X.£v, modelling

Raynette Van Tonder’s talk

# 5

* Update excl. branching ratios to PDG 2020 and the masses and widths of D** decays

* Generate additional MC samples to fill the gap between the exclusive & inclusive

measurement (assign 100% BR uncertainty in systematics covariance matrix)
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Ri(w)

Values Correlations
V.| x10° 398411 1 —0.16 0.02 —0.1 —0.61 —0.16 0.11
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as —48424 —01 -02 —085 1 0.12 0.13 —0.17
bo x 10°  13.340.2 —0.61 0.17 —0.04 0.12 1 0.11 —0.13
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