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B-Physics and Semileptonic Decays

® Many decay processes for B
mesons — Many opportunities
for SM tests and searches

@ CKM Matrix | Vp|and |V |:
Tension (=~ 3.30) between
determination from

® inclusive (all B — X{1y)
and

® exclusive (oneb — x
process)

a Differences both in theory and
experiment
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B — pfv, decays
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® CKM matrix element | V| from B — plv, shows B> nt, HFLAV .
tension Wlth = = B - Xylv, arXiv:2102.00020 :
a |Vub| from B N ’ﬂ'lgl/g Average |Vyp| =2.99+ 0.35 — —— : z
® |V, from B — X, /v, (inclusive) Baar [V =3.01 0.36 . T B
& Slight tension in last two published Belle |Viy| = 2.85% 0.40 o i g
measurements of branching fraction of rverage o Uy en 038 T i .
- BJr — p0€+l/£: BaBar |Vip| = 2.58% 031 g : )}
m Belle (201 3): 1.83+0.10 = 0.10 Belle [Vyp| = 3.35% 0.32 ——t : i
® BaBar (2011): 0.94 +0.08 £ 0.14 . N
0 R T T T T
...B" — P Y4 Vy: 1 2 3 4 5
® Belle (2013): 3.22 +£0.27 - 0.24 (103) |Vl

@ BaBar (2011): 1.75£0.15 £ 0.27

Determination by Bernlochner, Prim, and Robinson

29.03.2023 Moritz Bauer: B — p£v, with Hadronic Full Event Interpretation Tag at Belle Il

Institute for Experimental Particle Physics



SKIT

World record luminosity: SuperKEKB accelerator

® Asymmetric e" e~ collider with /s ~ 10.6 GeV
(T(4S) resonance)

® Peak luminosity (June 22): 3.1 x 10 cm™2s
(+50% vs. KEKB)

® |n part thanks to nano-beam scheme.

e+ 4 GeV 3.6 A

" - » Belle Il
/ \ New IR
tewmare SUPErKEKB

—1

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring #' e
%

Low emittance gun

, _Positron source

New positron target /
capture section

Low emittance electrons
to inject
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World record luminosity: SuperKEKB accelerator

& Asymmetric e e collider with Vs~ 10.6 GeV
(T(4S) resonance)
2 _—1

® Peak luminosity (June 22): 3.1 x 10 cm™2s
(+50% vs. KEKB)

® |n part thanks to nano-beam scheme. = ° —Lpe.\kqa;w ‘ —®
® Current recorded dataset: ~ 428 b~ jm‘ ¢ ”
® = 1/2Belle, ~ BaBar Hi 6t 2
® Aiming for 50x of Belle’s dataset (50 ab™ ") -;’E“ . 5
£
o

0 ! 0
2019 2024 2029 2034
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The Belle Il detector

K. and muon detector (KLM):
Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF +MPPC (endcaps, inner barrel)

Y Magnet:
M”“\ 1.5 T superconducting
] I

—
Electromagnetic calorimeter (ECL): —

Csl(Tl) crystals
waveform sampling (energy, time, pulse-shape)

e/ec?c,n;& =

Trigger:
Hardware: <30 kHz
Software: <10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD))

Central drift chamber (CDC):
He(50%):C2He (50%), small cells,
fast electronics

DEPFET: depleted p-channel field-effect transistor
WLSF: wavelength-shifting fiber
MPPC: multi-pixel photon counter
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Experimental Techniques

m ¢ e’ collisions “clean” compared to pp and initial state well known.
— knowing the second B gives you complete knowledge on kinematics

@ Tagging: Reconstruct 2" B (By,q) €.9. with Full Event Interpretation (FEI). Keck, T. et al. Comput Softw Big Sci 3, 6

tag
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Experimental Techniques: FEI

® FEI: Use ~ 200 BDT classifiers in 7 stages to
reconstruct B mesons in O(10000) decay

Ui

Karlsruhe Institute of Technology

[ Tracks ] [Displaced Vertices] [Neutral Clusters]

channels
® Cut on final classifier P, used to set working
point
x10* Belle Il prelimi y x10* Belle Il pr
o =
2.5 W Correctly reconstructed [cdt=346f" W Correctly reconstructed Jedt=34.6fb"1
EEE Continuum & mis-reconstructed . EEm Continuum & mis-reconstructed
< 20 t Data L os + Data
E ’ N;, =84907 + 734 g Np;, =38545 + 1161
S1s Prag>0.1 S 06 Prag>0.5
i=3
S o
5 g
e =
J10 o4
5 P
b= et
§ —3»
@ 05 & 02

059250 5255 5.260 5.265 5.270 5.275 5280 5.285
My (GeV/c?)

29.03.2023

Ptag > 0.5

059250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
My (GeV/c?)

arXiv:2008.06096
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Event Reconstruction and Selection

@ Use track & particle ID selections to determine
track quality & particle species

@ Create a p candidate from two pion-like
tracks/clusters

® Combine p candidate with lepton-like track to B,

® Combine B, with B,,, from FEI to T(4S)
candidate

® Enhance purity using remaining tracks & clusters

tag
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MVA Event Selection
Suppress e e" — g with BDT:

® Sphericity & thrust variables

® Only use most-discriminating
variables as determined by
re-training without each variable

® Cut at 0.8 rejects 95% of gq
background and retains 93% of
signal

%

4-+

p(B) ~ 0.3GeV/c

pla) ~5GeV/c

cte” = qq (q€ {u,ds,c}) ete” — T(4S) — BB

lllustration by M. Réhrken
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o° (S|mu|at|on)

Il Signal event
I Nonres. B—- X /v (BLNP)
1 B-Xdv

#

——

Contmuum
1 Other BB Bkg.
72, MC stat. unc.

0.0 0.2 0.4
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ICHEP 2022: Preliminary Result (arxiv:2211.15270)
Belle Il Preliminary B*-p%v 1750 Belle Il Preliminary B*-p%y
. o 1400} . " Jrdt=189.9fb] i - " [cdt=189.9 1]
® Signal extraction in di-pion P ; :'gnka' ) — 1500 ; :'gnka' .
H H g 1200} ackgroun ~ r ackgroun 1
mass M, and missing mass 3 sz Nonres. B - nnfv (BLNP) § 54 Nonres. B - nnfv (BLNP)
Mriiss = (pCMS — Ptag — Pp — pe)z & 1000} 7 MC stat. unc. 8 1250F v MC stat. unc. ]
g P 3 { Data ~ t Data
S 800} = 1000 1
<
. . . < —

& Two-dimensional binned o 600} ¢ ' o 750} M
template fit with three >~ 00l 5 soof i
components: = &

S R
® B — ply, signal > 200 o 250¢ ]
a® Non-resonant B — wmly, ) : : 0
® Other backgrounds (mostly M2, [GeVZ/c?] M(nm) [GeV/c?]
B — X.lvp) o af ‘ aEans gl — - ‘ -

® | arge post-fit uncertainties o : ip 00 .
from negative yield in g g5, . g 85

- -2.5E ‘ Ce d
non-resonant model -1 0 1 2 3 050 075 1.00 125
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ICHEP 2022: Preliminary Result (arxiv:2211.15270)
® Signal extraction in di-pion Source , oot ot
mass M, and missing mass - BB — p vy BB — p LTy
f 1.2 1.2
2 2 +0
Mriss = (Pems — Prag — Pp — Pe) FEI calibration 2.7 6.1
Naz 1.5 15
Reco. efficiency e 0.5 0.3
& Two-dimensional binned Tracking 0.6 0.9
template fit with three Lepton ID 0.7 0.5
components: Hadron ID 0.3 0.6
= B — plu, signal 7° efficiency 4.4 —
pEve B — f,/flv, BF - 12.1
® Non-resonantB — n7ly, B — X, (v, BFs 08 48
® Other backgrounds (mostly B — X,(v, BFs 05 0.5
B — X.lvy) B — ptty, form factor 2.7 0.7
® Large post-fit uncertainties B — mmly, model 27.3 14.4
from negative yield in Total 28.2 205

non-resonant model
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Constraining the B — 7wmfv, Background in B" — p% "y, =LA

® Complex backgrounds from other decays to T sof
two pions S gof
a ,(500), f,(980), f,(1270), p°(1450) S 70
® Maybe non-resonant B — wly, ;5 60
® These are not measured g 5‘;’
— extract in-situ using di-pion mass < :O: Jr
® Constrain sum of all backgrounds and signal f 20f +
using input from Belle’s 2021 inclusive % w4 +++++
measurement (Belle 2021) of B — 77 ly, D A O N W I
Phys. Rev. D 103, 112001 (2021) R VI oty B

Di-pion mass in Belle’s inclusive B — wnly,
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Fit Setup (Asimov Data) A“(IT
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Belle Il Own Work [cdt=362fb"1 Belle Il Own Work [cdt=362fb"1
. . T 00 e s T T T 800 [ ‘ ‘ ‘ B!
& Two-dimensional fit with 8 D R
templates: G =i ] o ]
® 6 for resonant and = Egg&%&]"’”swp' | gt ]
non-resonant B — X,fv, NE e s 2 ol ]
m 1 for all BB backgrounds S sof ] émr 1
(dominated by B — X fv,) 3 = S
® 1 for gq backgrounds gloo— ] Esoo— T ]
(constrained from non-T(4S) 200 WO e 1
data) sof ] 100 | EERCERETNT E
. 2 W Mg stat. unc.
. Larger bInS at edges Of MmiSS 0 —1 -0.5 0:0 0?5 lfD 1:5 2t0 2:5 3.0 0 0t6 OTB 1:0 1.2
® M, . bins matching Belle 2021 My in Gev2/ct M in GeV/c?
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Fit Setup with Constraint (Asimov Data)

@ Contributions from resonant,
di-pion X, backgrounds
expected to be tiny but are
unmeasured

= Float individual yields Y; and
constrain with Belle 2021 by
adding term to —InL:

6
Baette 2001 — 2 € X Y;

g
Beette 2021

@ ¢; from simulation but allowed
to vary within Gaussian prior

15 29.03.2023

Events / (0.1 GeV?/c*)

Belle I Own Work [cdt=362fb1

) Signal
1 B~ fa(500)v
. B £,(980)v
= 8- p(1450)v.
R
[==1 Nonres. B nmiv (BLNF) ]
1 Background
1 Continuum
w7 MC stat. unc.

Asimov Data

00 05 1.0 15 20 25 3.0
2 i 2/c4
M iss in GeV?/c

Bin4: 0.7 < M,, < 0.78GeV
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Events / (0.08 GeV/c?)
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Belle Il Own Work [cdt=362b1

B Signal
40 =1 B (500w
B £(980)1v

35F == 8- p%(1450)t ]
- 8-l
= Nonres. Bty (BLNP)

30p [ Background ]
== Continuum

- % MCstat. unc. ]

+ Asimov Data

15

0.8 1.0
Mpr in GeV/c?

Bin 6: —0.1 < M2 < 0.0 GeV?
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Systematic Uncertainties: Non-resonant shape ﬂ IT

@ |CHEP2022: Uncertainty from fit with two model

variants

@ Now: Reweight distribution to halve the effect and

allow fit to modify the shape

Belle Il Preliminary

B-p°v (Simulation)

12

Events / (0.0375 GeV/c?)

0.6

0.4

02

[cdt=1000.04?

e

I Nonres. B~ mmfv (BLNP)
—— M, + My, (0.9102368 GeV)
—— Hybrid bin edge

0‘825

16 29.03.2023

050 075 1.00 125

150 175 200 225 2
M., [GeV/c?]

Events / (0.07 GeV)

Karlsruhe Institute of Technology

Belle Il Simulation

I Other B-X,
700000 { gy B-s0p0%v,
Zm B-ntp iy
6000007 o Bom* gy,
mw MC stat. unc.
500000
400000
300000
200000
100000 4
04

0.0 0.5 1.0 15 2.0 25 3.0 35
My, gen [GeV]

Non-resonant B — 7w lv,shape from PYTHIA
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Systematic Uncertainties in the Fit

® Main sources:
® MC sample statistics
® Analysis methods: Particle ID and FEI
@ B — X/, branching fractions and form factors
® Non-resonant B — wmlr, decay model
@ Procedure:
® For each source, determine covariance matrix in
bins of fit
® |n each template, sum covariance matrices
assuming no correlation between sources

— Npins X Nigmplate NUIsANCe parameters

Example: Correlation matrix for the background template
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Up Next ﬂ(IT
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|Vp|from B — ply,

® BF in bins of momentum transfer + theory input gives access to | V|

@ At least three bins needed — challenging with Belle II’'s statistics

12 1 B-p(-nmmv . B*, Phys. Rev. D 83, 032007 (2011) 4 B-p(=mm —_—l=e,u
T 10 _— 2 % B*, Phys. Rev. D 88, 032005 (2013) T 6 — - =T
> T x*/ndf =135/9 o 5o pys. Rev. D 88, 032005 (2013) > | @ Belle + BaBar
] 7 @ Belle + BaBar [} m
O g4 O |
. ] ] 2,0
Average and fit by S 64 S 4]
i X ] X -
Berr?lochner, Prim, A T | a ]
Robinson — R T e i e e = 32
= E e e == | —e—i— =~
e [ ]
R i <]
0 e 0t T ¢
0 5 10 15 20 0 5 10 15 20
q? [GeV?] q? [GeV?]

18 29.03.2023 Moritz Bauer: B — p£v, with Hadronic Full Event Interpretation Tag at Belle Il Institute for Experimental Particle Physics



