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SEMILEPTONIC DECAYS
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— SM precision Via Vus Vi
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measurements cd ‘'es Vb
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CKM Matrix

— Lepton flavor B(B - DOmv)

universality R(D™W) =

B(B - D®)
(LFU) tests

ELECTROWEAK + RADIATIVE PENGUINS
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arXiv: 2205.05222v1

— LFU tests

B(B » K®u*u™)

() =
RIK®) = B(B » K®ete™)

— Non-SM physics probes


https://arxiv.org/abs/2205.05222
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UN.VERS.TATﬁ RECONSTRUCTION STRATEGIES

ete”™ > Y(4S) - B Biap

Btag
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Tagged: Untagged (inclusive tag):

+ —_—
eTe” - Y(4S) —» B
( ) tag — Bsigand Btag reconstructed - Only Bsig
— Btag reconstructed using reconstructed

Full Event Interpretation
Comput Softw Big Sci 3, 6 (2019



https://link.springer.com/article/10.1007/s41781-019-0021-8
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ete” - Y(4S) -

Btag

Tagged: Untagged (inclusive tag):
- Bsigand Byyg reconstructed - Only B
reconstructed

= Biag reconstructed using

Full Event Interpretation
Comput Softw Big Sci 3, 6 (2019

Low Efﬂciency — H|gh


https://link.springer.com/article/10.1007/s41781-019-0021-8
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ete” - Y(4S) -

Btag

Tagged: Untagged (inclusive tag):
- Bsigand Byyg reconstructed - Only B
reconstructed

= Biag reconstructed using

Full Event Interpretation
Comput Softw Big Sci 3, 6 (2019

Low Efﬂciency— H|gh

Exclusive: Inclusive:

- Bgig reconstructed as - Bgjg reconstructed
specific final state as sum of modes

Approaches are theoretically and experimentally
independent


https://link.springer.com/article/10.1007/s41781-019-0021-8
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— Test SM by over-constraining unitarity triangle

— Important inputs to SM rates of ultra rare decays

— Tension between exclusive and |Vip |
measurements
|[Vub] Measurements over Time

7 1 . CKMFitter Unitarity [Vub| Exclusive B-1v

] = Eps 2019 + PDG CKM Review + Phys.Rev.D 92 (2015) 5, 051102

|Vub| Inclusive B - puv O Np = puv

6 — + PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747
5 —
Jb Tt 4 +
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— Test SM by over-constraining unitarity triangle

— Important inputs to SM rates of ultra rare decays

— Tension between exclusive and |Vip |
measurements
|[Vub] Measurements over Time
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] dr
i 2 2
E 27 o Va2 x [FF(")]
D bttty :
] o)
51 7 ! T + + + E} Momentum
] transfer squared:
| | | | | T T T T T T 1 2 _ _ 7
‘)00‘, 9007 9006 9000 ‘)OJO % 2 ‘)% ‘)% % "% % ‘)% ‘)090 q (pB pX)

dr
e |Vep |2 X [FF(w)|?

Hadronic recoil:
_ bpPx
mpmyxy



B> mputv,

' Belle Il Preliminary [cat=189fb?
[ Signal | B X Lv 274, MC unc.
B Comb Signal mmm Other BB ¢ Data

7000

UNIVERSITAT B3 Xutv B Continuum
6000 | ;e 5
[0,41Gev? | (4,81GeV? | (8,12]GeV? i (12,16]GeV2 | (16,20]GeV? (20, =] GeV?

UNTAGGED B? = 7 IV aniv: 2210.04224

Events / Bin
w H Ul
o o o
o o o
o o o

— Large backgrounds suppressed using BDTs 2000

1000 BREE

AE in GeV

AE = Eg — Epeam My = \/Elz)eam — |ﬁ|2

— Binned fit of AE and My, in six g2 bins


https://arxiv.org/abs/2210.04224
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https://arxiv.org/abs/2206.08102
https://arxiv.org/abs/2210.04224
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— Combined fit to BCL expansion and
form-factor LQCD constraints

Phys. Rev. D 82, 099902 _ -3
Phys. Rev. D 92, 014024 [Vup| = (3.88 £ 0.4544¢) %10

[Vubl = (3.55 £ 0.125¢5 + 013yt + 0.174pe0) X 1073



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.014024
https://arxiv.org/abs/2210.04224
https://arxiv.org/abs/2206.08102
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— Binned fit of cosBgy in ten w bins


https://arxiv.org/abs/2210.13143
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— Large backgrounds from B —» D*lv
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https://arxiv.org/abs/2301.04716
https://arxiv.org/abs/2210.13143
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UNTAGGED B — DIv ariv: 2210.13143

— Large backgrounds from B — D*lv

ZEBEY - mé - m%
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— Binned fit of cosOgy in ten w bins

Y = Dl

cosOgy =

— Combined fit to BGL expansion and form-

factor LQCD constraints Phys. Rev. D 56, 6895
Phys. Rev. D 92, 034506

Phys. Rev. D 92, 054510

TAGGED BY - D* "Iy aniv: 2301.04716

— Binned fit of M2, in ten w bins

— Fit CLN parametrized form factor to
differential decay rates ypgs30, 153 (1998)

© 5000

Candidates/(0.10 GeV?)

Events / (

w B
o o
o o
o o

Belle Il Preliminary [cdt=189.2fb!

[ B Signal
mm D'tv

[ BN True D
B False D

[ B Continuum
774 MC all. unc.
I ¢ Data

BO-D-uty,
Post-Fit

Belle Il Preliminary

180 F

__[ Ldt=189.3 fb"
- 0 *
- B> D p'v, and cc.

¢ Data
[JSignal
BBG
---selection

dr/dw [1071> GeV?]

= N w B
o o o o
T T T

o
T

o

AT/Aw x 10" [GeV] / (0.05)

Belle Il
Preliminary

T T T T
—— BGLN=3 B°-»D~u*v, |
1o x?/ndf: 15.1/14
20
30
® Data
Il Il L Il Il 1 Il
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
w
Belle Il Preliminary
4 f5-) § J- Ldt=189.3 fb-1 e Data with total uncertainty
O F : =~ Best fit
4 E B° - DI'v, and cc. B %o uncertainty
F [ 20 uncertainty
3.5
3

p

| L L |

1 105 111151212513 1.3514 14515

w

(38.3 + 1.2¢,¢)x1073

(37.9 + 2.7¢,¢) %1073



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034506
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054510
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https://arxiv.org/abs/2210.13143
https://arxiv.org/abs/2301.04716
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— Test LFU in semileptonic decays and electroweak penguins

B(B —» D®Mv) Tension with
B(B — D(*)lv) SMat =30
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https://arxiv.org/abs/2206.07501
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— Test LFU in semileptonic decays and electroweak penguins W .\*\u‘
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https://arxiv.org/abs/2206.07501
https://arxiv.org/abs/2205.05222
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— Inclusive test in tagged semileptonic decays

R(Xe/u) —

- Fit lepton momentum (p; > 1.3 GeV/c) in B frame

LFU TEST IN B —» Xlv

B(B - Xev)

arXiv: 2301.08266, submitted to PRL

B(B - Xuv)
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https://arxiv.org/abs/2301.08266

u LFU TEST IN B —» Xlv
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— Inclusive test in tagged semileptonic decays

PCX _ B(B = Xev)
Ke/) = BB S xym)

~ Fit lepton momentum (p; > 1.3 GeV/c) in B frame

R(Xe/p) = 1.033 £ 0.0105¢5¢ + 0.0195y5

— Compatible with SM prediction .niv:2207.03432

— Most precise BF-based LFU test with semileptonic
decays

- Next: measurement of R(X;/;)

arXiv: 2301.08266, submitted to PRL
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https://arxiv.org/abs/2207.03432
https://arxiv.org/abs/2301.08266
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B — K*l+ l_ arxiv:2206.05946

— Suppress background using dilepton
mass and BDT

— Unbinned fit of AE and My,

B(B = K*I*17) = (1.25 % 0.3054t 0:05syst) X107°
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https://arxiv.org/abs/2206.05946
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- Important control channel — very pure 211] E
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https://arxiv.org/abs/2207.11275
https://arxiv.org/abs/2206.05946
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(KT [GeV/c
— Reduce backgrounds using nested BDTs ol G

- Signal strength from simultaneous fit of p; in different
classifier regions


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
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— Reduce backgrounds using nested BDTs
SM  Average
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- Soon: Update with data set 6 times as large
10° x Br(B*—K * vp)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
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— Higher rates and sensitive to non-SM physics in different ways
— Can extract shape function parameters describing motion of b-quark inside B meson

10
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— Higher rates and sensitive to non-SM physics in different ways
— Can extract shape function parameters describing motion of b-quark inside B meson

) — Tagged measurement: direct access to EB
Inclusive B —» X.y: &6 Y

Events/(0.9 MeV/c?)

_ . . . . B
v 9210.10220 Extract good By,g events by fitting My, in 11 bins of E),
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https://arxiv.org/abs/2210.10220
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— Higher rates and sensitive to non-SM physics in different ways
— Can extract shape function parameters describing motion of b-quark inside B meson

) — Tagged measurement: direct access to EB
Inclusive B —» X.v: &6 Y

991010990 — Extract good Byg events by fitting My in 11 bins of E;

— Subtract background using simulation
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https://arxiv.org/abs/2210.10220
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— Higher rates and sensitive to non-SM physics in different ways
— Can extract shape function parameters describing motion of b-quark inside B meson

Inclusive B —» X.v:

Events/(0.9 MeV/c?)

Pull

arxiv: 2210.10220

- Tagged measurement: direct access to E)lf

Extract good By,g events by fitting My, in 11 bins of E)}

— Subtract background using simulation
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EB > 1.8GeV

B(B - Xs) = (3.54 % 0.78a¢ + 0.83y5) X107
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https://arxiv.org/abs/2210.10220
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— First results with data set smaller than data
set of BaBar and Belle

Tagged B — plv: arXiv:2211.15270
Lepton mass squared moments:
arXiv:2205.06372 (submitted to PRD)
Untagged B — X lv: arXiv:2111.09405
Untagged B —» K™*y: arxiv: 2110.08219
Mixing probability: arXiv:2106.00482

— Only presented a subset of results . pete lLoniine luminostty DX 728 A s
— Already produce highly competitive e
results: 8 1]
=
+ + —_ g T N0 —
R(Xe/y), B(B™ = K™ vv), ... :
- 7.5_ ............
— Soon results with data set 2 (to 6) times el
larger! =
’9 2.5- .............
0.0
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5000 Int. Lumi (Delivered)

- Now in Long Shutdown 1 (15 months) w000 |- ad [wmma
000 | ,/—/ 480fby

0
21/10/1 21/11/30 22/1/30  22/4/1  22/6/1  22/8/1

— Detector upgrades and beam-pipe improvement

2000

1000

Base

Resistive Plate Counter (barrel)
=Sgintillator + WLSF + MPPC (end-caps)
[EM Calorimeter:

Csl(Tl), waveform samp \ g (E ///4

0
20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

YY/M/D

KL and muon detector: ]

Pure Csl + waveform samg

a g tification
—-" - agation counter (barrel)

Belle Il detector

electron (7GeV) = / ‘ - Prox. fo _Aerogel RICH (fwd)
1y &

=

Beryllium beam pipe -

[ z B " o
2cm diameter 7 //' ;“ \ ,,“~\ .
i

[Vertex Detector

2 layers DEPFET + 4 |ayers SSS b= /
/ - \§\ " positron (4GeV)
Central Drift Chambe \ : ,

He(50%):C2Hs(50%), Small ce B
lever arm, fast electronics

electron-positron
injector linac

positron damping ring

arXiv:1809.01958
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UN,VERS,TATﬁ FULL EVENT INTERPRETATION (FEI)

- FEl algorithm used to reconstruct By,

— Uses = 200 BDTs to reconstruct O(10000) different B decay chains

- Assigns signal probability of being correct By,

Comput Softw Big Sci 3, 6 (2019)

[ Tracks ] [Displa.ced Vertices ] [Neutral Clusters j

Events / (0.0010 GeV/c?)
g

090550 5255 5260 5265 5270 5275 5280 5.285
My (GeV/c?)

x104

arXiv:2008.060965

Belle Il preliminary Belle Il preliminary

[ ¢ Data

Ngg, =65855 + 590
Ptag >0.1

[cdt=34.6fb71

[ B Correctly reconstructe: fﬁ dt=34.6fb!

Il Continuum & mis-reconstructe ntinuum & mis-reconstructe:

Ngg, =35401 + 297

2250 5255 5260 5265 5270 5275 5280 5.285
My (GeV/c?)
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Tension:

— Most indications point to inconsistent experimental/theoretical inputs

— Cannot exclude non-SM physics
- Improvements:
— Theoretical understanding

— B— Xlv background modeling

— Calibration of By, efficiency

v,y |70}

Belle IT MC

—8— tagged + current LQCD
=M - untagged + current LQCD

current —8— tagged + LQCD in 5 yrs
status -B- untagged + LQCD in 5 yrs
—8— tagged + LQCD in 10 yrs

=M - untagged + LQCD in 10 yrs

10 20 30 40 50
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R(D™):

— Understand B—» D**lv
downfeed

IQ(JKT/I)

— Control inclusive background
composition

Total uncertainty [%]

arXiv:2207.11275

; : —
X) (had FEI, lep 7)
7) (had FEI)

) (had FEI, lep 7)

) (SL FEI, lep 7)

*) (had FEI, lep 7)
*) (SL FEI, lep 7)
*) (had FEI, had 7)

(
(
(
(
(
(
(

D
D
D
D
E)

& & S & S

o N v ')

Data sample in ab~!
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— Reduced theoretical uncertainties comparedto B —» K*171~

— No virtual photon contribution

Decay lab™" 5ab™" 10ab~" 50ab™"
Bt — K*vp  0.55(0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
B° — Kvy  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
BT — K*tvv  2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B - K*%p 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
arXiv:2207.11275
Baseline: no further improvements For the BY — K*"vv decay:
Improved: efficiency increases by 50% at same Baseline: 20% efficiency increase

background level Improved: 70% efficiency increase
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Lower EZ threshold Statistical uncertainty Baseline (improved
z ( )
1 ab! 5ab™! 10 ab™' 50 ab™'  syst. uncertainty

o 1.4 GeV 10.7% 64%  4.7% 2.2% 10.3% (5.2%)

Inclusive: 1.6 GeV 9.9%  6.1% 4.5% 2.1% 8.5% (4.2%)

1.8 GeV 93%  57%  4.2% 2.0% 6.5% (3.2%)

_ E]l/i’ threshold * Lower: higher BB background 2.0 GeV 83%  5.1% 3.8% 1.7% 3.7% (1.8%)

* Higher: larger theoretical uncertainties
. . H . 0,
— Background from events with energetic 7° — yy photon Baseline: Background at 10% level

Improved: Background at 5% level

0

- Systematic limit from 7 — yy veto modeling

arXiv:2207.11275

EXCI USive . B N K* Observable lab™! 5ab~! 10ab~! 50 ab~! Systematic uncertainty
: YV arxiv: 2110.08219 Ao (B— K*y) 13% 06% 04%  02% 1.2%
Acp(B® = K*0y)  14%  06%  05%  0.2% 0.2%
- Untagged measurement Acp(B* = K*t)  19%  09%  0.6%  0.3% 0.2%
AAcp(B = K*y)  2.4% 1.1% 0.7% 0.3% 0.3%

— Unbinned fit to AE = Eg — Epeam

0 ¢ Dat
F ata
80 F —Fit
70 F == Signal
E -~~~ Bkg
60 3 SCF
g—BO N K*O[K+7T_]]/

Belle Il
(Preliminary) Prog. Theor. Exp.

‘ JLdt=62.8 o Phys. 2020, 083C01

Mode Breas [10_5] Bppa [10_5]
BY - K*94 (45+0.3+0.2| 4.18+0.25
Bt — K*Tv[52+£0.4+0.3| 3.92 4 0.22

e Experimentally more straightforward but
larger theoretical uncertainties

e Ratios best — uncertainties related to FF
suppressed 0

0 gt
-04 -03 -02 -0 0 0.1 0.2 0.3
AE [GeV]

Candidates / (20 MeV)




