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From KEKB/Belle to
SuperKEKB/Belle T1 INFN

Super-KEKB 10 ‘ "
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i —arr=— CKM matrix ele.ments. | Vs | .and
B = — |V, | probed via semileptonic B
V=l p==7 |D z\éf{ B-:ég decays with missing energy
_ W (neutrinos)
t BB B’ | B;B—d& B, \\{\b
. ~/

Both CKM matrix elements can be measured via inclusive or

exclusive B decays:

* |Vy!|: B = Xytv, B > m(p,n)tv
* |V,|:B > X.4v,B— DMy

Belle II physics reach projections summarized in the Belle II Physics Book
(PTEP 2019 (2019) 12, 123C01, ) 3


https://doi.org/10.1093/ptep/ptaa008
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Current precision is 1-2% on |V |
and 3-4% on |V, |

Tension between inclusive and
exclusive determinations: ~3.3¢ for

bOth | Vcb | and | Vub |

X v decays are a clear test of the
SM LFU: NP (charged Higgs in

2HDM models or Leptoquarks)
can affect the BF and |V |
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Complementary to the R(D)/R(D*)

measurements

B(B - DY)

DR -
B ) B(B — D) ()

(£=e,u)


https://hflav.web.cern.ch/
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* Reconstruct one B (B,,,) and constrain

the 4-momentum of the other B (Bg,)

Inclusive Tag
A = 0(100)% 4@
Consistency of B,

Semileptonic Tag B

>
3 o
| L > | |
& Knowledge of By, T .
L]

Hadronic Tag
c=001)% —&&

Exact knowledge of Btag\< Y

* The FEI uses a multivariate
technique to reconstruct the B-tag side
(semileptonic or hadronic) through
O(10% decay modes in a Y(4S) decay.

Reconstruction of events with missing energy:
< Full Event Interpretation (FEI)

INFN
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Multiple
neutrinos

Tagging efficiency (evaluated on Belle MC)
@10% purity

Tagging Algorithm Had B+/B%(%) SL B+/B%(%)
Full Reconstruction 028/0 18 0.67/0.63
Belle
FEI Belle 0.78/0 46 1.80/2.04

Belle algorithm: NIM A 654, 432-440 (2011)
Belle Il FEI: Keck, T., Abudinén, F., z, F.U. et al.
Comput Softw Big Sci (2019) 3: 6.


https://doi.org/10.1007/s41781-019-0021-8
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x10% Belle Il preliminary
2.5 W Correctly reconstructed fﬁ dt=34.6fb~! « y
Il Continuum & mis-reconstructed Be"e " prel'm'nary
N ¢ Data
L0} [ & o -1 *x
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o *
S1sf Prag>0.1 g £ == B-Dtv
2 Belle Il preliminary 3000 r N B-Div
E 1.0} [cdt=34.6fb1 [ Fake or Secondary
;E) I H ete”-qqg
2 osf 2000 w MC Uncertainty
r Data

059250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
My (GeV/c?)
04

1000

Bt ¢
o 2.5F
0050 5.255 5260 5265 5270 5275 5280 5285 0.0: 'I"l!' 'iH %““!'I" '!' |
My (Gev/c?) —2.5:.1 ' | fm '.”l*' 'il.
*  Output of the FEI is a signal 1.0 15 GZ-O 25 3.0
. : vV
probability (P,,,) between 0 (mis- pf 12 /C.)
reconstructed) and 1 (propetly * LOOk for signal s.1de lepton
reconstructed) B, candidate. with momentum (in B, rest
frame) > 1 GeV/c
* Tag side reconstructed in hadronic e Check consistency with the
modes well-known B — X£v
— * ,
Mpc = |s/4 — (pp)* * Used to calibrate FEI


https://arxiv.org/pdf/2008.06096.pdf
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Inclusive B — X, £v

* Challenging due to the dominant b = clv background

* Exploit the lepton momentum endpoint where the b = ¢
component becomes negligible

* Identify one electron with particle identification criteria

* Suppress qq background with multi-variate algorithm,

exploiting event shape variables
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First observation at
~30 level


https://arxiv.org/pdf/2103.02629.pdf
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PRD 91, 074510 (2015)

Measurement in bins of g 2 used to extract | Vb | ArXivi2102.07233

2 2
alr’ . G F|Vub| | |3| f ( 2) |2 Form factors / computed with
di2 ~  24x3 PN 1QeD igh ¢2) or LCSR (g2 < 0)
FEI hadronic tagged analysis " _'39"? Il Preliminary [cdt= 34-6fb‘1
(untagged analysis in progress) - cacrouns B — m (v
30_— $ Data

* Exploits missing energy and extra
energy in the calorimeter

e Fit to M2, distribution to
measure the BF

Events / (0.29 GeV?/c?)
N
(]

. o 25F

+ SRS > Y is the = ;
M o= p i =P —Pr) 12 0.0 N I T T I S
miss miss sig T system - e B

—l.b -05 00 05 10 15 20 25 3.0

M2.__in GeV?/c*

miss

B(B? — m£1v,)|(1.58 £ 043444 = 0.07y) x10~4

Observation with significance > 56


https://arxiv.org/pdf/2008.08819.pdf
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v Belle IT MC

=@ tagged + current LQCD

i == untagged + current LQCD
6 current =@= tagged + LQCD in 5 yrs . . . .
v7 status -=- ungeed - o0 msvs | ¢ Projection of |V | uncertainties

=8 tagged + LQCD in 10 yrs

57 =B~ untagged + LQCD in 10 yrs from BO N n{v decay

* Takes advantage from
improvements in LQCD

T T T T T
0 10 20 30 40 50

 Precision of ~1% with
full Belle II dataset

Exclusive (1.2 P1.7)% (0.9 & 0.9)%
Inclusive (2.3 @ 2.5-4.5)% (1.7 @ 2.5-4.5)%

Projected errors: (experiment @ theory)
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Untagged analysis . =1 BB background
. . . s B Continuum (off-res.)
* Require one well identified lepton g Lsof { Data
. . . v
* Exploit missing mass and momentum to @ 1251
S 100} electron momentum

B

Total decay rate expressed as expansion of non-perturbative matrix elements
(heavy quark expansion, HQE)

71 G%7712|Wb|2(1 n c5(11)(Os) (1) 4 06(M)<036>(H) i 0(%)>

- 2 2 U ;
1927 mj m;, m,

Measure the spectral moments (moments of lepton energy or hadronic mass) in

order to simultaneously determine the non perturbative elements and |V, | (see
Kevin Olschewsky’s for the determination using q> moments)

Belle II performed both the untagged and the hadronic tagged analyses

x10° Belle Il Preliminary £ dt=62.8 b~}

reject backgrounds
Measure the BF with a fit to p*

(B — X lv) = (9.75 £ 0.03(stat) + 0.47(syst)) %

(average of muon and electron channels) gla 0.025 , i I | I
- . . off 0000~ —(ra eyt 4
Main uncertainty is the knowledge of e I |
. : 0.5 1.0 15 2.0 2.5
B — X v branching fractions i Ge¥

10


https://indico.desy.de/event/28202/contributions/106105/
https://link.springer.com/article/10.1007/JHEP02(2019)177
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. arXiv:2009.04493
Tagged analysis Phys. Rev. D 75, 032005, 2007

e  Measure the hadronic mass moments BABAR-CONF-07/003,
arXiv:0707.2670
D i wz'(Mx)MX,calibz' % %
Z (A’[ ) X Cecalib X Ltrue
; Wi\ x
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*  Main systematics: knowledge of B = X £V composition and bias correction (Cepye)
* | V4| determination from ¢> moments in progress

11


https://arxiv.org/abs/2009.04493
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Exclusive B — D®)£v INFN

FEI hadronic tagged and untagged approaches explored
* Decays reconstructed in the channels D** —» D%z}, DY —» K=

Belle 1l Preliminary fﬁdt =346fb?!

B B-D7{v

B Background
w22z MC Uncertainty
{ Data

vl t, | |
L —

T

__n |l|lx | IR S IS S S S NS S S T | PR Ill P ll PRI I|A I PR
-10 05 00 05 1.0 15 20 25 3.0
m2,. [GeV?/c*]

Tagged analysis (B —» D*T£7V)
* Almost background free after tag and

signal selection (D*, DOinvariant masses,

p; > 1GeV)
B(B® — D" 071)) = (4.51 £ 0415 £ 0.27, £ 0.45, ) %
* Main systematics: tracking of m, and MC

modelling

* Inagreement with world average

BB - D*tv,) = (5.05+0.14) %

12


https://arxiv.org/pdf/2008.10299.pdf
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BELLE2-CONF-PH-2020-008

Untagged analysis
¢ GBY angle between the B ﬂlght Belle Il preliminary  fcdt=346m
. . . . 5000 * = signal -
direction and the direction of the D*¥ B’ > Dev = oo |
4000 | - 5 T

/4 MC unc.

or D% system (Y):
QELEL — M% — m?
Qpoy

e Fit to cosOgy distribution in data
to measure the branching fraction

Events/ (0.53)

cosbpy =

§°iiii115ixiililt
Belle Il (preliminary) . _ ¢, g 1% S
25F = Signal —4 -3 -2 -1 0 1 2 2056 4
B~ - Doﬂv mm D'ty BY
e 2.0+ — Other BB o
S o e B(B® - D* ¢ 7;) = (4.60 1 0.055¢0: + 0.175ys + 0.45,.) %
51'5' } Data ’
g B(B~ — D0 ;) = (2.29 & 0.054tat £ 0.08syst) %
T 1.0¢ '
g (average of muon and electron channels)
©osf
o consistent with the SM within 1o
=g i';”**h ity h* TN In progress: extraction of |V, | from partial branching
& } ! . o :
R T LT A fractions in bins of hadron recoil parameter spectrum
4 -3 -2 -1 o0 1 2 3 a

cos Ogy 13
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* Within the next years Belle II will be able to address the inclusive/exclusive
| V| /| V| tension by precisely measuring semileptonic B decays with missing
energy

* With about 1/4 of the current dataset, Belle II has been able to measure extensively
inclusive and exclusive semileptonic B decays, adopting untagged approaches and
exploiting the Full Event Interpretation algorithm for tagged analyses

Result presented in the talk | V.| measurement in
progress
B - X, tv 30 observation (untagged)
BY > = ¢y BF = (1,58 + 0.4354¢ T 0.0753,St)><1()_4 | Vi | from partial branching
(FEI hadronic) fraction in q 2 bins
B - X v BF = (9.75 + 0.034¢0: = 0.47Syst)% (untagged) | Ve, | from q? spectral
Hadronic mass moments (FEI hadronic) moments (novel approach)

— e
B > D**¢™v BF = (4-.60 + 0.0544 + 0.485y5t)% (untagged) V| from partial branching
BF = (4-51 + 04154 £ 0-525yst)% (FEI hadronic)  fractions in hadronic recoil

B~ - D% v BF= (2.29 + 0.054¢4¢ £ 0-08syst)% (untagged) parameter bins

14



Summary on highlights from Belle 11

experiment by Carsten Niebuhr on Friday


https://indico.desy.de/event/28202/contributions/102726/
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- FEI Calibration (17)

- B —> mlv decay (18-19)

- B —> X/ lv untagged (20)

- B —> X v hadronic mass moments(21-22)
- B—>D*lvand | V| (23)

- B—>DOlv (24)

- RD),RD) (25)

16
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Belle Il preliminary Belle Il preliminary

(a) 1] I
ossf | Puag>0.001 035¢ i B*
L | Pug>0.01 0.30 | I | B
&90F § Pug0.1 F
== @ 0.25 B '
2 o75f < g i
32 5 0.20f
2070} X i
I 3 oo 0.15
™ [ | 2“:.5 :
§ 065} | | | I | 0.10f
otk | | Jcdt=34.6fb" st
i ? [cdt=34.6fb1
B'e-  B'w- BT Be B B 0.0 === "3 a0 50 60
Channel Purity (%)

Sig. Prob. > 0.001

Channel NYE N5 €
Bte™ (4.46 £ 0.11) x 107 (2.94 +0.08) x 107 0.66 + 0.02
Bt~ (478 £0.11) x 10* (3.10 £0.10) x 10* 0.65 = 0.03
B%~ (1.75 4 0.04) x 10* (1.46 +0.07) x 10* 0.83 +0.04

0 — 4 4
’Z i : — (IE52- B0 X0 (e S00s it g =0 Channel MC Stat. B(B”™ — X&) Tracking Dév FF Lepton ID D" FF Fit Stat. Fit Model
e — e D= - B'e 0.39 2.09 091 0.6 0.76 041  0.93 2.67
Bte (2.65 %+ 0.07) x 107 (1.63 £0.05) x 107 0.62 % 0.02 Bty 0.37 21 0.91 0.06 213 0.38 0.86 2.93
By~ (2.88 % 0.09) x 10* (1.71 £0.05) x 10* 0.59 +0.03 B%~ 0.62 2'1 0.91 0.07 0.73 0.43 1.22 3.72
B%" (1.11+0.03) x 10" (0.84 +0.04) x 10" 0.76 £ 0.04 B 0.6 2.09 091  0.06 2.13 041  1.19 3.17
B%~ (1.18 £0.04) x 10* (0.94 % 0.03) x 10* 0.80 & 0.04

Sig. Prob. > 0.1 TABLE I. Itemisation of the percentage contribution from the sources of uncertainty on the cali-
Channel NS NO= - bration factors for the selection Py, > 0.001.

Bte (1.10 £ 0.03) x 107 (0.71 £ 0.03) x 107 0.65 £ 0.03

BTy~ (1.21 40.04) x 10* (0.78 +0.04) x 10* 0.64 +0.03

B~ (0.60 £ 0.02) x 10* (0.43 +0.02) x 10* 0.72 £ 0.04

B~ (0.64 £ 0.02) x 10* (0.46 +0.02) x 10* 0.72 + 0.04

TABLE III. Results for Ny, as determined from the fits to data and simulation together with
total uncertainties. The corresponding calibration factors computed from the ratio of these yields
are also shown for each channel. 1 7


https://arxiv.org/pdf/2008.06096.pdf

Semileptonic decay: B — nlv INFN
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Table 53. Summary of systematic uncertainties on the branching fractions of B> — 7~ £*v; decays in hadronic

© N -1 tagged and untagged Belle analyses with 711 fb~' [84] and 605 fb~' [299] data samples, respectively. The
g 0 25:_ —B Swly E estimated precision limit for some sources of systematic uncertainties is given in parentheses.
O —B SX,I"v]
g ook —B’ 5 pl'v] 1 Source Error (limit) [%]
= Tagged Untagged
0.151 = Tracking efficiency 0.4 2.0
Pion identification —_ 1.3
o ] Lepton identification 1.0 24
e ] Kaon veto 0.9 —
0.05F 3
C Continuum description 1.0 1.8
C il RN R P R ]
%05 0705 1 15 2 25 3 Tag calibration and Nz 4.5(2.0) 2.0(1.0)
2
Mo [GV'1c’) X, v cross-feed 0.9 0.5 (0.5)
X_£v background —_ 0.2(0.2)
e Form factor shapes 1.1 1.0 (1.0)
C NS oo o A e T e e Form factor background - 0404
38 0.3 — B Sl v
g E g Sty ] Total 5.0 4.5
8925 =B >pity E (reducible, irreducible) (4.6,2.0) 4.2, 1.6)
e} L i
B ak ]

LQCD: current is the world avergage by FLAG group

- 5 yr w/o EM: We assume a factor of 2 reduction of the lattice QCD uncertainty in the next five
years and that the uncertainty of the EM correction is negligible (e.g. for processes insensitive to the
EM correction).

-5 yr w/ EM: The lattice QCD uncertainty is reduced by a factor of 2, but we add in quadrature 1%
uncertainty from the EM correction.

- 10 yr w/0 EM: We assume a factor of 5 reduction of the lattice QCD uncertainty in the next ten
years. It is also assumed that the EM correction will be under control and its uncertainty is negligible.
-10 yr w/ EM: We assume lattice QCD uncertainties reduced by a factor of 5, but add in quadrature
1% uncertainty from the EM correction. 18

b 0303 05 08 T 12
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Source of systematic uncertainty|% of B
fio B
FEI calibration 3.45
Ngp 1.60
Reconstruction efficiency e 0.46
Tracking 1.60
Lepton ID 1.05
Total 4.44

TABLE IV: Sources of systematic uncertainties and their percentages of the total
measured branching fraction.

19
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TABLE V. Estimated relative systematic uncertainty on the B — X .frv branching fraction mea-
surement in the two modes.

Relative uncertainty [%)]
Contribution Electron mode | Muon mode
Tracking 0.69 0.69
Ngs 1.1 i 0
Lepton ID corrections 1.64 2.33
fo/f+, B lifetime 12 1.2
branching fractions 2.65 2.15
form factors T..17 1.11
BB background model 0.24 0.34
Off-resonance data model 0.34 2.91
Sum ST 4.79

20
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arXiv:2009.04493

D W (Mx )M x ,calib?
> w;(My)

J\‘[?( aE C(Emiss — Pmiss> Xmulta Pz)
m (Emiss — Pmiss: Xmultv pZ)

(A[)Tz' > o X Ccalib X Ctrue

T .
My catib =

* W is the event-wise signal probability (obtained from background subtracted data)
*  C,qiip 1s a correction for the calibration bias and is obtained with the ratio of true

generated and calibrated moments Ceaii, = (MY true)/(MX calib)
*  Cirye 1s a correction for reconstruction and detector acceptance and is the ratio of

generated moments without and with event selection applied Cy, e = (MY (e signat) /(MY true)

1.4
Fii Range: Mx € (0.0, 3.4) GeV Probability 4.0 | 4 p* €(0.8,0.9] GeV P 5.5 | Belle Il (simulation) ¢ True w/o Selection
= 1.2 g[rd:r07.8 GeV ' Ndazu—tmbkg & p; €(1.4,1.5]GeV /// -
= 1.0 fmmmmm o mm e e o U350 % p* €(1.9,3.0] GeV /" < 5.0 & True
2 Belle 1l (preI|m|nary)..“...000... S PO N, < Calibrated
2 ggf [tdr=30m7 e % & 3.0 [ Emss =Pmiss €(0.05,0.21Gev 2 .,
z W o = 2P Xt €(0,8] ? g1 & & Y
* A =
S o06f 3 $® \¢ B = $ 5 s o
° y 825 Aaofbe o v s
o I * b > X ° °
> oaf + ) < 5 o o
\Y (<]
5‘ 0.2 T ++ V2ot 35F 8 e
n - ++l+||.l Belle Il (simulati ‘e
T B Pl s . __ Belle !t (simuiation) s0f , o , s
. 2.0 2.5 3.0 3.5 4.0 0.8 1.0 1.2 1.4 16 1.8
0 1 2 3 4 R
< MX, true > [GeV/c?] pl* Cut [GeV/c]

My in GeV


https://arxiv.org/abs/2009.04493
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arXiv:2009.04493

TABLE IV: Summary of statistical and systematic uncertainties for the measurement of (ZU)%) All values are
given in (GeV /c1)? if not stated otherwise. The calculation of the uncertainties is described in Section 5 5.2.

p; Cut in GeV/e 0.8 0.9 1.0 1.1 1.2 1.3
(My) in (GeV/cl)® 45743 4.5459 4.4902 4.4365 4.3790 4.3458
Stat. error (data) 0.0146 0.0151 0.0157 0.0165 0.0175 0.0189
Stat. error (signal prob.) 0.0405 0.0140 0.0092 0.0071 0.0017 0.0003
Stat. error (total) 0.0431 0.0206 0.0182 0.0180 0.0176 0.0189
Calib. function error 0.0473 0.0447 0.0427 0.0410 0.0393 0.0380
FEI eff.. 0.0340 0.0201 0.0118 0.0060 0.0014 0.0005
PID eff. 0.0476 0.0210 0.0164 0.0109 0.0060 0.0046
B — X, ¢y, BF 0.0168 0.0157 0.0151 0.0150 0.0153 0.0160
Bias corr. (stat) 0.0115 0.0112 0.0110 0.0110 0.0112 0.0116
Bias corr. (model) 0.2099 0.1902 0.1687 0.1446 0.1254 0.1106
Sys. error (total) 0.2239 0.1985 0.1762 0.1519 0.1329 0.1187
Total error 0.2280 0.1996 0.1771 0.1530 0.1340 0.1202
p; Cut in GeV/e 1.4 1.5 1.6 17 1.8 1.9
(M) in (GeV/c1)* 42980 4.2691 4.2209 4.1483 4.1493 4.1547
Stat. error (data) 0.0208 0.0235 0.0274 0.0337 0.0426 0.0553
Stat. error (signal prob.) 0.0011 0.0017 0.0026 0.0054 0.0088 0.0137
Stat. error (total) 0.0208 0.0236 0.0275 0.0341 0.0435 0.0570
Calib. function error 0.0366 0.0355 0.0339 0.0296 0.0310 0.0303
FEI eff.. 0.0020 0.0038 0.0050 0.0065 0.0092 0.0134
PID eff. 0.0037 0.0032 0.0035 0.0041 0.0051 0.0070
B — X,ty, BF 0.0171 0.0200 0.0228 0.0283 0.0358 0.0503
Bias corr. (stat) 0.0123 0.0135 0.0154 0.0184 0.0230 0.0303
Bias corr. (model) 0.0920 0.0764 0.0621 0.0483 0.0328 0.0185
Sys. error (total) 0.1013 0.0878 0.0761 0.0664 0.0629 0.0703
Total error 0.1034 0.0909 0.0810 0.0746 0.0765 0.0905
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| Veb | Belle Il (5 ab™!) Belle Il (50 ab™')

uncert.

Exclusive 1.8% 1.4%
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D

Do D*Inu and Dlnu INFN

Belle I

Source Relative uncertainty (%) Relative uncertainty [%]
BY - D*te— v, |B° — D*+H_’7# Source B D06_17€ B> A, DO,LL_EL
PDF shape uncertainties 0.7 0.6 N 161 161
HB <3 5% 01 ki B(D® - K—=") 0.78 0.78
RO . R 4 Tracking 2.07 2.07
TM}ZCZEZS(:;cIsé’efc;ency <221'1 <231'1 Lepton identification 1.41 2.38
BRSO 0.0 9.9 MC efficiency (statistical) 0.09 0.09
o 2.0 2.0 D/v form-factor 0.15 0.15
Charm branching fractions i1 1.1 D*tv form-factor 0.44 0.44
B® - D**¢~7; Form Factors 1.1 11 Continuum shape 0.37 0.37
Total 10.5 10.7 Sum 3.14 3.68
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World average Belle II projection
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[ Bellel7 — - Z
02— + Average of SM predictions HFLAV 0.25— = ]
= R(D) = 0.299 +0.003 Spring 2019 |+ C 1o contours ]
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0.2 03 0.4 05 025 03 035 04 045 05 055 06
R(D) R(D)
AR(D) [%] AR(D*) [%]

Stat Sys Total Stat Sys Total
Belle0.7abl 14 6 16 6 3 7
Bellell5abl 5 3 6 2 2 3
Bellell 50 ab-1 2 3 3 1) b 2

Main systematics: D** modelling, soft pions, yield of fake D*

candidates. Studies of B — D**lv and B — D**1v planned
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