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In this talk will focus on R,, ~ |V, |/|V.p| and ¢5:

* Semileptonic B decays with missing energy B — X,V

For ¢4, p, measurements

* Hadronic B decays into charm B — DK
see Fernando Abudinén s
today
Belle II physics reach projections summarized in the Belle II Physics Book 2

(PTEP 2019 (2019) 12, 123C01, )


https://doi.org/10.1093/ptep/ptaa008
https://indico.cern.ch/event/838862/contributions/3850304/

>3 Reconstruction of events with missing energy:

o .
el Full Event Interpretation (FEI) INFN
* Reconstruct one B (B,,) and constrain the G T side

—— =~

4-momentum of the other (Bg;,)

-
S ——"

Pv = Pete~ = PBygg — PBsiy = LT ;

* The FEI uses a multivariate technique to
reconstruct the B-tag side (semileptonic or |
hadronic) through O(10%) decay modes in a eutrines (3}
Y (4S) decay. -

Performances on Belle MC with

Inclusive Tag
A = O(100)% ‘C)g hadronic tag @10% purity

Consistency of B,

? Sem(i,;e?t;nic Tag /Di o

S :<r1_owlfz-dzgeoof B B~ = Belle algorithm 0.28/0.18

v o tag v

- Belle Il FEI 0.76/0.46
Hadronic Tag
e = 0(0.1)% E.//< Belle algorithm: NIM A 654, 432-440 (2011)
Exact knowledge of B, < | Belle Il FEI: Keck, T., Abudinén, F., Bernlochner,

F.U. et al. Comput Softw Big Sci (2019) 3: 6.
4


https://doi.org/10.1007/s41781-019-0021-8
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Details in the

FEI on Belle Il data

x 104 Belle Il preliminary

[ W Correctly reconstructed Jedt=8.7fo""
- mmm Continuum & mis-reconstructed 2019
L § Data

Ng;, =22027 £ 376
Ptag >0.1

.................. -
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mpc (GeV/c?)

* Tag side reconstructed in
hadronic modes

s/4 — (pp)?

by Slavomira Stefkova on Thursday
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Belle Il preliminary
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* Select a lepton and sum the remaining

particles’ kinematics on the signal side

the

* Check consistency with
known B — X{£v

* Also used to calibrate FEI

well-


https://indico.cern.ch/event/838862/contributions/3851296/
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. . . — 5 T T T T T
* Current precision is 2% on |V, | & ¢ B—>D* 1y " nclusive ]
— - B—-Dlv |Vub|:GGOU ‘ _
and 5'60/0 on | Vub | :..o 45 __ Bomnlv [V | global fit in KS T
= Tk Ay —ppv -
Z T[] Average 68%C.L. ]
. . . L [ Average Ax2=1 |
e Tension between inclusive and 4r- ~
exclusive determinations: ~3c for s n 5
| V| and ~3.56 for |V, | : - ]
3 ]
B HFLAV g
* XV decays atre a clear test of the B m—rrT—
. . - PO =7.7% _|
SM LFU: NP (charged Higgs in 250, 1 | POY=77%

34 36 38 40 42 44

2HDM models or Leptoquarks) V. I[10°]

can affect the BR and |V |
¢ Complementary to the R(D)/R(D*)

Wi Wit measurements which factor out the
| V| and form factor uncertainties

B(B — D"t~ .)
B(B — D(*)f_ﬂ(»)

R(D™) = (0 =e,p)

Talk by Saurabh Sandilya on LFU tomorrow ¢


https://arxiv.org/pdf/1909.12524v2.pdf
https://indico.cern.ch/event/838862/contributions/3609673/

D

D Semileptonic decays: B — X £v (1) INFN
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Measurement of |V, | from inclusive and exclusive B decays

Exclusive: B — tfv decay

* Exploit missing mass and extra energy in the calorimeter
* B~ f£|V,]|* Form factors f; computed with LQCD*

Belle Il MCx10° Belle Il MC
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= _ o * PRD 91,
Belle II Physics Book miss (pY(4S) Ps tag Pr pﬁ) 074510 (2015) 7
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Belle II MC

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

61\ Ve UrTent == tagged + LQCD in 5 yrs . . -
v7§$tr§§ -=- ungeed + Lo wsys | ¢ Projection of |V, | uncertainies
- =8— tagged + LQCD in 10 yrs
from BY — wév decay

=B = untagged + LQCD in 10 yrs

* Takes advantage from
improvements in LQCD

T T T T T
0 10 20 30 40 50

 Precision of ~1% with full

Exclusive (1.2 P1.7)% (0.9 & 0.9)%
Belle II dataset

Inclusive (2.3 @ 2.5-4.5)% (1.7 @ 2.5-4.5)%

Projected errors: (experiment @ theory)
Belle II Physics Book 8
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* Flagship decay for the

measurement of |V |

* Inclusive tagging

« D* > D, DY - Km

Belle Il 2019, preliminary [cdt=87f"

can PN -I Silgnlal T ] g 1000 0 % == signal i
; 600 Bo 4 D*ev B BB background ] %) B - D ev mm BB bfnckground -
9 B Continuum 1 (0] I I Continuum
(G] § Data 1 ~ 800; J Data ]
g 500 247 MC stat. unc. ] o I 2/ MC stat. unc. ]
e ] o ]
4 400 p ] o 600f pion
S momentum ; s I momentum |
> ] > I ]
w300 ] w400}
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200 |
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L I I ] N -~ P E I S N SRS
317 16 18 20 232 a7 8.00 0.05 0.10 0.15 0.20 0.25 o
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https://arxiv.org/pdf/2004.09066v2.pdf
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Belle 11 2019, preliminary [cadt=s. 7fb‘1

* Angle between the B flight direction and ~ , e

m 1400 | == Signal ]
* n BO — D* uv = Binba::::und:
the direction of the (D*£) system (Y): S 1200 = ot
0 w7/ MC stat. unc. i
— 9 ‘c 1000
| 2ELE; — M —mi E
cosbpy = 5 800
PBPy 600 |
 Fit to cosOgy distribution in data to  *°f
measure the branching ratio it
5,
Belle 11 2019, preliminary [cdt=8.7fb! = f
~ 1oan [T T 35 0
m 12001 0 * == Signal 1 a :
N L B - D ev B B8 background C
8 1000 r ? g:::lnuum ] _5_4
E L 7 MCstat unc. |
o 800f
g | B(B® = D*"e™7,) = (4.55 + 0.14(stat) & 0.35(sys)) %

600 |

B(B" — D**pw,) = (4.84 £ 0.13(stat) £ 0.37(sys)) % .

400 |

: consistent with the SM within 1o
200 +

|Vcb| | Bellell (5 ab”) |Belle Il (50 ab™')

vuncert.

N S S Exclusive 1.8% 1.4%

Pull
o
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<L ¢3 angle CNFN

* @, is accessible at tree level: theoretically very clean, 8¢5/¢; ~ 107"

e Measured via the interference between B~ — DK~ and B~ — DK~

u
favored _ K=
%4 S

b ¢
B (val oo
U

ASuppr. _
Favor, = Tee 0BT

Op strong CP conserving phase

1 *J. Brod, J. Zupan, JHEP 01 (2014) 051



<L ¢3 angle CNFN

* @, is accessible at tree level: theoretically very clean, 8¢5/¢p; ~ 107"

e Measured via the interference between B~ = D°K~and B~ — DK~

U
favored e
|44 S

b ¢
B el oo
U

ASuppr. .
TFavor, = Tp€ OB

Op strong CP conserving phase

Three approaches depending on DY decay  ~

Belle II Physics Book
channels: i
« CP eigenstat.es: K*K~, T["'f_,_etc. o Uncertainty on ¢
* Doubly Cabibbo suppr.: K™m of from 3-body D° decay
e Multi-body (Dalitz analysis): Kem™m™ | 1of-

Ksntn~n% Improving precision: model
independent approach and strong phase L e
0 20 40 60 80 100

measurements from BESIII. Amount of Data [z
12 *J. Brod, J. Zupan, JHEP 01 (2014) 051




Rediscovery of B — DK at Belle II (7 INFN

Candidates per 0.015 GeV

90F- e Data ° [
= 201 Q?erl!;r:na ) Total fit 8 100 L Belle Il B — Do(KgR'n*)ﬂ:qt
80E" profminaml e B — D’ signal 2 [2019 (preliminary) p. o Data
70 |Ldt=515f"  H31 = - B" — DK’ signal c 80 Ldt=515f" [ & Total fit
60 SR B Background o . t=>. Pl e g — D signal
- % 60 N Y g — DK™ component
50 - Y F Background
- e =
40f- DO = I s 13713
- — K g 40 :
30 o signal events
= — K37
20F 20
10;— -"-'""""‘._'-.:---.....,_' _____ i
- o 1 'n " l.-'."“."q- P |"~|"c. Ly g . $ " -r'.: O A T B ..u"u. | Y W W W N T TR T
B 7505 0005 01 015 1 005 0 0.05 0.1 0.15
AE (GeV) AE (GeV)

Exploits multivariate techniques to suppress
continuum background and good particle

identification performances AE = Ep —\/s/2

Observation of the golden 3-body decay as well

Ultimate Belle II precision on ¢; <1.6° (combining all the approaches)

13
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Belle IT

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

* The use of advanced tagging techniques, i.e. FEI, together with untagged analyses
will allow to reach a precision of ~1% on |V,,| and ~1.5% on |V |.

* Belle IT will also deliver a high precision measurement of the ¢; angle, exploiting
the Dalitz analysis of multi-body D? decays in the B — DK process.

0-7 T T T I T T T ! T T T I T T T I T 1
Amy& Amg

es 2 OM scenario ¢, . e e
= : = .
05 g Sy, seso 3 UT in a decade
"’ f_g (excl. at CL > 0.95) _f
1= C 3 q = .
03 - % 3 Assumptions:
0z - : o = Belle IT: 50 ab™!
£ ub =
0= ) \3 LHCb: 23 b
0.0 - " | ) ) h ] ) ) L ] ) ) 1. | ) 3
-0.4 0.2 04 0.6 0.8 1.0
p 14



Summary on Belle II status and prospects

by Phillip Urquijo on Friday


https://indico.cern.ch/event/838862/contributions/3711411/
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Backup

FEI Calibration (17)

B —> pilnu decay (18)

B —> D*lv (19)

Leptonic B decays (20-23)
RD/RD* (24)

B —> sl (25)

Semileptonic projections (20)
d5 angle (27)

16
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FEI validated on Belle data

B = D* (D~ (Ktr n)n%)tv
B° = D (D'(K+r "))t
B’ = D™ (Ktr n n%)ty

B’ = D~ (Ktn—nn nt)lty
B’ = D~ (Ktnm )ty

B~ — D*(D°(K-7+))~7

B~ — D*(D°(K~7)n%)¢ T
B~ — DY K—ntn% v

B~ = DK ntntn )T

B~ = D(K—nt)(v

0.4

-

0.6 0.8 1.0 1.2
€= "‘\'rdata / J\rmc

14 1.6

Figure 4.18.: The overall efficiency correction calculated by measuring the known
branching fractions of 10 control channels on converted Belle data [76].

Thomas Keck’s Master thesis, DOI:

17


http://dx.doi.org/10.5445/IR/1000078149

Semileptonic decay: B? — mlv INFN

Belle IT

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

o N - 1] ] tagged and untagged Belle analyses with 711 fb~' [84] and 605 fb~' [299] data samples, respectively. The
§ 0 25:_ —B Swly E estimated precision limit for some sources of systematic uncertainties is given in parentheses.
> T —B =X, I"v] 1
g : —B 5 prv] | Source Error (limit) [%]
g ] Tagged Untagged
0.15p = Tracking efficiency 0.4 2.0
Pion identification — 1.3
o1 E Lepton identification 1.0 24
C 1 Kaon veto 0.9 —
0.05F 3
¥ Continuum description 1.0 1.8
u il RN R M R u
%05 0705 1 15 2 25 3 Tag calibration and Nz 4.5(2.0) 2.0(1.0)
2
Mo [GEV71c7] X, v cross-feed 0.9 0.5(0.5)
X_£v background —_— 0.2(0.2)
S Form factor shapes 1.1 1.0 (1.0)
e L B B BRI BN BRI Form factor background - 04(04)
38 0.3 —B Sl v+
g E — B X, Iy ] Total 5.0 4.5
8025 L E (reducible, irreducible) (4.6,2.0) 4.2, 1.6)
e} L i
- ]

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

0.15f
0.

0.05f

%0204 06 08 1 12
E. s [GEV]
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Untagged B — D*lv

Source

Relative uncertainty (%)

BY — D*te 1,

_ —
B - D*tuw,

Lepton-ID, PDF 0.09 0.08
MC statistics, PDF 0.64 0.55
B(B — D**(v) 0.18 0.08
Efficiency momentum dependence 0.1 0.1
PDF binning 0.5 0.5
Lepton-ID, efficiency 1.8 2.2
MC statistics, efficiency 0.13 0.13
Tracking of K, w, ¢ 2.5 2.5
Tracking of 7 6.0 6.0
Npo 3.3 3.3
Charm branching fractions 1.1 1.1
Total 7.64 7.73

19
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* Helicity suppressed decays b "
2 5 72 (H+,W+)
BRSM(B —/ v)= Mf; v, |2 _m_z;] -------------
87T m2
u v

SM Prediction

B(B* - e+l/e) (1.09£0.21) - 107"
* Sensitive to NP contributions, e.g. type II1 B(BT - ;ﬁu#) (4.65+0.91)- 1077
Higgs doublet model | ] B(B" —7"y,) (1.03+02).107*

* Clean theoretically, hard experimentally:

Belle PRD 92, 051102 (2015), SL ta
only B — tv has been measured . | ( ) g

continuum bkg

w
(=]

1

N
n

signal

&

Belle combination S50

B =[0.9140.19(stat.) £0.11(syst.)] x 10~* | &

(evidence at ~4.6 o level) Pl

0 05

Events / ( 0.1 GeV/c )
h o

BB bkg

-
(]}

\n

10 15

10 20
Eycp, (GeV) P (GeV/C) 20


http://journals.aps.org/prd/pdf/10.1103/PhysRevD.86.054014
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Leptonic B decays: B — tv

Belle IT full simulation study

Hadronic tag with FEI
I-prong T decays (Lvv, evv, Tv, pv)
Dedicated study on machine background impact

Extra energy in the calorimeter

0.35

S
w

IIIIIIIIIIIIIIIIIIIIIIIII[IIIIIIII]

0.25

1/N * dN/dE,

Egcr. resolution
robust against

beam background

lllIlllIIllllIllllllllllllllllllll‘

ML fit to extra energy Egcp,

—Belle I MC

—Belle MC

Main systematic uncertainties:
background Eg,, PDF, branching

fractions of the peaking backgrounds,
tagging efficiency, and K veto efficiency

Integrated Luminosity (ab™1!)

1 5 50

hadronic tag

statistical uncertainty (%)
systematic uncertainty (%)
total uncertainty (%)

29.2 13.0 4.1

126 6.8 4.6
31.6 (14.7 ) 6.2

semileptonic tag

statistical uncertainty (%)
systematic uncertainty (%)

total uncertainty (%)

19.0 85 27

17.9 4.5
26.1 (12.2 )5.3

Observation at ~3 ab

1

21
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Belle IT B — MV (%

Belle PRD 91, 052016 (2015), had tag
* Two body decay: p, = mp/2inB 37 -
rest frame g oy JL E
AL L
ke 18 L =

. . [ T —— . !

* Tagging — better p; resolution but I T
small statistics Belle PRD 101, 032007 (2020), untagged
150 ! - Contmuum
% Wi‘ B b-c ]
0] . 8. I Rare g
* Untagged measurement (2020): 2 100F ﬁ‘ = sy ]
* 2.80 precision on the BR > | $) e e |
. 2 50 * ¢ ata ]
* 20% uncertainty on |V | z . d .
3.2 2.4 2.6 2.8 3.0 3.2 :

pE / (GeV)
B—1v 5% 1.5-2%

B — pv 10% 5% »
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107 p-value
0.20 xl LI I LI I LI I 71T I LI [ LI I T TTT I LI 1.0
- . 0.9
B — 0.8
0.15 — —
— B — 0.7
> _ ]
e - . 0.6
! 0.10 — . i - 0.5
e n i
E - - 0.4
B — 0.3
0.05 — —
- . 0.2
| Jem | WMo
| Belell50ab” ]
000 | | | 1111 I 1111 I | | | I | [ 1111 I | | | | 0.0

050 055 060 065 070 075 080 085 090

sin 2¢,
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World average Belle II projection

? I | - ;\ 0,5 _| L I L l T T T 7T l ‘ [ L ]
e [ [ HFLAV average sz = 1.0 contours 7 g = -
= 04— 1 o C Belle Il Projgcli(_)n 7
: LHCb15 : 0 45 — : gzlkl)zr()omblnallcn —
r - O LHCb -
B BaBarl2 T C —— World Combination ]
0.35 — 36 - 0.4 - SMprediction: PRD92 054410 (2015), PRD85 094025 (2012) —
C LHCb18 ] - .
BRI - I I R
[ Bellel7 — - ]
02— + Average of SM predictions HFLAV 0.25— = ]
= R(D) = 0.299 +0.003 _Spring 2019 |+ T 1o contours ]
: | |R(D*) TOpBE00 | |P(XZ) =27% : O 2 : v e v b v v v b b b L :
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 ab1 2 3 3 1 2 2

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

candidates. Studies of B — D**lv and B — D**1v planned
24
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() _ BB - KWptp)
K 8B - K®ete)
naive run-1 extrapolation

0.14
012 (not official)
Belle Il scenarios due to
01 operating conditions at
0.08 e KEK

R(K*) (1<q?<6 GeV/c?) Uncertainty

0.06 : ' ‘
* % H H
70% data Y(4S), 6 months, slow ramp-up \.\:\‘ COﬂSlder It asa SketCh
0.04 o 70% data Y(4S), 6 moniths | | to show Belle Il can

—e— 70% data Y(4S), full 9 months . . .
provide confirmation of

— -

0.02 All data Y(4S), full 9 months
A LHCD estimate any persistent anomaly.
2017 2018 2019 2020 2021 2022 2023 2024
Year
Observables Belle 0.71ab~! Belle IT 5ab™' Belle IT 50ab™!
Br(B — X7¢7) ([1.0,3.5] GeV?) 29% 13% 6.6%
Br(B — X /1¢7) ([3.5,6.0] GeV?) 24% 11% 6.4% 25

Br(B — X 0T07) (> 14.4 GeV?) 23% 10% 4.7%
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Observables Belle Belle 11
(2017) 5ab~! 50 ab~1
|Vip| incl. 42.2-107% - (1 £ 1.8%) 1.2% -
|Vep| excl. 39.0-1073 - (1 £ 3.0%cy. £ 1.4%.) 1.8% 1.4%
|Vis| incl. 4471073 - (1 £ 6.0%ex. = 2.5%n.) 3.4% 3.0%
|Vis| excl. (WA) 3.65-1073 - (1 £ 2.5%ex. +3.0%n.) 2.4% 1.2%
B(B — Tv) [1079] 91 - (14 24%) 9% 4%
B(B — uv) [1079] < 1.7 20% %
R(B — D7v) (Had. tag) 0.374-(1+16.5%) 6% 3%
R(B — D*rv) (Had. tag) 0.296 - (1 &+ 7.4%) 3% 2%
o
qeﬂ\\%
"
&0\6 NS \O\ 0 e AW
?s°°e$% oF e s qs‘g’c qe%e\\ @
B — mly, |Vas| * % * 10-20  *** * k% ok *
B — X, by |V Hok 2-10 * % % *ok * % * *
B — 1y Br. xxx >0 (2) xxx* * %k * * % %
B — pv Br. xx%x  >b0(5) xxx * % * * % %
B — D&y, | Vep| * k k 1-10 * K K Hk *k *
B — X vy | Ve * % % 1-5 * % % *k ** *k
B—-DWry,  R(D®)  sxx 5-10 >k * % x * % Kk * % K
B — D® 7y, P, * % % 15-20 * % % * % % *k * % %

B — D"y, Br. * - *ok * % * Hok -
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. +___— . .
Dalitz plot of K¢n™ 1t Combination of measurements

. 8
N§x 3_ | 1 [
B 7 Ll) -
25 — 0.8
B 6 i
2__ s 0.6 N [ Combined |
1.5__ —4 0.4 B -
- 02} -
i i ]
B 0 C 7]
G 0 50 100 150
B v [°]
—I S H | | ] s e | | | B8] [ ] | I [ | = 1 9 I | 58 [l [ | |
% 05 1 500 iobrntaa
M
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