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Belle II Collected luminosity before LS1 (2019-2022)

20 Belle Il Online luminosity Exp: 7-26 - All runs

Integrated luminosity
Belle II has been in Wmm Recorded Daily

operation through the T Ty By 1) 11 T B S
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How to handle a missing particle at Belle II?
ete” - Y(4S) - BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying

B (Bsig

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023
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How to handle a missing particle at Belle 1I?

®ete” - Y(4S) - BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying

b (Bsig

® Having a single missing particle
(e.g.v) is usually as clean as , ¥
getting all particles measured i \

® The price to pay is a big drop of
efficiency ( < O(1%))

Studies of missing-energy final states at Belle Il Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 11



ALP search at Belle 11

PHYSICAL REVIEW LETTERS 125, 161806 (2020)
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PRL 125, 161806 (2020)
Belle Il

Search for ALPs at Belle li

® Search for axion-like particles in eTe™ — ya

for a — yy (i.e. 3y final state) and a — invisible (i.e. y+5)

e use 2018 data of Belle II withJ'ffdt = (496 = 3) pb~!

v use 10% data for optimization and measure with 445 pb~!

e m, dependent £, threshold
v 1.0 GeV for m, < 4 GeV, and 0.65 GeV for m_, > 4 GeV,

® Require 0.88 < M;,/4/s < 1.03
v study Data sideband with M;,/4/s < 0.38
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« fit M7 for 0.2 < m, < 6.85 GeV,and
« fit M2 _ for m, > 6.85 GeV,

* Look for resonance in the fit
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Significance

95% CL upper limit on o(e Te = — ya) [pb]

D
PRL 125, 161806 (2020) [’

Belle I

ALP significance & limits
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e
R(D*) from Belle Il
BB — D*r7 1)
BB - D*C*v)

@ First R(D*) result from Belle II R(D*) =

@ Analysis features
® Use hadronic B-tagging with FEl (slide 64)
e leptonic 7 decays, 77 — £, 0,

o three D* modes: D't —» D%t D*z%and D0 — DY

® extracted simultaneously
o by fitting 2D (M?2. , Excy)

Mr%liss = (pe+e— — Pp..— Pp+ — pf)z

tag

Epcp = extra energy (unmatched) in the
EM calorimeter

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 17



New for July, 2023 [l 4

R(D*) from Belle Il
Bellell simulation B — D*tv Belle Il simulation B — D*lv Belle Il simulation B — D*lv
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@ Signal (B - D*7"v) & Normalization (B — D*¢ " v)
® extracted simultaneously

° by ﬁtting 2D (Mr%ﬁss’ EECL)

MI%liSS = (pe+e— — P — Pp* — pf)z

Epcp = extra energy (unmatched) in the
EM calorimeter

tag

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 18



Candidates
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Prelimzinary

R(D*) from Belle Il

@ Fit projections for the sub-mode D*T — Dz

—e— Data
T — T T T T T T L L L L BN BB I BN
100 B Belle Il Preliminary —e— Data N 500 :_ Blelle ”I Prelilminaryl/ D*+I_,j - D*tv o5 [ Belle Il Preliminary D**—-D’z* —e— Data E
[ Ldt=189.3f" M D*rv ] i - 3 C | Ldt=189.3 b Bl D7y ]
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M?e [(GeV/c?] E®" [GeV] E®M [GeV]
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M?. (peak-bin yield ~O(600)) Eo tor entite M2 . ECL g g
miss ECL or entire . reglon ) )
miss 1.5< M2 <6.0GeV

miss

R(D") = 0.267 39 0033

@ Systematics
. dominant sources: £y PDF shape, MC statistics
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New for July, 2023 [l e

R(D*) from Belle II
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R(D*)

R(D) vs. R(D*), updated
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arXiv:2311.07248 $

Inclusive LFU test w/ R(X,,)

B(B — XTv)
B(B — X/v)

Why measure R(X_,,)? R(X, ) =
e different systematics from R(D")
® hence, a complementary test of LFU

Procedure
® use T = £v,U, modes

e select events with B, + £, with remaining particles attributed to X

tag

e distinguish signal from background by using M?. . and pfj

miss
® background mostly from b — ¢ — £; some continuum and fake
leptons

e require p, > 0.3 (0.5) and p, > 0.4 (0.7) in CM (lab)

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 22



arXiv:2311.07248 $

R X Belle II Preliminary JLdr=189fb~!
‘ Bg;; > X[ttt > wl, C=e,u ] Bke.
i 1 X
3 = 1 xXw
6l Contour numbers
— X expected yields
>
A& ) _
_ 30
; dl) 3000
OF <d 0& J -ug_)
|
05 10 15 20
pfﬁ [GeV]
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arXiv:2311.07248 Q‘(B

P

Belle II Prelimi Ldt=189fb~! Belle II Prelimi
25000 T elie reaminary f . clie renminary Belle ﬂ_
Hl Xo 25000_’
R event mOdEIIH 5 | =0 e
@ [ mm D' -
320000 BN Other X./v 820000-
AN > . X n [
< 15000 B 15000

Candidates
Candidates pe

separate templates for e, u for each of X7v,
X?v, other BB, and continuum (g7,

constrained using off-resonance data) e e
My
25000 Belle II Preliminary /£dr=189fb™"
for reliable template shapes =5 s
e detailed adjustments to MC (FFs, Band D BFs) & & :
® corrections by comparison of MC to data in 5om 53
2 2 hi m
control region: low g~, low M~ . , high My 2 3 — 2
e for instance, adjust My in p, > |.4 sideband; using Mx
: . - : 2 Main sources of systematic uncertainty:
these 2Welghts also improves modeling in M~ . . [V 570,
and ¢g - Bkg shape +5.5 %
e My modeling +7.1 %
B - X v BFs +7.7 %
* B - X fvFFs +7.9 %
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10° events per bin

Norm. Resid.

arXiv:2311.07248

( /f) Results JLdt=189fb~!

D
<[O
Belle I

B X[r— ey

Belle 11 m Xev

2 —

— Mm1ss 1 mlsse(1 23] mISSE(23 4] mlss€(4 6] BB Background
208 € 2.4} B Continuum
16k ol @2 MC tot. unc.

| ¢ Exp. data
12; 16- mlss€(6 8] MI%IISS>8

8t
e
(2)_
OE._Q_A_, ® —s ® - ) ® o = o—‘—.—._l_'_. ._4_._9_0_.;._'_.
-2 : | | | | | | | | | | | | I.I | | | I.I | | | I.I | | | |
oo s oy o™
v © O = = A v © O = = A

p? [GeVic]

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 25



R(X_,) Results

R(X,,) = 0.228 +0.016 % 0.036

0.232 = 0.020 £ 0.037
0.222 £0.027 = 0.050

R (Xr/e)
R(X;,)

Consistent with SM: 0.223 = 0.005

[37] M.vFreytsis, Z. Ligeti, and J. T. Ruderman, Flavor mod-

els for B — D™ 77, Phys. Rev. D 92, 054018 (2015).
[38] M. Rahimi and K. K. Vos, Standard Model predictions

for lepton flavour universality ratios of inclusive semilep-
tonic B decays, J. High Energ. Phys. 2022, 7 (2022).

[40] Z. Ligeti, M. Lukve’, and F. J. Tackménn, Theoretical pre-
dictions for inclusive B — X,7v decay, Phys. Rev. D
105, 073009 (2022).
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R(X_,,), compared with R(D'")
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Search for Bt — K v at Belle |l

In the SM, 4] T. Blake, G. Lanfranchi, and D. M. Straub, Prog. Part.
Nucl. Phys. 92, 50 (2017).

o« BBt > Ktwvd) =(4.6+£0.5 x107°4

sensitive to new physics BSM, e.g.
* leptoquarks,

* axions,

X

* DM particles, etc.
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PRL 127, 181802 (2021)

Search for Bt — K v at Belle |l

Q II] the SM 4] T. Blake, G. Lanfranchi, and D. M. Straub, Prog. Part.
’ - Nucl. Phys. 92, 50 (2017).
« BBT > KTvd)=(4.6+0.5) x 10704

D
<O
Belle I

@ sensitive to new physics BSM, e.g.

* leptoquarks,

* axions, A
verage
* DM particles, etc. o )
., . - - T - - 1 - T 1 T
1 0 L . Belle II (63 fb"!, Inclusive)
. T T— T — T I 1.9778 is work, preliminary
" BelleIl PRL2021 ___. gEypected i y
0.8 [ /ﬁ dt =(63+9) fb™" - Expected+lo ] i Eﬂ).lcep(lz?agalosafﬁm , SL)
i ’ Expected+20 l . Belle (711 fb-', Had)
% —— Observed | 3.0+1.6 PRD87, 111103
— 0.6 I 7 : -1
s " _ = Beberizgm Hases)
3 0.4} 90% CL ] 0 2 4 6 8 10
O ! Expected: 2.3x107° - 5 T + 1,37
0.2 Ob]z;erved.: 4.1x107° 10° X Br(B*—K ™ v7)
- S _ + + —\ _ (1 q+1.340.8 —5
OOO o : , 6 ........ . é N X10_5 B(B — K VV) — (1.9_13_07) X 10
: : —9 0
B* — K*vi branching fraction <4.1x107" @ 90% CL
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Search for BT — K1ur at Belle |

D
<O
Belle I

And, we now have an
updated result for 2023!
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Two ways of tagging

Hadronic tagging (HTA)

Efficiency

2
Arec

%

At
\K v
e g2, : mass squared

/ of the neutrino pair
s \
Other

tracks and clusters
in the event

Basic reconstruction of tracks and clusters:
o Charged particles: E > 100 MeV/c, close to collision point, in the central part of the detector

o Neutral particles: £ > 100 MeV (ITA), E > [60,...,150] MeV, ¢-dependent (HTA)
o Signal kaon track candidates required to have high probability to be kaon
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Neutral energy validation

1200 r
B Corrected BT —K * J/1 simulation

[ 1 Uncorrected BT —K * J/v simulation
¢ Data

—_

-

-

-
I

Qo

S

-
I

Belle II preliminary
[ £dt=362fb"!

Candidates/(250 MeV)
@)
S

400

200

0
. 1.5 ¢ FIG. 2. Summed neutral energy obtained in collision data
<| E = ! | (points with error bars), uncorrected simulated data (empty
- 1.0 :—"-'---'-——:——:——0——1——1---0---*--#--;--;---*—-+ ----- } -------- -1 histogram), and corrected simulated data (filled histogram),
|5 - | | | | 1| in which a BT — KT JA) decay is reconstructed. The cor-
O 0.0=——— — — — ' — rection corresponds to a variation of the hadronic energy by
0 1 2 3 4 D _10%. The simulation is normalized to the number of events
Sum of neutral particle energies [GGV] in data. The ratio shown in the lower panel refers to data

over corrected simulation.
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Ndata, (n'y extra)

Correction for R

o . . i
correction using wrong-sign K
validation using pion-enriched sample

4000 4000 F
i Belle II preliminary i Belle II preliminary
fﬁdt:362fb—1 fﬁdt:362fb—1
5 3000 i 2 3000 BB
— I cC - I cC
= 2000 wi, dd, s3 = 2000 wil, dd, s3
c:@: ! Data, % I Data,
@, 1000 /77 Sim. stat. unc. O 1000 Sim. stat. unc.
ol ol
2 — 21
-%3 g I G . e v T * 'g g LI S S S S R— ) PE— *
Al O_.I....I....I....I....I....I.?..I. Al O_.I....I....I....I....I....I.?..I.
0.0 2.5 5.0 7.5 10.0 12.5 15.0 0.0 2.5 5.0 7.5 10.0 12.5 15.0
N~ extra N~ extra

FIG. 3. Distributions of the number of photon candidates in the rest of the event for the HTA after the selection described
in Sec. IV in data (points) and simulation (histogram) for the opposite-charge pion-enriched control sample, on the left before
the photon multiplicity correction and on the right after the correction. The yields are shown individually for the three
background categories (BB decays, c¢ continuum, and light-quark continuum). The data to simulation ratio is shown in the
bottom panel
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Kg efficiency correction

1.0
: Belle II preliminary + Data € +€_ — }’Qb( — KSOKB)
0.8 R J £dt=3621b! ¢ Simulation
_ i
-
T 0.6 ¢
¥ _ . . &
= I + o o o ®
04 o
O -
e
0.2
00— —L —
2.0 2.9 3.0 3.9 4.0

K% energy [Ge\f] FIG. 4. Efficiency of reconstructing an energy deposit in the
ECL matched to the K? direction as a function of the K.

energy for data and simulation selected with the ITA analysis.
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PID (K vs. ) validation

70 ¢ —
 Belle I preliminary — Total The relative abundance DK™ to
60 C [ L£dt=362fb"! B+ D0+ D'z for data vs. MC is found to
i _ be consistent w/ expectation with
50 | ¢ + 077 + P
£ BT =D A 1.03 + 0.09
= 40 L ¢ Data
E i
2 30 :
AS) i [
> 20 |
10|

O = . I w e
—0.100 —0.075 —0.050 —0.025 0.000 0.025 0.050

AE [GGV] FIG. 22. Distribution of AE in data obtained for BT —
(KT, 77)D" decays reconstructed as BT — KTvi events
with the daughters from the D decays removed.
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Signal efficiency (ITA vs. HTA)

after multi-variate analysis for ROE with BDT

D

<O

0.6
i [  Statistical uncertainty
§ 0-9 '__'_'_.__-_‘_'_I___ Belle II preliminary
= i simulation
o 04 }
t | Statistical uncertainty q(:‘) i =
- I ¥ HTA
S 151 - = 0.3 F
é i Belle IT preliminary N i -
i I simulation e -
> > -
= — 02f .
< 10 ' ITA S
g | &
E I TA : = o1k HTA
= 5
20 i
n 0.0 | | | | | | | | | —
0O 2 4 o6 & 10 12 14 16 18 20 22 24
O | | | | | | | | | T

0O 2 4 6 &8 10 12 14 16 18 20 22 24 q2 [GQVQ/C4]
q* [GeVZ/c]

FIG. 5. Signal-selection efficiency as a function of the dineutrino invariant mass squared ¢* for simulated events in the SR for

the ITA (left) and HTA (right). The error bars indicate the statistical uncertainty.
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Signal efficiency validation (ITA)

Belle I

Belle IT preliminary / Ldt = 362 b

BT = KTv i simulation

6000 .
8 N
5000F | = A
% / < 1000 |- N
S4000 ] E AN
= 5 ﬁmmmm::X:i
S 3000 o N\
= / 0.0 0.5 1.0 \
S o000 BDT, (BDT; > 0.9)
/ Bt — K J/1 simulation ¢ BT — KT .J/vy data \
1000 _/ NBT — KT JA0 simulation ¢ BT — KT ./0 data \\
1.

0.0 0.2 0.4 0.6
BD'T,
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Continuum bkgd. estim. using OFF data
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Belle I
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o
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Ln
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' The Upsilon System
N Linb o(e*e™ > Y(45))
¥ ~3nb o(ete” - qq)
}1' (q =u,d,s,c) :
* 10.58 GeV :
i :li ?-"'a Y(4S) ‘ )
SR s ",i’w ;
t ko Y ....q....“.-u* “ad os ]
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0 [ PR B
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1034 103’? 1054 !
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Mass (GeV/c') 2 x mg=10.56 GeV

FIGZQ. Distribution of ¢, for the off-resonance data sample
and continuum background simulation in the SR for the ITA.
The simulation is normalized to the number of events in the
data. The pull distribution is shown in the bottom panel.
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BB bkgd. mostly for D — K*X

% 105

o
-

- Belle II preliminary [ 1 Simulation
[L£dt=362fb! ¢ Data
777/, Sim. stat. unc.

—
oy
I I I I I

=
Ot
| | I | |

Candidates/(0.02 GeV/c?)

i

S 1.0 :M.Ma charged particle from the ROE, which is reconstructed

n unddr the most probable mass hypothesis of a pion, kaon,
ol v v 11 protpn, electron or muon based on the PID information. The
0.5 1.0 1.5 20 95 fiata are shown by. points with error bars and the simulation

is presented as a histogram. The samples are shown after the

M(K"‘X_) [G@V/CQ] BDT; > 0.9 selection in the ITA. The data to simulation ratio

is shown in the bottom panel.
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BB bkgd. estimation using 7-enriched sample

Candidates/0.01

Pull

4
1.50 &Y

—
DO
o)

—
-
-

Belle II preliminary
[ Ldt=362{b

Data

B with D> KYX
B without D—K?X

Continuum

Sim. stat. unc.

Distribution of n(BDT2) in data (points with error
bars) ahd simulation divided into three groups (B-meson de-

0.75

0.50

0.25

0.00
5 B
0 E——

B A T B B
0.92 0.94 0.96 0.98

Studies of missing-energy final states at Belle I

cayswith and without subsequent D — K, X decays, and the
sum &fU8e five continuum categories), for the pion-enriched
ITA control sample. All the corrections are applied, including
the one for the contribution involving D mesons decaying to
K?. The pull distribution is shown in the bottom panel.

Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 41



arXiv:2311.14647

Check with lepton-enriched samples

x 10%
2.0

I I B with DK X

| Belle II preliminary B B without D—Kp X
1.5 F f[,dt — 362fb! Bl Continuum

I ¢ Data

- ///7 Sim. stat. unc.
1.0 |

PID(e)>0.9

Candidates/(1 GeV?/c?)
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Candidates/(1 GeV?/c?)
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2.9

x 104
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Belle II preliminary
[ L£dt=362{b"!

PID(1)>0.9

I B with D—K'X

B B without D—KPX

B Continuum
¢ Data
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Gk [GeV?/c]

D

<O

FIG. 10. Distribution of ¢, in data (points with error bars) and simulation (filled histograms) divided into three groups
(B-meson decays with and without subsequent D — K;X decays, and the sum of the five continuum categories), for the
electron- (left) and muon-enriched (right) PID control samples with n(BDT32) > 0.92 in the ITA. The pull distribution is shown

in the bottom pannel.
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Check K° bkgd. with B — K+*K°K"

sPlot weights/(1 GeV?/c?)

Pull

iv:2311.14647 $
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Belle II preliminary B Bt K 'TK{K]
[ £ dt =362fb! b Data

/777, Sim. stat. unc.

L 4l Distribution of invariant K§ Ko mass in background-
1.5 2.0 2.9 3.0 3.9 subfrficted data (points with error bars) and signal simulation
i T TKIKY ' he simulated
M(KO K9 oV /2 (histogram) for B™ — K" KgKg candidates. The simula
( S S) [G V/ ] distribution is normalized to the number of BB events. The
pull distribution is shown in the bottom panel.
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Check K bkgd. with B — KJK*K™

sPlot weights/(1GeV?/c*)
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FIG. 12. Distribution of the invariant mass of the KK~
pair from B? — K{K 1K™~ decays in background-subtracted
data (points with error bars) and the sum of the simulated p-
wave nonresonant component (histogram filled with red), the
s-wave contribution estimated using BT — KT K{K? decays
in data (histogram filled with blue), and simulated B° —
K{¢, ¢ — KTK~ decay (histogram filled with purple). The
distribution obtained using BT — KTKJK{ decays in data
is corrected for efficiency and the ratio of the BT and B’
lifetimes. The simulated distributions are normalized to the
number of BB events. The pull distribution is shown in the
bottom panel.
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Candidates/(1GeV?/c*)

Pull

Closure test (ITA)
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4000 |

2000 |
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o [cdt=362f B BB
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° ‘ ¢ Data
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| | . | |
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Pion ID instead of kaon ID

Different g2,. bin boundaries

Only on-resonance data used for fit

Only normalization systematics included

O O O O

Result:
o BBt - ztK) =2.5+£05)x 107

Consistent with PDG:
BB - 7ztKY) = (2.3 +0.08) x 107
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Search for BT — K v at Belle |l

Results
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B™ — K™D result (ITA)
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FIG. 13. Observed yields and fit results in bins of the n(BDT2) X ¢-. space obtained by the ITA simultaneous fit to the
off- and on-resonance data, corresponding to an integrated luminosity of 42 and 362fb~!, respectively. The yields are shown
individually for neutral and charged B-meson decays and the sum of the five continuum categories. The yields are obtained in
bins of the n(BDT2) X ¢ space. The pull distribution is shown in the bottom panel.
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BT — K™uU post-fit distributions (ITA)
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BT — K™uU post-fit distributions (ITA)

D
<O
Belle I

N I % ' ! imi B B —>K '
g B Bt KTl Belle Il preliminary < 2000 L Belle II preliminary -

§ 3000 - == B°B’ [ £dt =362fb! aa % ! [ Ldt=3621b" ] B°+B° )

) | @ BB~ @) . 3 B 5

Cj - B Continuum e g 1500 | T Continuum
-] | ¢ Data =4 N I Data

- 2000 [ , :

< - /77 Sim. stat. unc. } [ N Al_l_,_l_l; 7777, Sim. stat. unc.
> - 3 1000 |

7P < - :

= 1000 i :

s=Raay! = 500}

R =

S I O i

O 0

5 ¢ 5 ¢
] S R I 1 S S R S
al - al -
_ gt | ! L _ 5t | ! ! |
5.10 5.15 5.20 5.25 5.30 —3 —2 —1 0 1 2
Mbc ROE [GeV/CQ] AER()E [GGV]

7(BDT,) > 0.92

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 49



arXiv:2311.14647

BT — K™uU post-fit distributions (ITA)
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BT — K™uU post-fit (SE) distributions (ITA) ™
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BT — K"uv post-fit (SE) distributions (ITA) ™
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B™ — K™uv post-fit (SE) distributions (ITA) ™
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FIG. 17. Observed yields and fit results in bins of n(BDTh)
as obtained by the HTA fit, corresponding to an integrated
luminosity of 362 fb~'. The yields are shown for the signal
and the three background categories (BB decays, cc contin-
uum, and light-quark continuum). The pull distribution is
shown in the bottom panel.
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15.0
- Belle II preliminary SM
12.5 [ £dt= (362 +42) fb! —— HTA
: —— ITA
10.0 : — (Combination

FIG. 16. Twice the negative log-likelihood ratio as a function
of the signal strength u for the ITA, the HTA, and the com-
bined result. The value for each scan point is determined by
fitting the data, where all parameters but p are varied.
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BT - KD
(combined)

* Prob(null signal of
Bt - K*up)
=0.012% (3.50)

« Prob(B™ — K*vv from
SM only)
= 0.17% (2.70)
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Stability checks
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B(B™ — KTuD) global picture

SM Average
0.497 +0.037 *14i04
: : —— Belle II (362 fb~!, combined)
I 2.4 4 0.7 This analysis, preliminary
I

Belle IT (362 fb—!, hadronic)

1.1+ 1.1 This analysis, preliminary

— o0 Belle II (362 fb—1, inclusive)

2.840.7 This analysis, preliminary

Belle II (63 fb~!, inclusive)

1.9+ 1.5 PRL127, 181802

Belle (711 fb~!, semileptonic)

1.0£0.6 PRDY6, 091101

® Belle (711 fb~!, hadronic)

3.0+41.6 PRDS7, 111103

BaBar (418 fb—!, combined)

0.8+£0.6 PRDS87, 112005

BaBar (418 fb~!, semileptonic)

0.24+0.8 PRDS82, 112002

BaBar (429 fb—!, hadronic)

1.5+ 1.3 PRDS7, 112005

0 2 4 6 3 10
10° x Br(BT—K " vp)
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Closing

@ With a very clean initial state of eTe™ collision, equipped with a

hermetic Belle Il detector covering near 47 around the interaction
point, we can study many subjects involving final states with missing

particles by using (E, p) conservation.

@ In this talk, we have presented just a few selected topics including
ALP search (2020), test of LFU with 7 — £vr,and BT — K*ur.

@ By combining two (nearly independent) analysis methods, Belle |l
has observed evidence for BY — K*uD at 3.56, which is above SM
prediction by 2.7c.
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Thank you!
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eTe” — T(4S) as a B-factory

25 —
The Upsﬂon System ]
%“ ol N 1.lnb o(ete” - Y(4S)) _
= ~3nb o(ete” - qq)
2 L i
9 ]_5-_ ;?: (qzu»d;S;c) ]
gl 10.58 GeV :
(RGN o Y(4S) 1
T S t - )
L ' \ ¢ ' o -
— 5 X L oo .
b [ ¢ oy O A P ....5...“.-4‘* ol as
o TI(IS) | TI(ZS) T(SS) . ; N
044 046 10.00 10.02 10 34 10. 3’? 10 54 . 10 58 10.62
Mass (GeV/c") 2 x mg =10.56 GeV

e B(Y(4S) — BB) > 96%, with p§™ ~ 0.35 GeV/c

e nothing else but BB in the final state
-, if we know (E, p) of one B, the other B is also constrained
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Key variables of B decays

AE = E¥ —1\[s12 My =\/(/5/2 -5}

: Signal F-
5 Continuum :
BB background E
" Signal
X Continuum
n BB background

03 02 -0.1 0 0.1 0.2 0.3 8.2 5.22 5.24 5.26 5.28 543
AE (GeV) My (GeV/c?)



Full Event Interpretation (FEI)

@ FEl algorithm to reconstruct B,

e uses ~200 BDT’s to reconstruct O(10%) different

B decay chains

e assign signal probability of being correct 5,

Comput Softw Big Sci 3, 6 (2019)
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