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Motivation

b — sf* £ transition ¢ = e or u

i

»— S b

¢
= Flavor Changing Neutral Current (FCNC) b—» >

= Suppressed in the SM, sensitive to small contributions from new physics

BM(B —» X AT€7) = 4.2X107° [NuclPhys.B Proc.Suppl. 117 (2003) 624]
q =D+t Pe-

= Observed lower B(B — K™ uu) than SM prediction in low-g? region [1, 6] [GeV? /c*]

Anomalies in exclusive measurements

= However, large theoretical uncertainties (~20%) prevent a clear claim of discovery of physics beyond the SM
= Large uncertainties from B — K form factor calculation
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Motivates inclusive B —» X ¢
measurement whose SM

| prediction is less uncertain(7%)

X, = {K,K* Km,Kn,Kp,3K, ..}
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Analysis strategy

= Use 2019-2022 Belle Il data (365 fb1)

= Sum-of-exclusive: X reconstructed from 20 hadronic
modes in my_ < 1.8 GeV/c* region

= Visible events ratio is ~ 71% including K events

|
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€ fvisi'2Ngp
Efficiency of reconstructed modes: by simulation
Visible fraction: by Pythia (Lund String model)
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Selection & background rejection

Entries / 50 MeV/c?

= Cut-based selections on m,+,- vetoing charmonium processes B — X¢J/ /Y (1 (2S)) and
gamma conversionsy — ete”

= Dominant backgrounds:
= Semi-leptonic events (BB events, rate ~ 0(103) of signal)

8]

= Continuum events (6ee_q5/0ce—pg ~ 3.4) Q€
v

= MVA-based selection with 8 classifiers: lepton flavor (e or i), X mass (above or below
1.1 GeV), background type(qq or BB). Use missing energy, event shape information, etc.
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Signal modeling improvement sewimodetingin sere

[ total

K1ln

= Signal modeling influences reconstruction efficiency greatly  £.,|| Fermi motion model = &

It

L
0.5 1.0 1.5 2.0 2.5 3.0

» Latest world average values as B(B = K™ ¢*¢7) input | ‘

Inclusive regiOn me >1.1 GeV/Cz: Belle IT simulation preliminary [ £dt = 365 fb™?
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= The largest systematic uncertainties in precedent analysis
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Exclusive region my_ < 1.1 GeV/c*:

: * : - ' —— Total
- Data driven way for fragmentation correction 7o [K1 K™ 1 Inclusive region

= B - X,y and B = X,/ /1Y measurements > 600 | : (m(¥s) > 1.1 GeV) i
; = so0f || | 1 K1(1270) K 3n
Introduce high mass resonant structures Rl | : K. (1400) 3
Systematic uncertainty suppressed | £ xo| | | | K*(1410)
to 1/3 of Belle, 1/2 of Babar G 200f | | Ko (1430)
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Slgnal eXtraCt|On & reSUItS New for Moriond EW!

Belle Il preliminary [ £dt=365fb"! _ Belle Il preliminary [ £dt=365fb"!
. 2 2 . ‘\Z 40 _— Signal + SxF —— Total model Ng 25F — Signal'+ SXF —— Total model
= Fitto My, = |Ef.q4m — P Spectrum for yield R R T | T Coporetos 4 oo
. Z | echannel; 1 < q%< 6 GeV? = | [#channel; 1 < q% < 6 GeV?
extraction R 204 0 }
- | = 10
= Peaking background by mis-identified leptons é 10 £ s
estimated in data-driven way 5 i
5¢ 5
3 of 20
. . . 2 2 /.4 - . 830 553 534 536 556 530 520 522 524 526 528 530
|
Branching fractionin 1 < g* < 6 GeV~/c* region: M [GeVIe?] M, [Gev/e?]
B(B N Xse+e—) — (160 + O33+8%§)X10_6 SM=(1.76 +£0.13) x 10 [JHEP 10 (2020) 088]
B(B N XS,U+,U_) — (113 + 033t86%)><10_6 ; Belle 1T (365 fb“l; 20 X modes, mx, < 1.8 GeV/c?)
_ ' _ : (1.36 4 0.237012) x 106 Preliminary
B(B - X £1¢7) = (1.36 + 0.237913)x107¢ | o

2 ti bett itivit BaBar (428 fb'!; 10 X5 modes, mx, < 1.8 GeV/c?)
HHES DERE SERSTHVY (1.6070357035) x 106 PRL 112, 211802 (2014)

= Consistent with SM predictions
Belle (140 fb''; 18 X modes, mx, < 2.0 GeV /c?)

= More results in backup! (1.49 + 0.507041) x 106 PRD 72, 092005 (2005)

= Differential and integrated branching fractions ] 5 3 A 5 6 7

= First measurement of R(Xs) = B Ko 1t7) Zihan Wang BB —Xtl; 1<g* <6 [GeV?/ct]) [x10°] @

B(B-Xsete™)
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Entries / 2.5 [MeV/c?]

Pull

Entries / 2.5 [MeV/c?]

Pull

Fitting projections in di-electron channel

14.4 < q% < 25.0 GeV?/c* 1.0 < g% < 7.3 GeV?/c*

0.04 < g% < 1.0 GeV?/c*

Belle Il preliminary [ £dt =365 fb~1

1.0 < g% < 6.0 GeV?/c*

Belle I preliminary [ £dt=365fb~1

6.0 < g% < 14.4 GeV2/c*
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10.5 < g* < 11.8 GeV?/c* 0.4 < my < 0.6 GeV/c?

= Total signal yield: 100.4 4+ 14.3
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Entries / 2.5 [MeV/c?]
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Fitting projections in di-muon channel
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Differential Branching fractions

Lot Belle II Preliminary [£dt =365 fb! . Belle II Preliminary [£dt =365 fb!
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= Good consistency with MC expectations and SM predictions (gray shadow)
= Total branching fraction from SM used for MC




Differential branching fractions

Table II: Measured differential branching fractions (in the unit of 107°) in different kinematic bins. The first and second
uncertainties are statistical and systematic, respectively. e(mx, < 1.8 GeV/c?) is the fraction of mx, < 1.8 GeV/c® events in
reconstructed modes. The visible ratio fyisi is the proportion of reconstructed modes in the total X rate.

Bin name Bin definition B(B = Xsete™) B(B— Xsptp™) B(B—= X.€T07) e(mx, <1.8GeV/?)  foisi
qt G <4 <18 GV c| 126503655 08740334007 08120247 0.71 4 0.02 0767 ea
b 1.0 < ¢* < 6.0 [GeV?/c| 1.60+0.33%55F 1.13+0.337 555 1.36+0.237373 0.79 4+ 0.01 0.8019:02
a3 bl gt < 1AATCNfe] 1AL 05300 1AL 04305 1484090402 0.93 + 0.01 0.90" 005
g3 144<¢®<250[GeV?c*] 0.15+0.09%0707 0.34+0.08%5 05 0.25+0.06 + 0.02 1.00 09870 61
q3 10 <4 <78 [GeV%e| 188403305 1664030702 172402555 0.80 =+ 0.01 QIR
a8 10.5 < ¢* < 11.8 GeV?/c* 0.22+0.12+0.03 0.21 +0.10 + 0.02 0.21 + 0.08 + 0.02 0.99 + 0.01 99202
m1 0.4 <mx, <0.6 [GeV/c’] 0.27 £ 0.06 +0.01 0.33 + 0.06 & 0.01 0.30 & 0.05 £ 0.01 - 1.00
mz 0.6 <mx, < 1.0 [GeV/c*] 0.93+0.21+0.04 1.14 +0.22 £ 0.05 1.04 +0.15 + 0.04 - 1.00
ms 1.0 <mx, <14[GeV/c?] 1.44+0.45%0:12 0.09+0.38+0.07 0.77 £0.3010:23 - 0,910 o6
My tdwomz, w18 [GN e E8HLEOTE S 75005 -8 153120525072 — 1Y e

1)



Differential branching fractions

SM=(0.22 + 0.09) x 106 [JHEP 10 (2020) 088]

Belle II (365 fb!; 20 X3 modes, mx, < 1.8 GeV /c?)
(0.25 4+ 0.06 4 0.02) x 10~6 Preliminary

i_____

BaBar (428 fb''; 10 X5 modes, mx, < 1.8 GeV/c?)
—e—  (0.57701870:0%) % 10-6 PRL 112, 211802 (2014)
(q%2>14.2 GeV?/c?)

Belle (140 fb!; 18 X modes, mx, < 2.0 GeV/c?)
(0.4240.1275:0%) x 10-6 PRD 72, 092005 (2005)

H—e—

O.OI | 0.5 IliOl - I115I - I21OI - I215I - ISiOI - 3.9 | I4.O
BB — X0 q2>14.4 GeV2/ch) [x10F)




Total Branching fractions and R (X;)

= Inclusive branching fraction requiring both m+,- > 0.2 GeV and my_< 1.8 GeV by
summing m4 to m, results:
B(B - Xs£*07;my < 1.8GeV) = (3.42 £ 0.62¥3:57)x107°

" InCIUSive BF by Summlng ql to q4 reSUItS: Bin name Bin definition

qi 0.04 < ¢* < 1.0 [( GeV/c)?]

—\ +0.41 —6 (14-’ 1.0 < (I < 6.0 [(GeV/c)?]

B(B — XseTe )= (4.494+0.73757) x 10 : <4 < 6.0 [(Gev/ey

S 0.31 o2 6.0 < ¢ < 14.4 [(GeV/c)?]

— 0.30 —6 qi 14.4 < ¢* < 25.0 [( GeV/c)?
B(B_>XSILI/+/'L ) (3 33:‘:064+0 24) X 10 7711(\) 0.4 < ?I(\) ()()[((\(]
ma(X 0.6 < m(X,) < 1.0 [GeV/c?]
B(B — X.0T07) = (3.91 £ 0.491034) x 1076 W) L0 < m(X.) < 14 [GeV/e
ma(Xs) 1.4 <m(X,) < 1.8 [GeV/e ]

SM: (4.18 + 0.70)x 107, consistent

= R(X;) by taking the ratio of di-muon over di-electron:

BB - X utu"
First measurement! R(X;) = ( sHH ) = 0.74 4+ 0.19 + 0.04

+ —_
B(B —» X;eTe™) ,
Consistent with lepton flavor universality @




Total branching fractions

SR Nucl.Rhys.B Proc.Suppl.
P H SM prediction 117 (2003) 624
H—a—H o1 Belle
B—XeTe | F—a—
s HH BaBar
—x—
e World Ave.
(w/o this work)
® e This Work
n . LI
B—=XguTp ——
A
H——e—
H—a—H
B—>X 0Tl —&—
A
! ! ! | ) ! ! | ! ! ! | ! ! . | ! ! ! ] ! ! ! ] ! ! ! | !
2 4 6 8 10 12 14 16

(=)

Branching fraction [1079]




Systematic uncertainties

Table IV: Breakdown of relative systematic uncertainties (in %) for differential branching fraction, inclusive branching fraction,

and Rx_. B and B g represents B(B — X ¢*¢7) and B(B — X (T0™; mx, < 1.8GeV/c?), respectively.

qi % a i 0 a4 mi  mz  m3 My B Bis R(X,)
Signal shape +0.3 +03 +0.2 £0.1 +02 04 £0.1 +03 £04 £0.2 02 £03 04
Self cross-feed +1.3 £07 £09 £1.0 £0.7 £1.0 £06 £08 £2.0 *£1.5 £09 1.3 *£1.7
Peaking background 0.6 +£0.5 +£1.9 +0.5 #£06 *24 +£0.1 05 *4.3 £06 1.0 £1.4 £2.2
Fiting bias +3.7 £00 £0.1 £34 £00 £6.3 £0.0 £1.7 £0.1 £3.0 £1.0 £1.7 £2.2
B(B — K(te) +1.2 £28 £29 £38 £2.8 £29 - - +0.0 £0.0 £2.6 0.0 —
B(B — K*tti) +1.7 +14 £18 £1.9 £14 +£20 — — +1.0 +£0.2 *£1.6 £0.3 —
Kaon resonances +2.7 £34 £3.7 1.2 £34 £4.3 — — +3.8 £4.8 3.2 £2.7 —
Fragmentation +23  +12 408 400 411 +0.6 _ _ +3.8 442 412 425 _
Fermi mot; e SR - B 2 QR R rsE R R U
ermi motion : —0.5 —0.2 —0.0 —0.5 —0.1 - - —2.0 —0.8 : —0.8 -
b quark mass e 0.0 £00 0.0 £00 0.0 — — +0.1 0.2 0.0 0.1 —
s quark mass -l 400 £00 400 £00 0.0 « — - e 0 +00 0L -
Missing mode -31  —25  —13  —01  —24  —1.0 - - —0.5  —34  —20  —1.4 -
Tracking +1.1 +£10 %10 09 £1.0 %10 X0.7 £1.1 1.2 *£1.3 £1.0 £1.2 —
K2 reconstruction +0.7 0.8 0.6 £0.5 £0.7 £05 0.7 06 0.5 X0.5 £0.7 *£0.6 -
KaonID +08 0.7 £09 £1.5 £0.7 £1.0 £06 £1.3 £1.2 £1.5 £0.8 =*£1.3 -
PionID +0.2 +0.1 0.1 £0.1 +0.1 +£0.1 £0.0 +£0.2 £0.3 £03 0.1 +£0.2 —
LeptonID +0.7 0.7 08 £0.5 0.7 x0.7 £0.7 07 £08 0.7 07 £07 *14
7% reconstruction +03 0.1 0.1 00 0.1 *0.1 0.0 =£01 £03 04 £0.1 0.2 —
MVA +1.7 1.3 £1.2 £1.2 *1.3 £1.2 £09 *1.2 £29 £25 14 £21 £2.7
MC statistics +0.7 +03 04 £0.5 +03 +08 +03 +05 £0.8 +09 05 £0.7 09
B counting +24 24 £24 £24 24 24 £24 24 24 £24 24 £24 -
T s VU s S S & R S = =X Qi M3 M S IS
Total ostat. £30.0 £17.1 +£23.2 £24.7 £14.8 +£36.9 =£15.2 £14.7 +£38.4 =£39.7 £124 £18.1 £25.3
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