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Motivation
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𝒃 → 𝒔ℓ!ℓ" transition		ℓ = 𝑒 or 𝜇
§ Flavor	Changing	Neutral	Current	(FCNC)

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

Anomalies	in	exclusive	measurements	
§ Observed	lower	ℬ(𝐵 → 𝐾 ∗ 𝜇𝜇) than	SM	prediction	in	low-𝑞" region	 𝟏, 𝟔 [𝐆𝐞𝐕𝟐/𝒄𝟒]

§ However,	large	theoretical	uncertainties	(~20%)	prevent a	clear	claim	of	discovery	of	physics	beyond	the	SM
§ Large	uncertainties	from	𝐵 → 𝐾 form	factor	calculation

𝒒 = 𝒑ℓ! + 𝒑ℓ"
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Motivates	inclusive	𝑩 → 𝑿𝒔ℓℓ
measurement	whose	SM	
prediction	is	less	uncertain(7%)
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𝑿𝒔 = {𝑲,𝑲∗, 𝑲𝝅,𝑲𝜼,𝑲𝝆, 𝟑𝑲,… }
2026/03/16 Zihan Wang

ℬ$% 𝐵 → 𝑋&ℓ'ℓ( = 4.2×10() [Nucl.Phys.B Proc.Suppl.	117	(2003)	624]



Analysis strategy
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§ Use	2019-2022	Belle	II	data	(365	fb-1)
§ Sum-of-exclusive:	𝑋2 reconstructed	from	20	hadronic	
modes	in	𝑚32 < 1.8 GeV/𝑐4 region
§ Visible	events	ratio	is	~	71%	including	𝐾!" events

§ ℬ 𝐵 → 𝑋2ℓ5ℓ6 =
7345

8⋅:6727⋅47898

𝐵*, <𝐵* 𝑩±

𝐾 𝐾$ 𝐾±

𝐾𝜋 𝐾±𝜋∓ 𝐾$𝜋* 𝐾±𝜋* 𝐾$𝜋±

𝐾2𝜋 𝐾±𝜋∓𝜋* 𝐾$𝜋∓𝜋± 𝐾±𝜋∓𝜋± 𝐾$𝜋±𝜋*

𝐾3𝜋 𝐾±𝜋∓𝜋±𝜋∓ 𝐾$𝜋∓𝜋±𝜋* 𝐾±𝜋∓𝜋±𝜋* 𝐾$𝜋∓𝜋±𝜋±

𝐾4𝜋 𝐾±𝜋∓𝜋±𝜋∓𝜋* 𝐾$𝜋∓𝜋±𝜋∓𝜋± 𝐾±𝜋∓𝜋±𝜋∓𝜋± 𝐾$𝜋∓𝜋±𝜋∓𝜋*

3𝐾 𝐾$𝐾±𝐾∓ 𝐾±𝐾±𝐾∓

Efficiency	of	reconstructed	modes:	by	simulation
Visible	fraction:	by	Pythia	(Lund	String	model)
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𝐾 𝐾∗ Inclusive	
region
(𝑚 𝑋! > 1.1 GeV)

Belle II simulation preliminary ∫ ℒd𝑡 = 365 3b"#



Selection & background rejection
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§ Cut-based selections	on	𝑚ℓ:ℓ; vetoing	charmonium	processes	𝐵 → 𝑋2𝐽/𝜓(𝜓(2𝑆)) and	
gamma	conversions	𝛾 → 𝑒5𝑒6

§ Dominant	backgrounds:	
§ Semi-leptonic	events	(𝐵 #𝐵 events,	rate	≈ 𝑂(105) of	signal)

§ Continuum	events	(𝝈𝒆𝒆→𝒒9𝒒/𝝈𝒆𝒆→𝑩9𝑩 ≈ 𝟑. 𝟒)

§MVA-based selection	with	8	classifiers:	lepton	flavor	(𝑒 or	𝜇),	𝑋2 mass	(above	or	below	
1.1	GeV),	background	type(𝑞l𝑞 or	𝐵 l𝐵).	Use	missing	energy,	event	shape	information,	etc.

Belle II simulation preliminary Belle II simulation preliminary

MVA. /. MVA0 /0

Optimized	with	FoM:
𝑆
𝑆 + 𝐵

𝐵
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𝜇,𝑚$! > 1.1 GeV 𝜇,𝑚$! > 1.1 GeV



Signal modeling improvement
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§ Signal	modeling	influences	reconstruction	efficiency	greatly
§ The	largest	systematic	uncertainties	in	precedent	analysis

Exclusive	region	𝒎𝑿𝒔 < 𝟏. 𝟏 𝐆𝐞𝐕/𝐜𝟐:

§ Latest	world	average	values	as	ℬ(𝐵 → 𝐾(∗)ℓ5ℓ6) input
Inclusive	region	𝒎𝑿𝒔 > 𝟏. 𝟏 𝐆𝐞𝐕/𝐜𝟐:
§ Data	driven	way	for	fragmentation	correction

§ 𝐵 → 𝑋#𝛾 and	𝐵 → 𝑋#𝐽/𝜓 measurements

§ Introduce	high	mass	resonant	structures

2026/03/16 Zihan Wang

Signal	modeling	in	Belle

𝐾 𝐾∗ Inclusive	region
(𝑚 𝑋& > 1.1 GeV)

𝐾i(1270)
𝐾i(1400)
𝐾∗(1410)
𝐾j∗(1430)
𝐾4∗(1430)

Belle II simulation preliminary ∫ ℒd𝑡 = 365 Cb!"

Systematic uncertainty suppressed 
to 1/3 of Belle, 1/2 of Babar

in 𝟏 < 𝒒𝟐 < 𝟔 𝐆𝐞𝐕𝟐/𝒄𝟒 region

𝑚1= lineshape from	
Fermi	motion	model



Signal extraction & results
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§ Fit	to	𝑀$% = 𝐸$&'() − 𝑝*) spectrum	for	yield	
extraction

§ Peaking	background	by	mis-identified	leptons	
estimated	in	data-driven	way

§ Branching	fraction	in	1 < 𝑞) < 6 GeV)/𝑐+ region:

§ 2	times	better	sensitivity

§ Consistent	with	SM	predictions
§ More	results	in	backup!

§ Differential	and	integrated	branching	fractions

§ First	measurement	of	𝑅 𝑋& = ℬ(0→1=5!5")
ℬ(0→1=7!7") Zihan Wang

𝜇 channel; 1 < 𝑞% < 6 GeV%𝑒 channel; 1 < 𝑞% < 6 GeV%

ℬ 𝐵 → 𝑋#𝑒,𝑒- = 1.60 ± 0.33-".//,"./0 ×10-1

ℬ 𝐵 → 𝑋#𝜇,𝜇- = 1.13 ± 0.33-"."2,".// ×10-1

ℬ 𝐵 → 𝑋#ℓ,ℓ- = 1.36 ± 0.23-"./","./3 ×10-1

New	for	Moriond EW!



72026/03/16 Zihan Wang



Fitting projections in di-electron channel

8§ Total	signal	yield:	100.4 ± 14.3

0.04 < 𝑞@ < 1.0 GeV@/cA 1.0 < 𝑞@ < 6.0 GeV@/cA 6.0 < 𝑞@ < 14.4 GeV@/cA 14.4 < 𝑞@ < 25.0 GeV@/cA 1.0 < 𝑞@ < 7.3 GeV@/cA

10.5 < 𝑞@ < 11.8 GeV@/cA 0.4 < 𝑚B# < 0.6 GeV/𝑐@ 0.6 < 𝑚B# < 1.0 GeV/𝑐@ 1.0 < 𝑚B# < 1.4 GeV/𝑐@ 1.4 < 𝑚B# < 1.8 GeV/𝑐@



Fitting projections in di-muon channel

9§ Total	signal	yield:	81.1 ± 12.9

0.04 < 𝑞@ < 1.0 GeV@/cA 1.0 < 𝑞@ < 6.0 GeV@/cA 6.0 < 𝑞@ < 14.4 GeV@/cA 14.4 < 𝑞@ < 25.0 GeV@/cA 1.0 < 𝑞@ < 7.3 GeV@/cA

10.5 < 𝑞@ < 11.8 GeV@/cA 0.4 < 𝑚B# < 0.6 GeV/𝑐@ 0.6 < 𝑚B# < 1.0 GeV/𝑐@ 1.0 < 𝑚B# < 1.4 GeV/𝑐@ 1.4 < 𝑚B# < 1.8 GeV/𝑐@



Differential Branching fractions
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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
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Differential branching fractions
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Total Branching fractions and 𝑅(𝑋!)
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§ Inclusive	branching	fraction	requiring	both	𝑚ℓ:ℓ; > 0.2 GeV	and	𝑚32 < 1.8 GeV	by	
summing	𝑚i to	𝑚o results:	

ℬ 𝐵 → 𝑋2ℓ5ℓ6; 𝑚32 < 1.8 GeV = 3.42 ± 0.626j.4p5j.4q ×106r

§ Inclusive	BF	by	summing	𝑞i4 to	𝑞o4 results:

§ 𝑅(𝑋2) by	taking	the	ratio	of	di-muon	over	di-electron:

𝑅 𝑋2 =
ℬ(𝐵 → 𝑋2𝜇5𝜇6)
ℬ(𝐵 → 𝑋2𝑒5𝑒6)

= 0.74 ± 0.19 ± 0.04

SM:	 4.18 ± 0.70 ×10(),	consistent

Consistent	with	lepton	flavor	universality

First	measurement!



Total branching fractions
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Nucl.Phys.B Proc.Suppl.	
117	(2003)	624



Systematic uncertainties
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