
Measuring	+(+- → /∗∗12-)
using	the	Missing	Mass	Method	

Alex	Gale
University	of	Cincinnati

June 21, 2024



Decay	Process
+,

-

./

0, 12345
5.28 :;</>?

@,

0.14 :;</>?

DEFG112345
HI, H∗I, H∗∗I, …

MNO O;P;O;Q>;:
SONTNQ UVWW ≈ 0.94 :;</>?

Decay	Mode Branching	Fraction

Γde HIf, (4.61 ± 0.10)×10,l

Γmlm H∗If, (5.17 ± 0.15)×10,l

Γmdm Combined	H∗∗If, (5.6 ± 1.2)×10,l
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• We	want	to	measure	four	H∗∗If,

branching	fractions	individually	

|

./ D

./ 4	different	H∗∗I mesons

https://pdg.lbl.gov/


Motivation

• ()* is	determined	through	semileptonic	decays

• Tension	between	inclusive	and	exclusive	 ()*
• Possibly from poor	modeling	of	higher	excited	charm	states

• > → @∗∗B CD not well known

• > → @∗∗F can	help	understand	D**	(form	factor	at	 ()* kinematic	point)

Exclusive	 ()* = (39.10 ± 0.50)×10UV
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Inclusive	 ()* = (41.97 ± 0.48)×10UV
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B	Meson	Tagging

• Full	Event	Interpretation	(FEI)	
• Hadronic	tagging
• Select	B	candidate	(tag	B)
• −0.1	<	ΔE	<	0.05
• FEI	MVA	output	(signalProbability) >	0.001	
• Candidate	with	highest	signalProbability

• Kinematic	constraint	on	other	B	(signal	B)

• Beam	constrained	mass
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• 50fb%& for	training	and	50fb%& for	validation

Variables

• R2	is	the	second	Fox	Wolfram	moment

• There	is	a	set	of	KSFW	moments	

• KSFW(mm2)	is	the	missing	mass	squared

• KSFW(et)	is	transverse	energy

• Cleo	Cones,	a	set	of	9	cones	summing	particle	energy	in	10° sections

• Runs	from	0° (aligned	with	the	Btag)	and	90° (transverse	to	the	Btag)

• Sums	the	forward	and	backward	direction

• cosTBz angle	between	Btag thrust	and	the	z-axis

• cosTBTO angle	between	the	Btag thrust	and	ROE	thrust

• thrustBm Btag thrust	magnitude

• thrustOm ROE	thrust	magnitude
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Continuum	Suppression	with	FastBDT



Missing	Mass
• Say	we	have	a	tag B
• Particles	not	combined	to	make	tag	B → from	signal	B
• Look	for	D∗∗π in	signal B decay
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Find	E on	signal	side
Measure GH and IH
Cuts:	pionID	> 0.6 ,	IHS > 1.5 ,
dr	<	0.5 ,	 dz <	2 ,	17° <	θ <	150°

In	center	of	mass	frame:
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Significance	Optimization
• Estimated significance	of	3∗∗567 signal	vs	cuts	in	

signalProbability and	Continuum	Suppression	MVA	output
• Significance	=	

DEFG
DEFGHDIJG

in	signal	box:	5.27	<	Mbc <	5.29	and	2.2	<	Missing	Mass	<	2.8

• 2D	figure	of	merit	optimizes	significance	to find	best	cuts	in	signalProbability and	
Continuum	Suppression	MVA	outputs
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True	eHe7 tags
Fake	eHe7 tags
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hh̅ background
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BABAR	Measurement
• Measured	branching	fraction

to	four	6∗∗8 states	combined
• Full reconstruction tagging
;< → 6(∗)8@<, 6(∗)8B<, 6(∗)8CD

<

6∗8 → 68@<

68 → E<@F, E<@F@8, E<@F@<@F,	EG@<@F

PRD 74, 111102 (2006)

210fb<D BABAR	Data

L∗∗M Significance	≈
PQRS
TQRS

=	10.63

https://doi.org/10.1103/PhysRevD.74.111102


Missing	Mass	and	Significance

Signal	Modes	/∗∗123
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100=>3? @ABBA CC DE /FGF

DHIJJIKL =
NOPQH − NST U − −VWQKX − VST UYU

YU
Estimated	Significance

Mode
BABAR	scaled	
to	100fb3?

100fb3?

Belle	II	MC

/123 14.60 30.11
/∗123 16.19 29.05
/∗∗123 7.33 11.19

kl∗∗m ≈ kl∗m
kl∗∗m opopq
kl∗m opopq

Belle	II	MC14	observed	D∗∗1

does	not	match	BABAR	data



Summary
• Full	Event	Interpretation	hadronically reconstructs	tag-side	B	mesons
• Continuum	Suppression	applied	on	the	tag-side

• Optimize	=∗∗?@A significance	FEI	and	Continuum	Suppression	MVA	
outputs

BABAR	scaled	
to	100fIAJ

100fIAJ
Belle	II	MC

K∗∗LMA Counts 395 1683
Significance 7.33 11.19

UV∗∗W ≈ UV∗W
UV∗∗W YZYZ[
UV∗W YZYZ[



Thank you!


