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• All	rates	above	related	to	 >�~
• Relative	rates	related

IJ, I∗J, I∗∗J wavefunctions

4	different	I∗∗J mesons
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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

From	the	Particle	Data	Group
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• BABAR	measured	combined	
H∗∗If, branching	fractions

• We	want	to	measure	each	individually
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LMNOP = Σ LS
TMNOP = TUVNW



Beam	Constrained	Mass
• Use	simulated	data	
• Generated	to	look	like	real	Belle	II	data
• ≈	100	million	B8B events

• Calculate	beam	constrained	
mass for	each	B	candidate:

100?@AB CDEED FF GHIJEKLDM NKLK
O PQRR

STU =
WTXYZ[ − ]UY^_ [`[

`[

Correct O Candidates

BackgroundsS[`b = W[ − ]⃑ [`[
]UY^_ = Σ ]eWUY^_ = WTXYZ



Missing	Mass
• Say	we	have	a	B/ candidate
• Particles	not	combined	to	make	candidate → from	B<
• Look	for	D∗∗@π< in	B< decay
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measure OTH and FTHIn	center	of	mass	frame:



Missing	Mass
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Missing	Mass
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Missing	Mass

• Say	we	have	a	B/ candidate
• Particles	not	combined	to	make	candidate → from	B<

• Look	for	D∗∗@π< in	B< decay

B<

C∗∗D

B/
B<

measure FGH and IGHIn	center	of	mass	frame:

LMNO = FM − I⃑ MNM

STUVVUWX =
YZ[\T − Y]H

^ − −_`\Wa − _]H
^`^

`^

Ib∗∗c = IdH − IGH

Fb∗∗c = FdH − FGH

e<
IdH = −Ifghi

FdH = Fjkgl



Missing	Mass	and	Branching	Fractions

Signal	Modes	3∗∗567
89∗9,	8;9,	8;9′,	8=∗9

89>7
8∗9>7

100AB7C DEFFE GG HIJKFLMEN 3LML

OPQRRQST =
VWXYP − V[\ ] − −^_YS` − ^[\ ]a]

a]

Decay	Mode Branching	Fraction
Γef 3567 (4.61 ± 0.10)×107n

From	the	Particle	Data	Group

t D7 → 3567 =
vw

vxYTR ∗ yw
= Cfze

f{]z|n ∗ 5.|n5

=	(4.42 ± 0.10)×;97~

Calculate	branching	fraction:



Questions?



BABAR	Measurement
• 210fb-1 BABAR	Data	

≈	210	million	B9B events

BABAR Paper: https://arxiv.org/pdf/hep-ex/0609033


