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Status	of	Flavor	Anomalies
Z.	Ligeti:	arXiv:1704.02938[hep-ph]
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𝑹𝑲(∗) at	Belle	
Ø Decays	involved	are	𝐵 → 	𝐾(∗)𝑙-𝑙.

Ø Mediated	via	Electroweak	Penguin	 process
Ø Possibility	of	having	non-SM	particle	in	the	loop
Ø Two	charged	lepton	 in	the	final	state	allow	for	clean	event	selection		

Ø Currently	available	Belle	results	are	with	605	𝑓𝑏.1 of	data	and	the	measurements	of	
𝑹𝑲 and	𝑹𝑲∗ were	performed	 in	full		𝑞3 range.	

Ø We	measured	

𝑅5 = 	
𝐵(𝐵 → 𝐾𝜇-𝜇.)
𝐵(𝐵 → 𝐾𝑒-𝑒.) = 1.03 ± 0.19 ± 0.06

And

𝑅5∗ =
𝐵(𝐵 → 𝐾∗𝜇-𝜇.)
𝐵(𝐵 → 𝐾∗𝑒-𝑒.) = 0.83 ± 0.17 ± 0.08

T.	Blake	et	al.,	arXiv:	1606.00916

𝐾𝑙-𝑙.

𝐾∗𝑙-𝑙.

J.T.	Wei	et	al,	
PRL	103,	171801	(2009)
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Ø Two	charged	lepton	 in	the	final	state	allow	for	clean	event	selection		

Ø Currently	available	Belle	results	are	with	605	𝑓𝑏.1 of	data	and	the	measurements	of	
𝑹𝑲 and	𝑹𝑲∗ were	performed	 in	full		𝑞3 range.	
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𝐵(𝐵 → 𝐾𝜇-𝜇.)
𝐵(𝐵 → 𝐾𝑒-𝑒.) = 1.03 ± 0.19 ± 0.06

And

𝑅5∗ =
𝐵(𝐵 → 𝐾∗𝜇-𝜇.)
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T.	Blake	et	al.,	arXiv:	1606.00916

Wei	et	al,	
PRL	103,	171801	(2009)

An	analysis	is	ongoing	 in	Belle,	and	a	sensitivity	
study	is	also	ongoing	 in	Belle	II.	Belle	II	expect	
to	have	similar	sensitivity	of	current	LHCb on	
2020	– 2021	with	3-10/ab	data	for	these	
measurements!
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Angular	analysis	of	𝑩 → 𝑲∗𝒍+𝒍−
• (𝐹G, 𝐴JK 	𝑎𝑛𝑑	𝑆P) are	the	observables	
• A	cleaner	set	of	observables	can	be	built,	

where	the	hadronic form	factor	
uncertainties	cancel	at	the	leading	order,	
e.g.	𝑃RS =

TU
JV(1.JV)

• Most	angular	observables	agree	with	SM
• Deviation	in	𝑃RS near	𝑞3 ≈ 6	𝐺𝑒𝑉3

2.6σ deviation for K*µµ
1.1σ deviation for K*ee

Other	
experiments	also	
show	similar	
order	tension	 in	
𝑃RS with	SM	
predictions.	

S.	Wehle et	al,	
PRL	118,	111801	(2017)
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𝑹𝑫(∗) at	Belle
Ø Decays	involved	are	𝐵 → 𝐷(∗)𝜏𝜈 and	𝐵 → 𝐷(∗)𝑙𝜈

Ø They	are	not	rare	decays,	tree	level	transition,	mediated	via	a	
W	in	the	SM,	BF	~	1-5%	

Ø 𝐵 → 𝐷(∗)𝜏𝜈 can	also	receive	contribution	from	charged	Higgs	
(which	appears	in	SUSY,	2HDM)

Ø Leptoquarkmay	also	contribute	to	this	process.

Sahoo,	Mohanta &	Giri,	 	PRD	95,	035027	(2017)

Measured	ratios	are	traditionally			been	above	the	SM	prediction

May	be	the	first	sign	of	New	Physics!!!
BaBar repoted the	first	discrepancy,	confirmed	by	Belle	and	LHCb
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𝑹𝑫(∗)using	Hadronic tag
Ø Fully	reconstructed	hadronic decays	on	tag	side	(1149	𝐵	final	states)
Ø 𝜏 lepton	 is	reconstructed	in	the	leptonic decays	𝜏 → 𝑙𝜈𝜈, 𝑙 ≡ 𝑒, 𝜇;	so	that	signal	

and	normalization	modes	have	the	same	detectable	final	state	particles.
Ø 4	signal	samples	𝐷-𝑙, 𝐷^𝑙,𝐷∗-𝑙, 𝐷∗^𝑙
Ø Calculate	missing	mass	squared:	𝑀`Paa

3 = (𝑃Kbc`−𝑃d − 𝑃e)3 ;
Ø Low-𝑀`Paa

3 region	 is	dominated	by	the	lepton	normalization	and	has	
essentially	no	sensitivity	to	to	the	𝜏 signal	
Ø Fit	𝑀`Paa

3 directly		for	lepton	normalization	yields
Ø High-𝑀`Paa

3 region sensitive	to	the	𝜏 signal
Ø Discrimination	power	in	𝑀`Paa

3 between	the	𝜏 signal	and	𝐷∗∗
background	 is	less

Ø Fit	a	NN	spectrum	to	obtain	 the	𝜏 signal	 yield:	NN	has	8	input	
variables,	most	discrimination	power	comes	from	𝐸ghG (unassociated	
energy	in	calorimeter)	and	𝑝e∗ (lepton	momentum	 in	CM	frame)

Ø Fit	actually	modified	 NN	output:	𝑂′lK = log	 pqq.prst
pruv.pqq

Fajfer,	Kamenik &	Nisadizc,	PRD	85,	094025	(2012);	
Kamenik and	Mescia,	PRD	78,	014003	(2008)

𝑅d &	𝑅d∗ are	within	1.4𝜎 and	1.8𝜎
higher	 than	the	SM	predictions!	

M.	Huschle et	al,	PRD	92,	072014	(2015)
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𝑹𝑫(∗)using	Hadronic tag
𝑀`Paa
3 <	0.85	 𝑀`Paa

3 >	0.85	 𝑀`Paa
3 >	0.85	𝑀`Paa

3 <	0.85	



9

Constraint	on	Type	II	charged	Higgs
BaBar’smeasurements	were	notably	higher	
than	SM	and		disfavored	Type-II	2HDM		

J.P.	Lees	et	al,	PRD	88,	072012	(2013)

Belle’s	measurements	are	compatible	with	Type-II	
2HDM	in	the	region	 ycz{

`|}
= 0.5
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𝑹𝑫∗ with	semileptonic tag
Ø Only	neutral	modes:	signal	𝐵^ → 𝐷∗-𝜏𝜈 and	normalization	𝐵^ → 𝐷∗-𝑙𝜈
Ø Tag	side	𝐵^ → 𝐷∗-𝑙𝜈 (for	normalization	channel,	both	signal	and	tag	sides	decay	to	𝐷∗𝑙𝜈 )

Ø More		efficient	than	hadronic tag,	but	challenging	 as	neutrino	 also	in	Tag	side
Ø Use	

to	distinguish	 signal	and	normalization.
Ø 2D	fit	to	the	variables	𝐸ghG and	𝑂lK ;	the	input	variables	to	NB	are	𝑀`Paa

3 ,	visible	energy	 (total	energy	of	𝐵yc� + 𝐵aP�)
and	cos𝜃K.d∗e

𝑂lK > 0.8 𝑂lK < 0.8

1.6𝜎 higher	 than	SM	predictions!

Y.	Sato	et	al,	PRD	94,	072007	
(2016)

Normalization	
mode

signal	mode

First	measurement	of	𝑅d∗ using	 the	semileptonic tagging.
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𝑹𝑫∗using	Hadronic tag
Ø Hadronic	tagging	 (1104	𝐵	final	states)	
Ø Hadronic 𝜏 decays:	𝜏 → 𝜋𝜈, 𝜌𝜈
Ø Measure	also	the	𝜏 lepton	polarization	 	𝑃� =

�}.��

�}.��
via	the	helicity

angle,	 ��
�	��a��

∝ 1 + 𝛼𝑃�𝑐𝑜𝑠𝜃� ;	[𝛼 = 1	 ~0.45 for	𝜏 → 𝜋𝜈	(𝜌𝜈)]
Ø 2D	fit	to	the	variables	𝐸ghG and	cos𝜃� for	signal	extraction
Ø For	normalization	mode,	 fit	to	𝑀`Paa

3 is	used	

This	is	the	first	observation	of	𝐵� → 𝐷∗𝜏𝜈 decays	using	
only	hadronic 𝜏 decays:	~7𝜎 significance

Consistent	with	SM!	

S.	Hirose	et	al,	PRL118,	211801	(2017)
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Summary	of 𝑹𝑫(∗)

Current	world	average	is	~ 4𝜎 higher	 than	the	SM	
predictions	

This	may	be	the	first	sign	of	Physics	beyond	 the	SM.	LHCb
run	II	and	Belle	II	should	 resolve	this.	

Albrecht	et.	al,	arXiv:1709.10308[hep-ph]
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Summary
Ø We	have	presented	 the	recent	results	of	𝑅5 ∗ 	,𝑅d ∗ 	and	𝑃R

S measured	at	Belle
Ø Observables	𝑅d ∗ 	and	𝑃R

S are	traditionally	above	the	SM	predictions	and	are	consistent	with	other	experiments
Ø A	Belle	analysis	is	ongoing	 to	measure	𝑅5 ∗ 	
Ø First	data	from	Belle	II	will	be	available	in	2019:	Belle	II	and	LHCb run	 II	will	clarify	many	of	the	flavor	anomalies	

currently	we	are	seeing	at	the	level	of	2	– 4	standard	deviations!	


