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Tentative	Schedule
lNov.	18,	2019:	annual	CEPC	working	group	
meeting	at	IHEP,	Beijing

lPreliminary	drafts:	December	15,	2019
lThe	first	integration	of	the	white	paper:	
Jan.	15,	2020		

lThe	second	integration:	May	31,	2020	
lVersion	for	publication:	July	31,	2020	
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Flavors	Production	at	different	
experiments

Hai-Bo	Li@IHEP 719/7/1



Heavy	quarks	@	Z	peak
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Two	key	issues:	 		CP	violation	and	rare	b-decays	(FCNC)

LHCb sees	all	species	of	b-particles	(and	charm	in	abundance)	and	is	

especially	good	at	rare	decays	with	muons and	fully	charged	decay	modes.	

However	 less	efficient	for	electrons,	neutrals,	missing	energy.

Belle	II	should	explore	deeply/widely	 the	Bdand	Bumeson	systems.	

Might	also	runs	above	the	Υ(5S)	threshold	but	canʼt resolve	the	oscillation	

and	TD	CPV	of	Bsmeson,		and	cannot	do	Bc and	b-baryons.	
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Highlights:	rare	decays	
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FCNC	processes:		DNA	for	new	physics	
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Stable	doubly	heavy	Tetraquark

• :			PLB	782(2018)	412	
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LEP	98

PRL		119(2017)20
PRD90(2014)		094007

arXiv:1810.06657
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tau	lepton	at	Z	peak

• Large	production	cross-section	(1.5	nb)
• Strong	boost,	decay	length:	2	mm
• Back-to-back	event	topology,	80%	efficiency	
• Background	clean		
• Good	lepton	and	KL ID	
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Advantage	of	tau	experiment	at	Z	peak:	

Disadvantage:			K/pi	ID	is	challenge	
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tau	lepton	reconstruction	@	Z	peak
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 BB̄

1	Very	clean		𝜏𝜏 events	can	
be	selected	with	very	
simple	selection	criteria.	

l Low	track	multiplicity	
l Back-to-back	
l Low	invariant	mass	
l Total	energy	not	

very	small	
2.	Subtract	background	
3.	Classify	all	the	events	

ALEPH
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tau	lepton	reconstruction	at	Z-peak
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ALEPH
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Requirement	
•	For	charged	tracks	
– Good	momentum	measurement
– Good	𝜋/K	separation	(PID	for	tracks	up	to	30GeV?)	
– Good	vertex:	lifetime,		background	suppression		

•	For		𝛾/ 𝜋	0
– Good	geometric	coverage
– Fine	granularity	with	longitudinal	readout	
– Good	energy	resolution	and	angular	resolution	
– Low	photon	energy	threshold:		<	200	MeV	
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Summary
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l Understand	the	experimental	 precision	with	1012 Z:	

rare	decays	of	tau,	c- and	b-hadrons;

CP	violation;	

precision	tau	physics;

l Examine	the	relevance	of	a	dedicated	PID	(π	/	K	/	p	separation)	detector.

Thank	you!
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Back	up	slides
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Flavour at	the	Z:	the	lepton	Physics	Case	
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Direct	search:		 n⌫ = (
�inv

�lept
)meas/(

�inv

�lept
)SM

n⌫ = 2.9840± 0.0082

Direct	search:		one	year	run	at	E=105	GeV

LEP
0.004 CEPCLimited	by	uncertainty	due	to	calculation	of	

Bhabha scattering.		Improved	by	a	factor	
of	2-3	at	CEPC

n⌫ = (
e+e� ! �Zinv

e+e� ! �Zlept
)meas/(

�inv

�lept
)SM

�n⌫ = ±0.0008

Blondel,	Graverinib,	Serrab,	
Shaposhnikov arXiv:1411.5230
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Flavor	at	the	Z:	the	lepton	physics	

A	high-luminosity	Z	factory	with	1012 Z	allows	us	
to	search	for	new	physics	in	the	leptonic Z	
decays:		
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e+e� ! Z ! ⌫N

N ! l+l0�⌫, qq̄0l, qq̄⌫

Blondel,	Graverinib,	Serrab,	
Shaposhnikov arXiv:1411.5230

e+e� ! Z ! NN ! l+l+h�h� + c.c.

LNV	processes	to	identify	
Majorana neutrinos	
Sensitivity:	10-11		at	CEPC.	
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Z	decays:		cLFV
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u Lepton	Flavor-violating	Z	decays	in	the	SM	with	lepton	mixing	
are	typically:	

B(Z ! µe) ⇠ B(Z ! ⌧e) ⇠ 10�54 B(Z ! ⌧µ) ⇠ 10�60

u Any	observation	of	such	a	decay	would	be	an	indisputable	
evidence	for	New	Physics.

u Current	limits	at	the	level	of	~10-6 (from	LEP	and	recently	ATLAS,	
e.g.	DELPHI,	Z.	Phys.	C73	(1997)	243	ATLAS,	CERN-PH-EP-2014-
195	(2014))

u The	CEPC high	luminosity	Z	factory	would	allow	to	gain	up	to	five
orders	of	magnitude	…

A.	Abada et	al.	arXiv:1412.6322 S.	Davidson	et	al.		JHEP	1209	(2012)	092
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Kinematics	of	τ decays:	heavy	neutrinos	

e+e� ! ⌧+⌧� at	Z	pole	with	known	Eτ =	Ebeam
must	understand	well	the	ISR	effects	

10M	τàυπππ
Z	pole:	5	billion
τàυπππ:		10-6 – 10-9

arXiv:1412.4785
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LNV	processes	at	Z	peak
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LNV	signals	of	Majorana neutrinos:	

Atre, Han,	Pascolie and	Zhang	 JHEP	0905,030(2009)	
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LNV	processes	at	Z	peak
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LNV	signals	of	Majorana neutrinos:	

Atre, Han,	Pascolie and	Zhang	 JHEP	0905,030(2009)	

CEPC Belle-II

10-10																10-10	

10-10																10-10	

10-11										

10-10																	10-9

10-10																	10-9
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LNV	meson	decays:	current	limits	

BABAR1:	J.	P.	Lees	et	al,	PRD	84,	(2011)
BABAR2:	J.	P.	Lees	et	al,	arXiv:	1202.3650
Belle:	O.	Seon et	al,	PRD	84	(2011)
LHCb:	R.	Aaij et	al,	PRL	104	(2011);	arXiv:	1201.5600				LHCb,		PRL	112,131802	(2014)

4.0⇥ 10�9LHCb
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LNV	τ data:	current	limit

Atre,	Han,	Pascoli &	Zhang,	JHEP	0905,	(2009);	-
Helo,	Kovalenko and	Schmidt,	NPB	853,	(2011)
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LNV	meson	decays:	current	limits	

BABAR1:	J.	P.	Lees	et	al,	PRD	84,	(2011)
BABAR2:	J.	P.	Lees	et	al,	arXiv:	1202.3650
Belle:	O.	Seon et	al,	PRD	84	(2011)
LHCb:	R.	Aaij et	al,	PRL	104	(2011);	arXiv:	1201.5600				LHCb,		PRL	112,131802	(2014)

4.0⇥ 10�9LHCb
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LNV	τ data:	current	limit

Atre,	Han,	Pascoli &	Zhang,	JHEP	0905,	(2009);	-
Helo,	Kovalenko and	Schmidt,	NPB	853,	(2011)
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tau	lepton	at	Z	peak

• Large	production	cross-section	(1.5	nb)
• Strong	boost,	decay	length:	2	mm
• Back-to-back	event	topology,	80%	efficiency	
• Clean	background	
• Good	lepton	and	KL ID	

Hai-Bo	Li@IHEP 27

Advantage	of	tau	experiment	at	Z	peak:	

Disadvantage:			K/pi	ID	is	challenge	
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Tau	lepton	at	Belle-II
• Low	cross	section	and	back-to-back	
• Relatively	short	decay	length	:	0.25	mm
• High	background	from	qqbar and	B	decays	
• Good	pi/K	PID	and	Ks	reconstruction
• Limited	K_L	reconstruction	
• Low	efficiency	for	high	multiplicity	
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tau	lepton	reconstruction	at	Belle
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CLEO
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tau	lepton	reconstruction	@	Z	peak
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 BB̄

1	Very	clean		𝜏𝜏 events	can	
be	selected	with	very	
simple	selection	criteria.	

l Low	track	multiplicity	
l Back-to-back	
l Low	invariant	mass	
l Total	energy	not	

very	small	
2.	Subtract	background	
3.	Classify	all	the	events	

ALEPH
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tau	lepton	reconstruction	at	Z-peak
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ALEPH
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List	of	tau	physics	@	Z	peak

• High	precision	tau	decays	rates	(uncertainty:	10-5)
• Vus,	tau	life	time,	tau	coupling,	αQCD	etc.	
• Rare:	cLFV,	LNV	…	
• CPV	in	tau	production	and	decay	(10-4	)
• Anomalous	magnetic	moment	of	the	tau:		~10-6	-10-7

• Electric	Dipole	Moment	of	the	tau:	Re(dtau)		~	10-19	e	cm
• Weak	Dipole	Moments	of	the	tau	(Z	and	W	coupling)		

Hai-Bo	Li@IHEP 3219/7/1



cLFV in	tau	decays
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6	× 1010	 τ pairs	on	Z	pole	at	CEPCà reach	at	10-9-10-10		
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Heavy	quarks	@	Z	peak
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Two	key	issues:	 		CP	violation	and	rare	b-decays	(FCNC)

LHCb sees	all	species	of	b-particles	(and	charm	in	abundance)	and	is	

especially	good	at	rare	decays	with	muons and	fully	charged	decay	modes.	

However	 less	efficient	for	electrons,	neutrals,	missing	energy,	hadronic

multibody decays.

Belle	II	should	explore	deeply/widely	 the	Bdand	Bumeson	systems.	

Might	also	runs	above	the	Υ(5S)	threshold	but	canʼt resolve	the	oscillation	

and	TD	CPV	of	Bsmeson,		and	cannot	do	Bc and	b	baryons.	
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Heavy	quarks	@	Z	peak
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b-hadron	productions	at	CEPC	and	Belle-II

l The	production	rate	of	Bc meson	is	small,	106 – 107 Bc mesons	are	expected
from	NRQCD	
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Heavy	quarks	@	Z	peak
Likely	unique	to	CEPC:		
1) Any	leptonic or	semileptonic decay	mode	involving	Bs,	Bc or

b-baryon,	including	electrons	and	taus.	
2)	 Any	decay	mode	involving	Bs,	Bc or	b-baryon	with	neutrals.	
3)	 Multibody (means	4	and	more)	hadronic b-hadron	decays.	

Hai-Bo	Li@IHEP 36

Bs ! �⌧⌧

Bs ! ⌘0⌧⌧

B0 ! K(⇤)⌧⌧

B0 ! ⇡0⌧⌧

B+ ! K+(⇤)⌧⌧

Bs ! ⌘µµ

Bs ! ⌘0µµ

B0 ! ⇡0µµ

B0 ! ⌘µµ

B ! h⌫⌫̄
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B/Bsà (K*)	tau	tau	
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Talk	by	Simon	Wehle
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Flavors	at	the	Z:		EW	penguins	
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CEPC				
20k
10k
1000
10k

LHCb

LHCb update	and	CEPC	will	improve	it		by	a
factor	of	3-4	after	2028.		Theoretical	
uncertainty	is	in	the	same	level.		

Bs ! ⌘µµ

Bs ! ⌘0µµ

B0 ! ⇡0µµ

B0 ! ⌘µµ

B ! h⌫⌫̄

Bs ! �⌧⌧

Bs ! ⌘0⌧⌧

B0 ! K(⇤)⌧⌧

B0 ! ⇡0⌧⌧

B+ ! K+(⇤)⌧⌧

At	CEPC	we	can	search	for:		
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Flavor	at	the	Z:		EW	penguins	
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RK =
BR(B+ ! K+µ+µ�)

BR(B+ ! K+e+e�)
= 0.745+0.090

�0.074(stat)± 0.036(syst)

Lepton	universality

CEPC	reach:		(2-4)	%	

Consistent	with	SM	within	2.6	σ
RK is	theoretical	extremely	clean:

RK =	1	+	O(10-4)
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Flavors	at	the	Z:		EW	&	Higgs	penguins		
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B(B0 ! µµ) = (3.94+1.58+0.31
�1.41�0.24)⇥ 10�10(3.2�)

B(Bs ! µµ) = (2.79+0.66+0.26
�0.60�0.19)⇥ 10�10(6.2�)

B(B0 ! µµ) = (1.06± 0.09)⇥ 10�10

B(Bs ! µµ) = (3.66± 0.23)⇥ 10�10

LHCb and	CMS,	arXiv:1411.4413

Theory:	Bobeth et	al.	
PRL	112(2014)101801
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Probe	New	physics	in	Z	four-body	decays
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U	could	be	scalar	or	vector	boson

Example:	

arXiv:1805.05791
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CPV	in	Z	decays	
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