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BES	history:	two	important	men

Prof.	W.		(Pief)	K.	H.	Panofsky
1919-2007

Prof.  T. D. Lee 
The first meeting of the Sino-US committee on HEP,  

June 10-13, 1979, Beijing, China

This	is	why	we	have	BEPC/BES	in	China,	and	the	reason	we	are	here	today!
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BES	history:	Charmed	baryon		

Prof.	 W.	K.	H.	Panofsky
1919-2007

Prof. Jia-Lin Xie
1920-2016

During	the	3rd meeting	of	the	Sino-US	joint	committee	on	
HEP,		March	8	– 9	,	1982,		in	Beijing.		Pief invited	Prof.	 Xie
a	dinner	in	Beijing	Hotel,			Pief emphasized	the	importance	
to	extend	the	beam	energy	from	2.2	to	2.8	GeV,		so	that	
the	charmed	baryons	can	be	studied.		
BESI	&	BESII	have	not	done	it,		since	the	low	luminosities?		

But	we	did	it	at	BESIII	with	0.5	fb-1 at	4.6	GeV

March 17, 1982
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From IHEP	archives



Ebeam=	5.7	GeV was	a dream

In 1982, 
March 8-9

This	collider	can	be	raised	to	Ebeam =	5.7	GeV
when	circumstance	permits	in	the	future.
It	can	be	used	to	do	researches	in	𝚼	𝐩𝐡𝐲𝐬𝐢𝐜𝐬	of	B	
particles	in	the	next	step.			
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From IHEP	archives
From IHEP	archives



Planed	physics	programme
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l Light	hadron	spectroscopy	
Meson,	exotics,	baryons	…	

l Charmoniumphysics	
Spectroscopy	and	transitions					
New	states	above	open	charm		
Decays

l Charmed	meson	&	baryon	physics:			
Decay,	Mixing,	CP	violation	
CKM	…

l 𝝉 physics,	R	values	
l Searches	of	rare	and	forbidden	processes	

800	pages	published	in	2009



10	years	data	taking at	BESIII
Data	sets	collected	so	far	include,	

Ø 𝟏𝟎×𝟏𝟎𝟗		𝑱/𝝍 events	

Ø 0.5×105 	𝜓7 events	

Ø Scan	data	[2.0,	3.08]	GeV;	[3.735,	4.600]	GeV

130	energy	points,		about	2.0	fb-1

Ø Large	data	sets	for	XYZ	study	above	4.0	GeV

about	12	fb-1

Unique	data	sets	at	open	charm	thresholds	
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Achievements		

• Precision	tau	mass	from	BESIII	
• Charmonium and	XYZ spectroscopy： Zc(3900),	X(3872)	…
• Light	hadron	&	searches	of	exotics:		X(1835),	X(ppbar)…
• Precision	charm	physics:		decay	constant,	form	factors,	|Vcs|,	|Vcd|
• Access	to	amplitudes	of	quantum-correlated	D0 decays:	relative	strong	phases	
• Charmed	baryon	production	at	threshold:											production	and	decay
• Probe	EM	structures	of	baryons:																						of	proton,	neutron	and	hyperons	
• Hyperon-anti-hyperon	pairs	from	𝐉/𝛙 and	𝛙7	decays:		asymmetry	parameters,	
CP Violation, and	polarizations	of	hyperons	
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More	than	250	papers	published	or	submitted	so	far

Highlights:
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From	BESIII	physics	(yellow)		book	to	BESIII	white	paper	
2008 2019



BESIII	future	physics	programme after	10	year	running

Since	2017,		we	started	to	discuss	BESIII	

further	physics	programme :

Ø Potential	physics	topics

Ø Competition	from	other	experiments	

ØThe	lifetime	of	BESIII	experiment	:		

detector	upgrades	?	

ØNecessary	of	BEPCII/BESIII	upgrades	

190	pages	white	paper	has	been	done,	and	
has	been	reviewed by	international	committee
(September	3-4,	2019)	

Hai-Bo	 Li	(IHEP) 9



Competition	and	complementary	 		

Ø Super-KEKB/Belle-II	(50	ab-1 ccbar cross-secion =	1.0	nb@Y(4S))
arXiv:	1808.10567		(Belle-II	physics	book)	

Ø LHCb and	its	upgrades	(50	fb-1à 1011 reconstructed	charm	mesons)
arXiv:1808.08865	(LHCbupgrade-II)	

Ø proton-antiproton	collisions	(PANDA…)	

Ø e-p/gamma-p	collisions	(Glue-X…)

Ø SHiP experiment	at	CERN:	 (1018 D	mesons,	1016 𝝉,	1020 𝜸)
arXiv:1504.04855	;	arXiv:1807.02746
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Physics	programmes for	future	data	taking

• 10-17	fb-1	on	𝝍(	3770)	
• 6	fb-1 at	4.18	GeVà Ds meson
• 5	fb-1 at	4.64	GeV for	the charmed baryon
• Scan at	the highest energy?	
• Continue	XYZ		scan (500	fb-1 /point between 4.0	and 4.6	GeV)
• Large	Zc samples:	5	fb-1 each	at	4.23,	4.42	GeV
• High-statistics	data	samples	around	2.2,	2.4	GeV
• 3	billion 𝝍(	3686)
• …

…wishlist comprises	about	40	fb-1
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From	the	white	paper

BESIII	 has	to	run	another	8	- 10	years	to	collect	these	data	sets
with	current	luminosity!	



Upgrades	to	detectors:	past	and	future	
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Detector	has	running	smoothly,		performance	generally	excellence.	

ü Endcap	TOF	upgrade（2015）

single	layer	plastic	scintillator	

was	replaced	with	multi-gap	RPC.	

Time	resolution:	110	psà 60	ps

95%	𝛑/𝐊 separation	up	to	1.4	GeV

ü Inner	most	part	of	the	drift	chamber:	

1)	New	inner	drift	chamber	is	ready	

2)	CGEM	is	in	progress	

ü Super	Conduct	magnet	:	new	valve	box	



Gain	on	integrated	luminosity	from	“Topup”	injection		
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20% gain on the integrated luminosity 
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12	injections	every	12	hours	



BEPCII	luminosity	optimized	for	𝛙 𝟑𝟕𝟕𝟎 running
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A factor of 2 gain for lattice optimized at J/𝛙 running 
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• Fast R value scan
• Fixed energy data taking
• Last operation year

Theoretical expectation

Real data fitting



Lineshape of
Belle: PRL101, 172001 (2008)
BESIII: PRL120,132001(2018)

Some	tensions	between	Belle	and	BESIII	data	on	
BESIII	 future	data	above	4.6	GeV will	follow	a	sharp	rise	of	the	Y(4660)	or	
a	flat	cross	section	near	threshold?

Machine	upgrades:	
ü Energy	upgrades
ü Lumi improvement	@	higher	energy
ü “Topup”	injections	
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Energy	and	luminosity	upgrades	
Energy	upgrades	

Ø currently,		𝐄	𝐛𝐞𝐚𝐦𝐦𝐚𝐱 =2.3	GeV limited	by	power	supply,	cooling	of	magnets	

Ø upgrade	I:		𝐄	𝐛𝐞𝐚𝐦𝐦𝐚𝐱 =2.35	GeV ,	 done	in	summer	 shutdown	in	2019	

Ø upgrade	II:		𝐄	𝐛𝐞𝐚𝐦𝐦𝐚𝐱 =2.45	GeV,	need	to	rebuild	SePtum magnets	(2020)

access	to	the	

Future	luminosity	upgrades	

Ø improvement	of	beam	power:	more	bunches	with	stable	running		à a	factor	of	2	or	3

Ø try	crab-waist	:		a	factor	of	10	times	gain	on	the	luminosity?		
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Access	to	the	heavier	charmed	baryons
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Belle	 data	for	charmed	 baryon



Charmed	baryons	productions
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In	the	charmed	baryon	system,	the	light	quarks	are	more	

like	di-quarks

The	spin-0	diquarks:		"good"	diquarks

The	spin-1	one	:		"bad"	diquarks.	

The	bad	diquarks are	heavier.	So	if	the	hadronization

from	the	initial	(ccbar)	proceeds	in	one	step,	by	attaching	

diquarks,	it	will	provide	a	simple	and	natural	explanation	for	

the	fact	that	the	𝚲𝐜 cross	section	is	much	bigger	than	that	of	𝚺𝐜.

Then	how	about	the	behaves	at	the	threshold,	and	to	test	it	at	BESIII	will	be	very	interesting!		

Belle 
arXiv:1706.06791

Marek	Karliner



Inha	University	 (Republic	 Korea) 19

Advantage:	unique	data	near	to	the	thresholds	
Ø D/Ds/							hadrons	near	thresholds:		

precision	branching	fractions,		unique	access	to	
the	relative	phase,		test	of	SM		

Ø Hyperon	and	charmed	baryon	Spin	
polarization	in	QC	

Ø Form-factors	in	the	time-like	production
Ø CP	violation	with	quantum-correlated	pair

productions	of	hyperons	and	charmed	baryon	
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We will accumulate at least 10~20x more Λc pairs



High	precision	charm	physics	@thresholds:		D/Ds
Observables Exp. measure BESIII Belle-II LHCb

𝐵(𝐷J → 𝑙𝜈) 𝑓P|𝑉ST| 1.1% 1.4% N/A

𝐵(𝐷UJ → 𝑙𝜈) 𝑓PV|𝑉SV| 1.0% 1.0% N/A

𝐵(𝐷J → 𝑙𝜈)
𝐵(𝐷UJ → 𝑙𝜈)

𝑓P|𝑉ST|
𝑓PV |𝑉SV|

1.0% 1.4% N/A

𝑑Γ(𝐷 → 𝜋𝑙𝜈)/𝑑𝑞[ 𝑓P→\ 0 |𝑉ST| 0.6% 1.0% N/A

𝑑Γ(𝐷 → 𝐾𝑙𝜈)/𝑑𝑞[ 𝑓P→^ 0 |𝑉SV| 0.5% 0.9% N/A

𝑑Γ(𝐷U → 𝐾𝑙𝜈)/𝑑𝑞[ 𝑓PV→^ 0 |𝑉ST| 1.3% N/A N/A

𝑑Γ 𝐷U → 𝜙𝑙𝜈 𝑑𝑞[ 𝑓PV→` 0 |𝑉SV| 1.0% N/A N/A

BESIII:		20fb-1 @	3770	MeV,		6fb-1 @	4180	MeV,			arXiv:	0809.1869		(BESIII	physics	book)	

Belle-II:		50	ab-1 @	Y(4S)			arXiv:	1808.10567		(Belle-II	physics	book)	

LHCb:	:	arXiv:1808.08865 for	upgrade-II	

Belle:	 2.5%	

21



Belle	II	vs.	BESIII
ISR	produces	events	at	all	CM	energies	BESIII	can	reach

22

From C.Z.	Yuan

BelleII schedule: 
2022:  20/ab : 
2025:  50/ab: 

18/06/28

BESIII:		high	efficiency	for	open-charm

BelleII:		very	low	efficiency	for	open	charm	



Belle	II	vs.	BESIII	on	XYZ	study	
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Roadmap of CP violation in flavored hadrons 

• In 1964, the first CPV was discovered in Kaon；

• In 2001,  CPV in B was established by two B-factories; 

• In 2019,  CPV discovered in D meson:  10-4,  108 reconstructed D mesons (LHCb)

• All are consistent with CKM theory in the Standard model 

• But no evidence was found in strange baryons? 

1980

2008

Baryon asymmetry of the Universe means that there must be non-SM CPV source. 

24



CPV in hyperon decays and New physics 

25

CPV in SM is small ： # events                Experiments

B meson   : O(1) discovered (2001） 103																													𝐁	𝐟𝐚𝐜𝐭𝐨𝐫𝐲	

K meson   : O(10-3) discovered (1964） 106 						𝐅𝐢𝐱	𝐭𝐚𝐫𝐠𝐞𝐭𝐬	

D meson   : O(10-4) discovered (2019)   108 LHCb

Hyperon  :           O(10-4) 10-2 O(108) 																									𝐅𝐢𝐱	𝐭𝐚𝐫𝐠𝐞𝐭𝐬	

à BESIII ? 

Flavor-SU(3) Octet of spin ½ Flavor-SU(3) Decuplet of spin 3/2



Why Hyperon physics at BESIII？

Hai-Bo	 Li	(IHEP) 26

10 billion J/psi events collected 

Ø Large BRs in J/psi decays 

Ø Quantum correlated pair productions 

Ø Easy to reconstruct 

Ø Background free 

The number of reconstructed hyperon-
anti-hyperon pairs will be a few millions. 

Hai-Bo	Li,		arXiv:1612.01775
A.	Adlarson,	A.	Kupsc,	arXiv:1908.03102



Advantage at e+e- machine 
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ΣJ → 𝑝𝜋j

Known initial 4-momentum

Strongly boosted 

Substantial polarization 

Decay with neutron & 𝛑0

Decay with invisibles  

Single  tag

e+
e-



Correlated	5-dim. angular	distribution

If	𝚲	is	polarized,	both	a- and	a+ can	
be	measured	simultaneously,	which	allow	
us	to	search	for	CPV	

28



BESIII	results	with	1.3	billion	𝑱/𝝍

ç 1)	3x precision improvement
-same data sample-

ç2) ~7𝝈 upward shift from 
all previous measurements

ç 3) ~3𝝈 difference from 1. 
Is this reasonable?

Nature Physics May 2019
arXiv:1808.08917

comments	on	these	3	items:

29
|∆𝑰| = ½ rule	in	Kaon decay
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𝜹Erms=0	keV:								𝝈𝑱/𝝍=90000	nb

𝜹Erms=57	keV:						𝝈𝑱/𝝍=41000	nb

𝜹Erms=1100keV:		𝝈𝑱/𝝍=3400	nb (BESIII)

Alexander	 Zholents
CERN	SL/92-27/AP

𝑱/𝝍 production	cross-section	

𝑱/𝝍		𝐰𝐢𝐝𝐭𝐡: 92 keV

BESIII	may	get	trillion	J/𝝍 per	year!
A	dream（Steve	Olsen)?	

Xiaoshuai Qin

E+∆𝑬

E-∆𝑬
E

E-∆𝑬

E+∆𝑬
E
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Monochromatic	collision:		in	1996



CP	violation	with	10	billion	𝑱/𝝍,	plus	monochromator

32

From	A.		Kupcs
Adlarson and	Kupsc,	
arXiv:1908.03102	
I.I.	Bigi,	X.W.	Kang,	HBL	
arXiv:1704.04708

BESIII+	
reduced	∆𝑬

1012 𝑱/𝝍

∆𝑬 <100	keV

6×𝟏𝟎𝟖 10-4 – 10-5

1.3	billion	𝑱/𝝍

𝟐×𝟏𝟎v𝟑

1×𝟏𝟎v𝟓



Summary
• Great	achievements

• BESIII	is	uniquely	well	suited	for	a	variety	of	study	of	pair	
productions	at	thresholds;

• BESIII	provides	unique	access	to	strong	phase	and	CPV	in	hyperons;		
• Whitepaper	with	outline	of	physics	programmefor	the	next	6-10	
years	is	ready	for	publication.		International	review	has	been	
finished	in	September	(3-4),	2019;	

• Higher	energy,	higher	luminosity,	and	a	lot	of	exciting	physics	ahead	
of	us	with	BESIII.	
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Thank	you!



Back-ups
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Discoveries	of	Zc at	BESIII	in	2013	

35
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Discoveries	of	Zc at	BESIII	in	2013	
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HQL2018
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Rare and forbidden decays
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FCNC: radiative decays 

EM penguin 

Weak penguin 

Neutrinoless
double beta decays

Most of them never studied. 

𝛾



Semileptonic decays: Vus
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N. Cabibbo, E. Swallon, R. Winston 
Ann.Rev.Nucl.Part.Sci. 53:39-75,2003

𝚵v
dss

usu
Λ

Can	we	do	better	?	
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𝜹Erms=0	keV:								𝝈𝑱/𝝍=90000	nb

𝜹Erms=57	keV:						𝝈𝑱/𝝍=41000	nb

𝜹Erms=1100keV:		𝝈𝑱/𝝍=3400	nb (BESIII)

Alexander	 Zholents
CERN	SL/92-27/AP

𝑱/𝝍 production	cross-section	

𝑱/𝝍		𝐰𝐢𝐝𝐭𝐡: 92 keV
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