
 Glueballs – fundamental, 
exciting and


elusive
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A troublesome feature of the extended null plane algebra is the 
apparent absence of operators corresponding to those in the 
model that contain only gluon field strengths and no quark 
operators; for a color singlet gluon, the field strength itself would 
be such an operator, while for a color octet gluon we could begin 
with bilinear forms in the field strength in order to obtain color 
singlet operators. Can we obtain these quark–free operators by 
investigating discontinuities at the coincidence of coordinates 
characterizing quark and antiquark fields in the model? At any 
rate, we certainly want these quarkfree operators included in the 
extended algebra.

H. Fritzsch and M. Gell-Mann, Current algebra: Quarks and what else?
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Glueballs

�3

Ulrich Wiedner 



QCD flux tube (LGT, G.Bali et al.; hep-ph/010032)

QCD on the computer: lattice calculations

Quark separation: 1.2 fm; string tension (OGE) : 16 t !
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Glueball predictions in a quenched lattice calculation
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AdS/CFT Correspondence

(Maldacena 1997, AdS: Anti de Sitter space, CFT: conformal field theory)

Duality Quantum Field Theory, Gravity Theory

Arises from String Theory in a particular low-energy limit

Duality: Quantum field theory at strong coupling

, Gravity theory at weak coupling

Works for large N gauge theories at large ’t Hooft coupling �

Conformal field theory in four dimensions
, Supergravity Theory on AdS5 ⇥ S5
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Holography Inspired Stringy Hadrons 
Jacob Sonnenschein (Tel Aviv U.). Feb 1, 2016. 49 pp. 
Published in Prog.Part.Nucl.Phys. 92 (2017) 1-49 
TAUP-3021-16 
DOI: 10.1016/j.ppnp.2016.06.005 
e-Print: arXiv:1602.00704 [hep-th] | PDF

More information can be found at:

Glueballs as rotating folded closed strings 
Jacob Sonnenschein, Dorin Weissman (Tel Aviv U.). Jul 6, 2015. 44 pp. 
Published in JHEP 1512 (2015) 011 
DOI: 10.1007/JHEP12(2015)011 
e-Print: arXiv:1507.01604 [hep-ph] | PDF

Excited mesons, baryons, glueballs and tetraquarks: Predictions of 
the Holography Inspired Stringy Hadron model 
Jacob Sonnenschein, Dorin Weissman (Tel Aviv U.). Dec 4, 2018. 45 pp. 
e-Print: arXiv:1812.01619 [hep-ph] | PDF
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From	Ads/CFT	to	general	string(gravity)/gauge		duality

	The	basic	duality	relates	the	string	theory	on	
Ads5xS5	to	N=4	SYM.	Both	sides	are	invariant	under	
the	maximal	super-conformal	symmetries.	
	To	get	to	non-susy		YM	theory	we	need		to	break	all	
the	supersymmetries	.		
	The		need	to	introduce	a	scale	in	the	gauge	theory	
translates	to		deforming	the	bulk	into	a	non-Ads		one.	
	What	are	bulk	geometries	that	correspond	to	
confining	gauge	theories?	Confining	means	here	
admitting	an		area	law	Wilson	line
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	Witten’s	model	of	confining	background

D4

D4	
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Adding		flavor

	We	would	like	to	introduce	flavor	degrees	of	freedom	
	We	add	Nf		flavor	branes	to	a	non-supersymmetric	
confining	background.		
	A	natural	candidate	is	therefore	Witten’s	model.	
	For	Nf<<	Nc	the	flavor	brane	do	not	back-react	on	the	
background	thus	they	are	probe	branes	
	To	assure	chiral	symmetry	one	adds	D8	branes	and	
anti	D8	branes	
	Their	U	shape	profile	associate	with	a	spontaneous	
breaking	of		the	UV	chiral	flavor	global	symmetry	of	
U(Nf)xU(Nf)	to	a		U(Nf)D	in	the	IR
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Adding	flavor:	The	Sakai	Sugimoto	model	

	Adding	Nf	D8	anti-D8	branes	into	Witten’s	model		
	In	the	cigar	geometry	the	flavor	brane	have	a	U	shape	profile

Sakai	Sugimoto	modelGeneralized	SS	model	

f
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Adding	flavor:	The	Sakai	Sugimoto	model	
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Strings	ending	on		flavor	branes	

	The	space-time	of	the	string/gauge	duality		is	curved	
and	has	a	holographic	dimension	truncated	at	a	wall	
	A	(	mesoic	)	rotating		string	between	two	endpoints	on	
a	flavor	brane	does	not	stretch	along	the	flavor		brane	
	Instead		solving	the	Nambu	Goto			EOM		we	find	that	
the	string	falls	down	stretches	flatly	along	the	wall		and	
climbs	up	to	the	flavor	brane.

I I

II

Flavor	
brane

wall
Stringy	meson
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The	structure	of		a	rotating	holographic	string

	Thus	the	structure	of	a	holographic	meson	
connected	to	a		large	mass	flavor	brane
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Example:	The	B		meson
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Glueballs	as	closed	strings

	Mesons	are	open	strings	with	a	massive		quark	and	an	
anti-quark	on	its	ends.	
	Baryons	are	open	strings	with	a		quark	on	one	end	and	
a	baryonic	vertex	and	a	di-quark	on	the	other	end.	
	What	are	glueballs?		
	Since	they	do	not	incorporate	quarks	it	is	natural	to	
assume	that	they	are	rotating		closed	strings	
	Angular	momentum	associates	with	rotation	of	folded	
closed	strings
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WA 79, WA 102 MARK III, DM2, BES

ASTERIX, Crystal Barrel, OBELIX, E835, PANDA

Particle production: “gluon-rich” processes

Ulrich Wiedner 
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strange mesonsnon-strange mesons

ARGUS, Crystal Ball, LEP, BaBar, Belle, BESIII experiments ...

GAMS (CERN), LASS (SLAC), BNL experiments ...

Hadron beams

... act as anti-glueball filter
γγ collisions

Particle production: “quark-rich” processes

Coupling to  
electric charges

γγ collisions
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The scalar (JPC = 0++) particles 
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Known scalar mesons
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Overall layout of the Crystal Barrel detector showing (1) magnet yoke, (2) magnet coils, (3) CsI barrel, 
(4) jet drift chamber, (5) proportional chamber, (6) liquid hydrogen target, (7) one half of endplate.
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700000 events = 6×700000 entries

pp → π0π0π0 Dalitz plot

The determination of contributing particles and 
their properties requires refined analysis methods.

The interpretation of the states’ nature requires
refined theory

Ulrich Wiedner 

Crystal Barrel @ LEAR
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Difference data-fit
with

“standard” resonances
χ2 / d.o.f = 3.07 

Fit exceeds data Data exceed fit

Include exotic
JPC = 1–+ π1(1400)

in fit
χ2 / d.o.f = 1.29 

Dalitz plot fits
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Statistics is important!

Ulrich Wiedner �26



f0(1500) and f0(1710)
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Amsler, C.: Rev. Mod. Phys. 70, 1293 (1998)

Best use the same experiment to determine the properties of a particle

Crystal Barrel @ LEAR
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Amsler, C.: Rev. Mod. Phys. 70, 1293 (1998)
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A possible nonet of scalar (JPC = 0++) mesons

f0(1500)
f0(980)f0(1370) f0(1710)

One particle is supernumerous!
�31
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Which is the glueball?
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Meson production in γγ collisions

… act as anti-glueball filter
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γγ collisons from ALEPH
(anti-glueball filter)

no f0(1500)

upper limit:

Γ(γγ → f0(1500)) • BR (f0(1500) → π+π−) < 0.31 keV 
Phys. Lett. B472 (2000) 189.�34
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Mixing of particles with the same quantum numbers !

Study the decay pattern!

G   →   ππ, KK, ηη, ηη′   =   3 : 4 : 1 : 0

Experimental observation:

f0(1380)  →  nn 
f0(1500)  →  much more into π than KK  

f0(1710)  →  mainly observed in decays to KK

???

!35Ulrich Wiedner 



Taken from Claude Amsler: Lecture Notes in Physics
ISBN 978-3-319-98526-8 ISBN 978-3-319-98527-5 (eBook)
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qqqq
qqqq
qqqq
qqqq

⟷ KK
⟷ KK
⟷ ππ
⟷ Kπ

A possible scenario

f0(1500)         109          0       glueball (?)

qq
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F. E. Close and A. Kirk, Interpretation of scalar and axial mesons in LHCb from a 
historical perspective, Phys. Rev. D91 (2015) 114015, [arXiv:1503.06942]

In conclusion: the LHCb data appear to be consistent with the picture of scalar mesons below 1 GeV 
being tetraquark states, and those above 1 GeV being a canonical nonet mixed with a scalar glueball.
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Glueball predictions in a quenched lattice calculation
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Closed	strings	versus	open	strings

	The	spectrum	of	states	of	a		closed	string	admits	

	The	spectrum	of	an	open	string		

	The	slope	of	the	closed	string	is	½	of	the	open		
	The	closed	string	ground	states	has		

	The	intercept	is	2	that	of	an	open	string
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The	decay	of	a	long		string	

	The	decay	of	a	hadron	is	in	fact	the	breaking	of	a	
string	into	two	strings			
	A	type	I	open	string	can		undergo	such	a	split	

	A	split	of	a	string	with	
	massive	Endpoints	
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The	decay	of	a	long		string	

	One		calculates		the	string	amplitude			first	for	a	
string	in	flat	d=26	.	Then	for	a	sting	in	non-critical	
d=4		and	finally	for	a	string	with	massive	endpoints.		
	The	result	is	that	the	decay	width	is	linear	with	the	
length	of	the	string	
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The	suppression	factor	for	stringy	holographic	hadrons

	The	horizontal	segment	of	the	stringy	hadron	
fluctuates	and	can	reach	flavor	branes	
	When	this	happens	the	string	may	break	up	,	and	
the	two	new	endpoints	connect	to	a	flavor	brane
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The	suppression	factor	for	stringy	holographic	hadrons

	There	are		in	fact	several	possible	breakup	patterns
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Decay	of	glueballs

	The	glueball		which		is	a	folded	rotating	closed	string	can	decay	

	The	width	
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Zweig	suppressed	decay	channels

	Certain	heavy	quarkonia	mesons,	build	out	of	cannot	
decay	via	the	mechanism	of	breaking	apart	of	the	
horizontal	string	
	In	QCD	the	decay	based	of	the	annihilation	of	the	
pair	into		3	gluons	or	2	gluons	and	a	photon
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Zweig	suppressed	decay	channels
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Example:	The	B		meson
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String	end-point	mass

	We		define	the	string	end-point	quark	mass	

	The	boundary	equation	of	motion	is	

	This	simply	means	that	the	tension	is	balanced	by	
the	(	relativistic)	centrifugal	force.	
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Holographic	mesons	and	glueballs	and	their	map
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Fits		and	predictions	of		the	HISH	model	

	Next	we	compare	the	predictions	of	the	HISH	model	
with	the	PDG	data.	We	extract	the	optimal	values	of		the	
tension	(	or	α’)	,	endpoints	masses,		and	intercepts	
	We	determine	the	chi	square	of	the	fits	of		the	spectra	
	Mesons				
	Baryons			
	Glueballs	
	Exotic	Hadrons	
	We	fit	the	total	decay	width	of			hadrons	including	
Zweig	suppressed	decays	
	We	determine		branching	ratios		
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Fitted	trajectories	of	mesons
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Fits	of		(	potential	)	glueball	spectra

	A		rotating	and	exciting	folded	closed	string		admits	
in	flat	space-time	a	linear	Regge	trajectory	

			
																																																																									=	

	The	basic	candidates	of	glueballs	are	flavorless		
hadrons	f0	of	0++	and	f2	of	2++.	There	are		9	(+3)	f0	
and	12	(+5)	f2.	
	The	question	is	whether	one	can	fit	all	of	them	into	
meson	and	separately	some	glueball	trajectories.		
	We	found	various	different	possibilities		of	fits.																																										
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Glueball	0++		fits	of	experimental	data

	The	meson	and	glueball	trajectories	based	on	f0(1380)	
as	a	glueball	lowest	state.
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Glueballs on  Regge trajectories like mesons?

Marco Bochicchio;  arXiv:1308.2925

Harvey B. Meyer, Michael J. Teper;  Phys.Lett. B605 (2005) 344-354

 G. S. Bali et al.; arXiv:1302.1502
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Possible	scalar	glueball	trajectories
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for	glueball	with	f0(1500)	ground	state

Jacob Sonnenschein, Dorin Weissman, JHEP 1512 (2015) 011, arXiv:1507.01604. 
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On	the	identification	of	glueball	trajectory

	Unfortunately	there	exists	no	unambiguous	way	to	
assign	the	known	flavorless	hadrons	into	trajectories	
of	mesons	and	glueballs,	
	But	it	is	clear	that	one	cannot	sort	all	the	known	
resonances	into	meson	trajectories	alone.		
	One	of	the	main	problems	in	identifying	glueball	
trajectories	is	simply	the	lack	of	experimental	data,	
particularly	in	the	mass	region	between	2.4	GeV	and	
the	cc	threshold,	where	we	expect	the	first	excited	
states	of	the	glueballs	to	be	found.		
	It	is	because	of	this	that	we	cannot	find	a	glueball	
trajectory	in	the	angular	momentum	plane.
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Decays	of	glueballs	versus	mesons
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Decays	of	glueballs	

	Recall	that	the	width	of	the	decay	of	a	meson	into	
two	mesons	is		

	In	a	similar	way	the	width	for	the	decay	of	a	glueball	
into	two	mesons	is		

	Thus	we	get	the	following	hierarchy	for	the	decay	of	
glueballs	
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The tensor (JPC = 2++) particles 
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π−p → φφn
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Jetset (PS 202)

Results:
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OZI-violating processes to be studied at PANDA
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Taken from Claude Amsler: Lecture Notes in Physics
ISBN 978-3-319-98526-8 ISBN 978-3-319-98527-5 (eBook)

Only precisio
n data and good  partia

l wave 

analysis 
can disentangle this.
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The pseudoscalar (JPC = 0−+) particles 
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J/ψ → γ π0 π0 π0

BES3, PRL108 (2012)182001

analysis

Gluon-rich channel:
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Gluon-suppressing channel: γγ collisions at L3
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UKQCD Collaboration, C. M. Richards, A. C. Irving,
E. B. Gregory, and C. McNeile, Glueball mass
measurements from improved staggered fermion
simulations, Phys. Rev. D82 (2010) 034501,
[arXiv:1005.2473].

Quenched vs. unquenched results
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UKQCD Collaboration, C. M. Richards, A. C. Irving, E. B. Gregory, and C. McNeile, Glueball mass measurements 
from improved staggered fermion simulations, Phys. Rev. D82 (2010) 034501, [arXiv:1005.2473].
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Comparison quenched/unquenched  lattice calculations

E. Gregory, A. Irving, B. Lucini, C. McNeile, A. Rago,
et al., Towards the glueball spectrum from unquenched
lattice QCD, JHEP 1210 (2012) 170,
[arXiv:1208.1858].!71Ulrich Wiedner 



 H.-Y. Cheng, H.-n. Li, and K.-F. Liu, Pseudoscalar glueball mass from eta - 
eta-prime - G mixing , Phys.Rev. D79  (2009) 014024, [arXiv:0811.2577 ].

“One analysis [13] of the decay properties of the 0−+ states suggested that large unquenching 
effects moved the quenched 0−+ glueball from 2.6 GeV to 1.4(1) GeV, close to the experimental 
mass of the η(1405) meson.”
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Glueballs, closed fluxtubes and η(1440)
Ludvig Faddeev, Antti Niemi and Ulrich Wiedner 

Phys.Rev.D70:114033, 2004 �73
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Other glueballs?
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My personal glueball candidate for 1++ glueball: X(4140)  M= 4147 MeV/c2 , Γ = ~19 MeV

↳ decay mode J/ψ φ  (flavour blind)

CDF
D0

CMS

Phys.Rev.Lett. 102 (2009) 242002 Phys. Rev. Lett. 115, 232001 Phys.Lett. B734 (2014) 261-281

Phys.Rev.Lett. 118 (2017) no.2, 022003

Ulrich Wiedner

too little statistics 
in BESIII (2015)

Phys.Rev. D91 (2015) no.3, 032002

not produced in γγ

Phys.Rev.Lett. 104 (2010) 112004
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The advantage of antiproton annihilations:

• gluon-rich
• high-spin states possible without limitations on q.n.
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Hadron physics is the place on earth to study non-Abelian massless 
gauge boson - gauge boson interaction in a controlled manner.

Ulrich Wiedner

Feynman lectures on gravitation:
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Thanks a lot! 
Muito obrigado! 
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