ExoTic HEAVY HADRONS

(EXPERIMENTAL RESULTS)

Marco Pappagallo

g

University
 of Glasgow

UK Flavour 2013, Durham, United Kingdom
5 September 2013



r
WHAT IS EXOTIC?

ﬁ the constituent quark model hadrons are classified: \
» Mesons: quark-antiquark

» Baryons: 3 quarks

Many models predict an existence of hadrons of more complex
structure with N ... # 2,3:

» Tetraquark: tightly bound diquark & anti-diquark
» Molecule: loosely bound meson-antimeson “molecule”
» Pentaquarks: 5 quarks

» H di-Baryon: Tightly bound of 6 quark state
QGlueball: Color-singlet multi-gluon bound state
>

Hybrids: qqg hybrid mesons /

Exotics are named X, Y, Z, G, ....currently all are X in PDG
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INTRODUCTION

@ll charmonium states below @

DD threshold have been observed

® Charrflonium states above the DD
or DD* threshold can decay into
DD and DD* final states

® Many predicted states still not
observed

® Everything seemed understood

Qnd well established up to QOOy
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X(3872)

The X(3872) exotic-meson was discovered in 2003 by the Belle
collaboration in the B — K X (3872) with X (3872) — J/yntw~

6 Promptly confirmed by BaBar, CDF, D0 \ [PRL 103,152001 (2009)]

. — 4500 :
® Observed also in J/vyw,vyJ /v, v (2S), D° D*° ] A \
% 4000 — f| M
® Quantum number constrained to 17+ or 2= by CDF % ss00 F | { s e
}
= - ' '
® Width is surprisely narrow (< 1.2 MeV) © 3000 |
AN o
® Mass is not near to any of the predicted cc states g 200 _ MO 2200 |
o 3
D 2000 F = ] ‘»‘\
® Mass is roughly equal to m(D°) + m(D*?) © 4 g 2000 o
5 1500 [~ g 1800 f ;
. . . _ . . c . @
Q High production rate in pp collisions / 8 1000 b § 1000t M ________ ¥t
. £ 1400 Pr§
o A A
(After 10 years the nature of X(3872) remains uncertain: \ S00 = 385 3.86 3.87 388 3.89
—- Lo l IR 1 Ao l Ao l T
= 200
® Conventional ¢ state? x.1(2°P1) (J¥C = 114) 7o (1'Dy) (JPC =27)7| & o '|‘|Ii*i L i 4 {ﬁ"mll}”* N " | {I f"!
® D*°DY bound state or tetraquark state (JX¢ = 1+1)? = 200 b {.*H‘ _______ *_ ) .”‘ ) _*. )
3.75 3.80 3.85 3.90 3.95 4.00
New experimental inputs requested: quantum numbers, precision measurement . P
Qf mass and width, production mechanism ) J/ YT Mass (GeV/c )
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X(3872) QUANTUM NUMBERS

® Observation of the X (3872)— > J/¢y decay = C=+. BaBar [PRL 10%

132001] and Belle[PRL 107 091803]

[PRL 98, 132002 (2007)]

[hep-ex/0505038]

® CDF: 2292 + 113 pp — X (3872) + anything events. Unknown X(3872)
polarization (only 3 angles).Quantum numbers constrained to 17+ or 27+,

® Belle: 173 £16 B — KX (3872) events. 1D analysis carried out (Not
enough events to bin in 5D). 17T or 27" could not be distinguished.

® LHCb: 313+26 BT — K1 X(3872), 5D analysis: all angular correlationy

used to measure X(3872) JXC [PRL 110, 222001 (2013)]

Number of candidates
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X(3872) QUANTUM NUMBERS

/ ® Likelihood-ratio test to discriminate between the 17+ and the 2= assiglm
ments

® Simulated experiments, each with the number of signals and background
events as in the real experiment

® The two spin hypotheses are completely separated

® t > 0 implies 171 favoured

® t < 0 implies 2~ favoured

\@ Data favour the 17" over the 2~ hypothesis at 8.40 /
_-g 107 T T T T T T T T T T T T T T T T T T
P LHCb
< 10°
% * Simulated J"°=2" s+ Simulated J*°=1*

S 10°
(]
B 4
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2 £
§ 3 ;‘A tdata i
10 . A
4 A
2 A “
10 K '
A L M ;. ek NP P
-200 -100 0 100 200

t=-2In[ L2™)/L(T™) ]

® Conventional charmonium interpretation of the X(3872) is fading

® Exotic interpretation is favoured!
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X(3872) AND D% MASS MEASUREMENTS

[If X(3872) is a D°D*Y bound state = m(X(3872)) < m(D°) + m(D*O)]

Eur. Phys. J. C. 72 (2012) 1972 JHEP 06 (2013) 065
%, 1600 ~ L I A B
L2 - LHCDb Q C
$ 1ol 5=7Tev < “'F LHCb %Cl‘?]
Y y200F- é) 200F _
2 E ('\\1/ C i
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BINDING ENERGY

ACCM F .

KEDR
CLEO

PDG Average 1864.92+0.16
LHCb

New average 1864.84 £0.12

1865 18655 1866
D° mass [MeV/c?]

18635 1864 18645

DO
Babar (J/y o K)
BaBar B’
BaBar B’
LHCb
Belle
CDF
PDG 2012: 3871.68 £ 0.17
M(D%)+M(D")

73 3874 3875
X(3872) mass [MeV/c’]

-

\_

Ep = m(D°D*Y) — m(X(3872))
= 2m(D°%) + Am(D*® — D) — m(X(3872))
= 0.09 & 0.28 MeV /c?

~

J

The result reinforces the conclusion that if the X(3872)
state is a molecule, it is extremely loosely bound

UK Flavour 2013
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X(3872) PRODUCTION

/~ ® X(3872) production in hadron collisions reported by CDF [PRL93, 072001
(2004)], DO [PRL93, 162002 (2004)], LHCb [EPJCT72, 1972 (2012)] and
CMS [JHEP 1304, 154 (2013)).

® X(3872) reconstructed in the J/¢¥7t 7~ decay mode, in the central region

\ (CMS, |y| <1.2) or in the forward region (LHCb, 2.5 <y < 4.5) Y,
% 1600'_LHCb > x10° T % 1* CcMS \/5:7Tev E
E 14003_\/§=7TeV g 100: 10<p. <50 Gev E%ﬂzfﬁf7TeV{ % \ I|;/I=<41AE.32fb
5 ok gy % o M e om0 8B |
$ 1000 ! g [ 1 o 4ol N i
w 800:_ : asto 3900 g 60: QA 10 ’
600 S I g’% }
- WMM “ ¥
200:{.# 202 | 10 3 % \¥
3%ool — I37ool — Isaool — Iaeool .2 876 | 3’7 - ‘3.‘8‘ | 319 - ‘;1 10‘ - ‘1‘5‘ - ‘2‘0‘ - 2‘5 R ‘30
M(Jhp * ) [MeV/c?] mJAp 7t) [GeV] pT(J/w it ) [GeV]
4 )
LHCb : ox(3872) X BR(X(3972) — J/qpntq—)25<y<45pr>5GeVl — 5 4 + 1.3 4+ 0.8nb
CMS : 0 x(ss72) X BR(X(3972) — J/opmtn™)WI<1-2p7>10GeVI — 1 06 + 0.11 + 0.15nb Q /s =7 TeV
\CMS: Fraction of X(3872) from B = (26.0 2.4 + 1.6)% y

“Predictions” actually larger than the measured rate
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X(3872) DECAY

— 14T
> D Gev CMS Vs=7TeV |
/ \ 8 12}"}.)7!;.1.2'5{ : X(3872) — Jh I*_'=(2'1-fb>1 t) ]
® CMS: 7t~ spectrum in X (3872) — J/ymtn~ decays) & 1o~ ;
E L
consistent with p° [JHEP 1304, 154 (2013)] T 8 .
o} L
= 6F 7
® LHCb: search for X (3872) — pp decays in 4 ;
_ BY = K*pp [EPJCT3, 2642 (2013) ) - :
O: % | | | | | ]
05 055 0.6 065 o(.7 | ())[75‘. \?].s
—~ 60 T T . m(z*n) [Ge
)
g 3 40-— :;‘Cb X(3915) -
g s | + X(3872) + _
g g 20 Ln
5 ] -
-§ : E O sasszzzzzzzzz s
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3 ;Elg”“g ||‘.'I“|“||“ Mgt l’"ylj‘;m *Illg a j:' by '_,_‘ —— '_: ——t ‘_: - ;

BR(X (3872) — J/ymtn—)
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THE EXOTIC PARTICLE ZOO

The X(3872) has been the first
unexpected quarkonia candidate
Many other states observed in the
years after
Most of them need to be confirmed
Large uncertainties on masses and
widths
The list is getting longer: 7Z,*, Z.* j

~
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o il -
Xe2(3P)
o) on " Iy
[ ET )
T iy 20!
X(3940) he(2) Xa(2P)
................................ | AR
_______ L
- - predicted, discovered
- predicted, undiscovered
- unpredicted, discovered
JPC
ot 1 1t ottt 1t 9tt 9" Charged

State m (MeV) I (Mev) JPC Process (mode) Experiment (o) Year  Status
X(3872) 3871524020 13406 I1++ B— K(x+m=J/y) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK
(<22) pp— (xtm~J/¥)+--- CDF[88-90] (np), DB [91] (5.2)
B— K(wJ/¥) Belle [92] (4.3), BABAR [93] (4.0)
B — K(D*D0) Belle [94, 95] (6.4), BARAR [96] (4.9)
B— K(yJ/¥) Belle [92] (4.0), BAB4R [97, 98] (3.6)
X0 (2P ) B — K(yy(25)) BARAR [98] (3.5), Belle [99] (0.4)
M 39156+3.1  28+10  0/2™ B— K(wJ/¥) Belle [100] (8.1), BABAR [101] (19) 2004 OK
etem = ete (wl/Y) Belle [102] (7.7)
X(3940) 394273 37+ M ete” — J/W(DD*) Belle [103] (6.0) 2007 NC!
etem = J/U(..) Belle [54] (5.0)
G(3900) 3943421 52411 1 ete~ — y(DD) BABAR [27] (np), Belle [21] (np) 2007 OK
Y (4008) 4008+'2) 226497 1 efe” = y(mtn—J/¥)  Belle[104] (7.4) 2007 NC!
Z1(4050)* 405172 82+31 ? B— K(m*xa(1P)) Belle [105] (5.0) 2008 NC!
Y (4140) 41434+£30 1574 7™ B— K(¢pJ/¥) CDF [106, 107] (5.0) 2009 NC!
X(@160) 415673 1397183 o ete~ — J/Yy(DD¥) Belle [103] (5.5) 2007 NC!
Z,(@250)F 4248718 177732 2 B— K(x* 1 (1P)) Belle [105] (5.0) 2008 NC!
Y (4260) 4263 +5 108+14 1 ete” — y(mta—J/¥)  BABAR[108, 109] (8.0) 2005 OK
CLEO [110] (5.4)
Belle [104] (15)
ete” — (mta—J/¥) CLEO [111](11)
ete= — (0707 /) CLEO [111](5.1)
Y (4274) 42744184 32422 b B— K(¢J/¥) CDF [107] (3.1) 2010 NC!
X@350)  4350.61%¢ 13341838 02++ etem = ete ($J/V) Belle [112] (3.2) 2009 NC!
Y (4360) 4353411 9%6+42 1 ete~ — y(mtr—¥(2S))  BARAR [113] (np), Belle [114] (8.0) 2007 OK
Z(4430)*  44437% 107t 9 B— K(x*y(25)) Belle [115, 116] (6.4) 2007 NC!
X(4630) 46347 92+4) - ete” — y(AFAD) Belle [25] (8.2) 2007 NC!
Y (4660) 4664 + 12 48415 1 ete~ — y(mta—¥(2S)) Belle [114] (5.8) 2007 NC!
Y»(10888)  10888.4+3.0 30745 1—- ete~ — (AT (®S))  Belle[37.117] (3.2) 2010 NC!
Eur. Phys. J. C71:1534, 2011 |
M. Pappagallo 11 |



r
X(4140) AND X(4274)

|

AM (GeV/c?)

0

X(4140)

N
[=15.3%104 .+ 925 MeV

J

X(4274)

N
m = 4274.4*84 , 1.9 MeV

[ Evidence/“Observation” in Bf>J/p ¢ K*
[ PRL 102, 242002 (2009) ][ arXiv: 1101.6058 (2011) ]
9
o _f
7F 8l
E 6F Sx(4140)= 3-80 % \SX(4140) > 50
5 5 - - 8l | SX(4274)= 3.10-
8 g
® 4 o
E 3f D 4t
B O =
c 2F ' S
S b H g ? gl
el ] Tl © f
07711 12 13 14 15 R

J

Charmonium states with my >> DD ,® should decay easily
into D mesons. The narrow widths hint that their nature is
different: meson-meson, hybrid, tetraquark, etc..

UK Flavour 2013
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I
SEARCH FOR X(4140) AT LHCB

PRD 85, 091103(R) (2012)

(> 0.37 fbl analyzed (~1/8 of the recorded R ” ' | '
data sample) | LHCb Expelted
» (Almost) background free B* >J/ ¢ K* 2 als
_ sample. 382 + 22 events ) P |
I T I

LHCb

B'— JyoK* | background mjodel

>
=
© 2 7
N 40 - =
= 5 - o [ it i
2 o i B
T [ P . .
g 20 - T e n
S D -
I i 8 L
o 1 1
o@m 1000 1100 1200 1300 1400
5100 5200 5300 5400 5500 M(J/y$)-M(J/y) [MeV]
MEIH) (MeV] LHCb(90%) C.L

® According to the CDF results, 35 + 11 X(4140) signal candidates and B(B* — X(4140)K*+) X B(X(4140) — J/ ¥ )
53 £ 19 X(4274) signal candidates expected BB —J/0dK")

B(B* — X(4274)K*) X B(X(4274) — J/ ¢ ¢)
B(B* — J/y$K™)

< 0.07.

® No narrow structure is observed near the threshold

< 0.08

® The LHCb results disagree at 2.40 level with the CDF measurement
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X(4140) RESULTS: COMPARISON

%10
>
2 s
'é 6
/> CMS has reported observation/ \ g 4
evidence of peaks in JY ¢ with a 22
larger sample of Bt > J/p ¢ K+ °,
» The width of structure near the MK K)-m(ut) |
threshold (not yet quoted) looks wider g [
> The mass of the X(4274) is 3.80 in 3 lo | N
\ disagreement with CDF measurement/ e LM
O B lf
{ X(4140) and X(4274) still to be confirmed } 5 ooptremmeeetenCNS |
b= 250; I I e three--body PS) £
%Ezoo : : —_ s + three- E
An amplitude analysis would help to show g ! ; toH
the resonance nature of these peaks ol | e L
oz' I

13 14 15
M(wWK'K)-m(u*w) [GeV]
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7.(4430)"*

® Charged structure observed in the (25)7+ in BYH) — ¢(28)rt K~ (©)
decays(6.40) by Belle[PRL 100, 142001 (2008)].

[ M = 4433 + 4(stat) % 2(syst) ]

I = 45115 (stat) 39 (syst)

® Clear signature of exotic:

Decay to charmonium: contains a cc pair
Has electric charge: has 2 more light quarks Nyyqrks >= 4!
Tetraquark, D*D; molecule?
® Later Belle re-analysed their data with a 2D ”Dalitz” technique. Integra-
tion over 2 angles = 2 remaining variable: M?(y(2S)r™) and M?(K~n™T)

= No interferences between the different (2S5 helicity states.(6.40)[PHYS.
REV. D 80, 031104(R) (2009)]

M = 44437 3 (stat)'® 5 (syst)
I = 107755 (stat) " L5 (syst)

UK Flavour 2013 M. Pappagallo
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7.(4430)"*

® Dalitz plot is dominated by mass and angular distribution structures iﬁ
the K system

® Investigation the extent to which reflection of the K7 mass and angular
structures are able to reproduce the ¥(2S5)m mass distributions

® Representation the K7 angular distribution in terms of a Legendre poly-
nomial expansion (S, P and D waves) [PRD 79, 112001 (2009)]

® Belle and BABAR mass distributions are statistically consistent.

\ Z( 4430) not confirmed (nor excluded) /

I em—-—— Flat cosd ’ 1
| — (2 S)n'l((momenls i (b) 30
| =e= J/yrK moments

L 1 A)
H 4
)
. 4
H B
]
1

Belle ’ () 3

I
TN b +HHHH{|”+|H!”“H| hﬂﬂ}}“* LA

BABAR (*1.18) (b)

Events/10 MeV/c?
(=]

| 1

1 =
*+ | :|i‘°’ g

Diff./10 Me V/c*

38 4 42 44 46 48
2
Myy28) (GeV/co)
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7.(4430)*

\
® Recently Belle presented results of a full 4D amplitude analysis[arXiv:1306.4894|

® The preferred assignment of the quantum numbers of the Z(4430)" is 17

\® The 0~ hypothesis is not excluded
0+ $1- 0 2
JP 0~ 1- 1+ 2- 2+ ~
Mass, MeV /c? (4470 £ 20| 4482 £ 4 4500 £ 12| 4545 £ 2 (4367 +£2 S
Width, MeV | 139 £36 (10.9 +0.3| 126 £ 20 (11.2 £0.6|9.1 £ 0.6 g
Significance 440 1.20 6.1c 2.30 2.60 -

e

AN

M = 4470730 (stat)T53 (syst)

' = 139153 (stat)

i (syst)

M = 4500113 (stat) T30 (syst)

I' = 1267358 (stat) 55 (syst)

UK Flavour 2013
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7.(3900)*

@Jre_ — wtn~ J/¢ at 4.26 GeV (peak of the Y (4260) \

cross section)[PRL 110, 252001 (2013)] S "
S T a
. Q 16F EHlw_
® Structures observed in the 7#t7~ and 7.J/1 mass spectra [= ¢ 1‘%_% 1
> E —h
o l4E
® Reflections of the w7 mass spectrum, that includes the § 135 \‘Q“éi o
fo(500), fo(980) and non-resonant S-wave, can’t cope 3 i,
peaking structures in w.J /1 bttt L g
. . . M (n*dhy) (GeV/
QThe reflection of the Z.(3900)™ itself is observed! / (2 J1y) GV
3, 100: o 100~ 'f:hDAfga o 120
> > > 100
i g 8 .
N 60 8 60 S
2 S g 60
g g 40 2
5 5 5
3.2 33 34 35 36 37 38 39 4 41 42 %.-2 3334353637 3839 4 4142 (()).2 04 0.6 0.8 1 1.2 14
M(r+Jly) (GeV/c?) M(rJiy) (GeVic?) M(r*r) (GeV/c?d)
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7.(3900)*

M?(Jhy) (GeV/c?)?

18 —m 10 j00 ~+Data
17E P i — Total fit

=T 2 & - ---- Background fit
16 “Hw P / 2 80 -=. PHSP MC
15E o ’ 1 o© C [ sideband

o Em Ve 5 60 ~
145 %4 s I

E o - - -
3 s r&;& 10 2 “or {w" t Pty
12E 4 C Qo N ey

= s : @ 20f; ;.4
ng 4 kb
10? ...................................... 10-2 0 n n PR T i PR S i 1

10 11 12 13 14 15 16 17 18 3.7 3.8 3.9 4.0

M2(m*JIy) (GeVic?)? MpnaxltJly) (GeV/c?)

>

~

S-wave Breit-Wigner with efficiency correction

» Mass =
» Width = (46+10+20) MeV
\> Fraction = (21.5+3.3+£7.5)%

(3899.0+3.6+4.9) MeV

UK Flavour 2013
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Z.(3900)" : CONFIRMATION

Belle with ISR 1n Y(4260)
decays: [PRL110, 252002 (2013)]

70F
60
50F
40f
30f
20 1 T/
10/
0;

Events / 0.02 GeV/c?

—+— data
— Fit
— Background

---- PHSP MC

\_

» M =3894.5+6.6+4.5 MeV
> I =63+x24+26 MeV
» 159 + 49 events

» >b.20

J

UK Flavour 2013

CLEOc data at 4.17 GeV:

[arx1v:1304.3036]

40

30

Counts/10 MeV

25

20

15

10

35F

- ¢ Data M(Z(3900))=3884.6+4.6 MeV
— --- Phase Space

it

TR TR SRR S [N TR SHNNY TN S [T S SO T |
%600 3700 3800 3900 4000

Mpnax(T°J/y) (MeV)

\_

> M = 3885+5+1 MeV )
> I =34+12+4 MeV

» 81 = 20 events

» 6.1o

» Neutral partner also
observed in J/PT1T° -

M. Pappagallo
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I
7..(4025)*

@ eTe” — (D*D*)Tr~ at 4.26 GeV (peak of the Y(4260) cross section) [arXiv:lBOS.Z?@

® Partial reconstruction technique is used. The eTe™ — (D*D*)Tr~ signal
identified in the recoil D7~ mass spectrum (RM(X) = |[pe+e- — Px]|)

® Structure observed in the 7~ recoil mass spectrum

\& Vs = 4.26 GeV << the production thresholds D**D* Y.
& [ —4— daa ——Z (4025 80F —4data  —-Z.(4025)
S qo0L M ws - PHSP “Z 70E — total tit -~ comb. BKG ]
() [ = Argus fit to sldebands < C —-—-PHSP slanal
O S o0f e ™ (5 M = 4026.3:2.6+3.7 MeV
2 300F + = 50¢ H » I'=24.845.6+7.7 MeV
:\:2005_ e g, > 401 + 48 events
1= A — . J l > » > >100
2100 5 - y,
T 2
........ i
205 21 215 22 T402 404 406 4.08
RM(D*1)+M(D*)-m(D") (GeV/c?) RM(r) (GeV/c?d)

BESIII has presented the observation of a Z_.(4020)*>h_ 1" (Changzheng Yuan at Lepton-Photon 2013)
Is it the same state? More studies are needed
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(Events/10 MeV/c?)
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Z.(10610)* AND Z,(10650)"

/ ® Belle reported the observation of two charged bottomonium-like
5 different decay modes [PRL 108, 122001 (2012)]:

T(55) = Y (nS)rT7n~ (n=1,2,3)
T(55) = hpy(mP)rTn™ (m =1,2)

\@ JP = 11 favoured

® B*B and B*B* bound states?

states irx

80

.(.a.‘,).

T

T T

of
104 102 103 104 105 106 107 108

M(Y(18)®],,,. (GeV/c?)

T T T

</ OOh
BELLE .

» M =10607.2+2.0 MeV

» I'=18.4x2.4 MeV

UK Flavour 2013

1m_llil|l LI | LI L | 1 120_]IIlllllIIIIIIIIIII]IIIIIIIIIIIIIIIIIII‘
-~ - C (e ey ») |
; » ; 80: BELLE 1
§ 60: ;3 - ]
n C « 60F &
- g 40F .
4 C > o ]
i 20f 8 20f .

%04 1045 105 1055 106 10.65 107 10.75 D58 1062 1086 1070 4074
M[Y(28)R],,, ., (Gev/c?) MY (38)®],,,, (GeV/c?)
> M =10652.2+1.5 MeV
> I'=11.5+2.2 MeV
M. Pappagallo 22
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Z7.(10610)* AND Z,(10650)"*

120
- - N -
® Zp’s observed also in [arXiv:1209.6450]: N
_ g ®
T(55) — (B*B*)+7r_ v g
s
_ _ . =] 40 -
® B*B and B*B* are the dominant decay modes| § = &%
\ / Z o [l
;05 53 55
IM(BT)+M(B)-Mp, Gev/c’
Channel Fraction, %
Z3(10610) Z3,(10650)
T(18)r+ 0.32 + 0.09 0.24 +0.07
T(28)r+ 4.38 +1.21 2.40 + 0.63
T(38)rt 2.15 + 0.56 1.64 + 0.40
hy(1P)m+ 2.81 +1.10 7.43 +2.70
hy(2P)mt 4.34 + 2.07 14.8 + 6.22
BtB* 4 BOp*+ 86.0 + 3.6 —
B*+B*0 — 73.4+7.0
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I
7.(10610)°

/@) Evidence of the neutral partner Z;,(10610)° in Dalitz plot analysis [arXiv:1207.4345] \

T(5S5) — Y (28)x7Y

® No evidence of Z,(10650)° (Consistent with the available statistics)

- J

(Events/10 MeV/ ¢ )

%04 7045 105 1055 106 1065 107 1075
M(Y(28)T)___., (Gev/c?)
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r
CONCLUSIONS

» Experimental analysis of quarkonia states 1s a Ve%
active field of particle physics.

> The existence of most of the exotic states has to be
proven/confirmed but relevant progress have been

made recently:
v' The quantum number JYC=1* for the X(3872) favors an
exotic interpretation.
v" First confirmation of a charged Z_ (3900)*

» Many results based on a subset of the available data samples.

Huge potential for improving precision and sheding light on
the nature of some exotics
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