Multiguark
Resonances

AD Polosa
CERN and Sapienza University of Rome



Since 2003/4 new Charmonium-Like States

State M (MeV) T (MeV) JPC Process (decay mode)  Experiment (#0) 15¢ observation

X(3823) 3823.1£19 <24 ? B— K+ (xa7) Belle [4] (3.8) Belle 2013
X (3872) 3871.68+0.17 <12 17" B K+ (J/yxtx") Belle [5, 6] (12.8), BABAR [7] (8.6)  Belle 2003

pp— (J/¥ntn")+.. CDF [8-10] (np), D@ [11] (5.2)

B = K + (J/yx*n~7°) Belle [12]* (4.3), BABAR [13[ (4.0)

B — K + (D°Dx0) Belle [14, 15[? (6.4), BABAR [16[@ (4.9)

B K + (J/47) Belle [17[% (4.0), BABAR (18, 19/@ (3.6)

B = K + (¥(29) %) BABAR [19% (3.5), Belle [17]% (0.4)

pp = (J/Yntm~)+... LHCb [20] (np)

X(3915) 3917.5+19 2045 0" B — K+ (J/Yw) Belle [21] (8.1), BABAR [22] (19) Belle 2004
ete” > ete” + (J/Yw) Belle [23] (7.7), BABAR [13, 24)(7.6 )

Xc2(2P) 3927.2+26 2446 2% ete” —ete + (DD) Belle 25| (5.3), BABAR [26] (5.8) Belle 2005

X(3940)  3942%7 373 7t ete” — J/y+(D*D)  Belle [27] (6.0) Belle 2007
ete” = J/+(..) Belle [28] (5.0)

G(3900) 3943+21 52411 17~ e*e” = 4+ (DD) BABAR [29] (np), Belle [30] (np) BABAR 2007

Y (4008) 4008112 226497 17 ete” = 4+ (J/YnT7~) Belle [31) (7.4) Belle 2007

Y (4140) 41445+26 1577 "% B K+ (J/v¢) CDF (32, 33] (5.0), CMS [34] (>5)  CDF 2009

X(4160) 4156732 139733 2"t efem = J/y+ (D*D*) Belle [27] (5.5) Belle 2007

@ Not included in the averages for M and I.



New Charmonium & Bottomonium Like States

State M (MeV) T (MeV) JPC Process (decay mode) Experiment (#0) 1% observation
Y (4260) 42635  95+14 17 efe s+ (J/yntw) BABAR (35, 36] (8.0), CLEO [37] (5.4) BABAR 2005
Belle [31] (15)
ete” = (JYyntn~) CLEO (38] (11)
ete” = (J/Ym'x0) CLEO [38] (5.1)
Y(4274) 42744755 3272 7 B K+ (J/ve) CDF [33] (3.1) CDF 2010
X(4350)  4350.6737 13.3%154 0/2*t etem wete (J/Y @) Belle [39) (3.2) Belle 2009
Y (4360) 4361 +13 74+18 17 ete =4+ (Y(28)7t7) BABAR [40] (np), Belle [41] (8.0) BABAR 2007
X (4630) 4634%, 9273 17 efem = (AFA]) Belle [42] (8.2) Belle 2007
Y (4660) 4664+12 48+15 17~ efe” =4+ (¥(2S) 7t x) Belle [41] (5.8) Belle 2007
ZF(3900) 3898+5 51+19 17 Y(4260) = n~ + (J/¥=™) BESIII [43] (np), Belle [44] (5.2) BESIII 2013
ete” a7 + (J/Ynt) Xiao et al. [45)° (6.1)
Z}(4050) 4051723 823 7 B K+ (xa(1P)7nt) Belle [46] (5.0), BABAR [47) (1.1) Belle 2008
Zy(4250) 42487 1777321 7 B K+ (xa(1P)7t) Belle [46] (5.0), BABAR [47) (2.0) Belle 2008
Z+(4430)  4443%3% 10772 7 B K+ (¢(29)7t) Belle (48, 49] (6.4), BABAR [50] (2.4) Belle 2007
Y5(10888) 10888.4+3.0 30.7739 1~ ete” — (Y(nS)wtn~) Belle [51, 52] (2.0) Belle 2010
Z;}(10610) 10607.2£2.0 18.4+24 17~ T(55) = n~ + (YT(nS)7"), n=1,2,3 Belle [53, 54] (16) Belle 2011
T(55) = n~ + (hy(nP)7*),n=1,2 Belle [53, 54] (16)
Z;}(10650) 10652.2+1.5 11.5+£2.2 1%~ Y(55) = n~ + (T(nS)7*), n=1,2,3 Belle (53, 54] (16) Belle 2011

Y(558) =~ + (hs(nP)7"), n=1,2

Belle [53, 54] (16)

“Not included in the averages for M and T,
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Figure 1: The J/¢n" nr~ invariant-mass spectrum for 10 < pr < 50GeV and |y| < 1.2. The
lines represent the signal-plus-background fits (solid), the background-only (dashed), and the
signal-only (dotted) components. The inset shows an enlargement of the X(3872) mass region.
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RESCATTERINGS 7

KESCATTERINGS WITH HADRINS ((72) Mian7
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Hypértriton @ALICE
(rescaled from Pb-Pb )

DATA FROM ALICE

Hypeértriton @ALICE
(rescaled from Pb-Pb )
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courtesy of A Pilloni

Charged Z.(3900)

BESIII, arXiv:1303.5949
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Z(4430) at LHCb | April 2014
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Signal: 13.90
Other assignments ruled out at 9.70

First observed by BELLE in 2007 and not confirmed by BaBar at that time




Tetragquarks Made of Diguarks

In our schemes tetraquarks could be described in terms of heavy-light diquarks

Digquark-antidiquark states might be formed in different spin combinations

cq cq cc qq Resonance Assig. | Decays
(550 s 00) 1/2(0,0) ++/3/2|1,1)g | Xo(~ 3770 MeV) | 1., J/1p + light mesons
(Esea vallealor V3/2]0,0) — 1/2|1,1)¢ XO( 4000 MeV) e, J/w + light mesons
 iliatiatatd ki Aol el T S e s e e R e e (2 R D Sl il i s DD R



Barely Bound States in TeV Hadron
Collisions?

pPol > 5.5 GeV
‘ymol‘ =il

K bounded by 50 MeV

Pythia (2-2 :: yP>2 2 £=100 nb ")

Production xsect 300 times
smaller than the observed one

C. Bignamini, B. Grinstein, E Piccinini, ADP, C. Sabelli, Phys Rev Lett, 103, 162001 (2009)

P_Artoisenet and E. Braaten, Phys Rev D81, 114018 (2010)
C. Bignamini, B. Grinstein, F Piccinini, ADP. C. Sabelli, Phys Lett, B684, 228 (2010

A. Esposito, E Piccinini,A. Pilloni,A.D. Polosa, J. Mod. Phys. 4, 1569, (2013)

F-K. Guo, U. Meissner and Wang, arXiv: 1308.0193, 1402.6236 [ - ]




Production: MC Tuning

Comparison to CDF data

hard cc*

also shower cc*: tend to be collinear

red: cc* HERWIG/PYTHIA
green: cc*g(recoiling) ALPGEN + HERWIG/PYTHIA
blue: full gcd HERWIG/PYTHIA

A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1405.7929; PRD



Hadronization Must Proceed through 49

A. Guerrieri, F. Piccinini, A. Pilloni, ADP arXiv:1405.7929, PRD

— All ‘woud-be' loosely bound molecules do not form any bound state.
- — Sometimes a compact 4quark state is formed, but it could be that |a] < |B].)y|
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Another Mechanism

Borrow some ideas from cold atom physics. The Fano-Feshbach mechanism.

Open charm (molecule) potential
Hpyp = EpPp

(continuum levels)

Open charm
threshold




Another Mechanism

Borrow some ideas from cold atom physics. The Fano-Feshbach mechanism.

Open charm
threshold

Red: diquark-antidiquark
Blue: loose molecule




Another Mechanism

Consider also that the J/ p* is sensibly lower than the related open charm
charged molecule. This could be why there is no charged X and /-violat.
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Negative Parity: L=1

Y: =0,0)

. . 1,0)+ 10,1

Spin (dg basis) Y; = 1 >\@’ 1)
Y3 = |1,1)5—0
Y4 25 ’17 1>S:2
We identify Y(4360) and Y(4660), decaying into P(2S)m, as radial excitations of Y(4008) and Y(4260).
Statiei P S at=ulsau (5 2= Assignment Radiative Decay
Y, 1:0 Y (4260) v+ X
Y3 125 Y (4290) /Y (4220) v+ X
R. Faccini, G. Filaci, A. Guerrieri, A. Pilloni, ADP arXiv:1412.7196, PRD (Y(4230)=Y(4220))

M. Ablikim et al. [BESIII Collaboration], arXiv:1410.6538 [hep-ex]. C. Z. Yuan, Chin. Phys. C 38 (2014) 043001
Y(4230) data from BES III Collab.
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A Brief Tour in the Beauty Sector
A. Ali, L. Maiani, ADP, V. Riquer arXiv:1412.2049, PRD
M(Zb) M(Zb) = 2/'{(9
M(Z') — M(Z,) = 2k, = 120 MeV
Iib:kC:Mc:Mb%O.SO

= 2kp ~ 36 MeV vs. 45 MeV (exp.)
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