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CHARMONIA EXOTICS?



Y (4660) X,Y,Z states from Table 9,
X (4630) Brambilla et al. 1010.5827
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Techniques/Descriptions/Strategies

QCD Sum Rules

Non-relativistic QCD
Heavy Quark Effective Theory

Heavy Hadron Chiral Perturbation Theory
X-EFT Lattice Potential Models

Mixtures

Molecule Baryonium

Tetraquark
Hybrids Coupled channels

Hadrocharmonium



Hadrocharmonium
J /1,9 (2S),...even Y7 affinity for light hadronic matter

small Q@
/ ® 2< light (excited) hadronic matter

\/

Z1(4050)" — 71 x .1 (1P)

Z5(4250)"7 — 7 xc1 (1P)
Y (4260) — wrwJ /4

Y (4360) — 7w 1)(25)
7 (4430)T — wap(29)

Y (4660) — 7w 1)(25)

Y's are 17~
widths (MeV)
821—51
177+321
95 + 14
74+ 18
107—|—113
48 + 1o
look for J/¢ with baryons; b analogs




Y(4260): BaBar/Belle/Cleo; no D’s

- Charmonium Hybrid -- gluonic excitations
Lattice; heavy quark symmetry; NRQCD
Potential yields tower of excitations *

- Bound state or molecule (next slide)

-Tetraquark 23 [cs][cs]

- Hadrocharmonium (previous slide)

-QCDSR *  [c@li[egli: (S+V),(P+ A)
- conventional cc 4+ coupling to wy.g

"Horn /Mandula; Hasenfratz/Horgan /Kuti/Richard; Juge/Kuti/
Morningstar; Bali/Pineda; Zhu; Kou/Pene; Close /Page

“Maiani/Riquer/Piccinini/Polosa *Nielsen /Navarra/Lee
4Dai/Shi/Tang/Zheng

4




Molecules: do the constituents retain their identify as hadrons!?
(more details in the X(3872) section)

X (3872)
X (3915)

Y (4140) BGL

DD, 4(29) fo(980) AN, TKGO
Y (4260) AeAe, Xeops Xerw, Dy D Q,LZL,YWM,R

7(4430) " D** D, LMNN/BGL
X (4630) (2S) fo(980) GHHM
Y (4660) (25S) fo(980) GHM

BGL=Branz,Gutsche,Lyubovitskij LMNN=Lee,Miharo,Navarro,Nielsen
TKGO=Torres,Kehmchandari,Gamermann,Oset = AN=Albuquerque,Nielsen

Q=Qiao LZL=Liu,Zengli YWM=Yuan,Wang,Mo R=Rosner
GH(H)M=Guo,(Haidenbauer),Hanhart,Meissner




b Exotics above threshold - Belle 1103.3419

254101100

i Y(25) : Y(2S)=Y(1S)

Y@ | hb(ZP); hybrid bbg
%h°(1P) . !_\1}33)

disturbed Y (5.5)

Events/5MeV/c?

H | '!;..“m: |!‘ { WW
96 98 10 102 104 molecule
M__(GeVi/c?)

Yy(177) ~ Y (4260) analog

Z,(10610)T  10607.2+£2.0 184+24 17 Y(58) — 7 (nT[bb
Z,(10650)T  10652.2+15 11.5+22 17 Y(5S)—a (n'[bb
Y,(10888)  10888.4+3.0 30.77%2 17" e

Eidelman, Heltsley, Hernandez-Rey, Navas, Patrignani 1205.4189



Z, . 16 =17 gF =17

charged = cannot be bb alone

Tetraquarks Guo/Cao/Zhou/Chen |106.2284

Ali 1108.2197
Cui/Liu/Huang 1107.1343

Karliner/Lipkin prediction

T(nS) — 71,0 — T(mS)r 7"

isovector charged tetraquark bbdu  bbud
prediction : look for subthreshold I = 0 state

Molecules: Bound states of B*B(*)

Liu/Liu/Deng/Zhu 0801.3540; Liu/Luo/Liu/Zhu 0808.0073;
Bondar/Garmash/Milstein/Mizuk/Voloshin | 105.4473;
Zhang/Zhong/Huang 1105.5472;Yang/Ping/Deng/Zong | 105.5935
Nieves/Valderrama | 106.0600; Sun/He/Liu/Luo | 106.2965




Like the Deuteron? Systematic NN treatment: NN EFT (no pions)

Only now it is an infinite sum of (DD* 4+ cc) or ( B B™ + cc) etc.

><=><+> ><<><;<

1
—a +ia’p + = 5 (a3 — a27“o)p 4] does not converge

(15«0) N 1 a(Ssl) N 1
8 MeV 36 MeV

Both S-wave scattering lengths anomalously large => momentum
expansion fails => reorganize to treat C’s nonperturbatively

NN system: a

with effective range:

EM effects easily included



X(3872) as molecule

1 _ — .
7 (DD + D" D) Isospin issue:
2
(Objections about charged pieces noted)

PX — J/yrtn— "] Belle 2011 PRD 84,052004
X — J/ymtn] Hanhart et al |111.6241

X — J/yw)
DX — J/yntr—]

— 0.8 x0. BaBar 2010

JEC =1 Tor 277 multipole question

M Ho Hox — mX(3872) = 0.16 0.33 MeV

S-wave



X-Effective Field Theory: Fleming, Kusunoki, Mehen, van Kolck
D

D*

Factorization theorems: Braaten/Kusunoki/Lu

7i D (7 Y (2R 2
Rate = 3 Z| 0|f A (VIP+1 P)|A(.3812,/\)>|_ 2
X (phase space) X |C (DD* — f) |
Universal shallow-bound-state properties from effective range

theory: Braaten/Voloshin...
v ~ 20 MeV

Wpp~ (1) o« B — 5 a ~ 10 fm

e 1

r 2L D* DG (r) ~ 12 fm



X (3872) — D) scattering Canham/Hammer/RPS

R _
IF X(3872) ~ E(DOD "+ DD

myx = (3871.68 £0.17) MeV Bx = (0.16 £ 0.36) MeV

a~' ~ \/2uxBx

> Y] (i@t | v )wj + AXTX

_ 2mj
j:DO,D*O,DO,D*O

—% (XT (Y pothpeo + Pprotipe) + hoc) 4

Integral equation: % - /4 %

Results depend only on scattering length

Apoyxy — —9.7a ApH*0xy — —16.6a




Three body cross section vs scattering length

— D-X (L=0)

— D -X (L=0)
_—. D-X (L<7)

D -X (L<7)

] ] | ] ] ]
0.5
k[1/a]

o

LHC possibilities: B, ~ 10" per week

BB final state interactions
o(bb) ~ 0.4 mb o (bbbb) ~ 5 fb




X (3872) — (25)y factorization XEFT 4+ HBChPT

Mehen/RPS

DY P(25)

571 ~ 356 MeV
Hu, Mehen b)

go ~~ 2 GeV ™
Guo et al.,

€13

3/2 E*O

0907.0521
1002.2712

C) d)
DO

AN

L = —TI[HTHIU B Q4] + c.c. —I—Z—TI[JTHIU 5[:1]4—/2(

|

E’Cl

Tr[J H\5 - EHy] + h.c. J = (ne(25),9(29))
H, ~ (Dy,D}); a=1,2,3

2

['(X(3872) — 1(2S)7)
Ftot

> 0.03 (BaBar, PDG)



dr
. - ‘||’ ','|+ —_— ‘ 2
® Polarization ¥(2S) — (t(~ | 7—5 x1+acos"f

(25)

contact interaction constituent decay

1) g2 < ¢ d) only ii) g28 > ¢; a-c) only b) dominate
o 4B

T 4B + (2Ey + A)2(Ey — A)?

Polarization measurement would shed light on
relative importance of decay mechanisms

= 0.92




® Longitudinal Polarization (o < —0.5) for —3.5 <A <5

@ X(3872) as 2" : a = 0.08




e ete” — 10(4040) — X (3872)y (BES?)

1)(4040) produced with polarization transverse to beam axis (LO)
same (crossed) graphs as X (3872) — (25)~

1.0

do

d cos

x 1+ pcos™ 0

{) - angle from beam axis

3¢y
A= -
G203+

@) .]P("' — 2_+ predicts P = .03

molecule predicts p ~ —1/3 for most of parameter space




b (4040) — X (3872)~

g2 — go2; C1 — Cq

B, ~ 165 MeV

(§2)* < 0.63 GeV~?
from width of 1(4040)

p010) D

Estimate rate by using scattering length to estimate matrix element




Zp as a molecule
HQET predicts additional states (Voloshin. .. )

V3 (1,215
2 bb J=0

07 % T + 157 20, )

_ 1 _ _
1 (O_I_) Bl §Obb [t

Zy =17(17) = N

5 (0
2
\/_ TT() hbﬂ-v Tv P

(1) = — (0 x 1, 1,00, ) 7

1

V2
3 1

1-(01) = gob—g X 0 + 5 (155 ? 11_’5)]:0 — My, XpT, Lp

Molecule treatment predicts decay ratios among them (Mehen/Powell)

S C]O 3 Cl] 71 s i ; i 5
,Ceff — = TTI[HGT}7 HI Hy,m4, Hy] + — TTI'[HET‘:‘,I(T HI/HbT}:b’U Hy].

H,=PFP,+ V.3 now B multiplet rather than D™ multiplet

[TWo — X1 €1TIW) — X €FT[Z — hyp€1T[Z — hy€] =5:5:1

5i5: 1




Summary

Many new and interesting states living in the charmonium/
bottomonium “sector” that we (still) do not understand

Understanding them will be important progress towards
understanding QCD and its bound states

Expected results from LHCDb, BESII|, ... better masses, more

decay information, etc. will clarify the character of “exotics”

Utilize polarization observables to probe X(3872)
quantum numbers and structure questions.

Look for Zb type-ratios to check for molecular
“status’”




