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Exotic Spectroscopy - An Overview

= Experimental evidence exists for “Exotic States” from
ete~colliders, Tevatron and the LHC

m Lost tribes of Quarkoniauigg (2004)]

|| QQQ HybridS?[Close & Page (2005); Kou & Pene (2005)]

O DD(*) and BB(*) MOIGCUI@S?Tornquist (2004); Braaten & Kusonoki
(2004); Swanson (2004); Voloshin (2004); Liu et al. (200%)sner (2007); Bondar et al. (2011),
Voloshin (2011); Zhang et al. (2011); Sun et al. (2011); €teet al. (2011);...]

L] TetraquarkékQQ] [Q@ﬂ 7 [Maiani et al.; Polosa et al. (2004 - 2010); Ali et al.
(2009 -2012);...]

= Recent Reviews on Heavy Quarkoniaianc, axiv:0910.3404;
Brambilla et al., EPJ, C71, 1534 (2011); Eidelman et al.ivalt205.4189]
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Exotic states

Belle observation%*- Zupanc [Belle], arXiv:0910.3404 (2009)](u pd ated)

State M (MeV) I" (MeV) JgPc Decay Modes Production Modes Also observed
et e (ISR)
#(2170) 2175 + 15 61 + 18 1=~ ® fo (980) J/ — nYs(2175) BaBar, BESII
trTJ/v, BaBar
X (3872) 3871.5 + 0.2 < 2.2 1t+ 2=+ ~J /b, DD* B — KX (3872),pp CDF, DO,
X (3915) 3914 + 4 28 + 10 o/2t+ wJ /4 vy — X (3915)
Xc2(2P) 3929 + 5 20 + 10 2T+ DD vy — Z(3940)
DD* (notDD
X (3940) 3942 + 9 37 + 17 o/t or wJ /1) ete™ — J/¢X(3940)
Y (4008) 40081321 226 + 97 1=~ Ll OV et e (ISR)
X (4160) 4156 + 29 1391 113 0+ D* D* (not D D) ete™ — J/¢X(4160)
Y (4260) 4263 + 5 108 + 14 1~ rt =T/ ete(ISR) BaBar, CLEO
Y (4360) 4353 + 11 96 + 12 1~ at o= ! eT e (ISR) BaBar
9 41 _ _
X (4630) 463419, 02130 1 AT A et e (ISR)
Y (4660) 4664 + 12 48 + 15 1~ atx— ! et e (ISR)
Z(4050) 40511722 82130 ? T B — K Z¥ (4050)
Z(4250) 4243Mg 82 1771320 2 X1 B — KZT(4250)
Z(4430) 4433 + 5 45135 2 rEq’ B — KZ¥ (4430)
Y}, (10890)  10,888.4+3.0 30.7 59 177 T rTr(1,2,35)  eTe™ — v
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Exotic states

Belle observation%*- Zupanc [Belle], arXiv:0910.3404 (2009)](u pd ated)

State M (MeV) I" (MeV) JgPc Decay Modes Production Modes Also observed
et e (ISR)
#(2170) 2175 + 15 61 + 18 1=~ ¢ fo (980) J/ — nYs(2175) BaBar, BESII
trTJ/v, BaBar
X (3872) 3871.5 + 0.2 < 2.2 1t+ 2=+ ~J /b, DD* B — KX (3872),pp CDF, DO,
X (3915) 3914 + 4 28 + 10 o/2t+ wJ /4 vy — X (3915)
Xc2(2P) 3929 + 5 20 + 10 2T+ DD vy — Z(3940)
DD* (notDD
X (3940) 3942 + 9 37 + 17 o/t orwJ /) ete™ — J/¢X(3940)
Y (4008) 40081321 226 + 97 1=~ Ll OV et e (ISR)
X (4160) 4156 + 29 1391 113 0+ D* D* (not D D) ete™ — J/¢X(4160)
Y (4260) 4263 + 5 108 + 14 1~ rt =T/ ete(ISR) BaBar, CLEO
Y (4360) 4353 + 11 96 + 12 1~ at o= ! eT e (ISR) BaBar
9 41 _ _
X (4630) 463419, 92133 1 AT A et e (ISR)
Y (4660) 4664 + 12 48 + 15 1~ atx— ! et e (ISR)
Z(4050) 40511722 82130 ? T B — K Z¥ (4050)
Z(4250) 4248Mg8° 1771320 o T B — KZ¥ (4250)
Z(4430) 4433 + 5 45135 2 rEq’ B — KZ¥ (4430)
Y}, (10890)  10,888.4+3.0 30.7 59 177 T rTr(1,2,35)  eTe™ — v

(2170), Y (4260), Y3(10890) areJF'“ = 1=~ tetraquark candidates
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Tetraquar ksvs. hadronic molecules

= Two different 4-quark hadronseemingly similar
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Tetraquarks

= Diquarks and Antidiguarks ar~

colored

= Strongly boundby QCD
forces
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Drell-Yan Production of ¢(2170), X (4260), and Y;(10890)

m Drell-Yan production processes are better understood
theoretically than the corresponding hadroproductiocgsses

® However, production of these exotic vector states in the
traditional¢* ¢~ pair not promising due to the tiny leptonic BRs

m We propose to measure the Drell-Yan processes in the firiabsta
In which these hadrons have been discovered:
¢(2170) — ¢(1020) fo(980) — (KTK ™) (7™ );
X (4260) — J/ymtn™ — (007 ) (T n);
Y,(10890) — Y (nS)ntn™ — ({T47)(nT77);
m Advantage: Product BRs ang-+,- (V) provided bye™ e~ expts.

m Disadvantage: Significant combinatoric background froen th
u n d e rlyl n g eve ntS Exotic1 — — Drell-Yan production at the LHC and Tevatron, Ahmed Ali,\d6l 2012 — p.6



Drell-Yan Production of ¢(2170), X (4260), and Y;(10890)

m Based on factorization formula:
o (op/pp — VX)) = / diydrs 3 fulwn) folz2)@0(a+b — V(p)+X)
a,b

® f,(zi)andf,(x,)are scale-dependent parton distribution
functionswstw, cTeqioj factorization scaley = +/p2 + m?,

] |nC|UdEO(CVS)COI’I'eCtiOnSAItareIIi et al.; Kubar-Andre-Paige;...)
Ao d2 gPer d2o7es A2 545y
dydp?- B dydp?- fpr) (dydp?r - dydp%)
| d*0"% /dydps resums the large logarithms in the smaflvegion;
resummation done in the impact parameter Spagies-soper-Sterman)

m Matching: f(pr) = 5755 Quaten = (2 L)my

® Non-perturbative matchings and parametrizations obdaloyefit-
ting the data o/ andZ production(andsky and Yuan)
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Experimental input in DY Processes pp(p) — V' + ..
(V = ¢(2170), X(4260), ¥;,(10890)) at the LHC and Tevatron

Masses, Total and Partial widths 66

my (MeV) I' (MeV) ['ee B (eV)
$(2170) 2175 + 15 61 4 18 2.5+£0.92
X (4260) 4263715 108 4+ 21 [Belle]  6.077:3 P [Belle]
Y3 (10890) 10888.475°0 [Belle]  30.7732 [Belle] 0. 69+8 33 ° [Belle]
By k+K- (48.9 £ 0.5)% B 080)sntn—  (5018)% [BES]
B/t e (5.93 + 0.06)% B (18) ot p- (2.48 % 0.05)%
B (28) st (1.93 £ 0.17)% By (38) st - (2.18 £0.21)%

ar,, x B(6(2170) — $(1020) fo(980)).

T, x B(X(4260) — J/vnt7~), corresponding to Solution .

[ee X B(Yb(l()890) — T(lS) *77) obtained fromo = (2.78704%)
pb. ForY, — Y(2S)ntx~, the cross sectlo(14 821501) pb givesTc.B =
(1.2019-32) eV, while forYb — Y(3S)n+ 7, the cross sectiofl.717553) pb
corresponds td'..3 = (0.421519) eV.
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Rapidity and pp-distributions in DY Production of ¢(2170),
X (4260), and Y,(10890) at the LHC

Rapidity (y) (in pb) andp-distributions (in pb/GeV) at/s = 7 TeV:
(@) pp — (¢(2170) — ¢(1020) f5(980) — KT K 7rn™) + ..;

(b) pp — (X (4260) — J/vmtn™ — pTp - wtn™) + ..

(€) pp — (Y5(10890) — (Y (nS)mr n~ — putp~nrn—) + ...

1.0

0.08 0.0008
0.8

0.06 0.0006
0.6

0.04 0.0004
0.4
0.2 0.02 0.0002
0.0 0.00 0.0000 k-

6

4 6 — -4 -2 0 2 4 6 -6 -4 =2 0 2
y (a) y (b y (0

0.8
0.06
06 005 0.0004
0.04 0.0003
0.4
0.03 0.0002
0.02
: 0.0001
: : 0.0000

0 5 10 15 0 5 10 15 20

pT(GeV) @ pr(GeV) (b) pT(GeV) ©)
Exotict———Drell=Yan-production-at EHE-and-TFevatron;Ahmed-Ali,\J6| 2012 — p.9




DY X-Scetions (in pb) for the processespp(p) — V + ...
(V = ¢(2170), X(4260), Y,(10890)) at the LHC and Tevatron

X-sections including the branching ratios for the procssse

pp(ﬁ) — (gb(2170) — ¢(1020)f0(980) — K K7 7T_) —
pp(ﬁ) —> (X(4260) — J/¢7T+7T_ — M+M_7T+7T_) + ..
pp(p) — (Y3(10890) — (Y(nS)mrTn~ — prp~nrm™) + ...
$(2170) | X (4260) Y3 (10890)
Tevatror|y| < 2.5) 23759 | 0237502 | 0.002075-9596
4 . .
LHC 7TeV (|y| < 2.5) 3.6777% | 0.407005 | 0.004070 0015
LHCb 7TeV (1.9 < y < 4.9) | 2.2772 | 0.2470:29 | 0.0023105007
1.9 0.44 0.0019
LHC 14TeV (Jy| < 2.5) 45719 | 0.541015 | 0.0060" 5 0ot
LHCb 14TeV (1.9 < y < 4.9) | 2.771% | 0317037 | 0.00337 00014

m ($(2170) and X (4260) are measurable in Drell-Yan with current lumi-
nosities [(2 - 10) (fb)']; Y (10890) requires higher luminosity
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Summary

m Exotic Quarkonia Spectroscopy allows to gain deeper insigh
QCD; LHC expected to contribute handsomely in this endeavou

= Newest additions in exotica: Chargg@d] statesZ;~(10610) and
Z7(10650); imperative to understand them, clarify the status of
Y,(10890) and the enigmatic Belle data néa(5.5)

® Hadroproduction X-sections ¢f."(10610) , Z;-(10650)
Y,(10890) , X (4260), ¢(2170) and many more such exotic states
are uncertain but expected to be large

m Presented Drell-Yan production 9f2170) , X (4260) and
Y,(10890) at the LHC and Tevatron in the discovery final states;
these measurements are challenging but they will extendse
of Drell-Yan processes to study exotica
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