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Outline

Exotic spectroscopy - An overview
Tetraquarks (four-quark states):

$(2170) : s5s5  X(4260) : ccgg  Y»(10890) : bbgq

Drell-Yan-like production at LHC and
Tevatron

Summary
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Exotic spectroscopy

| A.Zupanc [Belle], 0910.3404

State M (MeV) T (MeV) JP€ Decay Modes Production Modes fliz:rv ed by

. ete™ (ISR)
YL.(2175) 2175+ 8 58 +£26 17~  &fo(980) JJab — nYa(2175) BaBar, BESII

ntn—J/Y, BaBar
X(3872) 3871.4+0.6 < 2.3 it ~J /i, DD B — KX (3872), pp CDF. DO,
X(3915) 3914+4  28+12  qg/2t+ wJ/y vy — X (3915)
Z(3930) 392945 20+ 10 2t DD vy — Z(3940)
X (3940) 3942+ 9 37+ 17 o°t DD* (not DD ete” — J/¥X(3940)

or wJ /) '
Y (3940) 3943 4+17 87434 2?2t wJ/v (not DD*) B — KY (3940) BaBar
Y (4008) 4008+52 226137 17—  wtx—J/yY ete (ISR)
X (4160) 4156 +29 139*+L% 0°F  D*D* (not DD) ete™ — J/X(4160)
Y (4260) 4264 +12 8322 1~ awta—J/Y ete  (ISR) BaBar, CLEO
Y (4350) 4361 +13 74+18 1~ ata ete  (ISR) BaBar
X (4630) 4634717, 92+11 1=  AFAZ ete (ISR)
Y (4660) 4664 +£12 484+ 15 17— wta— ete  (ISR)
Z(4050) 4051122 g2tsl 2 7 xe1 B — KZ*(4050)
Z(4250) 4248+185 1774320 2 Tt xe1 B — KZ*(4250)
Z(4430) 4433 +5 45+35 2 VY B — KZ*(4430)
Y5(10890) 10,890 +3 55+9 1~ 7atx—Y(1,2,359) ete” — Y,




Exotic spectroscopy

| A.Zupanc [Belle], 0910.3404 |

State M (MeV) T (MeV) JP€ Decay Modes Production Modes jbloZer ed by
eTe (ISR)
<¥e(2175) 217548  58+26 17~ ¢fo(980) J /b — nYa(2175) BaBar, BESIT >
x ‘ _ it . J], _ ~ BaBar
(3872) 3871.4+06 <23 1 ~JJb.DD~ B — KX(3872), b pp. po,
X(3915) 39144+4  28%12  g/2++ wJ/4 Ny — X (3915)
Z(3930) 3929+5 20+ 10 2t DD vy — Z(3940)
X(3940) 39424+9 37417 0°F DD* (not DL ete~ — J/X(3940)
or wJ /1)
Y (3940) 3943 +£17 87+34 2?7+ wJ /1 (not DD*) B — KY (3940) BaBar
Y (4008) 4008+52  226+%7 1—— atx—J/y e*te (ISR)
X HRS— D™D (not DD) ete — J/0X (41663
260) 4264 4+12 83+£22 1—— wtr—J/u ete— (ISR) BaBar, CLEQ >
Y (4350) 4361 £13 74 EF I8 T —TtT ete (ISR) BaBar
X (4630) 4634717, 92+31 17—  AFAZ ete (ISR)
Y (4660) 4664 +12 48+15 1~ ata ete  (ISR)
Z(4050) 4051+2% g2t+sl 2 7 X e1 B — KZ¥*(4050)
Z(4250) 4248%385  177H3° 7 7t xer B — KZ*(4250)
Z(4430 —i 5 Ayt B—FF 4309
@gﬁ;;j:s 5549 1 atr—T(1,2,35) ete — Y >




Exotic spectroscopy

A.Zupanc [Belle], 0910.3404

N

Also

/ / J p a\Y y . !
State M (MeV) T (MeV)/J >\Deca,) Modes  Production Modes observed by

ete” (ISR)
$(2170) 21758 5826 | 17 |ofo(980) T/ — nYs(2175) BaBar, BESII
X (4260) 4264+12 83+£22\ 17~ |xTn~J/¥ ete  (ISR) BaBar, CLEO
Y5(10890) 10,890 +3 55+ 9 \1__ tr7Y(1,2,39) ete” = Vs
N4
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Y, (1 0890) as Y(55)7
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A.Sokolov et al 2009

— small partial widths

[(T(25) = Y(15)rm) ~ 0.0060MeV
[(T(35) = Y(15)rm) ~ 0.0009MeV
[(T(4S) = T(18)77) &~ 0.0019MeV

Zweig
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Y,,(10890) as Y(5S5)7

D(Y(25) = T(1S)77) ~ 0.0060MeV  T(“Y(5S)” = T(18)7"77) ~ 0.50MeV
[(Y(35) — T(1S)7m) ~ 0.0009MeV
[(T(45) — T(18)77) ~ 0.0010Mey  K--Chen et al[Belle] 2008F
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Hel

It seems that Y, (10890) is unlikely to be Y(5S).
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Y(5S) vs Tetraquarks

It seems that Y, (10890) is unlikely to be Y(5S).

—

Y, = bbgq

DESY Theory Workshop DY production of phi(2170),X(4260),Yb(10890)



Y,(10890) as Tetraquarks

Van Royen-Weisskopf formula
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Y,(10890) as Tetraquarks

A.Ali et al, PLB684(2010)28;PRL104
(2010)062001; PRL106(2011)092002

"4

DESY Theory Workshop DY production of phi(2170),X(4260),Yb(10890) 9



$(2170) and X(4260) as Tetraquarks

¢(2170) = 5sqq Drenska et al PLB669(2008) 160
Maiani et al PRD72(2005) 031502(updated
X(4260) — &edg aiani et a ( ) (updated)

State M (MeV) T (MeV) JP€ Decay Modes  Production Modes ?liz:rv ed by
ete™ (ISR)

$(2170) 21758 5826 17~ ¢fo(980) T/t — nYa(2175) BaBar, BESII

X (4260) 4264+12 83+22 17~ nta~J/¥ eTe  (ISR) BaBar, CLEO

Y5(10890) 10,800 £3 554+9 17~ #tx~T(1,2,35) ete™ = Y,

b=>c
b=>»s
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% Drell-Yan production on hadron collider

PDF

® Based on factorization formula:

o(pp/pp — V+X) = / dzydr, Z falz1) fo(x9) X0 (a+b — V(p)+X)

B f,(zy)and f;(ry)are parton distribution functions (MsTW, CTEQ10)
B Include O(a)corrections to generate large-pr

® Resum the large logarithms in the small-pr region

(Collins-Soper-Sterman)

B Matching function: f(pr) = (2£1)my

14+(pr/ Qmatch Qmatch =

11



Drell-Yan production on hadron collider

{0
——{\VWWW\ R ——

— NV, ————{000000000000000, ~—\WW\

U U

o(pp/pp — V+X) = / dxydx, Z fa(z1) fo(xe) X0 (04+b — V(p)+X)
a,b

B f,(zy)and fy(z9)are parton distribution functions MsTW, CTEQ10)
B Include O(a)corrections to generate large-pr

B Resum the large logarithms in the small-py region

(Collins-Soper-Sterman)

¥ Matching function: f(pr) = 5 o /c-l;)mm.ch)4; Qmaten = (2 1)my



Drell-Yan production on hadron collider
——mmn  ——\VWWWW, T ——

— NV, ————{000000000000000, ~—\WW\

U U

o(pp/pp — V+X) = / dxydz, Z falzy) folme) xa(a+b — V(p)+X)

a,b

do  doPe" y )(da”es do“sy)
dydps, — dydps W\ dydpZ. ~ dydp?,

B Resum the large logarithms in the small-py region
(Collins-Soper-Sterman)

® Matching function: f(pr) = ; o /(_lgmmh)4; Qmaten = (2 1)my
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2% Drell-Yan production on hadron collider

PDF

TABLE 1. Masses, total and partial decay widths of the
@(2170), X (4260) and Y3(10890).

my (MeV) T (MeV) TeeB (eV)
6(2170)  (2175+15)  (61+18)  (2.5+0.9)°
. . X (4260) 426315 108 + 21 (6.0113) P
Cou pllngs from e*e data, Y5(10890)  10888.4%39 30.7¥39  (0.6919:23) ¢

(48.9£0.5)% By, os0)sntn—  (5070)%

. | By k+K-
model independent! Byoers (5.980.06)% Byoar s (248 +0.05)%
Briasysutu- (1.93+0.17)% Brissyptu- (2.184£0.21)%

2 Tee x B(6(2170) — $(1020) fo(980)).

P Tee x B(X(4260) — J/orta—).

€ Tee x B(Y3(10890) — Y(1S)w+tm—) obtained from
o = (2.78%347) pb. For Y — T(2S)r+7—, the cross section
(4.8210°01) pb gives TeeB = (1.207(33) eV, while for
Yy — Y(3S)nt 7, the cross section (1.71ig:§g) pb corresponds

to TeeB = (0.427019) V.
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Rapidity (y) and pp-distributions at /s = 7 TeV for
(@) pp — (P(2170) — H(1020) fo(980) — KT K~

Rapidity Distributions and pT Distributions

(b)) pp — (X (4260) — J/yYmtn~ — ptpu—7nmra—) + ...;
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Integrated Cross sections

Cross sections (in units of pb) for the processes
pp(p)—¢(2170)(—¢(1020) fo(980)— K" K~ 7" 7~), pp(p)—
X@260)(—=J/ym*m"—ptu at7r"), and  pp(p) —
Y, (10890)(— Y (15,28, 38)wtw™ — utu m"7™), at the
Tevatron (/s = 1.96 TeV) and the LHC (/s =7 TeV and
14 TeV), using the MSTW PDFs.

$(2170) X(4260) Y, (10890)

Tevatron (|y| < 2.5) 2.3133 0.23%543 0.0020150008
LHC 7 TeV (|y| < 2.5) 3.6+14 0.401232 0.004010:9013
LHCb 7 TeV (1.9 <y <4.9) 22712 0.24%220 0.0023+:9%7
LHC 14 TeV (|y| < 2.5) 4.5%13 0.54194% 0.0060+9-9912

LHCb 14 TeV (1.9 <y<49) 2.7'12 0.31137] 0.0033+39011

For CTEQ10 PDFs, most changes amount to less than 30%
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Integrated Cross sections

Events numbers. The integrated luminosity at
Tevatron: 10 fb—*, while for LHC: 5fb~?!

$(2170)| X (4260) | Y3 (10890)
Tevatron(|y| < 2.5) 23000 | 2300 20
LHC 7TeV (|y| < 2.5) 18000 | 2000 20
LHCb 7TeV (1.9 < y < 4.9) | 11000 | 1200 11
LHC 14TeV (|y| < 2.5) | 22000 | 2700 30
LHCb 14TeV (1.9 < y < 4.9)| 13000 | 1500 16

$(2170) and X(4260) have measurable rates!
Y,(10890) may have to wait for higher luminosities.

DESY Theory Workshop DY production of phi(2170),X(4260),Yb(10890)
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Summary

‘Exotic Spectroscopy: not all of the observed states can
be accommodated with qgbar interpretation

‘Vector tetraquark candidates
$(2170) : s5s5 X (4260) : ccqg  Yy(10890) : bbgg

‘Production at LHC and Tevatron via Drell-Yan is studied

ed(2170) and X(4260) have measurable rates;
Y,(10890) may have to wait for higher luminosities.
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Many thanks for your attention!

Cosmology did not meet particle physics in this talk
unless

DESY Theory Workshc
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