Exotics in Leptonic
Machines

Kai Zhu

Institute of High Energy Physics, Beijing
25-30 May 2014, FPCP, Marseille




Outline

» Introduction
» Selected topics on
recent observations at

leptonic machines

- Enhancement/structure near 1.84 GeV
> Charmonium-like particles (XYZ)

» Summary & Outlook

| apologize cannot cover all the topics in this
interesting and charming field.

exotics in leptonic machines 2014/5/25



Introduction-Exotics

» Exotic candidates because of Glueball
self-coupling of gluons in QCD

> Bound gluons (glueball)

o gg—-pair with an excited gluon (hybrids)

o Multi-quark color singlet states Hybrid
- qqqq (tetra—quark and molecular)

* qgqqq (penta-quark) @
* qgqqqqq (six—quark and baryonium)
Pentaquark H-dibaryon Tetraquark Molecule
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figures from arXiv:1403.1254, S. Olsen
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Introduction-Leptonic machine

Charm factories B factories
CLEOc and BESIII BaBar and Belle
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Structures near 1.84 GeV

» Recently observed or searched for structures
near pp threshold
> X(pp), X(1835), X(1840), X(1870), X(1810)

» | have to give up lots of interesting topics
such as

> Scalar particles:
a,(980), f,(980), f,(1500), f,(1710), f,(2300), etc.
- Tensors: f,(1525), £,(1810), f,(2340)
- Enhancement near threshold of pA
> More ...

For f,(1500), f,(1710), f,(2300),
See T. Latham’s talk.
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p p enhancement

Phys. Rev. Lett. 108 112003
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p p enhancement cont.

y J/Y - wpp BESII Phys. Rev. D 87 (2013) 112004
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No obvious structure observed.

MP(e B) (GeVich) - M(z p) (GéWcz)

Disfavors the pure FSl interpretation for the pp
threshold enhancement in the decay J/ ¢y — ypp.
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X(1835)
Phys. Rev. Lett. 106 (2011) 072002
»ViaJ/ ¢y »yn ™y’ BESII

e X(1835)
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To determine spin and parity, PWA is needed.
X(1835) is consistent with a pseudo-scalar.
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X(1835), cont

» Viayy »ntnn’ L[>

BELLE

Phys. Rev. D 86, 052002
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Interference between X(1835) and n(1760) is considered.
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X(1835) cont.
Phys. Rev. D 89 (2014) 032003

Search X(1835) viaete™ - J/ ¢ + X(1835)
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FIG. 1: Possible Feynman diagram for v* — H + G,

No significant evidence is found to support the hypothesis of the
X(1835) as a glueball produced in association with a J /4.
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X(1810)
» ViaJ /Y > ywep  BESII PWA
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Phys. Rev. D 87 (2012) 032008
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X(] 8 70) BESII Phys. Rev. Lett. 107 (2011) 182001

» Via J /Y - wnm*tn~, where J /i - wX(1870),
X(1870) —» a*(980)xct
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T,

> 800 N\
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200

100 27 '
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X(1840)
» J/Y > y3(rtnT) BESII

Phys. Rev. D 88 (2013) 091502
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PWA is needed to determine the spin and parity of X(1840).

No n' signal is found.
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A partial summary

Not

like a glueball
L

Width (MeV)

1840); J* unknown
1870); J* unkiown

1835); J©' =0
pp); JU =0
1810); J¥ =07

A, e, S, T,

T
pp threshold

J/y radiative decay

1900 1950

MeV/c?)

Same source or not ?

Bayonia?

Glueball?

Hybrid?

\hreshold effect?
ther possibilities?

PWA is needed.

Not found in y’ radiative decay

Not like a pure FSI
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Charmonium-like exotics

» New information on X(3872)

» New information on Y states
- Babar and Belle update ete™ - y,qp 7] /9,
ete™ -y Y (2S) with larger luminosities
- BESII: m*~h,
» Charged Z
> Z.(3900) and its partners
> Z.s search via KYK~J /Y
> Z,(10610)and Z,(10650)

ForZ.(4430), see Ye Chen’s talk

exotics in leptonic machines 2014/5/25
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Overview of X(3872)
» First observed in B » K(n*n~J/y) 2003

- mass: close to D*°DY threshold
> width: very narrow

y JPC=1++ [CDF and LHCb]

» Decay BR:
> open charm ~ 50%, charmonium~O(%)

» Nature (many possibilities)
o Charmonium state: y.,(2P)
> DD module
o Hybrid: mass too low
o Tetra-quark: no charged partner be found

» Production
> in pp collision and B decays
- ete™ - yX(3872) [NEW, see next slide]

exotics in leptonic machines 2014/5/25
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X(3872), new production mode

Phys. Rev. Lett. 112, 092001
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Y states: 1 states from ISR

Y(4260), PRL 95142001
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Y states: update by Belle and Babar

)
o : ete” > ypr ]/
2 o0 PRDS86 (2012) -
: “ 051102, 454/ 1 Significant Y(4260) is found.
N Not confirm Y(4008).
2 o1 Fit method?

088 4 12 I46I48II 5IH5.2IH5.4I

h m(J/qJTE TGeVieh)

120 PRy - * PRL110 (2013)
LrooEEEE 1 252002, 967/ | Stjl| observe two resonances
= 80f g Y(4008) and Y(4260).
g Agrees with Belle’s previous
S “ results.

20
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Y states: update cont.

ete” -y g T T P(2S)

o(w(2S)m ) (pb)
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N
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arXiv:1211 627] Fitted with Y (4360),
- Y(4660), two solutions.

el - [, Fitted with Y (4260),
éae N“ 980 fb-1 Y (4360), Y (4660).
= 40 1
;f 2 W |”H The significance of
€ Mw HMW b Y (4260) is only
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2.10, but its effect on
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Structures from t ™ h,

Phys. Rev. Lett. 107, 041803 Phys. Rev. Lett. 111, 242001
g 70 4250311-004a - -
a8 C JE(GeV)y Liph 1) iy ole'e — o' k) (ph)
= 60 o og(e’e’ > m* ' hy) (scan data) 3900 528 <23 <83
§ s0F 4,000 482.0 <13 <5.0
= - A og(e'e >t 1 h) (4170 data) 4090 51.0 <6.0) <13
< 4k 190 430 8849 17798 F 1628
CLEOC ® O ogle’e st diy) Besm 210 547 217+59 3M8+95+32+55
4 S80F 220 546 266+68 419+ 107 =38+ 66
1 : +.230 10900 646 =33 502+27+46+ 7.9
20 4245 560 226+7.1 327+103+30+51
o 10 E 4,260 H26.8 416 = 28 4102837+ 64
QS 3 4310 449 36+72 619+ 129+56+97
o g:_.j PN WIS SURT D S 4360 5445 357425 523437+ 48+ 82
395 400 405 4.10 415 420 425 4.30 4.390 551 3078 4LEEXI0B 3B X606
ete~ Energy (GeV) 4420 44.7 2091 +73 494+ 12445276

An individual work based on the
combined BESIII and CLEOc data.

Fit with a narrow Y(4220) and a
wide Y(4290).

C. Z. Yuan arXiv:1310.0280
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No signal of wy.; or wy_c2 found.
Disfavor Y (4260) is a wy.; molecule.
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Z.(3900): observed in BESIII and Belle

At 4.26 GeV: PRL. 110, 252001
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— Fit
— Background

---- PHSP MC
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e T'=46+10+20 MeV
e 307 + 48 events

« M= 3899.0+£3.6+4.9 MeV

M = 3894.5+6.61t4.5 MeV
' = 63+24+26 MeV

159 + 49 events

>5.20

8c
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Z.(3900): confirmed by an analysis of

CLEOc data

E ‘mg { Data M(Z:(3900))=3884.614.6 MeV

o 3p -~ Phase Space At 4.17 GeV: PLB 727 366-370
E SD-;;- — Fit

M = 3885+H5+1 MeV
[ = 34+12+4 MeV
81 + 20 events

| | 6.1c

20

I39!‘.’.’"‘.] 4000
Mo (T201) (MeV)

1 1 L
3800

%Eﬂﬂ 3?(]0' -

DD* molecule?
Tetraquark?
Cusp?

Threshold effect?

 Couples to cc
- Has electric charge
« At least 4-quarks

O
oo
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Z.(3885)

Phys. Rev. Lett. 112, 022001
» ete” - ¥ (DD*)T at 4.26 GeV

BESII

(a) 250

n
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S
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525ppb + 196 198 200 202 204 206 196 198 200 202 204 206
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o oob | (@) | =, 100
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Z.(4025)
Phys. Rev. Lett. 112, 132001

» ete” - n¥(D*D*)T at 4.26 GeV

80 ~ — .= comb.BKG —4— data
Besm — : ______ D*D** — total fit
3 o
2 gl Z.(4025)
%, : —rmin PHSP signal
J5 = 4.26 GeV ot Bl ws
827 pb~1 N 401 +
= (4026.3+x2.6x3.7)MgV | +
r = (24.8£5.6+7.7)MeVE I
S
ok

4.02 4.04 4.06 4.08
RM(r) (GeV/c?)
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Z.(4020): charged

Phys. Rev. Lett. 111, 242001
»ete” > mtn~h, from 3.90 to 4.42 GeV (13 )
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2 F \ ' 2
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- ] || 2 i
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10 BEITH R G 2 e SN 15y B 20
: ‘ 1 :. : " ; J e J#n Lll
0 1 1 L 1 I I I | I 1 L | L L 0
3.50 3.52 3.54 3.56 3. 58 3.60 3.95 4.00 4.05 4.10 4.15 4.20 4.25
M,, (GeV/c?) M_, (GeV/ch)

M = (4022.9 + 0.8 + 2.7) MeV /?
[=(7.9+2.7+2.6) MeV
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Z.(4020): neutral
BESIT

Events/0.0125(GeV/c?)

Observation of e*e—n%7°h _(1P)

Summed results at E_ =4.23, 4.26, 4.36GeV
300 -
- g PRELIMINARY| 2 | + PRELIMINARY
o : 80~ ——ofee—n'nh)
250:_ E -,E_, —— ofe'e=n'n'h,)
a0 | § ap
- B : 8 l
150‘_ ’ };1511';&4:‘#'-":?; . : o ] ’T
=4 '
R o Y P FY & af ’ :
50 i i I
: A S ——
I T R W ¥ ¥ T B Y 7 S Sy Ey BEY F A
M,, (GeV/e?) Ecy (GeV)
PRELIMINARY | R, =0.54+0.11+0.06 at /S =4.23GeV,
o (neutral) ‘
ForR_, = , Ry =0.64£0.14+0.10 at+/S =4.26GeV.
°  o(charged)

R, =0.73£0.14£0.10 aty/S =436 GeV,
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Z.(4020): neutral cont.

BESII
e*e—n°Z2?(4020)—>n°%’h _(1P)

Summed results at E_ =4.23, 4.26, 4.36GeV

45

PRELIMINARY

Events/(0.01GeV/ic?)

39 395 4 405 41 42
M,,,(7*h,) (GeV/c?)

Simultaneous fit to 4.23/4.26/4.36GeV Data and 16 n_ modes;
[(Z(4020))is fixed to value of T'(ZZ (4020));

Interference is neglected:

M(Z?(4020)) = 4023.6 £2.2+3.9 MeV/c?;

Significance : > 5G.
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Z.. search

Phys. Rev. D 89, 72015

» Belle update K*K~J/y to Dalitz Plot
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No evident structure in K*/ /i) mass distribution
under current statistics 50
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Z,(10610),Z,(10650) : charged

ete” > T~ Y(nS) ete™ - mtm~ h,(mP)
Phys. Rev. D 89, 72015 Phys. Rev. D 89, 72015
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| Y(10860) — Zb(10650)i7t+ - [B*B*]*nt

058 1mez 0,66 1070 1074

K[¥(38)7] e, (GoV/c?) ‘ arXiv: 1209.6450
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Partial summary of Z

» If we assume

> Z.(3900) and Z.(3885) are a same state Z,
> Z.(4020) and Z.(4025) are a same state 7'

Only coincidence?

Z,(10610) || Z,(10650) More excited states?
Y (nS) Y (nS) Other prod. modes?
BB BB*,B*B*
nhy(mP) || why(mP)
Zc Z,'
]/ pD*| = |Z.' neutral
D D h, % h,
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Summary

Leptonic machines produce exotics. These particles are
unexpected, weird and strange, while also tantalizing,
charming and interesting.

Some structures are observed near pp threshold with
similar masses.

 Are they from same source? Are they baryonia, glueball or hybrid?
For some cases, PWA is needed to determine the spin and parity.
Search via more modes will help to reveal the veil.

Lots of progress in XYZ studies in e*e™ experiments

« Observation of ete™ - yX(3872)

* New information on the Y’s from BaBar, Belle and BESIII,

- Confirmed exotic state seems at least four quarks, Z.(3900)
* Observation of more Z_ at BESIII

Exciting future!
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Thanks a lot!

.



