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X(3872)
State of play in 2006
Belle updates in 2007-2010
New bounds on width, mass-difference, & other properties
The new state of play

Y (3940) and related states

Y (4260) — w070

Z states: charged hidden-charm (and beauty?) mesons

— following Roman Mizuk on hp, Zp, 1np this morning

» T(1S,2S5) — v Xz searches — X.L. Wang, Friday

N a(AFAZ) near-threshold enhancement
o(ete™ — DWHTDM)—) — Galina Pakhlova, Friday
» SuperKEKB / Belle Il prospect — Steve Olsen, Friday =
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X(3872) <2006 '07-10 '11: XT AM T JPC M(rnx) status

X(3872): state of play in 2006

adapted from Beauty 2006: Nucl. Phys. (Proc. Suppl.) 170, 248-253 (2007)

» narrow; prominent 7771 decay [Belle discovery; CDF, DO, BaBar|
» B(X =t ) > 4.2% [BaBar inclusive, PRD 71, 031501]
» [ <2.3MeV (90% C.L.) [Belle discovery]

M = (3871.2 + 0.5) MeV < (mpo + mp+) by 1o [wA; CLEQ]
pp prod™: (16 +5 4 2)% b-decay, rest prompt; “i’-like” [CDF]
X* not seen: not an isovector [BaBar PRD 71, 031501]
C-even, from X — 41 [Belle, BaBar] and w07t m 1) [Belle]

» X — py dominates, L =0,1 [CDF M(mxt7~) PRL 96, 102002]
» JPC =1t+ or 2= [CDF angular PRL 98, 132002]

v

v

v

v

Bt vs B = K X “needs more data” ™™ [BaBar PRD 73, 011101(R)]

v

X peak in B — KDOD %70 needs confirm” [Belle PRL 97, 162002]

v

loose ends: 7070, v, 7 7., yDD

v

&2

=5°
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X(3872) <2006 '07-10 '11: X* AM T JPC M(xr) status

Update (1): B — KX[— ({~v,7°}D%p«D??]
T. Aushev, N. Zwahlen et al., PRD 81, 031103(R) (2010); cf. 77, 01102 (2008)
B(B — KX) x B(X — D**D?) Mpea(D*°D ©)
Belle (0.80 £0.20 £0.10) x 10~*  (3872.97351%3) MeV
cf BaBar  (1.67+£0.36+0.47) x 107*  (3875.17%1 £ 0.5) MeV

D* constraint to separate sig/bkgd = no {~, 7°}DD lineshape study
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X(3872) <2006 '07-10 '11: X* AM T JPC M(xr) status

Update (2): B® -+ K*7~X(3872) spectrum

I. Adachi et al., BELLE-CONF-0849, arXiv:0809.1224 [hep-ex]
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» clear signal seen for ¢’ (calibration) and X(3872)
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X(3872) 2006 '07-10 '11: X* AM T JPC M(xx) status

Update (2): B® -+ K*7~X(3872) spectrum

I. Adachi et al., BELLE-CONF-0849, arXiv:0809.1224 [hep-ex]
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» clear signal seen for ¢’ (calibration) and X(3872)
» bkgd: phase space + K*(892)° B-W from 7 sidebands

> signal Y K*(892)° B-W & K3(1430)° MC shape

| :
; X(3872) :  K*(892)° B-W & phase space from Mgﬁ'
ngn
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X(3872) 2006 '07-10 '11: X* AM T JPC M(xx) status

Update (2): B® -+ K*7~X(3872) spectrum

I. Adachi et al., BELLE-CONF-0849, arXiv:0809.1224 [hep-ex]
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» clear signal seen for ¢’ (calibration) and X(3872)

» bkgd: phase space + K*(892)° B-W from 7 sidebands

. signal {w’ : K*(892)° B-W & K3(1430)° MC shape
X(3872) :  K*(892)° B-W & phase space from MC.

» strong (K7)pon—res, N0 significant K*. .. cf. ¢/ & other (CE)","Z
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X(3872) <2006 '07-10 '11: X* AM T JPC M(xr) status

Update (3): B — KX[— v {v, 1'}] searches

V. Bhardwaj, Trabelsi, Singh, Choi, Olsen et al., PRL 107, 091803 (2011)
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X(3872)

< 2006

AM T JPC

'07-10 "11: X+

M(m7) status

Update (3): B — KX[— v {v, 1'}] searches

V. Bhardwaj, Trabelsi, Singh, Choi, Olsen et al.,
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PRL 107, 091803 (2011)
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no Belle evidence for v1)/;

o 1787048 +0.12 28+0.84+0.1
v 0.8371954+0.44 954+27+0.6

marginal consistency
(at best) with BaBar
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X(3872) 2006 '07-10 '11: XT AM T JPC M(xx) status

New bounds on X width, AM, & other properties
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» full 711fb~! T(4S) data: 772 x 10° BB pairs
> development of technique from discovery paper:
» M= M(rTa 7)) — M({T07) + my
» M(ntn=) > M’ — (my, + 150 MeV):
yields smooth bkgd under X, & similar behaviour to ¢’ case
> 3D fit to (Mye, AE, M")
» many results tested against an independent analysis

MC for a range of v/, X masses

v

calibrated against
large 1" peak

v

updated mass measurement (see AM later)

M = (3871.85 & 0.27 (stat.) = 0.19 (syst.)) MeV
cf.  (3872.0 £0.6 (stat.) = 0.5 (syst.)) MeV (2003 paper) .
o

Bruce Yabsley XYZ spectroscopy at Belle



X(3872) <2006 '07-10 '11: XT AM T JPC M(xr) status

New bounds (1): on charged partner states X
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)
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BB% — K XT) x B(XXT — pty) <42x107° (< 5.4 BaBar)
BBt — K°X*T) x B(XT — pty) <6.1x107° (< 22 BaBar)
cf. X(3872) discovery mode (8.63+£0.82 £0.52) x 10‘%2
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X(3872) 2006 '07-10 '11: XT AM T JPC M(xx) status

New bounds (2): on AM (versus X, 4 framework)
S.-K. Choi. S.L. Olsen. K. Trabelsi et al.. Phvs. Rev. D 84. 052004 (2011)

S =of =’
52 522 Nsc:(Gsez‘s,) 528 53 J'Bm(J;{;Sfm) (:gev) 395 015 0.1 4).05A Eo( Go:sv)o.u 015 02
this analysis cf. BaBar PRD 71, 031501
R = Brox /Bk+x 0.504+0.14 £+ 0.04 0.414+0.24 £0.05
5m = Mic-x — Moy (~0.7140.96+0.19)MeV  (+2.7 + 1.6 + 0.4) MeV

=y
[note withdrawal of molecule — low-R claim: Braaten & Lu, PRD 77, 014029 (20083}
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X(3872) <2006 '07-10 '11: X* AM T JPC M(xr) status

New bounds (2): on AM (versus X, 4 framework)
S.-K. Choi. S.L. Olsen. K. Trabelsi et al.. Phvs. Rev. D 84. 052004 (2011)
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[note withdrawal of molecule — low-R claim: Braaten & Lu, PRD 77, 014029 (20083}
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X(3872) <2006 '07-10 '11: X* AM T JPC M(xm) status

New bounds (3): on the intrinsic width
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

> width results limited by experimental resolution

> not improved since original discovery paper

» 3D fit quite sensitive to width (M, vs M(rT 7~ 1)) yields)
» mean yields tested with MC; method also tested on v’
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X(3872) 2006 '07-10 '11: X AM T JP€ M(nr) status

New bounds (4): on J”C from angular analysis
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» state of the art is 3D analysis by CDF:
PRL 98, 132002 (2007)

Events/(0.2)

- [
S

"

2

= | I
better S/B ]
> Belle: % X yield : stat-limited B S S
B-decay : 2 extra angles

» 1D fits in Ox and Rosner angles
[from PRD 70, 094023 (2004)]:

0¢: LT zenith angle w.r.to K7 plane

Events/(0.2)

x: 7t angle w.r.to K recoil T ey

» good fits to 17T

Events/(0.2)
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X(3872) 2006 '07-10 '11: X AM T JP€ M(nr) status

New bounds (4): on J”C from angular analysis
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

> state of the art is 3D analysis by CDF: 3. P B, 1
PRL 98, 132002 (2007) i
better S/B i
> Belle: % X yield : stat-limited TENT— ;Icgéexlnz, v
B-decay : 2 extra angles 3
» 1D fits in Ox and Rosner angles 3

[from PRD 70, 094023 (2004)]:
0¢: LT zenith angle w.r.to K7 plane
x: m angle w.r.to K recoil R R A

good fits to 177

v

So=2* B, /B, = 1.5¢"

v

good fits to 27" for certain choices of
Bi1/ Bz [for (L, S) = (1,1) or (1,2)]

Events/(0.2)
T
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X(3872) 2006 '07-10 '11: X AM T JP€ M(nr) status

New bounds (4): on J”C from angular analysis
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

> state of the art is 3D analysis by CDF: 3. P B, 1
PRL 98, 132002 (2007) i
better S/B i
> Belle: % X yield : stat-limited TENT— ;Icgéexlnz, v
B-decay : 2 extra angles 3
» 1D fits in Ox and Rosner angles 3

[from PRD 70, 094023 (2004)]:
0¢: LT zenith angle w.r.to K7 plane
x: m angle w.r.to K recoil R R A

» good fits to 17T

So=2* B, /B, = 1.5¢"

» good fits to 27T for certain choices of
Bi1/ Bz [for (L, S) = (1,1) or (1,2)]

> per CDF 2—+ iS Stl” in play E : ‘ ....... “‘._ ...............

Bruce Yabsley XYZ spectroscopy at Belle
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X(3872) <2006 '07-10 '11: XT AM T JPC M(xr) status

New bounds (5): on J”C from analysis of M(7*7")
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» old Belle conference result favoured S-wave pi, hence 17+

» CDF [PRL 96, 102002 (2006)] included Blatt-Weisskopf factors
and p-w interference — rendered P-wave fit equally good

> pv fit to final data
» without p-w int: 35
L X2/ndof
0 (dashed) 17.5/18
1 (solid)  32.1/18

Events/ 0.02 GeV
N
o

N
(4] [4)]
T[T T[T T T[T T TTTT

05 “0% 06 065 07 075 08
M) (GeV)
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X(3872) <2006 '07-10 '11: XT AM T JPC M(xr) status

New bounds (5): on J”C from analysis of M(7*7")
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» old Belle conference result favoured S-wave pi, hence 17+

» CDF [PRL 96, 102002 (2006)] included Blatt-Weisskopf factors
and p-w interference — rendered P-wave fit equally good

> pv fit to final data
» with p-w int: 35
L X2/ndof
0 (dashed) 15.8/17
1 (solid) 14.6/17
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X(3872) <2006 '07-10 '11: XT AM T JPC M(xr) status

New bounds (5): on J”C from analysis of M(7*7")
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» old Belle conference result favoured S-wave pi, hence 17+

» CDF [PRL 96, 102002 (2006)] included Blatt-Weisskopf factors
and p-w interference — rendered P-wave fit equally good

> pv fit to final data
» with p-w int: 35
L X2/ndof
0 (dashed) 15.8/17
1 (solid) 14.6/17
» params reasonable
(cf. strong X — w))
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N
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N
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X(3872) <2006 '07-10 '11: XT AM T JPC M(xr) status

New bounds (5): on J”C from analysis of M(7*7")
S.-K. Choi, S.L. Olsen, K. Trabelsi et al., Phys. Rev. D 84, 052004 (2011)

» old Belle conference result favoured S-wave pi, hence 17+

» CDF [PRL 96, 102002 (2006)] included Blatt-Weisskopf factors
and p-w interference — rendered P-wave fit equally good

> pv fit to final data
» with p-w int: 35
L X2/ndof
0 (dashed) 15.8/17
1 (solid) 14.6/17
» params reasonable
(cf. strong X — w))

» 2= lives to fight on ...

Events/ 0.02 GeV
N
o

N
(4] (4]
T[T T[T TTT T[T T TTTT

35 06 065 0.7 075 0.8
M) (GeV)
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X(3872) 2006 '07-10 '11: X* AM T JPC M(rw) status

X(3872): the old state of play at September 2006

adapted from Beauty 2006: Nucl. Phys. (Proc. Suppl.) 170, 248-253 (2007)

» narrow; prominent 7771 decay [Belle discovery; CDF, DO, BaBar|

» B(X = ntr ) > 4.2% [BaBar inclusive, PRD 71, 031501]

» [ <2.3MeV (90% C.L.) [Belle discovery]
» M =(3871.2+0.5)MeV < (mpo + mp«) by 1o [wA; CLEO]
» pp prod”: (16 + 5+ 2)% b-decay, rest prompt; “i)’-like” [CDF]
» X¥ not seen: not an isovector [BaBar PRD 71, 031501]
» C-even, from X — 41 [Belle, BaBar] and 07T 771} [Belle]

» X — py dominates, L =0,1 [CDF M(mxt7~) PRL 96, 102002]

» JPC =1t+ or 2= [CDF angular PRL 98, 132002]
» BT vs BY — K X “needs more data” ™™ [BaBar PRD 73, 011101(R)]

v

X peak in B — KDOD %70 needs confirm” [Belle PRL 97, 162002]
loose ends: 7079, yy!, 7w {1, het, yDD

v

&2

=5°
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X(3872) 2006 '07-10 '11: X* AM T JPC M(rnx) status

X(3872): the new state of play at October 2011
adapted from Beauty 2006: Nucl. Phys. (Proc. Suppl.) 170, 248-253 (2007)

» narrow; prominent 7771 decay [Belle discovery; CDF, DO, BaBar|
» B(X = ntr ) > 4.2% [BaBar inclusive, PRD 71, 031501]
» < 1.2MeV (90% C.L.) [Belle PRD 84, 052004]
M = (3871.71 4 0.19)MeV “=7(mpo + mp-+) [private WA; S < 1]
» pp prod”: (16 + 5+ 2)% b-decay, rest prompt; “i)’-like” [CDF]
» X* still not seen: not an isovector  [BaBar; Belle PRD 84, 052004]
» C-even, from X — 41 [Belle, BaBar] and 07T 771} [Belle]

v

» X — pY dominates, L =0,1 [CDF & Belle M(7t7m) ]
» JPC =1t+ or 2= [CDF & Belle angular; note BaBar 79774 |
» BT vs B - K X: AM disfavoured [BaBar & Belle |
> large B(X — ({,7°}D%)p.0D?) [Belle & BaBar |

» loose ends: 7070, Lﬁ)’ Tt e, {’y,WO}DB lineshape

— ‘ radiative (disputed) & lineshape crucial for structure‘ i
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Y (3940) B-decays ~+ summary

Y (3940) and related states: in B decays
Belle PRL 94, 182002 (2005); BaBar PRL 101, 082001 (2008)

Y (3940) [?7777777] B — KY[— wy]
Z(3930) [?x2(2P)] ~v — Z[— DD]
» difficult to understand as (¢C)es,
or even as hybrid or other exotic
— least-believed of the early “XYZ"

X(3940) [?71:(35)] eTe” — ¥ X 30 )
> cf. i

20 —

10

» Belle discovery paper:

threshold q*(M)+ S-wave B-W gs;;o T 4080 T 4280 |
M(wJAp) (MeV)
M (MeV) I (MeV) Ry = Bgo/Bg+ [Ruon-res]
Belle* 30434+114+13 87+22+26 [0.970:33+0-53
BaBar* 3914.6%3%+£1.9 34132+5 0.2719:28+0.04 5
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Y (3940) B-decays ~+ summary

Y (3940) and related states: in B decays
Belle PRL 94, 182002 (2005); BaBar PRL 101, 082001 (2008)

X(3940) [P7:(35)] ete” — X Tl
> cf. { Y(3040) [777227?7] B - KY[»wy] 2 |
Z(3930) [?x2(2P)] vy — Z[—»DD] 3 ¢
» difficult to understand as (¢C)es, .
or even as hybrid or other exotic Tl
— least-believed of the early “"XYZ" 20
» BaBar confirmation: %m: -
Gaussian bkgd + S-wave B-W signal Sl il 11 D
my,., (GeV/chH
M (MGV) r (MGV) Ry = BBO/BB+ [Rnon—res]
Belle* 39434+ 11+13 87422426 [0.970:33+0-53
BaBar* 3914.6738+19 34712 +5 0.27+5-28+0.0055
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Y (3940) B-decays ~+ summary

Y (3940) and related states: in B decays
Belle PRL 94, 182002 (2005); BaBar PRL 101, 082001 (2008)

X(3940) [771c(3S)] e*e” — 9 X
> cf. { Y(3940) [77722777] B — KY[— w]
Z(3930) [?x2(2P)] ~v — Z[— DD]
» difficult to understand as (¢C)es,
or even as hybrid or other exotic
— least-believed of the early “XYZ"

I
2
I

Events / 10 (MeV/c?)
o
g

F
S
T

N
2
T

» BaBar confirmation: I
Gaussian bkgd + S-wave B-W signal |
* fits too different to compare params:
M (MeV) I (MeV) Ry = Bpo/Bg+ [Rnon-res)
Belle* 39434+ 11+13 874+22+26 [0.970:33+0-53

BaBar* 3914.6738+1.9 34%12 45 0.2710:28+0.04.558

Bruce Yabsley XYZ spectroscopy at Belle
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Y (3940) B-decays ~~ summary

Y (3940) and related states: in v~ events
S. Uehara et al., Phys. Rev. Lett. 104, 092001 (2010)

shown at QWG 2010 / Fermilab: clean ete™ — eTe™ (7y)[— wi]

0.3 12 F
__0.26 O b W<3.95GeV (b)
N 3 F
3 02 S 8
O = 0
0,15 ~ 6@

'ki_‘ -'\(2 r |l
n 0.1 § 4 i, 1
0.05 w2 }'1 _H+ *ﬁ
O O OI 1 1 IO.1I 1 1 IO.2I 1 1 I003

= pt*| (GeVic)

&2

o
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Y (3940) B-decays ~~ summary

Y (3940) and related states: in v~ events
S. Uehara et al., Phys. Rev. Lett. 104, 092001 (2010)

shown at QWG 2010 / Fermilab: clean ete™ — eTe™ (y7)[— wi]

Events/10 MeV
0o
AR

o
0o T
o f

W (GeV)

S-wave B-W signal (variable I') + background quadratic in p*
cf. background-only fit [non-wi backgrounds shaded| =
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Y (3940) B-decays ~~ summary

Y (3940) and related states: a partial summary
PRL’s 94, 182002; 96, 082003; 100, 202001; 101, 082001; 104, 092001

M (MeV) I (MeV) notes
P4IB - KY[— wy]* 3943+£11+13 87+£22+26 mysterious {final state, M}
MOUB — KY[— wy]*  3914.6738 £1.9 347245 pref. for B* over BC prod”
104y 5 ) 3915+3+2 17+£10+£3  implied [,y ~ O(1MeV)
[%lyy — (DD)z 3929+ 542 29+10+£2  Z(3930) < Xc2(2P)
[100] g+ — D*D +7 +26 X ”? S
ete” — ¢(D*D)x 39427C £ 6 3778 18 (3940) = 7c3S;

So we come back to the naive three-state interpretation:
»  X(3940) — D*D, among other states seen in ete™ — 1 X
» Z(3930) as an unmysterious Xc2(2P) [“Z" label re-purposed]
> "“Y(3940)" — w of mysterious structure, in B-decay & 7~

with some caveats:[10%

> limits on X — Y identity in an earlier Belle paper withdrawnm

» X prod” cc-like, but e"e™ — 1) (c€)res prod” not understool:
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Y (4260): decays other than wtm 1)

CLEO T.E. Coan et al., PRL 96, 162003 (2006);
Belle C.Z. Yuan, C.P. Shen, P. Wang, X.L. Wang et al., PRD 77, 011105(R) (2008)

original supernumerary vector
» best-attested & studied %10
» discovered in Tt = o
<
» CLEO eTe™ — h(H)Y: »
o2
mode o (pb) 1
0
Tty 58f%§i4 ;C:
mOr%) 237+ 1 o 2
KtK—y 9f2+1 N IS M, ST
-0.15 -0.1 -0.05 O 005 0.1 0.15

Missing Momentum (GeV)
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+

W_d’ TU.‘TUI’

non-7m

Y (4260): decays other than wtm 1)
CLEO T.E. Coan et al., PRL 96, 162003 (2006);
Belle C.Z. Yuan, C.P. Shen, P. Wang, X.L. Wang et al., PRD 77, 011105(R) (2008)

original supernumerary vector v . ((':) ' ' '
» best-attested & studied o(e*e’ =y y(2S))
» discovered in 71 g 1t e o*n Jiy 1
» CLEO ete™ — h(H)Y: o =’ Jhy Tal
s ndiy t+ |
mode o (pb) : : : : R
mtrTy 5815 +4 ol (d) ~ ]
700 2371241 | ey o(ete—un Jhy)
K*K~¢ 912 +1 849 = n'n’ iy ]
© 20 .
> lineshape untested ... 0 .

37 38 39 4 A1 424 43

Vs (GeV) =5



non-t T~ w07n%

Y (4260): decays other than wtm 1)

CLEO T.E. Coan et al., PRL 96, 162003 (2006);
Belle C.Z. Yuan, C.P. Shen, P. Wang, X.L. Wang et al., PRD 77, 011105(R) (2008)

original supernumerary vector

> best-attested & studied S15F 15
o L J
» discovered in 771 =t .
o Ny,  =S10F 1108
» CLEO eTe™ — h(H)Y: o | L 1
Lot 47 :
s S | W | Mol 1
7T+7T7’(/J 581—%3 j: 4 O: P 1 | Loy 1 .l{ 1 + *.‘ K) .*‘I‘i.i‘.*b‘ih: 0
7T07T0w 231—1% 11 4 4.5 e (SGeV) 55 6
_ 9 cm
KK ¢ 9'2+1
» lineshape untested ... Belle's ISR K™K ™1 study inconclusive:

Biik-ylere- < 1.2V (90%; cf. 59752 ntn—y WA) ~ CLEGH
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Y (4260) — w79 in ISR

Belle preliminary, ICHEP 2011

fully reconstructed ete™ — v;sgmOm%Y[— utp ] events (clean):
2 tracks passing qual. cuts 8
IM(pp) — my| < 25MeV
E(v) > 35MeV;

IM(y7vy) — mo| < 15MeV;
cos 0., for cand. sel”

p1 (707%)) < 50 MeV

w.r.to ISR photon ’J-IU-‘H |_| ﬂn ﬂ i

IM2_| <12GeV T

clean sample; ¢’ calibration signal; cf. ¢ sidebands

v

\4

Events / 50 MeV
o)

v

w

v

-

v
w

v

&2

o
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Y (4260) — w79 in ISR
Belle preliminary, ICHEP 2011

fully reconstructed ete™ — 7,5pm0mO%[— uT ™) events (clean):

» 2 tracks passing qual. cuts
IM(pp) — my| < 25MeV
E(v) > 35MeV;

IM(y7vy) — mo| < 15MeV;
cos 0., for cand. sel”

p1 (707%)) < 50 MeV
w.r.to ISR photon

’M 2 | <1.2GeV 3 N 8 ° M(n?"rsfwm) (Gev;5

recoil

\4

v

Events / 0.05 GeV

v

v

v

clean sample; ¢’ calibration signal; cf. ¢ sidebands

fit: threshold f", ¢’ shape from MC, B-W for Y(4260) [params fixed]
MeteBrogoy = (3.1871857083) eV ~ 3 x 59733 eV (7~ PRG)
ogo

\4

Bruce Yabsley XYZ spectroscopy at Belle



Y (4260) — w79 in ISR

Belle preliminary, ICHEP 2011

fully reconstructed ete™ — 7,5pm0mO%[— uT ™) events (clean):

» 2 tracks passing qual. cuts B BT g
> [M(up) — my| < 25MeV 5 i E
» E(v) >35MeV; 507 *
IM(77) — myo| <15MeV; H 3
cos 0., for cand. sel” 20F E
> po (7%7%)) < 50 MeV “q Jr_._ E
w.r.to ISR photon 1o:l_ ' =
M2y < 12GeV b g

» clean sample; ¢’ calibration signal; cf. ¢ sidebands

» fit: threshold ", ¢’ shape from MC, B-W for Y'(4260) [params fixed]
Moo= Brogoy = (318718709 eV ~ 1 x 5,973 eV (7t 7~y PDG)

» cross-section consistent with CLEO ... and with 4260 origin s
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Z. (manifestly exotic) in the light of new Z, results
R. Mizuk et al., PRD 80, 031104(R) (2009); & Chistov et al., 78, 072004 (2008)

60

» Belle sees resonance-like peak
Z(4430)" — 7t in B — Knte/ s
» not seen by BaBar; consistency? a0p
» Belle (Dalitz) reanalysis: —
(M,T) = (4443715113 107785+ 1) MeV
» +2 states in B® — K= Z[— 77 xc1]
» B — Knt being studied i
> in hidden beauty, v.large I v (ns) for T(5S) "

— something going on above BB threshold
cf. CLEO o4170(7 7 he) ~ o4170(7 T 1))

30

Events / 0.18 GeV?/c*

20 -

10

M), GeV2/ic*

Roman Mizuk presentation: consistent peaks in fits to
T(5S) — n~Z}[— n~ hp(nP)] and Dalitz 7~ Z,/ [ T T(mS)]&:
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BACKUP w070 DD ISR

BACKUP SLIDES:
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BACKUP Or DD ISR

Y (4260) — 7%7%) in ISR: systematics

Belle preliminary, ICHEP 2011

0

Table 1: Summary of systematic uncertainties.

Source Error on yield (%)
Luminosity +1.4
Branching Fractions +1.0
MulD +2.7
Tracking +2.0
Trigger +2.8

Cut selection +3.2 —-2.8

Y (4260) mass and width | +5.5 —5.7
Choice of fit function +18.3 —7.8
Sum in quadrature +20 —11
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BACKUP m07%p DD ISR

Y (4260) — 797%) in ISR: summary of fit results

Belle preliminary, ICHEP 2011

Table 2: Results of fit to M (7°7°.J /1)) spectrum. The non-resonant contribution

is fit using a falling exponential with threshold function.

Parameter Value Positive  Negative  Units
error error

Tote- - B(Y (4260) — 707°J /1)) 319 +1.82 -1.53 eV

N((25)) 629  +26 -25

1(2S) mean 3.6842  +0.0005  -0.0005 GeV

N(1ypkg) /N (1(25)) 23 +4 -4 %

N(> 1vkg) /N(¥(25)) 36 +35 -3.4 %

N (non-resonant) 14 +8 -7

Non-resonant shape parameter -1.4 407 -0.6
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BACKUP

ete™ — ¥ DMDM): states above threshold

P. Pakhlov et al, Phys. Rev. Lett. 100, 202001 (2008)

refinement of Miecoii(70) method:
» D reconstruction; refit — mp
> tag: [Miecot(¥D™) — mig)| < 70 MeV
and constrain — Mg = Mpy(x)
> fit M(DODM): bked (sideband) +
x-feed + threshold f” + rel. S-wave B-W

oete™ = 1 X) x B(X — DXD*)

X (3940)
X (4160)

DD*
D*D*

(13.975H b [6.00]
(2477358 b [5.50]

cf. (nS) ne(mS): ~ 20fb for m,n € {1,2}:

» consistent with X as ¢¢ states?

» production mechanism still not understood

N/25 MeV/c? N/25 MeV/c? N/50 MeV/c?

L,
sh—t

&

S

E
| S 5o |
-

N/50 MeV/c?

n
]

—+ 20|
B) D, Dy AJ
L LR
PRLS A Al

o

e assoc

o = 4
m(" B%) agrleV/c?
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BACKUP 7% DD ISR

17~ states seen in ISR (following BaBar)
C.Z. Yuan et al, PRL 99, 182004; X.L. Wang et al, PRL 99, 142002 (2007);

80F . ] [
N ' NQ‘] 5 n
§ 60F ot e Solution | - % [
% ------- Solution Il L{§)1 0 L
&40 Q[
8 3 |
“E =50
i 20 !
o s 0, 45 5 55
4 4.5 5 5.5 - '
M(x' Jhp) (GeV/c?) M( "7 1p(2S)) (GeV/c?)
» confirms Y'(4260) [also CLEO] > confirms 7+ 77’ signal
» amplitude nontrivial near 4050 MeV > splits “Y'(4360)" peak — two

none seen in ISR D)D) e g. explicit BaBar Y/(4260) limit
Byg/Brr—y < 1.0 at 90% C.L. [arXiv:0710.1371 — PRD] &4
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