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X Y Z States

Recently, discoveries or evidences have been made in the well
understood charmonium system and new resonance structures found
are noted as X Y, Z to indicate their unknown nature

State m (MeV) r (MeV) JFC Process (mode) Experiment (#0) Year Status
° .. 3871524020 13406 177/2* B K(= = J/v) Belle, BaBR 2003 OK
w Many models exist: X(3872) (<22) pp— (xx-J¢)+..  CDF.DO
B — K(wJ/v) Belle BAB®
o — K(D*°DP .
> Tetra-quark: Tightly bound i s oule, 21
B —» K(7¥(25)) BABR, Belle
four qual‘ks X(3015)  30156+31 28+10  0/2"% B K(wl/¥) Belle, BAB®R 2004 OK
o ete™ 3 eTe  (wl/v) Belle
> MOlQC“lar State' Loosely X(3940) 304212 37+ 7+ ete™ = J/W(DD*) Belle 2007 NC!
ete™ = J/v (...) Belle
bOllIld mesons G(3900) 3043421 52411 1=~  ete~ —+(DD) BABR, Belle 2007 OK
> Charm()nium hybrids: Y (4008) 4008*17 226197 1=~ etem 9 q(xtx—J/Y) Belle 2007  NC!
. . Z,(4050)* 4051*2 8248t ? B - K(x*xa(1P)) Belle 2008 NC!
charmonium states with an  X(4740) waeso =52 2 ek COF 2 NG
excited gluonic degree Of X (4160) 4156}15’5; 13035;: 7+ ete= = J/W(DD*) Belle 2007  NC!
Z>(4250)* 42487 ¢ 17775 7 B = K(x*xc(1P)) Belle 2008 NCI
freedom Y(4260)  4263+5 108414 1  ete— - A(xt-J/v) BB 2005 OK
CLEO
> Bell
Threshold effects AR CLEo
ete™ = (x%2%J/y) CLEO
X(4300) st 30+ iR B = K(¢J/v) CDF 2010 NC!
ol Focus on Curl‘ent results Of (X(4350)) 4350.6*3% 13.3:1}33 02t  ete” o ete(¢J/¥) Belle 2009 NC!
Y (4360) 4353+ 11 9642 1 ete~ = 4(x*x-(2S))  BaB®R Belle 2007 OK
X(3872)9 X(414O)9 X(4300) and Z(4430) 443t 1079 ? B - K(x+¥(25)) Belle 2007 NC!
7.(4430) (better access through i) Bl g U k) b M
. Y (4660) 4664412 48415 17~ etem 3 4(xtr¥(25)) Belle 2007  NC!
hadron machines, others see talk %9 wesas0 20795 1 cre s n109) Belle 2010 NC!

by R. Mizuk)

“Heavy quarkonium: progress, puzzles, and
opportunities”, arXiv:1010.5827
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Exploring Nature of X(3872)

> Discovered in 2003 by Belle (PRL 91(2003) 262001), quickly confirmed
by other experiments

> Information offered by B factories:

> Evidence of J/yy by Belle (talk at 2010 QWG workshop) and
Babar (PRD 74 (2006) 071101) : C = +1; radiative decay rates prefer
17" vs 27F

> Evidence (or not) of decay y(2s)y by Babar and Belle
> Search for charged X(3872)" (PRD 85, 052004)

> Search for C = -1 X(3872) partners (J/yn, Xcy)
> Mass and width measurements

> Three main directions to undercover its nature: mass measurement
(vs D'DY), cross section measurement, decay chain analysis (J¥©)
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X(3872): Mass Measurement (1)

> In molecular state hypothesis, the mass should be below the D**D?

threshold 3871.8+3.1+3.0 MeV__
A
> -
> Both CDF, DO and LHCDb (Belle, Babar) perform 2 400"
measurements on X(3872) mass using J/ynn decay = | Y
. . 9 300 y Hﬁ@.#% S
channel (with y(2s) for control particle) g T B VL
Ty el i
o T 200"
. : § |y =
S i : o 1<lyl <2
E NO 4000;— ¥
E 3 sk s 0T 0E T 0e
= b M. ..-M.. (GeV/c))
o -
g oo
8 2000
S ok
Tm00 9900 S 10005_
M(J/y &t ) [MeV/c?] -
500 £

1.61 £0.16 £ 0.19 MeV

3871.95 +0.48 + 0.12 MeV ﬁ
© [
g o JEs -
(stat) (syst) 375 580 585 300 395 400
Jhymtc Mass (GeV/c?)
[1] CDF Collaboration, Phys. Rev. Lett. 103 (2009) 152001 [3] LHCDb Collaboration, Eur. Phys. J. C. 72 (2012) 1972

[2] DO Collaboration, Phys. Rev. Lett. 93 (2004) 162002
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X(3872): Mass Measurement (2)

> Current accuracy at similar level for CDF, Babar, Belle and LHCb

> “new average” : 3871.66 = (.18 MeV

| >More accuracy is desired to see if it
= [T]m I is above, at, or below threshold (om =
s ) RN [ -0.28+0.18(X(3872))£0.33(D?) MeV)
BaBar B’ 12 F - : |
Do B! s ’ — |
“ e : : .
e o o N | > First measurement in LHCb with 37
New zl\'cr:u;c 3%7!.;.(;;().|8' | . ‘ pb-l data; Further measurement With 1
s e IR [ fb-! data ongoing to pin down the
Ao em eme A statistical error to ~0.12 MeV

3867 3868 3869 3870 3871 3872 3873 3874
X(3872) mass [MeV/c’]

> More accuracy on M(D? and M(D”) (M(D*)- M(D?) known ~0.07 MeV)
also required; An update from LHCDb (soon) will decrease error on
average mass of M(D?) from 0.16 MeV to 0.12 (x2) MeV

[1] CDF Collaboration, Phys. Rev. Lett. 103 (2009) 152001 [4] Belle Collaboration, Phys. Rev. D84 (2011) 052004R
[2] BABAR Collaboration, Phys. Rev. D77 (2008) 111101R [S] Particle Data Group, J. Phys. G37 (2010) 075021
[3] DO Collaboration, Phys. Rev. Lett. 93 (2004) 162002 [6] LHCb Collaboration, Eur. Phys. J. C. 72 (2012) 1972
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X(3872) : Cross Section (1)

Cross section measurements also help in testing different models,
calculations have been done for LHC using molecular nature and
results from Tevatron
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> The predictions in ne[2.5, 4.5] and pr <[5, 20] GeV give

> Prompt + b cross section: 13 £ 2.7 nb

> Using 35 pb-! data, LHCb made an inclusive cross section measurement
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X(3872) : Cross Section (2)

> The measurement is done using:

UX(3872) X BR(X(3872) — J/wﬂ' 7'('—) =

Nx (3872)

LHCD
. )

€Etot X £int X BR(J/?,D e u+/.t_)

> Nx@3872), the number of reconstructed X(3872) — Jw(—u w)nn

> %ne=34.7 pb~l, the integrated luminosity used

> €101, the total reconstruction efficiency

> Br(J/w—u ), the J/w—u u branching fraction

> We obtain the inclusive cross section in n<[2.5, 4.5] and pre[5, 20] GeV:

O-X(3872) X BR(X(SS?Z) — J/¢W ’7T_) = 4.7 -

- 1.1(stat) -

- 0.7(syst)

> The measured value is 2.8 smaller than the prediction in previous slide

> Measurements with 1 fb-!is ongoing and we will separate prompt and b

component and measure it as a function of prand n

[1] LHCDb Collaboration, Eur. Phys. J. C. 72 (2012) 1972
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X(3872) : Cross Section (3) =

> Using 4.8 fb-! data, CMS performs a differential cross section (w.r.t \|1(2"
measurement for prompt X(3872) in ne[-1.2, 1.2] and prt <[10, 50] GeV

> Prompt and detached components separated using lifetime-like distribution
in x-y plane

— ' ' A B Bl B ] L3 T2 I L I I W Dbl FoEl It 3! I \LE) [SRLEl PobEE) [RCER [P

x10° % 1E CMS \5=7TeV —
> =TT T (D2 i TR SRR TR I B B RRRELE B I lr_ '''''''' : L 4 8 fbl =}
2 100} ﬂ EME otbr - 9 ; ' 3
= B ! 10<p, < 50 GeV +data o _g - lyl< 1.2 3
L - lyl < 1.2 —total fit - el ] - |
o - ---background - LO NRQCD :
8 80 — . s|gna — mi B i = LO NRQCD U nceﬁalnl'y 7
‘(B' I ‘ > 10” )
2 : : " 1 Q. 10 o =
'8 60 = 14F % -Q E i E
o] B ~— [ A - o B |

. $ 1o - a i _
¥ '- : 58 [ i _

40) 8 o 1 L j a;z
i \ 375 38 385 39 395 4 ) - 3
% miNy x*x) [GeV] A -O
20k | e - 2| >
- e | 10 : { :
—. Lol o Lot L 4o l Acdoa b o L o L . l CICd BT BRYSS AT l Tl TG RN SR .— : :
?3.6 3.7 3.8 3.9 = 0 s Blspe e 1 ......... Fieraermsrs .
m(Jy ') [GeV] 10 15

25
P, (J/wn T [GeV]

oP P (pp — X(3872) + anything) - B(X(3872) — J/y7m" ™) = 1.06 £0.11 (stat.) == 0.15 (syst.) nb.
> NRQCD prediction: 4.01+0.88 nb (arXiv:0911.2016)

[1] CMS Collaboration, arXiv: 1302.3968
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X(3872) : Cross Section (4)

c’“\ 0_12 lllll lllllllllllllllllllllllll C LI BN B2 B S0 S S e B e
| & E CMS Preliminary, Ve = 7T9V ] O } CMS Prellmnary,@ 7TeV
ol & [ L=48 " i B 0S¢ L=481Mb'
oA | 01 Jgnnlf<12 ] e I Jyralyl<1.2
X x - 1 - ~—~ B
oy 0.4
&N & - N
~ i 3 B
8| $°%F ? 5
HEA: H. = 0.3 * |
y 0.06f . — B {
E 1 =
@ R ‘ O 0.2- } - g
- . 8 - no significance i
0.04f 7 = - dependence on the pT -
E ! 8 0.1- non-prompt fraction |
0.02f 7 -0.250 = 0.029(stat) +0. 016(5\5)
:....l.u.l....l“..l....lu..l....l....- qo 15 20 25 30 35 . é
90715 20 25 30 35 40 45 50 P, (JAp 7 x) (GeV)
p(JAp 77) (GeV)
B o(pp — X (3872) + anything) x B(X (3872) — J/vmt ™)

o(pp — ¥(2S) + anything) x B(¢¥(2S) — J/ymtn—)
Non-prompt fraction not

R = 0.0662 + 0.0038(stat) £ 0.0064(syst) dependent on pr

Ratio to y(2s) not dependent on pr

[1] CMS Collaboration, arXiv: 1302.3968
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X(3872) : J° Determination (1)

Citation: J- Beringer et al. (Particle Data Group), PR D86, 010001 (2012) (URL: http://pdg.Ibl.gov) Unknown JPC after 10

N years of discovery
X(3872) /G(JPC) b O?(??+)
Seen by CHOI03in B — K7™~ J/w(1S) decays as a narrow peak 0TN0s
in the invariant mass distribution of the 7™ 7~ J/%/(15S) final state, 1 Czc D D = mOIQCUIe?
A helicity amplitude analysis of the X(3872) — J /v T decay v s ncz( 1 1D2)?

gives two possible JPC assignments: JPE" — gk grgipe—t

(ABULENCIA 07E and CHOI 11).

> Angular Analysis Needed (X(3872)—J/yrn, p’ dominated)

¢x(3872)'¢m

~ Prrp(is) ) P
4 OW(IS) ¢x(3872)'¢J/1p(IS) X(3872)
inclusive production )

Unpolarized JPC info only in 3 angles:
cos6y,cos0,  AD=0,,,-0,

Full angular phase-space is 5D

In helicity formalism:
3 helicity angles: cos8y,c0s6,,,c0s8,,,
2 angles between decay planes: ¢ 0,0,
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X(3872) : J° Determination (2)

E > Using 2292+113 inclusively

L, 000E |l 20285 + 228 y(29) produced X(3872), CDF performs
% 50001 |} angular analysis on JF¢
§- b= > All other spins up to 3 ruled out
g 000 except 17" and 2
£ 2000F 2292 + 113 X(3872)
6 oo > 1D analysis by Belle (17316

- T i events) in 2011 can’t distinguish two

3.

N

5 37 3-72'/ 2 )3-;32 v3}-92] 395 4 states (another analysis by Babar
m ev/C .
vr T using B—J/yo(3n) prefers 2-)

ssof.  lcos(8,, ) <0.6 Icos(6,,)l > 0.6
o 4005_Icoa(en I lcos(6, )l | Icos(8, )| Icos(6, )l Jre decay LS Y (11 d.of.) Y prob.
= - <0.5 >05 <05 >05 rev e
= g0t o l J/p 0l 13.2 0.28
%4 2=t J/p" 11.12 13.6 0.26
£ 3001 = J/Y(mw)g 01 35.1 24 ADES
= 250 2'&— 27 N7 m)s I 38.9 5.5 107>
T F r n I+ 3 s 11 39.8 < 5 0 |1
2 200 7 ] :{j" "] 27 J/(mm) 21 39.8 3.8 X102
2% 15050 se — ,‘ o 3t I/ 3] 30.8 38X 1073
® bed 17 [0 l—-‘-‘;-‘-? 1 377 J/lwm)g 21 41.0 2.4 X107
gworjr_ ] i 7o) J/ip? 2 43.0 1.1 X 1073
. - -+ £l 0 ) AR : -6
505 0+ |_‘ I/p 0,11,12 45; 41 X |()_IT
- 0 J /i § 104 35101
O——+— — —t — 07" _Hilmm)s § 129 =+ 107%
0 0.63 1.15 w2 0 0.63 1.15 w2 (= /,-"'lfl[)n 00 163 31 b ¢ =20
0 0.63 1.15 w2 0 0.63 1.15 w2 . :
HA O - nl - /2l

[1] CDF Collaboration, Phys. Rev. Lett. 98 (2007), 132002, arXiv: hep-ex/0612053
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X(3872) : JP¢ Determination (3)

— —_—
- N
- -
=) =)

800

600

400

Number of candidates /(2.5 MeV)

200

LHCD
. )

. AT o o S RN TR TR NN TR T
600 800 1000 1200 1400
M( i) - M(Jhw) [MeV]
5642176 313+26

> LHCD joined with 313+26 X(3872) signals using 1fb-! data

> A full 5D analysis performed

> Several analysis technics used and made it possible to distinguish
the remaining two hypothesis

> \y(2s) with known JFC = 1- used as control (test) particle

[1] LHCb Collaboration, arXiv: 1302.6269
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X(3872) : J°¢ Determination (4)

> Matrix elements for angular analysis

IMQIx)|? = Z | Z Ax g rer[X DTy —2ne (P 0%, —0x) X

AA“:—11+1 AJ/L" .Aﬁn:—1,0,+1

|2

1 . A
D/\n"rr ,0(‘:)7771'- Oy —

Different amplitude related by Clebsch- ordan coefficients
- Jpe Jem| 8 LI S T
A)‘JN’ R EL:ZS:BLS " ( /\J/u'; )‘mr )‘J/ul' — >‘7r7r ) - ( 0 )‘J/z;‘) . /\7r7r /\J/z;‘) T /\7r7r
As higher L is suppressed (Lmin + 2, 4 ...), only Lmin considered

p(770): 1-  Jhp: 1~

JrC 1+ Y-+
L,S 1=0,S=1 |L=1,S=lor 2

For J=1, 0 free parameter, J=2, 1 complex parameter: o = B,,/(B;,+B,,)
[1] LHCb Collaboration, arXiv: 1302.6269
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X(3872) : J°¢ Determination (5)

> A likelihood ratio test performed

LHCD
. )

t==2s iw In P12,y o
v 2 W, PQ, 1) | P(Qlhyp) dQ =1

> Background subtracted using sweight ((z)i)“

N
> Omax Maximizes the 2-*likelihood 2 Swz w,InP(Q. 127, @)

i=1

o, =(0.671+0.046, 0.280+0.046)

> sw is a constant factor for correcting errors when using s =
sweight to subtract background

P(Q1hyp) = £(Q1 hyp)[M Q1 hyp)[ T T(hyp)

[(hyp)= js(Q | hyp) |M (Q 1l hyp) A0

> Efficiency depends little on hypothesis and can be factorized out with only
dependence on its integration which can be obtained using simulated sample

[1] LHCb Collaboration, arXiv: 1302.6269
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X(3872)

J°¢ Determination (6)

‘IC)‘5 T T T T T T T T T T T T T T T T T
Simulated J™¢=2" Simulated J?¢=1"*

10° LHCDb
AN

Experiments / bin

P(tlhyp)
Log scale !

10 + 34%
A
0/// 4
-200 -100 0 ~1 00 2_00
t:—2swz w. In AL —)
i P(Q;1177)

27" ruled out by 8.4 (Gaussian approximation)

> 506 (direct from simulated number)

9.76 (Wilks’ theorem)

1" p-value: 34%

[1] LHCb Collaboration, arXiv: 1302.6269
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X(3872) : J?¢ Determination (7) %1:?]

> Distinguish by “eye”

Likelihood Distribution

w
o
o

Hard if full events

Number of events / 0.4
w
>

ro
w0
(=)

Corrglations
Angulalr analysis

.
O
(=

Number of signal events / A LLR
> S
Q (=)

SaREs
|

Certain regions | ——FT———F———F———|

5 - _1n P12, @ =(0.671,0.280))
... 0=(0.671,0.280) P(Q;117)
0 0.5

-1 0.5 1

cosf, Consistent with simulation

Distinguish between two JFC

[1] LHCb Collaboration, arXiv: 1302.6269
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Search for X(4140)+X(4300) (1)

CDF observed a narrow structure X(4140)—J/yo (also named as Y(4140))
in B—J/wpK decay with 6 fb-! data

2
Y
o
2
—
o

Candidates per 10 MeV/c

> In CDF, 19+6(stat)x3(syst)
resonance events within 115+12(stat)
reconstructed B—J/yoK events:
3.80 significance and mass:

b)

o
1
o
T

N
T
o9
T

4
T

N <N
T

M x (4140) = 4143.472 39 (stat) + 0.6(syst)MeV

nNo
o

wl
L

3 L5 A o e 01 L 12 13 14 18
3.16 significance at higher mass: m(uu KK )-m(ut) [GeVic? m(u KK )-m(u') [GeVic

Candidates per 10 MeV/c

i
)

> CDF data also suggested a
second state with 2218 events, 0

M = 4274.475 7 (stat) = 1.9(syst)MeV

> With 0.38 fb-! of data, LHCDb also performed a search using
346 + 20 reconstructed B—J/yoK

[1] CDF Collaboration, arXiv:1101.6058
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Search for X(4140)+X(4300) (2)

LﬁCl‘?

>\1 """ RSN T LR LSO (LI G T
o | T S —
S E’ LHCb 3-body phase space
-3 e L background
% o (@
% ooumaners 1 8 ol
: S I i
o PCeney 8 F gl g b b
: oy g ) gy gy Jrg cpeyeg - ﬂ‘l
7700 1200 1300 1400 Agﬂfﬂwwpﬂl .
Wlveriiy) MeVl 2. Parabolic % 3-body
75 events 3,'8 (b) phase space
N o background
Scaled from CDF: /g | _,; 5
35+9+6 events T [ '= [
m ' P »
O 2 M | i q
0.6+7 events —g LIl .

1800

1100 1200 1300 1400

M (J/wo)-M(JAy) IMeV]

2.40 disagreement

B(B* — X(4140)K™) x B(X(4140) — Jf¢)) 0.149+0.039+0.024

BB+ — J/z;'1¢'>]&"+) < 0.07.

at 90% CL vs CDF:

B(B* — X(4274)K*) x B(X(4274) — Jbd) _ . o

B(B* = JjbéK+)

Not Confirmed 0-17%0.06 (stat.)

[1] LHCDb Collaboration, Phys. Rev. D 85 (2012), 091103, arXiv: 1202.5087
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Search for X(4140)+X(4300) (3)

> Using 5.2 fb! of data, CMS joins with 2478 + 162 reconstructed %=

B—-J/yoK
CMS Preliminary \'s=7 TeV, L=5.2 fiy’
R0 o e e e
—— Data
three—-body PS

250

150

N(B")/e,,, per 20 MeV
T

100}

PR
-
- -
- -*
-
.
- .

—— 1 BWs + three--body PS

7 1

E background + | s:gnaltypothes:s

- =

o- | I TR TR T N T T 1 PR Ll L
S PR T T N R
m(u*'wK'K)-m(u*w) [GeV]
Mass (MeV) Yields
First peak 1051.5+2.0 355+ 46
Second peak 1220.0+£3.0 445183

N(B")/e,, per 20 MeV

CMS Preliminary \'s=7 TeV, L=5.2 fty’
L l L) L L L ] L) L)

CMS

Sm_l T 1

—— Data

250 :_ three--body PS
E ——— 2 BWs + three—body PS

—"Background + 2 signal hypothesis

llllllllllllllllll

1 l 1 1 1

£
:Fh 1

Ll 1 l 1 1 1 1 l L1 1
11 12 13

1 l 1 1 1
14

15

m(u'wK'K)-m(u'w) [GeV]

Mi;=4148.2 £ 2.0 £ 5.2 MeV
M2=4316.7 £3.0 £10.0 MeV

stat.

SYS.

> The structure at 4148 MeV with significance >50¢ consistent
with a previous resonance structure by CDF

> Evidence for a second structure at 4317 MeV (4274 MeV for CDF)
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Search for Z(4430) (1)

> Claim of exotic Z(4430)"—wy(2S)n" resonance by Belle (minimal quark
content ccud — “smoking gun” for existence of four-quark bound states)

> Four independent variables (4D) describing full kinematics of
B—y(2S)Kn, w(2S)—p'n™ decay (with additional assumptions also for

v(2S)—nn J/y, Jy —ptp)

> Belle PRL 100 (2008) 142001: 605 fb!
w B—y(2S)Kn (Kt and K°, w(2S)—*l" or
v(2S)—na J/y , Jy—IT, I=e or p)

w Simple-minded 1D analysis in M(Kn) and
M(y(2S)n):

> veto K*(892),K*(1430) regions by cutting
on M(Km)

> 1D fit to M(y(2S5)m):

Events/0.01 GeV

w M = 4433 + 4(stat) £ 2((syst))MeV
[ = 45715(stat)33((syst)MeV

w 121+20 Z events, 6.5¢ evidence for y(2S)m*
“resonance-like structure”

20

10

0
3

] L ] L A L L ] Ll L | L)

- Belle 2008
- after the K* veto E

— J 1

WY

s
m

405 43 455 48
M(z"y) (GeV)

]

r
¥
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Search for Z(4430) (2)

> BaBar PRD 79 (2009) 112001: 413 fb!
= B—wy(2S)Kn and B—J/ywKn (K* and KO,
v(2S)—IT or y(2S)—n'n J/y , J/y—I'l, [=e or p)
w= Sophisticated 2D analysis in M(K7) vs cos®Oy

(Ok-angle between K direction in K= rest frame
and Kr direction in the B rest frame):

> 2D efficiency corrections

> Fit M(Km) with known K7 resonances (modified
LASS parameterization for S-wave)

> Determine cos®@x moments vs M(K)

> Transform the above into reflections of the fitted

Kn structures in M(y(2S)r) [also M(J/ym)]. Conclude

that their observed M(y(2S)n) and M(J/ym) data well
described by the reflections of these K= structures.

> When fitting Z(4430)" explicitly, set an upper
limit which is consistent with the Belle’s result

> No evidence for Z(4430)" in the BaBar data, but
also no disagreement with the Belle’s claim

7(4430)
A

- (@ B> ys)rK™*
0 Al KK Events

. " '3....'| iy | . il “

f

HOF (e)

K'(892) + K (1430) : i{

Background shapes determined by the
K reflections. Fit only background
amplitude and relativistic S-wave BW
line shape.
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Search for Z(4430) (3)

> Belle PRD 80 (2009) 031104: 605 fb"’

= Reanalysis of B—y(2S)Km in response to

implicit criticism contained in the BaBar paper %
w Sophisticated 2D analysis in M(Km) vs =
M(p(2S)n) (*“Dalitz analysis”): 2
> 2D efficiency corrections: 3

w Still not bullet proof if efficiency not uniform "

in the other 2 degrees of freedom! wf

> 2D fit of known K resonances (Isobar model o
[i.e. explicit spin 0 resonances] for S-wave, LASS %
as cross-check) plus optionally Z(4430) 5

> Conclude that their Dalitz plot not well described
by the K=t structures alone.

> When fitting with Z(4430)" component:

- M = 4443755 (stat) T3 ((syst)) MeV
[ = 107755(stat) 55 ((syst) MeV _
w= From change of the fit likelihood:
6.40 evidence for exotic Z(4430) —~

= No B—J/WyKmr results from Belle
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alone.

Changed in values and errors compared to their naive
approach in the 1st publication
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Search for Z(4430) (4)

> 7(4430)-like bump observed in
B—wy(2S)Km data, simple fit results in same
mass as BELLE but larger width

> By now use full 2011 1 fb-! data

> Four independent variables (4D) describing
full kinematics of B—y(2S)Kn, y(2S)—p u~

decay

> One choice: M(Km), M(y(25)m), cos(0,), @3
4D analysis

> Alternative approach using Babar’s
method also tried
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Conclusion

> Rich programs for X, Y, Z physics at hadron colliders

> Still puzzle on nature of X(3872), but approaching closer with more
properties explored

> Better precision measurement on both X(3872) mass and D? mass

> Production of X(3872) disagree with theoretical predictions using
Molecular hypothesis with NRQCD

> JPCof X(3872) determined to b 1**

> Puzzle on the existence of X(4140), X(4300) and Z(4430) still remains

> Its existence should soon be answered with current data collected at LHC

> Next will be on its properties

Friday, March 8, 13 24



