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X(3872): properties

®  First exotic meson candidate found
+ Discovered by Belle in 2003 with B*—K*X(3872)—K*J/im*m decays [PRL 92, 262001 (2003)]
+ Later confirmed by CDF (2004), DO (2004) and Babar (2005)

®  Abundant and well studied exotic state
¢ Di-pion mass spectrum studied by CDF [prL 96, 102002 (2006)]
¢ Quantum numbers constrained to JP¢=1** or 2-* [prL 98, 132002 (2007)]

® Nature still uncertain, possible models: Dy
¢ Tetraquark, D°D% molecular state (JFC=1++)

+ Conventional charmonium

®  More measurements required: D°-D “molecule”  Diquark-diantiquark

+ Quantum numbers, decay modes, possible charged partners
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X(3872): JFC

Number of candidates / (2.5 MeV)

Recently determined by LHCb using B*—X(3872)K*, with X(3872)—J/(pp)mtm
Five-dimensional angular analysis based on 1 fb-' and assuming X(3872)—p(770)J/ys
X(3872) decay angles: cos0x, cos0-+, cosOuy - decay planes: Abx,xx, Adx,an

Test statistics built from likelihood ratio of 2* over 1** hypotheses
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~Search for X(3872)—p p

Eur.Phys.J. C73 (2013) 2462
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B+—>pﬁK*
= > ~6950 candidates
®  Search of X decays to pp using

inclusive B*—ppK* decays

B Three-track final state selected with
Boosted Decision Tree based on 12
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Search for X(3872)—> w+mw-x ., <&

If X(3872)= x ., , we may observe it decayingto TT" T~ X

Mbc > 5.27 GeV/c2
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Search for C-odd X(3872) partner =

In either tetraquark or molecule pictures, X(3872)
can have C-odd partner which may decay into ;
v'X(3872)¢ > J/Wn K. Terasaki, PTEP 127, 577 (2012)
v'X(3872)¢ = x..V

J/¥n mass distribution

Data

1 o o
60;— prel ]_m:!_; ary < 10.6 events @ 90% C.L .
sof- . } ] ] =56 31 38 39
s [ g My, yGeV/c?
% 40 : E i 1
2 X(3872)? 2 i ]
o 30 l
E E : St Stk With all of current Belle data:
it 20}} # ][j ﬂ/ No clear ¥ (4040) and ¥ (4160).
105_{ h J‘H'm Hﬂ +H No evidence for C-odd partner of
: H# {M‘H Hﬂﬂ;ﬁm X(3872) and other state.
T

Mjen [GeWc ]

Br(B* — X(3872)K?%) - Br(X(3872) — J/yn)< 3.8 X 10 @ 90% C.L.
(PDG < 7.7 X 10°¢)



BO—X(3872)K* = -

Belle observed B’>X(3872)K'n with smaller data sample (605 fb!)
I BELLE-CONF-0849
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Search for X(3823) in more channels

Belle found a narrow peak at
X(3823)=2x,.y in B*2>(x..y) K*

Its narrow width and properties
suggest, it to be W,, (27)
charmonium state.

If so, it is suppressed in B*> W, K*.
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But one can expect it to have reasonable BR(B*=> W, K* )

B°—> x.vK'rt can be useful mode to search for X(3823).

> -25 MeV < AE<20 MeV

» E,scaled (AE=0) to improve the resolution of M
» Search for X(3823) and other new state in M

Xcl,c2y.

Xcl,c2y




X(3823) in B® =y X ; ., K* -
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X(4140) and X(4270)

C -y'

First evidence (3.80) for a near-threshold
narrow peak in the Jijs system, reported by

CDF in B*—J/l(uw)d(KK)K* decays in 2009,
based on 2.7 fb-.

Result updated in 2011 with 6 fb-1, significance
over 50. Assuming relativistic BW:

*  M1=4143.0+2° 3 o(stat)20.6(syst) MeV

+ [1=15.3*104¢,(stat)+2.5(syst) MeV
Evidence (3.1c) for a second structure:

*  My=4274.484 ¢ ;(stat)+1.9(syst) MeV

* T1,=32.3+21.9(stat)+7.6(syst) MeV

Could be cc bound state but well above open-
charm threshold (3740 MeV). Some models:

+ Molecular (Ds 55) state
+ Hybrid particle (q9g)
+ Four-quark combination (ccss)

No significant first structure from Belle in
exclusive B decays. 3.20 evidence for second
structure at 4350 MeV in yy—Jiib

+ Exclusion limits on partial width disfavor
molecular scenarios with 0**, 2**
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Searches at LHCDb

PRD 85, 091103 (2012)

T I AT N 7R BT T
®  Search based on 370 pb-! in B*—=J/\bK* decays:
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> ]éljﬁ?yww - + 382+22 B* candidate decays observed
E wl L=370 pb* _ + CDF fit model used to quantify X(4140) and X(4270) yields
2 + No significant signal observed in either case. 2.4¢ tension with
g CDF
8 2r i ¢ 90% CL exclusion limits on ratios of branching fractions
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Searches at CMS

CMS, Vs=7TeV,L=521t arXiv:1309.6920
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Search based on 5.2 fb-1in B*—J/ibK* decays:
+ Largest sample so far: 2480x160 B* candidates

Fitted Am distribution corrected for detector
efficiency

+ Efficiency fairly uniform over mass spectrum (<20%)

Fit model: S-wave relativistic BW for signal, and
three-body phase space

m Event mixing used as cross check
First peak observed with significance exceeding 5c
+ M =4148.0+2.4(stat.)+6.3(syst.) MeV
* [I'1 =28+1544(stat.)x19(syst.) MeV
Evidence for a second peak:
+ M:=4313.815.3(stat.)+7.3(syst.) MeV
+ [I'2=38+304¢(stat.) £ 16 (syst.) MeV

Parameters of the second structure my be affected
by ¢K* reflections

Analysis performed with tighter B* signal selection
gives consistent results

arxXiv:1309.6920



Searches at DO NEW yie
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Summary of searches
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Four resonances ?!
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<2 Resonant structure of Y(SS)—>(bb)1t T

Y(SS) — hy(1P)*n Y(5S) - h,(2P)n*n
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Y(5S)—>Y(nS)n ' J¥ Analysis
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Y(5S)—Y(nS)m'n: J' Results
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6D amplitude analysis of decays Y(5S)=>Y(nS)n*n-
L values for fits to corresponding models:
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D

Y(55)—Z,-(10610)1* — BB* 1t A
Z,-(10650)1* — B*B*r*

Masses of Z,(10610) and Z,(10650) are close to BB* and B*B* threshold.

Search for Y(5S) —Z, r decay with Z,—B™B*; reconstruct only one B and prompt pion
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& Y(55)—B*B!" = : Fit
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5 Wb rM(BT), GeV/c’
Q = —
> o - 5 " . .
% 0 L Red histogram — right sign B @ combinations; @(

o, 2l Ll bl Hatched histogram — wrong sigh B combini{j@\%;
e G Solid line — fit to right sign data. ?@?x\’
e
Fityields: N(BB1) = 0.3 = 14

N(BB*n) =184 + 19 (9.3 0) N(B*B* )= 82 + 11 (5.70)
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2 Y(55)—B*B!") n : Search for Z,,

Nevents/5 MeV/ c?

50 [T e T . 50 R T B .

[ ) A =

- B ] | B*B* Z.(10650) A1

. : i b _ i

- ] ™ — —
40 ¢ Z,(10610) + -ﬂ ar 6.8c .

C Z,(10650) ) > ) Z,(10650)

i L alone .

30 |- PhSp - = _

C Z,(10610)+ n - ]

5 PhSp 3 ]
20 N B

i Z,(10610)+ 1 & Z,(10650)+

- Z,(10650) + - 5
10 PhSp SIS

§ ) e

[ 3 %e\\ F
0 . 10.75 75

rM(m), GeV/c2 rM(m), Ge‘iw'/a::2

points — right sign B © combinations (data);

lines — fit to data with various models (times PHSP, convolved with resolution
function = Gaussian with 0 =6MeV).

hatched histogram — background component

B*B*1 candidates are well described by Z,(10650) only contribution.
BB*n can be described by two models:

Z,(10610) + Z,(10650);

Z,(10610) + non-resonant amplitude.
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<& Z, branching fractions

Y(5S) Brs: arxiv:1209.6450
BB  <0.60% (90%CL) To be compared with PRD 81 (2010)
BB*mt =(4.25 = 0.44 * 0.69)% f(BB*n) =(7.3+2.2+0.8)%

B*B*m =(2.12 + 0.29 + 0.36)% f(B*B*n) =(1.0+1.4+0.4)%

Assuming Z, decaying to Y(nS) n , h,(mP) = and B(*)B* only:

Channel Fraction, %

Z,(10610) Z,(10650)

T(18)r+ 0.3240.00  0.2440.07

T(28)r+ 438+ 1.21  2.40 4 0.63

T(38)r+ ~ 9154056  1.64 4 0.40

N
hy(1P)mt \/\N\@ 281 +1.10 7.4342.70
\2

hy(2P)mt \\GQ?‘ 43449207  14.8 +6.22
o Q [m= = === —— = 1
BTB* 1 BOp*+ o | 86.0+3.6 o
_ | |
B B0 : _ 7344+ 7.0 1

B(*)B* channels dominate Z, decays ! -




= Y(5S)=Y(nS)n0r?

Y(1,2,35)—>ptw, ee’, Y(2S)>Y(1S)n

Events/ 10 MeV/c?

WO e*e-m0m0 Y(1S)[I*l] =t mOx©
o w20
70 Y(25) % 70 % 18 [ Y(ZS)| |
60 . - 60 - % 16 :—
s [ Y(1S) E so b Y(2S) W 8 ad3 ' reflection
C 12
40 F 40 C 1
30 d \ Y(7S)w 30 - Y(]N-S) |‘| H N 1: ; |l
é 0o R |
o W | T A L
it i Mw b
%0 92 84 86 98 1o|.6'%o|.:'z .“;.‘.‘..1;.6 sn 92 94 96 9.3 10.0 102 104 11;5 %.9 l 0.0 | '1o|.1' | '1&.2 l '13.3' l 04
M, o(n'1"), Gevic M, o (n"1"), Gevic’ M(Yr'T), GeVic?

o[e*te—>Y(5S5)— Y(1S)n°r°] = (1.16+0.06+0.10) pb

o[e*e—>Y(5S5)— Y(2S)n°r°] = (1.87+0.11+0.23) pb

oc[e*te—>Y(5S5)— Y(3S)n°°] = (0.98+0.24+0.19) pb
Consistent with % of Y(nS)n*n

Phys. Rev. D 88, 052016 (2013)
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Y(2,3S)n’nY Dalitz analysis

M(s1,89) =Az1 +Azo+ Ay, + Ap, + AN

Events/ 10 Mev/c2

® 7, resonant structure has been observed in Y(2S)n’n’ and Y(3S)n'n?
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e

o ﬁ:\&‘:‘%&t\f‘%‘%gi o
1045 10.5
M(Y (28)m)

- e
et .:.ﬁs;.%-ﬁ»ﬁy
= 3 Vo Ao 0 SRA

w/o Z,°

o

)

10.65 10.7
GeV/c2

_cIIIIIIIIlIIIIIIlIIIIIIIIIIIIIIII!I

Events/ 4 l:vIeV’/c2
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D
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Phys. Rev. D88, 052016

2] f'@'ﬂ'}&g
0 = AT
10.58 10.6 10.62 10.64 10.66 10.68 10.7 10.72 10.74

M(¥(38)n"), ., Gev/c?

IIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIII

with Z,0

+ L
B iR

G
e U

ﬁi

m Statistical significance of Z,°(10610) signal is 6.5¢ including systematics

w/o Z,°

m Z,°(10650) signal is not significant (~2c), not contradicting with its existence

M(Z,*)=10607+2 MeV/c?

m Z,.°%10610) mass from the fit M=10609 =4 =4 MeV/c?
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Y(1S)n’r® Dalitz analysis

Dalitz analysis M(s1,80) =Az1+Azo+ Ap, + Ap, + AN

withZ° w/oZ.

30""|""|""|""|""|"'|"" 60_llll]lllI[Illllllll]llllllllllllll

50

20 —

10

(Events /20 MeV/cz)
(Events/50 MeV/cz)
8

| 1 | II 1 1 | I 1 1 |
lllIIlIIIIII]III]IIllIIIl]ll

L+

N W e R e ot el et A NS A SR N W e e

0 O i, K0 B o
101 10.2 106 107 10.8 02 04 06 08 1 12

—
=
-
(=]

103 104 105 o ]
(Gev/c?) M(n’n’), (GeV/c?%)

M(Y(1S)m)
Phys. Rev. D88, 052016 (2013)

Signals of both Z,? are not significant. Data is not contradicting with their existence.

nax '’



Searches for Xp

E  Search for the X(3872) counterpart in the
bottomonium sector - called here Xp

¢ Decay channel Y(1S)m m

¢+ Mass predicted close to the BB or BB*
threshold. Search scans 10-11 GeV mass
range

+ Search in two rapidity regions due to
different mass resolution

+ Dipion mass distribution assumed to be as
for Y(2S) and similar to X(3872)

B “R” ratio of observed X, and Y(2S)
candidates corrected for detector efficiency

+ R=6.56% motivated by X(3872) case
would yield >5¢ observation over the full
mass range

B No excess observed. 95% CL upper bounds
on R within (0.9 - 5.4)%.

+ First upper limit on possible X, state at
hadron collider

Y(2S)/X,

primary
vertex

CMS

p-value

Upper limit on R

Candidates / 6 MeV

T T T L B L B
i Y(25) Y(3S) CMS barrel |
8000 — ; ; (s=8TeV
C L=20.7fb"
L P> 13.5 GeV |
6000 N lyl<1.2 7]
4000 |
2000 —
L l l l l l l

98

MY“S) .« [GeV]
1 [ T T T ‘ T T T | ‘ T T ‘ T T T ]
V| v V]
102= N cms 3 =
ey s=8TeV 9
wt— L=207f" 4g =
0° - | PLB 727 (2013) 57 5. -
108 — - .. —
T.--..-----f'.".“.".»u».-usuu ______________________________________________ 6_0___._:
109 ——— Observed o
i — Expected for R=6.56% 7 —
102 = T Rl N Bl I 1T T —
10 10.2 104 10.6 10.8 11
I I I I l | I
CMS = 1o Expected
10% s =8 TeV [+ 2cExpected
8% [ L =207f" a5eo,  ---- Median expected
6% I —— Observed 1
4%
2%
1% | 7
| | | | | | | | |
i0 1014 10.2 103 104 105 106 10.7 108 109 11

My [GeV]



Summary of this talk

m Low energy QCD is one of the least understood
area of the SM.

m B factories have brought many discoveries of
new states, especially the quarkonium-like
exotics “XYZ”.

m More recently, discoveries are extended to the
bottomonium region.

B Need more studies to investigate their nature.

B More data are expected from existing Belle data
and from Super-KEKB/Belle II.

Thanks' Stay Tuned !



R, Measurements
o :ﬁ:%_ 1214 fot J - Belle
= —— Babar
P ol +
11455 +++| | h* A f“ |
04— | + + i
= : JL '+| ¥ ‘
e {” ”ﬁj ||||||||] .++|] H‘l | : H’ | |||H||
“-3:*} | | I ‘l'w Ir1|!|'.|+'*i'+.|-',
11255;[— *I| '1“? | +H+|

g2l o1l Lo oo b v v b o v b oo b o b oo b s by
foe 1065 107 1075 108 1085 109 1095 11 11.05 114

“/s(GeV)
W Better statistic errors, but covers a smaller energy range compared to Babar
W R, is slightly higher by 0.0185

® No Ali’s Y,(10900) (Phys.Lett. B 684, 28-39 2010) I .<36eV
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