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L ook at B*>K*1r'rtJ/Y

140 fb~1 from Belle
(152M Y(45)->BB decays)

X(3872)

M (10T I/Ww) =M (J/w)



Events/0.002 GeV/c’

M. for 5MeV M(mtrd/y) bins

P

+|I III
; . !

1 ! ! ! L ! ! ! L ! ! I ! ot ! ! LA B ! ! !
| SB35 MV 1 3968 mav 1 3685 uev
| 4.7 evts 1 5.7 evts 1 2.5 evts
5 - . - -
Y QL8 ) Hla—mspsba, |
| 3850 ey 1 3870 MeV 1 3880 uav ]
| 2.4 evts T
L T 19.1 evts 1 ~0.9 evts b
;;I_,D—U—Rﬂ-ﬂﬁ—&’ﬂrﬁ\ ]—H:F—ﬂ' J]’"'JL 1 I | Y S |
L L A A e e e .::":'I.:.__... i iy
[ DBDE W - 3875 MeV L 388T W'
[ -0.4 evts 1 14.3 evts 1 3-1evts h
=50 ":'r']'ﬁl:"L':_Hﬁ"'. ﬁ“t%ﬂ : “IH—‘P:J“-]NQ 1 irjl[ i ! n]ﬂ"’&u -
| 3860 Mal 1 3880 wav 1 3900 uav ]
=L 2.0 evts T 1.1 evts T 0.1 evts 7
o OO ﬁﬁ.]"ui_l f d—rIII-H-HH—.—I[—FI—.JH'ﬂL 1 ff—H .’I-li I
LT 5.250 5200 5.250 5.200 5.250 5.300

M, (GeVic?)

:++

B84

dE63 BT 3883

M, = 3872+ 0.6+ 0.5 MeV
[y <2.3MeV (90%CL)



Mumbar of Candidates! & Mavic °

FEO0- l J6TH + 99 w[Z5) .
Mass: JE85. 67 = 008 (skal) Melfic
% o341 = 009 (stat) MeVic
2000 T4 + §7 Candidaias
15‘:“:._ &l Il 4 .\_:
1000

500

Confirmed by CDF & DO

CDF

Run Il - COF Preliminary

-220ph”!

M{nx) > 500 MeVic f

Mess: 3714 + 07 |5kl MeWic

Pz’

X(3872)

i75 3B  3B5 13

305 4

Mass of M iz Candidales [GeVic °]

G.Bauer, talk at QWGO03

hep-ex/031202

Number of Candidates / 10 MeVic?

:

i
=

5

&

:

8

2
=]

O

DO

DO Run I Fr‘elh‘ninaryr+ 110 pb™"'
W2s) { x-:aa.fzp

"‘1‘—""* All s
| P
$ My )

| 4**‘1
1DcMcED
Ilf T g
H X(3872
/ ( )

1 l Il
0.5 oE &r OB 0% 1.0

Midhp 2wy = M{Jiy) [GevieT

Fermilab Today, 12/18/03



M .. tendsto peak near limit

background estimated from M -AE sidebands .



What could it be?

e Decaysto 't J/Y
— contains cc quar ks (char monium?)

e Above DD threshold, but narrow
— X(3872)->DD forbidden or suppressed

* Produced in exclusive B2>K X(3872) decays
— high J values unlikely



Allowed JFC for a O™ Ttrtsystem

L Jre ce? DD? comment

0 17— " u(3770) allowed

1 0% 1o forbidden  possibility (exotic]
1 1% R2'FA)  forbidden possibility

1 2% o forbidden exotlc

2 17— " 3770) allowed

2 27~ 4k (19Dy)  forbidden possibility

2 537 ne(liDs) suppressed? possibility?

3 2% 1o forbidden  possibility (exotic]
3 3% o O forbidden possible??

3 47 1o forbidden  possibility? (exotic)




a1l Trsystem

Allowed JPC for

comiment
0 0% % (2%F) allowed
0 1** %, (23F) forhidden possibility
0 2%+ ¥, (23R allowed
1 0% o (3'S;  forbidden possibility
1 1= no forbidden  possibility (exotic)
1 27% no(1'D;)  forbidden possiibility
1 3 no forbidden  possibility (exotic)
2 0% N (2R allowed
2 1% L (23P)  forbidden possibility
2 2%+ (DR allowed
2 3+ 19y forhidden possibility
2 4t 1% F, suppressed? possibility?
3 1 no forbidden  possibility (exotic)
3 2% e (1'Dy)  forbidden possibility??
3 3 no forbidden  possibility (exotic)
3 4 1'G, forbidden possibility?
3 5 no forbidden  possibility (exotic)




reject DD-allowed states

&disregard J=3 or higher

mrisspin 0

L JPC name

1 0 exotic
1 1+~ h!
1 2  exotic
2 27
2 37 s

X >TOrOI/Y = Yo X ST I/

Trtis spin 1 (p)
L JPC npame
O 1++ Xcl’

1 0+t n.

1 1+ exotic

2 2_+ ncz
X>1rJ/g =0



Charmonium possibilities

mrusspin O

JPC name
1*=  h/
ZaE
37 s

X >TOrOI/Y = Yo X ST I/

For these, X->mnrd/y
violates isospin
(unlikely for charmonium)

s spin 1 (p)
JPC name

1+ Xcl,
0+ n”

27" r] c2

X >TOMRI/Y = 0
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these should
1 « be narrow
DCZ

N A15) J/LlJ (1381)
Ne (1S

|.r-rlr
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First consider D-wave states

(W, or o)

Wigner- [(W,~> e JP) = T (P32 e J/Y)
Eckart: =M - r=J/P)

CLEO: < 55keV (90% CL)
BESII: 85 + 35 keV (nhew)

(P,2YX.1) = 360 (207) keV >2 Ir(nm+mwd/y)
[(P32YX,) = 370 (299) keV >3 I(m+md/y)
A v
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Barnes & Godfrey hep-ph/0311162 (Eichten, Lane Quigg hep-ph/0401210)



L ook for X(3872)2>VX.; (YXo)

I— (Xew_n_J/qJ) " 2 B3 537 5% 524 53§ 539 537 !.H"!-ii! !I-.ﬂ ATH 38 182 3E41 66 304 ﬂai:iiﬂéﬂ&_l

[(X2YXe) <11

[(X>1TrI/0)
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Contrary to expectations for charmonium D states



What about (1) h,

Look at J/y angular distribution:

J/y
- Xiﬁm

<

ILIL

For 17~ expect: dN/dcos6 ;,, O sin“d
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Fit to 1+

T x2=75/9 -
| _
I — L
: . -‘|_y_|;
[cosB, |

1= (h.’) Is ruled out!
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What about C=+1 charmonium?

e TUTT system would be a p
econsistent with M(ttmr) dist

X-> 11U J/Y would violate isospin
eshould be strongly suppressed

eCandidates: 0" (n."); 17 (X.1); 277(Ne)
°*n.’ should be wide; M=y(3S) (4030MeV)

o T(Xca' 2y I7Y) >> (X 2 Trd/Y)

 Br(n.,~>mnrmd/yY) should be very small
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|sthe X(3872) = the 2°P, ?

llowed
Look for X(3872)>yJiy ¥

transition

Expectation - Barnes, Godfrey hep-ph/0311162

/

[(2°P, 2 yJ/IP) ~ 11 keV

o

[(23P, » mro/Y) ~T' (Y = 1 J/Y) ~ 0 (0.3 keV)
\ /

Isospin violating
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still no good cC candidates)

rtJ/YP decays
violate isospin

e N, /+—— Mass way off; should be wide

<—— angular distribution is wrong

@ «— [(yd/y) way too small

<« T(yXcp too small; M) wrong

@<— not supposed to go to mtrd/Y
P; «—— T[(yX) too small; M(mT) wrong
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Curiousfact

M, =3872+ 0.6 + 0.5 MeV

Mpo + M oo = 3871.2+ 1.0 MeV

lowest mass
charmed meson

lowest mass spin=1
charmed meson

X(3872) i1s very near DD* threshold.
Is it somehow related to that?



Summary

If it is a cc charmonium state, theory needs a lot of
work

I it's something else, what is it?

—Angular analyses

~Search for X>1Om J/W In Progress




hh bound states (hadronium)??

There iIs lots of literature about this possibility

deuteron: hadronium:
attractive nuclear force attractive force??
ENE
‘ T @
loosely bound loosely bound
3-q color 3-q or q-g color
singlets with singlets with

My = mp+m,- € Mp = Mpq 4 My, —&



hadronic molecules

a new spectroscopy?
DeRujula, Georgi,Glashow, PRL 38, 317 (1977)
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