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Discovery of K(3872)

0 X(3872)—J/ytr1r observed in B—X(3872)K by Belle R 20U (CLls)
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ﬁﬁnderstaml K(3872)
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O Mass suggests D°D*® bound state interpretation A | _l_ | _L
2 _v - ,:.__;_;-.—__q.—J:—-' — 1]
Molecular (below threshold) or virtual (above threshold)? oL ;;;;‘?8'13;;7'_;‘-‘;;8;5;{'3;5_-8'1;5;:; e

Line-shape crucial to distuinguish - M(DOD" 0} ™
BR(X »DD) .
BR(X — J/y 1)

O If X(3872) is conventional cc, why so narrow?

0 Bound state scenario supported by:
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1y to understand K(3872)

—

O CDF angular analysis: JP¢= 1+ 2-* favored

Difficult to discriminate further

0 Belle evidence of X(3872)—J/gtmr*mm?

/

= Large isospin violation. Unlikely for usual cc
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0 Babar confirmation of X(3872)—J/yw
Decay in P-wave favoured— JP=2- preferred

0 Is X(3872) a missing n¢2(2D) charmonium?
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PRL98, 132002 (2007)
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@ﬁve decays of X(3872)

‘0 Radiative transistions of charmonia: well predicted by quark models
O Good way to probe charmonium interpretation of X(3872)

+ X(3872)—vyxe1 | 27 FE  X(3872)—yXco \
M(YXc1) M(YXc2) /
~ 4200
S [ v@t60)
[ e
=4000 w(4040)hc(2P) 2Py e Yo BR(X—yXc1)too small
By S CCI] Y3 BR(X—yXc2) too small

y(3770) he’ ruled out by angular analysis

3600 (25 V%) N2 BR(X—J/ywtrm) too large

Illlllllllll‘,—glll?lll%

- he(1P). '_E(fﬂxczl ] N’ X(3872) too light and narrow
1, (TP) Xc1®© BR(X—yJ/y) too small
3200 DO D*° - -
No good charmonium candidate
woob.  V09) — X(3872)
sl
| 1 | 1 | | I E—
ot T 1 ot 1 2 28 2 3 3
JPC

Jolanta Brodzicka "News on auarkonia"

IRttt



T

X(3872)—yJ/y X(3872)—yJ/y

=

‘ [
256 fb*

BELLE

‘ T T T j. _'
3.60 #

Events/bin

Signal Events / (5 MeV/c?)

arXiv:0505037

= .
—— — T T T
g-’__ - i
_.——.—
*— |
He=—
A e o
—

[}
=
o
=3
[os]
©
[}
=5}
=
ro
(=]

o

X(3872)—yy’

T g +'+ : f

o pft]
3 5g 424fb ;

o t i Hﬁ

Important implications:
O Imply even C-parity of X(3872)
0 Shed light on X(3872) nature
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tive decays- problematic interpretation

1Y
BR& ~>7v'J 35414 is problematic for molecular interpretation of X(3872)

BRE — 7J /y

Components of molecule: DD* (+ J/yp + J/pw)
Decay: vector-meson dominance and light-quark annihilation

Such decay pattern implies: BR& —yy' XBR€ — 7/
Solution: admixture of charmonium component (for example Xc1(2P))
= Decrease X(3872) —yJ/yp rate through destructive interference

Radiative decays worth studying further
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O Studied decay chain =

with data sample of 772M BB

Q Method:
O Reconstruct B mesons: signal window cut on AE-My: plane

/

a0 Constrain AE—0 = Scale Ey to improve resolution of M(J/py)
Study M(J/gy)
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Signal MC
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For signal AE =0

2 =2142252'¥%24§2%%26‘127%2,8529 Tall due to radlatlve |Osses
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Study of B—J/py K

—
———

[ Region, . =)

Q Xcregion: Xc1 serves as areference mode .l MCfgr illustration purpose
Xc2 suppressed by factorization | ! (arbitrary scale)

Q Background sources: € Region, mmmp

B—J/gK*, B>y@’K with ¢’ —Xc1y
non-J/g events, other combinatorial

X(3872)
O Background suppression: A7 =8 = 59
o Ey>290MeV for x. E,>470MeV for X(3872) M./ (GEV/C?)
o w0 veto, cut on photon helicity angle }background reduced by 80%, signal by 30%
.
ME (sealed to gata) Background components:
: LL‘ﬂj . Bf—-yp’K*
BO—J/pK*0 from MC
B*—J/@gK**
non-J/@ from data outside of J/y signal
other combinatorial from MC

o M(J/gy) fit to data:

= background: 1storder Chebyshev polynomial, signal: double Gaussian

= fit mass and resolution of ¥Xc¢1, fix mass and resolution of X(3872) and ¥Xc2 wrt to them
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Results 10r Xec2— J/WPy With 772x106 BB

3 700£(2) -
2 - Xc1 % 9 o5 Mode Events Significance
g 600; % :g: 32.8°,,; 3.60 2 (o)
g jzz_ 3 o B+, K* 2308 *%
s0oL- i B Ix, K | 3287 3.6
200
100 B BR(B*2>y., K*) = (1.11 + 0.35 + 0.09) x 10
= First evidence
. Significance includes systematics
L 180
: (o)
% 160 Mode Events ¥ (o)
140—
% 120 B>y, K° 542424
" 100E- 0> 0 N Q+AT
80 B2 %, Ks 2.8, 0.7
60—
403_ 0 TR IR & I VLT SN e P @R(Buexcz KU) E 1.5 X 10-5 (@ 90% CL)
2Of—B —>Xcl,02Ks 0 533:543.5655.563.573.563.69 3.6
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Results for X(3872)— J/Wy with 772105 BB
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Br—X(3872)K* Mode Events Significance
3022 490 B*->X(3872) K* 30.07%7 49 o
BY->X(3872) K,° 5.7°33 240

» Significance includes systematic error

[ : /
|

B0 X(3872)Ks° w8
5.773° 240 ' /
» Using Belle X—J/p1rir result from arXiv:0809.1224
» Ratio consistent with previous Belle measurement
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using 772M BB data

O Background sources:
o B -y@’K* B -y@’K, By’ Kt
0O non-g’ component and non-J/y for g’ —J/@Trmr
O Low energy photons: cuts used in B—J/wyK inefficient
0 y’K*-veto to reduce background from B—oy’K*
B—y’yK candidate + additional 1r :° — form @’K* and calculate:
0 Reject ,,good” B—y@’K* candidates with:

— background reduced by 40%
signal reduced by 15%
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‘o Background after selection cuts:

Y—e'e
20y blinded
18 “—r

57375 38 385 39 395 4 4.05 4.1
M(y’yY)

Q' —Jlprm

biinded

0!

77375 3.8 385 39 395 4 4.05 4.1

M(yp’y)

Background components:
BOy’K*0 )
B —y’K** . from MC
B+—>l|J,K+
BO_)'.IJ,KSO )
non-y’, non-J/y from data
other combinatorial from MC

J’ data with X(3872) region blinded

0 Background matches data outside of X(3872) region — MC agree with data

O Parameterization of background components:
B-y’K*, ¢’K: using B»y’K*,¢’K MC
non-y: using data outside of g signal region

other combinatorial: using inclusive B—y’+all MC
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Fitto M(y'y): parameterization and validation

& 0 Pseudo-experiment test: fully simulated MC with embedded X(3872)—y’y signal

0 Example of B+—XK+ , X—y’y test:

Events / ( 0,008 )

Events / ( 0.008 )

s @' —ete-,uty- | Signal PDF

- ¥ H'H W'K*+y’K background PDF
200 MC t combinatorial (with non-y)
151 %
10— .s;. I;i I ’

: AL TR

g b e T
87375 38 385 39 395 4 405 4

M(w’v)
=, Signal PDF
+ -

45?"’ —Jlgrr W'K*+y’K background PDF
o combinatorial (with non-)
s MC
30F- |
25 L
20 . A _}
15 '} ‘ il
10E- -}‘_} Wy |
R B R BT

(assuming BaBar’s BR)

0O Simultaneous fit to both @’ decay modes

a Signal: double Gaussian
= X(3872) mass fixed wrt fitted Xc1—J/@py mass
= oX(3872) fixed wrt fitted oxc1

O Background: shapes fixed from MC/data

0 Fit successfully tested with 50 pseudo-
experiments and Toy MC samples

0 Expected X(3872)—y’y signals
assuming BaBar’s BR:
~58 events in B*—X(3872)K*
~18 events in B%—X(3872)K,°
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Results for X(38721— Y’y with 772105 BB

M(y’y) M(y’y)
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= Fit components:
O Bf-y’yK*? 5.077, 0.4c Signal
~ 22 . - p’K*+y’K background
%20 (a) Y pete Uty gsuf_ (b) Y —J/grrm combinatorial (with non-y)
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m&w Mode

00 U | LT Y

Signal Product BR

Belle BaBar
B—Xc2K Xc2—JIpy [107]
B* 32.8109 19, | 1.11%036,5, 0.09 <1.8
BO 2.8%47 39 <1.5 @90%CL <2.8
B—X(3872)K X(3872)—J/yy [10°9]
B* 30.0%82,, | 1.78'048,,, 0.12 | 2.8 0.8 0.1
BO 5.7%35, <2.4 @90%CL <4.9
B—X(3872)K X(3872)—-y’y [10°]
B* 5.011911 9 <3.3 @90%CL 9.5 2.7 0.6
BO 1.5%48 34 <6.6 @90%CL <19.0

X(3872)—J/yy clearly observed

Most precise measurement, agrees with previous evidence

No X(3872)—y’y signal observed
Disagree with Babar’s evidence

Pure molecular interpretation of X(3872) is back?
Big effort to understand nature of X(3872). Getting there?
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Systematic errors in M()/yy)
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L

Sources

Systematic error (%)

B2y, K B2y K B—>X(3872) K
K* K K* K, K* KO
K-identification 0.6 _ 0.6 _ 0.5 _
K<? reconstruction _ 4.5 _ 4.5 _ 4.5
Lepton identification 1.1 1.1 1.1 1.1 1.1 1.1
v identification 2 2 2 2 2 2
MC 0.3 0.4 0.4 0.4 0.3 0.3
Secondary BR®. 4.5 4.5 4.1 4.2 0.7 0.7
Ng B 1.4 1.4 1.4 1.4 1.4 1.4
Tracking 3.0 4.0 3.0 4.0 3.0 4.0
PDF 0.7 1.1 3.8 3.8 1.8 1.8
Fit bias B B 0.5 2.1 0.5 0.2
MC, data diff 3.0 3.0 3.0 3.0 3.0 3.0
CosB, _ _ 3.8 3.8 4.2 4.2
Total 6.8 8.6 8.4 9.9 6.8 8.6
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Systematic errors in Mly’y)
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Systematic error (%)

Sources BJ’%[\P‘}Y]W Bﬂ%(‘#’ﬂ“gﬂ
K-identification 0.9 B
K.? reconstruction _ 4.5
Lepton identification 1.1 1.1

Y identification 3 3
MC 0.4 0.4
Secondary X, 2.4 2.4
Ng 5 1.4 14
Tracking 4.2 5.2
PDF 50 50

Fit bias 16 6
Total 53 51
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?ﬁe’lBaBar comparison

Mode Belle BaBar
£ (%) Yield BR. e (%) Yield BR.

B2y K ,x10* , x 10

K* 14.8 | 2308452 | 4.9+0.1+0.3 | 11.0 | 1018+34 | 4.5+0.1+0.3

KO 13.2 542424 378707 £033 | 87 242416 | 4.240.3+0.3
B2, K , X 10° , X 10°

K* 16.6 32870 [1.117°% 2000| 123 | 14.047.9 <1.8

K° 13.2 2.87%5 <1.5 11.1 6.143.9 <2.8
B>X(3872) (J/wy) K ,x10% , X106

K* 18.3 30787 |17855 012 145 | 230464 | 2.840.8+0.1

KO 14.5 5.75; <2.4 11.1 5.343.6 <4.9
B>X(3872) (v’y) K , X106 ,x 10

K* 14.7 5.00019 <34 10.4 | 25.447.3 |9.5£2.7+0.6

KO 10.8 Wiy < 6.6 8.4 8.0+3.9 <19
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NEEEEEEEE Hull
O H H = B | -

: BaBar used 1d UML fit to m_,... and use _Plot
to project signal in m,

* We use 1d UMLfit to M,,. to extract yield

[y Distribution, Data we. W& |

= R
= Yy K*
= 10f
v
= 9 _
= ]
2 ]
[
-5 1 P A 1 " 1 3
3.8 3.85 3.9 3.95
m, (GeV/c?)
[Plot projection in m, bins
B
=
=
el
=
2
=
38 385 30 3.0%

m,, (GeV/c?)
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Background in MU/yy)

O Background in M(J/py) from scaled MC compared with background in data

X(3872) K9

N(3872) K=+

10
9f 3
8t 2.5
7t
6} | iR 20 T I i
5t I

I 1.5
3pU(]L ‘ 1 hﬂ
o o 05 T
1- ] : 1l | |
0557535 85 39554 505 Q7375 3838539 395 4 4.05

M(J/py) M(J/py)

0 M(J/gy) data sideband: red
O non-J/y from M(l*l) data sidebands: sky blue
O J/ginclusive + non-J/y from MC: dark blue
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Parameter
M{xe)
Mixe2)

aM
g/,
Areas /Area
T1( Xe1)
Ty Xe2)
K

chebyshev 27¢ polynomial

Table 4: Fit parameters of B¥" — v oK

K*

Float

M xe) + oM

+45.54 MeV/c?

Float
0.2453
Float

Tl Xe1) X Kg
1.0874
Float

+.0

K2
3.5114 GeV
Mixa)+oM
+45.54 MeV /c?
2.56
0.2453
(0.00556 GeV
T Xe1) X Hg
1.0874
Float

Parameter
M{X3872)
a
(T _,.-".rTT1
Areay [Area
T XNA8T2)
Ky,

M x (3872)w
7 (XN 38T2) o

chebyshev 1% polynomial
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Table 5: Fit parameters of B+ — X (38721 K=",

Values
mx (3872w + 0
+0.72 MeV/c?

3. 141

0.1788

T X3872) pe X KOy,

1.1526
3.8715 GeV (Table 1)
0.004460
Float
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O X(3872)—Jlyy
background subtraction

08+
07
06
05F
041
03¢
02+
01

02 04 06 08 1 12 14

(a) E, distribution

D2F
75 25
15 0.2
25}
nib A5
175 D1
os/ll i

05

1 !
25F “oRf = r
- ¥ e
0[' 0.1020.304050.60.70809 1 u-l £0.750.5023 0 02505075 1

(b) «" probability distribution () Helicity distribution

Figure 12: These distributions shows the different components; magenta is B* —
X(3872) K*, dark blue is for B* — J/yK*(892)*, sky blue for B® — J /K" (8092)°

and black shows rest of the background.

AE—O0 scaling for xc1

- bkg = 5941+ 110

- mean = 3.510389 + 0.000020
_ s2s1 = 3.543+0.036

_ sig = 126794 + 364

- sigmal = 0.005641+ 0.000027
_ slope1 = -0.4530 + 0.025

_ a2a = 0.2084 + 0.0034 ﬂ

- ALPHA = 0.793 + 0.010 .
"BKG = 6989 + 135

-CBYP1 = -0.7223 + 0.023
"MEAN = 3.512645 + 0,000056
“N= 10.84 + 0.84

[ SIG = 125957 + 371

SIGMA = 0.010117 + 0.000046
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Fitto MU/yy): parametrization

QO ¥Xcregion

mi_l‘u’l(; fer 1ﬂ:aarljdﬂmm e 0 Signal: double Gaussian

mof—G Kea Floated in fit | Dift, b/w Mean 1., & o Background: 2"d order

OO ed using oy "P"';g“ X fixed from Chebyshev polynomial

apo|_2fter taking diff. from 0 Fit accounts for possible

,_m,f_m data/MC difference in

100l resolution, mass scale

ﬂ: 34 345 . |3.Iiﬂ|”;r : 3.5!Iil i :"I!F; g-fﬁﬁ
O X(3872) region

0 e
E’“‘ MC 0 Signal: double Gaussian
;: 0 Background: 18t order Chebyshev polynomial
g 0 Mean X(3872) fixed wrt fitted Mean Xc1 using
L sooo

PDG mass difference of ¥c1 and X(3872)
0 oX(3872) fixed using fitted oxc1 after taking
difference in resolutions from MC

000 |-
4000 |

2000/

"'3.83 3.84 3.85 3.86 3.87 3.88 3.89 3.9 3.91
M, , (GeV/c?)

QO Fits checked with Toy MC: no bias found
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B(B — X(3872)K")

B(B* — X(3872)K+)

= 0.821£0.22+£0.05

Mode

Yield

(%)

Significance (o)

B x B(X(3872) — J/unta™)

Bt — X(3872)K* 131.7 £15.0 20.9

BY — X (3872)K"

27.6 £ 6.6

15.2

12.5

o
5.9

(8.10 £ 0.92 £ 0.66) x 1075
(6.65 + 1.63 + 0.55) x 107°

Table 1. Some properties of the candidate charmonium states.
State nickname JPC ﬂ'fp-redicted (I\[E‘\r) FPT‘edécted (I\IE‘\T)
13Dy o 2= 3838 0.7
21 Py h, 17— 3953 1.6
13 D5 13 37~ 3849 4.8
23 Py X'y 1++ 3056 1.7
11Do e 2—+ 3837 0.9
3150 nl! 0—+ 4060 ~ 20

Jolanta Brodzicka "News on auarkonia"
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0p*o

Sample Mx (MeV/c?) T (MeV/e?) Yield ex B B (107 o
D*9 — D% (XK* and XK?°) 3873.44+1.0 42731 262720 456 x107* 087 +028+0.10 4.4do
D" — D% (XK* and XK") 3872.8 +0.7 3111, 22.0°%7 493 x107"  0.68+026+0.00 680
All (free D"y/D"x" ratio) 3872.9704 3.9727 5067112 949 x107*  0.814+0204+0.10 790
All (fixed D% /D7 ratio) 3872970 3.9 501715 0492107 080+£020+£0.10 7.90
Bt — XK+ 3872.9 (fixed) 3.9 (fixed) 413751 817 x 107 077 +£0.16 £0.10  T.60
B" — XK 3872.9 (fixed) 3.9 (fixed) 84130 1.32 107" 097 +£0.46+0.13 280
L T
E si D* - D% Eﬂ
ST Q1o
S g '
g0 HE { -
a 4 E R .
& T aF \ AT B(B" — X(3872)K") S, .
E = 1.26 £ 0.65 &£ 0.0¢
2“‘ Jf inl Jllllll lf | S B(BT — X(3872)K 1) S :
ol ! T I L a:I SO DR e Rl Bt B sy SRS =
% 100 w F
§, DD '
S r 10
g s E SE
L
oo 4 ]
il 2 R | L'-_;l
G- ER NI L T D DT [E "\"\_HL 3: =~r"|-‘_]'-'|_7|--;.|iL_|_ J_.L._I _J_I_i_q-'_“Ll B e
5.2 5.21 5.22 523 524 525 526 5.27 5.28 5.29 3869.8 3873.8 3877.8 3881.8 3885.8 3889.8 3893.8
M, (GeVic?) M(D*D) (MeVic?)

FIG. 3: Distributions of Muc for Mpep < 3.88 GaV /¢ (left) and of Mp+p for Mbc > 5.27 GL\\.-",-"(’"J (right); the top row is for
D*° — D% and the bottom row for °° — D°7° The result of the simultaneous fit is shown by the superimposed lines. The
points with error bars are data, the dotted curve is the signal, the dashed eurve is the background, the dash-dotted curve is the
sum of the background and the B — D* DK component, the dot-dot-dashed curve is the contribution from D" D" reflections,
and the solid ecurve is the total fitting funection.

Jolanta Brodzicka "News on auarkonia"

N



