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The X(3872)

discovered 2003 by Belle in search
for charmonium states

m=3871.34+0.74+0.4MeV /c?
CDF PRL 93, 072001 (2004)

CDF Run Il Preliminary L=780pb™*
7000

20285 + 228 Y(2S)
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5000

entries/ 2.5 MeV/c?

lLLlllll

[ < 2.3MeV/c? 4000
Belle PRL 91, 26001 (2003) 3000
No Xt or X~ 2000

CDF PRL 93, 072001 (2004) 1000

N 2292 + 113 X(3872)
No iso-partner X+ : e
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BaBar PRD 71, 031501 (2005) m(J/y 1T 1) [GeVic]
Evidence for X — J/yy, J/ Y w Belle, hep-ex/0505037

= What is the X(3872)? Charmonium? Exotic?
— determine quantum numbers J™*

o m(n‘*n’)
» distribution of angles between decay particles
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Typical X(3872) event

e = ,

My = 3872 MeV/c?

— 2
m,, = 3072 MeV/c

m,;; = 698 MeV/c?

ny =0.14
Prx=9.3GeVic
Pra = 6.7 GeV/c
Pro= 2.6 GeVic

L,, = -148 um

cos(8,,,) =-0.29

cos(8,,) = 0.56

AD =5.95
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m(rrt 1) distribution for X(3872)

Mass spectrum
sensitive to J©

If (7Tt 17) In swave:
needs modelling,
e.g. multipole
expansion

If (Tt 7) in p-wave:
shape from Breit-
Wigner

2

X(3872) yield per 20 MeV/c
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s m(mr" ) favours high end of spectrum

= Compatible with intermediate p° resonance
» Also S; multipole expansion possible

s NO CC candidate at this mass
. 3S; has J* = 17— but non-observation by BES
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m(rrt 1) distribution for X(3872)

-1
» for broad resonances CDF Il 360 pb

N L=1 L=0
— kinematic quantities = 2°0 N Total —
. Q —_— ——
vary across width = 5g Intrf —- -
o g w
— introduce form o \
8_150 .
factor =
. @ 100
Blatt-Weisskopf B A é '
dependsonlLand & 50 K
. ™M L - .
effective range R X' g i :
I

[ Belle doesn’'t use it ] — |06| o IO.7

: . TU'[II\/laSS GeVi/c’
» Possible p®-w mixing [ !

s Both L =0and L =1 compatible with data

» p/w mixing improves agreement even more for L=1
= To get more information, do angular analysis
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Angular analysis

1.6

1.4,

arb. units

1.2
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0.8
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Predict angular
distributions for
different J°¢

Measure angular
distributions in data

Compare using x?
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Angular analysis - predictions

Predictions for kinematic decay quantities from U+

helicity formalism Iy -prop. W =

= decay chain as sequential 2-body decays
X(3872) = J/PY(m ' m )sp— WU T TT

We need:

X K=

» oOne matrix element per decay vertex
» propagators to connect vertices

M O Mx - (Py - My ) - (Prore M)
matrix elements consist of angular and kinetic part
M = AJi,/\i(chp> T(’ﬁ‘?")

= J/ propagator < PDG mass

= ("1 )sp propagator model dependent
Assume lowest L to be dominant = neglect others
Make dedicated simulation for each J°° hypothesis

(Tug/p- Prop( e
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Angular analysis - predictions

Limitations from helicity formalism:
» No model independent description of T 1~ s-wave

» Breit-Wigner for p® — " depends on form-factor details
— fix myp distribution to describe data
— Use angular distributions only

o JC =11 and 2=*: multiple sub-states with same L contribute
M(1~ ) = rod ®M (1)) +r1€2M(1575) +r€ 2M(1H)

= Can arbitrary mixture describe the data?
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P(2S) yield / unit volume
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Obtained correct result J7¢ = 1~

Cross-check on (2S)
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Y(2S)

e data points
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— 1
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Exploit correlations via
3D fit:

o 3DbinsinAg
» 2binsin 6y
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Result for X(3872)
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Only J’° = 1+ and 2=+ compatible with data!
All other hypothesis excluded by more than 3o

hypothesis || x? prob.
1+ 27.8%
2+ 25.8%
1 0.02%
2+ 5.5.107°
1t~ 3.8.107°
2~ 3.8.107°
3t 3.8.10°°
3~ 2.4.107°
2+ 1.1-107°
1—+ 4.1.10°°
0 3.5.10~ 1/
ot~ <1.107%
ot++ §1-10—20
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What is the X(3872) ?

s Charmonium?
Potential candidates:
. Xe P JFC=171)
. N (D FCe=271)
But:
« Decay via p violates isospin
. Mass predictions from potential models ~ 50-100MeV /c?
off
» Exotic?

. m(X) ~m(D% +m(D%) — coincidence?
. evidence for X(3872) — DD’ 0 by Belle [hep-ex/0606055]

. charmed molecule? coqg or DD or ...
s hybrid state ? ccg, but expected above ~ 4GeV /c?

. mainly charmonium - but interaction with D°D"*?
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Conclusions

New results on properties of the X(3872) by CDF
m(rrt )
s Both L=0 and L=1 transitions via p compatible with data

= Cannot exclude J-* hypothesis from m(m" )

s Using same model as Belle, L=1 can be excluded, but is that correct
model?

3D angular analysis
s Stay as model independent as possible
» Only J* =11+ or 2=+ describes data
s Other hypothesis excluded at 30 level

Both, charmonium and exotic interpretations still "in the
game”
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Backup
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CDF Detector

Muon System Time of Flight Drift Chamber

Central
Calor

Solenoid

B New Muon

B Old
B Partially New

Silicon Microstrip
Tracker

Plug Calor
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Luminosity
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J/W — u*u~ Trigger

Evaluate muon chamber info on trigger

JIy Mass Silicon Selection

level:
x10° CDF Preliminary "LzZGO pb”

Select events with m(uu) aroung m(J/¢) s .
é” 120} b .
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m(7t" ) distribution for (2S)

CDF Il 360 pb™

1000

W(2s) - J/Yr T

— 381 Multipole Expansion, higher-order corr
(prob = 6.9%)
PRD 22, 1652 (1980)

. .-381 Multipole Expansion, no higher-order corr
(prob = 6.0%)
PRD 22, 1652 (1980)

— Voloshin - Zakharov (prob = 3.4%)
PRL 45, 688 (1980)

- --Novikov - Shifman (prob = 10.3%) "
Z.Phys.C8, 43 (1981) b

----- Brown - Cahn
PRL 35, 1 (1975)

Same exclusive
final state
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Can test methods 200
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» High precision data by CDF
» Allows to discriminate between models
o Correct models are preferred
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The m(mr" 1) mass spectrum

Ambiguity in modelling m(rt" 1) spectrum:
» No prefered model for (17 1) system in s-wave

s For (") system in p-wave use p Breit-Wigner

er — 2m rX—>J/L/Jp(mT[7T) °2m(nn)rp—>7'[7'[
dMy " (n%n_n%)z_'_n%r%(mnn)

For broad resonance as p

= () () (2

Form-factor
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The m(rr 1) mass spectrum

Challenge: Large background, low X(3872) yield
— sideband subtraction difficult = use slicing technique

CDF Il 360 pb™

(qV]
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Effect of form factor on m(mr" )

Use model from Blatt-Weiskopp for form-factor
Free parameter R determines effective size, no
unique choice
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Mixing phase between p and w

P-Wave X - J/yp Decay CDF 360 pb™
£ 50—5 """"""""""""""""""""""""""""" BN : .
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- 8.7% w

— Total (Prob 53.3%)
L=1 67.4% p +
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Both L=0 and L=1 describe m(rt" 1) data
Cannot be ruled out based on m(rr" 1)
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#entries / 2.5 Gev/c?

Typical fits for angular analysis

CDF Run Il Preliminary L = 780pb™

160 fit chi2 = 94.2 /83 d.o 1.

140

2o | + H+ '
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W(2S) result

hypothesis || 3D x* / 11 d.o.f. | x* prob.
LN owiton 15.1 17.9%
1, 23.5 1.5%
27t 26.3 0.58%
21~ 47.4 1.9-107°
3, 70.2 1.2.10~ 1Y
1 399.5 <1.10~*"
3~ 504.8 <1-10~%Y
2. 504.8 <1-10=2Y
17 504.8 <1-102Y
2.+ 505.1 <1.10~*
1o+ 516.5 <1.10~*
0 1500.3 <1-10~*"
0F~ 1847.0 <1-1072Y
0" 3169.2 <1-10~%Y
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X(3872) result

hypothesis || 3D x* / 11 d.o.f. | x? prob.
1t+ 13.2 27.8%
92—+ 13.6 25.8%
1~ 35.1 0.02%
2t 38.9 5.5-10~°
1t- 39.8 3.8-107°
2= 39.8 3.8.107°
3t- 39.8 3.8-107°
37—~ 41.0 2.4-107°
2+ 43.0 1.1-107°
1~ 45.4 4.1-107°
0—+ 103.6 3.5-10~17
0= 129.2 <1-10=%Y
0+ 163.1 <1-10~20
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no. systematic check for y(25)
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P(2S) systematics
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1: default result
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no. systematic check for X(3872)
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vary p° form-factor
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2,3:
vary X(3872) fi t window

1: default result
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arb. units

arb. units

Detector effects
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