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X(3872) Discussion
s

D

Outline:
~ Comparison of observation statistics

> Interpretation in QCD spectroscopy

> Decay ID at DO

- Data selection and background reduction

- Mass Plots

- Analysis in range of variables - comparison with Pp(2S)
- Conclusions

> More recent observations in the charmonia

> Outlook on measurement and interpretation
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Observations
slgnal ohserved: Mass(MeV) ~ Width(Mev) ~ Events
* Belle: PRL 91, 262001 (Dec 2003)  Belle 3871.5+/-0.6 25+/-0.5  35.74/-6.8
*  CDF: PRL 93, 072001 (Aug 2004)  CDF 3871.3+/-0.7 49+/-0.7  730+/-90
e DO: PRL 93, 162002 (Oct 2004) D0 3871.8+/-0.0 17+/-3 522+/-100
« BaBar: PRD 71, 071103 (Apr 2005) Dabar 38734+ /-14 3.14/-0.2  25.4+/-8.7

Hints:
e E705: PRD 50,7 4258 (Oct 1994) at 3836MeV
 E672/E706: PRD 53,9 4723 (May 1996)
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Interpretations: mundane and exotic

* 'Hidden' Charmonium... but mass not quite right
'Molecular' state ( loosely bound DD* -- threshold 3871.5MeV)

Hybrid charmonium (ccg) - still mass not right and missing
predicted decay modes (J-psi eta)

Vector glueball?

Further experimental input needed - quantum numbers have not
been determined and other decay modes and branching ratios
need to be found and measured.

310NN

Burair Kothari A




310NN

0

COLUMBIA UNIVERSITY

IM THE CITY OF NEW YORK

Burair Kothari

. . week end
VOLUME 93, NUMBER 16 PHYSICAL REVIEW LETTERS 15 OCTOBER 3004

Observation and Properties of the X(3872) Decaying to J /™t~
in pp Collisions at /s = 1.96 TeV

V. ML ;!x.t*raﬂ:w,'1k2 B. Abbott.% M. Ahnlins,én B. 5. Ac!mrya.zﬁ' D. L. ;!m:l:iuns,éJ M. Adams,ﬂ T. Adnmsﬁj M. Agelmi.m
J-L. Agram,"” S.N. Ahmed,” S. H. Ahn.*® G. D. Alexeev,”” G. Alkhazov.™® A. Alton,™ G. Alverson,™ G. A. Alves,”
5. An{ierson,‘“ E. Andrieu,lj Y. Amw:rw:i_.l2 A, ﬁrsl-cra'n.lf,?‘2 B. Asman,” C. Autermmm,m . Avila ,? L. E‘-:ﬂ:‘,ﬂukhzu:lia,E‘IE
T.C. Bacon,™ A. Baden,”® S. Baffioni,'* B. Baldin,*® P.W. Balm,* s, Eanerjeehzﬁ' E. Barberis,” P Ef.argasszl,?2
F Baringer,53 C. Barnes,™ J. Barreto,” J. F. Bartlett.*® U. Bassler,'” D. Bauer,”” A. Bean,”® S. Beauceron,'”

E Beaudette,'* M. Bn;agnei.'55 S.B. Beri,” G. Bernardi,'” I. Bertram,”® M. Beszmgcm.m A. Besson,'” R. Beuselinck,™
V. A. Bezzubov,”” P.C. Bhat,*® V. ]3l‘::utm'ugf.lr,z:E M. Bhattacharjee 5% M. Binder,” A. Bischoff,** K. M. Black.”’

I. Blackler,™ G. Blazey,“ E Blekmanf‘” D. Bloch.'” U. Blumenschein.”' A. Boehnlein,*® T. A. ]34:»]5:3111,5*l F Bmmmy.m
E. ]31:u"|::herljingflls G. Borissov,”® K. Bos,™ T. Bose.™ C. Boswell.* A. Brandt,”" G. Briskin,”” R. Brock,”

G. Bn:u:ni_ijmmsu54 A. Bross.*® D. Buchholz.* M. Buehler.*” V. Buescher.”' S. Burdin.*® T. H. ]5"-1!1.“;1&“,”"1 E. Busato,”
J. M. Butler,”” 1. Bystricky.' E Canelli, W. Carvalho,” B.C. K. Casey,”” D. Casey.”" N. M. Cason,”"

H. Castilla-Valdez,*® S. Chakrabarti,® D. Chakraborty,*™ K. M. Chan,* A. Chandra,*® D. Chapin,” E Charles,"”
E. Cheu,* L. Chevalier,”® D. K. Cho,** 8. Choi,** S. Chopra,®” T. Christiansen,” L. Christofek,™ D. Claes,*
A.R. Clark,* C. Clément,*” Y. Coadou,’ D. J. Colli iig,3g La Ccrneyhjl B. Cmmollyﬁj W.E. Coaperf‘é D. Coppag&ﬂ
M. Corcoran,™ J. Coss,'™ A. Cothenet,"* M.-C. Cousinou,” S, Cl‘épé—Renaudisz M. Cristetiu,** M. A. C. Cuntnaings.48
D. Cutts,™ H. da Motta,” B. Davies,”® G. Davies,” G. A. Davis.*> K. De,”' P. de ng,m S. 1. de Jﬁng}l
E. De La Cruz-Burelo,”® C. De Oliveira Martins,” S. Dean,*” K. Del Signore,ﬁ';' E. Déliot,'® P. A, Delsart,"®

. . : . . a5 . . . .
M. Demarteau,* R. Demina.®® P. Demine,'® D. Denisov,* S. P. Denisov,”” §. Desai.®® H.T. Diehl,* M. Diesbm'g,qﬁ
wr . na AW ww - AR -~ . GH e o - d ~ = - TR L - . 1% - - T B " AR = & = . dR




310NN

d}? (COLUMBIA [JNIVERSITY

IM THE CITY OF NEW YORK

Id and selection

* In contrast to Belle ( and BaBar ) we see direct production of the X

* Selection and trigger stategy: select dimuons with mass
consistent with a jpsi - muon-id certified muons with central
tracks. Two oppositely charged particles ( tracks ) and two of four
tracks with atleast one SMT hit.

Less than 100 tracks

Jpsi invariant mass window in GeV ( 2.80 < M(mu mu) <3.35 )
Jpsi P> 5GeV

Each pi: P_ > 0.7GeV

DelR btw X(jpsi + pipi ) and each pi < 0.4
M(pi pi) < 0.52

Four track vertex chi-square less than 16
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Mass distributions
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Comparison with psi prime

TABLE L The number of (25) and X{3872) candidates for different ranges of variables.

1 - i The fitted widths of the X(3872) and ¢(25) are not constrained in the initial selection, but in
- Dg : o 1|f(2 S) the different ranges they are fixed to the values obtained from the full sample. Apart from the
09— i full sample, uncertainties are only from the normalization of the fitted Gaussian function and
N ! o X( 3 872) do not include small contributions from uncertainties in the background
08 :— : 7 ' Regions Number of 4(25) Number of X{3872)
E : ! Initial selection 1192 = 55 522+ 100
0.7 ! . : (a) pr(J fmta™) = 15 GeV /e 396 = 26 179+ 39
N | i priJjurtaT) =15 GeV/e 796 = 41 358 64
C o6& ' ! b Iyl < 1 741+ 37 36+ 57
Q T ! : 1=y =2 449+ 31 204 + 49
° 05 - ; ! : (c) cos(d,) < 0.4 580 = 34 288 = 53
1] ~r i i cos(d, ) = 0.4 606 = 34 244+ 53
1™ - i i )
L 04—_ | . (d)dl <001 cm 838 = 41 351 = 66
gl ! | : dl = 001 cm 359+ 26 164 = 41
- + : : {e) 1solation = | 257+ 20 85+ 22
0.3 | ! . isolation < 1 942 = 44 3872
= : ! " (f) cos(dl,) < 0.4 593 = 33 232+ 46
0.2 | : % 5 cos(f,) = 0.4 602 = 35 288 = 60
01 !
-a ' b e ' d | e : f _
0 ' ' ' ' ' Variables
Comparison c,f) Helicity: (cosine of) angle between
pion(muon) and X in the dipion(muon) rest
frame.
d) effective (proper) decay length -
distance * X(M/p,)
i - e) isolation AR=0.5
Burair Kothari ) 8
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Comments and conclusions

* We did not show a plot in ranges of di-pion incariant mass - (CDF
has it), although we mention a requirement for M_+_- < 0.52. CDF

shows that within this (kinematically allowed) range of dipion
mass the psi prime is found but the X signal does not appear.

* We show the effective proper decay length but dont do a {it to
isolate the long lived vs. short lived components of the signal
( CDF has a study with this comparison ).
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Further comments and conclusions

* No significant differences in the
variables we considered between the X
and the psi prime

* In the last sentence we imply our data
leans towards an interpretation in terms
of a ccbar or charmonium hybrid.

* Our range in muon eta is larger than
CDF -- but our signal is smaller.
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Newsflashes: more charmonium liKe states

A few days ago (from BaBar):

Observation of a Broad Structure in the 777 ~J/iy Mass Spectrum around 4.26 GeV/c?

e ...and this morning (from Belle):

Observation of a new charmonium state in double charmonium
production in ete™ annihilation at /s ~ 10.6 GeV

Abstract
We report the first observation of a new charmoninm state at a mass of (3.943 4+ 0.006 +
0.006) GeV /c?. This state, called X (3940), is observed in the process ete™ — J/ib X(3040) in
the spectrum of masses recoiling against a reconstructed J/b. We also observe the decay of the
X(3940) into D*D and measure the intrinsic width of this state to be less than 52 MeV/c? at the
90% C.L. These results are obtained from a 350fh~! data sample collected with the Belle detector
near the T(45) resonance, at the KEKEB asymmetric energy eTe™ collider.

1118113000100
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More on interpretation

 Phenomenological prperties of the X (mainly from hep-ex/0407033):

a) Decays observed to jpsi pi pi and jpsi + three pions ( hep-
ex/0408116)

b) Very close to DD* mass threshold
c) Narrow

d) DDbar decays not seen - although kinematically favored for a
charmonium state ( hep-ex/0307061)

e) Dipion mass spectrum favors higher masses near the rho(770). To test
whether the dipions come from the rho need to look at the two neutral
pions + Jpsi mode.

* Most charmonia states ( from phenomenology ) dont {it.

 Needs a full angular analysis of the two pions + Jpsi state to detrmine
quantum numbers and test the “molecular” hypothesis.

310NN
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X(3872) Discussion

QOutline:
> Comparison of observation statistics
- Interpretation in QCD spectroscopy
~ Decay ID at DO

> Data selection and background reduction

> Mass Plots

~ Analysis in range of variables - comparison with (2S)
> Conclusions

> More recent observations in the charmonia

> Outlook on measurement and interpretation
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Observations
Signal observed: Mass(MeV) ~ Width(Mev) ~ Events
*  Belle: PRL 91, 262001 (Dec 2003)  Belle 3871.5+/-0.6 2.5+/-0.5  35.7+/-68
* CDF: PRL 93, 072001 (Aug 2004)  (DF 3871.3+4/-0.7 49+/-0.7  730+/-90
« DO: PRL 93, 162002 (Oct 2004) D0 3871.8+/-0.6 17+/-3 522+/-100
« BaBar: PRD 71, 071103 (Apr 2005) babar 38734+/-14 31+/-02  254+/-8.7
Hints:

* E705:PRD 50,7 4258 (Oct 1994) at 3836MeV
* E672/E706: PRD 53,9 4723 (May 1996)
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Observations: Plots
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Interpretations: mundane and exotic

* 'Hidden' Charmonium... but mass not quite right
* '"Molecular' state ( loosely bound DD* -- threshold 3871.5MeV)

* Hybrid charmonium (ccg) - still mass not right and missing
predicted decay modes (J-psi eta)

* Vector glueball?

Further experimental input needed - quantum numbers have not
been determined and other decay modes and branching ratios
need to be found and measured.
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Id and selection

* In contrast to Belle ( and BaBar ) we see direct production of the X

* Selection and trigger stategy: select dimuons with mass
consistent with a jpsi - muon-id certified muons with central
tracks. Two oppositely charged particles ( tracks ) and two of four
tracks with atleast one SMT hit.

- Less than 100 tracks

- Jpsi invariant mass window in GeV ( 2.80 < M(mu mu) <3.35)
- JpsiP > 5GeV

- Each pi: P, > 0.7GeV

- DelR btw X(jpsi + pipi ) and each pi < 0.4

- M(pi pi) < 0.52

- Four track vertex chi-square less than 16
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Comparison

Comparison with psi prime

TABLE L The number of (25} and X{(3872) candidates for different ranges of variables.
The fitted widths of the X(3872) and ¢(25) are not constrained in the initial selection, but in
the different ranges they are fixed to the values obtained from the full sample. Apart from the
full sample, uncertainties are only from the normalization of the fitted Gaussian function and
do not include small contributions from uncertainties in the background

Regions Number of (25) Number of X(3872)
Initial selection 1192 = 55 522+ 100
(@) prid fpmr* 77) > 15 GeV /e 396 = 26 179+ 39
pridjgmta) = 15 GeV/e 96+ 41 358+ 64
<1 H1=37 316+ 57
I=hl=2 449+ 31 204 + 49
() cos(fy) <04 589=34 288x353
cos(f,) =04 606 = 34 44£53
(d)dl <0.01 cm 838 = 41 3[LE66
dl =001 cm 359 =26 164 * 41
(e) isolation = | 257=20 8522
isolation < 1 94244 43872
(F) cos(fl,) < 0.4 593 =33 8246
cos(fl, ) =04 602 = 35 288 * 60
Variables

¢,f) Helicity: (cosine of) angle between
pion(muon) and X in the dipion(muon) rest
frame.

d) effective (proper) decay length -
distance * X(M/p,)

e) isolation AR=0.5
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Comments and conclusions

* We did not show a plot in ranges of di-pion incariant mass - (CDF
has it), although we mention a requirement for M_. - < 0.52. CDF
shows that within this (kinematically allowed) range of dipion
mass the psi prime is found but the X signal does not appear.

* We show the effective proper decay length but dont do a fit to
isolate the long lived vs. short lived components of the signal

Candidates per 20 pm

( CDF has a study with this comparison ).
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Further comments and conclusions

* No significant differences in the
variables we considered between the X
and the psi prime

* In the last sentence we imply our data
leans towards an interpretation in terms
of a ccbar or charmonium hybrid.

* Our range in muon eta is larger than
CDF -- but our signal is smaller.
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Newsflashes: more charmonium [iKe states

* A few days ago (from BaBar):

Observation of a Broad Structure in the #T7~J/) Mass Spectrum around 4.26 GeV/c?

e ...and this morning (from Belle):

Observation of a new charmonium state in double charmonium
production in ete~ annihilation at /s ~ 10.6 GeV

Abstract
We report the first observation of a new charmoninm state at a mass of (3.943 + 0.006 +
0.006) GeV /c2. This state, called X (3940), is observed in the process eTe™ — J/i» X(3940) in
the spectrum of masses recoiling against a reconstructed J/:). We also observe the decay of the
X (3040) into D*D and measure the intrinsic width of this state to be less than 52 MeV /2 at the
90% C.L. These results are obtained from a 350fh~! data sample collected with the Belle detector
near the T(45) resonance, at the KEKB asymmetric energy ete™ collider.
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More on interpretation

* Phenomenological prperties of the X (mainly from hep-ex/0407033):

a) Decays observed to jpsi pi pi and jpsi + three pions ( hep-
ex/0408116)

b) Very close to DD* mass threshold
c) Narrow

d) DDbar decays not seen - although kinematically favored for a
charmonium state ( hep-ex/0307061)

e) Dipion mass spectrum favors higher masses near the rho(770). To test
whether the dipions come from the rho need to look at the two neutral
pions + Jpsi mode.

* Most charmonia states ( from phenomenology ) dont fit.

* Needs a full angular analysis of the two pions + Jpsi state to detrmine
quantum numbers and test the “molecular” hypothesis.
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