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Charmonium sources

Precise measurements of charmonium spectroscopy in the last 2 decades were done using
the following processes:

1) €'e annihilations (Mark-Il1, Crystal Ball, DM2, BES. ... CLEO-c):
- directly only J*=17;
+ access to hadronic and EM decay modes
Initial state radiation
2) Vy,yylscattering, from e'e - e€'e yy (CLEO,LEP,B factories)

- Only on states with positive C
3) P pannihilations (R704 at CERN, E760/835 at Fermilab)

direct onall J°;
- only EM decay modes (huge hadronic background)

- Very good dp/p (stochastic cooling)

4) B decays, viab->cCs (B factories)

5) -e"e annihilationsin double charmonia (Belle) HEII-'-'II
T EEE———————
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E760+E835 data samples on P states

The table summarizes the samples collected by E760/E835 inthe channels pp- x - yJb -y e'e

From each resonance scan, 3 observables are extracted: Mass, Total Width I"tot, and the product
[Bo=ltot* BRin*BRout . If 'tot >> IMbeam, opeak ~ BRIN*BRout . If 'tot ~ "beam, the correlation between
["tot and Brin* BRout depends on the scanning strategy.

Experiment Resonance Ldt /b Nevenlsl ['tot/MeV  Fractional error |[i*Bo/eV Fractional error |Masg/Mev/c2 Error on Mass
Stat.  Syst Stat  Syst Stat Syst
E760
CHI2 1160 585 1.98 9% © 4% 1.67 5% ® 7% | 3556.15 0.079 0.12
CHI1 1030 513 0.88 13% © 9% 129 9% © 10% 351053 0.049 0.12
E835/96
CHI2 12392 -~7000 Data used for Angular Distributions and I'(Y,_— vy) only:
CHI1 7256 ~3500 large syst. errors in the Beam Energy Calibration
CHIO 2573 69 16.6 31% 27 23% 34174 199 0.2
E835/00

CHI2 1053 ~300 239 12%9 4% | 163 15%® 4% (preliminary)
CHI1 1330 -~1250 091 7%® 10% | 111  4%® 5% (preliminary)
CHIO 32785 392 99 10%9 1% 17 9%® 4% 34154 049 02

B e e

Roberto M ussa, |CHEP 2002, Amsterdam, July 24-31




Total width and Mass of X Yo MASS

E835(02) -
#E835/00 sample = 6x E835/97 CLEO2(01) ——
Bagnasco et al ., Phys.Lett.B533(2002),237 BES(99) PO
==|ncreased statistics (X 6) E$35(97) -
CBALL(86) =
140 3405 3410 3415 3420
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Multipole structure of the x ,  radiative decay

WhenJ & J # 0, higher multipoles can be measured, through the

interference terms in angular distributions.
€.g.. dr(Q)/dQ=|E1*f_(Q)+E1*M2f (Q)+E1*E3f (Q)+..
Measurements exist for the processes:
From pp- X ,,~ vIJy - ye'e

R704. C.Baglin et al., Phys.Lett. B195,85 (1987)
E760: T.Armstrong et al., Phys.Rev. D48,3037 (1993)
E835: M.Ambrogiani et. al., Phys.Rev.D65:052002 (2002)

From ee- P'= YX ., YYJU —yye'e

Crystal Ball: M.Oreglia et al., Phys.Rev.D25,2259(1982).

== Angular distributions allow also the extraction of the helicity
zero contributionto (X -~ pp) -

“
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Multipole structure of the x  radiative decay: results

The anomal ous magnetic moment of
the charm quark, K _, can be extracted :

from the fractional M2 amplitude, Crvstal Ball -
using the expressions. ‘
Xel
ER3S -
Crystal Ball - |
Theratio a(x_)/a(x_) should then be 0.68,
) E760 h—i——t
canceling out any k_or m_dependence. || XcZ ;
EB3S -—l—'
Helicity zero contributionto /(X ,— PP) T vt )

is measured to be Bo’=13+8%. a,




(X0~ W)

#E835/97 measurement of
VU BR(Xg oy W)

Ambrogiani et al., Phys.Rev.D62(2000): 052002
Ry (X ) = (24.4+ 12.5)* 107

Ry (X ) = (1.67+ 0.30)* 107
xAnalysis of the 2000 x_datasetisin
progress(> 6x more statistics).

*The global refit in PDG 2002 reduces the
discrepancy on (X _,— Vy) betweenpp and
€'e experiments,

* Recent result from yy - x - yJu a

Belleis ~consistent with the new average.
Abe et al., hep/ex-0205100 (2002)
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BR(X_,— 1)

* Despite the large hadronic continuum
cross-section, the interference between
resonant and continuum behavior gives a

sizeable signal, at cosdcem ~ 0, at the X peak
energy.

* The angular distribution at the peak is
shown in the figure, and illustrates the
separate contributions from interfering
(helicity 0), non interfering (helicity 1),
resonant amplitudes.The excess of events
above the red curve is due to the interference
between resonant and continuum behaviour.

*The distribution is given by the expression:
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BR(X_,— 1)

* The interference between resonant and
continuum behavior gives a sizeable,
asymmetric, signal: the figure describes

Cross section vs energy, for [cos8|<0.125 .

* The expected contribution from the pure
resonance (symmetric Breit-Wigner) is
shown also, magnified by 20.

*From the fit to this data set , we can
extract a measure of the product of
branching fractions:

g (nb)

5 L

0

O<cos®'<0.125

X' /DOF=90.5/79
=1.15

—
— J (A?+A?) dz
S A? dz

o AT , —t, — aad
3340 3360 3380 3400 3420 3440 3460 3480
Ecm {MeV)

BR(x_ - T')(BR(X_, - pp) =(5.09+0.81)(1L0° (preliminary)




BR(XCO_) r]r]) % 5 0<cost°<0.3

4.3
*Analysis of thenn channel isunder way ... “f
the phase looks oppositeto 1’ 351 *

0.5F
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P JPyy

* Samples.

Experiments Events PSI' produced
CRYSTAL BALL 2920 0.8(+1) M
E835/96+00 2080 1.0M
BES 40M
» Accessto yx ,tv,yn.

» ECAL:Nal(C.Ball), PbG(E835)

* Analysis under way in E835:

*BRW > YX)* BRX = YIW) oo bttty
* angular distributions

—~=Further studies on 2000 data: Y' - J 1UT, €'€, Y@




Conclusions

#*The study of charmonium P states in pp is close to completion; only a new
generation of experiments can reduce the current statistical and systematic
erTors.

%33 pb' of data were taken by E835 in year 2000 at the ¥ _energy, yielding
4 ¥ "

samples of yy, vy, T, NN events.
~The total width of the o is now known at 10% level.

~The first charmonium signal in pure hadronic channels (pp— 7, NM)
was observed, exploiting interference in scattering at 90° in CM frame.

#The study of % and V' angular distributions shed light in the

multipolarity of radiative transitions , and on the helicity structure of the pp
coupling to charmomium.

*To fully exploit the stat accuracy of pp measurements on products of
BR's, new e’e data on their ratios are needed.
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Global refitting in PDG 2002

The PDG 2002 shows a substantial change in the overall pattern of branching ratios
and radiative widths of P states as a result of a globa refitting of all x_and ' data,

accounting correctly for all the correlations between different experiments. The
variety of sources of exclusve charmonium data provides a powerful set of
crosschecks, which is crucial to allow the extraction of parameters about a single
process from data who normally involve 2 or more reactions.

(seedso C.Patrignani,Phys. Rev. D 64(2001) 034017)

PDG2000
. L~y " BR(x,—+pp)
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Global refitting in PDG 2002

The PDG 2002 shows a substantial change in the overall pattern of branching ratios
and radiative widths of P states as a result of a globa refitting of all x_and ' data,

accounting correctly for all the correlations between different experiments. The
variety of sources of exclusve charmonium data provides a powerful set of
crosschecks, which is crucial to allow the extraction of parameters about a single
process from data who normally involve 2 or more reactions.

(seedso C.Patrignani,Phys. Rev. D 64(2001) 034017)
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Syst errors from inclusive photon spectra

e All BR(n_X_— hadrons) measured from e+e- annihilations depend on

BR(JY,' - y+...), measured by Crystal Ball. Gaiser et al. Ph. Rev. D34,711 (1986)
« Crystal Ball's charged tracking inefficiency: 20% syst error on BR(Y' - yx )?

e Low statisticsof M1 transitions: 30% stat error on BR(J/, '~ yn )
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F(X,— W)
The determination of this quantity depends directly from two processes.
PP - X - W: R704,E760,E835/97 (Ambrogiani et al., Phys.Rev.D62(2000): 052002)
* VY~ X~ VI, hadrons: CLEO, L3, OPAL, BELLE (new:Abeet al., hep/ex-0205100 (2002))
And indirectly from various other quantities, deduced from :
APl Yy - yyJy
Pt Ty
X Pp- X~ YIU

PDG 2000 outlined a big

discrepancy between the L3(99) * .
measurements coming from OPAL(98) N Py
different reactions. CLE02{94} : -
E760(93) -
-1 0 1 2




F(X,— W)

The determination of this quantity depends directly from two processes.
APD - X - W: R704,E760,E835/97 (Ambrogiani et al., Phys.Rev.D62(2000): 052002)

* VW~ X - VJU, hadrons: CLEO, L3, OPAL, BELLE (new:Abe et al., hep/ex-0205100 (2002))
And indirectly from various other quantities, deduced from :

P o YK~ YYIY
' - Iy

x Pp-X_- YIP

The global fit of all previous
data (PDG 2002) substantially
reduces the discrepancy
between the measurements

from the two different
processes, asthe

BR(X ,— YJY) israised

from 13.6% to 18.7%
(38% increase)

il

e e

A
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n, massand width

#Quas recent data from:
CLEQ: Brandenburg et al. Phys.RevLett. 85 (2000) 3095
BES:. Bai et al. Phys.Rev.D60(1999) 072001
DELPHI: Abreuet al., Phys.Lett. B441(1998) 479
# Jill preliminary data from E835
Studying syst errors from energy dependence of

pp — rer+1ty feeddown .

¥¥ —» hacrons
DELPHI

o | e (20980}

Number anwn]‘r /50 MeV
e
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PSS "Ge ‘Wc )

I

T G




n, massand width

)
h

BABAR

Preliminary

"Ne

#Quas recent data from:
CLEQ: Brandenburg et al. Phys.RevLett. 85 (2000) 3095
BES:. Bai et al. Phys.Rev.D60(1999) 072001
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DELPHI: Abreuet al., Phys.Lett. B441(1998) 479
# Jill preliminary data from E835 15
Energy dependence of pp — mrP+1y feeddown. 10
Interference with yy continuum? 5
#New datafrom B factories ook promising but 0
statistically still poor: 5 S I AT
BaBar: Aubert et al. Phys.RevLett. 85 (2000) 3095 28 i,f( o ;-1 (Gi% 2
Belle: Choi et al. Hep-ex/0206002 (2002) S o
Belle: Abe et al. Hep-ex/0205104 (2002) I
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n, massand width

# Recent data:
E835,BES,CLEO,LEP,BELLE,BABAR

* MASS
Hyperfine splitting:
MIY)-M(n) = 117+2 MeV/c?
Bad overall x* on PDG:
M(pr)>M(e'e)?

> TOTAL WIDTH=I(n_-gg)

BES-| datafrom ) and ' sample
S /T ~25% ?? Bad X* casts doubts on PDG2000

1, Mass
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1 w100
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#E760 data: 16 pb*inthe M ,, region =
“ =
L =14
> Observed astate at M=3526.2+0.15+0.20 B
G40
inpp - h - Jy 1 B
20
> Notseenin pp - h - J mut, and -
TR S - L S T
pp - h_ - yn_ - yyy Mgl GeV,/ ¢’ ]
>  Largeamount of cross-calibration data: x_ ,
scans, J, ' double scans. 27 § -
z10} L
@ E835 data: 47pb* (in 96-97) and 50 pb* (in '% s A 1 R
2000) intheM _ region A N
cog $ |1 v
>  Careful study on the stability of E___ “I \ 1 | | ; -
measurements (at a level of few hundred ot ] 3
keV) under way . 27 525 3507 3555 Fire we ISn azlgmafian o

FIG. 2. MNumber of cvents per imtegrated luminosity vs
center-of-mass energy; date are binned in 130-keV intervals in
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n. searches

*A 'S (n=2) candidate at 3594+5 MeV/c*

wasobserved by Crystal Ball in
e+e — y+X
Edwards et al., Phys.Rev.Lett.48(1982),70
... but never confirmed

edN {2.5% bing) {x102)

el Fit |80 a0 23 1D
E:r' (Miny)

-5 i |

e e
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n. searches

*A 'S (n=2) candidate at 3594+5 MeV/c*

wasobserved by Crystal Ball in
ee V+X

. Edwardsetfz_al., Pefg/s.Rev.Lett.48(1982),7O : [ S —
... but never confirm
2 DELPHI
@ DELPHI: did not find it in e | J
W - n' - hadrons Bl |
Abreu et al., Phys.Lett.B441(1998),479 E x| Ll
. |
.:I.J g o 0o o o b 4 4 o 01 . Ll e s g b g 2"t
18 1.5 3 Az 34 ET] j.f
mass "(reVic )
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n. searches

o
i ® E7ED
I o E835

cos¥'<0.4

*A 'S (n=2) candidate at 3594+5 MeV/c*

wasobserved by Crystal Ball in
e+e — V+X
Edwards et al., Phys.Rev.Lett.48(1982),70
... but never confirmed

@ DELPHI: did not finditin

Vs (MeV)
Yy - n ' - hadrons ‘
% g0 | (@) T=5Me it o E7BO+ER3S
Abreu et al., Phys Lett B441(1998), 479 Dol L e
B oo b ﬁ:&,@a\% AT WY
2.5 ' 58 : 14-\ . 7
» E760-E835: did not find it in o e e R e e
PO — I']C' - VY (3576<Ecm<3660 MeV) ?}12{: - (6) r=10Wev G
Ambrogiani et al.,Phys.Rev.D64(2001),052003 Qj; ww’“%;:-m,w_,,,-}:-::*'*mm,.-""*"'._ ‘
Upper Iimits m 90%CL On BR(p[@)* BR(W) o 3&LED 3530 3ﬁIIJD ‘:;61.0 .5!5620 3830 !ﬁ:;:l ﬂHﬁ_ﬂ
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n. searches

3

*A 'S (n=2) candidate at 3594+5 MeV/c*

wasobserved by Crystal Ball in
e+e — V+X
Edwards et al., Phys.Rev.Lett.48(1982),70
... but never confirmed

Events40 Mev:c*
&

@ DELPHI: did not finditin 0
Yy - n ' - hadrons
Abreu et al., Phys.Lett.B441(1998),479

@ E760-E835: did not find it in
pp - N —-Yy (3576<Ecm<3660 MeV)

Ambrogiani et al.,Phys.Rev.D64(2001),052003

*#BELLE: findsit at 3654+6+8 MeV/c?
B - n K - (K&K'T)K
Choi et al. Hep-ex/0206002 (2002)

e e
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n. searches

*A 'S (n=2) candidate at 3594+5 MeV/c*
wasobserved by Crystal Ball in
e+e — V+X
Edwards et al., Phys.Rev.Lett.48(1982),70
... but never confirmed

@ DELPHI: did not finditin
yW-n' - hadrons
Abreu et al., Phys.Lett.B441(1998),479

@ E760-E835: did not find it in
po - r]c' VY (3576<Ecm<3660 MeV)

Ambrogiani et al.,Phys.Rev.D64(2001),052003

#BELLE: findsit at 3654+6+8 MeV/c
B - n'K - (KKK
Choi et al. Hep-ex/0206002 (2002)
and/or at 3622+12 MeV/c?1?!
ineg'e- yi- JP+X
Abe et al. Hep-ex/0205104 (2002)
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