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¢ CLEO Detector and Status
e Upsnon Spectroscopy What’ s Interestmg’>

¢ CLEO Results,
’ Obser_vatton of “new™ states (trlplet D) .
o ¢ 'O'bse'rvation"of new’ decays (hadronic decay of cb(2P))
s More precise measurements of “old” decays (U(1S)® J/y X)
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CLEO Recent History and
L 1CU rrent Operations Status
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Upsilon Spectro's‘édpy: What's Interesting?

Everything! - f Mass (MeV)
il 10800 —

-.Okay... well, not
quite ¢ '

'BUT JUST ABOUT!

-Quarkonia are the-simplest 2V _
-strongly—lnterac‘tlng e /" Arich spectrum

SYSUBIIEE == a e ® many interesting
; ’ measurements to make

(well, wé shall not argue
about gluonia!) i s - 0.1.2+ - 125

fre'e from relativistic effects

States shown are specified by the quantum numbers, J &
S=S+S, J=L+S P=(-D"* C=(-)"*®

; . ) ZS+1L
or by spectroscopic notation:
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Hadronic Cross Section for U(1S), U(2S), and-U(39S)

From CLEO'I[].Resonance running (dedicated scans).
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Upsilon spectroscopy:

T 3 Mass (MeV)
. S 10200

" Vector sta_tes:-directl ' .
production 10500

Others:--QnI'y as daughters [LeRAEE
of vectors . -

Xp(1P) ~h | (1P)

e -. 9900
“Underscores the need for

- statistics such as CLEO-
" 111 now has on the
. - resonances -

9600

9300
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. ThelD Ievelso.f bottomonium:
. Observing n'eV\_/ 'states ; _U_(1‘3D2)'_.

¢ The known states of bottomonlum up until 2002, were only 9 (below BB
threshold). The dlscovery of which | speak is the flrst new state in 20
years . :

¢ CLEO's resonance data set includes 5.8 108'U(3S) decays e
¢ In studies of radiative decay cascades among the bottomonium states;

we have found évidence of trénsition through a heretofore unobserved

mtermedlate state-
3 .

.¢ This state we conclude to be _one_ of the t.ri'plet D states predicted.to lig
near-10.16 GeV (Godfrey & Rosner, PRD64 097501 (2001))

¢ Preliminary results presented at ICHEP'02 and Moriond-‘03
¢ These updated (but still preliminary) results (more data'and better
background suppress|on) shown at Lepton- Photon 2003

Todd K. Pedlar
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. ThelD Ievels"o_.f bottomonium:
i Observ.ing n'e'w 'states :_U(1'3D2)'_.

0 The S|gnal IS sought V|a a four- photon chaln

'U(3S)0 C(2P)® U(lD) ® ¢ c(_1P)® 2990 U(_lS)_ :

' - Y. &5 eTe, mm

| Gedfrey & Rosner predicted The
overall BR for this chain. (mtegrated

- over all allowed combinations of 2P,

1D, 1P partmpants) should be
roughly4x105 : +

PRD64 097501
. (2001)
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‘The 1D Ievel's'o_f bottomonium:
Observmg new states U(13D2)

0 A S|gn|f|cant background Is-also a four photon charn

U(3S) ® (c(2P)@ gU(28)® ggc(lP)@ gy U(LS) -
; - L__.)e e, ntm

§ The overall BR for this backgroundchannel IS
(PDG2002) roughly 7 x 10-°

| The difficulty here |s'that two photons matcri' In
energy quite closely the expected S|gnal photon '
il energres : )

(99 MeV vs ;and 261 MeV vs'.

A c2variable is constructed for the photon
energies assuming the background chain, and

- antiselecting (choosing large c?) used to
discriminate- - .

Todd K. Pedlar
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. ThelD Ievels"o_.f bottomonium:
. Observing n'e'V\_/ states :.U(13D,) .

& Thé dominant'_béékg-rOUn'd IS also a four—photon chain of ‘sort's:

U(3s U(1S) popo U(1S
( )® ()pp ®gggg (:) eem

The overall BR for this background channel B
raughly 5.6 x 104 .- °

Can be carefully remaved by antiselectingf
- events ML fit to a p° p° hypothesis ot
1-  As a product of this background analysis, a ,
".new measurement was obtained: E

B(U(3S) ® U(LS) p°p°) =
(2.33+ 0.09 + 0.16)%

- (2.03 +0.28 +0.19)% (CLEOII)
© (2.3 0.4 +0.3)% (CUSB)
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The 1D levels of bottomonlum
Observmg new states U(13D2)

Prellmlnary

M(U(13D2))= 10161.1+0.6x1.6 MeV
B(U(3S) ? ggu(1D)
B ? qgU(1S) ? qogyl*l)
34.5+6.5 =(2.6+0.5+0.5) 10-°
events ' B - _ = il _
| s Recall Godfrey & Rosner .

prediction for all 2P,1D,1P:
spin combinations: 4 x 10 .-

Fit y-ield :

predlct 2.56 X 10 3

Mass recoiling against _
Two lowest energy photons (MeV) If limited to only 13D2, they

This 1D state is unique arhong possib:Ie D states'we can observe in
that-it lies below open flavar threshold (charmonium .1D-mixes
W|th S states and is above open, charm’threshold) '

-

mass measurerment good test for LQCD and potentlal models

Todd K. Pedlar
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The 1D levels of bottomonlum
Observmg new states U(13D2)

¢ ML fitis trled for all p055|bIe 2P andLIPE SR
. _|ntermed|ate _states in the chaln : i - o

¢ ML f|t prefers productlon through J=1 cb(2P)
and J= 1 c,(1P) states for nearly all events,

¢ Productlort through NE 2 J=21s preferred in only
a handful of events. =~ .

¢ (jther spi-n combinatiofis negligible

4 Thus assignmerit'of 3D, Is 'strohgly disfavored
(2,2 is the orily way D, can be produced)

. # In 1-1 combination, 3D, is favared 6:1 over 3D,

¢ Thus'CLEO' favors ?_DZ assignment

Todd K. Pedlar
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The 1D Ievels of bottomonlum

Observmg new states U(13D2)
The obsérvation-of | -
canbe used to predlct masses of the Charmonl um Counterpart

: Seallng to cc usmg I\/I(ZS) M(lS) M(y (13D2)) 3831 I\/IeV
Sc:allng to cc using I\/I(IP) M(1S): M(y (13D2)) ~3780 Mey

Compare to i

The y(3770) m = 3770 I\/IeV thought
to be D-§ mixture (Qr pure D)

Events/5 MeV/c?

o OF e

| the' state observed by BELLE via

B® KX, X® J/y pp) (thought by some _ '
to be a DD* molecule or-other exotic)

3872 seems at |éast NOT to be 3D2 (as Kay mentloned)

3900

M(rt' e Jiy) (MeV/ic®)
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_Hadronic Decay of the-¢,(2P) states:
Observmg new transitions
o 5 8x 106 U(BS) decays

1160903-007 i
¢ Final state will be I*I-gp*p-p®
BB Threshhold ¢ Begin With'requiring a pair of
‘tracks with large invariant
mass (> 9 GeV)
¢ In addition, 3 neutkal clusters,
2 addltlonal tracks

¢ Dllepton mass shown below

[RR—— n"’ ﬂ_,ﬂﬂﬂﬂ
—_—ate™ utu"

Evenis/ 005 GeV

i

Dilepion Meass (GeV)
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Had ronic Decay of the cb(2P) states

Observmg new transitions

¢ In events havmg a good U(lS)
candidate; construct pion trios.
(pf,p,p°) from-the additional -.

tracks & clusters satlsfymg basu:

klnematlc crlterla _

1600903-008
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%15.02— Points: data “

= Line: signal MC
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Next, perfdr_m Kinematic fit for the
-‘0omega candidate, and select-events
w/good c?/dof (< 2)
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Had ronic Decay of the cb(2P) states

Observmg new transitions

¢ Examine spectrum of accompanymg photons in the event (expect 100 MeV, 87
MeV for transitions U(3S)® gc2(2P) and gc,(2P), respectlvely)

,_.
e
1

] [ ]

- Points: data immaticaily El - Simultaneous
Lines: result of fit | FarRaan oo " likelihood fit yields
- for signal significances'of 10.2
amplitudes | || . -and 5.1 sigma, for .-
. Cp(2P) | meslldl ¢S5 + Cpy(2P) and cy,(2P), -
R | - _respectively

th & =~ o

-
2
=
!
o
hotd
=
w
L

G

90 100 110 120 130 140 150
Et,}Me‘u’

A very clean spectrum (I\/IC |nd|cates background of only a fraction of an event in
.signal reglon) ' - : :

Todd K. Pedlar
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Had ronic Decay of the Cp(2P) states
Observmg new tranS|t|ons

A (et R 2 Hep—ex/0311043 and Submitted to PRL
+0.35 +0.16 ¢ /

- Event yields from JISVCECRUCEN B (¢ (2P) ® wU(LS)) =1.63 0% 101
i following branchmg ratloe.:‘_ _. B(c,,(2P) ® WU(LS)) = 1.10 0% 011 g4 |

.

First observation of a.hadronic tragsition for states other than-those among the -
triplet S states (first new'transition in bottomonium in ~20 years) :
i | & |
' Should give theorists something to chew on for a while as we work on other
heretofore unobserved hadronlc transitions:
i Dipion transitions cb(2P)-® c,(1P) pp
Dipion transitions U(1D) ® U(1S) pp
Search for h, via U(3S) ® p°h,

Aspen 2004 Winter Conference on Particle Physics . Todd K. Pedlar
: : . o Rkl : Luther College




Dlrect Productlon of J/y inU decay:
Improvmg old measurements '

¢This is new work based of the CLEQ. 1] U(IS) data set

¢ Recall that 10 years ago (or so) CDF observed - . |
anomalously high rates of prompt J/y (1S) and y 12S): '
productlon In proton antlproton collisions |

~ «Color octet model (Braaten/FIemmg et al.) was mvoked to
explaln : :

#.Issues with polarlzatlon data arose

- ¢ Also issues with HERA J/y photoproductlon for which color
octet model predicted factor 10-too much .

Todd K. Pedlar
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Dlrect Productlon of J/y inU decay:
Improvmg old measurements '

Given recent BaBa'r and BELLE_resuIts, t.h_e plot'thlckens:

' s(e*e ® Jly +X) 252+0.21+0. 21 pb (BaBar) PRL 87, 162002
'_s(e+e ® J/y +X) =147+ 010 + 0.13 pb (BELLE) (38 Iower) PRL 88, 052001
- Angular distributions for p < 3.5 GeV disagree

. Results from BELLE on J_/y produced with another cc pair: PRL 89, 142001

~10 times Iarger-
- than expected

Aspen 2004 Winter Conference on Particle Physics . Todd K. Pedlar
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Direct Production ef J/y' in U decay :
_ Ii”np__reving old measurements

¢ Cheung Keung and Yuan (PRD 54, 929, (1996)) suggest
searching.in U decay for octet productlon of J/y G
¢ Rationale is two-fold:

¢ U(1S) decays are glue rlch substantlal expectatlon of color octet _
productlon -

¢ Kinematics of the daughter J/y may teII us something unique as weII
(calor octet expects peaking at high values of X = p/pmax

¢ J/y productlon mechanisms:
+ U(1S) ® ggg, U(15)" |
+ Cont e
¢ : -
e In the CLEO analysrs we
e remove radiative return contrlbutlon by selectlve cuts
¢ use continuum data taken just below U(4S) to subtract the
continuum and g* contributions

Todd K. Pedlar
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Dlrect Productlon of J/y in U decay::
s Improvmg old measurements '

QICL‘E_.'O_ ‘I"I I has'_aCCumUIate'd
"¢ J/y is observed in both e“c and 111

~ 35 times the size of the

Data set used for the
. previous analysis

e We have measuréd"the. ' | B(U(LS) ®'J/-y_'+X)
and the momentum ~ Vfordfy . |
| ¢ The former observatlon by CLEO (1989) gave a -
branchlng ratio of ‘ *
B(U(lS) ® J/y +X) = (1 1+0.4 40, 2) X 10-3

" Physics L iters B224, 445 (1989)
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Dlrect Productlon of J/y in U (0 [Tor: \
Improvmg old measurements '

S_e'lect'ion main pdints:‘ a5

~Removal ofJetty contlnuum [O% "
requiring 2 3 trk, R, < 0.6

Attack radlatlve return by requiring
. if 3-4 tracks; can haye no gcandidate > 3.75 GeV
also, p,,; <.3.75 GeV (or if 3-4 tracks, < 2 GeV) -

The data set for this analysis consists of
Slgnal 1.2 fbton U(lS) resonance
For Systematic Checks:  *0.2fb! below. U(lS) resonance
' Sl 5.0 fbt on U(4S) resonance
" 2.3 fb! below.U(4S) resonance- -

Todd K. Pedlar
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Dlrect Productlon of J/y in U (0 [Tor: \
Improving old measuremerits -

Preliminary

On Y (1S) — points
Scaled off-1S continuum — Blue shaded

. - Dilepton
IETERNYESS

Spectra - . - _d

Entries/10 MeV

3.4
Mass (GeV,fcgJ

- Resonance

(b) J/y—e'e”

On Y (1S) — points
Scaled off-1S continuum — Blue shaded

Entries/10 MeV

Mass (GEVX-!:EJ
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D|rect Productlon of J/y in U decay::
Improvmg old measurements '

Drlepton Invarrant I\/Iass Spectrum On U(4S) Resonance

Preliminary §
Data ON U(4S),
PQAly) > 2 GeV

Thus at right are | T PRI SO |
duetO Contihuum . _ N - L . T .Mass (;‘."'eV/cEJ'
-production at 10,58 . .
GeV e

require s

» “to remove all

- contributions from
B® J/y X.

(a) J/y—p'u’

®
| =
=
~
.,
s}
Q
-~
M
5
i

Entries/10 MeV

3.3 34

e'e” Mass (GeV/c’)
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Dlrect Productlon of J/y in U decay::
Improvmg old measurements -

G e R From thlsand the prewoussllde
Dilepton | nvariant Mass Spectrum | _
*Continuum at.sqrt(s) < M(U(49)) S CLEO

MECHINETSY - Contjnuum Cross Sections
| <(ete- .
Off-4S continuum data s(ee ® :]/y_+X)

oo, I ete:17:02pb

10
U Mass (Gev/c’)

80 (a) J/y—-p'u’
7

3
=
o
~
~
L]
L]
-~
N
5
L]

100- (p) J/y—e'e’ : . f

80 T i : _ CT. : .

0 i N ] 2.52 +0.21 + 0.21 pb (BaBar)
P TR 'R 1.47 £ 0.10 + 0.13 pb (BELLE)

Entries/10 MeV

3 3 4
e'e” Mass (GeV/c:
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Dlrect Productlon of J/y in U (0 [Tor: \
Improvmg old measurements '

| eoOny(19
4 Scaled continuum, 4Sreg|on

.-
Momentum
Spectra

Prellmlnary

do;/dx (pi::,l

Note: _ i ) I _ . 0.7 0.8

Scaled Momentum,

High x porfion
.mostly accounted for
- by continuum

production

| eon Y19
a Scaled continuum,

dc/dx (pb)

g.7 a.8
Scaled Momentum,
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Momentum
. Distributions - -
- forJdfy IR
~ continuum

--
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Dlrect Productlon of J/y in U decay::
Improvmg old measurements '

UAS)® J/y X |
eJy ® ntm
- Jly ® ete

Preliminary -

La
tn

do/dx (pb)

_ Continuum-
Subtracted

31y Momentum. | SR SR —
Spectra - : | Note: Significantly

softer than
continuum aswell §
as octet expectation

0.7 0.8
Scaled Momentum, x
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Dlrect Productlon of J/y in U (0 [Tor: \
e Improvmg old measurements '

Branchlng Fractlon I\/Ieasurement

(y )18 N(y )cont B N(y ) | C':(Y(].S) ® J/y X)
e’ B(J /y ® 1)’ N(Y(ls» Gy - XY(1S) ® g*® qq)

L B(U(S)® J/y +X)"=

nm: (6.4 +0.5) x 104 e Color octet predicts 6.2 x 104
ete: (5.7 + 0.4) x 104 ' Color singlet (U(1S) ® J/y cc+X)
. - | predicts 5.4 x 104

_ Above does not contain the contribution from g-.
. -If we add that back, we find the full BR for inclusive J/y,

mm: (6.9+0.5)" 10

BBUIS)® Jly +X)=
_ (UES) y %) (6.1+0.5)" 10°*

Todd K. Pedlar
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‘Results: J/y N U"dec'ay

Conclusions:

¢ Rate is in rough agreement with both with the color octet model,
as well as color singlet calculation of ete-® J/ycc +X

¢ Momentum spectrum disagrees sharply with the color octet
predictions, and disagrees as well with color singlet calculations.

¢ As is usually the case... the production mechanism isn’t
necessarily a simple matter of either/or

"~ Coming soon to a theatre near you:

Todd K. Pedlar

Aspen 2004 Winter Confere:nce on Partlgle Physics Luther College




Preliminary

n
(=1

U(1S) Data (Solid)
Scaled Continuum (Shaded)

M
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e =
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REDNESS RELIEVER E¥E DROPS ! M

m Fast Acting Formula
m Gefs The Red Owfe

0.525 ﬂ'.:55 0.575 0.8 0.625 0.85 0.675 0.7

J/Ynn-J/y Mass Difference (GeV/c”)
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- Other results on the hOtiZO.h.

¢ Given the time constraints of this conference, I've only had time
“for-a smattering of-recent results I've unfortunately hadto
neglect the following topics

K Leptonic width measurements
-# Searches for h,'and h,

¢ Detailed study of d|p|on transitions (invariant mass spectrum and
- angular distributiohs: checking S vs. D wave contributions)

# CLEO has enormotis data sets on the resonances that we’re.only
beginning to srft.through. - '

¢ And, related, though not strlctly N the subject matter of this talk
. look for many new.results in charmonium spectroscopy from
' over the comlng year

Todd K. Pedlar
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