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Bottomonium studies
via Y'(3S) decays

First observation of Y'(1D)
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the CLEO collaboration
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— Upsilons play a

Onia
Number of
FORCES Ground triplet state | states below
Sys- | (vicy 133, dissociation
orm energy
binding | decay Name |G(MeV) [n3S; |all
POSITRONIUM
EM EM e'e ~0.0 | Ortho- 51015 2 8
QUARKONIUM
S uu,dd | ~1.0 |r 150.00| O 0
S T Ss ~0.8 |f 440 “1” “27
T R cc |-025]y 0.09]| 2 8
R OlE| pbp |-0o0s]y 005 3 | 30
0 N |
N G
G weak tt |<0.01 3000.00| O 0
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Heavy quarkonia
hold a promise of
playing a similar
role for QCD as
positronium did for
QED

Upsilons are the
most non-relativistic
(i.e. simplest) states
among all long-lived
guarkonia states
The Upsilon system
also has the largest
number of stable
states

special role in
probing the
strong
Interactions (tests
of lattice QCD,
potential modelsb
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e EM calorimeter - )
i CLEO-Ill Detector Essential for this work

| — ~8000 CsI(TI) crystals +
S COIL (1.5T) = photo-diodes

— First crystal calorimeter

7\ In magnetic field
oy ! WM — Changes since CLEO-II:
{ f“’” e Low-mass DR

endplate!

=

| » Re-stacked endcaps,
— Csl — _; moved away

. * New readout
DRIFT CHANMBER = | electronics

| = | * Some light loss due to
e iy the deteriorating glue
| ) ' used to attach the

Si i R Quads photo-diodes

20 50 100 150
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CLEO-III Y Data R
Xall ’ .
CLEO-IIl Integrated Number £ I :'"*
Reso- Luminosity (pb1) of resonance decays (10°) 515‘_ {1 N
nance B Lo
ON OFF Scan | CLEOIIN | CLEOII | CUSB 71: :'* v -
C.Ball) | °:_4' A T
o [ ‘.l 4 a ]
Y(3S)[1150| 128| 100 4.71 0.46 1.3|% s;i \ ;; "1 ra,\“_-
4 el T e
r(2s)| 550| 150| 50| ~3.6| 0.49] (0.19)| [ras s s
Y(1S)|1230| 200| 100( ~29.0] 1.9 (0.48) 044 000 1038 1037

Mass (GeV)

 About 10-fold increase over the CLEO-II statistics

* About 4-times more Y'(3S) data than analyzed by CUSB +

2.5-4.5 times higher efficiency for the final states analyzed
here

 The Y(3S) data already processed off-line

 We will take more Y data before lowering the beam energy
__to the charm threshold region next year (—CLEO-c) y
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ICHEP ABS947, CLEO CONF 02-05

Search for h,(11S,)

Inclusive gspectrum
In multi-hadronic events

600 700 800 900 1000
I I I I |
Efficiency’
EL ~46% ]

600 700 800 900 1000
Ev (MeV)

* No signhal found

_/
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Search

Hyperfine Splitting: My 5y - M, 45y (MeV)

 Test potential model predictions for G,
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for h, (11S,) A

30 50 70 90 110 130 150 Models from the compilation by
[7- 7 7 7 7 7 7 7 T 7T Godfrey&Rosner PR D64, 074011
I Zambetale'Byer?f? ....................... (2001) [scaled here by phase-space]
i‘gé > e o ;;f:-;y-lsgur85 B | es 23
z | Gy 4 —2‘<nfL‘nL>‘ By
= | m,
E‘z [ GodireyISqurBs A ssssssss T DIRECT n =n;
';:% B IR B <nfL‘niL>:1 Eg3-tiny
=0 90% CL UL CLEO-II| hopeless for bb
| B HINDERED ntn,
- Lahde, Nyfalt, RISKa'99 A s s
Lahde,Nyfalt, Riskp 99 B 1 1 | 3
880 900 920 940 960 980 1000 <nf L‘ N L> » 0 E, - large
Ey (MeV) difficult to predict
 Most of the calculations are ruled out!
— _J
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Exclusive 2g-cascades
e qgy/*/- final states

10400 * No p°® backgrounds from gluonic bb
annihilation
10200|— * Low product branching ratio (a few 104)
E e Sensitivity to hadronic widths of triplet
E 10000 P-states:
B(P = ¢5)=G.1/(G:1+G,00)
9800 e 3SH gl1P is a Dn=2 transition (rare)
2
9600 GElpe§<nfo \r‘ni|1.>‘ EgS
much larger than G,,, ,since no suppression by 1/ny
9400 L. =L +1
ere asDn=n-n, increases
mm (n,L, |r|nL,) decreases
" and G, becomes more difficult to predict )




Exclusive
2¢0-cascades
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e Signal variables
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J=2,1,0
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J=0, 1,2
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Y(3S) = gc,(2P,) > qgitl- A
500 T T T ] Efficiency
i J=1 ] (mmtee)/2
o~ ool J=2 2726180 ] ~32%
2 [ 1286+68 f | €vents '
o i . ‘ Energy resolution from the fit:
£ soof preliminary 4.6+0.2 MeV @ 100 MeV
5 !
5 ook « Energy calibrated to
g | +0.34% with the photon-
=N ¥ recoil mass and known
it S Nt e ] Y(nS) masses
W w o _w  _w  w  More precise than
Ey Low MeV .
previous

* Photon-line energies — M(c,(2P;)) measurements
— E;-, = 86.09+0.30+0.29 MeV « Consistent with CUSB
— E,., = 99.08+0.17+0.34 Mev ~ and CLEO-II results

—
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Y(3S) > gc(2P,) > qul*t- A

LES—I, CLEC—I, CUSE
J=2 J=1 J=10 J=17 J=1 J=0

T e TR I -
-*g 4-— E E o) _-
__________________ SR SR B 3 I I P2 B | gV
Statistical____ = [ 7 % } 1 % % - 90%CL
Total = 2 % EAEE =
error T L [ -

’T‘(C"}S.) —}‘-’}*jf:T"<2S) . ’T‘(E’}S.) —> ’;fjf:‘[’l:1 =)

e Throughout this talk: B(gy*¢-) = ( B(ggmtm) + B(ge*e’) )/2
e Good agreement with CLEO-II
e CUSB measurements low for J=1
.* Much improved errors in CLEO-III Y
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Y(3S) > gc(1P,) > qgl*- A

 Since cannot resolve
J=2.1,0 states, fit the recoll
mass distribution instead

Events (nm-ee): 167 £ 19 events
Efficiency: ~37%

Number ot events/0.5

AM/G(AM)
B(Y(3S)>C, (1P, )@Y (1S) g/t ) = (5.2+0.5+0.5) 105

B(Y(3S)>ac, (1P, )—air(1S)) = (2.1£0.2+0.2) 103

- CUSB (1.240.440.1) 103 /
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Comparison of the measured E1 transition rates ™\

with the potential models
| < 2P|r[38 > ||| < LP|r|2S > ||| < 1P[r|35 > ||| < 18|r|2P > |
| < 28|r|2P >|
GeV ! GeV ! GeV !
DATA 2.740.2 1.9+0.2 0.050+0.006 | 0.096+0.005 |
World Average This meagurement
Model NR rel NR rel NR rel NR rel
Kwong,Rosner [13] 2.7 1.6 0.023 0.13
Fulcher [14] 2.6 1.6 0.023 0.13
Biichmuller et al.[15] |2.7 1.6 0.010 0.12
Moxhay,Rosner [16] |2.7 2.7 1.6 1.6 0.024 0044 [0.13 0.15
Gupta et al.[17] 2.6 1.6 0.040 0.11
Gupta et al.[18] 2.6 1.6 0.010 0.12
Fulcher [19] 2.6 1.6 0.018 0.11
Danghighian et al.[20](2.8 2.5 1.7 1.3 0.024 0.037 (0.13 0.10
McClary,Byers [21] |26 25 |17 16 0.15 013
Eichten et al.[22] 2.6 1.7 0.110 0.15
Grotch et al.[23] 2.7 2.5 1.7 1.5 0.011 0061 (0.13 0.19
o Potential models:
— easily reproduce the large E1 matrix elements
— have trouble predicting small elements
" (see Y(3S)+> gc,(1P;,) Dn=2)
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Searches for p®,h transitions

 Also could contribute to gg¢*/-events
e Suppress photon transitions

 Look at Mg
* No signal found

e At 90% C.L.
— B(Y(3S) > p°Y(1S)) < 0.17 103
—B(X(3S) > hr(1S)) < 0.9 103
—B(Y(3S) > p°Y(2S)) < 1.2 103

14

\
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Exclusive 4g-cascades

« (Can use four-photon E1 cascade to
s g search for Y(13D,) !

10400 — 313

Signal rate predicted by

Godfrey&Rosner: 3.76 10
PR D64, 097501 (2001)

10200}—

10000|———

Mass (MeV)
M_L
n

9800 |— popo
i * Four-photon cascade via the Y(2S) — the main
ceaal g background:
Y s — Confusion in ordering of the observed
s 18, — photons makes these two cascades similar
ete . mm — Rate predicted by Godfrey&Rosner: 3.84 10

_* Also Y(3S) = p°p°Y(1S) is a potential background Y
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Y(3S) — p’p°Y(1S)
CLEO-Il | | mc |]* Selection/

S data 1| Pop° | rejection of
£l cut 1 cut | Y@ES)-
oo I pOp Y(1S)
j.; 100} i O cascades
é - ] Events (nmtee):

| 737 + 28 events

o 1o 20 20 0 o l_z;o s o - 3ID e 40 Efficiency:
min x (') min x () ~ 14%

B(Y(3S)—p°p°Y(1S) oy ") = (5.7+0.2+0.4) 10
B(Y'(3S)—p°p°Y(1S)) = (2.33+0.09+0.16) 102
CLEO-II (2.03+0.28+0.19) 102

CUSB (2.3+0.4 +0.3) 10?2
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Y(3S) - p°p° Y(1S) A

EDD:- ++++ - . Double—pgak
. | structure in
T Tt

here with more
data

200 =

Mumber of events/50 MeV

0 | L | L | L | L | L |

250 350 450 250 650 a0 820
M(r°r") (MeV)
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Selection of Y(1D) events A
- mn 4B M de )]
1D My p 1 Jop s Jip S (Eg.) B

* Implements constraints to the well known
masses: Msg, Myp , Mip , Mg

* In addition to c?,, value also obtain “most
likely” mass of Y'(1D) for each event

* To suppress cascades through the Y (2S)

calculate: § E - E, % (Mg, 0,0, p0) 0
(;228: JmiJn a S(E( )25’ 2P 1P):
2P V1P gl g
2
C5s>12

\—_ _J
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Inclusive CLEO-II |
Y'(1D) signal ' '

data
 No background source can
produce as narrow a peak
as observed in the data

e Forc?,;<10: _
— 44 events in the data | S i P
— 1.6-3.0 events due to Y(2S) 1200
— 0.8 events due to Y(3S) —
P°P°Y(1S)
— 1.8-3.7 of other backgrounds

(e.g. radiative Bhabhas and m
pairs) estimated from the tail of
the distribution

— Total background 10-14%

Number of events/2.0

1000

800

600

400

Number of events/2.0

i
200
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Incluswe Y(lD) S|gnal A
25 L rrrr 1
Fit to the CLEO-IIl data: { The signal
I 40.7 +6.8signal events ] significance
o ] estimated from
g Efficiency: 13.2 + 1.0 % ] the fits with the
= 1 background
o contributions
S alone:
é mmee:  9.7s
Total = nmm 8.2s
Bkg.
Y(gs) Z ee: 5.2S
— ks
D. 25 25[] Fi] 100
X (1D)

B(Y'(3S)—>mY'(1D) —~>agyy Y(1S) —~>gogy/*¢-) =(3.3£0.6+£0.5) 10-°
Godfrey&Rosner 3.8 10°




Number of events/2.5 MeV

—
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Y(1D) MC
M=10160 |
MeV |

200 =

200 -

100 =

0 ri el
170

180

210

ECM'Mrecoil 1172 (MBV) = MSS - MlD

230 250

Recoll mass against the two
lowest energy photons:

— Worse resolution
— Simple shape

Y'(1D) mass estimators
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250

[ Y(1D) MC
M=10160
MeV

ha

=

[=
1

150

100

Number of events/1.0 MeV

n
]

0
10100

10140

m{1D) {MeV)

10120 10180 10180 10200

Most likely mass (constrained to
2P,1P masses):.

— Better resolution

— Satellite peaks due to wrong J,5,J,p
minimizing the c2, )
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Y(1D) mass analysis

e Single-peak fits:

m_"'l"'l"'l"'l"'_ LENLEEL LI DL L LI DL L L L L L
Gk -
1 | CLEO-II ] | | CLEO-II
0 CL=50% 1 © CL=43%
Eco 41 +7 Events 1 ';g 39 +7 Events
2 st 4 2
i)} D
© ©
3 g
g 25k g
= [ / =
n]/ NP P P

150 170 ECM_;\?]?ECD” Tl;1([|]mev) 230 250 10100 10125 m“ 6%1?}3\'18\” 10178 10200
M=10163.4+1.3 MeV M=10162.0£0.5 MeV
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Y(1D) mass analysis

* Double-peak fits:

m_"'l"'l"'l"'l"'_ rrrr[rrrrrprrr et
- i B = -
CLEO-II ] | | CLEO-III
- - e
% 75 - % 5 -
0 CL=48% ] e CL=58%
2 '|_ 38t8Events ] & ‘[ 28 +7 Events ]
% 5 at 10161MeV 7 % L at10161MeV i
"E 3 +6 Events s 12 +5 Events
2 at10174MeV | 8§ L at10174MeV
E ss5) 4 - £
3 i —J
=z i /|..-‘ pa 1
Y e Ll N ZV . o
150 170 180 210 230 230 10100 10125 10150 10175 10200
EJM-MrecmTsz (MBV) = MBS - I\/IlD m{1 D) (MBV)

Masses fixed from the fit
shown on the right M=10161.2+0.7 MeV p
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Y(1D) mass analysis h
 No compelling evidence for more than one state
« Significance of the peak at 10162: 6.8s

 Mass averaged over different fits: 10162.2 £1.6 MeV
 Inconsistent with the Y'(1D,)

e Could be the Y(1D,) or Y(1D,)
« The theory predicts the rate ratio: Y(1D,)/ Y(1D,)=6
 Thus, the Y(1D,) is the most likely interpretation

. . - . 0 m, = 10160
All calculations of the fine splitting predict the -
Y(1D,) mass from —-0.5to —1.0 MeV below the 20— .
center-of-gravity of the triplet -
—Our mass measurement is consistent S 10 °
with the ¢.0.9.-10163 £2MeV.__& —p G
Spread in the predictions of the Iﬁ - o
center-of-gravity of the triplet 1D » E -10[ =
states by various potential models -
o (from Godfrey&Rosner) -20[~ A Y,
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Summary

e NoO evidence for hindered M1 transitions
Y(3S) — gwb(ls) found in contradiction with

many theoretical estimates of the transition
width

e Much improved results for:
- B(Y(3S) = (1P, 1) > qor (1S))
- B(Y(3S) = (2P, 1 0) = 00Y'(2,15))
— B(Y(3S) = p°p°Y(19))
— Upper limits on:

e B(Y'(3S) — p°Y(1S))
. B(Y'(3S) — hY(1S))

« B(Y(3S) — p°Y(2S)) y
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Summary

e First observation of Y(1D).

— Signal is 9.7s significant

— Inclusive (i.e. sum over all J) product branching
ratio for production in ggog¢* /- (3.3+0.6+0.5) 105

— In agreement with the prediction by
Godfrey&Rosner (3.8 10)

— Evidence for a state at 10162.2 +1.6 MeV

— Likely interpretation: Y(1D,)

— The mass is consistent with the predictions of
some of the potential models

— First new narrow bb state observed in 19 years

— The only long-lived L=2 meson we know
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(Extra Slide)

ogogTm
1D candidate

un: 122468 Event: 160951

27
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iy Run: 122492 Event 22921

(Extra Slide)

googee 1D
candidate
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(Extra Slide)
i —_ 2
RU|Ing out JlD_B No c2,.>12 cut
I I 4 L DL BN ARLEN LR
- ')Removed by the T
4] B 2 .
. s | C5%s>12 cut |
S 040 o I
m s
fo 2 ol ! -
= -
5 s | 'l _
= )
2 5 5 .
3 P =t
- 0.05
& £ Lt 1 _
z [ b
* : ; I E .
0.00 b——1 - L L
10140 10150 m3513m(ﬁéew 10170 10180 10100 10120 FT?E?OD) (I\;Ig\slo) o180 1020
. - . 2
« No efficiency for the Y(1D,) at However the c2,s>12 cut does not
10162 MeV because of the change the 10162 peak amplitude
c2,c>12 cut much
— _/
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(Extra Slide)
Probing J,p via J,p, J4p

30

 The peak at 10162 MeV has a large fraction of J,,=1,
J;p =1 events, as expected for J,,=1 or 2.

\

LAY o L WAL ENL L B BN B B B Cal LI LA I B
- CLEO-III -
> /P 200-
2 [ Al 1o
Te) 5 Ay
o %) .
I S 150
) )
c B B > -
D o i
© T 100
g Pe! i
é =
S 25 4 Z i
Z OOOOOO% 50
: 1[i i O"g ”
0 H Eg I E% Boocasinigl o Sy T
10100 10120 10140 10160 10180 102¢ 10100 10120 10140 10160 10180 10200
m(1D) (MeV) m(1D) (MeV)
\— _J
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(Extra Slide) \
Probing J,, via J,p, Jp

 The peak at 10174 MeV has a too small a fraction of
J,p=2, J,p =2 events, to be J,,=3 (in fact a few such events
expected due to the satellite from J,,=2 at 10162 MeV)

| CLEO-III : L |MC J,,=3 ]
A||/ . - 200:- -

75

150 |- i -

100 |- -
o .JIE -

25
50 |- A -

10100 10120 10140 10160 10180 10200 10100 10120 10140 10160 10180 10200

m(1D) (MeV) m(1D) (MeV) Y

Number of events/2.5 MeV
-
N
)
I
N
-
|_\
0
N
]
Number of events/1.0

—




By (Mo 3, 3) o= min 4 A0y - B (Mg ) O
S (Egi) E Jop e i=1 g S (Eg|) 6
2 2+
Cis>12 c2: >3
2000 I S S — T T — T T T 1
800 |- a
Y(1D) MC :
o 1500 / =) T(:l-D) MC
z 2w - .
2 ! 5
@D o
= 1000 Y(2S) MC | ool Y(2S) MC
g | g
= i - 1]
= =00 -I_‘ 2 200:
L
] | | D- A
0 50 100 0 10 220+ 30 40
_J
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Suppression of
the Y'(2S) 4g-cascades

(Extra Slide)

32

\
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' (Extra Slide) N\

Signal for
Y(3S)—gc,(2P,)—ag Y'(2S)

* Projection of 2D-fit to
d=(Recoil Mass(209)-
Myes)/s Vs. EQ o
onto Eg, ., With the
exp(-d?/2) as weight

Weighted events/Z Mel/

g0 =4 100 120 140

EyLow (MeV)




