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CopepxxaHue

» O6 akcnepumeHTe benne

* MeToa HabnogeHua nepexoga Y(4S)—Y(1S)

* lamepeHue winpuHbl pacnaga Y(4S)->Y(1S)n*w

» I3yyeHne nepexonos Y (5S)—>Y(nS)

* Pe3ynbTaTbl CKAHMPOBAHUSA SHEPIK B panoHe nuka Y (5S)
* [1NnaHbl No nayvyeHno 6oTToMOHNS Ha B-chbabpurkax
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The KEKB Collider

1

ar

!
v

SCCRF(HER) . ‘7z i o Belle detector

2= - e World record:
o 2 NE L =1.7118 x 1034/cm?/sec
E:'lf:f_'_‘é -;:= ;‘%t‘_’:%_: - First successful op. of Crab cavities
ARES(LER) ~= 7. ———= =

== A:res RF
8x3.5GV =7

= - cavity
22 mrad crossing =

i|li

_ =~ e* source

since 1999

“~ L-lem indiameter



Belle Detector
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Study of e*e-interactions at \'s ~ M(Y(4S))

L ~860/fb (July 2008)

e*e”— Y(4S) — BB (Br(Y(4S) —> BB) >96%)
e*e” — hadrons (continuum)

ete” - 1T

ete” - utw

e*e” —» e'e-

ete"—>vyy

v v — hadrons

o, nb N.,

1.05 ~900-10°
2.8

0.9

0.9

44

2.4

15

~67



Motivation

T 11020
&~ 1(5S)
T 108600
EP thresheld
Rich spectroscopy, various | Trs——— o
yroduction schemes, interesting 5/55) Ly 7 ) R Y i
ecay scenarios, many important hadrens | e

states not yet observed

Search for bottomonium states which
are not seen in experiments (Mg ---)

Measuring of their parameters helps N

specify corresponding models.




Search for Y(4S)—>Y(nS)X transitions

Hadronic transitions between Upsilon states

Hadrons
Y(nS)
RoA
TTTT (_SJ Hadronization
v Y Y
Y(mS)
Emiszion
Motivation:

Test of models of gluon (E1E1) emission
(e.g., Yan, Gottfried)
Most common process (known for decades):
Dipion transition between 3S, states,
e.g., Y(mS) - nr Y(nS), m>n
(BR=50% incc, BR=5-20 % in bb)



Search for Y(4S)—>Y(1S)r*n- decay

ete” > Y(4S)

T
i

Y(4S) — BB

or Y(4S)->Y(1S)n*r-
v
H

ete” > utu T




Search for Y(4S)—>Y(1S)r*n- decay

Motivation: search for new bottomonium states, transitions.

Data sample: £=605 fb™!, Y(4s)
657x10% BB — on-resonance

Data sample: £=427 fb-, Y(4s)

A.Sokolov et al. (Belle collaboration)
Phys.Rev. D75, 071103® (2007)

Primary event selection
Y(1S)—> utu-

eThere is exist a (u"u)-pair with
a M(utu)>9 GeV/c?

e HadronB or tau event
selection criteria

ﬂ n L riseriii L
9 92 94 96 98 10 10.2 104 106 1038

N(wt 1) = 161000

1111111111111111111111111

! HadronB

/ HeX

. + .
/,u R X

Y{18}

1
ML), GeWci



Event selection N(u* e X) = 9655

T UT+TTTTT + X v e
H 900 — ~
-1 g
e M(u+u)>9 GeV/c? § 800 |- (e e X
(e*e  + mtn~ + X )-events with N oo |
M(e*e)>9 GeV/c2are putdown &
by the Belle trigger i *
e 10.5 GeV < Evis < 12.5 GeV £ |
W 400 |
ecos 9 __<0.95 300 |
reduce the bkg. ok
e‘te- > e*ey > Y(1S)y, Yy > e'e, M (28) e,
et are identified as n* e r TTS’ |
0 Fconianle !

9 925 95 975 10 4025 105 140.75 1

M(u*u), GeVic?

ete" > Y(4S) > Y(1S) ™
e*e" — e*ey — Y(1S,2S,3S)y N_, =0.9:1.8 x 108, £=605 fb'
Y(2S,3S) —» Y(1S) Tt~ 12



Resonance decays in the Y(1S) u+ u- state
Distribution of AM=[M(u"pntn) - M(u™ p)]
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Branching fraction of the Y(4S) —» Y(1S)n*n~ decay

~ 60 | —eeeee e
2 | Br(r(4S) - Y(1S) n*n-) =
SEE 45 - 15 — Nobs /[N tot € - BF(Y(1S)—) M+ M_)]
)
& e N, =657 108
©40
a | e ¢ = 0.048(0.251)
Esﬁ ! o Br(Y(1S)—> u*p) = 0.0248

20 | { Systematic ~ 10.2(6.5)%

ot ﬁ n * @ﬁ Br(Y(4S) — Y(1S) 1* 1) =

fm} i# = (0.81 + 0.12(stat.) + 0.05(syst.)) x 104
oL

1 11 12 34

AM (GeWc ) Preliminary

Npeak = 163 Npyg =49.5 T(Y(4S) - Y(1S) n*n-) = (1.67 +£0.24 +0.23) keV

Nyws) = 113.5+ 16.3
(after bkg. subtraction)

(~11.60) 14

T(Y(2S)) = 6.0 keV T(Y(3S)) = 0.9 keV



Entries/0.01 GeVic?

150 | e 1

Invariant mass of the 771~ system

1stpeak Y (2S)—>Y(1S)n*n

140 R
Y(28)>Y{(18)r'
120 |...... Voloshin- ; H-
Erown-Cahn model ;i i
100 | ‘} H
4
o *}.Jf ;
wf +H"
0 ++{._} :
G i
Ty —"
.25 0.3 15 ] .4 .45 0.5 Uas L&

M_,_ (GeVich)

39 peak Y(4S)—>Y(1S)rn*w

4515

- 0.4 0.6 L'I.EI I1I -2-
M. (GeVic))

Entriesi0.02 GeV/c?

45

af

25

2m peak  Y(3S)—>Y(1S)r*n

40 F

a5

+

Y(3S)—=Y{1$)1' "

-=-- Moxhay model

m

2.4 0.5 1.6 0.7 L83 0%

0.3

Y(nS)

M... (GeVich

Y(3S) > B*B* >
—>B*B n—»BB n n—
— Y(1S)

M.B.Voloshin, JETP Lett., 21, 347 (1975);
L.S.Brown and R.N.Cahn, Phys.Rev.Lett., 35, 1(1]9?75)



Dataset on Y(5S)

16



Dataset on Y(3S)

sl CLEO
| f PRL 54, 381 (1985)

1985: CLEO,CUSB @ CESR ~ 116 pb~! 3o} |f

2003: CLEO Il @ CESR ~ ~0.42 fb~! © >

2005: Belle @ KEKB ~ 1.86 fb

enginering run

2006, June 9-31: Belle @ KEKB
~ 21.9 fb-

17



Search for Y(5S)—Y(nS) transitions

Data sample:

Exp. 53, 5S scan,
N .. (5S) =L -c = (6.60 +.33) -10°
£= 21.9 b1,

c = (.302 £0.015) nb  (Belle)

Primary event selection

e HadronB

&
tau skim

e There is exist a (U™ ") - pair
with a M(utu-) > 9 GeV/c?

(Y(nS)> ptu-, e*e”)

N(tau events) = 762000
N(HB) = 7300

~ T L D R
314000 \ .
m L[
= X
[ =1
$12000 -
o
s
10000 -
8000 l/tau events

6000

4000

2000

PR R
11.5 12
M(p*p), GeVic?

10.5 11
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Event selection

e HadronB & tau skim

oLLf UL+ T + X

e M(uu) > 9 GeV/c?

e 10.5 GeV < Evis <12.5 GeV

ecos 9 __<0.95
reduce the bkg.

ete - Y(1S)y, y —» e'e,
e* are identified as r*

Entries/28 Mevic’

128 -

160

80

6¢

40

N(upuntnX) = 1876 (tau)

N(utuntnX)= 705 (HB)

hos

zﬂ -

PoroT

T T

r'l"lr'l

{!_.;'blu.') 5+ X

M(fit) = 9458.4 = 2.4 MeVic®
G = 840 + 6.1 MeV/c?
£“INDF = 1.4 .4

M{Y(18))(PDG) = 9460.30 i

T

T'l-r'ITT'!'xT1T1F1':'rF
H El 4

+ .26 MeVic®

- B 3 ; IR T Lo
0.2 104 0.8 0.8 1‘5
M(u"1), GeVic®
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—~ 10.8
10.6
10.4

M(up) (GeVic
© o 3
(o) o N

Ww ¢
r O
III|III|III|III|II‘I'L.I.lI-IIII|IPI|III

o
© N

e'e”— Y(nS)h*h—at 10.87 GeV

Signal box to optimize on background

21.9 fb1

uunn candidates

35
25

1S

LE e ] : uruy[— ete]

L]
< ®q Y o * ® ¢ ® °
o "o o . A (]
L]
pe | el ] | S oo ] ] L

1.4

0.6 0.8 1 12
AM = M(ppnr)-M(up) (GeVic?)
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Results
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“Y(5S)” > Y(I1S)nw™n~, Y(2S)mw™n~

108 —
Y( 2 S) T S 106 F (a) ppnn candidates
N§ :zg = punn candidates in Y(2. —sp'u” region §10.4 —
Q -y = —
S 80| “Y(5S)" S102p
5 e E X ——
o - -
g 40 3S 4S5 9.8 |-
E 20F — ;
LE 0 E- ] o 1 A . | 2.‘—._ .‘.,:’.:“ :...-'.'.': :.:.’: .:..:..,1 ':.: '..°. ¢ ol
0.4 0.6 1.2%; AU SR
AM = M(ppnm) M(F e
9.2 . .
9 T TS B |/y| Lt e
0.4 0.6 0.8 1 1.2 1.4
AM = M(upnr)-M(pp) (GeVic?)

L 5o E- (a) pua candidates  Y(1S)—sp’u" region

8 ook |

= 200 = 4 _S ’

S 150 | DS)

e =

» 100 |-

2 -

= S0

m ok e V

0.4 0.6 0.8 1
AM =
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Entries / 0.01 GeV/c?

Entries / 0.01 GeV/c?

-

C aNWwh Oo~N WO

16 F

14
12
10

-0 N & OO ®

"YES)->YESH'T Y(3S) i

AM = M(upKK)-M(up) (GeVic?)

1%1%111 Ll &.I.I.Lﬂ Il .L
0.4 0.45 05 055 06 0.65 =
AM = M(ppnn)-M(pp) (GeVic®) =
=
=
square box give ~ 3.9c

F eSSk ((1S) KK |
- 0
— —
3 490 |2
3 <)
s e
- <+ !
2 =
: =

S ais i e s T L W A ¢

.25 13 1.35 14 1.45 1.5 1.¢

“Y(55)” > Y(nS)w'n~

(a) uprm candidates

Entries / 0.005 GeV/c*

\9

Y(1S)K'K-

7 | Y(5S)">Y(2S)n' Y2S)mw' ™

B i L ¥ $©120 F "
F . £ -:.:" 2 S - "Y(5S)"'>Y(1S)r =" Y(IS)TC ™
- ! ERe i E S EIUYS
- oo ek A 200
B s , | g s
C - el e e ) B sl

0.4 0.6 0.8 1 1.2 14 w

AM = M{ppmn)-M(up) (GeVic?) 2 )
T I e I e
. AM=M M GeVic?
| (b) np KK candidates (unmi-Mlkk) (GeVic)
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Entries / 0.1 GeV/c?

Entries /0.2
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30
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50 F

40

30 E
20 F
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M(nt) and cosO,

Y(AS)rn ™ —

+

3 r"}“—f— > +
= :I?l'own-Cahn Model
0.4 0.6 0.8 1 1.2 1.4

M(nn) (GeV/c?)

e

Tty

-1

-0.8 -06 -0.4-02 0 02 04 06 08 1

coso

Hal

Entries | 0.05 GeVic®

Entries / 0.2

50

30

20

10

35
30
25
20
15
10

Distributions

L YQS)
- : |
%3 04 05 06 07 08
M(zr) (GeV/c?)
| }
| _]._

-1 -0.8-0.6 -04-02 -0 02 04 06 08 1

GDSHHH

Efficiency estimate: re-weighted MC according to data

N.B. other two modes use B-C model due to limited statistics 24



Summary Table

Assume “Y(58)” = Y(53S) PDG value taken for Y(nS) properties

Process N. Y Ef(%) 7(ph) B Trdel]
T(1S)r"7~ 35T, 200 374 160+0104+0.12 5340034005 0.58+0.0440.
T{ES)w*w‘ lBGilE 40 189  233£0.194£03) 0.77£006£011 085+0.0740.16
TES)rtr™ 105753 320 15 1437054019\ 0477055 £007  0.5275%0£0.10
T(1S)KTK~ zw - 490 203 01847 ‘iﬂiﬂuza Q617005 £0.010 Dnﬂ?ﬂjgﬂi

>100 times bigger!l

T'(total) I (Y(1S)mm)
32KeV B.0KaV

20 KeV 0.9 KeV
205 MeY 1.8 P(e‘t.f
110 MeV ~0.5 MeV!!

/

cC
w(2S)
W(3770)

(4040)
P(4160)
Y(4260)

I'(total)
337 KeV
23 MeV
80 MeV
103 MeV

I'(Jfymm)
107 KeV
44 KeV
<320 KeV @90%
<309 KeV @90%

83 MeV O(=MeV)

25



[MlpegnonaraeTcs, 4To pe3oHaHc npu macce =10860 MaB
9TO cocTodaHue Y (5S), HO

T(Y(5S) — Y(nS) w*n-) > 100 x T(Y(2S,3S,4S) — Y(1S) ©*r)
BO3MOXHble MeXaHU3Mbl:

* aHanor coctosiHus Y(4260) (rmbpuaHoe coctosiHne ccg ?)
Wei-Shu Hou, PR D74, 017504 (2006)

» Nepexof Yepe3s TeTpaksapk bbud (< M(BB))
Karliner & Lipkin, 0802.0649 [hep-ph]
(aHanor coctosHusa Y(4430))

T(mS) — Z}}'{'}—'?r: — Y(nS)n ™

* HenepTypObaTMBHbLIN NOAXOA
Yu.A.Simonov, JETP Lett. 87, 147 (2008)

* B3aMOLEeNCTBME B KOHEYHOM COCTOAHUM
C.Meng & K.T.Chao, Phys.Rev. D 77, 074003 (2008)

26



CkaHnpoBaHue dHeprun B panoHe nuka Y (5S)

K.F. Chen et al (Belle) arXiv:0808.2445

27
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» Would like to

2nd order of Fox-Wolfram momentum
2-jet events R2~1

Hadronic Ratio

act the shapes for Y(6S) from the ratios:

N(hadron, R2<0.2) /'N(hadron,total)

N(Bhabha) or N(uu) seems fo have small efficiency difference befween different
experiments (need some exfra callbrafion?).

Model the hadronic curve by a simple spline conneciing all

the data points (without a fif):

Y(10860) + ¥{( I:]DEU} from PDG

I would like fo avoid providing

f a very accurare number buf

Hadronic curve without systematic error in the
oftresonance | (Modeled by a spline) publication.

TRl (69 M =10860.7 + 0.2 MeV
IITSICEUI  from a poor X2 fif fo these points)




Results

Default Resonance Fits

" Simple x2 fit to the measured cross sections.
« Default fit: @ commmon(").Breit-Wigner (floated mean & width)
with floafed 3 normalzations (for 1S, 25, and 35).
=" The results from previous publication are included in the fit.

(7 energies x 3 states = 21 points). -
v \"«.._ . SnE
ﬂ: : :t with cnmmnnpa?d +1‘, Pind.f. = 39.416 Peak(1S) = 2. déjﬂgﬂj% pb
= - & Y(18)nn : i +0.
: : = B Y(2S)= | DEFAULT el s e
8 phven | RESULT Peak(3S) = 1.61 1358 pb
E 2F Mean = 10889.6 + 1.8 MeV
2 1 - +(.8
=~ 0 : Width = 54.7 0. ih]P
1075 108  10. 108  10.95 11 11.05 x2/n.d.f.= 39.4 /16

CM Energy (GeV)

Since the resonance parameters are quife similar for 3 final stares.



NanbHenwee nyyeHme 60TTOMOHUA

* fetanbHOE n3ydyeHne pacnagos 6OTTOMOHUS
* MOUCK 77, B pacnagax Y(1,2,3S)
* n3y4yenme npasun pQCD B pacnagax 60TTOMOHMUSA

* MOUCK NErkoro XmMrrcoBckoro 603oHa d, B pachfagax Ha (oo

* Mouck gnbapmnoHa B pacnagax Y(1S)



BoTTOMOHMM — HEBbISICHEHHbIE AeTanu pacnaga

Hadrans

w Emission I W
“QCD Multipole Expansion”

Pacnagbl gna cnyyasas m-n> 1 ?



Most famous ancient mystery (1994-2000)

| CRALICEL LN | Tk

o’ ()t g T(2S)—~T(1S)m*m—

" & BES 2000 _®Exclusive i
:‘“HUWRUV‘ 3 _ o Inelusive

- Shifrman ('81) | ——Yan (80} <~>—
.—Yan ('80) 1 ¢t

CLEO

—Yan (‘80

5 F /A I I R B
e 0.3 0.4 0.5 0.6 0.
-'E I | ] | I | ] I I | T 1 | 1
B T{BS}—»T(ES)::"‘:; T3S ~T(1S) e
& @ Exclusive | “® Exclusive I
"< Inclusive ) k ---- Moxhay ('89)]
— Moxhay ('89) - £ —Yan ('80) 2

0275 0295 0315 5335 025 045 0B85 085
m(zx tn ) {GeV)

L

0b(¥66T)6vQdd 031:) / 2002£0(0002)2904d S3gg
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N — |2130403m2
12000 T{SS)—-—m:*m:‘{‘IS)
10000 ontn Inclusive

> f + ® tn~ Exclusive |
& 8ooo}- +$? # ++ + :

Esooo%— # ;ﬁ' #ﬁ -
S 4000] # #&mgﬁ% {
Ezoog;— C.-‘_IEO-IIL-' prelﬁmfnlanr T
Y 02 03 04 05 06 07 08 09 1.0

M, . (GeV)
Bo3MoXHble TeopeTuieckme 06 bLACHeHUS

— Large final state interactions
[Belanger,DeGrand,Moxhay,PR,D39,257(89);Chakravarty,Kim,Ko,PR,D50,389(94 )]

— ©-meson in oz system
[Komada,lshida,lshida,PL,B508,31(01);PL,B518,47(01);Uehara Prog.Theor.Phys.109,265(03)]

— Exotic Y'n resonance [Voloshin,JTEP Lett.,37,69(83);Belanger et al ,PR,D39,257(89);
Anisovich,Bugg,Sarantsev,Zhou,PR,D51,4619(95); Guo,Shen,Chiang,Ping,NP,A761,269(05).]

— Ad hoc constant term in amplitude [Moxhay,PR,D39,3497(89)]

— Coupled channel effects [Lipkin, Thuan,PL,B206,349(88);Zhou,Kuang,PR,D44,756(91)]

— 3°5,-n°D, mixing [Chakravarty,Kim,Ko,PR,D48,1212(93)]

— Relativistic corrections [Voloshin,PR,D74,054022(06)]

Heobxoamnma 6onbLias ctTaTUCTUKA OaHHbIX U
oonee getanbHbIX aHaANU3



'ne ocHOBHOe cocTOosiHUe OOTTOMOHUA 17, ?

TecT Teopuu (BbICLLMW NPUOPUTET rpynrbl MO n3ydeHnto 6ottomoHns (QWG))

N,(nS) Y(nS) hy(nP) yx,(nP)

Direct M1 transitions
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Il
o
'_I.
o
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Y(3S) = vy, (2P) = y(n1,) Y(1S§,25,38) - yn,
(Voloshin, Mod. Phys. Lett. A 19, 2895 (2004))

Y(3S) = n'h,,h, —> yn,
(Godfrey, Rosner, PRD66, 014012 (2002))



B(Y(3S) = yn.(18)) in 10°3

CLEO has looked for Y(nS) — n,(mS) y inclusively.

No signals were seen, set Uls (@ 90% C.L. (PRL94,032001(2003%))
— B(Y(2S) = 1, (1S) y) <

S.1x1

0-4

B(Y(3S) = m,(1S) y) < 4.3x10
B(Y(3S) = m,(2S) y) < 6.2x10
Predictions vary:B(Y(2,3S) — n,(1S) y) ~10-°~10-3
See S. Godfrey and J. L. Rosner PRD64,074011(2001).
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Tect pQCD B pacnagax Y

N3 pQCD — “12% rule”

Qy

Byosy—m

B,

28 —ete
(28) et

B,fl.l" yr—f

B,fl.l"l," vete™

HapywaeTtca B HapMOHUH,
koraa h=Pseudoscalar +Vector.

Bypsin  Bros)—ete-
QEI - -

Byasy—n  Brasy—ete-
On = Brisy—n  Br@s)y—ete
il - -

Byasy—n  Brasy—ete-

Byasy—n  Br@as)—etes
Q;ﬂ = -

Bypsi—n  Brosi—ete-

0.80 = 0.08,

1.14 + 0.15,

(0.92 £ (.10.

«CLED  -otaer (DG 2004 ,/BES)
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Heob6xoanmo npoBepuTb aHanormyHoe coTHoLleHne B OOTTOMOHUN

[na nposepkn Heobxoanmo nmetb N(Y{(1S) ~ N(Y{(2S) ~ N(Y{3S)




Y—2-Body Results

Channel Y(1S) Y(2S) Y(3S)
BR (10-°) Sig.| BR (10-°) Sig. |BR @09 Sig

m“--
_pa; | 9+4:1 |30f <24 | - | <30 [ -

| of, | 7.1 NN <8 | -
ofy 473,41 |55F 6641 [3.0] <14 | -
K~ ]9°9,:1]30] <32 | -] <28 | -
_bax | <8 | -] <12 |-] <18 ] -
K270k | sBo.foo | <11 ] -] <17 | -
mm--

QWG3 B Heltsley Oct 2004




BorTOMOHMM: IOUCK XUITCOBCKOI'0O 0030HA

Next-to-Minimal Supersymmetric Model (NMSSM)

HaHHble LEP meHee orpaHnymsaloT maccy xurrcosckoro 6o3oHa (M,~7100 3B).
Bo3mOXXHO cyLLlecTBOBaHMe Nerkoro XMrrcosckoro 6osoHa a, (m(a,) <2m(b)).
(R. Dermisek, J. Gunion, B. McElrath, hep-ph/0612031)

OcHosHas mopaa pacnaga H — a,a, — (z't7 )z'77)

ete > Va3 ya,»>y1rTT

Pacnazu)l 00TTOMOHMA MOI'YT UCIIOJIB30BATHCH JISl IOUCKA 4,



BOTTOMOHHMM: IOUCK XUITCOBCKOIO 0030HA (2)

PHYSICAL REVIEW D 76, 051105(R) (2007)

T+
(g3 ten#=10. u=150 Gsv, 1.{,,,3-1{}0 200,300 GeV
T -
3
L
&
The best mode:
TES) = oTa~T(15)
with
Teff = 179 pbh.
a, non—singlet frection {cos#,)
Tao limit
Br(T(15) — ~ay) < 107°
we need Ag, An, K, A scan F < 15 scan
5.6 1 /e collected on T35, Mg, < 2ms
2my < Mg, < 7.5GeV
One motivation for BaBar’s 30 fb-' 1.5GeV <mg; <8.8Gel
Y(3S) run. 8.8GeV < mga, < 9.2GeV

MoMcKk MOHOXPOMAaTU4YECKOro y-KBaHTa 41
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Testing Lepton Universality

BF(Y 5> e'e’)=BF(Y - u"u )=BF(Y »>1777)

h 2
M
h | i

1

Upsilon decays implies

<R1:II "y

1_‘ee — F,u,u — Fz'r

BFlc’e] | BF[w p] | BF[t't] R,
Y(1S) 238+ 0.11 % 2.60 £0.10 % 0.09 £0.06
Y(1S) 248 £0.05% | 2.60x0.10 % 0.05 £0.04
Y(2S) 1.91 £0.16 % 2.00£0.21 % 0.05+£0.14
Y(2S) 1.93+£0.17% | 2.00+0.21 % 0.04 £0.14
Y(3S) 2.18 £0.20 % 2.29 £0.30 % 0.05£0.16
Y(3S) 2.18+£0.21 % | 2.29+£0.30 % 0.05£0.16
[ A

R = 1_‘Y(nS)—WT _ b.-5, _ 5, 1

Lepton Universality in o (em B, B,
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Lepton Universality Breaking?

T/C(lS) . :
- R, (0
I"(em) 4a Qb 1\/([2)| v (1+2x£)(1_4x€)1/2
Y v, —
T/ /J( 1 S) ~ . : (smoothly) decreasing function of x,
e with x, =m; / M}
T/e(QS) ~
- s Wasysy /K(x.) B /K(x,) B
T/l (em) —
R,,(29) /K(x)) B,/ K(x))
O
RT/C(SS) ~
T/u(3S) ~
0.1 0.0 0.1 0.2 0.3 04
Rr/l
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BoTTOMOHMK: HabpaHHaa cTaTUCTUKA

CLEO-III BaBar Belle

L IN, | £ TN, L | N,
(o) | 10°| ()| 10° | (br) | 10°

Y3S) | 1.2(01)| 6 | 303 | 120 | 2.9 11

Y2S) | 1.2(0.4) | 9 | 14.4 | 100 - -

Y(S) | 1.2(0.2) | 21 - - |5.7(1.7)| ~100




BaBar’s final run

- g

ENERGY SCAN: Y (39) ENERGY SCAN: Y(29)

| BAB}’:.R E

preliminary |

-
=
=
-
o
=8
=
I
=
]
[
F:
L~

ac (ND) per 1 MeV

Visible
Visible o,

III_|'\_|{ - - i II_I,I- I_IIII_:' IRERAES ) illll,!.|
VS (GeV)

\S (GeV)
peak o = 4.2 £ 0.2(stat) nb [ £5% syst ]

: peak o =7.3 £ 0.3(stat) nb [ £7% syst ]
~120M Y{:ES_} [ |0x Belle, 25x CLEC ] - 100M Y(25) [ 12% CLEO ]

Expect compelling results on bottomonium from
BaBar (and perhaps Belle) in the near future.
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Y(1S) Run at KEK

* study of pQCD rule in bottomonium decays
» search for n ,in Y(1,2,3S) decays

« search for light Higgs a, in 777" decays

* search for H dibaryon in Y(1S) decays

I e
CLEO pg®! 0.19

~5x CLEO data set, ~10x continuum:;
estimate ~100million Y(1S) events.
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Y(1S) Run: Estimate

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

P B B R S R S
9.41 9.42 9.43 9.44 9.45 9.46 947
uy / Bhabha EULR

48




Original Plan before summer (Belle)

NE] Lumi  gpeqe N(Y(2S)) N(Y(1S))
(ﬂ{r{};j = : S aar h (tagged) 12 M Actually recorded 5.7
: : 3 Iy s M (taggec / P 1

(0993 1 3 M fb-1 on 1S, 1.7 tb

9430 2

6 M no 2S recorded

N(ndse cont)

In 2008 -2009: V5  Lumi  opear N(Y3S)  N(Y(29)) N(Y(1S))
(MeV) (fb=!) (nb)
10355 24 3 72M TM(tagged) 6M (tagged)
10325 6
10023 16 7 112 M 33 M (tagged)
9993 4
9460 8 20 160 M
9430 2

May modify to aim for ~40 fb”-1 on the Upsilon(2S): better for

49
eta_b search and 3 x BaBar sample
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Observation of Y(3S)—n (1S) y

_“w,
.ot 1e

P 1
uEmy

- '...

oy 'S
- .

P R R T LR L

Y@S)—x,(2P)y

V)

L LN

2D 8000/

(05

R G

i

5,

000 -
L

it

.

L

220000
I .

i I
- H
-E*J{lﬂii"

Lintriess (L0220 Ge

001 be(ZP) — Y(IS)’Y

-

soor—————— arXiv:0807.1086 —_~
-’)LI{1".1¥(3 S)_)nb(ls)y kﬁ 7
4::11-‘13IS=10.355G6V : | ]
2000— _’ } 06 _

- -1}

inclusive y spectrum

M(1,)= (9388.9 1, .+2.7) MeV/c?

M(Y(1S)) - M(n,) = (71.4 *23_; +2.7) MeV

Larger than potenail models predict
Agrees with lattice 61=14MeV (S.Godfrey and J.L.Rosner)

B(Y(3S)—n,(1S)7)= (4.8+0.5+1.2)x10
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Backup
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New T skim
N(utp-) = 4.8 x10°
HadronB, Exp.7+49

Important old T skim (Exp. < 49) _ HadronB & tau, Exp.51,55
event selection criteria )

225() prep——

=%
1%
=
=

New T skim (Exp. > 51)

=

Pt

1]

=
I

Y(18)

Lot |

Q

—_— i + - X
>|P(ch.tr.)| < 10 GeV/c E e

o 1750

N

E old tau skim new tau skim

£

c

Ll

selection criteria 1000

s[P(ch.tr.)| < 10 GeV/c

500

IS removed

250

1‘1”. 11.5””52

M(u"w’), GeVic
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Mixing of a pseudoscalar Higgs A° and a n, resonance

m. —im, [, om’ sin2o~ont
M2 — 0 0 0
2 2 - 0
57’1’2 m’?bo lm’?borﬂbo AO ’ nbO
unmixed states
A’ =cosa A4, +sinan,, A°,m,
: 0 mixed (physical)
=COoS« —smo A
n m 0 states

_ : 0
g o, =COSQAE 0 FSINC g%n

e =COSA G, T —SINA G 0

¢ ﬁ T rAO =|cosa |2 FAS +[sma |2 F"bo

. 2 . 2
[, =lcosa|'I, +|sinc| FAOO

2 3m7?7,b "
om” = p | R, (0)[xX,

X,=cosO,tanf | E—
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—rl_)( UJlel "\‘IJ i 4 1 . f 'J"I’ J". 4 1 (4 4 > dd - n n { 5 \ 4 el ] {/

> With the machine sitting on the Y(3S) Final state & BF
N
Y(3S) > & * & - Y(1S,25) — ut w Tt T ot
BF ~ 2-4 x 10?2 BF ~ 2x 10?2 BF ~ 4- ;X bmpare
Y3S) > 7 * - Y(18,28) — 1 1 ot oo e e
BF~10' T 1" = /T [T X, /=¢ 1 BF~5-10X10'5)
b Y(3S) > ut T VAT )
BF ~ 2x 1072 BF ~ 2x 102 Compare
>
t
Y(3S) > t * 1~ e
/[T [~ X

)
Statistical error = 0.07 / \ # fb!

Systematic error <0.037

— [T X, [=e

With the machine sitting on the Y (4S)

N
Y4S) > & * & - Y(1S,28) — utw r t o T oulw
BF ~ 10+ BF ~ 2x 102 BF ~ 2x10°¢ ; Compare
rates
Y4S) > & * 7w - Y(1S,28) — ttr- IR SR ANAD

BFE~10' Tt 1t = /T /- X, /=¢ 1 BF ~ 2x 107 55



Y (4260) 1n other experiments

., « BaBar, PRL 95, 142001 (2005) . CLEO, 2006, ——
E - :L o | PRD?4 091104(R) 10° Y(=9)
gm:—l"“_ZB eyts wf o —: :"5_— 10
o ol et :
E o s “. AL BT ,
& 2] ! | } ] %3_ 36 38 4 42 44 46 48 5 LE
of | h I}I 1 1 @2f 1445 evts
Ty fm R il
e ; 7 TR T e TS 15 %.a' ok W @A 4B 48 B (BB
mir T Ny (GeVic) M (n* e -Jhy) (GeV)
| CLEOQO, PRL96, 162003 (2006) 1 5
60} 1 {2
: _ ) ] =
L e T iy o(e*e s J/v) | =
40r o %20 Jhy ; E 5] i L l
El]_- T":EﬂE....}I...}:,l:—’:"'.r:l'._l.::."riJ:L..:....}
o : - s (8] ‘ J}hL K'K Jy .
37 38 390 4 47 42 a3 ":‘n“s"'di“-ius o )
1 K
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Y(4260) 1n other experiments

X.H. Mo et al, PLB 640, 182 (2006) | N =165 24
Using R-values from BES experiment.

[ =380 eV @90% C.L.

M = 42952107 MeV
{ =133+ ‘?6’2*’* MeV

- Ei R
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- ‘.-:.'M \

o mﬁiw:mbﬁ

sl

L2
o=

TR TATETT

Suhe, hopeo/D618006
"*Liﬁ”’f‘.‘:li&f.:ﬂ*‘g :f‘:i*-',;
g Are Q70T 2h4L

B3
o

-.; b i r-.,,. T'T”T”r"? e

Evenis/2n {MeV/c%
O

ik
[} 1

t
.
-tﬂ‘l i
.

&
At

A

{Ge V)

M{"t x Jhy) {(GeVic?)




4300/

4200
e Mmii‘t“

+100 -

$000

3900 |

B T =

‘.{mm;* CHARMONIUM (?)

T manemse R

T o e e o £ 2 3 3 e

SPECTRUM

VLT T T s Ienow states:
* wi4040)
e * w4160}
s wid413)

T e

=y
e

Y3040y M40

L ZA3DI0) e M New states foong B-factonies, |

S— ‘u 1§72 » XAST2DD 0D

. ~ (39400211 383 (D)

......................................

s Y (30407
» ZA030y (2P
Z Y (008 yl3s)
o vt} » XA1601 H(3F) (V)
" } " # ¥(4260)=hvbrid (7)
B = Y4324y Y {4360)=7 ;
= L4443 h=tetragquark()}
7 Y(4660)=w(SS) ()
INEW States every yeat!
What are they?

T T S o Charmonia? Exohc siales?




New Measurements of Upsilon(3S)
Branching Fractions (CLEO)

PRELIMINARY
Exclusive : B(T(3S)—T(l S)TT"'TIT_) (4.46 +0.06 +0.11 £ 0.13)%
Inclusive : B(T(3S)—T(1S)nt7~) =(4.48 £=0.01 £0.14)%
Average: B(T(3S)—=T(1S)r"n~) = (4.48 £ 0.13)%

Exclusive: B(T( S)—-:T(]S):rr =) = (18.22 £ 0.11 £ 0.76 + 0.53)%
?T+’ﬂ'_}:(18 03 +0.02 + 0.59)%

) = (18.03 £ 0.51)%

T(38)—T(18)m 7~
— CLEOH e
= avm | CLEOI(OB)  ——o—
CLEQN(4) AT S ARSUEH
— e Crystal Ball (85)
CLSER3) CLEC84)
CUSB(84)
CLEON® ) — o I
LENAAT)
AN 4 42 44 ab 4B 5 51 15 1 17 18 1% W 21 2@ 13 M 5

Branching Mraction (%)

RBranching Fraction (%)




New Measurements of Upsilon(3S) Branching Fractions (CLEO)

PRELIMINARY

e LALECH =g
CLECH) -
: CLECH®E)
i LED LIGE;
CLEOHO) — i it : . ] ARGUXS/)
Crystal Ball (85)
CLER ;
CUSB2) CAREED) |
CUSB(B) |
R TS T N B T T R T TRT
Branching Fractian () Branching Fraction (%) Branching Fraction (%)
F F o
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CLEQ's first evidence for Y(25)2>Y(1S) n

Branching Fraction for T(2S)—n(~yv)T(1S)

Kinetic Energy of n—~~: Left, MC Right, Data

l, Monte Coro ] 'T Dato

g | preliminary
mew | . : ]

]y

.l.-..ﬁ % P |

1] Mee = M(T(15) 5 v
IR

Kinetic Energy of Eta Candidate (Me\)

@ Fitted yield is 14 .4 4 4.6 events, with an efficiency of (13.4 £ 0.1)%

BF(Y(2S) = Y(1S)) =(2.31+£0.74)x10™ 4.60
One candidate is found,

BF(Y(2S) = Y(1S)7") <1.6x107*

Expect this is 16% of the n mode 61



BaBar discovers Y(4S) 2 Y(1S)n

+ Transitions: Y(4S) = Y(2S)x"®~ These are examples of non-B Bbar decays
Y(4S) =Y(1S)n"n~ that have been observed by BaBar and Belle.

% JBOE T B e =
ch w 3 Tf ; B,. ,.=(1.29+0.32)x 10"
S . r,. ,=(27:08) keV
gl ! 3
. LT 4
o} %H’}-I- 45 15—{[} 90+0. 15]}{1[}
.|.|.|_|L|.u_|.L|_|.|J.|_u_|.L|_|.|.|.L|.|.u_|.|.|_|.L|.|_|.|. — +
‘FI'III oo 6.9 L0 Ak Lrﬂ lu:-;-lr:: e DSY 5% 054 058 nﬁ__,.";l:—_::-l.ﬂczll 45 15 {1 B D 4} kev
Supemei | BiBwd g RSN BBk
| : Unexpected result:
g 10- -
% r=15 15N E1M2/
i = 2.41+£0.40+0.12 E1E1
o L : 45=15m
AM, (GeVic) T AM, eI
45_'15 = (1.96+0.060.09)x 10 T(Y(28) = Y(1S)7)

T =(1.3£0.5)x10”
preliminary L(Y(2S) > Y(AS)z 7") 6



Y(mS)—Y(nS) t'rw
Y(nS)—I'l" I'l-=p p,ete

Hadronic transition between Y states

Y(mS)—Y(nS)n, n —» ntan’

.-m. 10 4 r “. ‘f .I T —— i VT A ey e
.:ff IR Y(lS)—»Y(ZS)mr arXiV:0807.2014
':'3 H _:_,_:_.:-- :.' 't": ° °
< 1“'“5-_ ~ ... First observation
bR o 0.65 .« FTY@S)>YAS) ¢
,E : o '.E o H E . §
= 3 o Y(4S)—>Y(1S)mt 0.6 o
2 Y(3S)—>Y(ZS)mt . T - & . j
9.2 Y(ZS)—»Y(IS)nn . Y(3S)—>Y(IS)mt 1|: s B‘F " 96:I:0 0620.091104
03 04 05 06 07 08 09 1 11 1. =( )
A et il T045 05 035 06 065 0.7
AM = me _Muu AM (GeVic) - = - -
= —_ G .1\-;.-"' "
AM MMW Muu eVieT)
PDG
T(Y(3S) — ntx Y28 /TIY| -t‘-;) Tt T(15)) 5 ORTTE0.02620.060 O Gaxti 14
T(X (35} — fr,:}“{_l..‘_-?}}_;FET{_.%.EF] — 7 1"{' 1.57) (w1074 < 1.9 < 0
BI{4S) — 7 T2~ 1(15); (%1074 2| 0.800£0.06440.027 0,600,151
o . | _ e . w Lo 4 a1 .
T(_‘r‘um s w+——1‘(*?'6*“) /TIV(AS) — 7T~ T(15)) & 116L0.16.L0.14
({45 — Y (1S, T(Y {48 — = = T {15)) not expected 24110404012
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