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Conventional Bottomonium
In Quark Model

Y(6S)
Y(5S)
Mg | Yas) | open bottom threshold
‘-ll "ug, g 0 ‘:{-(2;;). 0‘
.0 0‘ Y(ss) “-lll... ’ ’,
‘..:]b(s_s)“.' =¢ hh(ZP) 0: Xb(ZP) h::: .::t
) ’...III“" _ ‘ Y(ID) .:
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(P s AP)
Yas) States below open bottom
£ A threshold are narrow
l---l“ | | l
0" 1=~ 1% - (0,1,2)"* (1,2,3)°"
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n(28+1) LJ

N radial quantum number

S total spin of g-antiq

L relative orbital ang. mom.
L=0,1,2..correspondto S, P, D

J=S+L
P = (-1)“*! parity
C = (-1)-*> charge conj.

The heaviest quarkonium provide a unique non-relativistic system
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for QCD testing



ete- hadronic cross section

ete~—ul, dd, s3, cT, bb

PRL102, 012001 (2009)
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* Measurements at e*e- colliders from CUSB&ARGUS&CLEO to Belle&BaBar
+ The most accurate measurements of masses and widths of Y(nS) states
¢ Study bottomonium states using transitions of Y(nS) states

% PDG: Y(1S), Y(2S), Y(3S), Y(4S) ... but Y(10860) and Y(11020)

L)

L 4

> Y(4S) ->BB (B =B°or B*) “B physics” at B-factories
> Y(5S) -BMB®, B®B"a, BBxrx, BB, Y(nS) ntx, Y(nS)X...
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Luminosity at B factories
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Not only B-Factories but Y(1S),
Y(2S), Y(3S), Y(5S)-Factories as
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well

1.5 T solenoid

Cerenkov Detector
(DIRC)

Instrumented Flux Return

Galina Pakhlova, ITEP

123 /C— o (e NS

SEFETT e,
Y(55): 121 fb™" =

S a - FRMEKRRE Tt

BRET

| Y <
oI
j & BEN O A= —
1

S5 memmae v e—

YUhIFPOYz )L
FrlaA7huwsy—

ElectroMagnetic
Calorimeter

e* (3.1 GeV)

Drift CHamber

Silicon Vertex Tracker



M(GeV/c?)

10.75

10.50

10.25

10.00

9.75

9.50

11.00

P1C2010, Karlsruhe

Y(3S)

1, (1)
the ground state

of bottomonium

(01,27 (1,2,3)7
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The first hint of n,,

R ALEPH centre-of-mass energy = 205 GeV
] T':_ r
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ALEPH collaboration

“Search for yy—n,In
e*e~ collision In
LEP2” PLB530(2002)

+* One candidate event
IS found In the six-
charged-particle
final state and none
In the four-charged-
particle final state



‘The first observation of n,,

5:30‘}“ Y(3 S)—>’Yﬂb | — E’;‘z_[:}ﬂm; <% Search for Y(3S)-yn, in Y(3S)
S 6000 Jf n, = data
S [ = + ; Yisr ] < monochromatic line in photon
:E‘; 40001 ? | p; nb B energy spectrum ~ 900 MeV
2 2000~ { { H bej(zp)ﬁﬁ &% w 106 — Huge peaking backgrounds
(ﬁHM W?Hw 4 #gg@ < Y(3S)=>7%03(2P), %p:(2P)— vY(1S)
j H non- peaklng background tract E ~760 MeV
2000 09M Y(3S) PRL 101 071801(2008) T
Y-S AN ¥ SR R R S NP 71srY(1S), E, ..~ 860 MeV

The inclusive photon spectrum E, (GeV)

< 10000

> N

M (7,)=9388 .92 +2.7Mev S 5000 Y(2S)—ynp -

= -

% S h for Y(25) : = 6000[- .

< Search for =N, iN - y ]
P ISR

Y(2S) data £ 4000 Mo E

M (r,)= 9394 .97, + 2.0MeV Ry . 4 .

L non-peaking backdround subtracte ty -

-2000£92M Y(ZS) PRL103,161801 (2009)
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The |nc1u3|ve photon spectrum E, (GeV)
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Counts/10 MeV

CLEO measurements

5.9 10°Y(3S) events Y (3S)—>yn,

400 B T

200 |-

e ol R TIPAp) +++a+++++++ ++T':
ol | .|T * PRDB1,031104 (2010) |
400:— | | l l 1l l l B
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Measured n, properties

Quantity 1(2S5) — ym T(35) — ym

E, 610555 418 9212421 o4 |

(MeV) - 918.6+6.0 £ 1.8 B
M(mp) 93929718 £1.8 03889731 £27f
(MeV) - 9391.8 + 6.6 + 2.0 [}
AMp; 674738 4+19 714823 127 @
(MeV) - 68.5 + 6.6 + 2.0 )
Bx10* 42711 +£009 48+05+12§
<8.4 7118 £ 1.1 )

<5.1 <4.3

‘ ‘I | |
LS| [ L R AL UL v
Y LR A A
550 650 750 Ef?ﬁqev) 950 1050 1150 Good ag reement between
The inclusive photon spectrum BaBar & CLEO
BaBar-like fit in three Hyperfine splitting predictions

C0S0- regions

»» Lattice: ~ 50-60 MeV/c?
“+ NRQCD: ~ 40 MeV/c?
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n,(1S): converted photon analysis

S 2000~ e
[ = 3 250F
- ? s o 4 + f 2.36
i - 5 sk
% 1500 Lt ﬁ_sg llu' MH TMH u +’r+
H . t
o - 209 sz;,.aa""Eé.:w
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5
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Mode

Measured

PDG Expected

T(SS) — VX
YbQ(QP) — ’}T
X1 (QP) — ’)T

(9.6 £0.3£0.5)x 1073
(13.0£0.34+0.7) x 1073
4.242278) x 1071

1.8

(9.3£1.7)x 1073
(10.7+£1.9) x 1073
(5.3+£3.6) x 1074

Ybl(lp) — "}T

(2P)
(15)
(15)
(1P)
T(15)
(15)

(144+054+0.8) x 1073
(252 +0.6+1.2) x 107
(1.14£0.641.0) x 1073

(15.7 £3.0) x 1073
(242 4+5.7) x 1073
<23 x107°

mnb(lg) (MeV/cQ)
Y(3S) — ym(1S)
T(2S) — yn(15)

9403.3 + 2.4797
(5.14+1.571%) x 10~
(3.1 £3.075%) x 1071

0390.0 + 2.8
(5.140.7) x 10~
(424 1.3) x 1074
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New preliminary results

> Using converted photons

y—e*e- improves resolution
from 25 to 5 MeV and allows
to resolve y,,, states

% Week evidence for n, (2.3 o)
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Search for Y(1D);

(01,2)"* (1,2,37
1 2
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The first observation of Y(1D)

12 ———— S PRD70,032001 (2004)
ol D 5.6x106Y(3S) events
= 8f YD) - ** Measurements of four-photon
P i{gcoil mass agaki]nst two 7| cascade:
S “[fower energy photons ]
o 2f - Y(3S) = 115(2P), 15(2P)—>YY(1D),
0 o+ L Y(1D)-vy,(1P), %,(LP)>yY(1S),
.| _ | ta— gatga—
= 6| Yw) | 19, | YAS)>eEE
T4 \ | % Select four photons and two
% o|- ¥2,5 fit method MMQM - leptons
") I _JHHZ |

10100 10125 _ 10150 _ 10175 10200 Myqpy=10161.1 0.6 1.6 MeV/c?

Mass (MeV)
Theory Godfrey & Rosner, PRD64 097501 (2001)

% M(Y(1D)) ~ 10160 MeV/c?
% Fine splitting AM Y(1D, ;) ~ 5-12 MeV/c?
% T'(Y(1D)) ~ 30 keV

P1C2010, Karlsruhe Galina Pakhlova, ITEP
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Y(13D,): New BaBar analysis
122 10°7Y(3S) events

Reconstruct cascade
e | Y(3S) = 7t,5:(2P),
\ aen oy %3 (2P)>yY(1°D;) (0'=0,1,2)
Y =~ JYam)  Y(13D,) - n*a Y(19)
Y(1S) -1l

Require exactly 4 tracks and
at least two photons

| T Constrain M(I*I) to My,
= Combine two pions with
. Y(1S) candidate to form
o & 17- 012" aza— Y(13D Jg (mass resolution ~ 3
0 e 1 1 2 MeV/c?)
Backgrounds within fit interval with two photons to form

% Y(3S) = v,(2P) > yo Y(1S) Y(39)
“ Y(3S) > ' Y(1S) + Yeer

% Y(3S) = n(x*a =) Y(1S)

% Y(3S) > yy/ a’=Y(2S), Y(2S) > n*a-Y(1S)

P1C2010, Karlsruhe Galina Pakhlova, ITEP



Observation of Y(lD ) and hints for Y(1D, )

. . e 3 X1v:1004.0175
> + Data --- Signal Y (13D,) 28.6fb-!
Ol YFl'jD —- 7% (2P)>10Y (1S)
Q N R oY (18) -
S I ¢+ S~ e e (19) D/_
o VY ()Y (2S) ]
= 10 -
— ) =
S '\ .6? ) L

| |/
i rrinns WA
0 bumis o : mww %ﬂui

Y2 M (rcr=¢+2-) (GeV)
My@p,) = 10164.5 + 0.8 + 0.6 MeV/c?
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Y(1D;): Quantum Numbers

Y(13D,) signal region Y(1°D,) signal region
10140MeV/c*<M,_,<10178MeV/c? 10155MeV/c’<M__,<10168MeV/c?
580 ' | ' ' I ' m60— 1+ cos2y with sign(3) = (—=1)’ P
2 - * Data C% ] - consistent with ]

> | — D state D’ S 540_— J=2,P=-1

<60 -8 state S -
- —-= 1P state E angle between €€ and 7z planes

VA of in the Y(1°D,) rest frame
- 7 JEN ‘ |

0 05 5 1 L5
11+ 5(3cos? b, — 1)1

-/ ;
[/ d

_ consistent with J =2
" for S state is flat

] T anxivil004.0175 N

apmr=tT | | 1 1 | | | u
0 0.4 06 . o Ofoo— e TN
m - mass (GeV/c?) helicity angle . cosOr+]
Strong]y favor the D state angle between & in the mm rest
frame with respect to the boost
P(x%): D(84.6%), S(3.1%0), P(0.3%) from Y(13D,) frame
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Search for
h,(1P)



h,(1P) status In pre-B-factory era

Theory expectations
My apy = (M, qpyt3M, apyt SM, ap) /929900 MeV/c?
Production
< Br(Y(3S) » n*mh,(1P)) ~ 103 — 10-? Kuang et al PRD37 1210(1988)
< Br(Y(3S) » n’h,(1P)) ~ 103 Voloshin Sov J NuclPhys 43 1011 (1986)
“ R(n°h,(1P)) / m*mh,(1P)) = 0.05 - 20
Decays

“ h,(1P) = ggg (57%), Tn,(1S) (41%0), ygg (2%)
Godfrey, Rosner PRD66,014012,(2002)

“+ Experiment: CLEO searched, no signal found
% Br(Y(3S) » n*nh,(1P)) < 1.8 x 10 CLEO PRD 43 1448 (1991)
% Br(Y(3S) » n°h (1P)) <2.8x10° CLEO PRD 49 40 (1994)

P1C2010, Karlsruhe Galina Pakhlova, ITEP



New searches by BaBar

Y(3S) » n*nw h, (1P)

¢ Reconstruct pair of oppositely charged pions

< Measure recoil mass against w7~

2 2 Lt
Mg" = (Mygsy—E p4n) —P
x10"

— T T | T T T T | T T T
I BABAR 1
% 300 preliminary |
O SR |
é' N e Y(1S) |
c5600f' B

p—

— I -
52 — _
=400 —
Q - 16,(2P) — .
a8 ~ T You(1P) n

| Y(33)
2 00 B T 1‘(?8)

__I___I__J__I___|__J__I...I..J..l__I | | | | | | | | | | | | | | | | |
9(? . . 9.95 10
mg, [GeV/c7]

3
W
\O
0
ot
o0
n
\O
N

combination

n+n—

+* Fit to recoil mass
spectrum
“ h, signal
< Y(3S) - T Y(25)
* Y(2S) » n*n Y (1S)
* X0a(2P) > 7w ,,5(1P)

** Non-peaking background

P1C2010, Karlsruhe Galina Pakhlova, ITEP



)

Y(3S) > n*nh, (1P)

00— ——
; - ﬂmsp BABE“R |

30 e Y(18) prelimjnary

—— No evidence for h, signal at
1 my =9900 MeVi/c?
S0

- I I | | I 1
).95 10

< Br(Y(3S) » n*mh,(1P))
=(0.0 0.5 0.3)x10%
(<1x104 at 90% CL)

Candidates / ( 0.001 GeV/c
N
7

: H I ?@QZ%[GGWC] “ Most significant scan
: oint < 2 significance
I IH H‘ Mh H : W MIH | w ler W ; :

Candidates / ( 0.001 GeV/c?*)

9.86 9.88 9.9 9.92 9.94
mg, [GeV/c’]

P1C2010, Karlsruhe Galina Pakhlova, ITEP




Y(3S) = 7%, (1P), h,(1P) = yn,(1S)

(7T ) = (mr(ss) E 0 )% — P o’

_ ><1()3
, 180:_ \ L _:
> o0 :
2 140— —
S 1ol £ b = % Reconstruct %(yy) + v
= 100F 1oaE . :
2 o @y i % < E, to be consistent
L D’ e 4 with hy(1P) — ym,,(1S)
40— 152: —;
200 tasE -
b Lo T
9.75 9.8 9.85 99 9.95 10

m.m.(1°) (GeV/c?)
s+ Measure © missing mass:

% Constrain n° mass to improve resolution

% N_, from m(yy) fit in each m.m.(a") bin
% Fit to the m.m.(x) distribution

“ h,(1P) signal

¢ background

P1C2010, Karlsruhe Galina Pakhlova, ITEP



Y(3S) » a’h, (1P)—y 1, (1S)

4000 T T T T T T Tt Topeeo" TN T R DR R
S: 1 Rk E
<3000 BABAR & 4 =% BABAR Hm .
N= - preliminary - N 8000 preliminary =
EZUUO_ ] :S : 7]
o = T . — 6000[— ~
= 1000~ " ;:) u H{ ﬂ .
0 . *JE 4000:— =
0 | K %HH” HH‘ ‘ ~~...'.|| it i

l hb(lﬁ e w WH M ........... W&
- 4| 0 -2000— H
-2000— - - .
- ] 4000 E
o7 o8 98 99 995 10 Tors T os T ess e o o
m.m.(n%) (GeV/c?) m(h ) (GeV/e)

Fixed mass fit:

% Br(Y(3S)->n’h, (1P)—> n’yh,(1S)) = (3.1 1.1 0.4)x10* (2.70)
% 1.5x10* < Br(Y(3S)— a’ h,(1P)—> n%mn,(1S)) < 4.9x104

< Best fitm, =9903 4 1 MeV/c? consistent with predictions

P1C2010, Karlsruhe Galina Pakhlova, ITEP
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The last measurements of Y(2,3S) - v %,5(1,2P)

) 4
| }305_} I ' _ Tﬁ'ﬂm‘ﬂ’m 62 | T —
: 59 10°Y(3S

o (8]
a %))
I I

B
(%)

Number of Photons / 2% Bin

Number of Photons / 2% Bin
o
(o]

Y(3S) = v x(2P)]

The inclusive photon spectrum

PRL94,032001(2005)
R

o 7.5 -
4l 5
(1P) 5.0 . —

£ Xo(1P) b axo(2P) 3

2 2.5 'hes -
1) i | | - ol O g —— " A ]

60 80 100 120 160 200 240 50 60 70 80 100 120 160
E__{Mea\ E_{MeW)
final state xs0(1P) b1 (1FP) \p2(1P)

B (%) 3.75+0.12+0.47

E., (MeV)

6.93+-0.12+0.41

7.24+0.11+0.40

162.56+0.19+£0.42 129.58+-0.09+0.29 110.58+=0.08+0.30

b1 (2P)

\p2(2P)

14.54+-0.18+0.73 15.79£0.17£0.73

final state x50 (2F)
B (%) 6.77+0.20£0.65
E, (MeV) 121.55£0.16=0.46 99.15+0.07£0.25

86.04+0.06+0.27

P1C2010, Karlsruhe
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Search for y,, (1P) = yY(1S) D

<o

24 1 fb -1 171 106 Y(ZS) < Study Y(2S) — vyxp, (1P),
R R 16 (1P)> 71,Y(1S)
5 4 " < v, (110 — 160) MeV, 17, (390 — 440) MeV

E*, econay (GEV)

2 |M,,, — Myug) < 70 MeV
% P, 5250 MeV

(1)Y(2S) — 7°° Y(1S) (MC)

150MeV<E,;<170 MeV (2)Radiative pp- (gaus.)

140

(3)x,, and x,, (beam
background) (CBF)

(D, Peak (CBF)
Significance 166

Very pr_el!mlnary Mw 7/ \‘H&it
Belle analysis is under way F @y e 4o ahd
s L;:%\ G
T T R 045 e
E E*, (GeV)

P1C2010, Karlsruhe Galina Pakhlova, ITEP V2



Search for Y(1S) radiative decays to
charmonium and charmoniume-like states

P1C2010, Karlsruhe Galina Pakhlova, ITEP



Y(1S) radiative decays =

<o

“* Br(Y—>vygg) = (2.21 0.22)% PDG2010

“ Sum of branching fractions of measured exclusive radiative modes is an
order of magnitude less

% ForY(1S) JP¢=1--
* Final states in Y(1S) radiative decays to be C parity even

* Search for decays to charmonium y.;, 1. and charmonium-like
states X(3872), X(3915), Y(4140) with C=+

~ PRL91,262001,2003
X(3872)

' PRL102, 242002(2009)

3.80
| & (4140)>IIyd

htidi

P Y T PRI T R 1
1.1 1.2 13 14 1.5

M(J/ye) - M@J/y)

— PRL104, 092001 (2010)
. Yy = X(3915) - 0Jhy

cEvents/ v wiev

_II” ':‘—Illlllll

Candidates/10 MeV/c?
O o NN W B 0O O ~ 0 W

i
o
>
ha
=
ho
o
>
()
-

M(Jhyrtmr) "
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Y(1S) radiative decays

102 10°Y(1S) events

80- arXiv:1008.1774 ~ ]
O 705 = D .
% GU?J g 20¢ BELLE -
E S0 l | N : MC ]
= 4 | 2 10- ! -
£ 30 H’(} £ 3872
§ 2of symo 5 deda = ﬂ J ( )
L . oL N
100} 9% 38 42 44 46 4.8
oo v v b v b v v o b v v b v b v b v by wa
95 26 27 28 29 3 3.1 :.2 33 3.4 M(T T Iy) (GeV/c)
M(hadrons) (GeVic’) No significant signals, only ULs
FT II|""|""|_I T T T TT T T4
8 = 90% C.L. UL on
- _ 1 | state (R NUP_
v 708710 E SRy g | B(Y(1S) >YR)
3> 6 L1 EREr 115 |65 10%
;Es_ 5: T - EREA 138 |23 10°
£ :5_ / Yoo 2.4 76 10°
E 2* WL L tdo! 1L 1, 86 68 105
1§_ )4 R L X(3872) >t - Iy 3.9 1.6 10
= - =i - ) )
U el e e B B | X(3872) > non O 2. 28 10
83335 3.4 3.45 35 3.55 3.6 3.65 3.7 oo —mn i Jy |23 § 10
M(y Jhy) (GeVIcz) X(3915) - o J/y 2.3 3.0 10°
Y(4140) — ¢ Jiy 2.3 22 10%
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350
300
250
200
150
100
50
0

Entries / 0.010 GeV/c?
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S candldates in tl‘le region

%’Y{{;;}Mm SY(4S) ": Y‘ig]ﬂ_iu red D

;E . g o -" BELLE
0.4 0.6 0.8 I R I R

AM = M(upmm)-M{L) {GeWc )

|III|II‘I°L‘I‘1I-|III|I'

Y(l:?;)r »"\*‘ §
= i B °‘ PRLlOO 112001(2008)
[ | | | l:““| | .-I . | |‘.:|- I | 1 | | | : | ’ IR I
0.4 0.6 0.8 1 1.2 1.4
AM = M(uunm)-M(up) (GeV/c?)
(a) punr candidates in the Y(18)—uwiregion BT
Y (25) Y (38) FY(48) -: Y (58)7;
Y(lS) : : IE T A
: e e i
0.4 0.6 0.8 1 1.2 1.4

AM = M) -M(L) (GeWcz}

The first observation
of efe > Y(NS) a7~
near Y(10860)

% 21.7fb! at \s= 10.87 GeV
*» Measure

AM = M(p*pm*n)- M(pp)
using Y(nS) — pn*u-decays
“* Sharp peaks are expected

at AM - MY(mS) _MY(HS) y
m=>n

“» Observe unexpectedly
large signals

Y(10860)—>Y(nS) w* &~
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Abnormal Y(5S) = Y(nS) h*h=?

‘Illlllllllll..

Process N, 3

T [(McV)

T(1S)n ™ 325178 200
T2S)r w186+ 15 140
T3S)r r~ 105735 320
T(S)KT*K~ 202752 490

1.61 +£0.10 £0.12
2.35 +0.19 + 0.32
1.44F955 £0.19

0.53+0.03 £0.05 =0.50 +0.04 +0.00
0.78 + 0.06 + 0.11

0.48751% £0.07
0.18519:04% + 0028  0.061+001% + 0.010 20.067091T +0.013

2 0.85 £0.07 £0.16
0

" 0527030 £0.10

ggeeEEEnnn?®

Process

;FT(I S)m+m—

Y(2S) — Y(1S)m+a~
Y(3S) — Y(1S)m+m~
T(4S5) — T(lS)ﬁ+?r
Y (10860) — Y (1S)n*

“‘]

0.032 MeV 0.612 keV
0.020 MeV 0.443 keV 20.0009 MeV
20.5 MeV  0.272 keV 20.0019 MeV
0.31 keV = 0.59 MeV

=0.0060 MeV

110 MeV

Theory explanation

ApeEEEEEEER®

A"..........Q‘.IIIIIIIIIIIII’

= More than two

= orders of

= magnitude larger
than corresponding

= partial widths for

* Y(45), Y(3S) or

Y(2S) decays

*» Rescattering mechanism Y(5S) -» BB n* = > Y(1S) a* © suppressed at

Y(4S) Yu.Simonov et al JETP Lett 88, 5 (2008)

< Anomalous rate of Y, bottomonium counterpart of Y (4260)

charmoniumlike state W.S.Hou PRD74, 017504 (2006)

As only one CM energy is used it remains unclear if these enhancements
are effect of Y(5S) or due to Y, states! A detailed energy scan is needed!

P1C2010, Karlsruhe
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Energy scan
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Energy scan above Y(4S) ' ﬁ " PRLS4 3811969
col
e R, = o(e*e- —)bb)/(e+e ) ﬂ
£ os _ : arXiv:0810.3829 5.5 | J Y(10860) ]
2 oal ’ Y(11020) - o
& 03| f 7/\ 1 , + Q‘: q
0.2 O s e
“I Y(10860
01l ( B ) 8 4fb— ast P Y(11020)
) P S TR S | S T T | T
10.75 10.8 10.85 10.9 10.95 11 11 05 0.5 07 IﬂEi .|
\s (GeV) CENTER OF MASS ENERGY (GeV)
o VO
- PRL102, 012001 (2009) Z) ]
Mass, MeV/c? I, MeV osh -
Belle | Y(5S) 10879 3 499 - .
BaBar 10876 2 43 4 s k
PDGO08 10865 + 8 110 + 13 0.3 e
BaBar | Y(6S) 10996 2 37+3 02l =
PDGO08 11019+ 8 79+ 16 N E
Belle&BaBar are in a good agreement - .
R (Y S T K AT F S T R TR TR R T
\s [GeV]
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Scan for efe—— Y(nS) n* -

c(e*e- Y (nS)rw)/(ete—pru-)

= 0.012 * Fitl: Common BW resonance
e ! arXiv:0810.3829
< 0.010[~ g yprsmm — MAX Ry : parameters used for three
E 0.008[— §-Y(@S)r- -~ *r ----------------- : different final states
2 0.006 __*:_‘513_91){”} ________ E_ ._* _______________ b [ o
o 0 % M =10888.4+2.7+1.2 MeV/c2
o002l ¥ E—H- e — & I'=30.7*83_, +3.7 MeV
0.000 1 : ' + no contribution from
10.75 10.8 1085 109 10.95 1J_ 11.05 Y(11020)
s (GeV)
E 0-012 (c) PDG Y(10860) 1 and T
°c 0.010 |—-&- e oSS - e oo oo - - i
= 0008 _:_ng________E_'ZiLT‘_1_°ff‘f’_“_"I'l‘iffr_°_"l?sf'f__ < Fit 2: Resonance parameters
S o] dvoom ity Joms | fixed from PDG
&' 0.004 _+,i ---------------------- *» FIt 3: Resonance parameters
0.002f===""""- "=~ '_',."*'"'ti't"f'""f-:?.‘_'_‘_‘_‘_‘_‘_‘_‘_i:_'::: fixed from Rb fit
0.000 t “.".a):( Rb :
10.75 108 10.85 109 1095 A1 11.05

Ns (Gev) < e*e — Y(nS) n* « differ (> 30)
from the shape of e*e~——bb

P1C2010, Karlsruhe Galina Pakhlova, ITEP



Y(5S) decays to B mesons
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Hadronic decays of Y(5S)

T

. BB K

1 WA

L% 0 R T
-0.3 -0.2 -0.1 0
AE

01 0.2

Y(5S) > YX, BX, B.X

BX = BB, BB", B'B*, B")B")x, BBnn
B =B"or B% B">By

B.X = BB, B,B.", B,'B,"
B.=B.*, B,’>B.y

Method

(GeV)

P1C2010, Karlsruhe

I\/Ibc: \/E*beamz_ I:)*B
AE = E*B _ E*beamz

*+» Full reconstruction of one B meson

<» Measure energy E; and
momentum P”; of B candidate

< Calculate beam-energy-
constrained mass M, . and energy
difference AE

% v from B™ is not reconstructed

Galina Pakhlova, ITEP



M, (GeVic)

Y(5S) decays to B mesons

Measure five B decays modes at Y(5S) CM energy ~10867 MeV PRDS1, 112003(2010)

B0 + Bt 0 B*—=D (Kn)n*
o  BIWKT T BTIKY | BT ( n)n
535F @ s3sf i - Qo 5.35%‘ Q
53— . ) EE 5.3 — o : E.S 53F Eﬁ
s25b0. . \ B 525 . 23 6fpt Bf
Y — 0.2 S a— 02 o S R v
AE (siv;- AE  (GeV) AE (GeV)

., B™—>D (K37;)_7t* ol

5.4 | 54
5.35 i 535
5.3 5.3

5.25 il 525

D
o

BELLE

B"*—U "

B B R
AE (GeV)

0.4

B R R
AE (GeV)

Signal band: AE = (mgz-M,_.) 30 MeV/c? , mg=5.28 GeV/c?

ion rates

_ F(BHO) — vyt . (N;g(m) X epox % Bpoyx) Average prodgucc:)t

Decay mode Yield Efficiency, % f(B™/°),% f(B+) (72 N tgé + 9 O) %
Bt — J/yK* 221112 3.41 89.075% £ 8.0 0 +5.8 ’ 05
BY — J/pK*° 105 £+ 11 1.30 85.379% + 8.8 f(B%) (77*0—5.6 = 6°1) /6
BT — D'(Km)m* 2154£21 097 640£6.2+49|[f(B) (73.7 + 3.2+ 5.1)%‘
BT — D°(K3m)r™ 275+ 32 1.17 68.375) +6.4 || I 0,
B - D nt 247 + 25 1.80 720+ 7.4+ 6.4|| (58‘9 + 10.0 = 9‘2)4

P1C2010, Karlsruhe

Consistent with CLEO within uncertainties
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05, : PRD81, 112003(2010)
~ 0.4:_BB MC ey Data 5Srl“]|,]rgdoefs Y(5S) BELLE
> | . S 1007
= 0.3} BB BBrr s Fit tWO-bOdy decays
5o BB 5 fhreshold

L i resno . . .
g% - 4| Simultaneous fit of five
@ m;é | BOBOm [l @ e +++ ,| B decays modes in

ok e B T i v 1M, < 5.35 GeV/c? region
5.3 5.35 5.4 5.3 3.35 54
M, (GeVic?) M,. (Gevic’) after background
M, . projection within signal band subtraction
AE =(mg-M,.) 30MeV/c? , mgz=5.28 GeV/c?
Channel Fraction, %
BB 5.5700+£0.4 Theory
— — Yu.Simonov et al PLB 671,55 (2009),
BB*+B*B 13.7 i 1 3 + 1.1 D.S.Hwang arXiv:0812.4402
B*B* 37.5 13 £3.0 B"B" is dominant 30-69%

Large M. 17.57F + % & 1.3 <=not 2 body decays,
unexpectedly large!
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B Y(5S) three-body decays

BELLE

_ - PRD81, 112003(2010) @ £
0.4] = BB 0F Dat u G ,
M T i ata
2 -- 2 e
= 03f BBn — 3 |
f e 20
P P Reconstruct pion and
= - .
S ° one B candidate from
= Wik the signal region with
T Sum of 5 B modes+ M, "¢ > 5.37 GeV/c?
- Car Measure E,_..and P
AE™+ M™s-m_ (GeV) AE™"+MpE-my (GeV) mis mis
Channel Yield ("), Fraction over Fraction per
events large My, % bb event % Too Iarge fraction of BB™n
BB« 0.2 172 02755 00+1.2+03 Theory: 3-body fraction
BB*r+B*Br 383707 416712, 7342310 | ~0.3% L.Lellouchetall
BB 1R t(;j 5 +; ;i 10 J_riélg T 04 . -NPB405, 55 (1993)
Residual ) 03 +15.9 g o+3.0 L 1 ~0.03% Yu.Simonov et al
esiaia Ped 150 28 b JETP Lett 88, 5 (2008)
Large M. 100. 17.5 ﬁg + 1.3
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Conclusion
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... below open bottom threshold

¢ Huge data samples collected at Y(1,2,3S) resonances by Belle&BaBar
detectors allow to obtain new results and perform detailed searches

% The bottomonium ground state observed in Y(3S) — yn,, Y(2S) - yn, decays
by BaBar is confirmed by CLEO

*» New BaBar search for Y(2,3S) — yn,, via converted photon spectrum
% Low significance of the n, signal
% Improved direct y, ;(1,2P) — y Y(1S) measurements

» First observation of Y(1°D;) — n* n~ Y(1S) decays by BaBar
* Quantum numbers and precise My, ) measurements

< New BaBar search for h (1P)
% No evidence for Y(3S) » n* n~ h, (1P)
< Marginal evidence for Y(3S) — n°h,(1P), h,(1P) — n%h,(1S)

% Search fory,, (1P) - yY(1S) by Belle

% No evidence for Y(1S) radiative decays to charmonium and charmonium-like
states is found by Belle

P1C2010, Karlsruhe Galina Pakhlova, ITEP



... above open bottom threshold

“» The first observation of unexpectedly large signals
e*'e— Y(nS) n* w near Y(10860)
“*No clear explanation

“» The shape of cross section for ete=—— Y(nS) n* -
differs from the shape of e*e——bb cross section
obtained by Belle&BaBar

“* Y(5S) decays to B mesons are carefully measured.
Two body and three-body fractions are obtained

“* Unexpectedly large fraction of BB x to be explained by
theory

“* B, physics is not included into this talk
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