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Y(1D,): General Information

« Expected Y(1D,_, , 3) properties

Godfrey & Rosner, PRD 64 097501 (2001)

« Experimental observation

— Y(3S) = 1yY(1D,,) = yyyyY(1S) — yyyy€e

— B(Y(3S) - yyyyl€) =(2.5+£0.5+£0.5) x
— Myqp,,y = 10161.1 + 0.6 £ 1.6 MeV/c?

38

TN

10~

CLEO, PRD 70 032001 (2004)

/
1S

* No evidence for Y(1D;) —» ntn Y(1S)

L

phy
or
ete”

— Limit: B(Y(1D;) » n*n Y(1S)) < 4% [CLEO, PRD 70 032001 (2004)

— Theory: Kuang & Yan ~40%, Ko ~2%, Moxhay ~0.25%

Kuang-Yan, PRD 24 2874 (1981)] [Ko, PRD 47 208 (1993)

Moxhay, PRD 37 2557 (1988)

o 4D
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Y(1D,): BaBar Analysis

. o
* Reconstruct Y(3S) — yyY(1D;) — yyntn Y(1S) — yynin€é

3S

— Require exactly 4 tracks N
— Mg+~ consistent with / constrained to my;s, 1 S
— Minimize E, % to select best candidate

— Myqp, resolution ~ 3 MeV/c?

php
or

« Maximum Likelihood fit to m_+ .+~ Spectrum
— Y(1D,) signals: Double Gaussian + Crystal Ball
— Monte Carlo (MC)-determined backgrounds:
* Y(3S) = 7¢ps(2P) = yo (rtn~ or wtnn°) Y(1S)
* Y(3S) - 1t Y(1S) + year
* Y(3S) > n (rtnw°) Y(1S)
* Y(3S) — yy/m°on° Y(2S) (ntn Y (1S)) .o

af
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Y(lD ) Flt Results
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3| 9.4 1.7 (1.6) (0.29107% + 0.06)% (< 0.62%)

Myup,) = 10164.5 + 0.8 + 0.6 MeV/c?
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Y(1D,): Quantum Numbers

)

= D BaBAR 0 _ | invariant mass
ém; Yse /| 1 [Van.PRD 22 1652 (1980)] [Kuang et al PRD 37 1210 (1988)
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i
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N,(1S): General Information

¢ 1n,(19) observed IN mcluswe Yy spectrum for Y(BS) and Y(ZS) 0000000000
5 TTTTIYes)
§ - 0 NHHHIMHI + 1y m x+H +:
86000: :\ ” ”‘\\ “”\I‘H‘m L \H +‘++ | i ‘ \+ E
%4000: %'j:: — 1 | H —
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0.5 0.6 0.7 0.8 0.9 IEY(GeV]).I OE\ “HH% \H\ + t ; l* t+ “H1+T++T++++1”l
SaBar PRLI0T 077807 (2008) [BaBar PRLT03 167807 (2000)] .4 Ll & 1T
. E, (MeV)
« Measured properties [CLEQ, PRD 81 031104(R) (2010)

— B(Y(3,2S) > yM,(1S)) = (5.1 £ 0.7) x 104/ (3.9 £ 1.5) x 104
- M, 1s) = 9390.9 £ 2.8 MeV/c4, T, 15y = 10 MeV
— (Mygsy— M, 1)) = 69.3 £ 2.8 MeV/c?

« Hyperfine splitting theoretical predictions

— Lattice: ~50-60 MeV/c? NRQCD: ~40 MeV/c?

HPQCD, PRD 72 094507 (2005 -
Fermilab & MILC, PRD 81 034508 (2010) Kniehl et al, PRL 92 242001 (2004)

® &
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n,(1S): Converted Photon Analysis

« Converted photons (y — e*e") improve resolution (25 - 5 MeV)
— Fit pair of tracks, selected with %4, M., p,

.. .
°vet
— Additional cuts: [c0SO,,<ils Niracks: T° VELO
‘nbﬁS} MC- Calorimeter Photons| | n,(15) MC- Converted Photons| 30y B L s s S ‘jl35
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e Simultaneous fit to Ey* spectrum in Y(3S) and Y(2S) datasets
- Y(3,2S) — vy n,(1S): Breit-Wigner * Crystal Ball
— €' €. — Yisr 1(1S): Crystal Ball
— %p3(2,1P) — v Y(1S): Doppler broadening * Crystal Ball
— Background: 4" order polynomial x exponential decay . o

_ﬁg ]
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Ny (1S): Fit Results
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Yy — ete~: Results Summary

. Ey* and branching fractions as expected

Mode Measured PDG Expected

T(3S) — vxbs(2F)

Yp2(2P) = ~Y(18) | (9.6£0.34+£0.5) x 107* | (9.34£1.7) x 1077
Xp1 (2P) — ~AY(1S) | (13.0£0.3£0.7) x 1073 | (10.74+1.9) x 1073
Ys0(2P) — AY(1S) | (4.2+£22710) x107* | (5.34+£3.6) x 1074
T(25) — vxps (LP)

Ys2(1P) — Y (1S) | (144 £0.5£0.8) x 1072 | (15.743.0) x 1073
Y1 (1P) = ~Y(1S) | (252 £0.6 £1.2) x 107* | (24.245.7) x 107*
xso(1P) — ~Y(1S) | (1.1£0.641.0) x 1073 <23x1073
My, 15) (MeV/c?) 9403.3 24777 9390.9 2.8
T(3S) — yn,(1S) (5115730 x10* | (5.14£0.7) x 104
T(2S) — ynp(1S) | (3.14£3.055%) x 107 | (4.24+1.3) x 1074

Mass-constrained fit:

— No evidence for n, (2.3c stat.)
* Bestfitresultin m,_ g region:

— Differs by +12.4*38 , ;MeV/c? (3.3c stat., 2.6c w. syst.)

PDG, PLB 667 1 (2008)
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h,(1P): General Information

o
Expect m, 1py = (M, 1py+3M,, 1py+5M, 1p)) / 9 = 9900 MeV/c?

Production mechanisms

- B(Y(3S) —» ntn hy(1P)) ~ 103 — 102  [Kuang etal., PRD 37 1210 (1988]]
- B(Y(3S) > n° hb(1|:>)) ~ 103 [Voloshin, Sov J Nucl Phys 43 1011 (1986)
— R(n°h, (1P) / wtnh, (1P)) = 0.05 - 20

Expected decays

— hy,(1P) — ggg (57%), ynp(1S) (41%), ygg (2%)
Godfrey & Rosner, PRD 66 014012 (2002)

Previous searches
= B(Y(3S) > n'n” hy(1P)) <1.8 x 10°  =r=5rro 33723 (1991)
- B(I(3S) > n° hy(1P)) <2.8 x 103 [GE0.PROA940(00Y) |

&
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wnh,(1P): Analysis Strategy

* Reconstruct pair of oppositely charged tracks
— Cutson E,,, R,, N K.’ veto (flight length, cos o)

total’ tracks?

« Define n*n~ recoil mass: my” = (Myas) — E'+ ) =P+ °

« 2 fit to mg with 7 components
— h,, signal: Symmetric two-sided Crystal Ball (TCB)
— Y(3S) —» n'n Y(2S): Asymmetric TCB + Bifurcated Gaussian
— Y(2S) » '~ Y(1S): same, with fixed feed-down components
— Yp12(2P) = Ty .(1P): TCB, with fixed peak position
— K, = n*n—: MC-determined phase space
— Non-peaking background: 6" order Chebychev polynomial

o D

&
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nn-h, (1P): Fit Results
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nn-h, (1P): Fit Results

o
10°
~ 1003
O BABAR -
g 80:— 7 Y(18) preliminary
— n Y(3S) >
g B & YES_S% 4,.1 - - Y(28)
- 60_— b h—_
g 407 B
2 B |
o n : N .
5} 20— f{%t-)ff;mm ]
— |KSO—>TE+JT_ \:
0 ] | Il-l-‘ I_ | I - :p: -.“-.1‘:".:—. ' 3 ; .r. ‘ ] | I ' | | . ] | I ] ] |
9.75 9.8 9.85 9.9 9.95 10

mg [GeV/c?

' -Lkl_;-:_y N

Recent Bottomonium Results from BaBar / Bryan Fulsom / ICHEP / 2010.07.22 /| Page 17/22 ‘




nn-h, (1P): Fit Results

my, [GeV/c?]

No evidence for h, signal at m,, = 9900 MeV/c?
- B(Y(3S) > ' h,(1P)) = (0.0 £ 0.5 £ 0.3)x10* (<1x10% UL)
Most significant scan point <2c significance
Exclude B(Y(3S)—r*nh,(1P)) > 2.5x10* (90% CL) over range
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w°h,(1P): Analysis Strategy

Reconstruct n°(y,y,) + v
— Require E, consistent with h,(1P) — yn,(1S)
— Cuts on N« R,, m° veto (all y candidates), n® cos6,

Define n° missing mass: m.m.(rn°)? = (mY(SS) — E* 0)? — P* o2

— Constrain m_o to improve resolution i.. BABAR

preliminary

2500 [—

— NTCO from mYﬂ’z fitin each m.m.(no) bin ém

XZ flt Of m.m.(TCO) dlStrlbUtlon T X T X X PR % Vi ‘o.‘1s‘n;(‘{'tf{.);::;se'w;%z
— h,(1P) signal: Double Crystal Ball
— Background: 6" order polynomial, from reweighted MC

@&
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n°h, (1P): Fit Results
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nOhb(lP) Fit Results

®
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) ) m(1®) (GeV/c? m(h ) (GeV/c)
+ Fixed mass fit: m-m () (GeVIe) b

- B(Y(3S)—>n°h,(1P)—>moyn,(1S)) = (3.1£1.1+0.4)x104 (2.70)
— 1.5x10% < B(Y(3S)—>n° h,(1P)—>n%n,(1S)) < 4.9x104

» Best fit m, =9903 *+ 4 + 1 MeV/c? consistent with predictions

« Combined results:
— R(m°hy(1P) / mtn~h,(1P)) > 3.2 (>1.5 for m, = 9903 MeV/c?)
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Summary

Y(1D;) » ntn Y (1S) BaBar, arXiv:1004.0175, submitted fo PRL
— First observation of Y(1D;) hadronic decays
— Quantum numbers and precise myp ) measurement

Y(2,3S) converted photon spectrum
— Most significant (2.6c) “n,” signal at 9403.3+2.4+09 , . MeV/c?
— Improved and first direct y,,(1,2P) — y Y(1S) measurement

h,(1P) Search

— No evidence for Y(3S) —» n*n~ h,(1P)

— Marginal evidence (2.7c) for Y(3S) — n°h,(1P) — n°yn,(1S)
— B(Y(3S)—>n°h,(1P)) / B(Y(3S)—>n*nh,(1P)) > 1 at 90% C.L.

® &
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