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Basics of Quarkonium Spectroscopy

e QQ bound state, with

® Spin: Sqq = 1/2x1/2 = 0 + 1= singlet + triplet (-1,0,+1) for same L

—

e conserved is total angular momentum J = L+S Potential model

o Parity: P:(—‘I)L+1 1.50 |-
e C-parity: C=(-1)-+S ool
e some JPC forbidden: 0—-,0*,1-+,2*,...
; 0.50
e Heavy Quarks : non-relativistic =
EJ/ 0.00
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( PRL 39, 242 (1977) and PRL 39,1240 (1977) )
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Bottomonium Spectrum
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Bottomonium Spec’[rum e study the strong interaction

® measure masses, transition rates,

(S5 s » wm o» m o, b, b, splitting
10600 T l T I T l T | T l T ] T | T ] T | T

9 Open bottom thr. . e test of NRQCD, Lattice QCD,
1400 = . '

v [Ofe] _ potential models S. Gottlieb et al,
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¢ QCD models are important for
implications for “New Physics” from
B-measurements |
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The Upsilon Resonances
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® Y(4S) wider than Y(1-3S5)
resonances: above BB-
threshold

¢ also “continuum” reactions:

e ete” — uu,dd,ss, cc, 77T

¢ take data at “Off-Peak”
energy to obtain event sample
containing only continuum

events
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—xperimental Setup: PEP-II
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—xperimental Setup: Dataset

e collected 433 fb! at the Y(4S)

asor200s0st1 0000 FE€SONANce (~475x10% M BB-pairs)

£
a T BaBar complete
2 ool i Y(4S) <
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¢ with shortened Run 7: proposed to
run on Y(3S) as best way to use
remaining beam time
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—xperimental Setup: Dataset

e collected 433 fb! at the Y(4S)
resonance (~475x10° M BB-pairs)

BABAR Run 7 .

PEP Il Delivered Luminosity: 56.82/fb

BaBar Recorded Luminosity: 54.00/b  //

BaBar Recorded Y(4s): 0.78/fb

BaBar Recorded Y(3s): 30.22/fb

BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 8.54/fb

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s)

¢ with shortened Run 7: proposed to
run on Y(3S) as best way to use
remaining beam time
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Experimental Setup: BaBar - Detector

Instrumented Flux Return
19 layers of RPCs (+LSTs)

Electromagnetic Calorimeter
6580 CsI crystals

e+ ID, i and vy reco

w ID

Cherenkov Detector
144 quartz bars

K, , p separation

“x‘ —— 2 3

-

©" [9 GeV for 4S]
[8.6 GeV for 3S]

1.5T Magnet

et [3.1 GeV]

pio

N 4 il Drift Chamber
R_L tracking + dE/dx

Silicoﬁ Vertex Tracker
5 layers (double-sided Si strips)

vertexing + tracking (+ dE/dx)
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Hadronic Y(mS) =Y (nS) Transitions

e Hadronic transitions between heavy quarkonia generally described in the framework
of the QCD Multipole Expansion QCDME h

* In analogy to Electromagnetism, expand in power of ak gluon radiation from the QQ
bound state, with radius a much smaller than wavelength a/A~ak<<1

® in cc system: only a few possible transitions and data fitted well by predictions
o ['(Y(2S)—=Jym) / T'(Y(2S)—=Jhpr*m) well explained
e M(t*rr) shape in y(2S)—Jhpr*m well explained

® in bb system: many more transitions are possible
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Y(4S) 2Y(1S)rttt and Y(4S) = Y(2S) T

e Reconstruct Y(4S)—Y(nS)rttrt with
Y(nS)— I

e M(I*I") compatible with Y(nS)

e AM=M(rt*rt I*l)-M(I*I") compatible with
M(4S)-M(nS)

e signal extraction: 1D fit to AM

Events/0.004 GeV/c?

167+19 evts

A L e A
60.4S—1S BABAR
i + - |
, wu |
401 7
20
| |

B(Y(4S)—n*wY(1S)) = (0.90+0.15)x 104
T(Y(4S)—n*n-Y(1S)) = (1.8+0.4) keV
B(Y(4S)—n*wY(2S)) = (1.29+0.32)x 104
T(Y(4S)—n*n-Y(2S)) = (2.7+0.8) keV
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Y(4S) 2Y(1S)rttt and Y(4S) = Y(2S) T

PRL 96, 232001(2006)
167+1 9 evts 97+1 5 evts

e Reconstruct Y(4S)—Y(nS)rttrt with

(\]8 7‘ T T T i [ NQ 50; I I T [T 0
Y (nS)— 1 > o 4515 BABAR 1 > 714528 BABAR -
O | Ww | O 4o
e M(I*I") compatible with Y(nS) =P | g
S S
* AM=M(rt*tt” I*I)-M(I*I") compatible with £ £
M(4S)-M(nS) 5 2 a
e signal extraction: 1D fit to AM | T O bl
1.06 108 1.1 1.121.141.16 ) 0.5 0.52 0.54 0.56 0.58 0.6 )
e Look at r*m invariant mass distribution - Al:j/l (IG"“V/C) AM (Gev/c)
modade
and compare to QCDME model
o 1 & 2 o 180 R
e good agreement for Y(4S)— Y(1S) > 150 0z =10 BaBar ™ =
o @) . Q @) - | g
transitions —_ 08 X | 160 3
$100 2 3100f | 2
. . 1Z I 1= |
o structure in Y(45)— Y(2S) transitions ? § | _om  Z | 140
> . P o
D 500 | 2 50| |
0 0 0
0.4 06 08 1 17 03 04 05
. (GeV/c M__ (GeV/c)
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hep-ex/0807.2014 submitted to PRD

R I
E 15[ﬂ+%-7ﬁ:(l)u+u-] BABAR N
Y(4S) 2Y(195)n S |
=
<10
e Reconstruct Y(mS)—Y(nS)n with Y(nS)—I*I- E
>
® nN— e
e AMy=M(31t I*I)-M(I*I)-M(311) = M(MS)-M(nS)- :
M(n) 0
0.45 0.5 055 0.6 0.65 0.7
e signal extraction: 1D fit to AMy AMn (GeV/c)
e m=2,3 selected from ISR production N§ ] 4|S;T]|15I | BABAR
. . & 6_— [ttnnlete]
e Data compatible with background for n=2,3 =
e First Observation of Y(4S)—=Y(1S)n S . / \ -
B(Y(4S)—Y(1S)n ) = (1.96+0.06+0.09)10- ‘q‘éj /
o | _
m L |
I'(Y(4s) — Y(1S 2 T N
@S = YS9 4y vo40+012 2 -
['(Y(45) — Y(1S)r+n—) | \M |
e Unexpected ratio = 05545 05 055 06 065 0.7

AM,, (GeV/cH) _

e expect EIM2/E1E1 < 1!
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Bottomonium Spectrum

e many not well understood exotic states
In charmonium spectrum

¢ Y(4260)—J/P 1T
* |ook for analog in bottomonium

e |ast detailed scan ~ 25 years ago

i L || T 1 L] |

32| + CUSB, PRL54, 377 (1985) -
~20 pb™' below Y(4S)
~40 pb' on Y(4S) -
~70 pb! above Y(4S)

IS
O

1
——

RvisiBLE

n
o
T
|

:
IR Wﬂ s
il ﬂmw# # 0 +++#+++++%
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Bottomonium Spectrum

e many not well understood exotic states
In charmonium spectrum

A~ —_ Y(6S)
% Y(55) ¢ Y(4260)—J/P T
Increasing L >

\Z/'m ' ) T T T e|ook for analogue in bottomonium
Z Open bottom thr. ]

e I 1 elast detailed scan ~ 25 years ago

10200 — Y(3S _.—:I B

I s s B—
o e o010 Y(1D) | eBaBar took data from 10.54 GeV —
Y(2S) i}i‘l_;: 1 11.2 GeV from
9800 .
%o210(1F) - e 5 MeV steps, ~25 pb-/step, ~3.3

w00 | ® cxp - fo1 total

M0 = Y.(ls) Theory | * Y(6S) region not well measured

o L e collected 600 pb ' in scan from

1 | 1 | | 1 | | | 10.96 to 11.10 GeV
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Measurement of Rp above the BB-threshold

.Rb=0-b( /O-IJ \/S—Ecm

* 0(S): total cross section for e*e—bb including bound bb states below open
B-threshold produced by ISR (initial state radiation)

e gu(s): Born cross section
e select B-enriched sample for measurement
e require minimal number of tracks, event shape

e use off-peak Y(4S) data (,/s=10.54 GeV) as reference sample
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Measurement of Rp -

PRL 53, 878(1984)
i
AR, - L |
2 -10 b Prediction of A
‘Q _I il | | | | : | | | | | | I | I | | | | | | | | | | ]
% 1 ngEF B*B* B B ¥ B (R I coupled ghlannel |
O o _ A 13 : moae
- | B¥B BB, *B * ! ?
1 6‘_5 o ; : submitted to PRL | . i
S ol L I 11 arXivi0809.4120 |
1.4__ + . . . . .
1.2 1 |
- 10ss 105 107 108 v3/GeV
I 4 notyetall
RN R R _ 1 states
0.8¢ TR . (dashed lines indicate BB thresholds) -  discovered
o6 =
- e , . ] improved
0.4 — : o _5%’* *Q . ¢°.. .“’.‘ ¢ FY TP s o ’_!- Mass
- ’ ité ", ' i sit' "“"“5 ot 5.’“: “’ 6’?,us.-.,¢,.¢’." et feie ~ measurements
0.2_—?5 " : : ]
O :I. :I | | | | | | | | : | | .I | I. | | | | | | | | | | | | | | | | | | I—
10.6 107 10.8 10.9 11 11.1 11.2

\'s [GeV]
e interpretation of structures at ~10.62 GeV and ~10.7 GeV depend on threshold

=
openings 4
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Fitting beyond the Y(4S)

arXiv:0809.4120

e Fit using simple model: = 0.6 ———T T
~~ VOF | 3
B submitted to PRL 7
e two Breit-Wigner resonances o5 | BABAR —
e flat component, not 0,4; .
interfering with BW, added - ;
incoherently to 03F b -
e flat component, interfering 0.2; _f
with BW - | -
0.1 —
O:I | | I | | | | | | | | | | | | | | | | | | | I | | | | I | | | | I:
106 107 108 109 11 11.1 112
Y (10860) T (11020) \'s [GeV]
Imass (GGV) 10.876 £ 0.002(10.996 + 0.002 ® rep|ace non-resonant term with
width (MeV) 43 £4 3Tx3 threshold function /s=2ms
¢ (rad) 2.11 £0.12 0.12 £ 0.07
PDG mass (GeV) |10.865 =+ 0.008]11.019 =£ 0.008 * mass Y(10860) = (10869+2) MeV
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Bottomonium Spectrum
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e Ground state not found until recently

e Measurement of its mass and width
helpful to test Lattice QCD, pNRQCD
and Potential models

e Hyperfine splitting M(Y(1S))-M(n,)

e role of spin-spin interaction in
heavy meson system

¢ analogue to positronium

e sensitive to &g: measurement of
M(n,) with a few MeV can measure
os(M5) with accuracy similar to
current PDG value
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The Bottomonium Ground State

¢ Previous searches Predictions
(Quarkonium Yellow Report)
e ALEPH: 1 candidate compatible with Y(35)—y1,(15)
background in yy—n, (PL B530(2002) 56) L L
- Zambetakis,Byers83 .- .o

- -
- -
- -

- -

- -

-
-
-
-
-

e DELPHI: YY—n, in 4-6-8 prong final states [
(PL B634(2006) 340) T

e CDF(2006): n, = J/WJ/Y = Purp s

-
-
-
-
-
-
-
-
-
-
-
-

e CLEO: (PRL 94(2005) 032001)

e Upper Limit on BF[Y(3S)—yn,]<4.3x10“+ @
90% CL

90% CL UL CLEO-II
e Upper Limit on BF[Y(2S)—yn,]<5.1x10* @ /\

Ebert,Faustov,Galkin'03

E
-
-
-
-
-
-
‘‘‘‘‘
-
-
-
-
--
-
-
-
-
-

-
-
......
-
-
-

Branching Ratio in units of 10

90% CL | Fberkrausto vGakin0s
Lahde,Nyfalt, RISKA99 A | | . .
i
880 900 920 940 960 980 100
Ey (MeV)
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Search for np: Analysis Outline

e Decay modes of N not known well

e Search in the inclusive y spectrum: process is
ete” 2Y(3S)—YNno
Expected BF~104

o Monophromatic .Iine Ip I?Y s.pectru.m: perform 3 (~4000 events)
1-D binned maximum-likelihood fit to Ey ~ M -
spectrum T S0 .
S b .
* o Mass at 9.4 GeV — Ey peak = 911 MeV S OF E
E. — S_—m2 2 300 -
To2vs - :
e Large Background = 2001 -
e reject as much as possible 100 E
e understand background components for b5~ 0607 os T 09 1

fitting procedure

¢ Blind Analysis
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—vent Selection

e Aim to reduce background while retaining high signal efficiency: use S/,/B
¢ S (number of signal events): from signal MC
e B (humber of background events): from Data - no reliable event generator
e use a fraction (9%) of the data (~10x10° Y) - not used in final fit
e Need to be careful not to rely too much on signal MC
¢ expect np decay mostly via two gluons: high track multiplicity
e reject QED background by requiring spherical events

e Candidate Photon:
e jsolated from tracks
e shower shape consistent with electromagnetic shower
e photon in barrel region of EMC
e 1¥-veto
¢ use angle between photon and the “rest-of-the-event”

Total Efficiency
g(signal)=37%
g(background)= 6%
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0.1

_ : 0.08:— Signal MC _:

:Vent SeleCJﬂOn (I l) Background (2.5 fb -! Test Data)j
0.06| 4
0.04:—

e strong correlation between
photon direction and thrust o.2

e+ €-  axis of other particles in g —
event

e'ee—>qq (g=uds,c)

|cos 6(Thrust) |

\% 120g T | g
— 8] (6:)|<0.55 _

e 1¥-veto “ 118; = Ix(gl)lm.eo 2
116 w  |cos(6,)[<0.65 -

0 1147 " Joosonl<075 =

e IM(YY2)-M(ntY)|< 15 MeV ST BT o flsensingl -
112:— "5 B : = - [cos(6;)|<0.85 =

e optimize minimum energy of second 0E aw & 0 M =
photon and cut on cosOr 108 am®™ " Tl & O G M E

. |, ™ ™ | u _=
simultaneously 1062 S
1041 S o, -

e similar veto on n did not improve S/,/B 102;_ | | | | el —r
1000 ™" 60 80 100 120 140 160

® cuts: |COS@T|<O.7 and E(y2)>50 MeV 70 Second photon energy [MeV]
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The Np Signal Model

¢ Signal model determined from MC simulation

e Functional form: P(Ey) = CB(Ey) ® BW(EY, I'n,)

o BW: Breit-Wigner function, the natural shape of the n,
e expect ['(Nb) < I'(Ne) with T'(nNc)=26.5 MeV
¢ \\Vidth set to 10 MeV, and varied as a systematic

e CB: Crystal Ball function (Gaussian + power-law low side)

signal MC
M(No)=9.4 GeV

* Models the detector energy resolution

e CB shape, determined with signal

0.8 09

MC generated with '=0.0 MeV 1
Ey (GeV)
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3ackground to the E, Spectrum

e Non-peaking background:

* qq (udsc)
* Y(3S) decays o)
> =l EUL L L UL L S L
e fitted by a single component: 2 >0 e cluded BaBAR E
—aFE,—BE? 2 4001 < Region —> B
A(C 4 e~ By =FES) 5 :

85 06 07 08 09 I 1 12
E(y) (GeV)
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¢ Peaking backgrounds next to signal
(~900 MeV)

® Y(3S)YsXbu(2P), Xpu(2P) = YnY(1S), J=0,1,2
E(yn)~760 MeV

o et =Y, er Y(1S) : 856 MeV (“ISR”)

¢ |SR-line very close to expected unknown
signal position

¢ both line-shape + yield very important
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Sackground to the By Spectrum

e xlO? |
O -5 5
v [ % _
o C _
g 400~ %, ~
~ B 'q‘. _
%) __ ]
£ 300F .
) - N
L :
200 —
100~ —
: | 1 I | 1 :

05 0.6 1 L1
EY (GeV)
e+

Vs = M(Y(3S)) . [(Y(15))
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X35(2P)

Peaking Background:
XbJ(Z 3) -vents

Xy 2(1P)

* Y(3S) 2 YXpy(2P), Xpu(2P) —2YY(1S), J=0,1,2

e three transitions: model each as a Gaussian+power law tail (Crystal Ball function)
e transition point+power tail parameter fixed to same value for all peaks
e peaks fixed to PDG values, allow for common offset for photon calibration scale
e yield ratios fixed to PDG values (cannot resolve separate peaks)
e cross-checked using soft transition in tagged dataset (Y(1S)—1*)

e peaks overlap <Ey>=760 MeV due to detector resolution and broadening as result of
the motion of X,,(2P) in Y(3S) rest-frame

e PDF parameters obtained from fit to full dataset, with the ISR and signal regions
excluded
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Peaking Background: o=
XoJ(2P) Events i =
¢ Y(3S)=YXos@P), Xpu2P) —YY(1S) ¥

e PDF parameters obtained from fit to full dataset, with the ISR and signal regions

excluded
e common offset: (3.8+2.0) MeV
~ [ LI AN L L A B L S s s s s s S — Py
% F w@Pnyas) M 3 (-2.5 for)test
O 60000 R 1 T data-sample
- J=0,1,2 ' 4B 1 B
8 ’ \ ik BABAR - = XbJ (2P)
S 50000 b 3
S F Poe 1 <
~ 40000 s — &
7] » . ¢ N -
= n s ° 1 £
L 30000 : : [
m » 4 ,5 .
= . i Signal region -
20000 : : ]
- r 3 excluded : o1 (2P)
10000 4" % =
OW T e T T A R M
0.5 0.6 0.7 0.8 0.9 1 L1 0.7 0.8 (
E, (GeV) E,(GeV) g
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Peaking Background:
ISR Events

e Take line shape from Monte Carlo

* Yield estimated from measurement in Y(4S)
“Off-Peak” data (40 MeV below resonance) (43.9 fb)

220

_IIIIIIIIO

e correct for ratio of theoretical cross-
sections, efficiencies and luminosities

* Fitted yield: 35800+1600

e Extrapolated to Y(3S): 25200+1700

Ve
>
O
@,
7o)
()
< 160
O
j —
~
a
-
O
>
8a

Bkgd
subtraction

e check with yield in Y(3S) “Off-Peak” data *
(2.4 for): .

lllllllllllIII|III|III|IIIIIII|III

e extrapolated to 29400+5000: good 20 Below-Y(4S)

| 1 1 1 | I I | 1 1 1 |||'||—-|_.Ll||l|l
agreement 86 07 08 09 1 11 12

At Y(4S) Off-Peak, Ey=1.03 GeV  E, (GeV)

llllllllllllllllllll
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Fit to Analysis Dataset: 109x10° Y(3S)

x10°

;\ % | | | | | | | | | | | | | | | | | | | | | | | | | |
@ _
D] - _
g 5002%3% BABAR :
S - Yp Peaks -
= 400~ ]
< - ]
~ B YisrY (1S) _
L 300 ,L _
= - 5 -
D - Np :
[_u | _
200 —
oo — =

B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

g5 06 0.7 038 09 1 1.1

E, (GeV)

® now subtract non-peaking background...

/@
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Fit to Analysis Dataset: 109x10° Y(3S)

¢ and subtract peaking backgrounds also ...
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Fit to Analysis Dataset: 109x10° Y(3S)

§i2221920612000evts - BABAR
N \ :
2! \M | i
} g —;
._IHIO|.6HIIO|.7IIHO|.8IHIO|.9HH1HH1_.1

E, (GeV)

e Peak position: 921.272 sMeV

* N, Signal observed with a statistical significance of 100
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Additional Checks

¢ Detector Effects
® noisy channels are monitored online; no hot spots in EMC
e remove photon candidates with small lateral moment to veto possible hot crystals
e signal remains strong

® remove photon candidates with large lateral moment to veto accidental photon
overlaps

® no effect on signal significance
* v, line shape
e floating the ISR yield: yield (24800+4000) consistent with expectation (25000)

* line shape also consistent with exclusive reconstruction
Y(3S) = v %(2P); %p(2P) = v Y(15) ; Y(1S) = u+u-
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Systematic Uncertainties

e Signal Yield: eSignificance:
e vary ISR yield by +10 (stat + syst) evaried all parameters
e vary all PDF parameters by 10 eindependently
e fits with BW width set to 5,15 and 20 MeV eall in dis-favorable direction
e | argest systematic error: 10% *no significant change
e Mass:

e main error from x,(2P) peak shift: 3.8+2.0 MeV

¢ Branching fraction:
o cfficiency: data/MC comparison on X,(2P): 12.6%
e PDG branching fractions: 18%

e Total error: 25%
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Observation of the Nb: Summary of Results
(PRL 101, 701801 (2008))

e |s this indeed the n,?

¢ only candidate for the state below the Y(1S), but other
explanations as a low-mass Higgs not ruled out.

e Assuming this is the ny:

e Mass m(n,):

0388.975 5 (stat) & 2.7(syst)MeV /¢

wide range of LQCD

e Hyperfine Splitting: results: some agree with
measurement

71.47159 (stat) £ 2.7(syst)MeV /¢
Splitting larger than

e Branching fraction Y(3S)—yne: predicted by most Potential
Models

4.8 + 0.5(stat) £ 1.2(syst)]| x 10~* ?
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Observation of the Np: SumMmmary of

(PRL 101, 701801 (2008))

e |s this indeed the n,?

e only candidate for the state below the Y(1S), but other

explanations as a low-mass Higgs not ruled out.

e Assuming this is the ny:

-3

e Mass m(ny):

0388.975- 2 (stat) +£ 2. 7(Syst)MeV/c

e Hyperfine Splitting:
71.47159 (stat) £ 2.7(syst)MeV /¢

e Branching fraction Y(3S)—Yno:
4.8 + 0.5(stat) £ 1.2(syst)]| x 10~*

Branching Ratiolxunits of 10
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Search for ne: Inclusive search in the Y(25) Dataset

e Dataset contains ~100 M Y(2S) Events
e Branching Fraction of Y(2S)—vyn, is expected to be 1-5 104
eE,is 611 MeV for Signal
e ete” Y gr Y(1S): 545 MeV
* Y(3S) = YsXu (1P), Xos(1P) = YnY(1S), J=0,1,2: E(yn)~455 MeV
® Analysis is very similar to Y(3S)
e photon resolution is better at lower energies: better peak separation

e more random photon background at lower energies: less significance for similar BF
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Photon Selection and Optimization

e same selection of hadronic events and signal candidates
® except:
e Event shape: loosen cut on angle between photon and “rest-of-event”
e relatively less continuum background: o(Y(2S)) > o(Y(3S))
e 1% veto: lower energy threshold for second photon as for Y(3S)-analyses

* 50 MeV @ 3S -> 40 MeV @25

45  Silke Nelson, SLAC December 9/10th 2008 Bottomonium Spectroscopy and the ne discovery at



Fitting the

=, Spectrum: X fit to

=y Spectrum

e Smooth non-peaking background

¢ use a exponential polynomial of 4th order: higher order needed as spectrum
changes faster than in signal region of the Y(3S)

® Y(2S)—Yn, signal events

e take shape from MC simulation

e cte- _'Y|SR Y(1 S) . 545 MeV

e shape from MC simulation, normalization floated in fit

* Y(3S)YsXps(1P), Xpu(1P) = YnY(1S), J=0,1,2:

¢ shape is a Crystal Ball function convolved with a flat-top (Doppler Broadening)

e 3 components, relative yields determined from measurement in exclusive YYU*U-

events
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Fit

Result
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Fit Result, Smooth Background subtracted

)
-
-
-
-

_l | | | | _LI | | | | | | | | | | | | | | | | | | |
:BA.BAR r Efy — 610.5 £ 4.4MeV
8000 - preliminary st’gnal = 13920 == 3500

6000

4000

Entries / ( 0.005 GeV

‘IIIIIII|III

2000

-]
i |—LJ—Lrﬂ—r_ i
—o—
-
1

-2000

| | | | | | | | | | | | | | | | I | | | |
0.3 0.4 0.5 0.6 0.7 0.8

E. . (GeV) @2
v.CM
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Systematic Uncertainties on Y(2S) Result

¢ Signal Yield:

e vary all PDF parameters by +10

o fits with BW width set to 5,15 and 20 MeV,; adding an extra x,(1P) tail, different pdf
for smooth background

e |atter two largest errors each ~16%

e Mass:
e error from X,(2P) peak shift/x, masses: 0.9/0.4 MeV
e different pdf for smooth background: 1.3 MeV — 1.8 MeV total

¢ Branching fraction:
o efficiency: data/MC comparison on X,(2P): 6.1%

e Total error: 22%
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Fit Results

e N, signal yield 13915+§Zgg

1, peak positon 610.575°2 + 1.8 MeV

e Significance including systematics: 3.5 0

e Goodness-of-fit: x2/ndof = 116.2/93

e Bump at 680 MeV: too narrow for detector resolution of photon at this energy

e interpret as statistical fluctuation
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Summary of Y(2S) Results

Y(2S)—yn,(15)
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Comparison of the Y(3S) and the Y(2S)

~10000[ T e
S ok | BABAR
0 8000:— ISR prellmlnaw;
%6000:— JJ |L Np T(QS)—:
:‘3 4000 ﬁi —
5 20001 w' H’ -
H|+|1|’+ T

im’ * ’
22000/ -
03 0105 06 07 0.8

EYCM (GeV)

E, = 610.5"7> + 1.8 MeV

TM(mp,) = 9392.9746 4 1.8 MeV/c?

M(Y(1S)) — M(m,) = 67.471% +1.9 MeV/c?

B(Y(2S) — vm) = [4.27]5 +0.9] x 107*
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Outline

e Quarkonium Spectroscopy - Reminder
eExperiment and Dataset

e Hadronic Bottomonium Transitions
eScan above the Y(4S) resonance

e The Bottomonium Ground State: The Discovery of the no

eSummary and Outlook
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Summary

¢ The BaBar Run 7 has already produced a lot of interesting physics
* Rp scan above the Y(4S)

e Observation and Confirmation of the n,

¢ Dedicated searches for New Physics
e light Higgs Y(3S)—Yy aog, ag—2 U, T T
e Dark Matter candidates Y(3S)— 't Y(1S), Y(1S)—nothing
¢ |_epton Universality in Y(nS) decays

e much more to come!
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