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Most data taken at the Y'(4S)

dedicated running at the narrow Y resonances

— 100 M Y(2S)
— 122 M Y(3S)

and a scan above the Y'(4S)
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Precision scan in E, from 10.54 GeV to 11.20 GeV
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Search for h (1P)

 Expected mass: m, = (m, pF3mp+5m, ;) /9= 9900 MeV/c?

Xpo(1P) xo1(1P)

* Predicted production mechanisms
- B(Y(3S) —» n'n” h,(1P)) ~ 10 — 102 Kuang et al., PRD 37,1210(1988)

_ B(Y‘(3 S) — 710 hb(lP)) ~ 1073 Voloshin, Sov, J. Nucl. Phys 43,1011(1986)
~ R(x°h, (1P)/ m'n h, (1P)) = 0.05 — 20

*Expected decay modes Godfrey and Rosner, PRD 66, 014012 (2002)
- hy(IP) — ggg (57%), ,(1S) (41%), vgg (2%)

*Previous experimental limits
- B(Y(3S) » n'n hy(IP)) < 1.8 x 107 CHEO R s tioon)
- B(Y(3S) — nY h (1P)) <2.8 x 107

—
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Search for h (1P) in Y'(3S)—n'n (X)

_|_

mass recoiling against the Tt : mR2 = (mY(33) —Em)2 — sz
- e
o B4ABAR
ESOO_ preliminary _|
RS = |
S | T Y(1S5) ﬁ | ‘
= 600/ _| %2 fit to signal components
= 1 = Y@3S)—n'm hy(1P)
£ 400 - _
S w@P) > | 1 - Y(3S)—n ' Y(2S)
aa — T Ypu(1P) 7
2001 NESEY - Y(2S)—nn Y(1S)
L - T Y(25)
- |arXiv:1105.4234 ] _ Xb(2P)—>7T+7T_Xb(1P)
90‘7‘5"“‘ 9J89|85 — '9'9' 9 '95 — 1'0' — plus smooth background
. : : : : ,
my [GeV/cT] * non-peaking combinatorial
* KO0—nan
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Results

arXiv:1105.4234

fit result, with smooth background subtracted the inset shows the hy,(1P) search region
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Bottomonium dipion transitions v Ti05 495

| - 122 M
Most precise or first measurements on other transitions “—Y{3s)

BT (3S) — a7~ T(2S)] = (3.00 £ 0.02(stat.) £ 0.14(syst.))%

B[T(3S) — Xx31(2P)] x B[xp1(2P) — 777" xp1] = (1.16 £ 0.07 £ 0.12) x 1077
B[Y(3S) — X x32(2P)] x B[xp2(2P) — 7wt~ xp2] = (0.64 & 0.05 4 0.08) x 10~

BY(38) — XT(25)] x B[Y(25) — n"n Y] = (1.78 £ 0.02 + 0.11)%
Am[Y(35)-Y(25)] = 331.50 +0.02(stat.) + 0.13(syst.) MeV/c?

o
: BABAR

preliminary

dipion transitions between yy,;  states
clearly separated for the first time

E [w@P > | £
A | (P /)

Bl 1(2P)—7 1 11 (1P)) = (9.2 % 0.6 & 0.9)x 103
B(xp2(2P)—m *1t ~ypo(1P)) = (4.9 £ 0.4 +
0.6)x10-3

consistent with the CLEO measurement

Candidates / ( 0.001 GeV/c?)

. p— -
- —_—
—

(the two transitions were not resolved) OF tl ------ :

-~ - .

PRD 73, 012003 (2006)
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Evidence for Y'(3S)—n"h (1P)

Preliminar

122 M

Y(3S)

Select events with a n° and a photon Y

Require E, to be compatible with h —yn, (1S) (dominant decay mode)

- . 02 02
In each bin of m,_, =V (Mg — E0)" —P0

* perform a fit to the yy inv. mass distribution to determine the
number of 7°in that bin
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Evidence for Y'(3S)—n’h, (1P)
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m___(n") background subtracted
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9145+2804 signal events
M(h, )= (1 9902+4(stat)=1(syst) ) MeV/c? consistent with predictions

evaluated at the expected mass value
M(h,)=9900 MeV/c?
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Bottomonium radiative transitions with
converted photons

Rates generally phenomenologically well-predicted

arXiv:1104.5254

large B for electric dipole transitions

Y (3S)—xp1(2P), Y(2S)—=xpj(1P), xpJ(2P)—Y(2S), xpj(1P)—Y'(1S)
“hindered” electric dipole transitions suppressed

Y(3S)—=xpJ(1P), xbJ(2P)—Y(1S)
“hindered” M1 transitions highly suppressed: Y(3S)—np(1S), Y'(2S)—np(1S)

For some of these transitions the photons are in the same energy range
“overlapping” due to Doppler broadening and detector resolution

Deconvolving the individual contributions has been the main difficulty in
earlier measurements i T v

%0 025 +++++++ H+++++++5_

= W :

Use converted photons (y—e+e-) to S 00 e E
improve resolution (e.g.: 25 — 5 MeV) 005 e E
2 001 o =

Price: efficiency (0.1-2.5)% ™% E

2 0M||||\|||{

0 01 02 03 04 05 06 07 08 09 1

E, (GeV)
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Converted photon energy spectra

arXiv:1104.5254

Converted photons are reconstructed from
pair of tracks, selected with y* fitter, m, p,

|||||\||||||\|
LR i BABAR j

preliminary

160

140

Additional cuts: [cosO, |, N__ , 7’ veto o 1120
. . . . - “ 104100
Fit E*Y spectrum 1n four regions of interest of L
1) Y(3S): 180<E*, <300 MeV ok
2) Y(3S): 300< E*y <600 MeV
3) Y(3S): 600< E*y <1100 MeV -20F
4) Y'(2S): 300< E*y <800 MeV B0 e 0 0 20 50
x (em)
2 e Y(3S) 4 BABAR 1 5 SwpT T “RaBAR
2 0= Y(3) BABAR = 2 7" y(2s) BABAR
< 60000~ = = T 40000~ ]
‘é 50000 @ﬂ = 2 - % .
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- = 10000{— .
10000 = - .
% 0.2 0.4 0.6 0.8 L 12 =55 o4 06 I E—
EY (GE\;) E::, (Ge\*)
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1) Y(3S) - 180<E*

b

<300 MeV

arXiv:1104.5254

expect:

3 signal transitions for y, (2P)—yY'(2S)
possibly 6 transitions for Y'(1D )—y y,;(2P)

4500_ L L
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0.3
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most precise measurement of B(y,;(2P)—yY'(2S))
no evidence for Y (1Dy)—y x,,;(2P)
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%, (P)

Y(ID)

Fo—= T 1T

-200

1 1 | 1
0.18 02

—

Transition EZ Yield Derived Branching Fraction (%)
( MeV) BABAR CUSB CLEO
Y00 (2P) — 7 7(25) 205.0 —347 =209 0.105|—40=+2970% £05(<2.9)|36+16 <52

Xp1(2P) — 47 (25)
xp2(2P) — A7 (25)

229.7

4294 £ 251 0.152
242.3 2462 £+ 243 0.190

19.54+ 1.1+ 4+ 1.9
S6T%Y Lo54+1.1

—0.5

13.6 2.4 21.1 4.5
1009 +22 99+£27
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2) Y(38) - 300<E*,<600 MeV

arXiv:1104.5254

Complicated spectrum

3 signal transitions for Y'(3S)—y yy,;(1P)
3 overlapping Doppler-broadened transitions for y, (1P)—yY'(1S), shape depends on the path to x;(1P)
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S
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Precise measurement of B(Y'(3S)—vyyy0 2(1P))

3000F

2000

=

%, (1P)

Y(3S)

preliminary

y‘bu(lP) ;(‘b__{lp) Yoa (1F)
1

s
h,(1P) P

0.4

0.45

Transition EZ Yield ¢ Derived Branching Fraction (x1077)
( MeV) (%) BABAR CLEO
T(35) — yxs2(1P) 4331 9699 £318 0.794 106=03=+056 77 +1.3
T(35) — vy (1P) 4522 483 +£315 0818 05+03 7 (< 1.1) | | 1.6+£05
T(35) — yxeo(1P) 483.5 22734+307 0.7300 2.7+0.4+0.2 3.0+ 1.1
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disagreement(?)
with CLEO
exclusive anaysis

Y (3S)—Yxp1 2(1P)
PRD 83, 054003 (2011).
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3) Y(3S) -

600<E* <1100 MeV

b

arXiv:1104.5254

Expect

3 signal overlapping transitions for ¥, ;(2P)—yY'(1S)
Y'(3S)—yny,(1S) and photon from ISR Y'(1S) production

; 2500j f“’:&.‘l LI | T T 17T T T 1T T T 17T T T 17T T T 17T T T 17T T T 1T T T I"t —_ N | - - | : S | S |

2 : : % ’)000: /1‘3}:&, : ??; ' ' ' :
E ’?000 Y(3S) = 2 ) - ) ?;lfg H + *# :
Z 2000wk, imi ] ol - 5 -
= - preliminary ] g i 2 0'|+'|[+|HJI'++ #‘H llH +++H' +|H..*+| ++ﬂ i
& - : » 1500 -
§ 1500:_ _: % i Xbl(EP) igﬁ | IISlll ﬁ r}ﬂ(lle N + i
m i i 5 : U8 082 084 086 088 09 092 0.%4 U.;éE;G(.ZBev) :
- - 1000 1, 2P) -
1000/~ N i .
- ) - Y(3S) 1
! . 500~ preliminary
500 M i | ISR n(1S) i
L _ b 14 b 4 At A #, ok ++ -
: : 0 ULl o _I_=!, L T SRR T T Pl L 1ot .-' o + LA L _
8 | I | | | | | | | | I,I 11 | | | | | | | | I | | | | | 11 I. 1 | | | I ) F |+ ) | L | ) lebﬂl(l L |I L | L | L | Ll | Lidd | L1 I:

6 06507 075 08 085 09 095 1 1.05 11 0.6 065 0.7 075 0.8 085 09 095 1 105 Ll

®

Ey (GeV) E, (GeV)

Precise measurement of B(Xbl,z(zp)_’YY(l S)) statistics insufficient for ny(1S)

Transition E” Yield € Derived Branching Fraction (%)
( MeV) (%) BABAR CUSB  CLEO
Yio(2P) — AT (1S) 742.7 4697350 1.025[0.7 204707 £0.1 (< 1.2)] < 1.9 < 2.2
Yb1(2P) — AT(185) 764.1 149651351 1.039] 994+03+£044+09 [7.5+£1.3 104424
b2 (2P) — 4T(18) 776.4 11283%3%2 1.056] 7.1+£0.2+03+£09 |6.1x1.2 7.7+£2.0
T(3S) — ymp(1S) 907.9+£2.8+£09 9331383 1.388[  0.059 £0.0161) 015 - -
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4) Y(2S) -

Y

300<E* <800 MeV

arXiv:1104.5254

Expect

3 signal transitions for y;,;(1P)—yY(1S)

Y'(2S)—ynp(1S) and photon from ISR Y'(1S) production

— -‘3\500 'J’-—Fa’\l T TTT | T T TT | TTTT | T | T __ —
% % ; ] % )
E 3000 Y'(2S) — > i
= - preliminary ] % 1500 %1F)
@ 2500 X — ® :
5 W ] 5 |
5 200044 e 2 10001
1500 =
c T YR, _ 300
1000 ; -
500 —: m (s
: z M
_I 111 | 1111 | 1111 | | | | 11 1 | | | 1111 | | | | 1111 | 111 I_ :I Ll | | Ix;hci(‘llri)l |
8.3 035 04 045 05 055 006 065 0.7 075 038
*
E, (GeV)

2000_IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Eventsi4 MeV)
w
= =

™

- 8 8
T

=
=

’
-200f

ISR

n(1s) Preliminary
b

Y(28)

03 035 04 045 05 055 0.6 065 0.7 0.75 0.8

E, (GeV)

Precise measurement of B(Xbl,z( IP)—yY(1S)) statistics insufficient for np(1S)

Transition

EZ Yield £ Derived Branching Fraction (%)
(MeV) (%) BABAR CB CUSB CLEO
Yto(1P) — ~T(1S) 391.5 301 £267 0.496[23 157,02 +02(<46) <5 <12 1.7+04
b1 (1P) — Y (1S)  423.0 12604 + 285 0.548 362+08+1.7+21 |[34+7 40+£10 33.0+2.6
Ybz(1P) — 4T(185) 442.0 76657350 0.576| 20.2+07F10+£1.0 2546 194+8 18.5+1.4
T(28) — ymp(1S) 613.7550507 1109 £348 1.050( 0.11 £ 0.04F007 (< 0.22) | - -
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Discussion of the results

Decay BABAR (%) Theory (%)
gEXbOEQIfj ; — ’TTEQS% (<2.9) 1.27 The branching fractions for
X bl 2 — "}’T 25 19.1 2.3 20.2 1.2P Y(1.2S
B(xp2(2P) — 7T (2S)) 82+14 10.1 . X 1,2P) =7 Y . )
B(xwo(2P) = Y (15)) (< 1.2) 0.96 are 1n good agreement with
B(xp1(2P) —~T(1S)) 99+1.1 11.8 predictions e.g.
B(xu2(2P) =47 (18)) 7.1%59 5.3 Kwong,Rosner, PRD38, 279 (1988)
B(xp1(1P) - ~7(15)) 36.2 £ 2.8 46.1
B(xp2(1P) — 7T (18)) 202115 22.2
Source J=0 J=1 J=2
| BABAR 55+ 10 <22 216 + 25
3S— 1P rates differ from the Moxhay-Rosner 95 95 150
expected Ev3(2J+1) pattern Grotch et al. 114 3.4 194
and are .gener'fllly poorly Daghighian-Silverman 16 100 650
compatible with theory Fulcher 10 20 30
predictions Lihde 150 110 40
Ebert et al. 27 67 97

partial widths in eV
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Conclusions

* no evidence for Y(3S)—nn~ hy(1P)

* evidence for Y'(3S)—nl hy(1P)

— mass compatible with expectation

— branching ratio values marginally discriminating between different
calculations

* Very precise measurements of a number of hadronic and radiative transitions

Babar continues the analysis of the large samples collected at the narrow Y’
resonances. Expect more results ...

—
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