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e Inclusive searches for the hy(1P) in
* Y(3S)—ntn X
v Y(3S)—n0 X

o search for n (nS) in radiative Y'(3S) and Y'(2S)
transitions using converted photons




BaBar experiment
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Expected h, (1P) properties

 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” h(IP)) < 1.8 x 10° MO TRt
- B(Y(3S) — nY h (1P)) <2.8 x 107 6 M Y(3S)

—
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Search for h (1P) in Y'(3S)—n'n (X)

T mR2 = (m

. . 9 9
mass recoiling against the nt GS) —E_)" — P

122 M Y(39)
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PRD 84, 011104 (2011) |
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Results

fit result, with smooth background subtracted.

«10° The inset shows the hy(1P) search region
~ 1007 — PRD 84, 011104 (2011)
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No evidence for Y(3 S)—)T[ hb(]P) disfavours some theory predictions

e.g.
+ — - uang et al.
B(Y(3S)—n m hy(1P))< 1.2 x10-4 (90%CL)  Kumeetal BRD 7. 2 (ons)

x10 improvement over previous CLEO limit PRD 43,1448(1991)
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Evidence for Y'(3S)—n"h (1P)

Preliminary

122 M Y(39)

Select events with a n° and a photon

Require E, to be compatible with h —yn, (1S) (dominant decay mode)
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Evidence for Y'(3S)—n’h, (1P)

Preliminary

122 M Y(39)

x10°

BaBar preliminary
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Evidence for Y(3S)—n’h (1P) LA

Preliminary

m___( n’) background subtracted
T | T T T T | T T T T | T T T T | T T T T | T T T T

Plf:)_ B BaBI_ar_ = E
= 3000 Donar i - arXiv:1102.4565
S N | :
O B . i
5 2000— il ]
= § ! Tt LT i
5 1000 | | J L[ ? Y 9145+2804 signal events
I I ' 2 = e
0 ] Talelt fjj '''' S e # M(h, )= (9902+4(stat)=1(syst) ) MeV/c?
IR AR ¥ . ¢ . R consistent with predictions
'1000__ . 1
- * . - Statistical significance
- B | | | | | | | | | | | | | | | | | | | | | | | | | | i o
200079 75 98 985 99 0095 [0 (from NAY): 3.2
m,._,(n°) (GeV/c?) including systematic error: 3.0 o

B(Y(3S)—n0 hy(1P))xB(hy,(1P)—yny(1S))=( 3.7+1.1£0.7) x10-4

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

e In the Y'(nS)—yn, (1S) transition the photon §
energy 1s close to the energy of y, (2P) transition § 6000

photons and ISR photon from e'¢” —y, . Y(1S) % 4000
2000
o T(ny,(1S))=5-15 MeV 0 - . .
using estimates of I, (1,,(15))=(0.2-0.7) keV and -200007 { L PRL 101 071801 (2008) | ,_:
.- ( ) - Kwong,Mackenzie, 05 0.6 0.7 0.8 0.9 1E G Vl-l
auie) . F (94 ”"’"” (1 _ 78 ﬁ) Rosenfeld, Rosner, , (GeV)
Lyg () "® "+ ) PRD 37,3210 (1988)
0_025; Price: efﬁCIency ++ H+++++++fi arXiv:1104.5254

e
=
]

Use converted photons (y—e+e-) to = (012, 5)% L ™

2
2
improve resolution (e.g.: 25 — 5 MeV) oot - 7 (accepted by PRD)
E o.oli— “ E
o 4o ..o §0.005— =
The spectrum of radiative transitions Eor ]
° ° ° 0 —
from Y'(3S) is very rich, many overlapping 0010203 04 05 06 07 08 09
lines E; GeV)
Deconvolving the individual contributions
has been the main difficulty in earlier Improved measurement of many radiative transitions

_measurements See P. Kim talk on Friday
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Converted photon energy spectra

arXiv:1104.5254

(accepted by PRD)

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

Additional cuts: [cosO, |, N n° veto

thrust tracks?

Fit E*Y spectrum 1n four regions of interest

1) Y(3S): 180< E*, <300 MeV
2) Y(3S): 300< E*, <600 MeV
3) Y(3S): 600< E*, <1100 MeV

4) Y(2S): 300< E*, <800 MeV

S F e
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Y(3S) - 300<E*

y<6OO MeV

arXiv:1104.5254
(accepted by PRD)

Complex 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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C. Patrignani - Genova

QWG '11, Darmstadt October 4-7, 2011

binned v~ fit to
sum of smooth
component plus
signal components

11



Y'(3S) - 300<E*y<600 MeV o

(accepted by PRD)
% : I :’I:&\ll I T T | T T 1 | T T 1 | T T 1 T T 1 :
‘_ Xy (1P) | :
= 4000} % i i subtracting the
% i Y(3S5) i smooth background
2 3000 T
S i ¥’/ ndof=316/291 |
> _ |
o T I -
2000 + - try to add an n (2S)
i i signal component
1000 :_ | Xh (IP) xbO(lp) _:
0 : mﬂ.!m i J ty s + + ;
w ;(w+(1P) %, (IP) %,,(1P) + h,(1P) P
[ I A | [ 1 1 1 | I A | | I I | | I I N

03 035 04 045 05 055 06
E, (GeV)
B(Y(3S) — ymp(25)) < 1.9x 1072 (90% CL)

consistent with CLEO (a factor 2 less stringent)
PRL 94, 032001 (2005).
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Y(3S) - 600<E*

<1 IOO MGV arXiv:1104.5254

(accepted by PRD)

Expect

3 signal overlapping transitions for ¥, ;(2P)—yY'(1S)
Y'(3S)—yny,(1S) and photon from ISR Y'(1S) production
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Y(3S) - 600<E* <1100 MeV

g [ T :IIFSI-\ll T T | T T | T T | T T | T T | T T | T T T T | 1T 1T 1] arxlv"] -'1 045254
§ 2000 _—% Y (3S) % - ] (accepted by PRD)
S £ w y
2 15001 5 -
5 _ X3, (2P) /\ | % ]
} R R L X R R LA TET R .
s il £ e 4 subtracting the smooth
1000~ t %, (2P) ~| background component
! | X>/ndof = 442.9/487|
500 | | i
- o | ISR 7 (1S) :
A | Y Ll e U '-""....-'IJ'.:'.f K .y + ++ + + ¢
() s S AT ET T gl e BT o N, o R + i ;T
' (2P) ‘
11 |+ | | L 111 | ] Ix;til] | 1111 | L 111 | | | L 111 | L 111 | L 111 | L 111

06 065 0.7 075 08 085 09 095 1 105 1.1

not enough statistics for n (1S) by (GeV) ,
4 (for n,(1S) mass floating)
B ( T( 35 ) — YTb ( 15 ) < 8.5 x 10 (90% CL) consistent with our previous result

PRL 101 071801 (2008)
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Y(ZS) - 300<E* <800 Mev arXiv:1104.5254

y (accepted by PRD)

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

Y'(2S)—ynp(1S) and photon from ISR Y'(1S) production
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2 2500 =
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Y(28) - 300<E* <800 MeV

T
-

2
-
-
-

S o — arXiv:1104.5254
§ j i (accepted by PRD)
~ i
< _ (P) i
= 1500: WP -
= 1
q;;.} B A00f s e,
M 1000_— i ﬂ £ G ]
i | 1t ? /ndof = 511.0/487| - .
500— ; lX [ndof / —| subtracting the smooth
- ISR n (18) 1 background component
. -u.:!.___-:;::'-..'-!" ,/ ol + ,, k ++ y s |
O * 3 ++ + (IP) AT il + .I-u, o g e “ i
:I L1 1 | L1 IX’bﬁ I I | 1 | L1 11 | 1 | 1 | L 111 | 1 | L1 1 I:
0.3 035 04 045 05 055 06 065 0.7 0.75 0.8
EY (GeV)

not enough statistics for n (1S)
B(Y(2S) — ymp(15)) < 0.21% (90% CL) __ {orm{i3)mass floating)

consistent with our previous result
PRL 103 161801 (2009)
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Conclusions

* no evidence for Y'(3S)—ntn~ hy(1P)

* evidence for Y'(3S)—n0 hy(1P)

— mass compatible with expectation

— branching ratio values marginally discriminating between different
calculations
» Not enough statistics to observe n, (nS) in the converted photon spectrum, but

with the larger statistics at super B-factories it could be a valid strategy

— by-product: very precise measurements of a number of hadronic and
radiative decays

see Peter Kim's talk on Friday
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