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Observation of the bottomonium ground

state n,(1S) in radiative Y(3S) and
Y(2S) decays

1
Hadronic transitions between
bottomonium states
» rnr & ) transitions

» Invisible decays of Y(1S)

| 4
Searches for light Higgs-like particle
In radiative decays of 1's
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JPC =

hadrons

v

Y 1S 28 38 4S | Beyond
4S
BABAR * 100M* 122M* 433 fb! ~4 fbl
Belle 100M * 50M* 11M* ~900 fb! | ~7.9 fb!
CLEO 22M IM 6M

P-wave
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Y(3S) and Y (2S) decays
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In radiative Y (3S) and Y (2S) decays

Y(25) = yn, | scxivossiize Y(3S) = yn,| PRL 101, 071801 (2008)
~ %
JL 14.0 b on ¥(25) JL ~ 28,0 " on V(3)
Preliminary
10800 Signal: “monochromatic” photon observed as a
B peak in the inclusive photon energy on top of
= =1
105001~ » Smooth non-peaking background from
continuum (e*e" = q, q=u,d,s,c) and
<10200 bottomonium decays
)
% » Broad peak coming from double radiative
= 9900 decays Y(3S, 2S) = VX (2P, 1P), %,,;(2P, 1P) 2>

yY (1S)

9600 > Initial state radiative production

ete 2 yr Y(1S)

9300
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In radiative Y (3S) and Y (2S) decays

; A B E
Z 500; Inclusive E, spectrunga) Y(3S) 2> Yo
S 0.50< Ey <L1GeV 7 PRL 101, 071801 (2008)
E 300/ .
g
M 200
ool Inclusive photon energy
E _ 3000 specttum from Y'(3S) = yr, after
b5 05 o7 os\ oo i - E substraction of all backgrounds
Y(39) D 11,y(2P), 1,y (2P) > ¥ Y&S) = :
10000 < i ]
3 1 <4000~ -
S 80007 7 | * :
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In radiative Y (3S) and Y (2S) decays

Y(3S) 9 Y7, |PRL 101, 071801 (2008) Y(ZS) 9 YNy, [arXiv:0903.1124

10000 ———— T 7 T T T [ T T T T [ T T T T ] T T T
s (1P) Pre]zmmz(zé?/

005 GeV)
=
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I0.3I 1 1 IO.4I | 1 IOISI 1 1 I0.6I 1 1 I0.7I 1 | I08

E, (GeV) | E, (GeV)
M) = 9388.9731 + 2.7 Mev/e2  Mm) =9392.075¢0 + 1.9 MeV/c?
E, =921.2731 + 2.4 MeV E, = 610.57;2 + 1.8 MeV

714123 4£92.7  (1(1S) - n,) Mass Splitting (MeV/?) 674758 +£2.0
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In radiative Y (3S) and Y (2S) decays

Y(3S) 2 s Y(2S) 2

PRL 101, 071801 (2008)

arXiv:0903.1124
Preliminary
/L (1.0920.01) x 10® Y(3S) (91.620.9) x 10° Y (2S)
# 1, events 19200 + 2000 £ 2100 1390073700370
Significance 100 3.50

Branching Fractions (4.8 £0.5 £ 0.6) x 10~4 (4.2771L +0.9) x 1074

AB = B(X(2S) — vip)/B(Y(3S) — ) = 0.89+025+0-12

Compatible with M1 transitions

AB ., ~03-0.7
[S. Godfrey and J.L. Rosner PRD 64, 074011(2001)] e
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In radiative Y (3S) and Y (2S) decays

Y(3S) 2 Y(2S) 2 yn,

PRL 101, 071801 (2008) arXiv:0903.1124

v

Average Mass M, =9390.4 £ 3.1 MeV/c?

Consistent with unquenched lattice calculation

[T. W. Chiu et al. (TWQCD Collaboration) PLB 651, 171 (2007)]

But more than 26 away from perturbative QCD predictions [e.g. B.A. Kniehl et al. PRL
92, 242001(2004)] BBty

<(Y(1S) - n,) Mass Splitting> 69.9 + 3.1 MeV/c?

In agreement with lattice QCD
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above the Y (4S)

Motivations # R
2.0 _7 e
» Improve knowledge of above-Y(4S) region: crEO Py
) PRL54, 377 (1989
v CESR-1984, 70 to 100 pb™ between Y (4S) and 11.3 + Y(59)
GeV in 20 MeV steps; e Tt * . .
eVin eV steps; ::_“ :.I- . ""'.ﬂ*ﬂl.
v Precision < Rba d—Cha d/ O'ﬂﬂ> measurement from e *. L
CLEO ~ 1.9% syst. error; CENTER OF MASS ENERGY 1asV)
» Look for structures found by CLEO and CUSB:
v’ Search for new states containing b quark pairs; 3::1 ngf ;gg(’;;’;) |
» Search for exotic bottomonium states similar to JF¢ = 428 Y(55)
1~ exotic charmonium states Y(4260), Y(4350), Y(4660); 2 |

» Look for Y(10860) and Y (11020) candidates for Y(5S) =4
and Y (6S) respectively;

1 2 i [l i
o6 1.8 1.0 iz
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Vs = 10.54 and 11.20 G

PRL102, 012001 (2009)
Strategy : Precision scan in Eg,, from 10.54 GeV to 11.20 GeV with

> 5 MeV steps with 25 pb at each step > | L ~ 3.3 fb!

total

= 30 times more luminosity and 4 times finer steps w.r.t. previous scan (CESR)

> 8 steps non-regular enetrgy spacing to investigate Y (6S) region > I
for the scan in the range of Vs = 10.96 to 11.10 GeV

L ~ 600pb!

total

Inclusive approach

v’ Search for unexpected structures in the inclusive hadronic cross section

Measurement Strategy
> Selection of bb and up samples;

» Background estimated at reference point Vs = 10.54 GeV below BB threshold,;
» Efficiencies from MC samples;
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s =10.54 and 11.20 GeV

BABAR

PRL102, 012001 (2009)

Total of more than 300 center-
of-mass energy steps,
separated by about 5 MeYV,

0o __ 2 .
Oy = dra® /3s

Lowest-order cross section|

Tb

Total cross section

with a total relative error of — — _ n
ete” — ,u.JF,u. ete™ — bb(ﬁr,)

about 5% = Z{ T T | T T T T | T T T | H T T T T T T | T T T T | T T T T _L

& EpR | B¥B* | BB.* .

— 1s5P 2% BB BABA Threshold -

f B N. Tornqvist L6, IR Obeninos E

. PRL 53, 878 (1984) LEL pemngs

U Hio . E ]

| 1.2:— t =

Predictions | = E

0.8 e N B

. coupled channel model os-. Y(45) Y(35) XY(65) E

- * : :“Nb ' ."*'-uu —:

E:E— * k’h M:iy;#‘,‘&*.uﬁ.‘ w#h’:m;“ *"P* Wﬂh-‘.": 'o""*"*"fd"‘ M '"'_;

O:T | | | IEI | | | | | | | | | | | | 1 | | | | | | | 1 | 1_—

Ao M N e L 106 107 108 109 11 111 112

1055 10s 102 108 s [G eV]
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Vs = 10.54 and 11.20 GeV

BABAR PRL102, 012001 (2009)

= 0.6

|
&

0.5

Candidates Y(5S) and Y (6S)

Simple model fit with flat component +
two Interfering relativistic BWs: may result

with much narrower widths (than PDG o2

values)...more proper fit might change

0.4

e
5]
IIII|IIII|IIII|IIII|IIII|III

_|III|IIII|IIII|II_A£+|IIII|IIII_

0.1
this (complex analysis)
0o o7 Tos 105101l IL2
Y (10860) Y (11020) Js [GeV]
;IEE; ((EF;Q) 10'8&2 i 2'002 10'932 i g|0 02 Number of states unknown = coupled
6 (rad) 511+012 | 012+007 ||channelapproach with effects of various
PDG mass (GeV) |10.865 £ 0.008 | 11.010 £ 0.008| | ‘tRresholds... larger width and lower
PDG width (MeV) 110 £ 13 79+ 16 Rl
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Belle

arXiv:0808.2445

» Measure ete” 2 Y(nS) n*n =2 ptpntn in Ey,

from 10.83 GeV to 11.02 GeV /L =17.9 fb!

» Determine the shape of the production cross section

Fit with single Breit-Wigner resonance

Fit with different Breit —Wigner resonances

™y = ] o 1
‘é 7 F (a) Fit with common jrand r,ndf.=39.416 | 7 = (b) Fit with independent u’s and s, F*in.d.f. =29.9M12 -
s 6. """ 6 ;——————————————————: ——————————————————————————
g S| e 1 _________________________ s | YOS ; }
@ Lk B Y(2S)rn : ] i Y(2S)nn '
e e R k| o B e 1
b - Y(3S ! - Y(3S '
g :__{__(___)f‘f‘ _______ Voo N ] . :__{__(___)iuf _______ !
L&) - -
R 1t |
e F o ATENE - B -
= = 1 - ]
= 0F ! : : 0E : .
- S S S S — S R - R N B
10.75 10.8 10.85 0.9 10.95 1" 11.05 10.75 10.8 10.85 10.9 10.95 11 11.05
CM Energy (GeV) CM Energy (GeV)
Fit with common g and I’
T
M= 108806+ 1.8+1.5 BIE'\/T/ CQ Y(28)rr 4187000 £ 055 108806 + 1.8+ 15 547755 £ 25
’ ’ : ! ' T(38)mr | 1617931 + .21
Fit with separate p¢'s and I''s
=/ _|_8- 5 = .T/ 2 P Peak (pl ) T\ T\
— e ) / “-' TOCess eak o (pb 1 (MeV) ' (MeV)
I 4. 7— 7.2 + 2.5 MeV/c Y(15)n 203702 £ 0.15 108874711 1.6 7479 3
Y(2S)wr |5.7710-95 £ 0.67 108903733 £ 1.4 37.0105 £3.1
Y(35)mm|1.655035 £ 021 10882377315 5207 +1
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» Search for invisible decays of Y{(1S)
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“,..for the first 22 years after the observation of hadronic transitions among
bottomonium states only 6 nxr transitions among the vector Y(nS) bottomonia were

known...”
CLEO PRD?79, 011103(R) (2009) HeEEioo.
108 CLEO observed
5B Threshold Y12 CP) 2 @ Y(1S) PRL92,222002(2004)
10,5 f—= T
T(ES) ¥, (2P) =2 ny, (1P) PRD73, 012003(2006)
"(35) Xp(2P) hp(2P)
S102| = T D(ID) | Y(2S) =2 n Y (1S) PRL101, 192001(2008)
5 [ N - e ——
[O)) .
% n,(25) T(29)|| Py h i) BABAR reported extensw.e B
@ g9l P == - measurements of hadronic transitions
= P between Y states using, in particular,
06 i __ - 00 | Pottomonium states Y (3S) and Y(2S)
sl i | ® produced via ISR from Y (4S) on-peak
M,(15) Yy -1 recorded data PRD78, 112002(2008) &
903l _, = oqatt 1+  1p3— | PRL9S, 232001(2006)
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Y(mS) 2 nn + Y(nS), n=1, m-1

Hadronic transitions among hea uarkonium states (low ¢° hadronization
g aeavy q
processes) 2 excellent testing ground for non-perturbative QCD

QCDME

gluon radiation from a heavy qq bound state calculated in terms of
chromo-electric and chromo-magnetic fields in analogy to
electromagnetism — transitions between colorless hadrons require
emission of at least two gluons

Factorization low momentum gluon
emission followed by hadronization
multipole picture : 2xE1 = h= rnr
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Y(mS) 2 nn + Y(nS), n=1, m-1

Primary Observable dipion system invariant mass M(nr-recoil) = M(Y(nS))

[e2s]
=

QCD multipole expansion model QCDME explains

[=)
o

Efficiency (%)

|-h|\||||||
o

> Relative rates {(2S) =2 1 J/¢ and $(2S) 2 nx ]/

vents/0.1 GeV/c?

%]
=

|o|||||

» nnt invariant mass distributions in ¢(2S) = nw J/
Y (2S) =2 = Y(1S), Y(3S) =2 = Y(2S), a

Y(4S) > nn Y(1S)

'+ 1 1 1 1 1
04 06 08 1 12
MH‘ (GeV/c)

PRI96, 232001 (2006)

QCD multipole expansion model QCDME does not explain

co
o

(o))
o
Efficiency (%)

—
N
=]

»Dipion invariant mass distributions in Y(3S) = nn Y(1S)

—
]
=]

N
=
—

Events/0.04 GeV/e?

L L |
N
(=]

CLEO PRD 49, 40(1994)

L5
]

and in

o

Y(4S) > nn Y(2S) BABAR PRLY6, 232001 (2006)
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BABAR | PRD 78, 112002(2008) (383.2+4.2) x 106 Y (4S)

use Y(4S) 2 n*n Y(nS) (n=1,2) by reconstructing Y(nS) meson via leptonic
decay y’yr or e’ e, look at I'F invariant mass M, and invariant mass difference
AM=M__,— M, compatible with M(Y(4S)) — M(Y(nS))

TTTT.
(\/I--\10_4_||\|..|_.._|:_|_.||-||||||||||||||||||||||||||||||||||||||_ rG---\10_4.|||||||||||||||||||||||||||||||||||||||||||||_
%) )
e B . AS—>Tr2S ] = [3S—nn2S 4S—)‘.'Ut2$ ]
> 10208 e P 1 3 102Fm Y ee -
9 L ndt - E?, - T =
= 100 1 & 100 .
= i 1 = I cEbiEa ;i
OBy ' N 9.8¢ Pl P
L3RS e 4s—nnlS - B -
9.6/~ fgi o di e 9.6/ i .
9.4 = 9.4F % - :
N T 7 i "?:: : Ry
92 2S—mrlS 3SonanlS = 9.2~ 2S—mnrlSi 3S—nmlSii: _ i :
T 0 G .l A O 0 W T IO VD AT A I|IIII|IIII|II|tI|IIII|IIII|III'LIIII|IIII=lilII|III
03 04 05 06 07 08 09 1 1.1 1.2 03 04 0.5 06 07 08 69 1 1.1 12
AM (GeV/c?) AM (GeV/c?)
AM=M_,-M, I =c¢cu
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(5.93£0.10) x 10° Y'(3S) and (9.11+0.14) x 10° Y (2S)

1160508-0032

CLEO PRD79, 011103(R) (2009)

R @  35-1Sindl 20008 b) . 25-1SInal B.R. %
00000 |____ % ] 200000 qtqg- 38>1s 4.46 + 0.01 + 0.13
2 so0m0] 1 100000 28 > 1S 18.02 + 0.02 * 0.61
O] —~
§ 1035:'.".4%::'.1: 104 e
= i *» 35515 Exc d % 2518 Exc
A 33318 2.24%0.09%0.11
g 102 [ ' 2
i j L AN 3525 1.82+0.09 +0.12
1 by i ; AT
° ﬁmw ’WMMW i Mo 25518 843 +0.16+0.42
;.40 9.:15 9.50 9.55 19.40 9.'I45 9.‘50 9.55 nOnO 50043
m " Recoil Mass (GBV/C ) '% (a) ; 3518 {102 3 (b) {? 35-2S | (C) 28—;1'8‘
0.501+0.043 | & |
B(Y(mS) > 2’7’ Y(1S)) (0.51).,,, for m= 3| §° If
B(Y(mS) D n*r Y(1S))  0.462+0.037 | & b f;ﬁm T

(0.53) 1o, fOr m=2

o —

7°° Recoil Mass (GeV/c?)

40 9.45 9.50 9.55 .96 10.00 10.04 10.08 9.40 9.45 9.50 9.55
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Y(4S) D Y(1S) n*r

|Be11e PRD(RC)79 051103 (2009) |

s102f Y(4S) > Y(lS) n+7- T :
& ;400 : .
= 10} P o f 4518 ]
=S (9350 | :
= 60 © - ]
9.8 ] ~(M(4S) - M(1S)) Z300f Brown & Ca
2| | @ Model
9.6 ;40
9.4{ %so !
20
9.2}
A R e S S 10
> X 06 08 \1 12 14 “21"'.6 AL LT SRS | ;
AM (GeVIc") ' .AM(éeVlcg). -50 0|4060|8';2
Y(2S) 2 Y(1S) ntmn- M__(GeVicY)
B(Y(4S) — Y(1S)7T7n~) x B(Y(1S) — pTu™)
\ = (2.11 £+ 0.30(stat.) £+ 0.14(sys.)) x 107°.
Y(3S) 2 Y(IS) ntm- | (v (45) — T(18)xt7) T(T(4S) — T(l 5) o)
= (0.85 4+ 0.12(stat.)+0.06(sys.) = (1.75 £ 0.25(stat.) £ 0.24(sys.)) keV
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. N T R '
= L R )Xo THTX K i
30 et 1B g e X(2,38) 2 mY(1S) | BABAR | PRD 78, 112002(2008)
" -1 2" sk 7] searched for in ISR '
0.55+ . 1 Tosy ) A b T
o T | sample 90% C.L. upper limits
0.45- 0.43-
T sonis| | s | B(Y(2S) = nY(1S)) <9 x 10+
04 0 002 004 006 008 0.1 0'%)2 025 03 0 35 04 045 ( ( ) Yl ( )) X
AM,  (GeV/eh) AM, (GeV/eh)
s T S B(Y(38) > nY(1S)) < 8 x 10"
%065 o 1 Zost x  p , ‘
&1 . A 8" E 4SS > [ asonls
0.6 . s B 0.6 o 15 0 7 7] 0
& . - O N 6] [T ] !“’P’ @] 6 [T'rn’e’e] cc
= " x| =)
T 055 x %« 1 sy g i 1 g [
o ] i S 10- 1.8 4 )
i | 2 Y(48)|% 4 Y(19)
| 4S—>n1S ee—mls ) | 1 a | K
04045 05 055 06 065 07 0'404 045 05 055 06 065 2,_ |
AM, (GeV/c) AM, (GeV/c) l _L ] I "
OI L1 LTI 0_ = s I
0.45 0.5 0.55 0.6 0.65 0.7

| L 1 |
0.45 0.5 055 0.6 065 0.7
AM,, (GeV/c?)

AM,, (GeV/c?)

B(Y(4S) — nY(1S)) = (1.96 £ 0.06sar = 0.094ys) x 1074

[(Y(4S) — nT(15))/T(T(4S) — 7 7n T (15)) = 2.41 + 0.400s0s £ 0.12¢yer
D(Y(25) — nT(15))/T(T(2S) — 7w 77T (15)) < 5.2 x 1073

(Y (3S) — nT(15))/T(T(3S) — nt7~T(15)) < 1.9 x 1072

LPNHE Paris Gérard Bonneaud
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= Studies of exclusive Y(1S) decays, Searches for invisible decay modes, etc.

Invisible Decay

v'S.M. B(Y(1S) © w) = (9.9£0.5) x 10"

v'Dark matter particles y lighter than b
quark B(Y(1S) = y%) = 6 x 10-3 [McElrath

PRD 72, 103508(2005)]

700

600

500

400

300

Events / (0.004GeV/c?)

200

100

LIIII|IIII|IIII|IIII|III IIII|IIII|

—_—

Belle

Expected sié;nal for

B(Y(1S) > yyi= 6 x 10

PRL 98, 132001 (2007)

2.9 fb on Y (3S) (~11 x 106 Y (3S))

use Y(3S) 2 n*n Y(1S) and look at
recoil mass against =’ 7 system

Mecojl

-

products from Y(1S)

without any detected decay

IIII|IIII|IIII III|II§II

0
9

9.42 9.44 9.46

M= (GeVic?)

9.48 9.5

(=]
[4,]
N

No signal found
Upper limit at 90% C.L.

I

/O

BELLE

Sl - B(Y(1S)  invisible) < 2.5 x 1073

LPNHE Paris

Gérard Bonneaud

FPCP2009
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CLEO | PRL 96, 092003(2006)
Method

I'.. basic parameter of heavy-quark
bound system — stringent test of lattice
QCD - proportional to the square of
the state’s wave function at origin

measure total hadronic cross
section over Y (1S, 2S, 3S)

Jo(e*e- = Y).dE proportional to

Hadronic yield versus E,, Leelhaa / Do
Scans with 0.27 fb! (+0.19 fb-! below) 0.08 fb-! (+0.41 fb-! below) 0.22 fb-! (+0.14 fb-Lbelow
- e < | A A
& Of ﬁi' i 0: ‘ ’:EE‘:;" - ] O: B E T -
—3 — ——SE e ——— R R
. 11 .
25 {14 HT(3S) : \F\
L ] 10¢ 8 =
220} . 12: of ]
2 15 110 : 10.40
@ B ] 5 8F =
Lﬁ B i i -
101 ] 8r . A . ]
- | | | | | | | | = [ | | | | | | | | | I"-I--‘-- B 1 1 | 1 1 | 1 | ]
9.42 9.45 9.48 9.51 9.98 10.02 10.06 10.10 10.32 10.35 10.38 10.41
Eqy (GeV)
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CLEO

PRL 96, 092003(2006)

Assuming lepton universality
B.=B, =B

T

Improvement factors w.r. PDG

CLEO arXiv:hep-ex/0604025v2
(T. Ferguson)

ool had/Tior (1S 1.252 £ 0.004 + 0.019 keV , 5,
Laa/Teer1) ‘ [.e(25) M2(25)
Toelhad/Tiot (29) 0.581 + 0.004 + 0.009 keV , i
IEE(1-9) ..'.I‘L!.r {].J-g}
TeeThad/Tiot (39) 0.413 % 0.004 £ 0.006 keV y
+
T,.(1S) X15 1.354 + 0.004 + 0.020 keV bl O SR S L
I..(35) X5.2 0.446 + 0.004 + 0.007 keV [A. Gray et al. PRD 72,
Tee(25)/Tee(1S) 0.457 £+ 0.004 £ 0.004 094507(2005)]
[.e(35)/T e (15) 0.329 £ 0.003 £ 0.003
T0e(35)/T e (25) 0.720 + 0.009 + 0.007
LPNHE Paris Gérard Bonneaud FPCP2009



€S 10r epton avor violation in

Signal Channels

Background Channels

— e*7F, 77 — u vy (leptonic er channel)

— eT7rF, 77 — 7 7%, /7~ 7% %, (hadronic er channel)

— ¥, 77 — e vy (leptonic ur channel)

V7% (hadronic u7 channel)

17 resonant and continuum, Bhabha, misidentified e or p

LPNHE Paris

Gérard Bonneaud FPCP2009



€S 10r epton avor violation in

Effective Field Theory allows BSM physics at some large mass contributing
to CLFV Y (3S) decays to be parameterized at low energy by a four-fermion
interaction with coupling constant ay; and mass scale A

=>» dilepton and LFV branching fractions of Y to the scale A of LFV BSM
physics are then related by

L((38) — *7%) _ 1 (a” 2 Mrss) \* (¢ )
= et = e,
['(T3S)—£te~) 2¢\ a Aler) [

LPNHE Paris Gérard Bonneaud FPCP2009



T(15) T(2S) Y(35)

CLEO PRL101, 201601 (2008)

Mass (GeV/c?) 9.46 10.02 10.36
N decays (millions) 208 9.3 5.9 Data Sample
T(YT — pp) (keV) 1.252 0.581 0.413
T'(T) (keV) 53.0  43.0  26.3 20.8 x 10° Y/(1S)
B(up) (x1073) 23.6 135 15.7
B(r) (95% CL UL, x10°°) 6.0 144 203 9.3 x 10° Y/(2S)
B(ut)/B(ue) (95% CL UL, x1073) 0.25 1.1 1.3
A (95% CL LL. TeV, ay = 1.0) [1.30 008 0.08 5.9 x 10° Y (38)
3960708-003
10‘1§\|\|‘| BN UL R LI L L B B O B L O
0 :’\ :g (a)_ 2.0 Allowed region (b)
= NS = B (at 95% CL) ’
Assuming oy =1and |8 5|[R. visgue ] S5 —
with all data < B I\ e 2 F -
Q - Al 1 =10 ]
e e x 107 = = q <« - 5
95% C.L. lower limits |3 F  «||g ] - |
105 & B I — 0.5 ]
A _>1.34TeV - Z Z Al data & ]
= 10—67\|\||\|‘|\|\‘\\\7 Ool\\\‘ll\l‘l\\l‘\l\li
0.00 0.25 050 0.75 1.00 0.0 0.5 1.0 1.5 2.0
02/ A*[1/ TeV] ol
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BABAR arXiv:0812.1021 Y(3S) sample of (116.7+1.2) x 10° or 27.5 fb-!

e Prelimina
BF(T(35) — et7¥F) (x107%) | < 5.0(2.2113 Ly
BF(T(35) — pt7F) (x107%)|< 4.1|1.2F] 3
[ Combined Y(3S) — et | [ Combined 1(3S) — ut |
'81_'|"'|""""" ————————— '81_'|"'|"' T
e Stat only 4 s T Stat only -
% 0.8 Stat + syst—: % 0.8 Stat + syst
0.6: 0.6:

0.4 0.4

0.2 0.2

0 2 4 6 8 Jo E® | = 0 2 4 5 8 Jo
Branching Fraction (x107) Branching Fraction (x10™)

90% C.L. upper limits
BF(Y(3S) 2 er) <5.0x10¢ BF(Y(3S) 2 pur) < 4.1x 10

First upper limit Factor > 4 improvement to CLEO

LPNHE Paris Gérard Bonneaud FPCP2009




BABAR arXiv:0812.1021

& Preliminary
‘/ Assuming o = oy M =1

90% C.L. lower limits

[ Combined T (35)— et | [ Combined T(38) - pt |
B ETTTTTATTTTTTY R ETTTT A T A_>1.41TeV
= B £ - E CcT
EM:_ A>1.41TeV _: E M:_ A >147 TeV _:
4 (=1, 90% CL) | 4 F (0 =1, 90% CL) |
06— _ 0.6 _
: A, > 147 TeV
0.2: 0.2:— :
LY 9

0.2 0.1 [] 0.1

[ Combined T{35) — pt |
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Y(3S) © Y(1S) ntn with Y(1S) > I*I" where 1 = p, 1
BABAR Preliminary

» SM couplings between gauge bosons and leptons independent of flavor

Rr,u, = BR(T(LS) — ’T+’T_)/BR(T(1S) I )(1.+;¢._) =1

(1o very small lepton-mass effects)
» BSM — e.g. NMSSM CP-odd Higgs A’ may mediate

Y2 yA'2> yI*l'withl=e¢,p, 7
Y S yn, withn, D> A D 1 I (3,(S,bb) > I' forbidden in SMY)

Coupling to A’ proportional to mass P possible deviation of R, from 1
lepton universality breaking

P deviation from few % for given values of tanf and [m,,—m,,[ up to

~10% for tan 8 ~ 7 : 21 and [my,—m,,[ ~ 250 MeV/c’ [Sanchiz-Lozano
Int.J.Mod.Phys. A19, 2183(2004) & Fullana et al. PL B 653(2007)67]
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Y(3S) © Y(1S) ntn with Y(1S) > I*I" where 1 = p, 1

BABAR Preliminary
g BBtz | Signal datasets 122 x 10° Y(3S) ‘
%igg— Y(3S) 2 ntn Y(1S) 2 ntn ptp
: O NI i o Y(3S) 2 n*n Y(1S) 2 = 1t
200% \/S + Mzm't . 2‘8‘\/M2nn t pZ nnCM

44 9.445 9.45 9.455 9.46 9.465 947 Nf‘gﬂiﬁ_—-ﬂ-ﬁ‘
i (Gev/ch)

Recoil mass of the pion pair with invariant mass M__and p,._cy
momentum in the center of mass frame with s as nominal energy

Ser, L~ o L L e L |

0_ =

.55 e
- 5 3000 . BABAR Prelimina
T R_ = 1.009+0.010+0.024
2 10— e =
Frow CLEO with Y(1S)

| °E . PRL 101, 151802(2008)

0.86 0.87 0.88 0.89 0.9 A (29;7“2) 9 9.1 9.2 9.3 9.4 9.5'M - (géi{cz)

Sy s RIS ~des | R, =1.0210.0240.05

5 LT e 5= I 1 I \ I
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decays of Y(1S, 28, 3S)

Next-to-Minimal Supersymmetric Standard Model NMSSM introduces a singlet
Higgs field: linear combination with member of electroweak doublet produces a

CP-odd Higgs state A’ whose mass is not required to be large ... below bb
threshold

Radiative production Y = y A’ ideal to search for!

[Wilczek PRL 39, 1304(1977)]

Search for monochromatic peak in E, distribution

» For2m <M,,<2m, A’ 1"t dominates

» For M, <2m,_ A’ 2 p*u copious below ss threshold

LPNHE Paris Gérard Bonneaud FPCP2009



decays of Y(1S, 28, 3S)

Branching Fractions related  B(Y'(nS) — vA%)  f7 ( | m%o )

to effective coupling £, of the B(Y(nS) — I+1-) )y
bound b-quark to A°

Effective coupling £ includes b-quark Yukawa coupling +
M,,- dependent QCD and relativistic corrections to By and
to leptonic width of Y (nS)

LPNHE Paris Gérard Bonneaud FPCP2009



decasof Y(1s, 28, 3S)

Y(1S) 2 y A’with A? = p*p or 1t

CLEO PRL 101, 151802(2008)

. P
90% U.L. on B(Y(1S) > y A% x BA’ > I'T) (1=, 1) | | 11 CLAX04) x 10 Y(1S)

tan =10, M, »3=100,200,300 GeV

T | i i i \F. i 1 ‘ ) 1 0_3 1630508-011
lrst J/w ] Dermjsek E i i i | 1 + + i ‘ i i i i ‘ i T i E T ‘ i T + i | i i i i ‘ ¥ + i
experimental . 7 - U 1 50 GeV, anY)oF - any u, F<15
10 3 bounds E Gllﬂjon, i 4 & i %
|McElrath g N . g 4 .
Model — —F—  meeegegiene —
| I 3
10—6 | | | | | | ' -5 —_—— - i -———-
0 1000 2000 3000 4000 10 F ¥ ED t &% =
May en) | [ smecem fa A 2
‘x '. 1 -
-l ; 2m_ < M,,<7.5GeV[* :’:“;*; ‘., ¥ .
H Ta Hw - —
TaE : - %W *
i +
7.5 < M,,< 8.8 GeV 3., ; i F
10_5 1 0_7 I ‘ ‘ | | | ] ‘ £ | | | | | | | | ‘ | | |
4500 5500 6500 7500 8500 9500 —0 5 0 0 O 5 -0.5 0.0 0.5
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decays of Y(1S, 28, 3S)

Y (2S, 35) - Y A’with A 2 ptp- B ABAR arXiv:0905.4539
~ 8E BN N DA 2| 90% C.L. upper limits
s IE J/ ¢ Be|(28) E o Data Sample
S & ex¢lided 210212 < M, < 9.3 GeV
= = rerions £ 99 x 10° Y(25)
[='2] = —
i 4| BY(28) > yA) x B, 122 x 10° Y(35)
S . BABARPreliminary E Preliminary
- 35 =
: — —
= 2 1| Br3s) > yA) x B, Els
1= —
I : B(n, =2 ptw) < 0.9%
T ; 2, x B, at 90% C.L.
T 10z -
-~ F .
Gl 3| | Assuming B, ~ 1 (for 2m, <M, < 1 GeV),
0 1 2 3 —  £,<12% of SM b-quark coupling to Higgs
10 (G€Y)
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decays of Y(1S, 28, 3S)

The 3 HyperCP events X7 -> PR | Park et al, PRL 94, 021801(2005)

CLEQO PRL 101, 151802(2008)

BABAR Preliminary

90% C.L. B(Y(1S) > y A% < 2.3 x 10

1630508-010

No significant signal at M ,, = 214.3 MeV
%, (M,,) < 1.6 x10-¢ at 90% C.L.
assuming B =1

Y(2S) > y A° Y(3S) > y A

12

| (@) Y(1S) data

Pul
s
e |
s
e
Pull

/(0.005 GeV ),

Events / ( 0.005 GeV )
= 5] ] ] 2
[
= =)
.

Z
]
Lo 1D
LJr__N
S
W
Evg
g‘\\\%g‘
liuwilaiil

210 220 230 240 250 260 270 ° o R o1 - (‘c v; ’
My (MeV) Reduced mass mp = \/ (m —4m2)

0.5
mg (GeV)
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decays of Y(1S, 28, 3S)

Y(3S) > Y A'with A 2 171 BABAR Preliminary

x10~

! ' ' EXCIUGC‘CI mdass '
Data Sample

—~
o
=
]

range corresponding
to ¥, (2P) 2 yX(1S) 122 x 105 Y'(3S)

C . _—
i “'“ﬂu}“ﬂ‘}ﬂﬁ- e

TDev. v, oruv,v

S
e
T T

T

B(Y(3S)— v A”) x B(A"—11)
(o]

0 BABAR Preliminary |
— E 0 1 1

: f O E— E 90% C.L. upper limits
210_4 §_ =+ Stat. uncertalnty Ol'lly = 4.03 < MAO < 10.10 Gev/cz
% E 73 A /; $=“.. ) AT E
SI0°E - E
§ - B(Y(3S) 2 vA%) x B(A? =2 171)< (1.5 - 16) X105 3 B(v, -2 171) < 8%

107} R E—

m ,, (GeV/c?)
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decays of Y(1S, 28, 3S)

Y (3S) 2 y A’ with A% = invisible BABAR  arXivi0808.0017
E:D'-‘ I | L | LI | L | L | L | L UL L
e [ B4B4R | S oaTy I Data Sample 122 x 10° Y'(3S)
3: | Preliminary Sl i || Signal Single photon +
2 missing mass consistent witl
* 10— | 2-body Y(3S) decay
2o i Preliminary

For M,, < 7.8 GeV
90% C.L. upper limits

B(Y(3S) > A% x B(A" - invisible)
< (0.7 - 31) x 10

LPNHE Paris Gérard Bonneaud FPCP2009



» Many new results!

» Bottomonium Spectroscopy : progresses but still undiscovered states (singlets) !

» Bottomonium dynamics: unique and crucial to test non-relativistic QCD but also
to look for possible mixing between Higgs, or Higgs-like scalars, and
bottomonium states, leading to discrepancies with SM expectations (e.g. hyperfine
splittings);

» Bottomonium : ideal place to search for new physics beyond SM; e.g. a light
Higgs could induce a slight but observable lepton universality breakdown in
Upsilon decays;

» Bottomonium and Charmonium spectra : very similar - search for states
analogue to recently discovered “charmonium?” states, etc.

V'.....efforts on Bottomonium physics should be increased, and coordinated, to
fully exploit the large statistics of B-Factories!

v’ theoretical predictions have to be improved (from 10-20% to a few %)!

LPNHE Paris Gérard Bonneaud FPCP2009
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Y(mS) =2 nn + Y(2, 1S)

BABAR PRL96, 232001(2006)

230 x 106 Y(4S)

use Y(4S) 2 n*n Y(nS) (n=1,2) by reconstructing Y(nS) meson via its leptonic
decay to u"y and look at u”y invariant mass M, and invariant mass difference
AM=M,_  —M,  compatible with M(Y(4S5)) - M(Y(nS))

bzl

_ BaBar

- First Observations]

B(Y(4S) > ntnY(1S)) x B(Y(1S) > p*p) =
(2.23+0.25+0.27) x 106

T(Y(4S) > ntnY(1S)) = (1.8£0.4) keV

9.8 bl ados &

9.6F 1 B(Y(4S) > ntnY(2S)) x B(Y(2S) > p*w) =
9.4F (1.69£0.2610.20) x 10-6

9oL  asois b H T(Y@4S) D ntnY(2S)) = (2.7£0.8) keV

v e e T
0304 0506070809 1 1112
AM (GeV/cY)
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Taoigs s | 2wl 2Ssnn 1S 1% Issomis ] BABAR | PRD 78, 112002(2008)
gmf [T utu] g I [T ete] g ] [T ] .
2; 3000f § 10007 % 1000:— o o
E 2 E Transitions from 28, 3S, 4S
2000f r [
™ 1 observed in e*e and p*p modes
UE 3 : ; G: ; AL u: :
* > Alsf(c;ewcl) ” " Al\(ij(GeV/cz) AM (cgf\S//cl) ZS 9 1S
% 1000F T N P N T SN RSN e ] N, L
> [3Sonnls >0 1 = r4S—nnls 1 0
g 00/ [T'7 ete] ng: G omow ] %200; [T uu] (17.2210.1710.75) /0
2 r 4 200_ 1 g i 1
2 : . [38>nS
100 ., E P o
Ii 50~ -
et e e T T 1S: (4.170.060.19)%
U ‘0.85‘ — 0.9 — ‘0.95‘ : g ‘(‘).32‘ ‘(‘).31‘1 ‘(‘).36 ‘ 6.3é| ‘04‘ ‘(‘).42‘ ‘(‘).44 g 1.05‘ 1.1 ‘ ‘1.15‘ —
AM (GeV/c?) AM (GeV/c?) AM (GeV/c?)
S o e | 28t (2.40%0.10+0.26)%%
% 250: % ] % - % gol- 4S—mm 28
o | 97 O | [r'mete]
et gt S = 4S - nS
2 150 1 2 sof 2 |
E il E 503 E 40i
1 : 1S: (0.800£0.064£0.027) x 10+
s0- 48— 1S ] sl E F
[TE+JI- e+?-] ; | | | ] : | | 1 o + + '4
01.‘05‘ - 1.1‘ - ‘I.IS‘ — U ‘0.5 0.55‘ I ‘0.6‘ - 0~ 0.5 0.55‘ ‘ ‘0.6‘ - ZSo (0086_0.11_0.07) X 10
AM (GeV/c?) AM (GeV/c?) AM (GeV/c?)
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CLEO | PRL 101, 192001(2008)

B[Y(25) — nY(15)] = (2.17,

(9.3210.14) x 10° Y (2S) o
(5.8810.10) x 106 Y'(3S) 90% C.L. upper limits

07 1 e 4 B(Y(2S) > n° Y(1S)) < 1.8 x 10
5 20.3) x 10 B(Y(38) > 1 Y(1S)) < 1.8 x 10*

6F Y(@2S)—=nY(1S)

B(Y(3S) > n° Y(IS)) < 0.7 x 10"
B(Y(3S) > n° Y(25)) < 5.1 x 10"

1850508-002
——r—r

I T(stﬂTUS)k

2L

Events / MeV
o

Events / 2 MeV
N

L Y (35) > 7T (15) +

. Y R S MSts
17 (35) = 0T (25)
» e [ [ [ [ o 4'+
O....l....l....l....l....
533 ) 043 553 563 110 120 130 140 150 160
Invariant mass of n candidate (MeV) - Two-photon invariant mass (MeV)
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Y(mS) =2 nn + Y(2, 1S)

BABAR | PRD 78, 112002(2008)

All 90% C.L. upper limits

This work PDG [12] Prediction
[ee(25) x B(Y(25) — 7 r7~ T (15)) (eV) 105.4+41.044.2 11545
D(T(2S) — nT(18))/T(T(2S) — 7t 7~ T(15)) (x1073) <52 <11 2.5 [2]
Iee(39) x B(Y(35) — n 7~ T (15)) (eV) 18.460.27+0.77 19.8+1.0
D(Y(3S) — 777~ 1(29))/T(T(3S) — ot 7~ T(19)) 0.57740.0260.060  0.63+0.14 0.3 2]
(T (3S) — nT(15))/T(T1(3S) — 7t 7~ T(15)) (x1072) <19 <5 1.7 [2]
B(Y(4S) — 7T~ T (15)) (x10™%) | 0.800£0.06440.027  0.9040.15) -
D(Y(4S) — 777~ 1(29))/D(T(4S) — 77~ T(19)) 1.16+0.16+0.14 -
D(Y(4S) — nT(18))/T(T(4S) — 7t 7~ T(15)) 2.41+0.40+0.12 - -
B(Y(2S) — ntx—T(15)) (%) 17.2240.17+0.75 18.84+0.6 2742 [2]
B(Y(2S) — nY(15)) (x107%) <9 < 20 8.1+0.8 [14]
B(Y(3S) — ntx~7(15)) (%) 4.1740.06%0.19 4.48+0.21  3.3+0.3 [2]
B(Y(35) — n 71 (25)) (%) 2.40+0.10+0.26 2.840.6 1.0£0.1 [2]
B(Y(3S) — nY(15)) (x107%) <8 < 22 6.7+0.7 [14]
B(Y(4S) — ntr~7(29)) (x107%) 0.860.1140.07  0.88%0.19*) -
B(Y(45) — nT(1S)) (x107%) 1.960.060.09 - -
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Y(mS) 2 nn/n/7’ + Y(nS)

Branching Fractions

%

BABAR

PRD?78, 112002(2008)
PRLY6, 232001(2006)

Belle

PRD(RC)79, 051103
(2009)

CLEO

PRD?79, 011103(2009)
PRL101, 192001(2008)

Y(2S) 2 nta’Y(1S)
Y(2S) > n0n0Y(1S)

17.22+0.17%0.75

18.02%+0.02%0.61
8.4310.1610.42

Y(2S) > 1 Y(1S) <9 x 102 2.1+07  +0.3
Y(2S) > n° Y(1S) <1.8 x 102
Y(3S) > n*m Y (1S) 4.17%0.06%0.19 4.46%0.0120.13
Y(3S) > n'n’Y(1S) 2.24+0.0940.11
Y(3S) > 1 Y(1S) <8 x 102 <1.8 x 10”2
Y(3S) > n° Y(1S) <0.7 x 10°2
Y(3S) > n*nY(2S) 2.40%0.10+0.26

Y(3S) > n'n’Y(2S)

1.82+0.09%0.12

Y(3S) > n° Y(2S) <5.1 x 102
Y(4S) > ntnY(1S) (0.90%0.15) x 102 (0.85+0.12+0.06) x 102
Y(4S) > 7Y (1S) (1.9620.060.09) x 10-
Y(4S) > n*nY(2S) (0.8620.1120.07) x 102
LPNHE Paris Gérard Bonneaud FPCP2009




BABAR arXiv:0812.1021 Y (3S) sample of (116.711.2) x 10°¢ or 27.5 fb-!

UL | MPV
BF(Y(3S) — eE7F) (x107%) [< 5.0{2.27]3
BF(Y(3S) — p*rF) (x107%) |< 4.1|1.2173
[Combined 1(3S) — et | Pr e]iminazy
g L LB B L L B e e
8 1:_ Stat only ;
% 0.8:— Stat + systE
0.6:— —
0.4:— —
0.2:— —
I

2 4 6

10
Branching Fraction (x10°)

=

Assuming o " = o " =1

90% C.L. lower limits
A..>14TeVand A >1.5TeV

[ Combined 1(3S) — ut |

Likelihood

Stat only |
Stat + syst :

B 0 2 4 6 8 0
Branching Fraction (x10™)

First upper limit

90% C.L. upper limits
BF(Y(3S) 2 er) <5.0x10¢

Factor > 4 improvement to CLEO

BF(Y(3S) 2 ur) < 41x10¢
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Gérard Bonneaud FPCP2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


