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Heavy flavor mesons
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New or recent results from B factories on

* Charm mesons
* Charmonium

* Bottomonium




Heavy flavor meson spectrum: why bother?

Naive picture of qq potential

Coulomb-like term:
small distance
one-gluon exchange
asymptotic freedom

low radial excitations
of heavy-heavy mesons

linear term
large distance
confinement

“perturbative regime”

Heont( 1)
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The “meat” 1s in-between:

— heavy-light
— higher radial excitations

radiative (hadronic) transitions “probe”
qq wave-functions
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BaBar and Belle

The BaBar Detector

1.5 T solenoid
(superconducting)

Cherenkov
Detector

144 quartz bagg
11,000 PMTs

2 3 (m)
Samples | Y(1S) | Y(2S) | Y(3S) | Y(4S) Y(5S)
? BaBar 14 fb-1 |30 fb-1|433 fb-1| 3.2 fb-1(scan)
W=y Belle| 6 fb-1 (24 fb-1| 3 fb-1 | 711 fb! 121 fb!

v

Large samples of Y'(nS) and B mesons

also very large samples of charm mesons and
charmonium:

* o(ete—cC)~ 1.3 nb

o(ete™ — hadrons) (nb)

* Charm meson and charmonium in b—c decays
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Calorimeter
6580 Csl(Tl) crystals

et (3.1 GeV)

Silicon Vertex
Tracker

5 double-sided
layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

T (nS) resonances
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Charm meson spectrum

Y or L ol
> - > Y
QoRL- = ST asssssaaes [ L smaeareman
(g o, fo, S I Fo, D,
3 : ........... 32.3_ -;‘ ........
EE-E_M E : ----------- i_
-2, P, - TS TP
I e, - sassssssan TP,
24— = i 2 repansanen 1P,
: 13Pn . 2.4_— TP,
D| . D
i 22— S
2__ .:li;s: ...... 2__ 1351
:';fs' _______ :.;;é; ......
18 | | ! 18— L
0 1 o* 1* o+ 3 ,IP 0 T 0 1 2 3 Jp

S. Godfrey, N. Isgur, Phys. Rev. D 32, 189 (1985)
===' M. Di Pierro, N. Eitchen, Phys. Rev. D 64, 114004 (2001)

qualitative overall agreement
discrepancies for some higher states, not all observed
or well measured
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| L=0 . L=1 ]
. d D 28 ! '
New excite states |
< N Dl D, 7{—[)3
. S 24 D, - .
4 Hh[=] tWo with D-wave decays, '~40 MeV z | T |
states with L=1 2 <1
two S-wave decay, 1'~300 MeV £
~ B R D I LV SR — 7 S-wave
] 20
Inclusive search at BaBar: [Phys. Rev. D 82, 111101 (2010)] D b
ete” — e — DX — DWgX MO v e eor
x1000 D x1000 | DOzt 1000 D* g™
‘N = Y L N L i I T T T T X
-.>‘:E 25:_ Reflections 4 454 fb-1] T; B o Reflections .. ' . 454 fb-1 E cg sF = ' a
S A T D (2600) 18 4 i\ D*(2600) ERL
g2 N\ T Ty, Dreren) ] 8 LR De(2r60) .
=} F i e g gl = e‘ 15 e - S 30E-
: 15—_.’2\3/’5 H“""}'li'.‘" -~ - {?‘—: SRR LTS e o ] =
B [  ——— g r rssre——— R = T
5 10 . 25 26 27 28 4 § 10— 25 26 27 28  § 21]; 27 28 4
- P ¢INDF=281/u2 1 & | '/NDF =218/u44 1 & % X*/NDF = 244/207
— P = L = i S ] 0 oaz0 2 E
T Do(2400) 7 p3(2460) 1 f Do199) 7% py(aa60) S :
M(D*r) = m(K- " 07) - m(K~ 7 7%) + mps GeVid) M(D°nt) = m(K-ntnt) —m(K~1) +mpo Geviy M0 )=nll (e o | -nll 7 (0 ) )+ mpe Gevied
Resonance  Mass (MeV/c?)  Signif. Resonance  Mass (MeV/c?)  Signif. Resonance  Mass (MeV/c?)  Signif.
D*(2600)° 2608.7 + 2.4 £ 2.5 3.90  D*(2600)T 26213 3.7 42 280 D(2550)° 25394 + 45+ 68 3.00
D*(2760)° 27633 £23+23 890 D*(2760)t 2769.7 £3.8+ 15 350 D(2750)° 27524 + 1.7 +27 420
o T2 HEI('}OECI[1+(5..7'2:|:{].Z;5] s [ =  casHB)E. s [ s 3-mm 1l ]
HellClty angle ot ?’%40- xcos™(8;,) e, J Ezn— §2ﬂ. Y 4By )ey §Ln- E
distribution ¢ z E E D@30 f ERi '
1SIriou H CDLZ =0 & 10k D;,(2460) & 10 Z 5 D" (2600) & | D(2750) |
Do -1 05 [i} onge ] -1 05 1] ﬂ.smsa 1 -1 05 0 njcagl?—] 1 -1 05 0 n.smsﬁ 1 -1 0.5 7] o.scma 1
D** Consistent with HERA " " ! !
P 3 1 3
| J _ Eur.Phys. J. C 60, 25 (2009)] 1° P 2 2 S(] 2 1 ?
@.Sisétg%?%enova HADRON 2011, Miinich 13-17 June 5



Charm meson spectrum today

o
8281 Fo, b,
w - 000 sassassssass
(7] |
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2's, ® TP,
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- B --:; ------- -IF1
i TP, @
2.2 B
ol e E
TS, Godfrey-lsgur (1985)
[ ey Di Pierro-Eichten (2001)
1.8 | l |
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D1(2420)0—DVy radiative transition

n Watson@ICHEP2010

« BT — ?T_DU }J0 — DY AT 71""3 “L— Preliminary
» Bkg from B~ -7~ Dj ,(~ D) £

with different angular 9 S

distribution J 4 DO E s0f

CM

* Fit in different regions 200t M|

of‘ cos 8 . ‘ K- ‘0 # *
’ Dlsagreement in low bin 'D? 92 24 25 7 28 29 3

[ -1.0;-0.7] cos 05 [-u 7;-0.4] [-0.4;0.0] [o 0:04] Moo

Preliminary

Preliminary

B(B~ = D") X B(D" — D“fy) (5 0+0. 5(stat) :I: 1. 5(syst)) x 107°

Using BR(B"— D1 ) =0.102% and F(D1 ) =20.4 MeV
Belle obtains : BR(DID—} D%) =5.0% (Godfrey, PRD72 (2005) 054029: 2.8%)
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Ds1(2536) properties

* Inclusive reconstruction:

D, - D**K3, D*t— D'zt

D - K—nt(ata™)
*Am (D 1) has a better resolution
Am(Dy;) = m(Dg) - m(D**) — m(Kg)

m(D}) = 2535.08 £ 0.01 +0.15 MeV/c?

I'(D}) = 0.92+0.03 +0.04 MeV, 15t Meas.

m(D}) - m(D**) = 524.83 + 0.01 + 0.04 MeV/c*

+3= —

S o =
3= —

R as0- ' ' E
3 00k i BABAR ;
- 3505_ preliminary 3
= c 3
ey | 385 b1
g 2505 b
200
oo K4 -
505— E

(e '
0.02 0.03 0.
Am(D*) [GeV/c?]

PRD 83 072003 (2011)

Helicity angle distribution :
confirms unnatural parity J©_ AN(Di)/dest  /NDF lLegad = s00 |
DD M) 1g+3 Z:;:g 4155;{08.;]//1199 g 0|
o 3. “(Si;zfﬁg;ﬁ; P s 200 |
T g, T

& 600
2

300 [,

100 |/
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Quarkonium spectrum

B-factories contributed 1n filling the empty slots
... and found a few more: the XYZ states (see Eidelman talk)

(2541 ]-L
J 1 3 3 3 3 1 3 k] ! 1 2
. S, 'S, P, °P, P, P, °D, "D, "D, D, "7,
5000 T T T T T T T T T T T T T
L
o 4750( — .
s ' CC
= Y{4850)
b 4500— .nri_4415} .
E Vo) .
250y —
= : WA150) .
— u ¥(3940 a
4000{ , 0907 ._i! } 7
o 2(3930}”3;?2:I ! . ,
L
3750 . A Open charm threshold W3TT0)
n (25)¥(25)_o .
3500 Lo - ]
3250 B ® Established i
R
3000(s_ V¥ ® New States —
n,(18)
2750 Theory
2500 [ I N T AT T MR A | | |

0t T 2 1" 0™ 17 3 27 1 2 97 pe

{25+1}L
3 3 1 3 3
’ Sﬂ S1 3P2 P1 3PD P'I D3 BDE D1 1D2 ???
q:11ﬂﬂﬁ Y L L L L L L L L L

> & -
v 10800 Y(58) bb -
=
[ Zin
Eﬂ]ﬁuu H‘.‘S} Open flavour threshold :z*.,:
=
10400~ _]
ESYES) W .
10000 Yos Yoz Yo 02|
11:::25}.1“25}: L - n
9800/ AP 0P), (P . i
“ba B Established
9600 B Mow States
L |
9400 —= Y(1S) | Theory ]
m,(15)
o I N O S M P

0* 17 21" 0" 1737 27 17 2" 220

Recent progresses in conventional quarkonia:
« new measurements of 1.(nS) masses and widths, n.(2S) decay modes

« observation of bottomonium singlet states hy,(1P) and hy,(2P)

e improved measurements of radiative and hadronic transitions of Y'(nS) and
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n_(1S)n.(2S) and x_(1P)in yy at BaBar

arXiv:1103.3971

= , 519 tb-1 ,
o BABAR 50! two-photon fusion
S ' | B ”
s 8% S ﬁ %(1P) n.(29) Y
= 33 84 35 36 37 (C=+ J=02 / R\*: | Fina
..E 600 T \j state
2 K K™t Gy T
W 400 > e,
200 ¢ ¢
ete- along beam pipe: undetected
0 32 36 — 4 Tesonance formed at low pt
m(K’K* ) (GeV/c?)
© 1% B BAR 150t Xo(1P) %, (1P) 1 (2S) ‘KOSK+TE_ forbidden for y_(1P)
31400‘ imi - ‘ . oot + _ 0
2 1200f% K'K ' n'n n° new mode
§-1000f— .......
2 gool 0t - :
N from K" K 7" decay mode:
" E N m(n,(1S))=2982.5+0.41.4 MeV/c?
200" KKt 1,(1P) ‘ F(nC(IS))=321i11ﬂ:13 MeV
o ! | | | m(n (25))=3638.5+1.5+0.8 MeV/c?

1 1 1 1 Il | 1 1 1
3.4 3.6 3.8 4
m(K* K *rn®) (GeV/c?)

(see also Santoro talk in Quarkonium 4 parallel session)

(1, (2S))=13.4%4.6+3.2 MeV

includes syst. from interference with continuum
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N.(2S) and . j(1P)in yy reactions at Belle

Belle studied n(2S) and %.j(1P) to 6 charged tracks in yy
new modes

Belle @ICHEP2010
2600 - 200
175
2000
150
1500 125
100
1000 75
500 |- S0
256
ULE 514 | IS.IEI EIE JI? o
M, MeV [', MeV Signif. I'4+ B, eV
6 36389+ 1.6 +2.3 10.7+4.9 8.bo 201 £3.7+£ 3.2
2K A 3634.7+1.6 2.8 < 13@ UU%‘CL 6.20 10.2 £2.3+ 34
KsK3m 3636.5+1.8+24 15.9+5.7 8.7 30.7 =3.94£ 3.7
M(nc(ZS))=3636.9i 1.1+2.5 +5.0 I\/[f':\]/ll:2 systematic due to interference
1th t1
' (28))=9.9+3.2£2.6 +2.0 MeV e
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n_(1S) and n.(2S) 1n B decays from Belle

B+ — K+(KgKn)°

. arXiv:1105.0978
Interference with | e | Zisof "le
non-res. Bt — K+ (KgK)°. 200} ! S ool
oD fit: /(K+, Ks)-M(KsK). wl | 50} f\qp
M, = 2985.4 + 1.5152 MeV N T | A
1.0 .1 05 0 05 1 25 2.75 3 325 ?3i.
Iy, =35.1+3.17¢ MeV cost MK, GeVre
+3.9 +0.5
My (25) = 3636.124, 57 MeV  arXiv:1105.0978
r =6.6157 125 MeV 20 s
Ne(25) s ne(25)| 2 | Nc(2S5)
150 e
No interference: Z ol
[y (25) = 41.1 +12.0155' g MeV 100 | S |
e || 4
Significant effect for 7.(2S5) width! e | 0f— i L
105 T s mﬂl SET 3111['];:%],'{;&3&1

Interference with continuum 1s important!
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Search for h (1P) in Y'(3S)—n'n (X)
122 M Y(3S)

x10° 1 : +
A T RiB4r | massrecoiling against the 7

preliminary |

%-’i?:?“.

.

mRZ - (mY(3 S) _Emt)z - Pmtz

Y(28)—
o Y(1S)

expected to be within ~MeV of

Events / ( 0.001 GeV/c?)
(o)
<
o

400 m = (m +3m +5m /9
oG~ Mipo(1P) M (1P My (19))
200 mo= mhb(lp)z 9900
arXiv:1105.4234 ¢1oof<.193..|....l....l....l....,..._
O R D N P D A A T A R SR A N M T R R N (SN T S ST R N Q —mn o j(l(')s' ™1 T T T 1] n
975 98 985 99 995 10 % e 2 b E N
mg [Gevic) S 800 | 3 { + T D
: : > [Sa4 (| & ) [T
Fit to signal components § 60 @g S " .i.'l 'I.—"' '.n e i [ -
- Y(3S)—>7t+7t_ hy(1P) g "' T ST IR AT
- Y(3S)—>n T Y(2S) g 40
E
QO

o Y(28)—>T[+7I_ Y(IS) 900 00 '9.;4

20
. _|_ — S mg [GeV/c?]
Xb(zP)_)T[ n Xb(IP) o s S8 we
plus smooth background OB T oot
* non-peaking combinatorial 975 980 985 990 995 10.00
e KO smooth background subtracted ™mr [GeV/cT]
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arXiv:1105.4234

122 M Y(39)

Bottomonium dipion transitions
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= No evidence for Y(3S)—n n hy(1P):
: B(Y(3S)—nn hy(1P))< 1.8 x10-4 (90%CL)
over the whole search region
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x10 improvement over previous CLEO limit PRD 43,1448(1991)

0,101 B;;g.ﬁfga{s—: Precise measurements on other transitions
0.880 0335 9890 9:895 0900 9905 9910 9915 9.920
m(h, ) [GeV/c’] B[Y(35) — 7 7~ T(25)] = (3.00 £ 0.02(stat.) 4+ 0.14(syst.))%

central value and 90% CL UL B[T(3S) — Xx31 (2P)] x B[x1(2P) — 777 x41] = (1.16 £ 0.07 £ 0.12) x 107
as a function of h. mass BY(35) — Xx02(2P)] x Blxe2(2P) — 77 xp2] = (0.64 £ 0.05 £ 0.08) x 1077
b B[Y(35) — XT(25)] x B[Y(25) — ntn~ 1] = (1.78 £0.02 £ 0.11)%
Am([Y(35)-7(25)] = 331.50 £0.02(stat.) & 0.13(syst.) MeV/c?

o . o o 651(')3 T T T T U T T T —
dipion transitions between yy, o states 5 @i Ijrzg{n?if;lalri;;
clearly separated for the first time £ [eE ] g ]

(1)) /: E

B 1(2P) =7 1 31 (1P)) = (9.2 £ 0.6 £ 0.9)x 103
Bo(2P)—7 1t “ypo(1P)) = (4.9 £ 0.4 £ 0.6)x10-3

consistent with the CLEO measurement

(the two transitions were not resolved)

PRD 73, 012003 (2006) - 1

1 1 1 1 1 1 1 I 1 1 1 1 I T
9.98 9.99 10.00 10.01
my [GeV/c?]

Candidates / ( 0.001 GeV/c?)

—
‘IIII|IIII|IIII|IIII|IIII

. — <
o — ~

—— ——— T T S el
- el i e S
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Evidence for Y'(3S)—n"h (1P)

122 M Y(39)

Preliminary

Select events with a n°and a photon compatible with h,—yn (1S) (dominant decay mode)
In each binof m__° = (Mg — Eo0)’ —Po" # of ev with real 7°from yy inv. mass dist.

X]iO3 T T T T T T T T T T T T
"f'&g [T T T
> . BaBar preliminary
o)
> 150
N L
"‘me, T T
L . Lo s
= 1651 Y 7 et +
= L |
m 100 r t + '
160_— —
YL i)
- 155~ —
50_— { n 1
150 o
i 982 984 986 985 95 592 954 996 998
| | | | | 1 | | | 1 | | | | | | | | | | | | | | 1 |
0 9.75 9.8 9.85 9.9 9.95 10

mrecoil (RO) (G@V/ C'Z)

Entries/ 6 MeV/c?

arxXiv:1102.4565

m___( «’) background subtracted

(=]
(=]
(=

2000

—
(=1
(=
(=]

-1000F

220001~

- BaBar

3000 preliminary

i

PR
9.9

1 | 1 1 L 1 ]
9.95 10
m, (1) (GeV/e)

9145+2804 signal events

M(h, )= (1 9902+4(stat)=1(syst) ) MeV/c* consistent with predictions
BOY(3S)—10 hy(1P))x B(hy(1P)—ymu(18))=( 3.71.120.7) x10-4

Statistical significance (from VAY?): 3.2 6

including systematic error: 3.0 ¢

evaluated at the expected mass value
M(h,)=9900 MeV/c?

(see also talk at Quarkonium 3 parallel session)

C. Patrignani - Genova

HADRON 2011, Miinich 13-17 June

15




Bottomonium decays of Y'(5S)

PRD82,091106R(2010)

In 2008 Belle reported a surprisingly high production of Y(nS) ' n-
~ 0.012

at the Y (5S) energy with 21.7 fb-1
PRL100,112001(2008) F(MCV) o GO0 ¢ v(tSym : BELLE

E 0.008f- ¥ ¥ (2S)m + +

T(55) = Y1) e 0.59 L 0.04 20,09 2 yopl 4 Y8
THS) - Y(2S)r s 0854+0.07=0.16 Foou|

PG o o b
T(hS) — Y3S)ntw~ [_I.SL’J_“E:‘EQ - (.10 0.002 = : jT ! * I

P T _ . 0.000 ;

T(25) - Y187 w ).0060) . B .* :

;1 ,3:_ O e — 1075 10.8 1035 10.9 10.395 11 11.05
T(38) = T(1S)ata 0.0009 Js(GaV)
TS) - T(18)a+a~ 0.0019 O —CLEG 5

60 |- ® o(e’e —» w7 hy) (scan data)
Is 1t Y(5S) or Y, partner of Y(4260)? o A cHEToTTRI@0dG
- O oge’e st Jy)
arXiv:1104.2025

40 -
Observation of e*e- — n*n h, by CLEO :

30

o.(ee”— n* n~ (h,, JAy))(pb)

Enhancement of o(h, n717)@ Y(4260)

20 |-
4—2 |
istheG(hbn+n‘)enhancedattheYb? Oj: e

3.95 4,00 4.05 4.10 4.15 4.20 4.25 4.30

e‘e” Energy (GeV)
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Y (5S)—nr X

Large data sample collected by Belle to study B*, Bs ..

mass recoiling against the T ' 1
©

. =
continuum events have 2
“jet-like” shape: -
select events with R2<0.3 L%

(Ratio of Fox-Wolfram moments)

_|__

x 10 3

1400 |
12005
10002
8005
6003
400 |

200 |

Y(1S)

MM(n

but not only

)2 =P, P’

Y(5S)

h,(1P) Y(2S) h(2P) Y(3S)

arXiv:1103.3419

121.4 fo-

oL

"9.75

L e a1
10 10.25 10.5

MM(rt* ), GeV/c®
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Y'(5S)—nr X: observation of hy,(1P) and hy,(2P)

RE - : Y(2S) | 121.4 fb!
= - . . ! !
© 40000 Prelimina - ’ ! 2
=" R < /. : ]
g BELLE ! ! A
wn B ! .
£ 30000 Y(19) i l i h,(2P) arX1v:1103.3419
i _ i . i ﬂ
20000 | "(1F) % Y(39)
10000 | i i
0 WWH“H JFlh |.illll|4h l“nHMI"]Hl i I
| il A Ul L AL 1 e Y
0.8 10 10.2 10.4
) + - 2
Yield, 10° Mass, MeV /c? Signif. MM(x'm), GeVie
Y(1S) | 105.2 £ 58 +£3.0 9459424053+ 1.02 1820 o
h(1P) | 504+78745  09898.25+1.0671% [ 624 Sl%;“sftie"nalgfi >
35 — 18 55+ 19 9973.01 2.90
Y(2S) | 143.4 4+ 8.7+ 6.8 10022.25 +0.41 +1.01 1660 h,(1P)  5.5¢
Y(1D) 221+ 7.8 10166.2 + 2.4 240 h,(2P) 1l1.20
hy (2P) 84.4 £6.8T33  10259.76 £0.6471 55 | 1240
25 — 15| 151.6 +£9.775 10304.57 +0.61 £1.03 15.70
Y(3S) | 449451451 10356.56 £0.87+1.06 850
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OELLE

arXiv:1103.3419

h (1P) and h (2P)

Deviations from CoG of y,, masses

h,(1P)  1.62 £ 1.52 MeV/ 02} consistent with zero, as expected
h,(2P)  0.48 7135 MeV/c?

Ratio of production rates

spin-flip for h, (1P
a2 T[Y(BS) = hh(nP)rtr~] _ 0.407i0.079f8:8$2 (1P)
mtm—]

_ vI[Y(55) — T(29) 0.78 £ 0.097522  for h,(2P)
no spln flip S(Y)=1 S(hy)=0

Process with spin-flip of heavy quark is not suppressed
* exotic ?
. rescattering? Simonov JETP Lett 87,147(2008), D. Bugg, arXiv:1101.1659

No h, signal at Y'(4S)
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Bottomonium radiative transitions with
converted photons

arXiv:1104.5254

Goals: search for n, and measure the hindered E1 transitions
Y(3S)—pJ(1P),  xpJ(2P)—Y(1S)
Rates generally phenomenologically well-predicted

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

Use converted photons (y—e+e-) to improve resolution (e.g.: 25 — 5 MeV)
Price: efficiency (0.1+2.5)% (depending on energy)
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Background subtracted spectra
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Results

BABAR
] - CLEOTPRD 83,054003(2011)
Most precise measurements to date in most cases
Transition EZ Yield £ Derived Branching Fraction ()
{Me‘» ) (%) BABAR CUSB  CLEO

xeo(2P) — A7 (2

xp2(2P) — ~7 (2

S) 205.0 —347 £209 0.105|—-4.9 £ 2.970L £ 0.5 (< 2.9)
Yo1 (2P) — 4T(25) 229.7 4294 + 251 0.152 195+ 1.1+ + 1.9
S) 2423 2462 £ 243 0.190 86700 £05+1.1

3616 < 5.2
13.6 2.4 21.1 4.5
10922 99£27

Transition EZ Yield e  Derived Branching Fra

(MeV) (%) BABAR CLEO

ction (x1077)

No evidence in BaBar for

P

(35) — Yxp2(1P) 4331 9699 £318 0.794| 106=03=+0.6
(35) — yxp (1P) 4522 483 +£315 0.81810.5+£0.37)7 (< 1.1) | 1.6+0.5

T.T+1.3

Y'(3S)—vy,,(1P)
3S— 1P rates differ from

the expected EY3(2J+1) pattern

(35) — yxwo(1P) 483.5 2273 +307 0.730| 2.7+04=02 3.0+£1.1
Transition EZ Yield € Derived Branching Fraction (%)
( MeV') (%) BABAR CB CUSB CLEO
xpo(1P) — 4T (15) 391.5 391 £267 0.496[23+1.57,7+£02(<46) <5 <12 1.7+£04

xp1(1P) — 4T (1S)  423.0 12604 & 285 0.548
xp2(1P) — wl"{lS] 442.0 76651370 0.576

362+0.8+1.7+2.1
202407510+ 1.0

T(25) — yme(1S) 613.75305%-7 1109 £ 348 1.050( 0.11 = 0.0410°0% (< 0.22)

34+7 40£10 33026
25+6 19+£8 18514

Transition E’ Yield € Derived Branching Fraction (%)
( MeV) (7o) BABAR CUSB  CLEO
w0 (2P) — 47 (15) T42.7 469730 1.025[0.7 £ 04707 +£01 (< 1.2)] <1.9 < 2.2
\51(2P) — AT(18) 764.1 149657351 1.039|  9.9+03+£04+09 [7.5+1.3 104+2.4
xs2(2P) — 7 T(18) 776.4 112831338 1.056] 7.14£024£03+09 [6.1+£1.2 7.7+2.0
T(35) — yn(1S) 907.9+£2.8+£0.9 933135 1.388 0.059 £+ 0.016+)01% - -
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Conclusions

* B factories gave a dramatic contribution to heavy flavor spectroscopy
— conventional states and a number of puzzling new states
— bottomonium singlet state finally observed

— precision mesurements of bottomonium radiative and hadronic
transitions

— still actively analizing data, expect more results from B factories
— yet some measurements are statistics limited

* more precise measurements on bottomonia will likely have to
wait superB or Belle 11

* BES-III already providing exciting data on charmonia and D states
* LHC starting to exploit their data
— unique gateway to Bs and Bc spectra

—
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BaBar and Belle

Superconducting

6580 CsI(TI) crystals
e* ID, n° & y reco, K, detection

Instrumented Flux Return
9 layers of RPC’s (upgrade to LST’s

p+ ID & K, detection

cavities (HER

Cherenkov Detector
(DIRC)
144 synthetic fused silica bars
K, m separation

ARES copper
cavities (HER)

Drift Chamber
40 layers

tunnel

Tracking + dE/dx

gGeYe-3
Gey e+

Silicon Vertex
Tracker

5 layers of double -
sided silicon strips

Linac

PEP-I11
Rings ™

Positrons

Low Energy Ring
BAaBar Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

15T

CsI(TI) eV e'
16X, *’J
TOF conter

- fral Drift Chamber
“h small cell +He/C,Hj

b el

8 GeV €

Si \i'tx. det.
3(4) lyr. DSSD

L/ K, detection
14/15 lyr. RPC+Fe
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Charm mesons at B-factories

* Inclusive production, mesons are fully reconstructed in cc

events:

* bb and € cross sections are comparable at their CM energy (~1 nb)

* Rejecting candidates with CM momentum la,rger than 2.6 GeV/c removes
candidates from B decays and reduces combinatoric background

* Exclusive production, mesons are reconstructed in B decays:

* Charm mesons are really abundant in B decays, almost one for each decay

* B candidates are selected using the mass and CM energies

e"e™—  Cross section (nb) BaBar (0.55 ab™) Be

e (1ab™")

c? 1.30 aw; .78 evts
i 05 B 0558 evts

[.3B evts

1B evts

C. Patrignani - Genova HADRON 2011, Miinich 13-17 June

26



Singlet S states parameters

WEISHTED AVERAG ﬂjf (??c ) WEISHTED AVERAG F ("'?c)
2980 3+1.2 [Errorscaled by 1.8) 28 6+2 2 (Errorscaled by 2.0]
PDG'10 Y /
\ f 2
? X
x o LEES 10  BABR 44
10 BABR 1.3 — - ALIBERT OBAE BABR 1.8
DBAB BABA 28 e LIEHARA ok} BELL 0.0
] BELL 4.4 —t+— WU 06 BELL 51
o7 BELL 17 WU 06 BELL
o8 BELL BY — . - ASNER o4 CLEQ DA
06 BELL DA - AMBROGIANI 03 EAR3S 1.1
- ASNER o4 CLEQ DA | . - BAI 03 BES 20
- - AMBROGIANI 03 E835 27 FANG 03  BELL DO
BAI 03 BES 52 BA| 00F  BES 38
- - FANG 03 BELL 0.1 ARMSTRONG 35F EJBO 0.2
- BAI OOF  BES 2.4 - BAGLIN 8786 SPEC B4
- - - BAI anE MAK3 4.0 - BALTAUSAIT... B& MAK3
| - GAISER 86 CBAL _ DA - GAISER 86 CBAL 145
31.2 41.9
K (Confidenca Loval = 0.0018 (Confidenca Loval < 0.00071)
| | ] | ]

2050 28BD 24970 2980 2880 3000 3010 a0 100

Large spread in mass and widths measured by different techniques

Widths measured 1n radiative J/y decays tend to be lower than the
values measured in B decays or yy reactions

1_(2S) parameters not well known, decay modes largely unknown
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