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Introduction

e Successful B factories for 10 years:

— CP violation and CKM, rare B decays, tau physics, yy physics
— Charm mixing and decays, charmonium
— Discovering XYZ particles, studying Bs decays ...

* Bs physics: complementary to LHCb

Direct measurement, detecting ©t%, 1 ..., missing particles ...

* Pay more attention to bottomonium &= inclusive -
spectroscopy, new physics ... |
ﬁé. Al.:t:ert eﬁtral: . ' Ey li'-ﬂ‘l..‘l
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The Duel of B Factories

=
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Low Enerpy Ring
BaABar Detectlor e

Hiph Enerpy Ring
(upgrade of existing ring)

Instrumented Flux Return
19 layers of RPCs / LSTs

fromagnetic Calorimeter
6580 Csl crystals

Cherenkov Detector (DIRC)
144 gquartz bars, 11000 PMs

e*3.1Gev)

Drift Chamber
40 layers

Silicon Vertex
Tracker

5 layers of double

sided silicon strips
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Successful Operation

Integrated Luminosity(cal)

1600 —————— & T > 1.0 ab
| |TTKEKB | On-resonance samples:
1400 - e—mpgpy [T 7 las- 711 b
—World — 'i .
1200/ — ~770M BB ] 22 1201 f:?ll
1000} E KEKB ' 25: 24 bt
L for Belle 1 1S:5.7 fb!
800 : ! Off-resonance: 87 fb!
. & ~470M BB !
600 &b |~ -
: ( PEP-II | Ofr:::r‘?e samples:
400 - ~..forBaBar| _/f /[ 4] 45- 433 fb!
[ ' 35: 30 fbt
- ]
200} i 2S: 14 b
| Off-resonance: 54 fb?

0 ! .
1998/1 20001 20021 20041 2006/1 2008/1 20101

7/7/2010

sl Clhetife Y(5S), Y(2S), and Y(1S) Results at B Factories



ete~ Hadronic cross-section

70 pb!
Y(4S) P
=1 Wbl CLEO
= [ _ = A A~ KR PRL 54, 381 (1985)
E»; | efe— uu, dd, cc, bb ;
= ) ) ) 1 30}
§ I ++ — ] Y(55)
00 bb threshold | y2.
T 0f . L‘. - . =
o | bl O ] @ 2.6F
+ L ' [t o / 1
[ -y Yo XY FCPR 2 ta . . ] 24
COY(IS)  Y(2S)  Y(3S) Y(4S) B P
3.44 9.46 10.00 10.02 10.34 10.37 10.54 10.58 10.62 . q , |
Mass (GCV/Cz) 10.6 lO‘BW{GeV} 1.0 (.2

M= 10.865+0.008 GeV/c?

['=110x13 MeV = Y(10860)
Is this really Y(5S5)?

* Y(4S) - BB, B =B+ or B
* Y(5S) »> B®B®), B*)BX*) x,
BBrr, B.*)B*), Y(1S) nr ...

7/7/2010
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Need measurements.
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D
o

BELLE

Observation of Y(5S) — Y(NS)nw

K.-F. Chen ¢t al. (Belle colla.)

* Took Data at 10867 MeV PRL 100, 112001 (2008)
+total 21.6 fb-! in 2006 S (@ cancidaes
8 o
i Y(3S)
* Search for ufu - events 02 Y(25)
- Observe unexpectedly large 7.
9.4 Y(IS)
Y(5S) — Y(NS)nn signals 02 3
5 B o AM =1!-Hu4lm::|ﬂf#u}:.’gﬂ\l’ﬂ‘=‘"]
Process o(pb) B(%) I'(MeV)

T(1S)nTa~ 1.61+0.10+£0.12 0.53+0.03+0.05 0.59 %+ 0.04 £ 0.09
T(2S)rtn~  235+019+0.32 078+0.06+0.11 0.85+0.07 £0.16
T(38)nta™ 1.4475:55 +0.19 0481018 + 0.07 0.5275:39 £0.10

TOAS)KTK™ 01857901 4 0.028 0.0611001% +0.010 0.06775017 +0.013
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Width, Mass and Angular Distributions

Anomalously large partial width at Y(10860)

Process Tiotal Pete— | I'rasynta-
T[QS} — T(1S)r 7~  0.032 MeV 0.612 k( V] 0.0060 MeV
T(38) — T(1S)r 7~ 0.020 MeV 0.443 keV] 0.0009 MeV

T(48) — T 15};-"' ~ 205 MeV 0.272 keV] 0.0019 MeV| larger
Y(10860) — Y(1S)rta~ 110 MeV  0.31 keV \ 0.59 MeV ) by > 102
Lo vesy *“5*“ P S  Histogram: phase space
& gk & 40
seE - B . « Shaded area: model| from
§§§ Rt j o LELLL v'> Jhy r; good for Y(4S)
M) (Gevic?) M) (Gevicd) * Rescattering Mechanism:
. quij B Y(5S) -B'B'nn— Y(1S) ntn
: ek ++++;lg $ 3 A Yu. Simonov, JETP Lett. 87, 121
&2 + EHS g3 ++ +n~ » Other states: Yb near Y (5S)
05— =5 o0 05 9 %5 o5 0 05 1 W.-S. Hou, PRD 74, 017504
cosf, COSHy,
e Y(5S), Y(2S), and Y(1S) Results at B Factories 7
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Energy Scans

arXiv:0808.2445 ,:
- scan by Both Belle and BaBar 2. [ ©_ PDG V(10860 and T RS
e ™ & ‘17(153““ - Y(10860) pand [ from R_fit
Belle: Y(NS) nw scan E 0.008[- W Y(2S)x
— 2 0.006 |- A Y(@S)m=
« Scan results: e —— f-,-"“ =
0.000 :
Mass (MeV/c?) T (MeV/c?) T e T :
Belle (Y(NS7w)) 1“888.—14:3_'8 30.7 ”+\ o
Belle (73) 10879 =3 4{#’9 06— T @
BaBar (%) 10876 =2 43+4 - -8
PDG2008 10865 =8 110 =13 s - 3
- Compared to Y(10860) in PDG “-4;‘ i F
L L - - | || :
mass Is higher, width is narrower & o3p '||i My | ! =
. . . g H -]
» 3.2c deviation on peak and width  ozF -
between Belle’s Y(NS) nx and 0l =
, - PRL 102, 012001 (2009) =
BaBars R, QB T g T WL ) f
{iK {13 {1 {1 K] 11 1§88
7/7/2010 ¥(55), ¥(25), and s [GeV]
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What we want to know

Consistent R, spectrum, but not scale

2y
n:.n 0.6 " [
+: Belle F
**[+:BaBar | | |
. bd ¥ -
0.4 H‘h ' } / i
oL #{* - }
03~ Wi
it LRLETIY 0
0.2}
0.1
1075 108 _ 10.85 108 _ 10.95 11 11.05
\'s (GeV)

Wz IG=V)

+ Is there a peak at 10910 MeV/c??  * Ali's tetraquark model
» Same shapes for R, and Y(NS)zz? — Explain the BaBar R, spectrum.
- Consistent R, values for two exp.? ~ PLB 684, 28-39 (2010)

— 2nd Belle energy scan (5,6/2010) — Explain Belle’s M(nm) and angular
» Fine scan btw. 10.75 and 11.05 GeV distribution for Y(5S) - Y(NS) nn evts

» More on Y(5S), Y(6S) and btw 45&5s PRL 104, 162001 (2010)

7/7/2010
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Hadronic fractions

g > (28+0.3)%
[K.F. Chen et al (Belle) PRL 100, 112001 (08)]
f(BY%) =(73.7+6.0)%
‘w [A. Drutskoy et al. (Belle) arXiv:1003.5885)
hadronic events at Y(5S @ BY, B* events
\ /v

Y(5S) events T~
G{bb} (302 14) pb

I-LL'|J.

SELEEEEE = (193£29)%
resonance data " [ A BT/ :
(186 /| B'B,B wl () } D, HFAG [PDG 2008]
i ! L 400
e — VIS5 nidd o inuEmm °'35U; +
s Tk W iy 3 o
Measure ™| =300~ 4| S/ M2
— = B 250- + jf X(D ) =P \/Ebeam I\/le
G(bb) : S 200 t
=~ @ 150 ++ fs is the dominant source
= 1%9F of systematic errors for
._ 50”+ conhnuum_L
A 0. - many Bs measurements
R L . b 0.2 04__0_6 0.8
L L&Y [ & - L P Ez i - -m L | X(DS)
TiESJ data THEDH‘:’ estimate T(45) data
i |Pillp; | P2(cos 6) 1- -
i |pillpj| Po(cos 0)
TPl Y(5S), Y(2S), and Y(1S) Results at B Factories 10
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Fully Reconstructed B events at Y(5S)

o ete- — Y(5S) — B®B® (1)(n)
B* —> By
F 5.4 _
o - Data B*->J/y K*
= 5.45) _. |
) < B\ 23.6 fbr!
- 54 e ¥
O 535 2 o
O 535 o
3 5.3 8 5.3
BB 5.25 g;_Mg;fAE'-§.2_8 ;Qk
3P ] RS S PSP P Y T — TS
-0.3 -0.2 -0.1 0 0.1 0.2 AE  (GeV)
AE  (GeV)

Only one B meson is reconstructed

Mpe =\ E*peam? — PX2 ; AE = Ef—E*

beam

7/7/2010

ST @ Y(5S), Y(2S), and Y(1S) Results at B Factories 11



Y(5S) to B Meson

PRD81 112003(2010)

545 BO- >D-(K+n-n-)n+ 545 B - >J/“|I K+
5.22-50.‘2:1; '- %2 .0|15 -0|1 -0|05 6 0;)5 0|1 0‘15 0.2 5.22:4' d% o2 61 (I).. o oizl . 0.3 POEJ.E?H}EJ 005 0 0_0; 0.1 (n),ism (;2
E-E, . vsM,, M, -5.28+AF E-E,__vsM, M, -5.28+AE
e |dentify B meson in 5 decay modes f(X)=N(X)/N(bb)
L +) = +39 °°

Decay mode Yield Efficiency, %  f(B*'"), % f(Br) =(72.125:3 * 5.0)%
Bt — J/YyK" 221 *18 3.41 89.0787 =8.0  £(B%) =(77.0:38 +6.1)%
B'"— J/y K™ 105+ 11 1.30 85.3 “’; 8.8
Bt — DY Km)wt 215=* 21 (.97 640 +6.2+49 fB)=(73.73.2 £5.1)%

t — DY K3 -t 27§ + 32 ' "-+ﬁ.{1+ :
B“ D if(l._ w)mwT 278 3: 117 68.3731 £ 6.4 (58.9 £ 10.0 £ 9.2)% (CLEO 2006)
B — D m 247 * 25 1.80 72974+ 64

= f(B5)=(19.51 %9 )% (PDG, Belle+CLEO).
7/7/2010 )
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Two-Body Decays

; . . ; 'Data Backgr.

5.45] B™->J/y K oal BB MC : subtracted
o B\ 236t Dl e B. 1| @100k £ Sum of
T A = .. BB | 2 A=l Simdes
= " g \g ..g oz | 3 -.2 50| 2-body |

8 53 : W iese g g ,;:“ B(*)B(*)TC o g [ thresh. ++
= B , 5 O W 54 §§§1 r w +
525k .o i : l,¢,¢,;+++++,++ ¢
:3Mb¢¥AE-.:5:28K N L LN i | S S N ik VLA
o4 o2 o oz 5.3 5.35 5.4 5 5.3 5.35 5.4
AE (GeV) M,. (GeVic) / M, (GeV/c?)
Channel Fraction. % Simultaneous fit of 5 B modes

1danne raction. %« in Mbc< 5 35 Gev/cz region
BB 55219+ 04
BB* + B'B 13:7+1.3+ 1.1 . . .
BB 37,5121 + 30 Theory: channel B*B* is dominant, 30-69%

_ oy et 8 o - = need to modify the theory
Laree M, P2 g = 1.3

M,.>5.35 GeV/c: 17.5+18+1.3 % => non 2-body channels, why so large?
7/7/2010
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Three-Body Decays

Events /8 MeV

35F
I rec.
30
, | Data rec »
L 25 .
2 |
% 20
2 15
2f S ~
_ 5 10 -
. : ol miss.
[ I +
o o oeov N *fully reconstruct B & -
0 Erntatst _0‘1 v . 1St ln 0.1 ral et Taten _0.1 0 0.1 . . .
: . i ° miss miss
AE ™S4 MIMs_ 528 (GeV) AE ™+ M™s- 528 (GeV) Obtain E and P
Yield (w"). Fraction over Fraction per
Channel events large My % bb event %
3, 0.2+72 68 0+12+03 Theory, 3-body fractions:
BE:T . v . 4 &9 .m]‘ N ) ~0.3% : L.Lellouch et al Nucl Phys B405:55,1993
BB m+ B'Bm 383745 416711 7.3751 = 0.8 ~0.03% :Yu.Simonov et al hep-ph:0805.4518
B'B'w 4.8*%3 5.9%78 1.0%}14 £ 0.4
Residual 5231133 9.2°30 = 1.0 Residual is too large for BBmr.
Large M, 100 17.5%1% = 1.3 ISR ~4% to Y(4S) and ~6% to above Y(4S)
e Y(5S), Y(2S), and Y(1S) Results at B Factories 14
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B, Decay Results

« B~ D¥ -+t Di*)-p* PRL104,231801 (2010)

— Dominated by spectator process (like B 4) " d s
test of HQET, factorization ... w;f<;7 T

— Large statistics to study Bs properties
mass, width, angular distributions ...

* CP eigenstates (DD, J/wn®, J/v f,(980), K*K")
AT

— window for non-SM CP violations 5 A~
Bs, AT,/ T
e
— Rare decays (B —KK) g = "

CKM angle ¢;/y, NP In penguin loop arg(Vv,,"2V,.2) = O for B,

=l =S 1|

7/7/2010
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Observation of B.—DX*-n*, D} p*

Fiton M, & AE

< gz D*_TC+ 420 h'“J
e reconstruct D~ —D;y  i» ! Uel® o

1;. "! 1 -I' _I |.I|”j : +II
Bttt 4 e

Evemns/ (4 Mo

D~—> g7, K*OK-, KO K-

o
Mode B (1073) HQET (107%) & ¥ *— 422
ode 30 D p”L + 8.20 1202
B =D 7wt 24102 £0.3 =04 2.8 5 | ' .2
B! — D; p' 85413+ 1.1 £ 1.3 75 FE 9227 - .} ; e
B! — D} p' 19422 £ 1.7 1.8 89 5.' T IJL ﬁ by s 2
%Hﬁh# gt TR
5.3 53E 5.42 -9.:‘_ D] IJ 0.1 02 03

U CaV AR [GeV)

« D¥~p*: scalar to vector vector
d2r
dcosBps»dcosf,

x 4f; sin? Oy cos? 8, + (1 — f,) (1 + cos? SD;) sin® 6,
2

4 Longitudinal |

2
.. 5
1

2
Efficiency, M, . & AE PDFs |
all depend on f, . _
MC StUdy / 1 OB 408 04 02 O 02 04 08 08 1 - -08 48 -04 D2 i. 02 04 05 D8

cos Ups cosf,
7/7/.2.010 Y(5S), Y(2S), and Y(1S) Results at B Factories 17
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Observation of B =D p*

4D fit on M., AE, cose COSO-

» N(B*B*) =T77.8%

signal( B* B?)
I A
Gl o =
EE"!‘ S I T EER
5.38 ' : =,
2 C - "
25360 . :
5.34 -
gasfL ’ BE"E (23. ﬁ fb=1)
£ . o BY—= prpt
5.9 1 - ] L ] I
—Dﬁ —'CI-E —01 0 01 02 03 04
AE (GeV)

-ui -gr 5 01 02 03 04
AE [GaV]

Fvnels ./ Lil‘.l!

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

(Er

""" 'JIIII

Badld (28 &' )

08, 04 O
sznad |T7)

13 a(stat.) & 3.3(fit) events (7.40 significance)

B(B? — D p*) = (11 8+22 (stat.) & 1.7(syst.) & 1.8(f. )) x 103

f, = 1.05%

0.08 +0.03

0.10—-0.04

7/7/2010
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f, € [0.93,1.00] at 68% C.L.
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(%) (*)—
Bs— D

Cabibbo favored and CP eigen state.
Dominates AL P [Aleksan et al., Z. Phys., C54, 653 (1992)]

ﬂn.i";:“ 2 x B E:I = D:I-'!-Di” | 0
= _ — assuming no CPV
s 1 — B B — It

Measure BB — D" D) with D decay into six states:
Di—>on*, KK*, ¢pp*, KK+, KK*+ and K*OK*+

Identify D&* — Dfy with Ey > 50 & |MD;—MDS| <120 MeV

One candidate per event based on y? of M(D) and M(D*)

Suppress continuum events using Fox-Wolfram moments



Extract of Bs— D2 D's

Mode Y € B S
(events) (x107%) (%)
DiD; [85%32 331  1.037039F015 1 591 62 consistent with CDF

D:EDF|9.242% 135 275108 +o040+056 6.6 first observation
D:D: 49719  0.643 3.087]37 £0.56 +£0.63 3.2 f|rst ewdence

sum 22.6f§:g 6. S"ﬂ ggﬂ gg + 1.41 g: H :;E:;D:—D: ' ']
2.l 2.l

* Simultaneously fit three " FLHH%HM =0 1L MAM
c . g Dijﬂlljjhzlj illgus_ﬁ _u {\545
samples and consider their P A
cross-feed 3o D*+ DF % _
AT, %i H "nl-
= — (14.7H35H44 4+ 0.4)% : # nr i ddl
FS a15 -0l -DGS 0 Dﬁ‘i 01 52 535 53 535 (é:V.n’[ 45
COF: {12 + 10)% [PRL 100, 128803) A i ‘,;?”'D:’Dj M
0: (7.2 + 3.0)% [PRL 102; 021801] %} l U H b g Jﬂ |
Mm -';'Mnﬂ'llm oLl MMH
7/7/2010 Y(55), Y(25), and Y(1S) Results at B ractories —— M (T
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B; Decays to J/y n'"

* N—>yy; n>ntnd

; 30 — f;’: n'(— g tal) g }-30 — JSp g (— T )
_.53 elle (22.6 fb— ') %3 FBelle (23.6 1)
£ EE
1 —0 1 O 2 2F
° + 3
nN—NMNmmn,nN—=>p7Y :
1 1E
B /Rl B; B} proj = 3 B!proj. i -
28E Belle (236 ! v n [Pl ! Selle (33.6 b =t
38:_ " ' Se alle (236 1275 557 5.3 ST A76. 0.2 0.4
8.EBY — J/y ¥ BY = J/ipm| e e o i et A (GeV)
i = I.% 3 ‘ %5; an 1‘ I 3 3 —"—"S — S/ (— F‘DA}
"“4§_ Total background 4 E E he 261 Belle (23.6 71
: : Eap £ ¥
= - 3 ak
E \ 2F E
E— & L 1]’ - 44 + 2 1 2
g | LU HL ik (YT
25 53] ..5'35 5.4 2-45 -0/4 -0.2 \ 0 0.2 04 £ 5/ 3 .%_4/ 02 /0 0.2 0.4
nelse ( eV/c ) Total background st AE (Ge\f) udse  Total background ndSe  Toral bacdmound AE (GeV)

e First observation of Bs—J/y 1« First evidence of B,—J/y 7'

yield = 14.9% 4.1; sig. = 7.30 yield = 10.7% 4.6; sig. = 3.80

B = (2.3210.87 52 40.42(fs))x104 B = (3.1£1.2 405 +0.4(fs))x10*

-0.6 —



B Decays to KK, J/y f,

BS —> KK BS S J/\Vfo, foéﬂ:_i_ﬂ:_

3 e . .. EBEHBP[E : e mrenie
[] e s
E adlel EB I fo
¥ H J Signal: 6.0+ 4.4 events (1.6a) 1“:__
e
= “ E L] [[ [byckeround
Total__ 2 B BY— I X
}Hﬂkg“) i P N 1 L!:=~_r-r-_'—-l:- | el 1 | i_ H” —-J-."L"?;.‘f_
] .06 0 bos 01 045 Tz B4 06 08 1 12 14 1§ 13
Do v p-apx  AB(GeV) M, (GeV/c)

R, — BB—J/uf)B(fa—rn"),
flé¢ = B(BE—J/u d)B(¢—K K—)

" B(Bg—r.l/'{‘f[]) X B(fﬂ—rﬁ+ﬁ_)
M, Geviy <163 x 107* (at 90% C.L.)
B(B! — KTK™) =

(38715 +£05=05(f)) x 107°
B(B? — K°KY) < 6.6 x 107

7/7/.2.010 Y(5S), Y(2S), and Y(1S) Results at B Factories 22
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Y(1S) and Y(2S)



Y(1S) Radiative Decays

102 M Y(1S)

e Search for charmonium-like states in radiative Y(1S) decays

X(3872) , X(3915), Y(4140), X(4350), X_, 1. ...

e Search for C parity even state
* X(3872) —=J/y ntr(n)
— Jly—ete, ufus; E>3.5 GeV
— Recoil mass of Jhy wrn(n?)
Consistent withy g _3

Dots are data.

blank hist is X(3872) 1

— to suppress ISR =i ke

100

—>|cos6,[<0.9 . 4
0T s 0 05 1
cos(—)y
e Y(5S), Y(2S), and Y(1S) Results at B Factories

Paotii Chang
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i l 1 event

K iriiin,

G_' SN . YIS TN ol A ATV AR JY O A
36 38 4 42 44 486

48

3_:..

2f

A

M(r T Jdiy) (GeVic?)
AL 0 I S L

iE

36 38 4 42 44 48 48

M(r rrPdhy) (GeVic?)

24



D
Y(lS) Radiative Decays Cont.

Histogram: J/\ sideband bkg

Events/8 MeV/c?

93 335 34- 345 35 355 36 355 3.7
M(y Jiy) (GeVic?)

Events/10 MeV/c?

Histogram: off peak data

M(hadrons) (GeVic?)

B(T(15) — vxw) < 5.0 x 1074,

* %oy Yy

Upper limits at 90% C.L.

B(T(1S) — ~vxu) < L x 1077,

Limits on product of

. — KO K+~ B(Y(1S) — ~yw) < 1.2 x 1077 ) )
Nc KS K™ + c.c. (T{AS) = 7xe2) _~branching fractions for X & Y
> KK Tt B(T(18 ) < 6.4 % 1077,
- B(T(1S 3872)) x B(X(3872) — nta~J/¢) < 2.2 x 1075,
S + /
2K*K B(T(15) — vX (3872 B(X (387 atr ' J /) < 3.4 x 107°
27'C+TC_ (T(1S) = ~- t_,as._)_ (3872) — 77w . J/ ) <34 x
e B(T(18) — vX(3915)) x B(X(3915) — wJ/t¢) < 3.4 x 107,
> 3N B(T(18) — 7Y (4140)) < 2.6 x 1079,
e Y(5S), Y(2S), and Y(1S) Results at B Factories 25
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¥

* NMSSM introduces single CP-odd
light Higgs (PRD73, 111701(R), 2006) <
— A% = (cos0,) ayssy + (siN6O,) @ :
— B can be as high as 10~
— direct search by B factory if M(A%<2m,

. q
singlet

10°
1077

* HyperCP observed 3 2— putu-events

Interpreted as light scalar to two muons

e First search by CLEO: Y(1S) — yA®

« BaBar search for Y(2S/3S) — yA°
AS—pru-, A >t*t, A%—=invisible 3 PRLs!
Y(3S) only

J Y(5S), Y(2S), and Y(1S) Results at B Factories

Paotii Chang

Search for Light Higgs

10™E
10°*

107

tanf =10, My z5=

100,200,300 GeV 630508017

T
| 1 =150 GeV, an

---------

J e
yF F

A é’? I

BABEABRERAREE
any u, F<15
4
¥

4 &

&

ad
3 +

=05 0.0 0.5
a} non-singlet

Hyper

0.5 0.0 0.5
fraction (cos6,)

CP

M
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Search for A>—put u

>250I:I O WA LBl

. T(2S) data

1 vy + balanced h*h- gmﬁ _ BABAR 1
*Ey > 0.2 GeV; one his identified as £ 470y /
{510003 -

e Kinematic fit on yu"u™ by constraining  sw _ _
pu vertex and Y energy ) SSRGS

e Search for peak in m, by performing ~ ~ 179
~2000 ML fits from 0.212 to 9.3 GeV/c?

* No signal at 214 MeV (HyperCP)

BF UL (106

« BF(ny—=pp’) <0.9% @ 90% CL
o BFTOT{T[ES” < {0.25-8.3:}}(10'5

BF UL (106)
g g
L8
%
_?-'

. BFTUT{T(SS]) < {0.2?-5.5:}3{10'5

H{?Hl:ﬂ";:l ===¥ f!.“j - J'r]?"* = i‘f:ﬂ.. ] | WQ\ABAR%
B(Y(nS)—ITl") 2ra 01 23456789

”“T'l e

{2 Bup (106)

M(AD) (GeV)
7/7/2010
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BF

Search for AC—t*t~

* Require only one photon with E,>0.1GeV.
— Tag tTt using efe”, u U~ efu*
— No other particles for the invisible mode

*Search for E, peak

invisible

A° — | |nV|S|bIe

asmase Stal errurs anly
— Sital 8yl errves |

7/7/2010
Paotii Chang

o [
=3 BLR’IR
0 | Pralarinary
— —
% +
A" —1t1 O\
?;_, 01— BABAR 1r(2P) =41 (18) region excluded from fit = jﬁ
= - LT, " , —
u‘-Q U EHTT.‘HHHJE—fH“#ﬂF“!IﬁmHHFFH!I SR L T s T s =
m E LL.
-01 (|
5| IZ? S 1
= 1D4::= C
(-E: 10-5 E:' =
o~ 8 =
g8 10 6 8 MAT) (GeV) 10

Y(5S), Y(2S), and Y(1S) Results at B Factories

M{:\D} {Ge‘s:}

Y(3S)—>yA% x BF(A? »1+1°) < (1.5-16) x 105 BFror< (0.7-31) x 10-6

BaBar PRL 103, 181801 2009 arXiv:0808.0017 [hep-ex]
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Search for light Dark Matter

Y(3S)— Y(1S)mtn, Y(1S) =y e Stk l
) _ f ﬂ: o i vas) e Only :
— Require only two charged particles £= A |
with recoiled mass btw 9.4 and 9.52 o fly  continuum bkg:

— Use multivariate method to reduce GeV/c?
non-peaking background

— Peaking background comes from Y(1S)

daughters outside the acceptance s
— Estimate Peaking bkg yield from MC and f :E "
validate using (mm +1,2 tracks) data 8 ::::
Fit yield: 2326 = 105 i
Bkg pred: 2444 + 123 " 10of
Signal: -118 =105 =24 0 en  om fq_J,ﬁf 948 95 952
M,.. (GeV/icT

BF(Y(1S)—invisible) = (-1.6+1.4(stat)+1.6(syst)) x 104 < 3.0 x 104 at 90% CL
BaBAR PRL 103, 251801 (2009) ~10x improvement over prior UL
Belle PRL98, 132001 (2007)
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Other New Physics Search

e Search for lepton flavor violation e Test for Lepton Universality

-
[=]
W

Monte Carlo Only " pru- sample

soa | Y(BS)—> Y(AS)mtr—, | asymmec

- Sl ” “I..:T lGagissi;i]r\ with
E — ool loW/high-
B 10 10 1 Y(lS)é ) I _ “9 T mass?aiis

—Y( 15)% l"l+“_ ) T M) (Gev c?) |

vents/0.005

Signal (hadronic uit)
Continuum 't
Resonant T—1't

| L
o =
)
@
=
4 T iy
=
= Il
%] p
5
w
-
-
= =)

Continuum p'n

< b WU sample
1 . M(up) vs Mg(mm)

x=p,/Eg i

Prime leptons are monogenetic —Y(1S)—1tt
B (10 °) Lo Mg(mm) only
B(Y(25) — e~77) 0.67L5+03 <3.2 o s T SATRE A BABAR

B(Y(25) — u=7) 0.2115+19 <33 No dev_'at'on Of_ Wo, |2
B(Y(35) — e*77) .8 +17+08 <42 branching fractions | » |
BY(3S) — pu*77) -0.8°13 <3. T e

BABAR PRL 104 151802 2010 Reu(X(1S)) = 1.005 £ 0.013(stat)  0.022(syst)
PRL 104,191801 2010
7/7/2010
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Y(1S,2S) analysis under way

T = - . -

o Y(2S) = y+n,

* Yso 2 ¥ +HY(1S)

¢ Y(25) S n +Y(1S)

* Yy 2 double charmonium

¢ Y(2S) D v+ A,

* Y(IS) lepron nniversality tror
Y(2S) =2 Y(1S) + n*m

Y'(1S) =2 inclusive di-baryon:

7/7/2010 .
sl Clhetife Y(5S), Y(2S), and Y(1S) Results at B Factories

Y(2S)-=yy Y(1S) = yyu'u
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Summary

 Data taken in other Y(nS) resonances provide opportunities
to understand physics and search for new phenomena.

- Y(5S): 1. Scan results and large Y(nS) nt decay rates
2. 2-body and 3-body B meson production

3. Bs physics: DG/G, BF for various decay modes

- Y(1-3S): 1. Decays to charmonium and charmonium-like stats
2. NP searches: Search for light Higgs, light dark matter
test for lepton flavor violations, test for lepton Univ.
—> All have the best limits.
* Looking forward to next generation B factory.

7/7/2010
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D
Anomalous Large Partial Width

Process a(pb) B(%) I'(MeV)
T(1S)nTa~ 1.61+0.10+£0.12 0.53+0.03+0.05 0.59 %+ 0.04 £ 0.09
T(2S)rtn~  235+019+0.32 078+0.06+0.11 0.85+0.07 £0.16
T(38)ntw 1.44792% +0.19 0.48191% 4 0.07 0.52703% 4+ 0.10
TOAS)KTK™ 01857901 4 0.028 0.0611001% +0.010 0.06775017 +0.013
Process Tiotal Pete— | I'rasynta-
T(25) — Y(1S)nTn~ 0.032 MeV 0.612 keV| 0.0060 MeV
T(38) — Y(1S)ntn~  0.020 MeV 0.443 keV] 0.0009 MeV
T(48) = Y(1S)xTx~ 205 MeV 0.272 keV| 0.0019 MeV| larger
YT(10860) — Y(1S)w*w~ 110 MeV  0.31 keV\ 0.59 MeV ) by > 102

» Rescattering Mechanism: Y(5S) —B'B'nn— Y(1S) nin
» More than one state: Yb near Y(5S)

7/7/2010
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Ali’s Tetraquark Interpretation

Y(5S) and Y(6S)

“ | |||l| ||||£I*|H|I|||I||

galhs
i

There are two mass states

in YO sinceqg=u,d

Phys.Lett.B684:28-39,2010

Y(5S), Y(6S), YW and Y@

5 E :I 1
e B 11 1
b
5 1GeV)
M[MeV] U'[MeV ]| [rad.]
T(58) (10864 + 5 16 +£8 [1.3+03
T(6S)| 11007 + 0.3 10 4+2 |0.88 +L0.06
Ypg (10900 —AM/2+2|28 42 (4.4-0.2
Yipny (10900 + AM/2:-2(28 42 (1.0+0.2




