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RVISIBLE

@@y KEKB and Belle detector

BELLE

KEKB : asymmetric e*e™ collider (3.5 on 8.0 GeV): Tsukuba, Japan
B meson factory: e'e” - Y({4,5}S) —» BB

T — é O' Superconducting Solenoid (1.5T) (,\/— )

32l fY(4S) LE - “\\m1

” L6401 (1985 Electromagnetic Calorimeter I
3.0 '\ Y(5S : Time of Flight Counter

\ (55) Aerogel Cherenkov Counter
28r Central Drift Chamber

Extreme Forward Calorimeter ™ -
2.6} '
e~ (8.0 GeV/}_)i e "/
2.4 h:?/ '\-
o
0.6 0.8 .0 2
WiGev) Silicon Vertex Detector
LUIIII{IIIOSIty .y ) KL Muon Detector Solid angle coverage ~92%
Pea 1.71x10%/ cm /s Particle identification 1,K,e,11,p
Daily up to 1.2 fb
Integrated  >840 fb"
~750 fb* at Y(4S) (~825M BB pairs, B=B* or BY)
24 fb™ at Y(5S) (~2.8M B_mesons) June 2005: 2 fb'!
June 2006: 22 fb"!
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C@» Events at the Y(5S): o

bb cross-section measured with continuum (qq) subtraction
B.B.B

Y(55) and continuum
Fox-Wolfram R2

@nic events at Y(5S5)
u,d,s,c continuum

0,9 = (0.302 £ 0.015) nb)

1
ZY%SE):“? o~ 1.1 nb at Y(4S)

A. Drutskoy et al. (Belle),
PRL 98, 052001 (2007)
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€y Eventsatthe Y(55):f K=

B, production fraction measured with inclusive D_ and DY
B(Y(5S) — D, X)/2 = fs-B(Bs— DSX)/ytheory
+(1 — fs) - B(B — DsX)—»PDG

450 — (b) :
Continuum Ly 400 |- N Y(5S)
subtraction o 3°0r0 o ]
to get D_ P 222: T4 pRS @mc events at @
from Y(5S S 200 T 1
63) ::"j 150 47T - 4

100 _
5014 |
0" ™ wr—a .
o o2 0;([)56 o8 1 bb events ) u,d,s,c continuum
2 fb?! at /
T3. D
Y(5S) PDG “’lf = 19 5 2 3 B_events

A. Drutskoy et al. (Belle), N (24 fb!) = 2.8x10° /
PRL 98, 052001 (2007)
~18% uncertainty

B* or B events
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© Events at the Y(5S) i

B_“B_" production fractions using fully reconstructed B mesons

(example later)
@nic events at Y(5S)

0,5 = (0.302 + 0.015)
2 fb! at +3 0 /

A. Drutskoy et al. (Belle), N (24 f_b'l) = 2 .8x10° /
PRL 98, 052001 (2007) Bs ,
~18% uncertainty

PRD 76, 012002 (2007) /
~— —>{/5:5: = (9355)%]
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u,d,s,c continuum

T(55)

B* or B? events




D

BELLE

<» Methods: BS selection =

 Standard “B-factory” analysis techniques:
BS selected using the MbC (ME S) and AE variables:

Very difficult to fully reconstruct BS*: de-excitation y too soft.

CM
Mbc — ( l?eha/,l )2 (pBO ) —->--0.4: T . . ]35_)(1)v
oz - . ... | signal MC
AE = Eg* —|ESY = T

Beam energy: 5.44 GeV at Y(5S)

Signal from BB peaks at

1\/Ib =m_, = 5.42 GeV/c?and 53 5.32 5.34 5.36 5.38 5.4 5.42 5.44

AE=m_- mBS* ~-50 MeV. M,, (GeV/c?)

+ Main background is continuum: ete” — {Ufa, dd, ss, CE}
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B -¢dyand B —-vyy

J. Wicht et al. (Belle), PRL 100, 121801 (2008)
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Penguin decays

involve loop diagrams

Good probe for New Physics:
new particles can move observables
away from their SM expectations

¢y B-vy

« Standard Model: electromagnetic penguin  SM: annihilation penguin
BF=(40+10)x10° BF=(0.5-1.0)x10° Reina, Riccardi, Soni,
_ PRD 56, 5805 (1997)
Ball, Jones, Zwicky, PRD 75, 054004 (2007) b ~ Bosch, Buchalla,

Ali, Pecjak, Greub, arXiv:0709.4422 (2007) JHEP 0208 054 (2002)

_ Y
t
b - - 5
B e ¢
s W+
g - g « Very sensitive to NP!
SUSY with broken R-parity
good agreements in: 4™ quark generation
Huo, Lu, Xiao, arXiv:hep-ph/0302177 (2003)
- Partner of B® —» K'(892)*" y Two Higgs doublet with FCNC

: Aliev, Iltan, PRD 58, 095014 (1998)
- Inclusive b—-svy
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o

Result: B = ¢y

Y > g o
% 12f O 12 S_ 7
O E 8 E - 63_
10 o 10¢ 9 :
o" i ~— - C 5 —
O 8 = & Q@ f
Sl & o u>.| ar
7)) 6‘ c 6‘ 3:_
= 4: g 4:
> w 2 )
w2 2f v/ _l__\
0_||h5|\|||1 e e 0_ 0'.\..i...\i....i P rm—
5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44 04 -03-02 01 -0 01 02 03 04 -1 -0.5 0 0.5 1
M, (GeV/c?) AE (GeV) COS Oy,
0,_=4(B_K")in¢$ CM
S-~0.4F : -..
8 03;’ . ¢ ‘. ° ° ° ° °
= o . ‘. First observation of a B_radiative penguin decay!
< 0.15— .
N N I N = o
o L. R 18+6 signal events
0.4 SR
e oy o o | M | O _|_]_8+].2 _6
- L ] -. LI . I__o__UJ ( ) — ( )
0.25.. ) .; L B BS — ¢/Y 57_15_11 X 1()
0.3 ¢ .
Ly ... ch .'.‘\ L Compatible With SM
5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44
M, (GeV/c?)
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Oy Result: B =y y

~ 0.4 ~ 101 g i
% NQ B % 10
S o2 > 8f g |
L L] * 0 6: :: i
< i . ——— - - & -
o ] |2 a4 — K
o o o % . e ® o -~ B
. L r I ~— - m
0.2% * L.t e 1 Do £t F
: ¢ I.-.'_.___'l ] 0: g
0.4f+ " o | W
: ot o > -
L ® .. [ ] ] m 2: :
'0.6_' . - B - -—
“......J"..I..."I?.p\‘..'I'..‘.I'..‘ -4’..‘\...I.H|...!.‘.|...'..|. 2*. b By e
5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44 5.3 5.325.34 5.36 5.38 5.4 5.42 5.44 ¢ 2 - 0.2 0.4
M, (GeV/c?) M,_ (GeV/c?) AE (GeV)

No signal!

B(BY — vv) < 8.7 x 107° (90% CL)

~6x lower than previous limit (Belle, 2fb* at Y(5S))
~10x higher than SM!
Above the interesting NP region!

Need a Super B factory!

June 6. 2008 J. Wicht: Results at the Y(5S) resonance 12



B.—D nand B - D K

preliminary results contributed to LLWI 2008
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@ BS — DS 11/K

e B-Dnmn
S S
- Hadronic B_ decay mode with the largest BF

+ Measure B_and B masses
. Measure B B " production fractions at the Y(5S)

. Help hadron collider experiments to normalize their B_ BF
e B -D K
S S
- Cabibbo-suppressed decay: BF ~10x smaller than D_u.

- Two interfering diagrams: b — ¢ and b —» u = access @, (y)!

K* D"
S

Vus u ‘/cs C
W W

b - - c b - - m

B, Y D~ B Vi K-
- S S

S S -

June 6. 2008 J. Wicht: Results at the Y(5S) resonance 14



e 5.44
o
-
> 5.42
O
S
o 54
n . 4
538 -
5.36 B
5.34F "
532
532
o~ 40 — C
N E 60F * *
O 35¢ RN B B
% 305 = 50E
@ 25 S a0}
20} g
= 20¢ 10 30}
g 15F ~ 50!
- — o
v105 [7)] F
~ 5f : z 10 A
-IQ I T A S N AN S Q o ... AR SRS o
t 93 532 534 5.36 538 54 542 544 D} 53 532 534 536 538 54 542 544
]
> M, (GeV/c?) M, (GeVic?)
—~ 16F o ANE <
> 14f O 200 B B
o = S S
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)

We measure: B(B; — Dyn) = (3.41t8:§%t8:
fo:p: = (89.8154)% 4—>
fe:s, = (1.8230)%

Results: BS — DS II

D

<o

)10
Heavy-quark effective theory or
unitarized quark model predict
~70%. Why?
Grozin, Neubert, PDR 55, 272 (1997)
Torngvist, PRL 53, 878 (1984)

~ ((}) - s s
2 60 = 40}
= 50 2 5of
O 40 ~—’ -
30 — 20}
o) 20 et
T 10 S 10
q’ u bl N ALY - > 0 --------- b SN 3t AIEEIL FEIERE
u':j 53 5.32 534 536 538 54 542 2.44 W .02 -0.15 -0.1 -OTOS - 0.1
M, . (GeV/c?) « »A E (GeV)
m_ . _
Bs mBs* InBs
mp, = (5364.8 + 1.3+ 2.4) M€V/62
mp: = (5417.64+0.440.5) MeV/c”
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o

Results: BS — DS K

Only B B "signal is considered

a anb o 75
o 9% O 6F
S o 8 = 5t B-DK B-Dn
: E 6-_ E 43 S S
& N~ - ~ _Ff
b L— 4'_ — 3;
a ) B /)] 25
S 2 E 2
Q u:_._l. A . _ D = 0t
> 53 532 534 536 538 5.4 5.42 544 W 02 015 01 -005 0 0.05 O
M, _(GeV/c?) AE (GeV)
3.70 signal N (B; — D;K) = 681357l
@(BS — DSK) = (2.24:(1)5::0.5) x 1074
B(B.~DK) _ o
!23(135 ——+_l)57t)
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D
&
BELLE

Y(5S) —» Y'(nS) rno
b pp

K.-F. Chen et al. (Belle), PRL 100, 112001 (2008)
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©» Extrapolations from Y(4S)

Belle with 477 fb!: A. Sokolov et al., PRD 071103 (2007)

No 30 NU 18 F

> | 3rdpeak  Y(4S)->Y(IS)t'r 3 16[  3rdpeak

(5 25 . O Y(4S)—>Y(1S)n'*n

iy ® 14}

8_ 20l S 12} — Brown-Cahn model T -
o 9 a

2 E 10} Expec. bkg. :
..;:: 15| M 1
LI

—
o

t t

tat |

c© N b~ O o

006108 11 112 114 1.16 118 1.2 203 040506070809 1 1.1
M_,_ (GeV/c
AM (GeV/c?) ran- ( )
~40 events observed Compatible with some

theoretical model
= expect nothing with 20 fb* at Y(5S)
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©» Results: huge signals!

140 = (b) punn candidates in the Y (2S)—u*u region

133 =5V (39) 1Y (4S) v (5S)”
M =Eey oo ~190 Y(5S5)-Y(2S)m
40 |

20

|

o
8

—

Enfries / 0.010 GeV/c?

(a) purnn candidates

L
] L M L | 1 PR |

D

<o

Y(3S)
Y(2S)

Y(1S)

““||||||||||||||||||||FL.|'|.|||||||| |IIIH-I-|1|-

I‘irérgionl .
Y(4S) Y (5S)"

~325 Y(55)-Y

a1 ; 2
a) uunr candidates in the Y(1S)—u
Y(2S) Y (3S)

Radiative return
Ex: Y(5S) = Y(4S)y

250
200
150
100

50

1S)nno

Entries / 0.010 Gel¥/c?

T i1z 14
AM = M(uprr)-M(up) (GeVic?)

0.4
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€» Results: distributions e

RBFEIl | F
N - Q — " LR + =
¢ 2 @ YEsysY(syr > S0 (b) "Y(58)">Y(2S)n’n
g 70t L (o 40) |
= %0 3 I Y 30 o
S 501 T s T
o 40 | mm ) gy > 20
= 301 1 —= LT g% :
Brown-Cahn oy [ ) wo f I
0702 06 08 1 12 14 03 04 05 06 0.7 08
M(rr) (GeV/c?) M(nr) (GeV/c?)
_ o
S 5ol (c) S 45F (d)
o | » 307 ~Cc0s%*0_  ? ]
@ a0l | ] -1 1|8 35 | bel -+
= - I _I_: 1 b ?'—' I
& sl LrteE T TS o)
20 '_I_' | 15 =
10 1
0
0. 05 o0 05 1 1 05 0 0.5 1
0, =&(Y(5S), 1" )inmn" CM  cosb,, COS6,,,,

Moreover, models don't well really agree with data
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©» Rates and interpretation

Iy(18)mtm—

Process Tiotal | -
Y(2S) — T(IS)?T+?T_ 0.032 MeV 0.612 keV
Y(3S) — T(lS)?T+?T_ 0.020 MeV 0.443 keV

0.272 keV

(
(

Y(4S) — Y(1S)r 7~ 20.5 MeV
( 0.31 keV

58)" — Y(18)xt7~ 110 MeV

0.0060 MeV
0.0009 MeV
0.0019 MeV

I 0.59 MeV I

BELLE

Rates of Y(nS) - Y(1S) n &1

| More than 100 times larger! |

* Can the Y(5S) (17~ bb state) have such rate? “Maybe yes” 3

« But this could also be a new Y]D

particle!

Meng, Chao, PRD 77, 074033 (2008)
Simonov, JETP Lett. 87, 121 (2008)

- The “b” analogous to many Y_particles that decay to y({1,2}S) n nn

Hou, PRD 74, 017504 (2006)
« December 2007: energy scan

- ~Y(3S) » ~Y(6S)

 Look at the Y({1,2}S)nm distributions

- Results soon!

June 6. 2008
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Belle Discovers More "New Particles"
A 'Y, state ?: Observation of an anomalously large rate for

"Upsilon(5S)" - Upsilon(1,2S) nn
K.F.Chen et al., PRL 180, 112081 (2008) (
arXiv:0710.2577 )
2(4430): A charged charmonium-like resonant structure
§5.K. Choi, S5.L. Olsen et al., PRL 1088, 142801
(20@8) (_arXiv:07@88.1790 )
Press release ( English , Japanese ) CERN
Courier article
Y(4660): X. L. Wang et al, PRL 99, 142002 (2007) (
arXiv:0707.3699 )
... Y(4008): C.Z. Yuan et al, PRL 99, 182004 (2007) (
arXiv:0767.2541 )
X(4160): P. Pakhlov et al., arXiv:8768.3812 ( to appear in
)

psi(4415)->DD,: G.Pakhlova et al, PRL 100, 862001 (2008) (

arXiv:0708.3313 )
D_,(2708): J. Brodzicka et al., PRL 100, 092001 (2008) (

arXiv:0707.3491 )
22




Semileptonic B_decays
B -X"1"v

Preliminary results contributed to EPS 2007
arXiv:0710.2548 [hep/ex]
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o B -X"1"v

. Using same sign D_ tag:T(5S) — Bng

B) — XItw

Bg 50(%)H11X> Bg R YD;I_

« It makes backgrounds small and reducible:

1. BB: low prob for B’ mixing (subtracted using Y(4S) data)

2. Continuum is small (subtracted using continuum data)

3. Other bkgs subtracted using MC: mis-id leptons, leptons from J/v, ...

200 200~
§175+ (a) ~->‘2175j> (b)
8150—+T(58) 8150 Y’(SS)
125 —125}
electrmaslim0 +++ ++ 3100++ ++ muons
c 75
w 301 + HH E 50 + ++++++
/2? . B e + N
backgrounds 05 T 15 225 e
P(e*), GeVic P(u), GeVic

June 6. 2008 J. Wicht: Results at the Y(5S) resonance
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€p Results:B -X"1"v K3

BELLE

« Disentangle with a fit: primary leptons (signal, high momentum)
and secondary leptons (ex.: BS - DS+(1+), low momentum)

120 120

-y
o
o
T
-y
(=]
o

S 80/ O g0

electrons E 60l E 60| muons

0"%+ 2:5"1""15"§§5

" Pty GeVie ~ P(u"), GeVic
B(B? - X"etp) = (10.94+1.0+0.9%

e W :
© HEastie B(Bg — X_[L+D) = (9.2 + 1.0 £ 0.8)%

B(BY — X I"p) = (10.2+£0.8+0.9)%

. Good agreement with PDG: B(B” — X~ 1"7) = (10.33 £ 0.28)%
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@ Conclusion

« With a 24 fb! data sample recorded at the Y(5S), Belle has
obtained many interesting results:

- B_-D m: study of the decay > m_, m__,, B ”B © production fractions

Bs*’
- B_-D K: evidence for this interesting mode

- B_—dy: first observation of a radiative Penguin decay of the B meson
- B_—yy: best upper limit, observation only possible at an e*e” collider!

- B_- X7 I" v: first measurement of the inclusive semileptonic decay of
the B

- Y(3S)-Y(mS)nm: should we really speak of a 5S resonance?

 Results of the scan for this summer!
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