Colloquium, University of South Alabama, October 28, 2010

Strange Beauty and Other Beasts:

At and Above the Y(BS) with Belle

» Belle/KEKB: B-factory
Y(4S) Resonance, B meson

data, selected results E‘

motivation
prospects

1 Kay Kinoshita
Universuzy of Cincinnati
Belle Collaboration
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... the hardware

p

4/07- COPPER pipelined
DAQ system

«\{(E KB B-factory
"'

~

~

—

A Cga\;'ged tracking/vertexing= . /N >
o : T, ‘1 > \

(-7/03) 3-layer DSSDSi

pstrip (152M B pairs) .

(8/03-) 4-layer (550+

BB?)
- CDC: 50 layers (He-
a - ethane)
Lyox = 2.11 X 1034%3[n‘,is“ chDlr'Condig}agTifica‘rion A
, : X
(world record) S - TOF: time-of flight S
%+ ACC: Threshold Cerenkovi .
“crab” RF cavities (aerogel)
4/07- Electron/photon
« ECL: CsI calorimeter
Muon/K
- KLM: Resistive plate
counter/iron
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.. The Physics ete” — 1(45) — BB  (mostly) "‘

25 ¢
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£ 15t ]
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S NN
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g 'T I )
£ *o
2 — 5 “+ * ] . " _
= o [t hos R T Y L L S
3 Y(1S)  Y(28)  Y(3S) A YWAS)
944 9.46 1000 10.02 1034 103'7 1054 I 10.58 10.62 CMS ener\gy

Mass (GeV/c ) BB threshold
"B-factory”
Primary goal: discover CP violation in weak decays of B meson

DONE! (2001)

. why is this significant?
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A

CP Violation & weak force

Weak force: under symmetry operations

(P Q-» 4—‘ violated maximally
e -0 ‘e -O©
\CP G-» 4—‘ conserved (mostly)

How can an interaction violate CP?

Complex coupling constant .
CP{: o =7 g 7 %7 g 7(hermitian conjugate)

'J 7
N\

1)) 1))

Why is CP violation of interest?

* matter-antimatter asymmetry of universe requires CP-violating
interactions  (Sakharov 1967)
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Flavor & the weak force 'A‘

Standard Model: 12 fermion flavors (+antifermion)
-3 gener'a'l'ions(disTinguished only by mass)x2 TypeSXZ ea(strong & EM couplings)

(stable, but for weak interaction)

- leptons: ~universal coupling, no generation x-ing

= = <« seen

e-< ----- > <------ >
Wt "charged current"
<---> not seen

VT > V\; ----- > Vr
Z0 "neutral current"

- quarks: neutral current - ~universal, no generation x-ing
- quarks: charged current - all different, approx. generation-conserving

UY\‘ ----- >»C <------ >1.

TA Sl <—> suppressed

Inelegant.//
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i.e., Matrix of Charged Current couplings shows no
universality...

d s b
F 1
Ve Vs Vo 9 complex couplings
grx | Veg Vs Ve -> 18 free parameters
t Lth Vie Vi ]




Aa

Unless viewed via GIM (Glashow-Iliopoulos-Maiani) picture:

"weak eigenstates” ¢ mass eigenstates d, s, b

-> heed linear transformation between 2 sets:
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So matrix is then

0

1
0

o
O‘
0

1

universal, generation-conserving

— Cabibbo-Kobayashi- complex .
Maskawa (CKM)  preserves metfric} = unitary
matrix " orthogonality

“Coplains
- suppression of flavor-changing
neutral currents
- multiplicity of charged current
couplings
- AND ......



A

Irreducible complexity follows from unitarity for >2 generations
--> proposed as explanation of CP violation in K|

e.g. for 3 generations, (Kobayashi-Maskawa 197 3)
4 free parameters, including =y
1 irreducible imaginary part

explicit parametrization(Wolfenstein):
12222 A A3A(p=in)!
-\ 1-A2/2  AN2A

ASA(1-p-in) -A2A 1
“Nirredycibly >CP |ation

First 39- generation particle (t) seen in 1975

South Alabama 1

CP-violation measured in B-decays 2002
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Belle experiment 'AL'L

~325 papers published/in press (since 3/2001) @‘
http://belle.kek.jp/bdocs/b journal.html

Highlights

» Constraints on CKM; precision sin 2¢,, |V |, [Vl
» overconstraints on CKM; limits/hints on New Physics
» evidence for DO mixing
* new charmonium-like states Z(4430), Y(4660), Y(4008),
X(4160), Y(3940), X(3872)
* bottomonium-like?
* Kobayashi & Maskawa 2008 Nobel
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1041 fb'= 1 ab™! recorded by Belle as of 7/10

JLdt since 6/1999

*Y(45S)
710 fb!
esub-Y(4S) continuum
~100 fb!
eY(5S)
~120 fb!
*Y(3S), Y(2S) , Y(15)
~34fb!
oY (5S)+ scan
~31 fb!

* B pairs (7.7 x 108 events)
» charm (1.1 x 109 events)

* TYau (~8 x 108 events)

» 2-photon events

* B, (~7 x 10° events)



Y(10860), or Y(55) ’A

25 — T T 1
o _ R0 p+vl Hht )AS)
'220- ?‘,‘ Bq_{BdaBu}_— B
= I sofff BWBX BC(] )Bé*>,
5 50 i _- ‘ BB()W,BBWW
g 150 - \ !
E : I ‘+ B B _ §28"'
2 of p e 2
. ! T x 26

o > Foo \ /+ 4 *

: +\9/ 5 i r" ‘\ + ,'I+ \\* .'9/ \.* Y 45) ]

g o | + t*“/* oo \Q!*”"* Faretang +——+—! : 24

. L TAS) TR YGS) continugm  NLESV A

£ 944 945 10001002 1034 1037 1054 1058 1062 o6 o8 o 2

3 2 ~ W(GeV)

A Mass (GeVic') B, B, threshold

B, are produced copiously in pp(bar) collisions (FNAL, LHC) -
why study B, at the Y(5S)?

pro's

» CLEAN events, energy definition, y's; ~100% trigger efficiency
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Exp 5 Run 272 Farm 5 Event 10889
Eher 8.00 Eler 3.50 Tue Nov 16 23212208 1999

0 Mnglﬂ Q BFileld 150 D pVer

5.04

“Typical” Belle event

BELLE - o
Ptot(g 10.1 Ftot(gm) 0.2 SVD—M 0 CDC—M OKLN
[} o o
B sinh2b /o
5 \
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Y(10860), or Y(55) A o

25 IIIIII | T T T L B T T LA L S BB B L L N BB B B B B v 1 b 1 v )
o _ (RO p+yl YL p )Y(4S) )
N, Bq_{Bd7Bu}_-
gar - [ R pH) B BH)
7w bl | 3op|t By B , By B, 4
S b i _- ‘ BB<>7T,Bqu
CRIEE - \
E : ! ]+ B B ] g 2.8F
P 1o} p i 2
. ! / T x 26
B L F ) \ /+ * »
- +® F |’ | ,’ \ ,/\l Y 4S) 7
u — 5_ ) \¥+ /+ \* ! * .
- A ‘ o AN . 2.4
§ o | + oy +he A LI PN, +_+_. ]
X LIS TQS)  YOS) continum NSV
< 944 946 10001002 1034 1037 1054 10.58 1062 o6 —Tios o 12
=2 M GeV/ 2 _ W(GeV)
% ass (GeV/c') B,B, threshold
o

B, are produced copiously in pp(bar) collisions (FNAL, LHC) -
why study B, at the Y(55)?

pro's

» CLEAN events, energy definition, y's; ~100% trigger efficiency

* high luminosity, established detector, Y(4S) data for comparison
* resonance - absolute event count
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Y(5S) physics 'A

B, decay in Standard Model
- similar o non-strange B

spectator decay -> quark-hadron duality

correspondence btw final particle (D<->D,) < °
- dissimilarities

AT/T /T=0(10%) B,

CP-asymmetry ~ 0

S K.
Ol
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of South Alabama 10/

spectroscopy
B.() mass
B((11) event fractions
bottomonium, bottomonium-like states
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Data at Y (55) A

June 2005: 3-day “engineering” run
* basic Y(5S), B,(") properties,
* test KEKB at Y(5S) - L,,,,~1.39x1034cm 25!
-+ 1.86 fb! at peak (10869 MeV)
= 4 x largest previous sample (CLEO)

A. Drutskoy et al., PRL 98, 052001 (2007)
A. Drutskoy et al., PRD 76, 012002 (2007)

energy scan
- 10.869 va

1N o o N
» 2 0B F
@ (2] o
A B e

e

K

[
e

o

H

-
T

N (Hadron, R,< 0.2) / N (Bhabha)

8 C
g 108 1085 109
E GeV
§  June 2006: 20-day run ow (590
X . +21.7 fb! on resonance December 2007: scan 6 pts
3 K.F. Chen et al., PRL 100, 112001 (2008)  * + 7.9 fb™ above resonance
J. Wicht et al., PRL 100, 121801 (2008) K.F. Chen et al., arXiv:0808.2445
R. Louvot et al., PRL 102, 021801 (2009) (PRD in press)
A. Drutskoy et al., PRD 81, 112003(R)(2010)
R. Louvot et al., PRL 104, 231801 (2010) Oct 2008-Dec 2009:

J.Liet al, arXivi0912.1434[hep-ex]
C.-C. Peng et al., arXiv:1006.5115v1(PRD in press) extended run
S. Esen et al., arXiv:1005.5177(PRL in press)

- ~100 fb! on resonance
April-June 2010:
- ~23 fb1 scan
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B, at Y(55): B, B,+ B’ By + B*B, + BB

Full reconstruction of B, candidates: Energy, momentum
example: B, — D_ 7™

B, B, o MC simulation
0 - ST 3
EBS — Ebeam %5_42; C\l§
0
pp, =\, —Mj, S B
— 2 r
g . 538 §
f_(é BS — Bgy 538,'_' SR D NS
e AM=Mp:—Mp, =50 MeV/c*™r . .. o T R
§ - L T s T
= R - N~ gt
B; B, sp- Bs = Dg'm N ”L
" Dy -, KK, KK~ e
Ep, ~ Epeam — AM /2 ) A TR
_ AE (GeV)
* IS
Bs Bs AFE = Ecand — Ebeam

EBS ~ Ebeam — AM

(=}
x
£

73

o
L
M
v



B, at Y(5S): B, B,+ B’ By + B*B, + BBy

Full reconstruction of B, candidates

B;B;

masses:

=>MB;

South Alabama 1
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<Pps” = Pa*

<Mbc}

8 R
( 2/A®9 S00°0 ) / SIUDAT

slice/projection

54

5,42
M, (GeV/c?)

= (5416.4 £ 0.4 & 0.5)Me_V/c2az-

‘A EKEE R

Events /( 0.01

[PRL 102, 021801 (2009)]
23.6 fbt

544 —
:!"':‘ j.' ;'\ ." 'C' '

M e 145+

S4m, ¢ .1-'::‘. T -
Q.t:‘". o '_‘.'-:' -,?.:: . ur ..l '-.-

oy S

S, —-*-=—

) RS T CA RN

B _} D W .'...-

P 1Dy — omT K?OBT, R&}("

D) ll‘]

5%1“10‘151’ Do‘l lP lo'oél l.ol
“Islice/projectio

aof-

aof

A E (GeV)

005 01

2 iy - BoE - G5 C.1

2
cand

D

2 _
beam




B, at Y(5S): B, B,+ B’ By + B*B, + BB M.
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Full reconstruction of B, candidates

B;B;

slice/projection

masses:

<EBS>
- Ebeam - <AB>

= Mp, 2 2

2 3 IR S
( 2/A®9 S00°0 ) / SIUDAT

N <\/(Eb<€am - (AE>)2 B pga"d

5,42 ;

M, (GeV/c?)

54

0,352

A
=

)

Events /( 0.01

o
.

wn
O
("3

en
(%)
na

[PRL 102, 021801 (2009)]
23.6 fb

., N

42y e - :.‘." "
i-‘_ ;;.‘-:. RN Akt 'r 145+
.‘-." P i ’:_ '.‘ . .
:.a:,.'.. ) _.:’ ¥ "at, " : bee, W, '_..
L 4 .- ."‘ Y l‘.... ; " ‘J
r? ol .. . .0.': . —._‘—- '
Eoamh b oe I T
RUOCTRES ear o,
F, o . o o, . .--‘:
= . '.’V .'-. -‘.' > ".."..
;'B — D 7o
f Dy — omT K*OK ) KOK—

535 '0‘15

(5364.4 £ 1.3 £0.7)MeV /c*

lDDllPl'lll 1

01 005 0
:slnce/prOJecflo

D) ll‘]

0.05

0.1

® 0. - B 605

0.1
A E (GeV)

2
cand

D

2 _
beam



B, at Y(55): B, B,+ B’ By + B*B, + BB Au.

Full reconstruction of B, candidates

x
Bs™Bs [PRL 102, 021801 (2009)]
23.6 fb!

on

L

.
T

5,42.
J rT
cand

M, (GeVicH)
[ &,
S

-c’@?'

-2
.
-
2 A
v
- ' ..
+4 |* geen:
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-

D

5.4
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5.38
wn
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i
-

-]
2 _
beam

5.34
o
®
T
3

5.36
8
O‘)
.‘.' o |'

m :. .' .
tj R 5t
ﬁ

L Q
;,Ds — ¢m K*OK KSK" e
EUEETETETETE O 015 01 905 0 005 0 3
(;9/A99 5000 ) / swiaA3

Events / ( 0.02(

significance = 2.70
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B, at Y(55): B, B,+ B’ By + B*B, + B BAu.

Full reconstruction of B, candidates

B<Bs [PRL 102, 021801 (2009)]
23.6 fb!

|
cand

4 e T O BEBY | o
SR I e ’ SH
Sp, 4 e lTOER ‘ |
5.38;-? ...._. s 1 ‘J g
+4.6 aag L
4.0%37 3 2 S e By
significance 1llo + B sy o el T
o (P _g 5-32?_' B — D ﬂ- o 5
= : D — ¢ K*OK KSK"

8

mArmemo Iy ™ i 1
g8 g g g e g 5562 055 01 005 0 0065 04 3
(;9/A99 100 ) / SIWGAT

Events /(0,02
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B, at Y(55): B, B,+ B’ By + B*B, + BB

Full reconstruction of B, candidates

[PRL 102, 021801 (2009)]
23.6 fb

Comparing rates: I . -
%s.42§¢f L '557 B*B* S
fB;k B;k ¢ & 2 S S NQ:J
Y R 2 e o ERILI B
§ e om 4t EER
| O = N L S R eor S
. 0'(6 e —> S S ) 5.36L : " el e .'.. _ NS
< LK U NI L A R P "5
£ - +3.8 R TR e
%?) - (90.1_40 :l: 0.2)% 5'34;:, PR .o ) 5
sszjl,B —>D 7l IO B |
foop, = ZleteT = BB+ BBY) TGS g K*OK K] S
o olete— — BYBY) 543 IR R S

= (7.3+£0.3+0.1)% AE (GeV)
AF = Econd — Eveam

B(B, — Dymr) = (3.6779351095) x 1073
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A,

CP Eigenstates

What about CP violation? ... look at weak couplings in SM...

outh Alabama 1
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CP asymmetry in B. ->J/ ¥ n 'AL

Analogous to B -> J/P K (Sanda/Bigi/Carter)

mixing+tree («V, "?)

Tree (redl Vi) <V 'V Vip “Vis?VepVes
b, /;J/\u 5 B b Jly
w

S b s 5
=" measured ; -~

identical hadronic processes

©
—
o |
Va1
A

South Alabama 1

Bottom line: CP-dependent oscillation in t from cross-term(s)
- ho tTheoretical uncertainty:

dN 1. . :
%(B — fop) = 51“@ U1 4+ mynep sin ¢ sin(AmAt))
+1 if CP even +1 if B;—g = B°
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CP asymmetry in B. ->J/ ¥ n "A

Analogous to B -> J/W K (Sanda/Bigi/Carter)

mixing+tree («V, "?)

Tree (redl Vi) <V 'V Vip “Vis?VepVes
b /gJ/W § . b IV
B { S w [ : wh _
|

S S b | S S
=" measured ; -~

identical hadronic processes

South Alabama 1

Bottom line: CP-dependent oscillation in t from cross-term(s)

- ho tTheoretical uncertainty:

dN 1 . :
E(B — fop) = §I‘e_rt(1 + nynop sin ¢ sin(AmAt))

and ¢ = arg(Vy, ?V4?) = 0
-> any CP asymmetry is evidence for New Physics!
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Why is non-CKM CP violation of interest?

* CP asymmetry in CKM is insufficient for matter-
antimatter asymmetry of the universel
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A

(*)— (>|<)—|— S. Esen
Bs — D7 Dy arXiv:1005.5177

ool

°3

- CKM-favored AND flavor-neutral

CP=+1 in heavy quark limit, m_->c
~ saturated by 2-body D (D)
-> difference in widths of CP=x1

ATop  2B(Bs — DSV D{Y™)
I 1 — B(B, — DY D)

Aleksan et al., Phys. Lett. B316, 567 (1993)




S S oot 6 — KTK~

§ DI — KJK™ Ko —ntn™

f;', DI — K*K™ K - K 7t
DS — ¢p" pt —
Dy — K*TKg K** — Kgrm™
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B, — D)= DU+ 23.6 fb!

> 1 L] L L 1 1
. 8" i o
2-d fit in (AE, M), > st DT D:
simultaneous over 3 modes = 6f 16}
e
2 - H 2
o TS W T o
z 15
- -
: € 10
signal -__2 -
i
wrong combination -__ 2
3¢ 0
z-
background ~ Lt ]
=
cr'ossfeed\.,«;~ .
L s
2 e N.. .-
g = y T+
§ 0 1. il -!r ‘.'" . 14 A . L ()- . -- - T - -111-' ~ - -
£ 0.5 0.1 005 0 005 052 525 53 535 54 5
~ AE (GeV) M, (GeV/c?)
pV




B, — D)~ D+ )

Branching fraction
Mode Y B S
(events) (%) (o)
Db | 85122 4.0100F02 | g2
D:D, |9.212%8 28128 4 0.7| 6.6F{RST OBSIRVANON
D;D; | 4977 3.17 =+ 08| 3.2F|RST EVIDENCE

n |7 iGarite D

Arer ;’@ C 0047 0TI o 0

: +0.051 [theory: Aleksan et al.,
[PDG +0.09255 054 PLB 316, 567 (1993)

South Alabama 1
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Need updated theory input!




Ao
Bs — J/Qﬂﬁm arXiv:0912.1434

J. Li

CP eigenstate; expectation
B(B, — J/Yyn) ~35x107*  B(B, — J/yn') ~4.9 x 1074

South Alabama 1

Based on flavor SU(3) symmetry + PDG: B(B) — J/yK°) =8.71 x 10~*

Reconstruction

J/p—ete”, ptu”

n—y, T

n —nrtn, p’y
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Bs — J/vn

A

2-d fit in (AE, M,.), simultaneous over sub-modes

South Alabama 1

AE (GeV)

23.6 fb!

- 14.9+4.1;7.30

Events/(2 MeV/c?)

“bdwwammslcn

"5.35 5.
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M, (GeV/c?)
— (3.32 + 0.87(stat) 032 (sys) + 0.42(f)) x 10~4
0.28




By — J/yn’ A

2-d fit in (AE, M,.), simultaneous over sub-modes

IB(Bs — J/¢n') = (3.1 & 1.2(stat) TJ 2 (sys) £ 0.38(f,)) x 10~

S 3.5¢ H..— % 95F -
g 51 —mm S 3 S'HEVIIH‘:E 3.80
© 25" S 25; IR -
4 s 25
£ B 15
o c U
|.|>J g 1»_"—- + v 4 -1
] 23.6 fb
: 0.4 225 53 535
g 7 g
= 6 2 5
e 5 = 4 } o
E 47 % 35— + + +4 1
o w2 S
:..C; 1; - 1t + 4 w 1;F *l____.l_.l.__ “| AAAAA )
.E A P 1 N R — s 1 | .
< Q4 02 0 02 04 D5 53 535 54 545
V4

AE (GeV) M,. (GeV/c?)
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Searches for radiative modes of B,

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




Searches for new modes of B, ' 15

vy: difficult for hadron machines b ucit Y
|
|
Bsy ~ (0.4 —1.0) x 107° Wi
|
beyond SM: up to 5x10° —
Y
S 23.6 fb!
A1°» _—
£ L 4 o 10
S ? & o
< (v 6 -
2 S 4, S s
(<] o r ~ .
- O g 2
s . w
G o
jé 2

P R BT A A
53 5325.34 536 5.38 54 542 544 . r L
M,. (GeV/c?) AE (GeV)

B < 8.7 X 10_6 (90% CL) (prev. Belle: <5.3 x 10)
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|

PY

y: difficult for hadron machines j
Analogue: BY — K*V~

nl

S 23.6 fbl
g — —
~ 14
i Q1 2
S > O 12
<< Q1 ©
< O S 10
5 51 (S
(=] A4 E——
v o ~ B8
-~y .g 6
8 I o
o 4‘ ‘ o 4
S
w 2'\ \ 2!
0~ 0" :
53 532534 536538 54 542 544 04-03-02-01 0 01 02 03 04

M, (GeV/c?) AE (GeV)

(5715 (stat) 712 (sys)) x 10™° First observation

B
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Flavor in the Future

a




Colliding bunches

T = - /

==

New Superconducting /
permanent final focusing
quads near the IP

Replace long TRISTAN
dipoles with shorter ones
(HER).

I

Add / modify rf systems
for higher currents.

South Alabama 1

Redesign the HER arcs to squeeze

the emitance. u ' ‘ Low emittance positrons to inject

Low emittance gun

Low emittance electrons to inject New positron target / capture section
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(SR Channel)
[Beam Channel]

x40 Gain in Luminosity

TiN coated beam pipe with
antechambers
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ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)

CDC: small cell, long lever arm
ACC+TOF = TOP+A-RICH
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K. Kinoshi

Belle IT Collaboration
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Recent progress in funding
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I Press Release

KEKB upgrade plan has been approved

June 23, 2010
High Energy Accelerator Research Organization (KEK)

The MEXT, the Japanese Ministry that supervises KEK, has announced that it will appropriate a budget of 100 oku-yen
(approx $110M) over the next three years starting this Japanese fiscal year (JFY2010) for the high performance

upgrade program of KEKB. This is part of the measures taken under the new "Very Advanced Research Support
Program” of the Japanese government.

"We are delighted to hear this news," says Masanori Yamauchi, former spokesperson for the Belle experiment and
currently a deputy director of the Institute of Particle and Nuclear Studies of KEK. "This three- year upgrade plan allows
the Belle experiment to study the physics from decays of heavy flavor particles with an unprecedented precision. It

means that KEK in Japan is launching a renewed research program in search for new physics by using a technique
which is complementary to what is employed at LHC at CERN."



Summary "A

KEKB and Belle at Y(10860)+
* Analyzed: 1.3M B, events

- Strange beauty
spectator modes: B, -> D.(Vh
B.()B.() rates, masses of B,", B,
Y modes: B, -> yy (best limit), B, -> @y (first observation)
absolute measurement B(B,-> D)D) (~A T /2T)
CP modes

South Alabama 1

» Starting to analyze: 5.2 M additional B, events
(first results winter 2011)

* more to come ...
SuperKEKB/Belle IT ~2014
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