Towa State University, April 25, 2007

Belle and the Beast:

Strange Beauty at the Y(5S) Resonance

i5 - B-factory and Y(4S) Resonance
* Y(5S) Resonance and B,

motivation
Belle data @
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B factory: e"e” — Y(4S) — BB '4‘
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Primary goal: study CP violation in weak decays of B meson



the hardware ' 2

22 . s L. =171 X 1034 cm=s! (world record)
"”"% | = . Data (6/1999-3/2007)
e N\ L . JLdt = 710 fbl@{Y(4S)+of f(~10%)}

ol - 2 # 30 o +  (>7.1x108 B events)
SPh ely - -1
s " « JLdt = 24.6 fb'@Y(55)
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CP Violation & weak force

Weak force: under symmetry operations

(P c—> 4—‘ violated maximally
f C
@ -©.°® -0
How can an interaction violate CP?

CP
x c-» 4—‘ conserved (mostly)
Complex coupling constant

CP{; g . S Eg*/ ¢ (hermitian conjugate)

Z
N\

1)) 1))

Why is CP violation of interest?

* matter-antimatter asymmetry requires CP-violating interactions
(Sakharov 1967)
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Flavor & the weak force ";

Standard Model = 12 fermion flavors (+antifermion)
-3 gener‘aTionS(dis’ringuished only by mass)X2 Typesx2 ea(strong & EM couplings)

(stable, but for weak interaction)

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

€ <«--->We---- >T~ <> seen

W+ "charged current"
<-->» not seen

€---> ) €---->
Ve Vv Vr
Z0 "neutral current"

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

U «--->C«---- >t

= 7% S <—> suppressed

Inetegant//

g<-—-—->S<--->D
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‘EAlegance Restored 'A

Z?(jc@(/m {matrix of couplings} IS univer'saldc'& genera"rion-c%r'\ser'ving
d s b s
u ’Vud Vus Vub‘ u ’ é cl) g ‘
g x o|Veg Vs Vg gr X © 0 0 1
tVie Vs Vi, " ]

- d’, s', b'are eigenstates resulting from perturbation by
weak interaction, # mass eigenstates d, s, b

d d Cabibbo-Kobayashi-Maskawa (CKM) matrix
s'| = M S complex .
b' b preserves metricl = unitary

T " orthogonality

GIM (Glashow-Tliopoulos-Maiani) mechanism %ﬁy&ézmd

- suppression of flavor-changing neutral currents
- multiplicity of charged current couplings
- AND ......
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.. for >2 generations, e.g. 3, {9R+91} dof constrained by unitarity:

Unitarity conditions Vji*vjkzaik -> 3 real + 1 imaginary free parameters

explicit parametrization(Wolfenstein):
1-22/2 % A3A(p-in)
-\ 1-22/2 A2A Y\\ir'r'educibl

\7\3A(1-P—iﬂ) _02A 1 l complex! j-> CP violating
(Kobayashi-Maskawa 1973)

First 3rd-generation particle (t) observed 1975
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A

Unitarit

Vi ™VudtVeo VeatVip ™ Vig=0

Unitarity condition for {i=1,6k=3}

-y V.* V.. *
=> Yub—Yud Yitb—YXtd -
Vcb*vcd+ 1 N Vcb*vcd ) O

' '

—(p+wn) ~(1-p-w)
- (pm)

"unitarity triangle"

0.0 1.0
B-factories test self-consistency of UT
+ fully constrained by 3 of {3 angles, 3 sides} ==> overconstrain

Inconsistency -> New Physics
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Observing CP asymmetry

Complex coupling constant is CP-violating

CPf g f}=F g f2f oo f={_g _f}T

BUT to observe CP asym, need 2+ interfering amplitudes {T P}:
T=gAP=g'A’ -> |gA+g'A’| |gA™+g'A™ |

Equal only if relative phase of g,g'=0

AND for irreducibly complex weak coupling in CKM,
need process w. all 3 generations

===>» B DZCGYS b 3

=)
x
<
v
o
=
M
¥




A

CP asymmetry in B decay: example

B->J/ da/Bigi/C
J/P K(Sanda/Bigi/Carter) mixing+tree («V,,2)

Tree (real V) =V "V, V"2V, 2 Vcbvcs

—»ﬁ}dhp i fﬁ — WA

s, ol /' i Ks

\ measur'ed /

identical hadronic processes

Bottom line: CP-dependent oscillation in time from x-term(s)
- no theoretical uncertainty: arg(V,42) = 2¢;, B

AN 1 . .
o — (B — fop) = §F6_FN(1+77b770p81n2¢1sm(AmAt));

B +1if By = B _(—1ifC’P0dd)
= (—1 if Bi—g = BO> lep = +1if CP even
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B factory:

e"e” — Y(4S) — BB

A

%I‘e"rm(l + NN p Sin 2¢, sin(AmAt))

At by asymmetric energy ete” ->Y(4S)
(symmetric Y(4S): CLEO 1979-2001)

25
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S of
g B ot resonance  ON
= ~10% resonance
T 1w0r ". s ~90%
ID : + ‘\ +J Y ¢
+ / b / * o
1 B A I B
b : ““‘ .'%“ Q"“‘" raoe et gu, “““’“"t“"_'
COY(IS)  Y(2S)  Y(3S) A Y(ES)
0 ||||||||||||||||||||||||||||||||||||||||||||||
944 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62

Mass (GeV/c?)

BB threshold

B, decay

at t=At
AzZRATPBYC I

+=0

mode @ t=At

" ~200 pm

e- e+
CONY
=+

conserved B, decay
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< 103
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flavor tag @t=0: e, y, K&, ...
effective eff ~30%

(+=0), break CP
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CP asymmeftry "Q

D
3

Entries/ps
FcN
3

sin2¢,= 0.728+0.056+0.023

200
0
=% 08
z{gf world average:
17 ° sin2;= 0.726+0.037
zz . oA
== — sin 2¢)1 sin(AmAt)

ff
_d-“'
f%

e

L
-:L-rju\;‘ \

8 -6 -4 -2 0 2 4 6

At(ps) =

fexcl at CL > b.95) R‘x\'"- ¢3:

PRD 71, 072003 (2005) H__“-“ 5 Y €
0.3 AR

%2\ 3

0.2 \\ =

0.1 \=




Belle physics

208+5 papers published or in press (#1 in 3/2001)
(CP asymmetry in B decay, other B decay, charm, tau, 2-photon)

Recent highlights
» evidence for D% mixing

* quantum entanglement (EPR)
* new charmonium-like states Y(3940), X(3872)

occasional overlap of topics,
e.g., discovery of new charmonium(-like) states in B decay.
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Looking to the future: Y(5S) Resonance ’ﬁ

" CLEO

Ll — ] B — {BO B+}
PRL 54, 381 (1985) — d)*~u
*\Y(‘ls)-_) B+B_, BOBO q

3-°'\ M=10580+1 MeV/c2, [=20.5+2.5MeV
w28} i} %) (* *) (* D *
m «—Y69)|= B{WB{, BB, ByB{r,
x 2.6 %+ H - Bqu'mr

m M=10865+8 MeV/c2, [=110+13 MeV

1 i 1 1 1
10.6 10.8 1.0 (.2
W(GeV)

Can we (competitively) study B, at the Y(55)? (FNAL, LHC)

Maybe...
- exclusive B pair events (quantum coherence), high trigger eff, cleany's

» B-factory: high luminosity, established detector
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Y(5S) physics "Q.

B, studies
Low CP-asymmetry in SM
-> sensitivity to New Physics

"SM CP violation is insufficient to explain baryon asymmetry”
Mod. Phys. Lett A9, 75 (1994); PRD 51, 379 (1995); Nucl.Phys. B287, 757 (1987)

+ AT/T/T=0(10%) in SM
-> differences in CP, flavor eigenstates
Similarity/difference w (non-strange) B
-> quark-hadron duality,
fine-tune hadronic models
Y(5S) spectroscopy:
B event fractions (needed to evaluate prospects for B,)
B.() mass
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B, decays: outline 'i,.

Similarity w B 4 - d s
» dominated by spectator process _,,< P
- similar semileptonic widths b ﬁ" i
- D->D, for many modes By_ = .
u,ds
difference 3
* CKM-favored AND flavor-neutral W?’<E
CP=+1in heavy quark limit, m (>~ _b__ )/ _ ¢
~ saturated by 2-body DD  Bsg
-> difference in widths of CP=+1 <
(x)+ y(x)—
AFCP ~ ZF(BS —>D3 Ds ) ~01—02

I I
Aleksan, Dunietz, Kayser Z. Phys., €54, 653 (1992)
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data A SO

June 2005: 3-day “engineering” run
* to study Y(5S) properties, B, prospects
* test KEKB - L, ~1. 39x1034cm 2571

&
Y
(=]

- energy scan, 5 points, 30 pb! each
- 1.86 fb! at peak
* 4 x largest previous sample (CLEO)

10.869 GeVy,

£
'S
[

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

A. Drutskoy et al., hep-ex/0610003
submitted to PRD
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June 2006: 20-day run
- 21.7 fb™! on resonance
* data analysis starting

=
N
-

N (Hadron, R,< 0.2) / N (Bhabha)
2
FTT [T I T T [P TP [ TP T[T AT T[F 1T

L1 JJJJIIlIlllllJJJJJII 1

10.8 10.85 10.9
Ecn (GeV)
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Event count in 1.86 fb!

(5.61:0.03+0.29)x10° events

L Yi{55) and continuum
Fox-Wallram R2

HHHHH

o S Continuum 3.67 fb!
y (scaled)

R2
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Event shape parameter
(Fox-Wolfram moments)

K3x2-1
Zq‘,,j pi||p;|P2(cos 0)

D i IPillp; IPg\(?OS 0)

Ry =

2-jet ete” — qq R,-1
ete” — BB R,-0
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B, fraction in Y(5S) events

inclusive D, production rodel estimate
(92+11)%

B(T(55) - D, X) = f, - B(Bs — D, X) + (1 — f5) - B(B — D,;X)

236 1.2+ 3.6

)%

fo=(179+1.4+41)%

similar analysis using inclusive D°:

f.=(18.1+3.6+7.5)%

combined:

fo = (18.0+ 1.3 £3.2)%

A

(measured)

8.7 +1.2)%

(b) +

continuum
| | |

02 04 06 08 1

-3, X(Dy)



B,B,: B*B,/B,B* : B*B"* A

Readily reconstructed CKM-favored modes
Dyn", Dyp", Dyn™, Dy™p", J/vg, J/ym

Full reconstruction of B,:
D~ - D;y D; »¢n, KK, KOK~
¢ > KK, K** S KtK~, Kg »ntn™
J/p —ptu, ete”

pt = atal, 7% = 4y, n— 1y

Not reconstructed: B — By

-> B, candidate E_ .y, Pcang iN CMs of ee”
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B,B,: B*B,/B,B* : B*B"* A

Candidate reconstruction: energy, momentum of B, at Y(5S)
B; B,

Ep, = Epeam; PB, = \/E%?S —- Mg

-> Reconstruct candidates with

AE = Ecand — Eveam My = \/ E}eom — Peand

5.5

B; B, B;B; BB, ,B.*B, ,B,*B,*
B, energy is lower by E, /2 (~25, ~50) MeV sj : ,% .
-> AE lower, M. higher S350, _' ** -
Resolution does not change much S35 =
L MC simulation

-0.4 -0.2 0 0.2 04
E-Ebeam VS Mbc
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B, candidates in 1.86 fb! ".

. 1 l xD * .
— — I
- : {ﬂ} . 7T+ {h] D: 7['+ BS BS dom nates
) EDBMBF . 1, CD i vt
— S S . J : xpE ke .
?u; 54 G S*Bg T ' O ] BS B, signal region
{9 . C:D BS,,,S T {:} 1 Decay mode D, — &5~ KWK~ KiK~ Sum
= I _ 1 _ 1 B == 1 2 3 9
5.3 - ' -+ . o Bl = DI x 2 1 1 1
8 | ", T 1 B = Dt 2 1 0 3
: 1 . | B2 =D pt 2 2 0 4
- -, . - 4. | BY— Jjve 2
5,2_541{}:}{;54{:;1_l.,':{:.l',},'l.l.}l.',.l_ B? — Jfym 1
~ [ © D&t @I /pe, J/un
L G R e -
>84S L T O 1 Fit AE in M, signal bands
g :-.-. . ._ C) ' . E::‘] | bc 9
5.3-— 1 .
8 |
= _
5_2 - | l PO T T B

01 0. 04 02 04 o0 04 02
AE  (GeV)
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B. candidates in 1.86 fb! A

12 (a) B,*B* Combine 6 modes
101 20.3+4.8 o |
s a; Es B§ sugnal region
E I Decay mode D, — &7~ KWK~ Ki{K~ Sum
; 6 B? — D =t 4 9 9 9
t | B? — p:-gt 9 1 1 4
E 4 B} — Dy pt 2 1 0 3
w i BY — ;- pt 2 2 0 1
2 B — Jfue 2
i r —1 - B — J/ym I
{I 1 i 1 T
*
| (b) B,*Bg
} i . . .
s 1.5:2.0 Fit AE in M., signal bands
= i
Zo = | ‘ M—z“' —
w B
T 2| (C) BsBs
m 3
- B
]
1 IR
u |
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B, candidates in 1.86 fb! 'Ia

12| (a) B,*B*
E"“j 20.3+4.8
o 8f oc(ete” — B!B?¥) L7
=l S R
£ 8f o(lete — Bs 'Bs /)
S a4l
|
: 1
Ty BB
| (P) s Bs
31- ) 1.5+£2.0
e ML AN [l
%2'_(‘3) BsBs |,
@ -
: I

01 0 o1 o2
AE (GeV)

T
(]
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B.() mass ' 2

12| (a) B*B.* Reconstructing B, candidates:
E 10 - 20 3+4 .8 AFE = Ecand — Ebeam
= B__ Mpe = \/Egeam o pgand
w 6L
e | in BB, event, <pp> = pp»

4 -

i 1

0 1 i 1 I

)| BB,
S - 1.5:2.0, inB/B; event, <Epp> = Epeqy - <AB>
E 1] - Ml — => MBS
: - (c) BsBs
E “ = \/(Ebeam - <AE>)2 - Pﬁand

1 - A

: N

02 01 0 01 0.2
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Events | 4 MeV/c*

o

=¢]

%]

—
=

= h

o=

L

[=-]

(a)

JIJL:D—EIJ—HJ \

0
3.2 525 53 535 54

M (GeVic?)

be

| (b)

Lm0 oo

53 535 '25.4
(GeVic?)

A

Reconstructing B, candidates:
AE = Ecand — Ebeam

in BB, event, <pp> = pp»
= MB;‘ - <Mbc>
=(5411.7+1.6+0.6) Mev/c?

in BB, event, <Epo> = E, ., - <AE>
= MBp,

= <\/(Ebeam —(AE))? — pzand>

=(5370+1+3) Mev/c?




Searches for new modes ' 2

DD CKM favored, first sensitivity to

AI;CP ~ 2B(B; — DWTD® ) 0.1 — 0.2
5.5 e
ot | Analyze 3 modes together; little background
“'_E L > 1 ->2006 data: +30%(stat), (small sys. err.)
S |
sal :
= | - 186 fb- 1 CDF 2007:
%2 o1 o 01 02 BB _, DYD) = (1.09 % 0.27 + 0.47)%
AE (GeV)
B(th.) # cands UL (90% CL) Est# /20 fb~!
. DID; 80x10° 0 6.7x102 4
5 D**D- 20x 102 1 1211072 4
- DD 1.9%x 102 0 25.7x 102 3




YY: Bsuy ~ (0.4 —1.0) x 107°

beyond SM: up to 5x10°°

B < 0.53 x 107* (90% CL)

[previous limit: 1.48 x 10-4]

2006 data will probe ~ 5 x 10
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Y P
] 1.86 fb! 1
5_4:_ C:ZD. _
5.3:— -
B2 o L Lo
AE (GeV



Summary &&

Belle 1999-

- Y(4S): 7 x 108 BB
CP asymmetries, other B decay studies
-> overconstraining Unitarity Triangle
charm, tau, 2-photon, ...

- Y(5S): 1 x 105 B_B, results, 1 x 10 in process
inclusive D, rate -> fraction of B,
reconstruction of B, decays ->

dominance of B, 'B."

masses B,", B,

hints of D), best limit on yy
clean data, high-luminosity machine ->

Belle will contribute to B
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