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Y(5S): present and future

* Y(BS) event scenario

* SM and New Physics with Y(5S)
present
near future
far future

Kay Kinoshita
Umversu‘r of Cincinnati
Belle Collaboration



Y(5S) physics outline 2

B, meson: familiar but different

Similarity (hadronic) w B_,4: 32} * - 55'5'2?(1985)
Spectator dominates, incl. some CP modes | ’ o
-> well-defined expectation on overall 3oF Y(5S) - gsg*igsi*; -
properties (lifetime, semileptonic) \ ‘ BB O |
-> test quark-hadron duality, 428" v BZB:""
. -> fine-tune HQ hadronic models S el
S -> spectroscopy (masses, event fractions)
g Difference (CKM): 24
high mixing rate
low CP-asymmetry oe o8 o 2
AT ,/T=0(10%) -> differences in WGV

B."->B_.y (100%)
CP, flavor eigenstates C

-> windows to New Physics in suppressed modes, CP asym
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Why study B. in e*e” -> Y(5S) vs hadron collider? 3

Pro T v T v (l:LEOr T
. . 32F .

~zero uncertainty on production model * PRL 54, 381 (1985)
trigger efficiency -> 100% sol If Y(5S) -> BOB,"
high efficiencies: high multiplicities, gamma \ BB,
direct bb count -> absolute branching fractions,, 2 e} \ ‘ Bqu(’EBTT 3
exclusive pair events -> inclusive rates 2 ¥V BgBgmrm
near-threshold -> partial reconstruction © 28fF
well-understood detector, Y(4S) data ->

S : : 2.4

S low systematic uncertainty

2 Con 1 1 1 1 1 1 1
beam pr‘ior‘iTy 10.6 IO.BW(GeV) 1.0 l.2

low rate compared to hadron machine

insufficient boost vis-a-vis B, mixing

PRO - opportunity exists!

existing experiment, high luminosity, ability to run at Y(5S)

current data (1.86 fb-1, June 2005): learn about Y(5S), B,(") mass

near future (+21.7 fb-1, June 2006): branching fractions, lifetime

far future (100-500 fb-!): rare decays, CP studies, seeking more ideas!
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Present: Y(5S) “engineering run”

4
KEKB operation:
- peak scan (5 pts, 30 pblea) 30 pb! pts, -> 10869 MeV (consistent w CESR)
* @peak: smooth operation, L, ~ 1.39 x 1034 cm2s-!
Y(5S) properties:
Inclusive analyses : Y(5S) -> D, X, Y(5S) -> DX
o e Ty S A GRCAL I YA
8|2, It e 4 2 (+) p(*) —9
- '. E.ﬂl =T ‘L olete” — By Bs')
S | By t gz T :I::LI:L 2. ‘[ |
Z | 5 jgpa et fatag @ } [ S 000 o
- @ | Dorornt il H:: 1 T ’Ll‘ =l Jf 'L
) 375 £100 v s, D> o 1™ Y G
i e | N 1Y T T T
1925 195 1975 00 B4 D BE ] O =02 e 8 0F 1
M (D), Gevf{.' PD)/P_ P(D")/ P

After continuum subtraction and efficiency correction:
Bf (Y(55) -= DE X)/2=(236+1.223.6)% L =1.86 fb™! N,,(58) =
Bf (Y(55) -= p? X) /2=(53.8£20%3.4)% 561,000 £ 3,000 £ 29,000 events

=>| £, = N(B," B,") I N(bb) = (18.0+1.3£3.2)%
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Present: 5

B, properties: (K. Sudoh)
M(B *) = 5418+1+3 M@V/CZ TABLE IV: B; moson mass spectra (first order). Units are in MeV .
s —+= = .
_ Seate (YL ik JF Mo c1 /Mo M st Mo
M(Bs) - 53701113 MeV/ CZ " S ~1 ] 5375 0.287 =107 5301 S0
TH. 1 1 0,808 10 1 5424
Decays Search
Decay mode Yield Backg. FiAT. Up. limit PDG UL
events events (%) (10~4) (10~4)
} Theory
3. = KT~ ' 0.6 (.1 9.5 o o9
§ b->s penguin/b->u spe‘rc“’ra‘ro& : 4 (=R qi } o . 0.2
% b->s penguin B, — oy 1 (< 4.16) (.15 2.9 4.1 1.2 0.4
@  intrinsic penguin By — vy 0 (< 1.94) (1.5 20.0 ‘ [B]erg': 1.48 0.01
spectator B, — J'..'?_J D 0 (< 2.44) 0.02 (020 T10. - 100
B, — D't D~ < 4.36) 0.01 0.0099 1270. : 200
int? 200
B, — Dt D 0 (< 2.44) < (.01 (L0052 2730, -
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Near future: 23.6 fb-! L ., ~ 165 x 1034 cm2s-! 6
more Y(5S):
(Pierini)
sort out events _
(needed to Event Reconstruction
understand
ba Ck I"OUHd S The events can be reconstructed as at the traditional B factories, without
. reconstructing additional particles (x and y) produced in the Y(5s) decay chain
fOI" BSSTUdIZS) < no loss in efficiency T . R
-ﬁSEpEll'Etinr'l 'thhE g = I I 1 1 1 S | 1 7]
components in the = Bd}s_}”w ¢' -
kinematic variables % | : . -
§ BdBd Bd*Bﬂ _ .HEHF. 551':35 =
g 0 =N T e e
% 1 Rl Bs*Bs*
=] Good separation 4 TR .
between the B. and By - e MRE G S
‘b g w-:::_‘_‘:'_lt-_j:pﬁ___._ =}
; I I L} L L] I I I L} L] Bdndﬂ J-.:_ ‘.:'I_._"\:-hl" i =4
gﬂm - § ~
< sof- -
;” ; ‘\ RS M T AR, T RO T T
[ [l 53 532 534 536 85, 54 542 5.441
N | ]' Mgy [GeVie)
; : BiBsr has a continuum like shape
20 J ; [ | in mes and is shifted in AE. It can
: K hi. & f Lz be discriminated from B; signal
o a2 S5mMm 853 H-.:l»:i.' .Hn.:hl S0 S 54 542 E-.I-H

Mg GOV CY
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Near future: B, decay rates

=Y A1 /I, measurement from Bf (B, -> D,** D,*))

iy

Expoctod with 2 ' at Y55 ¥(55), 1.86 fb!

L L]

EMB,->D,* D"}~ 2xi0* N = 2ot 0% 20 x 100 7= S e

Eff{B,->D,** 0, ) ~1x104

EFHB,->D,** D, ) ~Sx10% N = 250107 Sat0® x 310 d v ™ B>00 0,
sga- B 000
B0, 0"
=xAccuracy of Bf (B->D,*" D) hastobe ~30%. “&3  ai ¢ W a2
N iGeVACh v AE GV

D,* > é=* K" K*, K, K*

W= 25107 107% x 2x10r= S8 ow g ux

Algp® BHB,->D, "D ")
r,  1-BfB>D,"DM")/2

c=  should be compared with direct
AJT, measurement to test SM.

AT, lifetime difference can be measured directly with high
accuracy at ¥(55) and also at Tevatron and LHC experiments.

Color-suppressed B.-> D? K? decay

e ..
0 L P
P 1|.~,"’f:\ oW
i .j l.

—_— # e
f i n* o
Color- suppressed W‘C}' Color - suppressed
Ef{H“—:t[]unﬂ} _ (291 % 0.28) 10 ¢ = 0.1
Bf (B->D*n")  (3.410.9)x10°?

Which diagram, color-suppressed or FSI, is dominant in
B%->D%° decay ? Decay mode B,->D%™® has no FSI
diagram. If the ratio Bf(B,->D"K")/Bf(B,->D,"=") ~0.1,
then color-suppressed diagram dominates. If the ratio is
significantly smaller, then FSI diagram dominates.

If BHB,->D°K") is ~3210%, then ~B events are expected with 25fb" at Y(58).

Semileptonic B, decays

At the ¥([55) we can measure precisely semileptonic decays:
BF (B ->X*I"v)
Bf (B,->D.*i" v)
Bf(B,->Dg*""v)

Accuracy is expected to be
~(5-10)% with 25 fb"? at Y{55)

\t7

Difficult to measure in hadron-hadron colliders.

These BFfs have to be compared with corresponding B meson
Bfs. Within SM: Bf(B->X""v)= Bf(B->X*/"v)
If not, nonstandard contributions should be considered,

How to explain:
I:B':':I > 1B,) - 2.90 difference (in contrast with theory).

M Pioriahop  Prpsacs o WiSS) 808 fenronss A, Dvuitskosy

(Drutskoy)

Sepiamiar 13 < 14, 2008, KEW, Taohviba, Jaoae

Plus, time-dependent:
- lifetime
- studies toward Al'/T



Near/far future:

search/reconstruct

BNM2006
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Final state Process Besi €recon(%%) Events/100 fb!
D = spectator 29 x 1077  0.81 220
D« spectator 28 x 1073 045 120
D, pt spectator TTx107% 015 110
13 p spectator 6.8 = 10F 0,081 h2

D (2317t spectator T3 x107% 028 19
Jjd color-suppressed spectator 1.3 x 1074 1.3 150
Jin color-suppressed spectator 8.5 x 1077 (.56 15
DT D; spectator 8.0 % 1073 0.020 19

DD, spectator 2.0 x 10 0.0099 19
Dy Dy spectator 1.9 x 1077 0.0052 15
e b — s penguin 1.0x10°% 5.9 22
MK color-suppressed spectator 3.0 x 104 1.2 31
Dok spectator; oy 20x 1074 0.64 12
K-K+1 b — s penguin, b — « speetator 4.0 x 103 0.5 36
Ktx b — s penguin, b — o penguin 5.0 x 10°% 8.7 1.1
VY ntrinsic penguin 1.0 x 107" 2000 |.4
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Exclusive B, -> ¥y decay

(Drutskoy)

Exclusive B, -> 7Y decay

Many “conwvantional” BSM modals can be batter constrained by B -> K* ¢ and

B->s yy processes, however not all, In somae BSM modaels B, -> vy provides the best
limit, in particular In 4-genaration modael (V) and R- parity vielating SUSY { = Miyy)

v
o Th hep-ph/G021FT (Huang et al) : limits on four-generation
v | matrix slemaents Vo, and Vo, wore obtained from B decays,
*-D‘m BB =7} can increase up to ong erder of magnitude
. . under specific conditions. Decay B-> 7y is nol affected.
Vis

hap-phi0404152 (Gernintern et al): within
R-parity vislation SUSY, diagram with
sneutring will increase BB >y up to
one order of magnitude.

b T
L] )
s <D:1

1
Fa

. we By->yy 186 7

T il
m iA
M- . i MC
- _ il

Matural mode to search for BSM - _

effects, many theoretical papers agi e
. 42 L] LB LE}

devoted to this decay. M 1GeVie) v AE (GeV)

PDG limit :  Bf{Bg->yy) <148 x 104
90% CL UL with 1.86fb": Bf(B, ->yy) <053 x 104

Expected UL with 100 fb':  BF (B, > ) < 1. x 10°%,
SM: Bf(B,-> )= (0.5-1.0) x 10°,

BSM can increase BFf up to two orders of magnitude.

BNM Wosdkshop  Phyecs on WA o B Deiones . Sapfembee TF - 140 P000, REA, TrskesOe, Jdepen

window on some New Physics models: not accessible at hadron colliders

A gy
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Exclusive B, -> K" z* and B->¢ y decays (DI"UTSkOY) 10

Direct CP-violation => non-zero charge asymmetry parameter
A= (Bf(¥) - Bf(-}) I (Bf(+)-BF(-) ).

Expected number of events with 5 ab™:
B, -= K n+ [ =300 events.

Large statistics is required to observe direct CP-violation
on the level of 10%.

B, 07 Hew Physics can contribute in penguin decay loops.

" Estimated number of events with 100 fo™! : ~20 ev.

=)

N K} f_-;-"-" . Partner of B -> K* ¢ penguin decay . . o .
e Bf's have to be compared. (P|er'| nl)

S _ Semileptonic Asymmetry
o JIFd Woskshop  Pymcs on Y55 m W ciooes | Lapfembar 13- 14 2008 FK Pruksbe, fapan A Dty
N
s Several experimental strategies:
Z < Counting D, I'v and D,”" I * v events against a hadronic or semileptonic tag
(a1] + gq Background killed by the full reconstruction of the other B
+ B,B.n background killed by CEM A
suppression on reco and tag sides i =
+ ~2.5% background from other B, decays e
From a toy Monte Carlo study, we v o

expect ald, )~1,310"°

w0 pxpeciod error
I I [
L
% Using the dileptonic events 400
+ Events are selected looking for two -
same-sign leptons ;
+ Background is rejected using the S
time evolution 30 ab!

+ Time evolution allows to separate B, from B, events
(A and A" can be measured simultaneously)
Scaling present B-factory errors to the superB luminosity we expect
* o, ") ~0.8s 107
*alf, h~1.510"
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Measuring (NP sensitive) V. /V,.

5U(3) breaking
from Lattice QCD &
QCD sum rules

BR(B.—K™) [Vl 1
BR(B,~0Y) |V_| &

Advantages:

= no theoretical error from
additional contributions

< { is @ narrow resonance
{less background and better
theory estimation of £}

11

(Pierini)

Plus, A. Soni:

o Radiative B, decays
MNP can affect the loops
in a different way than

the box diagrams of Am

Experimeantal challenge:

B, —Ky might suffer from large background
from B,—K™yin BBx decays.

These events are

+ distributed as an Argus function under the signal in m.,
= shifted in AE

They can be separated from signal using a ML fit

Different sensitivity to

NP, stronger constraint
from the combination

V../V.. With B, decays

We assumed N, =289
+ 30 ab’ of data collected at Yi5s) = . N, =18000
+ same detector performances than BaBar - T Ny, =1824
< SU(3) symmetry to estimate the BR wa TN} ~41
<+ same qq background shapes than for Y(4s) events e
And we used a full detector simulation to estimate -
likelihood shape. From a set of Toy Monte Carlo, sl
we estimate the average error on the two BR's and -
the error on |V./V,.| -
= Fr
. N ST~ PINSTARSI . Sri: |
. N N, =7900
b M, =3900
il o B" _m‘T Hn.:=21?
E . alM,,,)~103
(3] (2]
good bound -
aven igl‘lnrhlg... e ad wa -
improvements YulVal [
in lattice andfor I1EL'| I.. L . , B ey 83 163 934 64 168 lg&;ll:l

in data analysis
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AL/T in B;—=)/yo (1)

f

; K
-~ vl J'Jq]r ;A /
..____.-"""-'Ir"ill :_:‘H\ Jllllll.ljd; .._- "_-\. ”.:I II_-'I
..-..___..-" x_'.‘ i .l";j . II.'
el .--'"-' / &0 !
L ,.-'IIII K™ - .-"II
[ [Fiavwea =i
<% In SM odd and even CP component associated 5/ = 0 ——m——— e
respectively to heavy (long) and light 1“_ AL error-1,0054 {

ishort) B, angular analysis
= The distribution in cosé, cosy.g, and t allows tl}“"’

separate the two components 120
d'P (b, cos 8, cos b, £) . 100

i dd cos & o oos g dt 8o}

: : ol

AaPe T @+ AP L)

+ |A__ |E£ apt fg[ﬁ:I ¥+ RE[';I';-""'[]* Lt f‘i{.l'?f‘:' :"l:lI | I

s Thoa  opad G0 oods oos

Time-dependent measurement
(used@Tevatron)

12
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Outlook

Y(5S): opportunity at B-factory
Current data (24 fb-1=5x106 B,'s):
properties of Y(5S), B.() mass
reconstruct favored B, decays (exclusive & inclusive)
tests of flavor SU(3)
Al /T via DD branching fraction
find/limit NP for rare modes, esp. vy, ®Y
time-dependent measurements:
lifetime, CP asymmetries, Al /T, AT/T
Future (100-500+ fb1):
rare hadronic (NP, @)
radiative decays (NP, |V.,/V..|)
CP asymmetries
prospect: experimentally feasible but need strong theoretical motivation

Please think about the possibilities!
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