Physics Potential at
the Y(5S)

Sibylle Petrak, SLAC

Report from the Michigan Workshop
on High-Luminosity B Faclories

BCP4 Conference, Ise, Japan
February 19-23, 2001



Motivation

New Physics in Bs - Bs mixing

sizeable CP-v phase in Bs - Bs mixing is
unambiguous of NP
CP angle v

modes in common to Bs and Bs as for instance Ds(*)K(") are
sensifive 1o weak phase y and o sizeable widih difference
y=AI'/2I" leads o new CP violation phenomena

test of duality

delailed and comprehensive study of Bs decays as crucial
quaniitative probe of duality; for CF = f (Veb, Vub, Vid, ... )
and infellectual curiosity/honesty’ (). Bigi)



What is unique about Y(5S5)?

Coherent Bs - Bs pair production

with anti-symmetric (C= -1) and symmetric
wave funclion (C= +1)

C= -1 for (Bs, Bs) and (Bs* , Bs*), like Y(4S)
C= +1 for (Bs, Bs*) and (Bs" , Bs), new

e+e- environment, good photon deteclion
upgrade of exisling facility

beam-energy consiraint

average over Ams oscillation



Symmetric vs. Anli-symmetric wavefunction
Two realizations of the EPR paradoxon

C=-1

Flavor of both Bs remain
completely anli-comnrelated
until one Bs decays.

i, ot any limes, decays
occur 1o CP eigensiaies of

equal CP parily, then there is
CP violation.

In principle, given a non-
Zero y=AT'/2T', the Al = h-12
fime distribufion can be anti-

symmefric.

=+1

Tagging flavor of one Bs does
NOT guarantee the other Bs to
be in the opposite flavor siate
atl the same insiand.

i, al any limes, decays occur
fo CP eigensiates of opposile
CP parity, then there is CP
violation.

Even with a non-zero y=AI'/21r
the Al = h-12 fime dishibufion

is always symmetric.



Methods for NP and y

1) Lifelime Measurements in different Bs final
states (the BaBar Method)

2) Time-integrated rate measurements of
coherent Bs Bs decays o (Ds K) (Ds K)

(the Xing Method)

J) Rate measurements of CP lagged Bs
decays 1o Ds K (the Falk-Petrov Method)



Time distribution of untagged Bs

A=T A A = QAYPAs ¥ = AT/2T

For C=-1:
PA.A)- =< exp(-JAD{ (1+]4i]|?) cosh(y A)
- 2Re(A) sinh(y A))
For C= +1:

P(.A)s < exp(-JAD{ (1+]1]? -y (2Re(l))) cosh(y |A))
(Y(1+]A1]?)-2Re(l))sinh(y |A |))

Flavor states: 1 =0 = g:'l:::‘c;nd order

CP eigensiates: |1 | = 1

first order ferms in y,
and m=) Prefacior scales with
States with inferfering Re(l) = cos(CP phase)

ampiitudes: |1 |+ 1



In search for NP

1) Measure y in semileptonic decays and CP eigen-
states with zero SM prediction of phase

SM:ysi=ycpr CP = J/¥Y®, Ds+Ds-, J/¥n
NP: ycp = ysi COs(P) ® = phase of NP

2) Value of y itself depends on NP
(Dunielz, Fleischer, Niersie)

Y = YsM Cos(P)
ysm from theorelical estimate or
ysm = BR(Ds(*)+Ds(")-) in Shifman-Voloshin limil



Resolution on y

lo enor of a
measurement
with central
value y=0.1
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Experimental situation

Experiment  Year # events Statistical
Lifetime difference Sensitivity for y
y=AI'/2r 13 1998 15000 015
(inclusive B, 109 Bs)
Using Bs Flavor DELPHI 1999 1,300 ~0 15
specific states _ |
CDF 1999 2,000 ~0 15
BaBar 20067 50,000 ~0.01
- CDF 1998 58 ~0.2
sigenstates ALEPH 2000 16 ~0.25
BaBar 20057 3,000 ~0.02

Theorefical estimate: y=0.075:0.035
(Beneke, Buchalla, Duniefz, Greub, Lenz, Nierste and KEK-Hiroshima Group)



LEP B-Lifetime Working Group

Flavor specific
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v dependent modes
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Resolution on y 107 Bs(*) Bs(*)

1000 reconstructed Dy K events
lo ernor of a 175 ' 175 |
measurement J
with ceniral 150
value y = 90°. -
Besides b
parameter 100
varied other
parameters are 75
fixed 1o y=0.1,
R.-=0.5, |1 ] =0.3. 50
Assumes partial 28
reconsiruction
of Ds*+ K-. 0

0
025 0.5
y R+- Al



Resolution on y 10° Bs(*) Bs(*)

10,000 reconstructed D, K events

measurement
with ceniral
value y = 90°.

lo emor of a _g 0
>~

R..=0.5, |1 ]=0.3.




Xing Method "-=.

R(D+ K-~ 4
Time-inlegraled rales D+ Ko |

for joint (Bs,Bs) decay  rp- ksl \-
info (': '): a: b and ('1“ D+ K-QL L
with sl

:
f=Ds+ K-, Ds™+ K-, Podeoeed  Pedeoeod
Ds+ K*- , Ds"+ K*- "

Two independent s
ratios (. /(. f) and DK,
“r ”I ('! D for C=x1 e ol

Requires hadronic D+ K, i)
phase 50

Minimum siafisfics 10" Bs(*)Bs(*) s sogig




Falk-Petrov Method

Minimum sialistics 10" Bs(*)Bs(*)

AcpP=A(Bs,cP—Ds+K-)

\. E
V2AcP Az

Acr CP-tagged A2=A(Bs—Ds+K-)
Bs Ampliludes,

measured by e+e- A=Al
factory af Y(55) A A1,A2 flavor-tagged

A1=A(Bs—Ds+K-) Bs Amplitudes,
| measured by Fermilab,

In SM: only fime-integrated

iole ; conecied for xs oscillation
NP: friangle becomes fime-

dependent.



Accelerator Upgrades

BaBar options:

1) same machine at Ecm=10.87GeV
drop in luminosity by 30%, similar boost

2) Luminosily oplimized machine
requires new RF sialion and new IP magnet design

3) Luminosily oplimized machine with maximum

boost
not necessary! Measurement of xs is for Fermilab only.
Techniques at Y(5S) must work without flavor-tagging.

Luminosity projections:

up fo 2005 500fb" af Y(4S), by then 150fb"/year
— 100fb~"fyear af Y(5S) is “conservalive” estimatle
100f® " = 107 Bs(*) Bs(*)



Comparison to Fermilab

Run |l will siart in March 2001, 2 fb™ in first 2 years
4000 reconsirucied J/¥P events,
emor on y of 0.02

up to 2006: 10-20 fb™

1 year of Run |l yield = 1 year of BaBar Y(5S) yield,
BUT BaBar would come 3-4 years later.

Nevertheless the Y(5S) has the unique fealure of
comelaled BsBs pair production and betier phoion
detection as for instance needed in J/¥y,.

Complemeniary Bs physics prograom 1o Fermilab.



CESR run at the Y (5S)

1988 CESR three monihs run at Y(5S) wilth 140 pb

Main queslion addressed is BR(Y(5S) —Bs(*)Bs(*))

CLEO measuwrementis were consistent that 1/3 of resonance
Cross section was due 1o Bs production. However, sialistical
significance was limited.

CUSB- I with high resolution BGO calorimeter found cleor
evidence for Bs* mesons. Excess of 47 MeV pholons af Y(55),
but not af Y(4S). By widih of peak one can fell whether fiom
B* or Bs" (Doppler-broadening). 20%-55% Bs* mesons.



Summary

A sizeable \ | infroduces new CP violaling effects.

Possibility to detect New Physics by tesling the CP phase in
channels like Bs— J/¥® with a negligible Standard Model
phase.

Bs— D"s K saomples are a promising source fo measure the
CP angle . Different methods exploit either the fime
distribution of uniagged Bs— D*s K evenis or rate
measurements of fully reconstructed Y(5S) evenis where
one Bs decays info D*s K and 1he other info a CP eigensiate
or D"s K.

Methods have been proposed thal make explicit use of the
conelated Bs Bs production af the Y(58). Further work is
needed fo make these techniques experimentally feasible.



