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Introduction
the Belle Y (5S) dataset
inclusive B_production at the Y (55)

exclusive B decays: D_*"p”, D_"1r, JQ @, JP n

rarer B_decays: K'K", DD "), gy, yy
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M eson flavors Am/T A/l mixing observed?
D° cu <2.9% 1.6 % not yet, decaystoo fast
K® sd 0.5 2 yes
B° bd 0.77 <1% yes
—> BS bs > 21 0.20? not yet, mixestoo fast
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Why study the B_at an €'e” machine?

There are fundamental advantages over hadronic machines (CDF/DO/L HCb):

much lower background
measur e absolute branching fractions, inclusive branching fractions
excellent T identification, and thus p*, w, n, n', K™, a, etc.

= many morefinal statesreconstructed
B B_produced in acorrelated state; gives sensitivity to mixing parametersx, y

Belleis now evaluating physics potential of e*e‘—aY(5S)—>BSBSrunning.
Someinitial B_studies (using 50 fb™ dataset):

® comparing B(B —~D_ T) to B(B d—»D‘n*)x (t /T ) tests SU(3) symmetry (250 events expected)
e measurement of B(B ~D O71r), 3(B —~D 7 p*), (B —~D " a ") (120 eventseach)

® 3B —J/Y @) (60 events), 3(B »JI/Y n), BB —-IPn’)

® comparing B(B —D _'I'v) to 3(B —»D"I"v)x (t_/t ) tests SU(3) (1000 events)

® inclusive 3(B —X *I"v) (using 800 fully-reconstructed B —D ~1t/p") tests quark-hadron

duality
® Measurement of AI'_using B ~D "D O~ CP = +1 decays
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e e—-Y(5S): o[Y(55]~0.35nb
= 3.5x10° Y(5S) per fb™

Y(5S) — BB, B'B, B'B’, BB, BB
BB., B/B., B/B. (B'>By, B —By)

s—s?

CLEO in 2003 took 0.42 pb™ of data at the Y (5S).
From theD_yield + assuming B(B, »D _X) =092 they = ©
deduce (hep-ex/0508047):

[(Y(5S) — BS(*)BS(*))/F(Y(SS) —all) = (16 £6)%

VISIBLE

= 11x10° B_per fb™

g
oo}

2.6

2.4

' CLEO
PRL 54, 381 (1985)

Totest feasibility of Y (5S) running at KEKB, Belletook short engineering

run in June, 2005 (1.9 fb™, about 4x CLEO sample)
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D

Particle Mass, Width, AM, CT, P_.(BB),
MeV/c? MeV/c? M eV/c2 Hm MeV/c

Y (59) 10865 + 8 110+ 13

B+ 5279.0+ 0.5 502 1282
B® 5279.4+ 0.5 462 1281
B* 5325.0+ 0.6 458+0.4 1075
B, 5365.5+ 1.3 438 851
B 5416.6 + 3.5 51+4 415
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Belle detector

Moving Y (4S) - Y(59): increaseE by = SVD: vertexing (lifetime)
2.7% (same Lorentz boost of By = 0.425) * CDC: tracking, dE/dX for pid
No modification of detector/trigger needed * ACC: aerogel Cerenk. Counter

* TOF: pid, trigger
= ECL: e, y measurement
s KLM: p, K| measurement




Y( 5S) Engineering run in June 2005

Data set: @ first did energy scan at five points. E = 10.825, 10.845, 10.865,
10.885, 10.905 GeV, about 0.030 fb™ each point
® shifted to E=10.869 GeV (nominal peak), took 1.86 fb™ of data
® by end of run, inst. Lum. = 1.4 x 10* cm™s™* (like Y (4S) running)

Fox-Wolfram = | | v
moment R2: [ 1

Energy

Ratio, %

Y (5S) and continuum
Fox-Wolfram R2

N hadron (R2<0.2) / N Bhabha

L M = 10868 + 16 MeV/c?

L f(M)=BW + Const =110 MeV/c®

(T =105 + 29 MeV/c?)

Const=35.1+1.9
x>=58/2

m___=10867 + 17 MeV/c

Y(5S)

PDG: m =10865+ 8
Y(5S)

10.8 10.82 10.84 1086 10.88 109 10.92 10.%

bwySed.f M, (GeV/c)

E (GeV)

[ =105 £29 MeV
=110 £13
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Y (5S)/cont = 1/3.5
lo, =0.25

g, GS)  Y(49)
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Inclusive analysis: Y(5S)—D_X

fraction of BSBS events:

1) count # of hadronic events
2) subtract continuum (uu,dd,cc,3s) contribution by scaling from
continuum data:
NCOHI(SS) - NCOHI(E:10519) L(SS) /L(Ezloslg) (Econt /E5S)2 (ESS/SCOHI)
= 561,000 £ 3,000 £ 29,000

3) reconstruct D —¢rt decaysto determine (after cont. subtraction):

B(Y (5S)—D X) /2=(22.6+ 1.2+ 2.8) %
4) calculate f = (B B)/bb ratio via:
B(Y (5S)—D X) = 2f . B(B.—~D_ X) +2(1-f) B(B—D_X)
= | .=(164+£14+41)%
CLEO: (16.0+26+5.8)%

must estimate:
B(B—~D,X) = (92 £ 11)% (hep- ex/0508047 CLEO)

other inputs:
BB—-D X)=(894+0.16+ 1.12)% (BaBar)
B(D—~@T) = (4.4 £ 0.5)% (dominant systematic)
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A. Schwartz Y(5S) Physics at Belle Mass Origins Workshop 2006 8



fraction of BSBS events:

1) reconstruct D°—K™1t" decaysto determine (after cont.

subtraction):

BY (59)—D°X) /2 = (53.3+ 2.0+ 2.9) %

2) calculate f = (BB )/bbratiovia:

B(Y (59)—D°X) = 2f BB —-D°X) + 2(1-f) BB—DX)

= | f.=(187+3.6+6.7)%

must estimate;

BB —~D°X) = (8% 7)% (hep- ex/0508047 CLEO) 5000

other inputs:
B(B—D°X) = (63.7 + 3.0)% (PDG)
B(D°—KTr) = (3.81 + 0.09)%

A. Schwartz Y(5S) Physics at Belle
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fraction of BSBS events:

1) reconstruct J/Y—puu" decaysto determine (after cont.

subtraction):

BY (5S)—J/PX) /2 = (1.068 + 0.086 + 0.057) %

2) assuming f = (B B )/bb = 17%, calculate B(B,—J/Y X):

BY (59)—J/PX) =
2f_ BB —JIWX) + 2(1- f) BB—IWX)
=  BB-IPX) = (0.94+ 0.51 + 0.37)%

other inputs:
B(B—J/Y X) = (1.094 + 0.032)% (PDG)
BJ/P—-pu) = (5.88 + 0.10)%
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Exclusive analysis: B_reconstruction

12 Sear ch modes:
Bs—aDS([’*n‘ DS[**—>DS+y D,/ —qrT, KK", KSK+

(f:abib:C(IJ BS—>DS(D+ P p_—ﬂ'[_TlO hadronic events at Y(55)
vt B  Jp-p or e'e, @oK'K | et
BJUn  n-wy bb events | 561,000
B —»D O O
S S ) S L 16.4%

b—s BS_>K+ K R )

e Bs_> o BS BS events| 92,000
B—w

Selection: @ K jdentification using time-of-flight, aerogel Cerenkov counter,
dE/dx in central tracker
mass windows are 20, 2.50, 30
continuum eventsrejected via Fox-Wolfram R <0.3,0.4

=
<

®B : |cosf<06-09
D" |cos6 eIiCity| > 0.25
®p> 50 or 150 MeV
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Clear signal in B, B, channel; oneeventin B, B, nosignal in BB_ channels
Taking number of B, mesons from the inclusive analysis (92000 + 7900 + 23500) :

B(B— D 1T) = (0.65+ 0.21 + 0.19)%

consistent with CDF: (0.40 £ 0.06 £ 0.13)%

Y(5S) Physics at Belle
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5.5— B~D.V"p” 55— B~J/Wan

7 eventsinB_ B_ 3eventsinB_ B_
5.45 | 508 5.45 S°S
S.A4- I < T SAr - OO
e T . O
5.35 - T T 535+ .
535 ' 53k
525 - 5.25
5.2 S A I T gl b L 1
-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 , 0 0.1 0.2
M, . (GeV/c®) vs AE (GeV) M. (GeV/c") vs AE (GeV)

Clear signal in B, B, channel; no obvioussignal in B, B_or B_B_channels
Taking number of B_mesons from theinclusive analysis: 3(B.—~J/{ @) =1 x 107°

somewhat smaller than CLEO observation (hep-ex/0510034)
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BS*BS* window: 541 <M, <5.43 GeV/c? -0.08 < AE <-0.02 M eV —0.08 < AE <-0.02 MeV

V/ndi6. 460 /14 ¥/ndf 7,447 /13 ¥/ndiB.038 /11
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0.2 -0.1 0 0.1 0.2 Mg (GeV) Mg (GeV)
E,-E.__, (GeV) 2 o
M 2=E_ %-p? M “=(E_ - <AEV>) — P,
bc beam B
* * * — 2
Y59 - BB, (B~ BY)  =MEBY =M(B)
S
= + 1 4+ 2

. =5418 + 1 + (acc. err) MeV/c? 5370+ 1+ 3Mevic
AE r=t= <E(y)> PDG: M =5360.6 + 2.4

=-47.6+ 2.6 MeV CDF: M =5366.0+ 0.8

(neglected P, direction does not
change M(B,) position) (E, smearing doesnot change

M(B, position)
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Expected: ~0.5 event in each mode

B(B~D_"D_") <0.27 (90% CL)
B(B—D *D’) <0.13
B(B~D_ D) <0.071
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background ~ 0.14 event
expected signal ~ 0.7 event
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Monte Carlo:

1event BB/ no events '
5.45 - 5.45-
< >
54+ > 54 . ol
' 535 . : sz
535 ° S%2 "2 0 0z o4
531 : "M, (GevIch) vs AE (Gev)
5.3
5.25-
525+ . .
5.2 oo ey
. 04 -02 0 0.2 0.4
Bo————b M, . (GeV/c®) vs AE (GeV)
-0.4 -0.2 " 0 0.2 04
M, (GeV/cY) vs AE (GeV) SM: B(B—~vy) = (0.5-1.0) x 10
new physics can increase by 1-2 orders of magnitude
background ~ 0.15 event PDG: B(B~yy) <1.5x 10

expected signal ~ 0.4 event

thisanalyss:  B(B.—~yy) <0.56 x 1074(90% CL)
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Summary of Y( 5S) at KEKB

® KEKB ran smoothly, luminosity was similar to Y (4S) running (high),
integr. £=1.86fb™"(4x CLEO). Belle detector ran problem-free.

® Wehaveobserved a significant excess of D; production at the Y (5S). Theratio

of B, meson production over all bb eventsismeasured: f.=(16.4+ 1.4+ 4.1 )%
Thisvalueis consistent with that obtained from measuringincl. D°production.

® \We havereconstructed Cabibbo-favored (CF) “ spectator” decaysB— DO+ 1T,
B.~D"p", and B~J/Y @n . Using the B B " yield from inclusive analysis
we determine 3(B.—~ D/ 1) = (0.65% 0.21 + 0.19)%.

® We combine CF modestogether to determine m(BS*) =5418+ 1+ (acc. err) MeV/c?
and m(B) = 5370+ 1+ 3 MeV/c?. Thelatter agreeswith CDF: 5366.0 + 0.8 M ev/c?

® Wehave made thefirst search for rare decaysB—~D ©"D ", B.~K K™, By,

B.—yy (all very difficult at a hadron machine). We obtain the limit
B(B—Yy) <0.56 x 104(90% CL) (3x lower than PDG value).

A new physicsarea (B_decays) can be opened up by Bellefor a modest amount of
running. We are now studying the physics potential of alonger Y (5S) run.
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