First Measurements of the Exclusive Decays of
Y(5S) to BOBC)w)(n) Final States
and Improved B,” Mass Measurement

Kevin Zhang
Department of Physics
Syracuse University
CLEO Collaboration
Email: hzhang@phy.syr.edu

11/2/2006 BNL Seminar Kevin Zhang 1



Outline

= Part I: BOBO)(rn)(x) final states at the Y(5S).
= Introduction and Motivation.
= B, CLEO measurements at the Y(5S).
=  Final states with J/V.
=  Final states with D®)

= Summary.

= Part II: BTeV RICH and TestBeam Results.

11/2/2006 BNL Seminar Kevin Zhang



Y(5S) Introduction

The Y(5S) discovered by
CLEO & CUSB in 1985.

M (Y(5S) = (10.865+0.008) GeV
I'(110+13) MeV
massive enough to decay into :
BB, BB', BB,
BBz, BB'7z,B B'7, BB,

B.B., BB, BB

S ESH
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potential of B. physics at a high
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hep-ex/0406071, hep-ph/0503261
One mystery: M(BS) - M(4S) > M(4S) - M(395).
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Model Predictions ..

(a) ]

58} I. curve: UQM
: data:CLEQ

+  The hadronic cross section in the
Upsilon region is well described by
the Unitarized Quark Model
(UQM), which is a coupled channel
model (ref: S. Ono et a/, PRL55,
2938(1985)).

- The UQM predicts that the
B.*)B.*) production ~ 1/3 of the
total Y(5S) crass section, the
remaining 2/3 from ordinary B. And

Y(5S) decays are dominated by | ~
B*B* and B.*B.*.
_ i
*  Other models predict a smaller L oo ol
Y(5S)—B.*B.* component. e
O.[Jz_'-- B, Es "'\-._\ JrIl'l Al
b ql‘?]:ﬂ- - 1D|ﬁﬂl W "k::“!:&:;\ h/;-\w} 20
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Motivation

Further test of UQM at the Y(55).
- Expect ~100K of B.in CLEO Y(5S) data sample.
- And about twice that in ordinary B's (if UQM is correct).

This talk focuses on BOBO)(x)(n) states. Aim to measure or
set upper limits on all possible B®)B®)(r)(r) final states.

Along with M, (B.*), can provide precise M(B,"). (largest
systematic, beam energy shift, cancels)
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CLEO IITI Detector and Data Sample

2230402-005

CLEO il

Solencid Coil
Barrel

\ Calorimeter
\ RICH bt

Chamber

Data taken using CLEO

ITII detector at Cornell seammibe
SC Quadrupole

+ Ly = 0.42 fbt e f

2 EbeamN MY(5S)/2 Endcap

Calorimeter

= b5.434 GeV s¢” S

Quadrupoles

Rare Earth

Quadrupole Iron

Polepiece

Barrel Muon
Chambers

April 25, 2006 Kevin Zhang, Syracuse 6
University



Inclusive B, Analysis (CLEO)

- Evidence of B, in Y(5S) from inclusive yields of D,
Phys. Rev. Lett 95, 261801(2005) <

)

o
X 20
» This analysis exploits the q
difference in D, inclusive yields z
in Band B, decays z " | \ \ +
VB(Y(5S) - D, X) = (55.0+5.2+17.8)% & | \ p
VB(Y(4S) > D, X) = (22.3+0.745.7)% & o4 |
Z ¢ o1 02 03 04 05
x(P._/E_ )
B (Y(55)—>B,*B,*) J e P
= (16.0£2.6£5.8)7% ‘Excess D, production @Y (55),

compared to Y(45S). is evidence
~ 6 o away from O statistically ¢, ps @ y(55)
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Exclusive B, Reconstruction

- The B reconstruction techniques used at Y(4S) are employed to
reconstruct B, from Y(5S):

bc \/Ebeam candldate 9 AE = Ebeam i Ecandidate

*  Three sources of B, produce three distinct distributions.
Y(5S) - B.B,, B.B. B B, B(B*—Bgy) ~100%

Sta ol
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Events: 14324 + 40.0
Mass: 5.3700 £ 0.0001 (Gev/c?)
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> L2001 Peak 2 _|
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) = |
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© MC LQBOO_ Events. 1511.4 £ 39.
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Exclusive B, Analyses (CLEO)

Phys. Rev. Lett. 96, 022002 (2006)
B, > D{'z/p

B.—>J/wg,B,—>Jd/yn D, - ¢z, K'K,KK,dp
4 e o Y/ P o 210050y
o | | : 1o | 10 cand.
> 3 L4.cand. 1 0.25} 133}
= | i . ...... ] 2 i
0 Af [ T 1o oL
12 | : A . 13|
1514f 1-0.25F..°, -..:a-—_g1_- N
1 > : e 2, % o0 : |
50L NI Rt IEUURRURT 10500 et e @ of, M
5.25 535 545 525 535 545 5.25 R 35 “545 525 5.35 5.45
M, (B, candidate) (GeV/c?) M, .(B, candidate) (GeV/c?)

o(e'e —> B B)=(0.11°% £0.02)nb (>50)
B'B’ is dominant — (31} £6)% of the resonant cross section

m(B’) = (5413.6+1.0+3.0)MeV
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Ordinary B mesons @ Y(5S)

0.50 —

+ The Y(BS) resonance can I | ]
decay into 7 possible : MC
states W'Th ordinary B - | The center of the signal -
MOy, 0-251 | band for Bs mesons B
BB, BB", B'B’, ot :
i B, B —

BBz, BB'7,B'B 7z, BBax EOOO- 2 \5s B BB,
L I . ]
* No chance of a mix-up. . .
Scrcci:;;rgl dBi f(j‘eeicelz\ ;n ocEs ~0.25[| The center of the signal band )
region on the AE-Mbc plane [RLI O ETeET SR Ik :
& have distinct decay - M(B) M (B;) .
Modes. —~0.50 I l T l DL ]

5.25 5.30 5.35 5.40 5.45

M..(B, candidate) (GeV/c?)
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Exclusive B Meson Channels (25 in Total)

+ B>J/y decays »B->D® decays ?hgﬁﬁs
=B~ QJ/\V K* »B*>D" i D*> D70

-BO>J/yK,  »B>D’p"  propor

-B°>J/y K= »B*=>D*xnt DD
>Bt>D*0 p DO K+
»B'>D ! D% > K* 1t~
>B0>D p* D> Kfntn -
>BOS>D* g+ DK™
»B'>D* p*
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Selection Criteria (1)

Event selection:
Using hadron skim

Ny =5 _

R,<0.25 (5S), 0.4 (4S) PionlD:

(suppress continuum) |6.2| <4 or
RICH L -L>-5

Track selection:

1. 0.1<p<5.3 GeV _
2  cos0<0.95 Muons for J/v :
3. Hit fraction > 0.5 One muon depth>3
4. 42/dof<10 The other one E<0.3 GeV
St DO < 0.005m
6. Z0 < 0.05m
KaonlID: Electrons for J/vy :
using both RICH and dE/dx info E9/E25>0.75
lo 2] < 3 0.5<E/P<1.2
Combined y? <0
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Selection Criteria (2)

For J/y modes:
P,,<2.6 GeV (5S), 2.0 GeV (4S)

3:

1.

05<M,=3.14 GeV
5<M <314GeV

(]S

Radiated photons included for ee
Jhy mass constraint, fit ¥2<100

_I—;ntriesl‘/ﬂr MeV
o o =
S S &

o
{eg]

60

B> J/yK*

501 T
ey DE:D 0&564—'0|02 b T e
Y (4S) data AE (GeV)
11/2/2006 BNL Seminar

For D modes:

DY and D* 26 mass cut

M p+_p) require 3o cut
IM,,-775.8|<150 MeV

For p, [cosB;.i,[~0.3 and
€080} ¢jicty >-0.7

Require ©° P>0.4GeV in
DY2>K- nt n¥ decay
€080, <0.75
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Mo (Gev o)

Y(5S) Signal MC M, vs AE (B > J/yK?)

M bc — \/Ebeam candldate A E — Ecandidate - Ebeam

55 ~ BOD
1 -
E -
- &
= [ _
5451 T 500} BEm* BBA" )
_ 5 i JBB’ITT‘L’
5.4 400 BB
sasl - o . BB’
R 4stat&s BB, BB BB, BBur
. o BE :
R I ensﬂy disturnguished: monochromatic or 5 B
BB " ‘narrow p interval \
5.25 - mD_— l. |- BE*m
L |'|.| | | |.i |:\| l-ll'|.' ] |-|.| |.'.| |.'| ! |.|-.'|. Ly i

8.2
=012 =01 003 0 0.0% 0.1 0.15 0.2 .23
AE, GeV
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Testing B> J/y X Reconstruction at Y(45S)

B Branching Fractions on Y(4S) (~5 fb!)

Mode Rec eff Nrec Product BF Source | BF from 4S
(%) PDG (10-3) Data(10-3)
statistic error
only
B> J/v K 48.4+0.9 314 +17 1.00 £ 0.04 BELLO3 1.18+0.06
B> J/v K, 419+1.7 65+8 0.29 + 0.02 BELLO3 0.28+0.03
B> J/w KO 28.9+0.6 223+15 0.87 + 0.05 BELLO2 0.95+0.08

Measured branching fractions agree with PDG @7~

Number of events expected on Y(5S)

channels Decay modes Product BF (10-3) | Rec Eff (%) events expected
Bt > J/¥ K* J/¥>ee and uyp | 1.00 + 0.04 43 . 4+0.9 4.3

B° > J/¥ K, J/¥>ee and uyp [ 0.29 + 0.02 37.2+1.7 1.1

BO > J/¥ K© |J/¥>eeand uu |0.87 & 0.05 25.60.6 2.2
(1.31+0.27)x10° resonance events (Phys. Rev. Lett 95, Total: 8+2
261801(2005))
| 117272006 BNLC Seminar Kevin Zhang 15




B> D) X Expectation at Y(5S)

channels Decay modes Product BF (10-3) Rec Eff (%) Events expected
DO K 0.19 + 0.01 344405 5.4
B>DO r* DO > K* 10 0.65 + 0.05 12.8:0.5 7.0
DO K'ntn o 0.37 +0.03 20.7+0.7 6.4
DO K 0.51+ 0.07 8.2+0.3 35
B+>DO p* DO > K* 1 0 174 + 0.25 3.040.2 45
DO> K'nrn n 10+0.14 5.2+0.3 4.4
DO K 0.1+ 0.01 11.1:05 10
B> D*0 x* DO > K* 1 0 0.37 + 0.04 25+0.2 0.8
DO Kt 0.21+0.02 6.9:0.4 1.2
B3 D*0 o DO K 0.23 + 0.04 2.120.1 0.4
P DO > K* 0 079+ 0.15 0.7:0.1 05
DO> K'nrn n 0.46 +0.08 1.5+0.1 0.6
B Dt D >Knn 0.25 + 0.03 30.9415 6.9
B> D p* D> K 0.71+0.12 6.6:0.4 3.9
DO K 0.17 + 0.02 43102 0.6
RIS D*-pt DO > K 0.60 + 0.09 1.320.1 0.7
DO Kt 0.34 +0.05 2.7+0.2 0.8
D >Knn 0.19 + 0.03 1.7+0.1 0.3
DO K 0.044 + 0.003 22.0:0.4 13
B0 D*-* DO > K - n 0.15 + 0.0 40+0.1 0.8
DO-> Knrn 0.09 + 0.01 12.2+0.4 14
D>Knr 0.08 + 0.01 7.3:05 05

Total: 53+11




Analysis Validation
B> J/y X & B> DO X in Y(4S) data

~ 20

~5 fb-' Y(4S) data .
(4.65+0.4) x 10°BB & *
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M. vs AE Y(5S) Data J/y Modes

i 5-.5
R ® B —= 0 KT
T
= - m B —= . K
=L a B —> J 0 KT
235.45—

R T )

I B*B*

= 325
>( 'f/
| . BB* - . A
| /
5. 35—
BB =~ -
-y - -
.= [ T TR NN [N TN NN NN SN NN TR SR NN TN NN TN NN NN MR N SR SR SN N NN SN TR SN S N RN SN SR S NN TR S N |
— 1= —, 1 — 25 ol LI e Lo D .15 L0 225
AE (Gen
bgy w= SAE

No significant backgrounds from other B decays, B, decays or the continuum.
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AE in Slices of M. J/v Modes (data)

The red dash lines are MC predictions
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M, in Signal Region J/y Modes (data)

— 4
=2 r —— Data
-+ [ - Y (55) NMC
-\-\\\-\\\x\-\ -
ol
- B
= Aar
L—
=
: BB*
°r BB [ | i B*B* BB
B \ | i / | -
11 1 : -
i L_._-;_:_L:H__H o S I TS T ) I O .
g.Z D25 D3 .35 T LS LD
ey
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B Invariant Mass J/y Modes (Data)

Kndf 8297 S 7
Areq 1118+ 2.526

7 112225 evts[] |5 "5kl et
_ | Recall: we expected
I 8 + 2 evts
I \‘ Cross section:

LR i

%1 5.135 5.2 525 5.3 5,35 5.4 545

Invmass {(Gay /™
se'e” — BB (1)(r)) = (0.30+0.10)nb

BNL Seminar Kevin Zhang
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(Gev /e

M. vs AE 5S data

D modes
| Here we expect
s.asp3 £ 11 evts
‘j- .‘ - B*B* -
5_35- - - BB*
T 'BB.\/>
%ﬁ-' .:{. ;}

bge w= HE
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AE in Slices of M.
D modes

=

Entries /10 Me
Entries,/ 10 MaV/

Entriea/10 MeV
Entries/ 10 Mey

= 0 o7 . ) C 0.2 0.4
AE [Gev) AE (Gen'

Note different horizontal scales!
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M.. in Signal Region

D modes

— IData
—————— Y{55) M N

B*B* BBnn

Entries/4 MeV
W)
I

BB

B2 HHEJ."ELH' 5.4
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Entries /B Mey

B Invariant Mass D Modes (Y(5S) Data)

¥AndE 3727 S

Area 42,33 + 2. 430
Mean S.ZFEL 0 F127E—02
Wildth G A310E—G1 £ .
Pealy01 5941 + .
Falynz —Z200.5 + o,
Foly03 1852 +

15

42.3+8.4 evts

Recall: we expected
53 £ 11 evts

. 1 . 1 . 1 . 1 ) 1 ) 1 ) il
g.1 .15 5.2 525 5.3 5,535 5.4 5,45
Invmass {Gey /o™

c(efe” > BOBO(z)(z))=(0.16+0.03)nb
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(Gev /o)

=

M

Data J/v and D modes combined

ion

.45

cband 2

"R.Z ||||'-|||'ﬂ'..u-|
—, I [ B - - .25

bge w= SE
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Total AE in Slices of M,
J/y and D modes combined

= F Z Foox
= — == = &
= +- BB - = :BB
W F sl
= 3 o=
S _E m S 4

= :

0 . |H|-|:E E'_ L | aH.
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LA i ;
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G

Entries /B Mey

20—

T

B Invariant Mass

J/y and D modes combined

Averaged total cross section:
o(e'e2>BOB® (1)())
=0.177%x0.030 nb

P2 nAfES7.08 0 4

Aren 5317 + .45
kM aan S.E7E 4+ 0 1ANZE—D0Z
Width ASINE—G] + .
Pelyio 597.2 + 0.
FPalyinz — 79,4 4+ 0,

Foly 03 1241 &+ (u}

= 53.249.0 evts
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Determination of Contributing Subprocesses

Jhy and D modes combined

¥ ondf168.57 0 48
Folw 0. 7024 + Q108
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Entries /4 MeV
b

II|II|IIII|\|:IIIII|IIII|II
|
I—I
|
|
|
|
|

5,45 5.5
b, (Gen o™

il
M
&N
i
i
4
A
in
i
&n
in
k

11/2/2006 BNL Seminar Kevin Zhang 29



Determination of Contributing Subprocesses

Jhy and D modes

|_

Fix widths
to PDG
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M
T T T ] T ]
|
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S.E8E567

o

. 126

0, SO E—QZ
L

0.2 1=sE—Z=
.

A ndfl1e.22 0 32
_ Arec S.700 =
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Me=anrn3 S.033 %+
Wid = o FO00E—D0OZ2 +
Crbad 2 CL2FS1TE—O1 &+
Eocl Q.00 4+

BB* 1

| BOB®r

+ BBnmw
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L E
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Invariant Mass for BO)B®)r and BBnn

= 1
A
=
= B_
onl — ey
S —
= 2
- —
Ll |

4

2

: 1 I 1 I 1 I
E 1 515 5.z 5.25 5.2 .35 s o455 e
lmwarianmt Mass (Gew S e
e,
= Tata
(e B =eeess FEEE) MO
T
o]
L 2
5| 2
0 " -hH L e 1 ﬂ H.- __I'-- C L 0 . | 1 | 1
%.1 5015 i S b .25 . .45 .5

Imnwvariant bPMass (Gew S a0

Upper limits are set for BE,B(*)E(*)n and BBxr.
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Systematics

Source B®B® (w)(n) | BB BB* B'B* |B®B®n | BBnn
(%) %) | %) | (D) (%)
Recon. Eff. 6.3 6.3 |6.3 6.3 6.3 6.3
Input BFs 3.0 30 |3.0 3.0 3.0 3.0
Background 3.1 16.7 |104 (49 |37 -
Fitting 3.0 125 | 3.3 3.7 4.3 -
Technique
Multiple 3.1 3.1 3.1 3.1 3.1 3.1
Candidates
Luminosity 2.0 20 |20 2.0 2.0 2.0
total 9.0 22.3 |135 |100 |97 7.0
11/2/2006 BNL Seminar Kevin Zhang 32




Cross Section Results

Y(55)>

Yield Significance Cross-Section c /o
(o) (nb) -

BB <7.5 at 90% CL - <0.038 at 90% CL <0.22

BB® 10.3£3.9 4.3 0.039+0.015+0.005 | 0.22 +0.09+0.03
B*B* 31.4+6.1 7.6 0.119+0.023+0.013 | 0.67 +0.13+0.08
B®B®x | <13.9 at 90% CL - <0.064 at 90% CL <0.29
BBnn <6.4 at 90% CL - <0.029 at 90% CL <0.15
_Total 53.2+9.0 8.1 0.176+0.030+0.016

Evidence for B*B,
B*B* Is established

11/2/2006
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Entrizs /4 MeV

=]

BB

_y

B*B*

B.* Mass Measurement

Il
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| I I I
SeeE] 5.3%

5.4

| | L
5.45 SED

My, (GeV /ey

BNL Seminar

Combine M, (B*) with M__(Bs*), measure
AM = M(B.*) - M(B*)
M(B.") = M(B*) + AM
- Dominant systematic uncertainty from
beam energy calibration, cancels

- M(B*) = (6325+0.6) MeV (PDG)
This analysis: M, .(B*) = (5333.1+1.3) MeV

(note: beam energy shift of (6.4+1.3) Mel)

CLEO B, analysis:
M, (B.¥) = (5413.6 + 1.0 + 3.0) MeV

From kinematic considerations:

AM = AM,, + 1.6 MeV

We therefore obtain:

M(B.*) = AM +M(B*) =(5411.7+1.6+0.6) MeV

Using the CDF measurement
M(B,)=(5366.01 = 0.73 + 0.33) MeV

M1 Mass splitting
M(B.*) - M(B,) = (45.7 + 1.7 + 0.7) MeV
M(B*) - M(B) = (45.78 + 0.35) MeV

Kevin Zhang 34



Summary

First determination of the composition of ordinary BB final states
at Y(55S).

B*B*:BB*:BB ~ 3:1:<1, consistent with UQM predictions.

Cross section measurements:
-  o(Y(5S)>BBX)= (0.177 + 0.030 + 0.016) nb,
~2/3 of the Y(5S) resonance cross-section (~rest producing B, mesons)
-  o(Y(BS)>BB") = (0.119 £ 0.023 £0.013) nb (dominant).
- 5 (Y(5S)>BB*) = (0.039 + 0.015 + 0.005) nb.
- Upper limits for BB ,BO)B)r and BBxr.

QA(TBS*):(5411.7 + 1.6 £ 0.6) MeV is most precise measurement to
ate.

M1 Mass splitting: M(BS*) - M(B.) = (45.7 + 1.7 + 0.7) MeV

11/2/2006 BNL Seminar Kevin Zhang 35



Part IT: BTeV RICH and TestBeam Results
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BTeV Rich Overview

The purpose of the RICH
Spherical o Gy (Ring Imaging Cherenkov detector)
Mmirrors Liquid Radiator | 3¢ to distinguish «t, K, and protons

from one another.
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Schematic of the

F Testbeam Box
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In M-TEST Area
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12 F-T boards mounted
outside on the enclosure

12 pairs of MUX/FEH boards
inside the enclosure

10 had been used in data taking.

24 50’ long cables

53 MAPMT Tubes mounted on
baseboards in RICH enclosure

6 pairs of PMC/PTA cards Linux box running

12 F-T boards in PCI expansion box Pomone based DAQ
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MAPMT Electrical Measurements

4/05/19 11.50
Tube naOOOg P08y

N\HV=800 V

MAPMT Test Box shown with Optical Fiber
Connected to XY Stage.

The MAPMT is middle-center and is connected X-Y scan
to a signal distribution PC board.
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MAPMT Electrical Measurements (continue)

04/05/19 3/26 10.38
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Column Scan results
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Number of Hits

Determination of HV Settings

i 1 m HV2 4 HV3 el m HV2 4 HV3
0 _
@
b et b 3
@ 15 _g
O (7]
20 g
- e =
E | © i
5 5[ 1r
Z | I |
600 800 1000 O 60 8o 1w ° 0 80 1000
High Voltage (V) High Voltage (V) High Voltage (V)

“* MAPMT tubes are divided into 3 groups according to their gain and applied
different HV.

% Definition: two or more adjacent channels with hit form a cluster hit.

¢ The cluster hit may not correspond to only one photon, but with this treatment
one can measure plateau.

** We decided to use 800/750/700 V as nominal HV.
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Cluster Size

Cluster Size In HV Scan

Beam Background LED Pulser
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¢ There are LEDs inside enclosure to generate light pulses. This is useful to study
cross talk effect.

“* We also took data with background (pure electronic noise and light leaks).

< With 800/750/700 V setting, most of cluster hits in beam data are due to photons
hitting adjacent channels. Only ~5% of total hits are due to cross-talk.
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The Beautiful Rings Obtained

BTeV RICH Beamtest *The cumulative distribution of many
(01/10/05-01/31/05) Cherenkov rings on top of one
Run 01112 Nevent 012757 another. Each square represents a

B 5 — ' single MAPMT cell.
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*The size of the box is proportional
to the number of photons detected
in that cell.

*The resolution and number of photons
per track are in good agreement with
the Monte Carlo simulation.

*The results published.
, Nucl. Instrum. Meth. A 558,373(2006)
‘“’“ [physics/0505110].
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