The Ups and Downs of
B Mixing and Lifetimes

« Measurements
- Average B lifetime (1993-1995)
- Bt and BO lifetimes (1994-2000)
- B9 mixing (1995-...)
- B, mixing (1996-...)
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Average B Lifetime (I)
« Back in 1993:

Surprisingly large lifetime O |V_,| is small

LEP exploits silicon vertex detectors
[0 Measured average B lifetime moves a lot

At SLD: 2 “traditional” analyses
Impact parameter of all tracks opposite b-tagged jets
Summed impact parameter

0 Exploit SLD 3-D CCD vertex detector
to develop inclusive topological vertexing
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Average B Lifetime (II)

* Desire to exploit 3-D CCD vertex detector led to the
first application of topological vertexing by S.Manly (1994)

2D impact param tag
g, = 60% I, = 90%

Select partition with
largest I prob(x?2,dof)

1993 data: 50K evts

Select ~2500 decay
candidates
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Average B Lifetime (III)

e First results: summer 1994  (s.Manly, S.Sen, S.Willocq)

Published: PRL 75, 3624 (1995)
1993 data sample: 50K evts

w

Fit to inclusive vertex
decay length distribution

H
o
I

No. vertices / 0.05 cm

=
o

N
T T T T T T

Tg= 1.564 £ 0.030 = 0.037 ps

More powerful than 10 F
Impact-parameter methods: i
(6) 1.617 £ 0.048 £+ 0.086 ps

e Data

— MC

(£5) 1.627 £ 0.054 £ 0.132 ps ° " pecayLength m)
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Average B Lifetime (IV)

e Latest world average

13;=1.564+0.014 ps

* Determination of V

From Tg and semileptonic
branching fraction
(Bigi, Shifman, Uraltsev)

4 b|—00411\/1iF(b—>le)

= [40.76 £ 0.41(exp) + 2.04(theo) |x 10~

0 is few percent correction

(1+8)

ALEPqu)tOnIP IIIIIIII}//V IIIIIIIIIIIIII
(91-93)
L3 lepton |.P.
® (91-94)
OPAL lepton I .P. 7
(90-91) / |
Average %
above 3 Z
7
.

ALEPH dipole | |

(91
DELPHI hadron |.P.
(91-92)
L3 IP+vertex
(94 prel.)
AL EPH vertex
(91-95 prel.)
DELPHI vertex
(91-93)
OPAL vertex
(91-94)

SLD vertex
(93)

Average
above7

CDF (J/y vertex
Wy (92-95%

1.533+0.013+0.022 ps
1.544+0.016+0.021 ps
1.523+0.034:+0.038 ps

1.537+0.02 ps

1.511+0.022+0.078 ps
1.542+0.021+0.045 ps
1.556+0.010+0.017 ps
1.601+0.004+0.032 ps
1.582+0.011+0.027 ps
1.611+0.010+0.027 ps
1.564+0.030+0.036 ps

1.577+0.016 ps

+0.035
1.533+0.015"2%% ps

14 145 15 155 16 165 17

B Lifetime
Workmg Group

December 1999

Average b lifetime (ps)
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B+ and B Lifetimes (I)

* Test b-decay transitions
and dynamics (strong interaction)

* Heavy Quark Expansion predicts
small differences between
b-hadron types

T(B*) / T(B°) =1 + O(5%)
0.9 <T1(A,) / T(BY) < 1.0

Bigi et al.
(somewhat contested by Neubert)

QO
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B+ and BO Lifetimes (II)

* Refined methods all based on vertexing (1994):
1. Lepton+D (G.Gladding, I.Karliner, T.Usher)

L >

First results: summer 1995
Published: PRL 79, 590 (1997)
1993-95 data sample: 150K evts

T(B*) =1.61 £ 0.13 £ 0.07 ps
T(B%) = 1.56 £ 0.14 £ 0.10 ps
T(B*) / T(B%) = 1.03 £ 0.15 £ 0.09

S.Willocq 5 October 2001



B+ and B Lifetimes (III)

2. Inclusive topological vertexing (D.Jackson)

first development and implementation of ZVTOP

- Select seed vtx with high track overlap density
- Attach tracks with L/D > 0.3
and T < 0.1 cm

- Lower quality tracks also
attached to improve vtx charge
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Beam Axis
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—4 -3 =2

—1 0 1 2 3 4
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B+ and BO Lifetimes (IV)

First results: summer 1995
Published: PRL 79, 590 (1997)
1993-95 data sample: 150K evts

3
Topological analysis : Neut r al

9719 candidate B decays 0~ . 104
B purity = 98% - -

| 259% B+
1 ; 53% BO

" 53% g+
: ; 32% B9

O \\\‘\\\\‘\\\\‘\\\\‘\\\\ /‘O \\\‘\\\\‘\\\\‘\\\\‘\\\
c 05 1 15 2 25 c 05 1 15 2 2.5

Decay Length (cm) Decay Length (cm)

T(B*) = 1.67 £ 0.07 £ 0.06 ps

T(BY) = 1.66 £ 0.08 + 0.08 ps

T(B*) / T(B%) = 1.01 + 0.09 + 0.05
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B+ and B Lifetimes (V)

Latest prelim results: summer 1999 (K.Baird, D.Jackson)
[SLAC-PUB-8206]
1997-98 data sample: 350K evts

- Use additional information to determine probability that

the charge assignment is correct: vertex mass, P.-, Qi

—=

o

»¢ Charged ~80%

o

.

in

+
TTT

Charge Assignment

T(B*) = 1.613 £ 0.023 ps
T(B%) = 1.565 + 0.024 ps
T(B*) / (B2 = 1.030 £ 0.028
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B+ and B Lifetimes (VI)

e For 1993 — 1998 Data:

(Preliminary) N
ALI(Ein’I;SI[D)(;)g o] 1.085£0.059+0.018
ALEPH excl(%ggs e 1275
Tg+ = 1.623 £ 0.020 £ 0.034 ps CDF Jiy K ot 1.093+0,066:+0.028
CDF(g[z)(;;I) oy 1.110£0.056"7 oo
DELPHI D)l o] 1007017 +0.10
(91-93) e
Tgo = 1.565 +0.021 £ 0.043 PS | DELPHI topology e ] 1.06"07 +0.10
DEL PHI topology o 1.054£0.017+0.027
T/ Tro= 1.037 +0.025 +0.024 L3 Topology | 1.09+0.07+0.03
B "B -0.024 OPAL topology e 1.079+0.064+0.041
OPAL(SQ(;;I) . 0.99+0.14'0%
Latest world average SLDvert. +1 e 1.037534%0.09
] SLD topology fof 1.037" 0 0e> +0.024
shows clear evidence for BABAR exlusie o 1062400260012
difference between World average " 1.068+0.016
1 | 11 1 | | - | I - | 11 1 | 11
+ 0I: . - 06 08 1 12 14
B* and B° lifetimes lieme B Y
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B+ and B Lifetimes (VII)

AL EPH D(*) I TTT I TTT I TTT I TTT I T T I TTT I L 1 648 0 049 0 03 (91 95 [P)r(;l)g 1 518+0 053+0 034 ps
+ +
15 [ ' O035PS  ALEPH exd ysiye : 1.25'025 40,05 ps
ALEPH exc'(%?gg e | 15805 0PS  ALEPH T recon 14017 2008
- (91
CDF J/ | 1.636+0.058+0.025 ps CDF J/b K . 1497+0.073£0.032 ps
© 95’ nen +0.045 g CDF(%J'@ | 1.474+0.039"°%2 ps
cDF DY) H_._H 1.637+0.058 -0.043 PS (92.(9§ H-H o4 -0051 P
(92.99 ' DELPHI DU M 1.6172730.08 ps
DELPHI D | L . || 1.61+0.16+0.12 ps (91-93)
(91-93) = = DELPHI top%l 0 —— 1.63+0.14+0.13 ps
DELPHI tOpOl Og%/ H—e— 1.72+0.08+0.06 ps DEL PHI 540850!3?@? el %%610_01810_035 ps
DELPHI topol 1.631+0.012+0.021 DELPH| Tt 1.532+0.041+0.040 ps
e b S s DELPRLY) s 32£0.041:0040p
L3 topol ooy o 1.66+0.06+0.03 ps L 3topolo f—e— 1.52+0.06+0.04 ps
OPAL to g;é 1.643+0.037+0.025 ps L95:1 Prel.) p——ri [1.74£0.12:0.04ps
g e 643:0.037£0025p8 oA topol gy R 1523+0.057+0,053 ps
OPAL (gl 93; e 15240.14+0.09 ps OPAL D(gﬁ T 1.53+0.12+0.08 ps
SLD vert. +| . 161012 +0.07ps  OPAL Inclusive D 1.541+0.028+0.023 ps
e NP SLDvert | i | 156"% +0.10 i
SL D topology ol 1.623+0.020+0.034 ps Vel 5.05) H———H 013 ¥0.10ps
BABAR exclusive 167360082¢0023ps (589 'POQX - 1.585:0.021+0.043 ps
(99-2000) I new oo e PS  paARAR excluswe ot 1.546+0.032+0.022 ps
(99-2000) new
World average e 1.647+0.016 ps World average |~~~ ] 1546:0018ps
12 13 14 15 16 17 18 19 111213141516 1718 19
ifetime . B Lifetime
“king Group T(B") (ps) Working Group T(BO) (ps)
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BY Mixing (I)

e BO EO transitions bt Vtou,tst d,s b w Vs ds
occur via second order ; ; ]
. . W W 4
weak interactions _ ) _ ! b
d t b ds w b
. . . th,ts th,is
* Time-dependent oscillations
with frequency Amy O |th|2 =16 . —
Gz 1.4 — .
Amal m, F( 12 s
W :
2 s
2 * -
XBBd / B, UQCD‘ Ve Va 08 -
0.6 [
[1 Measure |V,4| and 0.4 |
. e Hed
constrain CP violation in SM  **}
0 L | |

-1 -0.8 -06 -04 -02 0 02 04 06 08 1
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1993-95 data sample

— Adapt lepton+D and

/7230

BY Mixing (II)

e First results: summer 1996 (M.Fero, D.Jackson, M.Liu, S.Manly, T.Moore, SW)
SLAC-PUBS: 7228, 7229,

0.5

Mixed Fraction

0.4

topological lifetime analyses

— Tag initial and final B9 / BO

flavor

NEW: lepton+tracks analysis
initial state tag (Pol+Qjet)

kaon tag

charge dipole tag

SLD avg:

Am, = 0.531 + 0.043 + 0.034 pst °?,

0.3

0.2

0.9
0.8

raction

SLD Preliminary

0.6

[ 0.58+0.07 +0.08 ps*

0 0.5 1

(C L
— 0.7 -
2 0.6 :
S o
05
0.4 | r”J
0.3 7+

1.5 2
Decay Length (cm)

- Lepton topol.

E 045L|'007 + 0058-1 rrrrrrrrr
ERTAARN IR R A AR

0.5 1 1.5 2
Decay Length (cm)

0.8 [
- Vix dipole
0.6 [ T
R
o4l e
0.3 [
- 0.56 +0.08 +0.04 ps™
O.ZF\\\\‘\\\\‘\\\\‘\\\\
0 0.5 1 15 2
Decay Length (cm)
0.6
| Lepton incl.
05 |- , ‘ .
’:i*if 77777
0.3 T
i 0.52‘ + 0.07‘1 0.04 ‘ps'l |
T [ — T [ —

0.2

2 4 6 8
Proper Time (ps)
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BY Mixing (III) s°

e Latest results: summer 2001

j K" 1993-95 data

Mixed Fractlon
O
O‘I
\

o
1996-98 data sample 0.4 :*i“f;“ ,,,,,,,,,,,,,,,,,,,,,,,
sf |
-~ Revamped kaon tag analysis (J.Wittlin)  0.58+0.07 £ 0.08 ps’
unbinned likelihood 02 [
multi-var initial state tag Decay Length (cm)
C a7 F
VXD-only tracks for b tag =
and neutral b-hadron selection £ o
8 0.3
a
=

K tag:

o
'

my = 0.503 + 0.028 £+ 0.020 ps! +

BO K tag RSF = 0.797 + 0.022

Q.1 =

0 Much reduced K tag systematics § Proper time (ps)

o b b b b b b b b by
& 1 z 2 4 B L] 7 = g 10
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BY Mixing (IV)

e Summer 2001 world avg:

ALEPH ~ . 0.446+0.020+0.018 ps*
Amy = 0.489 + 0.008 ps'! 8+ e :
DEL PHI . 0.504+0.019+0.012 ps
(4+1pré)
_ |_33 ] 0.444+0.028+0.028 ps™*
Precise measurement but... on 7950 0140.016 o
| 5 < 479+0.018+0.015 p
Extraction of | th | from Am d (SSpL)r%I ) ] 0.507+0.023+0.019 ps™
= * -1
is a ffected by a ~ 2 0 0/0 4+ 2(:;[;) ~ 0.495+0.026+0.025 ps
. i BABAR 0.503+0.009+0.011 ps*
uncertainty in /B; [, @pre) sl
BELLE . 0.463+0.008+0.016 ps*
.. D)
1 Study B, mixing to measure
5 average of above }_._{ 0.489+0.009 ps*
A m f2 B V after adjustments
mg, — "'p JB "B, At ARGUS+CLEO }_._{ 0.489+0.032 ps™*
- 7 (X4 measurements)
Am, Mg de By Vi
world average }_._{ 0.489+0.008 ps™*
m 2 I 1 I 1 I 1 I 1
— BS ¢ (1 16 + O 05)2 * I/ts " working group average o o o5 o
) - withou?gdjustpmentsg Am (pS'l)
Mg td d
d
S.Willocq 5 October 2001 17



B, Mixing (I)

Significance for B, mixing si

1
S:\/E L (1-2w) e 247
2§ !

f B, purity T resolution

statistics mistag .5

LL

- 0.4
Am_ = 20 ps? é’
f(B,) = 0.18 N
w = 0.25 I
o,/ p=0.10 0.3

Decay length resolution
is critical

gnal: Small IP + CCD VXD
+ Polarization + PID

ALL IMPORTANT

2

A- o, =200 pm

- Typical LEP

Time (ps)

0.4

0.3

Typical SLD

- 0, =60pum

S.Willocq
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B, Mixing (II): Initial State Tag

1 Opposite side i Decay side
— 1+
B i BY
Q t QVtX ......... S/
jet) VX)) T e
4 /IP\ i
K K
500 [
% Polarized F-B Asymmetry (w = 0.28) | + SLD baia

— MC
—-——-MCDb
~ MC b-bar

% Opposite Side Tags 400}‘

Lepton charge b - I~ ;

Jet Charge 20 Qi [p; - T 300 |
Secondary vix charge Q,,,

Kaoncharge b -~ ¢ - s (i.e. K7) 200 :

Dipole charge j "'

—. Combined with NN (T.Moore) 10

mmymr=l S

Overall mistag rate w = 0.22-0.25 0 N R B R

0 0.2 0.4 0.6 0.8
Initial State b-quark Probability
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Efficiency

B. Mixing (III)

— Total of 3 different analyses at SLD
using 400K hadronic Z decays (1996-98 data)
Differing in proper time recon and B°/ B decay flavor tag
1) Inclusive
Fully inclusive: secondary & tertiary topological vix
Charge Dipole: 11462 decays (D.Jackson, J.Thom, S.Willocq) [

B0
Semileptonic decays: lepton + topological D vtx ‘S/

Lepton+D: 2087 decays (H.Neal, T.Usher, K.Hasuko) IP D Vtxsi"

2) Semi-exclusive
Partial reconstruction: By - D™ X B0
with full reconstruction of D, decay @ /

D, - @I, K*K- [P IS

D +tracks: 367 decays (C.Lin)

S.Willocq 5 October 2001 20



B, Mixing with D + tracks

Partial reconstruction of B, -~ D~ X BsO X
full reconstruction of D, decay @ /

D~ - @, K*K~ IP S_ :
particle ID with Cherenkov Ds

Ring Imaging Detector (CRID)

90 *
Neural Network D, selection yields 80 - ‘
280 D~ - @t candidates 70 -
81 D~ —» K*OK- candidates 60 # }L +
50

Both B, - D, I* X (39 events) and :z + H \\
B, — D, hadrons 5 + Myey, H W

20 -
are included in the analysis :

10 : +

S.Willocq 5 October 2001 21



D, + tracks analysis (Il)

Performance of the analysis:

superb decay length resolution

o, =50 pm (60%) & 151 um
o,/ p=0.08 (60%) & 0.19

high B purity
f(Bg) = 38% overall
for Dy signal:

350

300

250

200

f(Bg) = 65% neutral sample (D¢ + hadrons)

90% neutral sample (D, + lepton)

good tagging
initial state mistag = 22%
for Dy signal:

150

100

final state mistag = 13% (D, + hadrons)
final state mistag = 5% (D, + lepton)

50 |

L o ‘ R C
-00.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08

Bs Decay Length Residual (cm.)

S.Willocq
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D +tracks Amplitude Fit

95% CL sensitivity 3.3 ps-!

was Laps'lstyear) 8 [EBOSTRARS T
g' + datat1c 4 95%CL limit O.5ps’i
< - ---- 16450 -& sengitivity 3.3ps

Excluded regions ‘T o daas 16450

- [ ] dataz 1.6450 (stat only)
at 95% CL.: L )
X e UETEE
Am_< 0.48 ps-! N S N
; p 0/$+ i ’\MMM"" MH\
0.5 < An < 1.4ps’ ARl %
-1 R H v

4 |
10 DO:
Finalize systematics 6
PR U N T T T N T N W W W I W T T I U U U W N W N O AT O W W [ WO B A B O O
Finish paper 0 25 5 75 10 125 15 175 20 225 25

Am_(ps?)
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Charge Dipole Analysis

e FULLY inclusive reconstruction

B()
—_—

Q=-lor0
Q
: 1500 | Data i [
Reconstruct sec. and tert. vertices  —MC
] . - b quark
Tag flavor with “charge dipole” - b-bar quark

dq = sign (Qp — Qg) * Distanceg ,p 1000 i

New event selection: higher eff. & : o

higher B, purity
Select 11462 neutral decays

Final State miStag = 22% 0 == -"-'I-'---\'-”-I-”-T-“-.;--L'F'\"T":"\ L Ll [ P v v
-1 -0.75 -05 -0.25 0 0.25 05 0.75 1
Charge Dipole
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Amplitude fit results

Oscillation amplitude A at fixed Am,

Poiunmixed = ~T€ (17 Acos Amt)

mix,unmixed — 5

for freq = true Am,
for freq # true Am,

Expect

Sensitivity: Am, value with 1.645 o,=

Amplitude

datatlo
- 16450

[ data+1.6450

A 95% CL limit
= sensitivity

[ 1 dataz* 1.645 o (stat only)

[ SL D LEPTON+D

R — S Am, (ps™)
3 SLDDIPOLEPRELIMINARY o 6 T e
%_ 4 — = SLD DS+TRKSPREL|MINARY .
= + datat1c A 95%CL limit 4.9 ps* = %_ 1
< 3 L 16450 - senstivity  86ps’ P = $ daaxio O Sensitviy 17ps*
u ] < - ---- 1645c 7
I 0 datax16450 ] L
2 ~ [ dataz+1.6450 (stat only) l - - | [ datat+ 1645c js
F [ ] data+ 1.645 c(stat only) .
1 - f—._ e ‘ [ ] | ) . _
\"‘"0‘ + { * ‘ + ? L) ® ‘ ‘ . ‘_,.""“"‘——»"—
0 ‘ + + T | ‘ | :‘_—— ‘ ‘ * *
H Ll el
| - ALl |
it - ;
3 Sensitivity 8.6 pst E
-4 . en5|tivity 1.7 pst |
5 PR T (U T U T T S U U U U N T T T W W U N U W S M [ W W IS A AT 1 T T NI P NPT AT AT B [
(0] 25 5 7.5 10 125 15 175 20 22 5 25 0 25 5 75 10 125 15 17 5 20 225 25
Amg (ps™) Am (psect)
5 October 2001 25
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Amplitude

B, Oscillation Amplitude: SLD and LEP

SLD COM Bl NED PRELI M1 NARY

+ datatl1c A 95%CL limit 111ps
---- 16450 -© sensitivity 13.2 ps-

Bl datat+l1.6450
[ ] data+ 1.6450 (stat only)

75 10 125 15 175 20 225 25
Am (ps)

SLD 400K Z°: Sensitivity = 13.2 ps™?

Excluded at 95% C.L.:
Am, < 11.1 ps-’

Amplitude

TrrrryrrrrJyprrrr|yrrrrqyrrrrT I Trrr I Trrr I |||||||| I I/,I T
LEP PRELlMlNARY / \J T
r/ I
- + datatlo & 95%CL limit 14.3ps™
I ---- 16450 -©- sensitivity 15.4ps, i
- Bl datat 16450 “ 7| 8] 1111
- [ ] data+ 1.6450 (stat only) /u .I "‘.“ .""""'""»
»?* e

i J@F: mw/\
ll / \/

il
S

10 125 15 175 20 25
Ams(ps)

LEP 12M Z°: Sensitivity = 15.4 ps-?

Am, < 14.3 ps-

S.Willocq
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Amplitude

B, Oscillation Amplitude: SLD, LEP, CDF

3-IIIIllllIllIIIIlllllllIIIIIIIllllllllllllllllll-
+ World average (prel.)
25 F
I datat1o A 95%CL limit 14.6ps®
- 16450 -©- sensitivity 18.3ps'/
2 b ,

[ W data+ 16450
[ [ data+ 1.6450 (stat only) /
15 F j ‘ s

05 — |
0 R Aot 1
/\_/\/,/\
o5 ~0 T SLD
4 —-—
1 4.2
2
\ \ I
Y i f)) IR NI IS I IS S S W e 0 | I I I I I I I I I
0 25 5 75 10 125 15 175 20 225 5 92 93 94 95 96 97 98 99 00 01
Am_ (ps™) year
WORLD Sensitivity = 18.3 ps-’ World sensitivity as a function of t

Excluded at 95% C.L.:
Am, < 14.6 ps-

Prob of statﬂfluctuation ~ 3%
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Individual B, Oscillation Amplitude Measurements

Compare measured amplitude at

Ams=17.OpS'1 Dy amplitude +165(sensitivit_;i)
AL E?gl_%%r; oy . || 1079£6207 7% (4.1ps)
AL( 555'5%?53' o] 279+154+062 (7.4ps?)
Most sensitive (9195, no éj,EpI?g. )I o 2.92+1.05+047 (11.7ps?
c(D9§_|9 cg; et -0.89+£259°2%  (51ps?
(sma| lest O'A): DELPHI ?9%.%5'} H—“‘—H -116£4.63£275 (32ps)
DEL(SI2—|_ ! E?S?éf’)l o 1.28+226+050 (8.7ps’)
1. ALEPH inclusive lepton %58 | I+ L7eLELL027 (9975
| I?QEZI: 1y é) b . 337+516+151 (6.1ps’)
2. SLD charge dipole oPAL| ! not meawrefl%1 Ezz ps:
OPALDJ || o i 5832432790 (42ps
3.SLD lepton + D (96_%(’9[);25% H 134+118"0%  (63ps?)
(9%9% ’dg Pgl.t)? M 178+117" %L (86ps?)
969 éSpr[r)ele P—H -0.16+1.74*9%  (1.7ps?
World average (prel.) |....|....EH..|....|....|.. 1.42 + 053 (18.3ps™)
10 -5 0 5 10 15
\?Vooricii:\lgt(izor%ip amplitudeat Am_= 17.0 ps™
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Impact on Unitarity Triangle

Contributions from V, V ,, Amy, Amg, €, and sin2f3

+ theory input for hadronic matrix elements (lattice QCD)

1.4

1.2

0.8

0.6

0.4

0.2

1.6

SLD only for Amy and Am

]

-08 -06 -04 -02 0 02 04 06 08 1

P

1=

1.6

14

1.2

1

0.8 -
0.6 |

0.4

0.2

0 7\ [ ! ! ! ! ! ! ! ! ! ! !
-1 -08 -06 -04 -02 0 02 04 06 08 1

RSN A B L B L B L B
- All measurements of Am and Am,

sin 2B = 0.79 + 0.10 Amy g

N AmAimit /]
} K :: vacb|
IR NI A \\‘\\\‘::\\\‘ R T I P AT BEN

Y

B, mixing results eliminate p < 0 and imply CP phase y < 90°

S.Willocq
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Last-Ever(!) B, Mixing Projection

Are we done yet? No... stay tuned! Bs mixing significance
o 8
e
. . _ K
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Summary

e SLD pioneered topological
vertexing for average B lifetime,
B+ and BP lifetime measurements

e SLC/SLD strengths extremely well-

i - : S ['S_DCOMBINED PRELIMINARY o~
suited to studies of time-dependent R .
BOI and partICL”arIy, BS m|X|ng < , _ 16450 o sensitiv ty 132

- Beautifully illustrates power of
small IP, CCD VXD, polarization
and PID for B Physics

e It's been fun and rewarding! af
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