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Double ratio technique
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Physics motivation, contd.
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Direct CP violation:

¢ = S=Im42 exp(i(d2—do))
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Overview of NA48 method

o

To achieve the required statistical precision
several 10% Ky — n°7° decays (limiting mode)
have to be collected.

To maximize systematic accuracy and to have
minimal corrections, NA48 uses:

> simultaneous, almost collinear Ky, and Kg
beams, allowing for

> concurrent detection of the four decay modes
in the same decay region to have cancellation
of fluxes, acceptances, inefficiences, dead
time, accidental losses;

> Kg identification by proton tagging
upstream of Kg production target;

> a detector based on a magnetic spectrometer
and a quasi-homogeneous liquid Krypton
calorimeter, to achieve good resolutions and
minimize the background;

> lifetime weighting procedure to minimize
acceptance corrections by making Kg and
K decay distributions similar.

J

M.S.Sox=l First NA48 results on Re(s’ fe) June 21, 1989




Simultaneous Kg and K; Beams
St SR Pl

!
SPS spill length: 238 5 K anticounter 720 [0 scale |

Cycle time : 14.4 5
Proton momentum : 450 GeVie

....
.....
.....

KLTarget

1
<1510 Srotons per spll

(~3. 10 "protons per spill)

~120 m ~ 120 m

-

Kg are distinguished from K;, by tagging the protons upstream of
their production target.
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M.5.S0=zi Firet NA48 results on Re(e’ /¢) June 21, 1989




4+ K1, s — ntr~: magnetic spectrometer (Pp
kick ~ 265 MeV /c); event time measured with
scintillator hodoscope

4+ K, 5 — n°7%: quasi-homogeneous liquid
Krypton e.m. calorimeter with high granularity
(13212 2x2 cm? cells) and projective geometry

+ K, 3 rejection: muon veto counters

4 K3 rejection: E(LKr)/P(spectrometer)
4+ K;, — 379 rejection: high resolution e.m.
calorimeter

/

M.S.So=zl Flirst NA4B results on mwnﬁh:.,nw June 21, 1989




-.—n_ﬂﬂqﬁ“mﬁ: mﬂm :&ﬂ.hnhﬂhmﬁ_: Hﬁ?
=> K> K, transitions ' (K, in time with an accidental
S proton in the tagger)
(o o ) = K-> K transitions

= o
_hnﬁ.nﬁ )

— H(K)-t{nearest hit in tagger)
4ns
4+ tagger rate: ~ 28 MHz
4 Ks : event time within + 2 ns of proton.
4+ Mistagging only “dilutes” R if charged/neutral
syminetric.
4+ K; mistagging (K;, — Kg, arg) due to
accidental protons in tagger: charged/neutral
symmetric in first order.

+ Ks mistagging (Ks — K, asr) due to time
reconstruction tails: can be different between
charged /neutral decays, in principle.

Aotk ¥

M.S.S8oz=l Flret NAA4E reaults on M—.nﬁn______.nu June 21, 1988
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Collect K, and K Decys Simultaneously




Lifetime weighting

ETT T ON

4+ Kg and K, are collected in the same fiducial
region

4+ Weighting K, events as a function of decay
proper time, according to expected ratio of nm
rates = very similar lifetime distributions

4 Accounts for small terms due to Ks and
Kj, interference and K°/K° production
difference

= Reduces potentially large acceptance
corrections to < 0.5%

4 Increases statistical error

i

Weighted K| ]

<— AKS cut

i i i al ksl alaa iy
a5 1 15 2 25 3 a8
Reconstructed Lifetime (ctg)

3 /

M.S.Sozzi Firet NA48 results on Re(e’ /e) June 21, 1988
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Acceptance

The increase of the statistical error due to

weighting is 35%

o125

12

085 [

08

+ MC R no weighting
s MC R weighting

0.75

100 120 140 160

Kaon Energy (GeV)

AR — (+31 + 6(stat) £ 6(syst)) x 107* |

N\

/

A. Caccucel
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Comparison of the 1997 and 1998 results

- R
Corrections and syst. uncertainties on R (Units = 10™%)
Source 1997 sample 1998 sample
Charged trigger +9 £ 23 o | 4+ 11 Séad.
Mistagging probabilily | +18 +9 | +1 +g St
Tagging efficiency = +6 o 43
Neutral scale e ) - +10
Charged vertex ~ +5 | +2 +2
Acceptance +29 412 | +31 +9 ¢ sél
Neutral BG -8 +2 -7 £2
Charged BG +23 +4 | +19 +3
Beam scattering =12 #3'| 10 +3
Accid. activity -2 +14 +2 12 s¢af
Total +67 35 | +37 +24
. S

A. Coccuccl CERN 29 February 2000






New world average

Re(Epsilon prime/Epsilon) (107

Woods T E731
S E
E731a
—3

New world average:
Re(e'/e) = (19.3+2.4) x 107*
2Indf = 11.1/5
o o/ /5) 2

A. Ceceucci CERN 29 February 2000




CP Violation in B Mesons

Three different categories of CP violating
observables

Direct CP Violation in B decays
CP Violation due to B%anti-B° mixing

CP Violation due to interplay of B decay
and B%anti-B° mixing



CP Violation due to B’ mixing

4 = NUHHH-N(-IF)
NOFFTNIF)

— A2
(0A)2=___1-A4
N _xf . (Bre
2y (Brep
A=0.1% }=18%,Br ~20%,e~50%
&QSAﬁNbEmIW

* Very small asymmetries 0.1%; extremely
difficult to measure, very good
understanding of systematic



Direct CP Violation in B decays

e CP violation evidence from the asymmetry
of B->f vs anti-B->anti f

» Number of B decays required for the
observation of an asymmetry A with S
standard deviation

(GA)2 = 1+
sig

Azl%,Br ~3 10-3,6~30% 5A£A=>N3z109




J im Alexander' f.'orne.il Unwersrty

« CLEO Dataset, 9.7M BB events
» Modes:

B—>Ktnt B....;Kifr’ BT
B""?‘K:I:EO B—'}G)ﬂi g "VC . ,
B— KOzt |

. Sign convenﬁon' * See also talks by

_ * Jim Smith
Al Br(b— f)—Br(d - f) - Tomasz Skwarnicki
Br(b— )+ Brib — }ﬁ) » David Asner

J. Adearder 2nd Trtersstiond Conference on B Physict and OF Vislatien Tdpm Talwan Bocawber 3-7, 1299
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YK > o T (4S) Ihlw..A )
2 A _ :

was definitely a B ¢

Coherence: The other B evolves as if it was a pure
B2 at time ¢,.

Process CP conjugated process
B Nb&mlﬁ. __Eﬂ.% B M&E|f .Ewuo

B° YK B° 708
%mu \ %mq \

Because of interference
Rate of process = rate of CP conjugated process

CP Violation!

Mixing is Essential Here

150




CP violation observable in B decays

_N(Az)-N(Az)
Aoss(A2) N(A2)+N(Az)

N(A2)[N(A2) J=n.of B [B] decaying to
a final state f[f] ; usually f =f

A ,(Az)=Dsin(2¢); D<lis a dilution factor

depends upon :
mixing,

tagging,

vertexing resolution,
background

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



sin(2[3) sensitivity
The observed time integrated asymmetry A (splitting events
in Az>0 and Az<0, B? and anti B%) can be written as

2
A =Dsin(28) D=d de Vtxdtagdb <1 dmfx=l+_xd=0'48

And the expected error on sin(2) is

o,
: = 0 ] I =y O
osin(23) o AN B
V516 “mix g viiag

= 1/ (- Az) Not using the time dependence

Fitting the time dependent asymmetry
will reduce G,, by a factor between 0.8 and 0.7
depending from the value of sin(2)

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



What are the experimental challenges for this mode?

B0 B pairs are produced coherently in a B factory:

.Hﬂﬁb.mv--"--.-””p--.::-i......
Bo/go

e, i, K*tag

The key ingredients for a measurement of sin2f are:
= full reconstruction of BY/B” decays into J/y K%
*tagging to distinguishBetween B and B? decays
e vertex reconstruction to measure ¢ At =Az /B,y

.m, ...“ _m %En.l-
g os W Wty —
i
1=t

03 B

=
L%
o A bl

0.1




Inclusive J/psi reconstruction

E/p<0.4
0.8<E/p<1.4 n. layer>4;0<n. hit<7
for at least one muon

| Vertex chi2 prob>1%
DR Ea e A Ve Pl R e e e | “o R ! : | == s

2

]

ety

Candidates / 10 MeV

. Candidates / 10 MeVic?

S
sl e

e E SRR e L 26 28 3 32 34
Sl .'J].I(E#E']-:::— ! GBV!'G

L=540 .pE*l Mass resolution ~15 MeV L=380 pb!

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



38.1 B->J/psi Ks (n+ n)/fb!

are produced

B->J/psi Kg signal

Luminosity 620 pb!
*12 signal events observed in

._301 &7 - i .

.

FRODS e e e

B.ﬂBﬁ B

i g the signal box

- *1.4 bg events (higher then
expected)

e

ST

B
N 25Mev

I e

.5 szzs -5.15.

AE-sqrt(sz) —E

Mg =sqrt(s/2 - p meas**Z)
* 6 (Mg )=2.5(e)-2.3(1) MeV

XXXV Renconires de Moriond, March 2000

:uﬂ 53
M(GeV)

oA
B
th 2
=
u_.

o

s._:,zs : L 5275 ) tan
B,mass(GeV)

Massimo Carpinelli University of Pisa & LN.F.N



Control sample

*125B* > I/psi K*/fb! *Luminosity 620 pb!
32 signal events observed
in the signal box

*4.9 bg events

are produced
*Self tagging B decay

S- = T T T % T T 1
:gﬂ.l B = A = % s 'i.. e . T l"““"i
g : - = -.- : U'E'} I l. : 5
oos ks ] Q_'ﬂw B S 4
(= e -- BT : z MAR
Sk = - ] L B e A
= i = Ll i
- - i : 5 _.. et & % A e
L - “ G o i
Qe oAt v S e e E
BABAR == | e | i S Al ﬂ e
0 = 1 = 1

5378 | 5a

5.2 5225 538 - 597% 53 %3 5795 528
S B, mass(GeV)

M,(GeV)

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



JAy Reconstruction

+ Use dileptons:
— Large branching fraction
— Little background
e Dimuons:
- Gaussian fit ignores small
radiative tail.
* Dielectrons:

— Crystal Ball function to
acount for final state
radiation and Bremstrallung.

Events / 10 MeV/e™ bin

200 —

—— T
Dimu

Yield: 411, % 25
Width: 12.9% 0.6 MeVic®

g e

30 F

ol—
2.50

2.75 3.00
Dileplon mass

3.25 3.50
(Gevic)

Sephen Scheesik: Semine Pebrusry 000



Golden Mode: B to JAYK

: : 3 s ey i IR >
« Combine JAy candiate | o871 vi 5 i J; e
with K candidate. Ej - h ' gm‘ L AERE
o Two kinematic variables: [l 1l 1 .f.-- . B

o acnu:smme\n it mmﬁmm\#ﬁ s

~Energy: E, .+ EK.;

— Beam Constrained Mass:

M={E;,,~(Z )

Bverms/(2 MeVie)
-
_ ;
==}
?
'y i M i i

Siepben Schevtik: Serminsr Pelbraary 2000



Bto JAy K™~

: ; o BelleProtiminary | | .
e Calibration mode for 087" 5 , J;;i
£ Bt
Golden mode % ; gm ]
e Test fitting for sin(2) , e e
Belle Preliminary 0 e e ”“i?”.mm:fmm =
o
H: i
g ‘sin(28)” = 0.02+0.36 .|
af
3 |
2; 2 Mmﬁnn—mmk’\ =
1
U_:

Tlog-Zep {mm) Seepben Schrenk: Semise February 2000



Flavor Tagging

Tagging exploits correlations
between the flavorof a B
and the charge of its decay

products (e, 1, K=), e.g:

3
Lepten Maomenim in Colizon CM iGeV)

Tagging methods generally have some inefficiency € (not all
events contain an identified e, i, K*), and false rate 1 (due to
reconstruction errors or physics effects).

The measured CP asymmietry is diluted by incorrectly tagged
decays. Mistagging limits the statistical precision of a sin23
measurement:

We? =
_m.:.rrm.ﬂ_wu Zﬁn\w

Dacay Rale {(arb units)

A BRI WS A

e e e e e R B

Relative Decay Time ! Lilstime

How do we know the value of the mistag rate 1) 7



Decay Rate (ark uniis)

Mixing as a Calibration Signal

B mixing provides a calibration signal for developing a sin2f3
analysis and measuring the tagging dilution from data:

CP asymmetry

= fully reconstruct f,

= use remaining tracks to tag

flavor of f., parent

« measure B® — f., and
BY — f., rates vs At

=015 e |

S = 9§ -F o op 1 cE3
Balative Docay Trime |/ Listemes

assume Mep = Ty x

« fit asymmetry to:

(1 =2nep) 5in2[ sin(AmAL)

PHET

Lol

Cocuy FAate [ak waits)

Mixing asymme

» fully reconstruct £y, or f1,4

* use remaining tracks to tag
flavor of £, or Ty, parent

» measure B® — £, + BY = 7,4

and Bf — f., + BY —f,
rates vs At

09
082
oy
e
0.5
04 k
o3
0.2
o1 E

AT
e
I
=
—t
on

—o I RET P,
& o 32 A e g

B0 b B g —
Bl Bk, —

. o

|
|
|
|
5

Riglatree Ducay Tims / Liletine

= fit asymmetry to:
(1 — 2n,;x) cos(AmAL)



B° Lifetime and Mixing: cont.
« Time Dependence:

é 10 g ={-Eniries. -

P, ()= Fi "(1+cos(Amt)) E =
il : =
= !

P_(f)=—e¢e "(1—cos(Amt)) “4——"” —

By Eai% oS tem
N_(1)-N_(2) )
A)=—2 5 & cos(Amt) %
N, (1)+ N (2) £
Fixed parameters in lifetime fit: g A e
ﬁy=0‘425 0 ; R e ' LG
g 005 01 015 02 0. .4
x,=0.723 cat (cm)

Stephen Scherak: Seevinar Febneary 2000



B%> D* e* v, Analysis

e Basic ideas:
— Select electrons with poy > 1GeV/c
— Use decay chain D* — D07, D°—» K* -
— Require kinematic consistency with missing neutrino and known P, ~ 330 MeV/c

» Missing mass? in this analysis is defined as:

mmmz = (P — PD‘.I}E = M32+M p'rz —2E E,,.,

» P, ~ 330 MeV/c is ignored.

P ® = [*and lepton tend to be in opposite
! ol hemispheres in the B rest frame for signal;
P we require cos@(D*[) < 0.
Qi

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelll University of Pisa & LN.F.N



0.17

0.14

~120 events in 390 pb? (mostly D*e
v, with small contribution from D** e v)
with statistical significance ~6 ¢ o

+
i L Y L A 1 i i i
0.14 0,18 o8 AT

m(D’)-m(D"), GeV

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



Reconstruction of A z

*Vertexing Tools to - e
reconstruct the decay vertices jgg BABAR e L

have been developed : ,-,} o

» CP Vertex - easiest E e

* B-tag vertex -more difficult "~ f . a1
because the tagging Bisnot % i 550 0 i T ins

fully reconstructed R Az(cm)

PRE N WA TR o

*06+12 events
B+*-->J/Psi K*and
BO-->]/PsiK*%(K*r)

e[ uminosity~1 fb-1
*Background subtracted
data agree with MC

-L.'—.'...i_i.l__l..r.-l-.j..l'_i.JJ__l_

o 01
Az(cm)

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



DO lifetime anlysis

ete- = D*¥*c¢X - D't - Kt

eMeasurement of Beam Spot
*Reconstruction of D? decay
vertex

*The D?decay position, IP and
the flight length are obtained
from a minimum %2 fit to the 3
parameters

*Refit the slow pion to improve
the Mp. -Mp,, resolution

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



Soft pion refit

*Very low momentum => Multiple Scattering in the Beam Pipe
*The track is refitted to a point insided the Beam Spot
'Angula: resaluﬂon is 1mproved =>better invarinant mass resolution

) sy

: BABAR.
Bcfm'e mﬁt =
0=354 keV. (27%}

N cventsfznokev
8 .8
e

BABAR

Aftcrrefit ,
o] oz280kev (47%)
e 32-6?9 kev {53%)

0.4 0145 0I5 0155

m{!ﬁm) m(KII:)

6 (Am) =280 Kev

'. &14 -.u.14s. Soode o 0155 -
¢ (m D% = 8 Mev . mEm)-mEn)

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



Entrigs /0.1 pa

DO lifetime observation

150 «DATA
— SGN+BKG

D* =% iw proper kime {ps)

XXXV Renconires de Moriond, March 2000

Benchmark for Vertexing
capability

Decay Resolution 120 pm
(core 85 pm) on the average
decay length

Statistical error 0.013 ps

First look at systematic errors:
Beam Spot 0.005 ps
Background 0.005 ps
Luminosity ~800 pb-!

Massimo Carpinelli University of Pisa & LN.F.N



y ; : D'> K1 f-
D Lifetimes: Fit

Lifetime from D flight length in xy plane.
y

100 mm

D momentum required to be DS K1 i

> 2.5 GeV/c in the center of

mass to avoid D’s from B’s.

(D% =405.2"""fs(stat.)

-10.1

(=415x41s PDG98)

7(D*)=0.97+0.08 ps(stat.)
( =1.057+0.015 ps PDG98)




Detector related factors in sin(2[3) meas.

The estimated error on sin(2f) with 10 fb!
is 0.2-0.3 depending from the value of sin(2p).
Tagging is the main contribution

dtagﬁgr (1-2w) ~ 0.48-0.54 e£=tag.eff. w=mistag fraction

* will be determined from data studying the time
dependent mixing to minimize systematic effect

dvtx ~exp( —(o,/Az) /2)~0.85

* 6,~140 um; from a 2 gaussian vertex resolution:
narrow 100 pm (80%), wide 320 um
* Az~250 um average B vertices separation

db9= % ~0.93

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



Measurement of sin2[3

N'_n 0 (t )_ N 0 (t)
B =]/ 3 o
An(f)=—" s o =sin 2 sin(Am,t)
NEH_:.;,*W: (t )+ NB“—)J!:ng (f) B WK,
® Requires: o : ;‘.
B Reconstruction of the signal BY/B*— JAyK'% o

B Measurement of the proper time t
B Flavor tagging to determine if we had a B"or a B at the time of
production
® The effectiveness of flavor tagging algorithms is quantified by:

I N _D___NR-NW|

i

N Nz =Ny
® Measured A is reduced by D, while eD? effects & A and 5(sin23)
N+B

4550 :@sinﬁﬁsin(amdn dsin(2f3) = J J -




£ % Measurement of sin2[3

@ CDF pp—bb Abe et al. PRL. 81, 5513 (1998) (June 1998)

15}
10f
3

Aoty
- -
an

=100 50 CDF: Hy/BL = J/y K
f oo[-(a) ct >0 45[ (b) ct > 200 pm s jz::ﬂ'\
= BOL- a0 2 >y BF J
E 70} 35 125 = i' /'
g 6o0f a0 T
n 50 25| e
8 40 20} L s sin 2§
o

=

=

|

o

(&)

055 =5 0 0 20 236 —10 0 10 20 aE;l’-;?E I_“ "
MII = {Mm'“Ma)/am ""sk I+ A = En"‘Bn

it B"+B

® 198 +17 BYB® —J/yK’ candidates with both -sL . . e |
muons in the SVX ( S/B = 1.2}. Measure Eroper Cecay Length (em]

&

asymmetry with Same side tagging 5
sin2f=1.8+ 1.1 + 0.3

® Dsin2p=0.31+1.1+0.3.

® Using D=0.166 + 0.018 (data) £ 0.013 (MC)
from mixing measurement + MC



® CDF runl, L=110 pb!
B 202 events with both muons in
SVX = o(ct)= 60 um.

B 193 with one or both muens NOT

in SVX = o(et)= 300-900 um

" .CI)F‘ preliminary
g =s305 +31 (g
o B — W]
29 events 365 &+ 31 svenis
S/IN=0.7

175
Isof
I25- ‘t‘
fog- ﬁ_*%
75 +

so- SfB=0 -7

25

L ST S e ] s 015 20
(}l,w-%{,h)rd“
@ Plot normalized mass

M, --My/ error on M

JNK Signal sample

ewih
§

B — A2
wipt im Sux, a
202 & 18 evons

Both 1 in SVX

202 +18
events

t‘glmﬁ'ltvqt

B —s JApke

153 + 28 event=




T Improved measurement

Sy ™

® Accepted for publication in PRD, T. Affolder et. Al., FERMILAB-Pub-
99/225-E, hep-ex/9909003
@ Improve statistical significance
B Add candidate events not fully reconstructed in the SVX
» Double the signal to 400 events but additional signal has larger
o(ct)
B Use two additional flavor tag methods to establish b flavor at
production (Increase £D?)
5> soft lepton and jet charge (both opposite side tagging methods
used for the mixing analysis)
» calibrated using B— J/yK-
@ Use a maximum likelihood method to combine the tags. Include terms in
the likelihood for
B Account for detector biases
B Prompt background
B Long lived background



\j\"‘\,\ Flavor tagging methods

® We must determine if we had a B'or a BY at the time of production.

@ Opposite-side flavor tagging (OST)= bb produced by QCD= Identify the
flavor of the other b in the event to infer the flavor of the B® /B— JiyK'.
At CDF= 60% loss in efficiency due the acceptance of the other B’

B Lepton tagging : ﬁﬂ(bd_)_> J hUKuS

> b=/ *X =b
> b=/ -X=b =
B Jet charge tag : v
> Q(b-jet) > 0.2 =b > K%
> Q(b-jet) <- 0.2 =b
LEEE

Opposite side

b Q(b-jet)>0.2



Same side tagging

@ Same side flavor tagging (SST). Exploits the correlation between the
charge of nearby = and the b quark charge due to fragmentation or B**
production (Gronau,Nippe,Rosner)

B o B? T No K/n separation =
b y b higher correlation for

charged B

u g d
d u

B K* BY K

u
u d
s S

d T
>
B"_ ‘ -.
@ Correlation due to excited B** production T B

Bi##+ (I=1/2) resonance B** —B® - >



i Flavor Tagging Summary

b ™

Soft lepton e: py(e)>1 GeV/e 5 : pT(n)>2 GeV/e

£= (5.6+1.8)% D= (62.5 + 14.6) % eD?*= (2.2 £1.0)%
Jet charge

If there is a soft lepton do not use jet charge

e=(40.2+ 3.9% D= (23.5 £6.9 )% eDP= (2.2 £1.3)%
Same side pion tagging
£=(35.5+3.7) % D=(16.6 2.2 )% inSVX

_ eD?= (2.1 H0.5) %
£=(38.1+3.9)% D=(17.4 3.6 )% not in SVX

Combined flavor tagging power including correlations and multiple tags

eD*= (6.3 £1.7)%

A sample of 400 events has the statistical power of 25 perfectly tagged
events

About 80% of the events have a tag
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Measurement of sin23

The minimization of the likelihood
function yields:
sin2[3=0.7910.39(stat)+0.16(syst)
Statistical error >systematics.

sin23=0.79

+0.41

-0.44 (stat.+sys.)

Time integrated measurement
sin2P=0.71£0.63 (stat@®sys)
Using Feldman and Cousing
frequentist approach
0<sin2p<1 @93%C.L.

New world average (Taipei)
includes this measurement and a
new Aleph results

sin2=0.82 +0.38

+.CDF preliminary

asymmetry versus lifetime law ot
precision Uetlme ssmple resolution
202518 events 193126 events

By

solid: full likelihood fit
fixed

dashed: full likellhood fit
A Hogelag .

o

aa5 [N ] VL] a2 0.25
<t {cm)

-+0.44

Float sin25 =088 _,

Ay Amg = 0.68+0.17ps

e
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AN Run IT upgrade

® New silicon tracking system = 3,
D information 20—
W SVXII: 5 layers, 96 cm, r-
and r-z readout i
B ISL: 2 additional layers
H L00 at r=1.4 cm
0 = 55+17/ p, um
® New central drift chamber =

maintain run 1 tracking
efficiency and resolution

=

s / By
® New trigger: LERDY ) INTERMEDIATE
B L1 tracking trigger 5 LAYERS SILICON LAYERS
W L2 trigger c:n displaced . ® Time off flight = 2 o K/n
tracks = trigger on hadronic

separation for p<1.6 GeV/c

Bd
R ® >2 b1 of data



Run II expectations

® Sin 2 B from BY/BY —JAK",
B for 10K events, eD?= 6.7% (+2.4% TOF)
® B—mn expect 8400-15200 events if BR=1x10-
B for 5K events , eD?=9.1%
® Modes to study vy
B'/B! > D;K* 700events
® Expect 6000 B.—J/y@ where asymmetry would be sign of new Physics

® B_oscillations £
18

B Expected signal 20,000 B,— D, Dt with  § 16

D, — ¢m, K*K 2"
B Proper time resolution with L00 ::
c,=0.045ps®t-0, / p; :

B Flavor tagging effectiveness
B £D?=11.3% with TOF (5.7 % with old baseline)

O M = O

Sensitive to x <63 if S/N=2/1 " ey
Sensitive to x,<56 if S/N=1/2 20<x,< 30.8 @96% C.L. x,



KEK—- B Accelerator

Integrated Luminosity: 100 f6~' per year
Peak Luminosity: 10¥ em™s7!
Circumferance: 3016 m

Number of Bunches: 5000

Current: of Positrons: 2.6 A

Current of Electrons 1.1A

Energy of Positrons: 3.5GeV

Energy of Electrons:  8.0GeV

By for BMeson: 0.425

Crossing Angle: 2x11 mrad

Sigphes Schresk: Semingr Febreary 2000



Peak and Integrated Luminosity

» Peak luminosity: st
- WQ X 1Pems? - o &
115 ) ! et
* Peak daily luminosity: § »-——
- 485 pb™ 8
o Integrated luminosity: £} -
-y s
14 3 wf
o Accumu]ate 4_8 fb-—] = oosiem u/8/1988 10/17,/1980 12,26/ 1099 gﬁ.«nm
by summer.

Most results used first 440 pb™'.

I3 Saephem Schronk: Somitsr Febroary 2000






BaBar/Pep-1I running

Luminosity record
1.8 103

BaBar Dally Recorded Luminosity

® | DIRC

inctallati on

Luminosity (pb")

q.ﬁggﬁgga'

ﬁ%%"’s%"ﬁﬁ% @ﬁﬁ PR o

Hm@.ﬂxuﬁ'ﬂrm I Adam &L Lanceri

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



Recorded Event
~ 5.0 fb-1 delivered

~ 4.5 fb-1 recorded
BaBar Recorded luminosity -1999 + 2000

6000
4600

s

T 4000 4| ——PEPiOawmd Loty
%’:EEEW | =—=Gprek Roconed Limosty

Egﬂlﬂ
, 3 2600
E% 2000 -
3¢ 1500
5 16

g%inm
500

ARV

Monday, March 27, 2000 L Adam &L Lancen

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



PEP-II Luminosity Performance:
Best Achieved

Parameter Units Design Achieved
Luminosity em?2 sec! 3x 10 1.56 x 10%8
Specific Luminosity cm? sec? mA2/bunch 3.1 x 10% 2.7 x 10%
Horizontal Spot Size pum 220 200
Vertical Spot Size pum 6.6 6.3

PEP-1I delivered 3.3 fb'! from June 99 through Feb 2000

XXXV Rencontres de Moriond, March 2000

Updated 3,02 2000

Massimo Carpinelli University of Pisa & LN.F.N



Parameter

Energy

Single bunch current
Number of bunches
Total beam current
Beam Lifetime

Max. Injection Rate

Parameter

Energy

Single bunch current
Number of bunches
Total beam current
Beam Lifetime

Max. Injection Rate

PEP-l HER Performance Results

Units Desian
GeV ' 9.0
mA 0.6
1658
A 0.75 (1.0)
dhrs @ 1A
méA/sec 2.1 @ 60Hz

Best achieved

9.0, ramp to 9.1 & back
12
1658
0.92
1ihrs @09A
4.0 @ 15Hz

PEP-Ii LER Performance Results
Units Desian Best achieved

GeY 31
mA 1.3
1658
A 21
4 hrs @ 2A
mA/sec

XXXV Rencontres de Moriond, March 2000

34
7.0

1658
1.7

3sh@t1aA

59@60Hz 9.0@30Hz

Running with

BABAR, “typical”

9.0, ramp 8.84-9.04
0.75

829

0.65

Shrs @ 0.65A

25 @ 15Hz

Running with
BABAR , “typical”

3.1
1.2

829
1.0

3hrs@1A
40 @ 15Hz

Massimo Carpinelli University of Pisa & ILN.F.N



Vertexing: Silicon Vertex Detector

3 Layers of Double Sided Silicon.
- Matchmg efficiency: Bhabhas: 97%, Hadrons: 96.7%

% Belle thmmmy

Mm Drjubie Gaisds

“ <4
25 | Sipidate=137.9 pm 1 1
sipMCr1112umdl b 17
s | —pa=giontess
| ] | ]
26 — ST
HEE (=
20 I : | Tl o ]

~¥

10

s 11|

[

o SR % Y
Az resolution from J/w—1"[":138um

Swphen Sckerek: Saminar Fobrusy 2000




SVT:Silicon Vertex Tracker

4 'ﬂ#’g et g

#
£

Laver Radius

1 3.3cm
2 4.0 cm
3 59cm
4 9.1t012.7 cm
5 11.4t014.6 cm

Ty g :
=B | Hybdresdou Cs Beam Pipe

Moer. O 1.0% radiation
length

Massimo Carpinelli University of Pisa & LN.F.N

XXXV Rencontres de Moriond, March 2000



SVT performances

“ 1f’—7"' r'w_ T F‘__*'ﬂ J.. SVTHlt Resoluuou vs. IIlCldﬂﬂl kaﬁ.uglc
| wstomumini | BABAR | ""

e A Laverl Zwew | BABAE

*Drift chamber svt

association;

eff. of hardware + - e

recostructionsoftware | o= .o . . 1
edesign resolution 15 pm at 90 deg.

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N




Tracking resolutlon

swmmshmum (Eumple nfdmmleﬁml} i

) !

o TamlsninXgum)

I R 1_L|_|.;.1_L1_| dlaliaey |_1_| N J b _LJ.- L :
i B ] .--.m;.-._so-':"- s 3| BLFL T ‘ns < 115

¥

i—b

1 day
*SVT-DCH relative movement
of ~ 100 wm on a daily base
*Relative alignment done run by
run in the prompt reconstruction
*Impact parameter resolution at
high momentum less than 40 pm.
*D%mass resolution 8 Mev

o(pm)

S5 fl}“ : 'l'l-

i : L PT(GeV} .'
XXXV Rencontres de Moriond, March 2000 mm Carpinelli Universlty of Pisa & LN.F.N



DIRC
*144 bars of synthetic fused silica

*Surface polish 0.5 nm (RMS)
*Paralle] sharp edge

*Building adequate bar in such a
large scale has been very
challenging for the industry

*Average DIRC Water
refraction index 1.47
(water 1.33)

17.25 mm Ar
{35.00 mm rag)

*Cherenkov light
trapped by
total reflection Quartzd, B -sanaonson
l—'p—&rn b ,t_m el ol
4% 1.225m Bars
glued end-to-and

XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



Combined Pid

>3sigma pi/K separation 08
DCH up to 0.5 GeV
DIRC from 0.5 GeV g"‘

07

o

07

DIRC —p
(D*->D0->Kpi)

[
T L or
T

+— DCH 0.7
resolution 7.5%

~ 80% truncated mean (arbitrary units)

il A AN K et (GO Vi) Momentm  (GeVic?)
XXXV Rencontres de Moriond, March 2000 Massimo Carpinelli University of Pisa & LN.F.N



LA B

Number of evenis/10 MeV

g..

= =

LD s Kot
L Without DIRC |
T T T [ S P |

o

1.6 1.8 2
K " Mass (GeV)

Number of evente/10 MeV
-

BABAR -

1§||-

8
|

:
{3

W
8
I

1.6 1.8 2

K x* Mass (GeV)

DO->Kpi P*(D0)>1.5 Gev inCM

0.5<p(K)<4.0

GeV (in the lab

Cherekov angle < 2sigma

XXXV Rencontres de Moriond, March 2000

 DIRC performance

] K eff 80% within acceptance
| Bg reduction by > 6 times

T T e e

 ‘BaBar

.——-J-A..\;—-\-.-L.-J-\.- sy o
0 mo @0 s om0 se

Massimo Carpinelli University of Pisa & LN.F.N



Conclusion

¢ PEP-II is running extremely well

* BaBar performance at the design level

* Detailed study of the detector is going on

A set of validation analysis is almost complete

» We expect 10 fb"1 by the end of this run,

allowing a measurement of sin(23) with an
error of ~ 0.2-0.3

Gruppo 1 Roma March 29 2000 Massimo Carpinelli University of Pisa & LN.F.N



