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Particle ID for B-factory P 3190

CP violation in B decays -- Our Major Physics Goal !

Time-dependent CP asymmetry through B°~B° mixing (indirect CPV):

re(t) — re(t)

Ce(t) + M(t)

ex. B - JUKs 0O ¢l

B - mm 1 @2 :

. ] VudVub

Dercgy rj)ti ars?/énr%etry(dl rect CPV): D
N N =TLP,W VedVeb

ex. B~ DK O ¢3 (e )

Unitarity Triangle
B - Km

Af(t) = = sin(2¢)[Sin(Amt)

B - py/K
. pY/KYy

VidVib

Two important aspects of kaon ID. -
Flavor tagging a w:/% v w/+/4
Charge of high momentum lepton fcp- BB D - S K-
kaon from cascade decays 0 02<p(GeVic)<15

Reconstruction of exclusive decay modes
Two-body B decays — high momentum kaon/pion
[1 15<p(GeV/c)<3.8
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Particle ID for B-factory (cont’d) e s

Requirements

Flavor Tagging
0.2<p(GeVic) <15
Rejection factor O(10"-2)

Two-body Decays
1.5<p(GeV/c)<3.8
Rejection factor O(10"-1)

Technology choices |
dE/dx 0 U (12 2P J Tmax _2_ 521
|

TOF O L/B
... effective for low momentum region

Cherenkov If B>1/n0 cosBc = 1/(Bn)
[Bc:Cerenkov angle]
Threshold device

Ring imaging device

p (GeV/c)

Kaon Momentum Distribution

- Two-body
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Need(ed) technology development! ——| BaBar :

CLEOHII

Aerogel (threshold)
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Silica Aerogel
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Slica aerogels...
 Collidal form of SIO2
e p=0.1g/cm"3, porosity = 95% (n=1.03)
* n=1.006 ~ 1.06
[J useful for pi/K separation in GeV region.
If threshold counter,
required n can be obtained only with aerogels

New devel opment for BELLE-ACC
* New single-step method devel opped in collaboration
with Matsuhita E.W.Co.
 High optical quality
At (@400nm) = ~46mm (n=1.028~1.030),
~26mm (n=1.010~1.020)

O —Si(CH } 3

. + NHg

 Radiation hardness;
tested up to 10Mrad @ Nat’'| Tsing Hua Univ.

Threshold Momentum (GeVi/c)

Transmission length (mm)

[y

Transmission Length
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BELLE KID System
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dE/dx 50%He / 50% C2H6 , 50 layers
AdE/dx ~5% (design)

TOF BC408(4cmT x 6cmW x 255cmL),
256 @-segment
Read-out by 2" FM-PMT at both ends
TSC(0.5cmT) for y background rejection
AT ~ 100ps (design)

ACC Barrel 960 modulesin 60 @-segment
n=1.010~1.028

Endcap 228 modulesin5layers © -
n=1.030
(only for flavor tagging)

Read-out by 2", 2.5" and 3"

FM-PMTs

dE/dx (CDC) |
TOF (only Barrel) -

A dE/dX U5 %
AT D100 ps (r=125cm)

Barrel ACC I n=1.010 01.028
Endcap ACC R = n=1.030
(‘only flavor tagging )
I I I I —»
0 1 2 3 4
p (GeV/c)
n=1.028 Barrel ACC n=1.013 TOF/TSC
- 60mod. 60mod.
n=1.020 n=1.015 n=1.010 /
240mod. 240mod. 360mod.
/
/
Cme = oz === Endcap ACC
IS S S gt [ ana |
SN T 'E%%jﬂoﬁ{5,*;\\4’\*;\*“\\” n=1.030
3" EM-PMT 228mod.
2.5" FM-PMT
2" FM-PMT



Expected Performance

Flavor tagging

1) Tag the b flavor with high p* lepton (=1.1 GeV/c)
2) Tag the b flavor with the sum of kaon charges

[1 Generic B-Bbar decays

(mixing = 0.66) 2M events

B - TtTIKTT

Energy imbalance, AE = E1+E2-Ebeam

based on mtirthypothesis

Toru lijima
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£(%) W(%) geff.(%)
lepton 1218+ 0.02 8.17+0.04 8.53 + 0.02
kaon 29.03+0.02 1658+0.04 12.97+0.03
sum 21.50 + 0.03
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dE/dx Perfor mance

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

dE/dx performance from collision data

= 74%inMC

e 8.3% for MIPS

= 51%inMC

e 5.7% for Bhabha et+e-

* Fluctuation due to gas pressure change

[J run-by-run correction

-1

log, ,(P(GeV/c))

dE/dx measured/expected

Bhabha

HadronC : 0.3<p <0.7 Nsampl>30
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TOF Performance
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TOF time resolution for mu-mu+ eventsin run 142 to 469

MINUIT x? Fit to Plot 3 11

After Toffset correction. (DTF*( {R31} +{ R32}*Z axis
File: *caltof.hst

Plot Area Total/Fit 13428. / 13428.

Func Area Total/Fit 13390. / 13390.

x°= 38.7for 50- 3d.of.,
Errors Parabolic
Function 1: Gaussian (sigma) - QUICK

AREA 13390. +
MEAN 7.91787E-04 +
SIGMA 9.80078E-02 +

Minos

+

115.7 - 0.
8.4793E-04 - 0.
6.1629E-04 - (0]

T

11-AUG-99 09 :14
Fit Status 3
E.D.M. 1.198E-07

C.L.=79.9 %
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ACC Performance Decnten 3, 1659

ACC performance from collision data
* Initial calibration constants [J cosmic muons
 PMT gain monitored by LED light source and corrected.

» Npe distribution has been tested with
Bhabha et+e-

U pair 3000
Kaons in hadronic events

-- selected by TOF and dE/dx 2500

* Npe mean @ [3=1
BACC: 10~20

EACC: ~30 %0

Effective #pe [J0.5 x INpell 1000

» Data arein good agreement with MC!

3500

Kaons
(selected by ToF and dE/dx)
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ACC Performance (cont’d)
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Npe distribution for p-pair events

Barrel ACC

counter type

e LTty T2 T 0

* Beam data

] MC

25 prrTTT S ™3
225 FO g 3
- 2 F0 o
S 175 . .
€ 15 F E
0125 F o8 e 3
75 F 3
2.2 E: O MC O Beam data :
0 :I I Ll 1 I L1l I Ll I Ll I I:
counter type
Endcap ACC (Layer3)
60 L 1D 10113
s $ s, 1255
“t l7m  EACC
s || Layer 3
20 b
10 b
o Lund? v D bibessbe it
0O 10 20 30 40 50 60 70 80 90 100

Cell-66: layer-3

pe



KID Performance

Kaon ID in data analysis

» Each device provides probability
fore, u, LK, p

 Calculate combined probability
Pi = Pi(ACC) x Pi(TOF) x Pi(dE/dx)

» Userdlativeratio; Pk/ (Pk + Prm)

example; DO - K- T+ ———

Pk / (Pk + Prm) > 0.6 for "kaon track"

Toru lijima
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w/o Kaon ID w/ Kaon ID
ALL $ $
10000 ¢ 3000 ¢
3000 - 2500 -
7000 - e F !
6000 % 0*%e%es® " 2000 E ’+
5000 = o, 1500 F .
3888 E: 1000 ; wm‘m*““"m«“
2000 - o
1000 00
O E T Ll | O C_1 Ll T |
1.7 1.8 1.9 2 1.7 1.8 1.9 2
. mD(kpj (kpi) pid k
80530nt|nuuf‘rm°D/Ebe%a > O.??BD
700 - + 350 -~
600 - i 300 - |
500 ﬁﬁﬁ# H 250 - +
400 - e L 200 .
300 ; ++*H+++++++ 150 % -
200 — 100 &%t s ¥
100 ; 50 ; Wil +*++*++++++++++f++++**+
O E o T Ll | O E o Ll T |
1.7 1.8 1.9 2 1.7 1.8 1.9 2
mD(kpi) x.ge.cut mD(kpi) x.ge.cut pid k



KID Performance (cont’d)

Toru

D*+ - DO 1+
DO - K- 1+
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¢ - K+K- Kaon ID for both tracks
300 7
250 a
3 200; \
= i NoK-ID (x 1/10)
o i m=1019.7 + 0.3 MeV
100} ++ 0=3.1%03MeV
: ++
. ./4* % AW\**M #Wt*
0

180
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KID Test w/D* - D1t Docanbr 3 1565

120

O+ ’
Test Of KID W/ D*t* DTt 100/ M(D*)-M(D)
—— L - + 80: | GeV
*0M(D)-1.8652 0.030 KT f
60?

« P(D*)/Eb(CM) >0.5
*[lcosBkiz 0.8
[1 Estimated purity [195%

o L T AN
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S 5¢ Q 2 i
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Summary Decenber 3, 1990

Kaon ID in BELLE, based on dE/dx, TOF and ACC, provide excellent K/t separation
upto ~3.5GeV/c
Aerogel Cherenkov counter system has been successfully developped and constructed.

The three detectors are working fine in the BELLE physics run (no major problem).

Basic performance of the total Kaon ID system has been proven and demonstrated in data.
ACC has aready shown performance, almost identical to expectations.

Calibration efforts are still in progress, and we hope to obtain better resultsin near future.

We hope to provide good physics results with excellent kaon ID in the coming years !



