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e Large production cross section

e Even larger inelastic cross section
(S/B=10-%) O specialized triggers:
m Single lepton triggers
m Dilepton triggers such as
JY - prpe
m Track triggers moved to L1 (Runll)

= In Run |1, L2 trigger on displaced
tracks using SVX will allow

CDF/D0O to trigger purely hadronic
B decays and study such as

BY _ T¢TT, B, - DT .

m Precise 2" vertex reconstruction

o(pp - bb)=100ub At 1.8 Te

o(e*e” = bb)=Tnb At Z9

ole'e” - BB)=1nb At Y(4S)

pp —>bX, vs =1.8 TeV

ly,/<1) (nb)
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D@ Run Il B Physics Goals

QCD tests

* Cross sections

e correlations

e charmonium polarization

CP violation and CKM angles

B - T

o ( +
/ B, - K'K~

e possiblyy B, . DK™

Non SM CP violation
® Bs — J/(,U +¢

B¢ mixing

g Bs —>Ds+n7T
e B, - JIY+K

Spectroscopy and lifetimes
® BO,B+, BS1B01 /\b

Rare and radiative decays
e BLI'IT B-I'T'X,
* BS — K*y



The Cabibbo-Kobayashi-Maskawa Matrix

The CKM matrix rotates quark mass eigenstates into their weak
counterparts
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* A and A have been measured to a few (p, ,7)

percent (A is the sin of the Cabibbo angle)

« CP violation is put into the formalism with
the complex phase n

* unitarity condition:
VisVia +VesVea + VubVua =0

VidViy

ViudVib T
cdV¥ cb

Vcd Vg;)

gives the unitarity triangle
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B Physics In the 21st Century

Experiments will confront the Standard Model interpretation of CP violation
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The D@ Upgrade

Built on previous strengths:
o excellent calorimetry
e good muon coverage and purity

Significantly improved tracking and triggering
capabilities:

e new Inner tracker with silicon vertex detector and

scintillating fiber tracker

» 2 Tesla magnetic field

» enhanced muon triggering

 pre-shower detectors for electron ID and triggers

o level Il impact parameter trigger



The D@ Upgrade
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New Solennld, Tracking System | L L |
Si, SciFi, Preshowers 0

+ New Electronics, Trig, DAQ




The D@ Inner Tracking System

Silicon Tracker

Fiber Tracker
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The DA Silicon Detector

e 6 barrels (12cm) with 4 layers each J 7 TR N
: 4
o 16 disks
 Hit resolution: 10 pum
o vertex resolution:
> 40 uminx-y, 80puminz [y
+ Radiation hard to 1 Mrad 4% %3




P l‘l'l ‘II'I




The DA Fiber Tracker

8 cylinders with 4 layers of 830 um scintillating fibers each
» Radial and alternating u v (2°) stereo doublets
 Fast response, good resolution, low mass



The D@ Pre-shower Detectors

1/4 Detector
Bl CAL tower
Bl Pre-Shower
L _ . CFT Layers

« 2 X, pre-radiator (solenoid + lead)
 Triangular scintillator strip layers
- central: 3 layers (axial + 20° stereo u-v)
- forward: 4 layers (22.5° stereo u-v)



D@ Central Muon Scintillators

A-@ Counters

« 630 scintillation counters

e (An xA@ =0.2 x4.5°)

o full coverage in the
central region

allow low p; muon
triggers
- pT >1.5GeV/c




The D@ Forward Muon System
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« 3 layers of high granularity mini drift tubes
- position resolution of ~ 350 um

o 3 scintillator pixel layers
o (An X A@ = 0.1x 4.5°)



D@ Upgraded Detector Performance

e Good Momentum resolution:
0 dp/p2=0.002 (Silicon + Fiber tracker)
 High tracking efficiency:
o at least 95 % |n| < 3 (Silicon disks)
* Vertex Reconstruction:
o primary vertex: gvertex=15-30 um (r-)
- secondary vertex: av¢"® =40 um (r-@) , 80 pum (r-z)
» Excellent lepton coverage trigger and ID efficiency:
0 muons: pr>1.5GeV, |n| <2
o electrons: pr > 1 GeV, |n| < 2.5
 Impact parameter trigger



CP Violation in B Decays

Flavor oscillations in the neutral B system
Al g

B

=~ 0(107?)

B’ =bd ‘BL>=p‘BO>+q‘§°> AM, =M, -M_

B°=bd |B,)=p[B°)-qB’) Al <<AM,

b t Vv td d
B : o A(By - By) DMV, =|Ale™
B W w B B 2\ /%2 ~i2
i B 5 A(B, - B,)Om:V,; . =|Ale"*
—————e
0 R0 >
Direct and mixed decays interfere B >» 1 B f
with different amplitudes - leading i i@y,
to different decay rates into the e’ Pu e
same CP eigenstate: BO BO
CP VIOLATION




Sin(2B) via B JIY+ K

Asymmetry is directly related to sin2f3:

ACP(t)er—»J/LDKg‘)—r(BO S JIK?)
r(B° - argKe)+r(B° - 3/yK?)

= sin[2(@y,- @5)]sin Am t = sin(2f3) sin(Amt)

: [ -V "V V —
sin2B = |mD_|:|th td cs ¥ cb cd Vs _ 22r](1 p)2
] o Vg Ve VY V V. n°“(1-p)

cs © cb
BB Mixing . o A(F)  K-KOmixing
A(f)




Sin(2B) via B- Jiy+ K

o full reconstruction of final state
o two V’s
- soft pions

e measure decay length

o tag flavor at production

- pion charge

+
¢ » opposite side flavor tags

- lepton charge

- jet charge
Q>0.2



B - JIY K, Reconstruction

JIY - prp-
e two muon tracks
s pr>1.5GeV/c
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B - JIY K, Reconstruction
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B - JIY K decay length reconstruction

« Two secondary two-track
vertices

» Average B decay length:
2.3 mm

» Measured decay length
resolution: 100 pum
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B - J/Y K¢ Reconstruction
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B - JIY K Reconstruction

o JIYYy — U*U- require two central tracks with p; > 1.5 GeV/c
* K¢ - 1°1m use long lifetime to reject background: L, /o > 5

e Perform 4-track fit assuming B — J/ +Kq

constrain 77 rrand p (1 to mass of K. and J/¢ respectively
force K¢ to point to B vertex and B to point to primary
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Flavor Tagging

Op_Z)OSI_’:Ce Sr:dfl tags: ¢ the other B in th t Efficiency (€) and
identify the flavor of the other Bin the event | o o (D)

- soft lepton tags b - 1-+X D=2p-1

» Jetcharge tags Qe <Ofor b P is the correct tag probability

€ D2 is the tag’s effectiveness

Same side tags:

o correlation of flavor and charge of closest
particle produced in fragmentation or decay

BO <
> _
T TT
b B** d C ?
BO
>
d b b



Flavor Tagging

eD? (%) eD % (%) Relevant DO
D@ o
e measured expected _
: CDFRun| |CDF Run Il | difference | Capapilities
Sameside | 1.8+ 0.4 +0.3 2.0 same 2.0
h,elD
Soft lepton | 0.9 £ 0.1 + 0.1 1.7 coverage 3.1
forward
Jetcharge | 0.8+0.1+0.1 3.0 tracking 4.7
Opp. side K 2.4 no K ID none
Combined 9.1 0.8




How many events will we get ?

Ow =3.3%x48ub =158 ub

f(b - Bsg)=0.42

Acceptance :P:(B)>4GeV/ ¢,|y(B)|<3.0=31%

Os =0w Lf [(Mee =21ub

BR=BR(B - J/Yy+K,J/Yy - u'u ,Ks - 1'm)
= (5x107*)(0.06)(0.68) = (2x107°)

Etrigger = 0.27

Ereco = 0.09

N = L [2[&s [BR [Etrigger [&reco = 40K

T

assuming luminosity ~ 2 fb-!




Sin(2B) Expectations for 2 fb

For a time dependent analysis.

_ 2r2g? |1+ 4x5
o(sin2B)=e ¢ a1 ,/1+E
2Xd  +[eD*N S

D: mode JW=> U | ->e'e
« (S/B ~0.75) trigger eff. (%) 27 20
e £D2~9.8% reco’d events 40,000 30,000
e Time resolution _ 0.04 0.05
o, ~ 100 fs G(szﬁ) 0.03

e assuming luminosity ~ 2 fb-!
e D[] and CDF have similar precisions



New Director - New Run Il Plan

e No long shutdowns

e Gradual luminosity improvements as we run
o Run until LHC results tell us to stop

« 3 (or more) fb-! per year at peak

L (fo) gimﬁf; E‘; o (sin2g)
2 34 K 0.04
5 85 K 0.03
10 170 K 0.02
20 340 K 0.01




Neutral B meson oscillates due to 2" order weak interaction:

If initial state is By
P(By) =2l et (1+cosAm,t)

P(B,) = %reTt(1-cosAm,t)

* The mixing of B, and Eq IS governed by Amg and Al g
e Mixing parameter xg = Amg/l g



Neutral B Meson Flavor Oscillations

b S d,s
| Wi W
d,s =

U b
Vi

- oscillation frequency Am, [ V,~ thDZ

- since Vi, >> V4, B, oscillates faster than B,

[Vig | Am , > m(B
td'_ (1.16:+006)s [2"a*"Bs)

- An observable value of Al Is expected in SM

- Since B, mesons are not produced on the Y{4s), this physics will
be unique to hadron colliders;



B¢ Mixing at D@

Use fully reconstructed events
e Bs - Dgrr* 100 - 300 events
e Bs - Dsmrtmrmr* 300 - 900 events
» Ds - @m - KKiT
- final flavor tagged by charge of the Ds
- hadronic modes require lepton from opposite b for
trigger - sign gives initial flavor
By - JW+ KV 300 - 1000 events
- easier trigger
- Initial flavortag € D? ~7 %

- final flavor tagged by charge of K in
KUY K~ - €D?2~90%



Amplitude fit of B oscillation frequency

Generated xg = 20, smeared
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* D@ can measure X values up to 20 - 30 in 2 fb!
o further study is needed to determine our maximum reach



B - mmat D@

* We must trigger on a lepton from the other B in the event
- require: 1 lepton pT > 3 GeV and two other tracks with pT > 1.5 GeV
- total detection efficiency is between 0.25 - 0.5 %

A datain 2 fb™
W B — nn
+++ W B, — KK
B B, > Kn
+ B B, —> Kn

N
(o)
(@]

expected tagged events:
B, - 300 -600
B, - K*K- 650 - 1300 *
B, - K*1t 1300 - 2600 100 |
B, - K*m 150 - 300 *

entries/(2 MeV)
S
S

o)l
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Conclusions

D@ is poised to make significant beauty physics
measurements in Run I1. We will begin to take data in
the spring of 2001 and in 2 years (2 fb1) we will:

 continue QCD studies

e measure sin2to an accuracy of 0.04

e measure (or put a limit on) Bs mixing up to x, ~ 30
e put limits on other CKM angles a, y

e measure /\, lifetime in exclusive decays

e rare decays, heavy baryons, .......



