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B Hadron Production:

v total and differential cross sections
B Hadron Spectroscopy:
w B, B?, B, BS, Ap masses
B Hadron Decays:
v Branching ratios
e Rare Decays
e Polarization
e« Lifetimes
B Meson Flavor Oscillation:
v« Time integrated and Time dependent
s+ Flavor tagging
CP Violation in B Meson system:
v 8in2p

Over 40 B-Physics publications in Run |
2¢ Excellent prospects for Run Il 7%



22

B Physics at CDF in Run |
Compare o(bb): N 8" Meson Differentiol Cross Section
'(4S) =1 nb (only B®, B) S o _ il B.“_vissew..
Z° -7 nb & . g Soimicacrer |
pp =100 ub s | ”
Light quark o(inelastic) 10° larger g E E
B-hadron triggers required s
CDF Run | i i i
& £=110pb at /5=1.8TeV o 3 oS 3
e~ Lepton (e, u) triggers |;“wﬁxw£3.$ws.f..f
X inclusive, pr(B) = 20 GeV e Theorelical Unceriaily e,
X dileptons, pr(B) = 10 GeV A T e )
CDF Run |l pr (Gevie)
w L=2fb"at/5=20TeV Ogo(Pr(B%) > 6GeV: |y| < 1) =
« displaced vertex triggers 3.51 + 0.42(stat) + 0.53(syst) ub
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Highlights: B Hadron Masses

B-hadron masses [MeV/c?]

B* mass:
x52791+17+14

X 52791+ 04 + 04 (CLEO)
BY mass:

4 52813+22+14

Xx 52791 £0.7 £+ 0.3 (CLEO)
B. mass:

Xx 53699+23+13

Xx 5368.6 + 56 + 1.5 (ALEPH)
Ag Mass:

x 5621 +4+3

b 5621 + 17 £ 15 (ALEPH)
Jx 5956 + 22 + 6 (DELPHI)
B. mass:

X 6400 + 390 + 130

Events per 0.3 GeV/c®

| o o e e S B B E B G e B : -

-~ Jiy+e and Jiy+u

12} — Data (B, Candidates)

B calcuiated Signal
Calculated Background

-
1~ ]
I

4 ] 6 [

8 -]
M(J/Ay+lepton) (GeV/c?)

v Decay: B, — v,.( JyX
with Jiy — u™u
e Number of events: 20.4 “22
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B Hadron Lifetimes at CDF

Why measure B lifetimes? CDF Lifetimes Summary
£z _wxﬁ.mnﬁ Vel using 1/T _, «B.) o 151 40,05
vv lifetimes the same at 0" order for .
all B hadrons (B +1.66 + 0.05
»¢ test heavy quark expansion
v+ AI” of CP eigenstates (B, —- 1.36+0.10
“¢x potential for new physics
t(A,) —e— 1.32+0.17
For CP eigenstates 1(B,) —— 0.46 +0.17
v= Al for BY = 1% difficult
ev AT for B could be 10 — 20% a%mw,a * 1.53+0.04
CDF measures in B — v,/*D_: 05 1 15 2
e 7(Bg) =1.36 £0.09 73 ps _.i_:_m_?m_
e AI/T(B.) < 0.83 at 95% CL e Ratio: t(B*)/t(BY) = 1.09 + 0.05
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B Physics and the CKM Matrix

Weak eigenstates # mass eigenstates
Quark mixing described by unitarity CKM' matrix:

& 48 ' Vs Wea Vi X & &
g ) Voo Ves Vo ) ( s )
: b J \ V.';'.' Vr‘:?- V'.".- _ \ D .

Unitarity implies: matrix has a complex phase

1 —A%/2 A AL (p-in)
V A 1=4%/2 AL ) + (N A : )

ALY(1 -p-in) AL® 1 |
Wolfenstein Parameterization

n # 0 means CP is violated

n

k= 3|n ec

' Cabbibo-Kobayashi-Maskawa |
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CKM Matrix and CP Violation

Mixing depends on CKM matrix
Ams o Vi Visls  Amg o [V Vigl*:

u,c,t w
b s D ———AAANAN . &
w* W~ u,ctt fuct
s —— b g m—— A AAAAAA A . |
wen w

CP violation in B® — J/y K2
v J/y KS is a CP eigenstate
(€ r(BD — Jf’ll[/ Kg) + I'(@ o Jffw Kg)

BO
Iy K

- {}

B

CP violation in interference of mixing and decay
Al BO BD) X |A| e;E;S: A(BD =5 B[}) . lAl e if-l'ji:
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Experimental Aspects

Measure
v proper decay time, ct (B rest frame)
vi B, flavor at decay (final state)
v B, flavor at production (flavor tag)

Measured time dependent asymmetry
| Niflﬁs NI Dws

A( [ I}urr‘.'rn ") = D COS' J\n-]\,' ! |
J i' N(t)gs + N(t)ws
opposite side = same side (vertexing)
opposite
side kaon nt
K&
= P
;: 'h‘ K_
Ly 0. o
- -
ot = L, —2
T Pr

Figure of merit for tagger:

¢D?; equivalent to the effective event statistic
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B° Mixing Measurements

New preliminary measurement
e inclusive lepton (e, u) sample

P ) P Dilepton Sample: .~ —==efpem—0.503 + 0.064 + 0.071

v same side tagger (fragm. x) Lepton Tag

e crucial: avoid tag on B daughters piepton Sample: ep  —~=o=t-  0.450 + 0.045 + 0,051

- Lapton T.
v same side tagger re-tuned -
Lepton D* Sample e (0516 + 0.080 " 0 92

. Lepton Tag
Electron Dato — combined fit resuits
il | s08 +03 D* Sample St () 562 + 0.068 224!
M Am,=0.42_ 8@5&- - (sys) avmu.._ Lepion Tag G
of : .
m,. | Lepton Sample ~mgpu- 0,500 + 0.052 £ 0.043
.M JO Tag « Lapion Tag
—0.05
Lepton D* Sample —t (0471700 £0.034
-0 | SS Tag
i inc. Lepton Sample e emmpy 0.420 + 0.090 £ 0.030
-015 | New SS Tag (not in the averags)
02 i CDF Average = 0.495 + 0.026 + 0.025
! | 02 04 06 08
0 . _n.,_ L+ -] o5 0.4 0S5 § —.R —

pseudo—proper time nn_..._;
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Bs Mixing Limit

Search Bs mixing in Bg — v/ ¢ X

0.1

18, mixing Ams=05ps
1 B, mixing Am_ =20 ps

: . 0 e ]
v= tagging as in B 0.057 1144 1\ | r 1] |
v opposite side tag : 1 [
i . 1 |
J (1 L_LM-—I i

{ Dilution: 0.05%

o 25 5 75 10
proper decay time, t[ps]

e soft lepton Y L
vz neutrino lost Eﬂ_os_j ll
. ct resolution =

Limit on Ame:
A Amg > 5.8ps™’
Z at 95% C.L.
=9k
-4 i PR " X | P M i L | 1 L 1 i
0 5 10 15

Am, (F”-')
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Signal B® — J/y K2 for sin 23
e ———— e — e . |
Event sample:

e events with both u in silicon detector
2 precise proper time measurement

v at most one u in silicon detector
X less precise proper time measurement

e tagging dilution from B* — J/y K’

B° —» JAy K,

200r 395 + 31
2]
§150-
(4h}
5 t
2 100t .
e bt |
=

50}

rbC‘J
o
'
=il
o
o
-
o
o
o

(M, ,.z-Mg) Oy
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Summary: sin 2B in B® — J/y K

e e —— ™

Same side r, jet charge and soft lepton

sin2f =0.79 134 eD*=6.3 +1.7%

first presented 1999 now published: PRD 61, 072005 (2000)

> 4
= | asymmetry versus lifetime low ct
(4h) precision lifetime sample resolution
- 3L @
E | o
ng : =
g | 1°
S l

il - - 1

| L]
0 14_ ne —l.0

Ak i y &
20005 01 015 02 025
ct (cm)
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Run |l B Physics Highlight

CDF Detector Upgrades

i - e b arg o & & I 4
r=2r ricyaicar art i
\.4....& _1 WL LY =] = -

X displaced vertex trigger at L2

X purely hadronic trigger possible

X p<1.6GeV: 20 K/n separation
X roughly doubles £D*= for B

S

CDF Detector Upgrade Status

N starts M
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Run Il B Physics Highlights

CDF Run |
v L=2fb"at/s=20TeV
e displaced vertex triggers
CP violation
v sin2f in B® - Jiy K2
2 events: = 10,000
% error: o(sin2pB) = 0.072
w yinB s 1 7" /B: 2K K

assume: S/B=1/2; Ams =30 ps™’

w events: = 5,000/ = 10,000
x error: o(y)=7°
wm physics
* mixing in Bs — D_;
- sensitivity up to x; = 65
e Al inBs = Jwo
X error o(Al'e/T) = 0.05

Required luminosity (fb™)

—_
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Summary and Conclusions

B Physics Results from Run |

v rich physics harvest from Run |
v masses, lifetimes, mixing ....

v first observation of B

e first sin 2 measurement

B Physics Prospects for Run Il
v constrain unitarity triangle
vw probe the CKM sector for new physics
W measure sin 23
v measure angle y
v measure one side with Bg mixing
e Run |, measurements with more statistics
e and much more ....

Incredibly rich B-Physics program and
. lots of fun at CDF
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Measuring y: The ldea

Q

b U
Q

b C
Expect 100 evts: B* — DK*

Atwood,Soni,Dunietz PRL 78 (1997) 3257

Vub

iy
Vcb s

<

Strategy: Bs > K K*/B° - n~ n*
AA Im(g2)

B >t 2y sin2(y+ B+ o)
Bs - K'K™ 2y sIn2(y + Oyp)
But careful: penguins are large

ICHEP 2000, July 27, Ch.Paus - 15



Measuring y for Real

Four parameters Fleischer PLB 459 (1999) 306
v o = ratio of hadronic matrix elements "P/T"”

v @ = phase of above d

Wy, B = weak phases
Five observables
Acp(l) = A% x cos Amt + AT x sin Amt

cp cp
AZ(m'n)

2dsin 6 sin y

1-2d cos 0 cos y+d°
2

(=

24! %— Sin 6 sin y

.

Acﬁr KK
cp | ) 12 12 2.
P 1+2d14% cos 0 cos 7+ =4 2!
Sin E:‘;,-w-Ed' A~ cos 0 sin )
A

[ -

AI?HA’( K-'— K } e

cp

1+2d1=4 cos 0 cos y+d2(1=4"y
sin 2(B-+y)—-2dcos 0 sin(2f3+y)+d* sin 23

1-2d cos 0 cos y+d=

AQ};"‘(H*H )
Agg*(J-'wKS) = sin2p

Assume: S/B = 1/2; Amg =30 ps™’

Results
0(Agp(Bs — K" K*) =0.08, 0(AypB° — n %)) =0.14
a(y) = ‘5 g (stat) +3°(syst)

systematics: 20% SU(3) breaking CHEP 2000, v 27, O Paus - 16
. July 27, Ch.Paus ~



