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Peak Luminosity

Weekly Integrated Luminosity (pb™)
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The CDF detector

Solenoid

b-physics:
* excellent momentum resolution
and vertexing:
Silicon, Layer 00
large radius drift chamber
» dE/dx: particle id
* Triggered muon coverage: |n| < 1
* Triggers: dimuons,
lepton + displaced track,
two displaced tracks.

Orift Chamber!

Time-of-Flight Silicon Microstrip Tracker

Plug Calorimeter




w The D@ Detector

b-physics:

* Tracking: small radius,
but coverage up to |n| < 2
Layer O

* Triggered muon coverage
up to n| < 2

* Triggers: dimuons,
single muons, (track
displacement at second

trigger level)

Forward mini |
drift chambers

Central Scintillator

Forward Scintillators
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B, Mixing

b5

Two flavour eigenstates:

B
B)=|bs| V=1 Re(V,)=0.04

Mass eigenstates are an admixture of B’ flavour eigenstates:

B")=p|B°)—q|B")  |B'|=p|B+q|B]) LT

Assuming no CP violation: mass eigenstate = CP eigenstate
[ ~ CP even (short lived), I, ~ CP odd (long lived)



B, Mixing

Time evolution of the eigenstates is described by

(B0 [ My Mia| (X Ty (500
‘dt \BO(t)) ~ | My, Mo ) 2 \Tiy To )| | BO¢) )

mass matrix decay matrix

Experimental observables describing the system:

Am_ =my—m_ ~2|m,,)| Oscillations between B?and B,
A= T —Ty~2]l,| cos(P,) Lifetime/width difference

®, =arg(-M,/T 45,) CP phase (— tomorrows session)



Measuring Am,

Prob oo (x) ~1x (1 - 2r]) A Cos(Am Kx/c)

true visible decay length  purity of fIavour tag Amplltude

* jet charge tagging:
sign of b-quark ~ sign of momentum
weighted sum of particles charges in jet

Reconstructed or
signal-side

* lepton tagging:

from semileptonic b-decays Opposite , N
(b < I, bbar « I¥) side 2
# Semileptonic
* same side tagging: Fully &+partially
charge of ‘nearby’ track correlated K, Reconstructed

with b-quark flavour % oonsin
(b < K/, bbar « K'/1m) adronic



DES Am_at D@

First two-sided limit 17 < Am < 21 ps™ at 90% CL (1 fb™)
PRL 97, 021802 (2006)

Updated measurement in 2008 (2.4 fb™)

e Individual amplitude vs probe Am, for each channel

* Runlla and Runllb considered separately (Layer 0)

* Event-by-event scale factor to correct for impact parameter resolution
* Improved modeling of trigger effects & missing particles correction

* Hadronic modes included

DS Run I PreI::ninary Data Samp|e
e B, > D pvX,Dg—®m 44000
e B, — D, pvX, Dy — KK 18000
B,—»D. uvX D, —»KK 600
B,—>DlevX,Di—>dm 1600
B l l I | | ::le'i BS_)DSTI-’ DS_)qDTr 200
O 46 48 5 52 54 56 58 6 Total 64400
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DES Am_at DO

@ 2.5: =
s oF + data 1o (tot) E
g iy 3 [ ] data+ 1.645 ¢ (stat) ;
< °t [ data+ 1.645 o (tot)
1E
0.5F ol
s Ty 11 1)
May 2, 2008 T_ ** f’ * ** **ll I-.I'
. — D2 Bynll Preliminary: f L dt=2.4fb" I
E_ T 7 =
< 10__ ............ Feargrrrrrrrr e o Stat error Only ..... ] E
- total error . ---%-- sensitivity: 27.3 ps™ (tot) E
5 __ ................................................................................................................. , ............................ __ _:
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D@ Runll Prellmlnary [ L dt = 2 4 fb

B T T I 1

Am_ = 18.53 £ 0.93 (stat) £ 0.30 (sys) ps

2.9 o significance (3.0 o statistical only)



Amplitude

Am, at CDF

2000 fully reconstructed decays
3100 partially reconstructed decays
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Phys. Rev. Lett. 97, 242003 (2006)
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Measuring Al in the decay B, — J/y @

In J/yp restframe:

K*K- plane defines (x,y) plane

K* defines +y direction

O, W polar and azimuthal angles
@ in ® restframe: angle(K", -J/yp)

Pseudo-scalar — Vector Vector

Different angular distributions for CP
even and odd components

Simultaneous fit to
mass, lifetime and angular distributions

CDF Run Il Preliminary L =2.8fb"
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w Measuring Al in the decay B, — J/y ©

Both experiments have now analysed 2.8 fb™
Results below are for d = ¢

arXiv:0802.2255[hep-ex]

E104 = 1 ‘D CDF Run Il Preliminary 2.8 fb”
= F DO, 2.8 fb ata -
s .l — Total Fit 5 3
10, 0 . S10° L
T10°E B;—>dJdive .. Total Signal E -
§ - |} Mass5.26-5.46 GeV .... op_ayen st
10°F CP-odd 0L
= - ACKQr( -
:g i | -
8 10 §_ 10 g—
1 i
z L
1057 ' 0_|4' ~=0.5 R T
ct (cm)

A =0.14 +£0.07 £0.02 ps™ .~ &P even (light) Al =0.02 £ 0.05 + 0.01 ps”
_ -- CP odd (heavy) _
T, =1.53+0.05+0.01ps T. =1.53+0.04 +0.01 ps

S



w A different approach to Al

. B, — D, D. (~CP even)
Neglecting small CP odd component: AT/T =2 BR (B, - D, D)

CDF: BR (B, - D, D, ) measured relative to B® - D, D-
0.36 fb': Al'/ 22 BR (B, - D,D,) > 0.012 at 95 % CL

D@: BR (B, — D’D’’) measured relative to B, — D:’uv
2.8 fb-': AT/I" = 0.088 + 0.030 (stat) + 0.036 (sys)

» B, — K" K" (CP even)
CDF: Displaced track trigger and good mass resolution

Assuming flavour specific c1(B ) = 1.454 + 0.040 ps
Al =-0.08 + 0.23 (stat) + 0.03 (sys) using 0.36 fb

Update to > 2fb™ in progress.



w Al', Summary

ro=@ +T,)2= 1k,

S

Al's Measurements

Contours of A(logL) = 0.5

CDF 0.26 fb™

+0. b = { T r r .1 T T T T [ T T T T [ T T T T ]
047 210 +0.010 < 04l Flavor-Specific ]
(7p] [ 0 |
DO 1.1 fb” Q [ T (B.") m ]
— — 0.2 - PDGO08 .
0.13+ 0.09 Z _ :
1 = . 4
CDF 1&15? i 0.2F Direct .
0.076 °, ;. + 0.01 . measurements
DO 2.8 fb"' (sub. PRL) 0.1} Theory .

0.14 + 0.07 + 0.02 T -
CDF 2.8 fb™ (prel.) not included Or Combined 1
0.02+0.05+001 '~ | ¥ inaverage [ ]
_ﬂ|_— .

World average
0.102 +0.047 T 02 .. . S
| | 1.2 1.3 1.4 1.5 1.6
0.5 0 0.5 11T [ps]

ATs[ps']  JHEP 06(2007) 072: Al =0.088 + 0.017 ps”



B’ lifetimes

Al' # 0 — specific measurements

» Flavour specific lifetime
Equal mix of BY and B att=0
e.g. semileptonic decays

» CP specific lifetime
Assumed to be either CP even or odd
B, — D.," Dy assumes to be CP even — measures |

* Mixed CP states
B.—Jyd



w B.° flavour specific lifetime

+0.028

D@: 1.398 + 0.044 _ go5 PS

0 p . .
semilep, 0.4 fb B; Flavour Specific Lifetime

PRL 97, 241801 (2006) ALEPHD, | - 1.54 74+ 0.04
CDF (new in 2008): CELPHID. | |, 4279 003
1.518 £ 0.041 £ 0.025 5 o
B, — D, (®m) X OPAL D, | —t 1 150" %1%+ 0.04
CDF Run Il Preliminary 1.3 b CDFRunID,| w+—s—34i 1.36+0.09 ' )2
B ;E‘L“i # Data
102 - A gﬁi Fit Result +0.028
E Fd ‘{é‘ R DORunliD,p X =¥ 1.398 +0.044 0%
o —— DK+Dp+D*x+B_others
= s
g B DX, B'»DX, AX
2 CDF Il Dx (prelim.) — 1.518 +0.041+0.025
g0
T L
S World average HH 1.456+0.030
1 | 1 1 1 1 | 1 1 1 1 | 1
15 1 1.5 2

0 005 01 015 02 025 03 0 ver s
ct (cm) B, lifetime [ps]
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B Hadron Lifetimes

Gym; Aoep Aocp
F=———V, " [A+A(—2) +A,(—=
1927_(3‘ cb ‘[ 0 2( mb ) 3( mb )]
) /><: M N W
« A I
) ) u u > g d
W < u
d > > b > N
d > > d

>

>

Spectator model

b hadron lifetimes
are equal

Y
=
c n o Cl o

Pauli Interference
prolongs lifetimes (+3% /\,)

Weak Annihilation
and Exchange
reduces lifetime (-7% /)



B Hadron Lifetimes

* The B* and B? lifetimes are precisely measured at B-factories.
 Tevatron gives access to B, B, and /.

Expected: ©(B*) > t©(B°) = 1(B%) > (A, ) >> 1(B,)

Theoretical prediction for lifetime ratios:
1(B*)/x(B°) = 1.06 + 0.02
1(B,)/t(B%) = 1.00 £ 0.01
(A, )/1(B°) = 0.88 £ 0.05



The B, meson: A double heavy bound state

-1, v
B. meson decays via weak decays of
: er e b - C
b or ¢ quark or via weak annihilation J/p
— considerably shorter lifetimes c ) C
than light B mesons.
b > b B.
B, lifetime is measured in C < S
semileptonic decays (B, — J/y Iv)
(large branching fraction wrt hadronic channel) m, |v
B, mass measured in hadronic decays .
(B, — JIp ), lifetime is used to reject W /< i
background C X v s



B, lifetime in semileptonic decays

measured variables: d

— _ — _ — p
dxy - Xprimaw_vertex Xsec:ondary_vertex L T
— Xy
pT(J/LIJ’ l)

transverse decay length L, = (a’xy * F_)’T)/p% *m
CTg, =M ny/pT(BC)

B. momentum cannot be fully reconstructed
— correction factor (K) derived from Monte Carlo

pseudo(CDF)/visible(DQ) proper decay length
ctp /K =m Lxy(J/y l)/pT(J/y )



B, lifetime in semileptonic decays

ct, = 179.1757; (stat) um CDF Run Il Preliminary: ~1 fb

_ +18.0 iy —— -2log(L.)-2Log(L,)
ct, = 121.7 7 g5 (stat) um E} & R
. . . ad —— 68% Confidence Range
Combined lifetime from 3 4 o 5155
likelihood scan of B, lifetimes 5 e
O
(-2Log(L,)-2Log(L,)) &

1(B,) = 0.475 *0%% (stat) + 0.018 (sys) ps

CDF Run Il Preliminary: ~1 fo™' 1
103 = - Data-Jypu
] Total Fit 0
- — Signal L
2l —— bb L
105 —— Fake Muon -, | U M AN 0 RGN VSN
- Ny Fake J/y 100 120 140 160 180
" T 1 T Promth}{w
10¢ - Fit prob. = 0.51 B. ct (um)
:_ / 4 .'. \".\'\\
RN
| Ui \\*\
102 ||\| T\t..N..
-1000 0 1000 2000 3000 4000

Pseudo-Proper Decay Length (um)



w B. lifetime in semileptonic decays

= 180 -1
b N —
| | | 8 160k DO 1.3 b Total
* Tri-muon invariant mass used to &40 |4 Signal
characterize each of the 3120? - JAyQCD MC
components contributing to J/y y €100 | Prombt
| © gop P
sample. 5 OUE
60 : — Jiy + Track
: 405 ~
* Use mass only fits to demonstrate o i .
signal, then simultaneous fit D TR Sy NI/ e s s MRS 3 S
3 4 5 6 7 8 9 10

to mass and lifetime.

E 104_E DO 13" — Total Fit
g = — Signal
a - Jy SB+pu
: E
2 102f AN M, Jhy+Track
C - s * +
10 ; \ ? B
- VA DN ¢ i
12_[ ” .-; ' N~ ,T’ I I |
10“: A e | |

£ A PRI | PR L T P R & LT 1] P
0.1 005 0 005 01 0.15 0.2 0.25 0.3
VPDL [cm]

M(J/yp) [GeV]

w1 pompt | T(B,) = 0.448 22%° (stat) £ 0.032 (sys) ps

- 0.036



B. Overview

B. Lifetime
CDF Run | Jiy | * 0.46 "), +0.03
DO Il J/y p (sub. PRL)  wisfg 0.448 7, 0> +0.032
CDF Il J/y | (prelim.) - - 0.476 7, +0.018
World average = = 0.461+ 0.036
| ) | 1 ]
0 0.5 1

Theoretical predictions”

B, lifetime [ps]

:0.48 — 0.55 ps

*V.V. Kiselev airXiv:hep-ph/0308214



s A, (udb)
w A, lifetime . wao *
A (uds)

D@: A\, — A, uv X 1.3 fb" (4437 decays) t(/A,) = 1.290 3115 (stat) 5.oer (SYS) PS
N, — NIy 12" (171 decays) t(A,) = 1.218721%0 (stat) + 0.042 (sys) ps

0.115

CDF: A, —» AJly 1.0 fb" (557 decays) 1(/\,) = 1.580 + 0.077 (stat) £ 0.012 (sys) ps
N, — N, 1 1.0 b (2904 decays) t(A\,) = 1.410 + 0.046 (stat) £ 0.029 (sys) ps

CDF Il Preliminary 1.0fb™

DO, L=1.2 fb’
A— JIW A

» [Data
— Data fit

- [ signal region
n [l Bkg region

N(J/y A)=532

[=2]
(=]
T

N
=]
o

Y
(=]
T

Events/4 MeV
B
(=]

N
[=]
T

Candidates per 50 MeV/c?

o

1 1 1 1
52 54 56 58 6
Invariant Mass (GeV/c?)

Candidates per 50 MeV/c?
&
| (=]
3

Jr

_+_+_

5o * Data
I Signal
—Total 1 L
|4 i [ |
51 52 53 54 55 56 57 58 59 6 6.1 : - - 5.65 5.7 5.75

Invariant Mass (GeV/c?) Mass(J/y A) [GeV]



N\, lifetime

Most recent update:
CDF: A, — A, (— p K) T using a displaced track trigger

* Two step fit: mass, lifetime for signal region only
* Trigger efficiency from MC
e Using current world average for B° lifetime: t(A\,)/t(B°) = 0.922 + 0.039

Efficiency Two Track Trigger

0.025cm

* from MC
* includes dead regic

DNS

| CDF Il Preliminary, L = 1.1 fb’

o

Qo

1200/

E

Candidates pe

= 14001

P
o
o
[=]

2]
(=
ID

()]
(=]
(=]
e

Ay, Four-Track
A, Semi-leptonic
A, Other

B Four-Track

B Semi-leptonic

B Other
A,= A, K

Ap—o A X
Combinatorial

5 55 6
m(/\,) in GeV/c?

6.5

7



A, lifetime 2008

A, Lifetime 2008

ALEPH A, | —a— 1.18 7 )73+ 0.03
ALEPH A° I = . 1.30 7 )2 + 0.04
DELPHIA,l +—=—1 1.117 15 + 0.05
OPAL A, | | . 1.29 7 )% +0.06
CDF Run | A, | H—e— 1.32+0.15+ 0.07
DO Run Il A | H—a— 1.290 5120008
DO Run Il Jiy A —— 1.218 %130 £0.042
CDF Run Il Jy A —=— 1.593 7)0°° +0.033
CDF Run Il A (prelim.) [ 1.410+0.046+0.029
PDG 2008 - 1.383 75 o

| | | | | | | | |

2
A, lifetime [ps]




Conclusions

Reviewed recent Tevatron measurements of the B system and
b-hadron lifetimes.

The Tevatron experiments continue to produce precision
heavy flavour measurements that are complementary to and
competitive with the b-factories.

With ongoing data taking and a doubling of the data set further
iImprovements to be expected before the LHC takes over.
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B. mass i,

Bc: 81.0+124
- Mass: 6275.4 + 2.8 MeW/ic®
o 15500

20:—
s | CDF
i -1
E 2.4 1b
E 10:—

-9
o

D@, 1.3 fb”

W
o

B.15 B.25 6.35 B.45
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W
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-t N N
(&) ] o o
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-ol,llllllllllllllll
m—
o
m_

e

" 62 64 6§ 68 7 'z).z
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D@ Trigger System

Detector -

1.7 MHz

: SVXII chi
L1 Trlggel‘\ Digitization
Rate
L2 Trigger
<50Hz>

250kB/ev
—
Calorimeter

Digitization
Rate

_ Reconstruction
Farm



CDF Trigger System

Raw data, 7.6 MHz Crossing rate

Level 1
pipeline: Level 1
42_ clock +7.6 MHz Synchromous Pipeline
cycles *5.5 us Latency
<LOVX read out after L1
Level 2
buffer: 4
events
Level 2
* Asynchromous 2 Stage Pipeline
*20 pus Latency
DAQ <300 Hz accept rate>
buffers
b
L3 Farm

»

Mass Storage (50-~100 Hz)



Muon system

C Scint
FORWARD ==
PDT: Wire Hits
TRACKER (MDTs) Pr”éjggm /BC Segmert
NORTH ) I\ . 4
. & — n | OQ
Tl Sl ] o CENTRAL e
6 : W TRIG g
; 7S CINT
[~ L& :' : ! (A-0)
SHIELDING il 7 ; ASegment—i\ -
i ‘ ' ' : , AN ,.»‘JuE-e:irut/|
ml o - = e e e | _
' . ] : @ View 2, Side (Z-Y) D [
FORWARD ° —
TRIG | - S
SCINT r
(PIXEL%) . .
* Main features:

-5 |—

+ 3 layers of drift tubes.

SR S TR + 3 layers of scintillators: triggering, improved
(BETTOM BC PENT 4 resolution in wire direction, rejection of cosmics
: : o » Toroid magnet (1.8 T) after the first layer:

local p_ measurement (trigger).

+ Toroid and solenoid polarities reversed on
regular basis.
+ Track matched muons up to n| <2.2




Silicon Track Trigger

e L1 CTT tracks are used to define roads ®
into the SMT. QQ_ 2 mm road
e SMT hits are clustered in these roads. - el o
* Track is refit within the road. O Ty o SMT barrel
O s T~ : " 9. - Tt ~ ///"’-----_________---ﬂ““\ h

CFT H layer GRS ,_.;1;?’1;/:;__ "c;:\' \_. \

— Improved p. measurement wrt L1. 8 L)) )

\ A 4 g ' /f"' ; I
— Impact parameter measurement. CFT Alayer 9\ o /

Under-used by b-physics in Runlla:

* Impact parameter bias difficult to model/analyze.

* (Planned) late commissioning: Triggers already well established with
sufficient rate reduction.

* No displaced track only trigger due to L1 bandwidth limitations.

Runllb: b-physics and Higgs group are the main users of the STT.



Trigger System: Level 3

Tools of the trade:
* Muons

* electrons

* tracking

* taus

* jets 1

oS —
* missing E_

— Triggered n
—_ All n

* primary & secondary vertexingo.9s 1. 1.05 GeV
* isolation (muons, electrons)

* impact parameter (tracks, muons)
* invariant mass

p$ > 4 GeV

Nseg = +3

% 1 1 1 1 | 1 1 1 1 | 1 1 1
0 50 100

IP Significance

1 I 1 1 1 1
150 200




