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Before starting...

m Speaker background:
a Member of CDF since 1999 (CDF “biased”)
a My current work Bs meson mixing.

= A myriad of B physics analysis at the
Tevatron:

a Picked up a very reduced sample as
illustration.

a In great detail: out of the oven Bs mixing
result.
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\Outline

m Introduction

a Hadronic b physics motivation
a Tevatron — CDF and DO

a Event selection...or why CDF
and DO are two separate "B
worlds”

= 1001 Analysis

a Lifetimes, CKM physics, CPV,
Spectroscopy...

m A detailed case: Bs mixing
s Summary and Conclusions
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\ Introduction

= Why B physics ?
= Why in a "messy” hadron collider?

m Event selection...the hadronic path at CDF

7 4

XXXIII International Meeting in Fundamental Physics, Benasque March '05, 1. Vila



Intro — B physics motivation DO@

s Excellent benchmark for flavor physics
o Improve our knowledge of the SM
o Determine constrain CKM matrix elements.
= New Physics probe, additional contribution in loop and
tree diagram
m Rare decays (Tree level suppress in SM)
B decays with dominant s-penguin type amplitudes.
Bs oscilations

s We see hadrons not free quarks
a Non perturbative QCD playground
o Non perturbative methods/computations valiation
a Mass, exclusive lifetimes,... QCD probes at low Q **2

a%
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\Why in @ hadron collider ?

History of Brilliant predecessors
CDF Runl

UA1 (1987) primera medida 2
inclusiva mixing en hadrones B 2 ALEPH
. = LD
Signatura: carga de pares de =
leptones de alto momento {54
' Standard Model
transverso prediction
T T
& 16
8 / 5
g 108 3o _ 8 :;
5 1% S Average
= 13 0.5 cDF 0.734 £ 0.055
0 - 20 17 002
1o 11
10° ! ! L o
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X = Fraction of Wrong Sign
Beauty Hadron Decays
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Intro — Why B physics at Tevatron? D B

m Large b production cross-section
a o(bb) ~ 50ub (5kHz @ E32, sqrt(s)=1.96 TeV)
a o(bX, |y(b)|<1) ~ 30ub (3000Hz @ E32)
a compare: o(bb) ~ 1nb at Y(4S) ( 10Hz @ E34)

s Many B hadrons states produced:
Q BO, B+, B Ab’ BC’ Hb
= But... HUGE inelastic cross section ~ 100mb

s A dedicated selective trigger needed vs. B
factories inclusive trigger.

‘3 7
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‘Introduction — Tevatron D@

1o Infegrated luminosity at end of each FY
Collider Run 1l Peak Luminosity Design Base
| HEAT LEET o Fiscal :
Year () L]
LE FY03 033 0.33
Eg Fyod 0,64 0,56
o 7 Design Frojechion
2 FYoS | 12 | 093 ]
£ %ﬁ s FY0R 27 14
- 2 FY07 4.4 22
3 § ] Fves | od 33
H ) -i 4] FY09 8.5 4.4
2
14
o
820,03 304 ERNT 1106 2T 10208 107304
Start of Fiscal Y ear

Tevatron performed very well in 2004:  Luminosity Projections:

e Peak lumi above 1 x 10*?cm=2%s~! e Expected peak lumi

(Run I peak lumi: 1 x 103 ecm=25—1) 3 x 102cm—2s—1 by 2007
e Recorded integrated lumi: 0.5 fb~!, o Delivered luminosity
350-400 pb~—! good run data ~ 4-8 fb~! by end of 2009

(all important detector subsystems working) (30_60 % more than Run D

e Data taking efficiency about 80%

‘3
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\Introduction - Experiments

Excellent muon and
tracking coverage = high
yields

+ Extended muon system
Inl<2.0
¢ Tracking up to |n|<3.0
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Muon system (extended up to |n|~1.5)
Tracking System

3D Silicon Tracker (up to |n|~2)
Time-of-Flight (particle ID)

Trigger system (on displaced vertices!)

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight
entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon
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Introduction - B Trlggers

= Di-lepton - dilepton sample

. o pT(u/e)>1.5/4.0 GeV/c G
o J/y modes, masses, lifetime, x-section /7 Qp

= lepton + disp rack - semilept~ A‘d

JEY o Yield 2x Run I (low Pt threshold, increased/ Qé 6\'
_ < 0{}

. a pT(e/n)>% GeV/c 120mm<d0(Trk)~" & ,bq < GeV/c

o Semileptonic decays, Lifetimes, f Q/(\ K(ﬁ\ /
2 B Yields 3x Run I Pt S

v b /

= Two displaced vertex trar ,\Q bé /sample

. o pT( GeV/c, 120 uV \(, O /pT>5 5 GeV/c
a  Branching ral N ’

Impact parameter
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SVT Impa ameter distribution
1000 /ﬂ. I
=48um ) Includes
- 33um
beamspot
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B physics analysis

= B hadron lifetimes, mass and branching ratios
= CP Violation

= Mixing

m Spectroscopy (excited and exotic states)

s Quarkonium production

= Other flavor and “track-oriented” physics
a Charm physics
o Pentaquark searches

‘j 11
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The old good way D5 €6
Lifetimes in exclusive charmonium decays

= Very well understood di-muon triager. B! — J/v(utp )o(KTK™)

COF Run Il Preliminary

‘h COF Run Il Preliminary §_ B, = iy b
By — Jhy ¢ - ——data
$ o Bhsdak Bmisia bl Wesi)
2 It prof: 53, miEkg) !. ciiBkg,|
240 pb1 & $u o)
g g Fit prob: 26.9%
i]
~ 250 EVt. } )
.
e e e, G A
o T, = L1.369=x0.100 (S?ﬁﬂ-f.:}tg:g?g{ﬂyﬁt.] ps
220 pbt =T g frowx -
- L
Background Q 5 igna
~ 350 Evt E’.zo TTTTT §;|_0
§ 150 § 10
% 100 -g
- © 10
1
. 5.4 5.5 . 10'1:

-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
Proper Decay Length (cm)

T(B?) = 1.44473-998 (stat) £ 0.020 (sys) ps
= DO higher yield, future CPV meas. (sensible to NP)
‘j 12

5.6
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CPV - Two body charmless decays B — h*h-

+ 0.03(stat)

= Time dependent asymmetry Bd —» nmn (a angle) and Bs — e)
Direct CP asymmq o i “—1 Bs —» Kn
Bd > 7K D|rect CPV Acp

1. extracting the si
| | BaBar —0.133 £+ 0.030 % 0.009
Online hadronic seleq !
i : ‘ i ing

+ B pointing prim. v¢ Ba||e —0.101 4 0.025 £ 0.005  |_51/5)q1
displaced & isolated

. CDF Run 2 Preliminary,L = 180 CLEO _DD4 :|: D]-E' :I: 002 :tlon (180 pb_l)

Bl ] -0.03(stat.)

T s =>n't CDF —0.04 £ 0.08 £ 0.006

o
893147 signal events
Mean 5.253+0.002 GeV/c?
1 1 1

+
o ¢+4

NI =

0.26+0.03(stat.)

0.02+0.03(stat.)

52 54 55 58
7 Mass [GeV/c?l

‘3

F

(dE/dx dE/dx( n))/c(dE/dx)
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Bd & Bu — Tevatron vs. B Factories
m By, limitations:

a No neutral reconstruction

a Lower flavor tagging efficiency

Y(4s) Tevatron
m Coherent BB production the s No Coherent BB production mixing
other b always tags the flavor dilutes de flavor tagging

D?.‘ra.cm: - 2(1 — fd “Xd — f,r_;}(,r_.;) — 1~ 0.7
m Geom. acceptance ~ 100% m Geometrical acceptance ~ 20-40%

s Competitive B, , program:
o Selftagging modes
a Charged final states
a Rare decays

s Wait for the next generation: LHCb

14
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A detailed analysis: B, mixing &

m Introduction
a Why ? How? Status?

m Ingredients;

a

a

d

-inal State reconstruction (semilep. & hadro.)
~lavor tagging

Proper time measurement (lifetime and mass)

= Blind amplitude vs. Am_ scan

~@
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Introduction — Why Am, ?

= Measurement of Am, constrains the CKM triangle.
= Sensible to new physics via virtual intermediate states

= Very fast oscillations !!
Experimental challenge !!

b —s —d. s
wé gﬂr
H,E/ ‘QT‘” \ B

Re(Vis)~0.04

<
—

(c, u)

o
=]
N

Mixed Asymmetry
=

th"’]

=
—

Re(V,)=0.040 > Re(V,4)=0.007

‘j

| B, mixing Am_=0.5 ps™

o
=]
il

M=
T

] Dilution: 0.05
0 2.5 5 7.5 10
proper decay time, t [ps]
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: XXXIII International Meeting in Fundamental Physics, Benasque March '05, 1. Vila



\Intro - Who?

m Plan A, direct Ams measurement:
A. Flavor defined final state reconstruction
B. B Flavor tagging at production
C. Proper decay time measurement.

s Plan B, indirect measurement, decay
Width difference AT, of two CP(mass)
eigenstates: hep-ex/0412057

0.25
AT, /Ty =0.6573 353 +0.01

AT = 0.477053 £+ 0.01 ps—1
5 2
Ams ., 2 m 8’”’1 L S
Ms ﬁmt (1_ 5_5) 1} ( : ) A}'nq—lQF—'_SpS
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Intro - Am, Status

ALEPHI
(9195, no D |, adjusted)
iLF F'H I'l_l!

o.u:mn
91-00f

DELFHIE +I)
193-95)

DELFHT D J+41
193.95)

DELPHI vix
[ERRIT
DELFHTI
(92.00)

OPrAL |1
(91-95)

OPAL DI |}

(91-95)

SLDD
19695

SLD dipole
196‘-?&
World average

Heavy Flavour
Averaging Group

||||||||-|||||||!||||||||| .B.I]Il]“ll.ll&

[+

e+

(semshtivity)
0.45 £0.76 020 (13.2ps™)

1IR3+ 1494032 (TEps

[N NN TR FEEE S N A
% 4 2 0 z 4

amplitude at Am_= 15.0 ps”

AT 2115 047
.14+ 2.00 £ 0.51
045 £ 358+ 193
125+ 1374031
023304 0.5
£.96+1.35 +0.71
28%2.34+191
3631305700

L3 + 1360

+0.44
O = LO0 "oy

046 +0.42

(0.4 ps'ir
(51psh
(A2ps')
(B6ps™)
[ 6.9ps™)
(9.1ps™
(T2 pr:"l
(4.2ps™)
33 ||s"!

(B.7ps™)

(183 ps’™)

s Combined limit from LEP, SLD and CDF Run I

a Comb. Sensitivity ~ 18 ps

a Comb. Limit ~ 14.5 ps'!
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= :F . 1 3
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1 b
: II H
-1-'..'." I TN RN RN NN PR FEE S NN RN i
0 1.5 5 5 o 125 15 175 M 2X5 15
-1
Am, (ps )
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Overall analysis strategy

s Observable:

Nmia (IL) — Nunmiz (IL)
Amiz(t) = — - = —D x cos(Amyt
mn:( j ﬁ"mi:c(f—) + A"-u.n-mi:c(ﬂ ( * )

Dilution: D = 1 — 24 Nwrong

'i‘.L rong +1 N right

= The sensitivity approx. by: _ : '
/ Proper time uncertainty

exp(—oqAm: /2)| oot H™® o, =M@ @CT(%J
Br R® R@® R (B)

For semileptonic decays(P (‘;’)) 15%
Flavor Tagger T

- Op (8 0
“effectiveness” | [Fully reconstructed decays £F>Pr((|3))Jzo'5/0

Signal
optimization

T
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FINAL STATE
RECONSTRUCTION
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\Signal Reconstruction DS

m 355 pbtfrom April 2001 — August 2004

= Hadronic and semileptonic channels:
B,— D& B,—¢D,X with D;— &r, K*K, 37

.. ol
s Maximize N

s Long lived backgrounds (reflections, missreconstructed cand.)
modeled usinclg realistic full detector simulations. Trigger
efficiency sculpting is critical.

s Combinatorial background from upper side band.

Channel Vield S Hu]_m:-;mu]nlc* | _ H'irlc.l - | S/B
B 5 17 D,(D, - ér) | 4391 £ 03 | 2.49 | 55.5 Dy = gm | 378.8+£25.5 | 1.833
B ' D,(D, > K'K) | 1811 = 82 | 0.47 | 24.0 Dy =+ £7K | 235.3+18.8 | 2.395
B = 1"D,(D, — mrm) | 1489 + 85 | 0.34 | 19.5 D —mmm | 729£11.7 | 1.833
‘.'b 21
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COFI Praiminary, 355 pb™"

2

Vic

e
-
2
(=]

Candidates per 20 M

[3*]
(o]

2 MeV

Number of Entries /

\Signal Reconstruction

Bo— Dy, Dy— o

w
(o]

o]
(o]

B
[

[ ]

—— Data
—— FE Fanction
—B—Dx

B, DK
— B-DX
-— = ComiEnabonal

o 33':-;[-:1”“-1
£ VMDE = 97 3120
pealr 9A08%

5.5 6.0 g.ﬁ
K*® K m =g mass [GeV/cT)

CDF Run Il Preliminary L~ 355 pb"‘

(2]
(=]
[=]

.
]
o

[hv]
]
o

By - I"DG X
M(Dg) = 4201+ 93

165 2
Mo ) [GeV/c’]
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B, D,m, D, KK

—— Data
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—B" D=

[

— B DX
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FYNDF= 115.8/92

COFIl Praiminary, 355 pb™"

2

C
=]
(=1
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. 600
=
=
=
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=
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% /
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7
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=
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185 2
M) [GeVicT)
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Flavor Tagging 101

Opposite Side Tagging:

e Jet-Charge-Tagging:
sign of the weighted average charge of opposite B-Jet
e Soft-Lepton-Tagging:
identify soft lepton (e, p) from semileptonic decay of
opposite B: b — =X (BR & 20%),
Dilution due to b — & — [~ X and oscillation
e Kaon-Tagging:
due to b—c—:s it is more likely that a B meson
contains a '~ than a K’ T in the final state (particle ID)

Same Slde Tagging: b '

b
M}BSM

e B, 4 is likely to be accompanied close by a K /7™

(particle 1D} Erd_}x{tx*

-

‘.’b 24
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‘Opposite Side Tagger CalibrationD@

Opposite site taggers (SLT,JQT):

‘j

Dilution and efficiency determined
with data

(high statistics lepton + disp.
Track sample)

Dilution as a function of relevant
parameters (Ptrel, L, JetQ)

Big improvement agreement data vs.
MC for away side quatities BUT still
MC (runl tunned pythia msel=1) does
not reproduce flavor tagging results
(outstanding issue since runI)

OSKT (powerful tagger in B
factories) is still in progress

XXXIII International Meeting in Fundamental Physics, Benasque March '05,

15000 =

e e
= F  CDF Run-il Preliminary
N3s000 |
a =
83

0000 |

4 GeV lepton+SVT (80 pb’f)
2 < M(l,SVT) < 4 GeVAi©

~200,000 semileptonic b decays

5 [#) Q.15
Lepton signed impact parameter (crm)

. ,SPFRun1I Preliminary

. A * datapoints
6% v inear fitto  ~
535
5305
25-
205

-
L]
w
(=]

a
o

jets with [Q _|=1

e-SVT data

—

15
10

SecVix jets

0.5

e
Qe

jet
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‘Same Side Tagger Calibration

= Same Side (Kaon) Taggers
a SS(K)T really critical to increase sensitivity
a Can not use lepton+SVT sample

a Dilution inferred from the amplitude of mixing
asymmetry oscillation. (only Amd)

o MC NEEDED for determining the Dilution and its
parameterization vs. the relevant variables.

o SST RunI (Amd, sin23) succeeded.

o Very recent and encouraging progress on SSKT
with predicted overall ¢D? ~ 3.26 £0.88 !I!!

26
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\OST Dilution scale factors DO@®

s Lepton+SVT sample D parameterization vs. relevant
variables.

= D absolute scale depends on kinematics of event
samples = trigger bias predicted dilution.

m Scaling of the predicted dilution using samples with
similar kinematics required
a Bd calibration samples: lepton+D, J/yK, Drx

= Dilution not fitted in Bs mixing likehood =
understanding of this scale factor is a critical issue

‘j 27
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Flavor Tagging - Status

s Current Ams analysis oposite side taggers only (ICHEP04)
s D parameterization (I+SVT)
s Scale factor hadronic modes (Bd,u—Dmr,J/wK)

s Scale factor semileptonic modes (Bd,u — lepton + D)

Parameter

Result

Mg 0.503 + 0.063 £0.015 ps !

SMT
SET
JVE
JIP
JPT

0.83 & 0.10 = 0.03
0.79 £ 0.14 = 0.04
0.78 £ .19 £ 0L05
0.76 £ .21 £ 0.03
1.35 £ 0.26 £ (.02

variable

fit result

Sp(Smt) [%]
Su(gu‘ (%]
(;D Ju I} [%]
So(Jip) [
Sp(Jpt) [%)
Amy
er(By) [pm)]
er(B,) [pm]

92.6 + 3.9
98.0 £ 5.6
97.1 £ 64
90.3 £ 7.9
108.2 £ 9.3
0.497 £ 0.029
448.5+ 2.8
475.9 £ 3.1

‘j
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Hadronic sample fitted scaled ¢D?

Tagger Dilution Est. Error Sys. Error
SMT 0.409 0.030 0.1
SET 0.170 0.017 0.061
JVX 0.153 0.008 0.075
JJP 0.141 0.007 0.078
JPT 0.403 0.006 0.0155

28
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PROPER TIME
MEASUREMENT
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Lifetime - IP biased sample DO@

= Displace track trigger
— LXy bias

s Simultaneous lifetime
and mass fit.

s Bkg templates from
data & mc. Shem | g

= Inclusion of the
innermost silicon layer
“LO0" still open issue
(mainly in mc).

t

g
o
=
t

=
w

=
O
=1

=]

- =
Candidates per 60 pm
T

Candidates per 60 um

‘j 30
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\Lifetime - ¢t scale factor

m Measured crt error out of the
vertexing algorithm (CTVMFT) are
underestimate true value.

m Ad-hoc scale factor to achieve the
“real” uncertainty.

= In this case, extracted from prompt
D meson hadronic sample + plus
primary track.

= In Semileptonic sample is not a
issue.

m Vertex topology and kinematics
dependence also corrected.

F

Candidates per 25 um
=

a%
J XXXIII International Meeting in Fundamental Physics, Benasque March '05, 1. Vila
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-005 000 005 010
proper time [cm]
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Sensitivity - Am_ Amplitude Scan DIS@

s Introduce a new parameter (A the amplitude) in the
fitter.

L ~ 1:I:A-D-cos(l.&mst)
2

m Fit for each Am, hypothesis

m Ideal conditions: A=0 for all Am, but the correct one

(Acorrect= 1)
s 95 C.L. exclusion limit: A(Ams) +1.645 - o[A(Amy)] < 1

m Sensitivity smallest value that: 1.645 - o[A(Am,)] = 1

s Detailed method Moser, Roussarie NIM A384 (1997)
491-505

s For avoiding any human bias, the tagging dilutions are
randomized = sensitivity unchanged , limit changed

‘j 32
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‘Sensitivity — Am_ semileptonic D@

wn

Amplitude

-0.5

-1.5

-2.5

2.5

B. Amplitude

—
[

-

- [__ldata = 1.645 ¢ (stat.)
[Jdata+1.645G

}datai16

DA Run Il Preliminary

0.5

(]
-

3
N

¢ 95% CL limit: 5.0ps”
-o-- sensitivity: 4.6ps”

¢ 5.2ps” (stat. only)
- 5.1ps'1 (stat. only)

o

10

!
6 8 B
Amg (ps )
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Semileptonic Analysis CDF Il

] = data+t1g 4 95% CLIimit 7.7 |:>3'1
7.3 |::3'1

1645 g

O sensitivity

[ data+1645 ¢
data + 1.645 ¢ (stat. only)

Amplitude

1 [#T+
- -
* 4
Lt
| T

T

N

10 15 20
mixing frequency, Am, [ps'1]
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\Sensitivity - Am, hadronic

Hadronic Analysis CDF |l

| = datat1c A 95% CL limit 0.0ps”
I 1645 ¢ O sensitivity 0.4 ps”

54 B datat1645¢0
data = 1.645 o (stat. only

Amplitude

\

20
mixing frequency, Am, [ps'1]

‘.'b 34
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‘Sensitivity - Am_ hadr + semilep D@

Combined CDF Il Analyses

| = datat1c A 95% CLIlimit 7.9 ps’
| 16456 O sensitivity 8.4 ps’

51 B datat1645¢0
data £ 1.645 ¢ (stat. only)

Amplitude

o 5 10 " 15 T 20
mixing frequency, Am, [p5'1]
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Sensitivity - Am, naive global comb. D@

World Average and CDF I

2- - datat1g A 95% CLlimit 145 ps'1
1 oo 16456 O sensitivity  18.6 ps”

| W datat1645¢
data + 1.645 ¢ (stat. only)

Amplitude
(-
=

o 5 10 15 20
mixing frequency, Am, [ps'1]
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Short term improvements BO@®

m Results are still statistical limited we may be
lucky or... unlucky setting the limit.

s More data already available

» Flavor tagging:
a Improved JQT

a Add Kaon based taggers
m SSKT expect soon a factor of two increase
s OSKT will take more time.

m [ime resolution:

a Proper time error scaling very conservative, expect
better understanding with better time resolution.

‘j 37
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‘Conclusions D@

m Tevatron is back in business of producing world
class results with more that 400 pb! “physics
quality” data on tape (x4 Runl)

= DO and CDF excellent performance DAQ £~80%.

s CDF's L2 trigger processor on displaced track has
been a big success.

s For the first time, both experiments have completed
the whole analysis sequence of the “El Dorado” for
B hadronic physics: Bs mixing
o Combined global limit increased ~ 1-2 ps
a There are many know handles for improving
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\Back-up
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m Results are still statistical limited we may be
lucky or... unlucky setting the limit.

m Semileptonic sensitivity matches summer 04
expectation.

s Lower hadronic limit compare to
semileptonics
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\Sensitivity — hadronic sample DO@

Summer 2004

Projected OlesEniEe
Yield 725 ~700
avg S/B 3.3:1 2:1
eD? 1.6 % >1.5%"?
o(ct) 67 fs 100 fs ?

Y

yield is Ok (more luminosity compensates for Ds 3pi)

S/B got worse — adding LOO hits increases bg by 50%

eD2 confirmed 1.5% using average dilution

Vertexing algorithm errors only — ct resolution consistent 67 fs

but the scale factor is 1.3, so really: 100 fs!

XXXIII International Meeting in Fundamental Physics, Benasque March '05, 1. Vila
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Central Calorimeter (EH)

' CDF

Inherited from Run 1 Ceptal Mion

o >
Wall Calorimeter (H)
Central Calorimeter (|n|<1) / i,

Solenoid (14T) Plug Calorimeter (E/H)
Partially New &
Muon SyStem (EXtended up to |n|~]_5) = |

||II

Forward Mugn

Tracking System —

- 3D Silicon Tracker (up to |n|~2)

- faster Drift Chamber Fomera Caloimetr ) [ | ——
Plug and Forward Calorimeters ruminostty Honiter e eorria
Time-of-Flight (particle ID) T

Intermediate Silicon

Luminosity monitor
DAQ system, front end electronics
Trigger system (new trigger on displaced vertices!)
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“"Physics” backgrounds

Decay om | KK | 3w

B, — DYIDMX, DM — ¢X 31| 34 |31
B, - DUHDMIX D) (X 32 34 |28
B, » DWDWMX, DM (X |24 23 |22
B, — DYIDMX, DM — ¢X L.7] 1.7 |13

Table 4: Fraction (in %) of each physics background with respect to the signal for each selected

decay mode.

B, — D w B, = D B, — D «w
Do — ow 0o, = K'K Do — arw
B, = D m, om 100 % 3.35 £ 0.34% | 0.10 £ 0.02%
B, = Drn, K*K [ 0242002 % 100%% 0.09 £ 0.02%
B, = Do mamw 0% 0% 1005
B'" 5 D x Kar [1.70£032% | 7.33 £ 1.44% | 0.65 £ 0.23%
B = D a, D% 0% 0.09 £0.03% | 0.12 £ 0.05%
Ay = A, pKo | 1.50+£0.36 % | 33.63 £ 8.41% | 1.19 £+ 0.36%
Ay = Aw,prr | 0012001 % | 0.07 £004% | 5.62 + 3.30%

Table 2: Table of reflection ratios for different decays. The values in the different columns
correspond to the ratio of reflected decays that are found in the narrow mass range relative
to the signal decay.
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