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Heavy Flavor Physics at CDF

Year 2002 2003 2004 2005 _ 2006
Monthl 4 7 10 L 4 7101 4 7 14710

- CDF:1.35fb™ to tape /4

b
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b production at the Tevatron (p anti-p coll.):

- Produce all b-species (B°,B*,B_B_B" A, E,...)
- Results based on 0.26 - 1fb- r
- Triggering crucial:
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-~ Single & di-lepton 00y 15t HE anal
VIOS analyses
- ImpaCt parameter .'Oogthus far Dolivered‘
200 To tape
Rich program in heavy flavor: 07000 1500 2000 2500 3000 3300 4000 4300

Store Number

-~ B, D, and Quarkonium production
-~ Mixin S
CP vi(g)lation oo 0 R Includes

é wob0=47umll 33 um
- Rare decays . . . 2:4:,:,25_ beamuspot
. Spectroscopy Trlgggrlng on tracks with 2
large impact parameter £ 120000

- b-Hadron Lifetimes (rich in heavy flavor decays) '
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The CDF |l Detector

Major Upgrades
for Run Il

Time-of-Flight
» particle ID

Silicon systems
» larger ) coverage
for tracking/
—= Db-tagging
» 3D vs. 2D

Improved COT
» better stereo
». faster drift

Muons
» improved coverage

Endplug
Calorimeter

» larger n coverage
for electron ID

SVT Trigger
» triggering on
displaced vertices

at Level-2
3




Integrated Tracking System

Silicon system:

SVX II
Tracking in a nutshell: - s1151£¥1€f ﬁq?’uif;iﬁng
1) gg%ments formed from hits each B — SR Tl e 3-650;1 1”1 o<ng1;0.6 cm
2) Segrjgl?t;r{?glfgd( %(I)ﬂg)Jether to form E — X2 Runl acceptance
2D track ISL

=)

3) Stereo segments linked into 2D
track and helix fit is performed
4) COT track extrapolated into SVXII,

cor

**" « 2 additional Si layers
*r < 28 cm; cover |n|<2

lllllllll

END PLUG HADRON CALORIME TER

\

outer layers first - - LOO
5) SVXII hits consistent with COT track , e * inner Si layer at beam
are added succession, with track 3 N AU pipe (R = 1.5 cm)
refit after each iteration SVX I | INTERMEDIATE ’ (LOO not used in our analysis)
5 LAYERS SILICON LAYERS
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Triggers & Samples

All weakly decaying b-hadrons are being studied in
both fully reconstructed as well as semi-leptonic decays.

* No lifetime bias:
— 8GeV lepton
— Jp di-muon
 Lifetime biased:

— Lepton & svt
— Hadronic

Frank Wurthwein

Results

Yields Lumi _ Future?
available
1k-10k 260-360pb-! 3/05-8/05 unlikely
0.5k-10k 1fb-1 6/06 yes
New result!
50k-400k 1fb-1 none yes

0.4k-8k 360pb-' 2/06 \3/05 yes
ICHEP 2006 “_Recent result! 5



CDF Lifetime results I will not talk about in detail:

e 2005 Ty =1.381= 0.055%) 2 ps
— 8GeV lepton B*,B0,B,: T, =1.653=0.029";/ ps
T, = 1.473+0.036 +£0.054 ps

7z =1.60=0.10+0.02ps
— Hadronic trig. B*,B%,B;: 7. =1.66=0.03=0.01ps

T, = 1.51+0.02+0.01ps

— Jhy trig. B, —>JhpXIv: 7, =0.463"07 +0.036 ps
« 2004: oo
— Jhyp trig. B*,B. Ty =1.369+0.100%, ), ps
7. =1.662+0.033+0.008 ps

Frank Wurthwein 6



New Results from
di-muon trigger

A,—=JPA
BY— JipK,

Frank Wurthwein ICHEP 2006



Di-muon Triggers @ CDF

Di-Muon Mass | CDF Preliminary: ~360pb”
< 5 : .
1/ — '
IP%M M ”gger\ Rare B
~— BBbar
10 \ Upsilon
Level 1: 2 muons
pr(m) > 1.5 GeVi/c 0 Y(15): 18K
Level 3: Opposite charge 3 Y(2S): 36K
m(u*u °) region for y, ' 10° N aves)zok
1 P an'L & T M'\P{ LfM
. 1 f\”‘"’r’"’/ " LV ‘“
10 ] ; Wf%u{«
0 2 4 6 8 10 12

Di-Muon Mass(GeV)

Our dataset:

«10° 8479307 = 18267 Jhp—pu

8.5Million clean Jhp—u*w 3 [T
Clean Ks and A. i o I |
. § 22'5 Ks go.s A
Backgrounds in g 5,
A,—=JpA, BO— JPK, : ’
are combinations of true
0944 046 0.48 0.5 052 0.54 0.56 1906 1.09 11 1141 112 1.“13 114 1.15
J/,l.p, A, KS - 1 M() (GeV) M(pn) (GeV)
Frank Wirthwein O e 3 305 31 375 32 325 8

uu Mass [GeV]



Analysis Strategy

Use BY— JhpK, as reference to develop
analysis and check for systematics.

Check lifetime in all other B, ;— J/yX decays,
using JAp vertex only.

Unblind A,—J/pA after all checks are done.

primary
vertex

o z-axis (beamline)

! T ;:p ~10 cm
' M
seconary
()
L M,
Proper Decay Length (PDL) = = L’ c p
(By), “p, 9

where Li’yz(:\f’(.//(l/) }(PV))‘PATb



b-hadron lifetimes we measure

B> JWK,
B’ — ¢(2S) K,
B > p(28) K,

B’ — Jhp K,
B’ — ¢(2S) K,
B’ — y(2S) K,

B*— J/hp K7,
B*— y(2S) K,
B*— y(2S) K,

with JAp — up, K — nn <—— Full systematics

with y(2S) - pp, K — nn -
with (2S) - J/ipnn, J — uu, K — nn

with J/p - uu, K° > Kn
with ¢(2S) = uu, K° - Kn
with ¢(2S) — Jynx, JAp — uu, K° - Kn

with J/p — un
with ¢(2S) - un
with ¢(2S) — Jhpnr, JAp — un

Statistical errors
only (for cross-v)

B'— Jp K",  with Jip »un, K" > Kan -
A, - Jw A, with JAp = uu, A’ - pr <——— Full systematics
Our primary goal

Frank Wurthwein ICHEP 2006
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Entries / 10 MeV

A,—JpA and BY— JYK,

CDF Il Preliminary 1.0 fb™

CDF Il Preliminary 1.0 fb"

300+ > .
_ > 5
_ = 900
] 0
2501 Ab ~ 800
n ]
3 542 + 38 2 700-
2004 = ]
' L 600-
150-

100-

50

1 No PDL cut

1 PDL > 200 um

+

1 No PDL cut
134

BO
3384 + 88

545 55 555 56 565 57 575 58

Frank Wurthwein

uunp Mass (GeV)
ICHEP 2006

5.1 515 52 525 53 535 54 545

uunt Mass (GeV/c )
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Fit Model: Signal

Signal PDL modeled as an exponential decay convoluted with a Gaussian
resolution function :

PL (A, 0|&

sig

= E(ajcT) * G(a;,0fls)

sig )

where:

T = signal lifetime (the goal)
s = overall scale factor on PDL errors —_—

2
©
1 Ae @ ct=368 pm
_|—e T A>O > s6=36 um
0 ,A,<0
-Aiz
G(A,0lls) = g2(so
\/ SO‘

Ll | |
2000 -1000 0 1000 2000 3000 4000
PDL (um)
Frank Wurthwein ICHEP 2006 12



Fit Model: Background

Background PDL modeled as sum of four components:

bkg(A |(T S,f_,A_,f+,A+,f++,A++) = G(AllU;\'S) * {

—
J—

zero lifetime (prompt)

"negative lifetime" (resolution tails)
long-lived background (b » J/y X _ ——

—-P(]-'f-'f+'f++) (O)

combined with unrelated tracks)

2
©
3
where: o

s}

f = negative exponential fraction

A = negative exponential decay length

f . = 1°%(2™) positive exponential fraction

Apony = 15t (2™) positive exponential decay length

Fits with different shape assumptions

"negative

lifetime"
tail

long-lived
background
components

used to constrain systematic

Frank Wurthwein ICHEP 2006
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1000 2000 3000 4000
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Entries / 40um

Measured Lifetimes

CDF Il Preliminary 1.0 fo

- Data
Signal

---- Bkg

— Signal+Bkg

5 $4 CT=456.8+9.0 um

.,
,
.,
‘s,
.,
®y,
"
o, Iy
. \ l
s
0 N
o N
o
g
‘.,
+,
's

0 1000 2000 3000 4000
Proper Decay Length (um)

7(B") =1.524 + 0.030(stat.) + 0.016(syst.)

0 0 0
Ap—> Jly A CDF Il Preliminary 1.0 fb” B"— Jly K,
] E ]
- Data S :
. q- 3
Signal 2 10
10 -+~ Bkg S
| Signal+Bk TR
— Slgnal+
g g 107
poor= 477.6+24.2 um ]
10 _
] * 10— i‘
4
. 'l
& 14 |\
2000 -1000 O 1000 2000 3000 4000 2000 -1000
Proper Decay Length (um)
T(A)) =1.5937 0> (stat.) = 0.033(syst.)
Frank Wurthwein ICHEP 2006
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T /Teppg 05 0.6 07 08 09 1 1.1 1.2
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A, Lifetime Summary

Ay Lifetime Measurements

=
ALEPH A, | —eo—| 1.18 )5+ 0.03
(91-95) :

ALEPH A° I'T : o | 1.30 )2 +0.04
(91-95) )

OPAL A | I o 1 1.29 2X+0.06
(90-95) '
DELPHIA,l  p—e— 1.11 1219+ 0.05
(91-95) '

CDF A.| f—— 1.32+0.15 + 0.06|
(92-95)

DO J/y A° e 1.22 022+ 0.04

250 pb ' (02-04)

CDF Prelim J/y A°

1 b’ {02-06)

lllllllllllllll

e 1.59+0.08 + 0.03

PIDGzoq4llll[lll[lll[llllll

04 06 0.8 1

12 14 16 1.8 2 22
A, lifetime [ps]

Single most precise,
competitive with world avg,
3.10 higher than world avg.

Ty,
=1.037 +0.058

T BO (stat+syst)

Consistent with theory!
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Lifetime Systematics

Adding in second Gauss to res. function

Fitting different mass sidebands

Derived from study of pointing pulls vs ctau

Source ct (B [um] ct (Ap) [um]
Fitter Bias 0.4 0.5
Fit Model:
PDL Resolution 3.1 5.5
Mass Signal 0.7 2.3
Mass Background 0.1 0.1
PDL Background 0.5 0.7
PDL Error Modeling 0.1 0.2
Mass Error Modeling 0.6 0.2
Mass-PDL Background Correlation 1.9 4.1
PDL-o(PDL) Background Correlation 0.3 1.3
Primary Vertex Determination 0.2 0.3
Alignment:
SVX Internal 2.0 2.0
SVX/COT Global 2.2 3.2
V° Pointing 0.6 5.4
Total 4.9 9.9
Systematics are factor 10 smaller than
difference between PDG ‘04 and CDF ‘06 !!!
Frank Wurthwein ICHEP 2006
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500

450

400

350

300

All di-muon trigger lifetimes

CDF Il Preliminary 1.0 fo™

fd
—e—i
—e—|
——
i

HFAG 2004
e data
® combined (uncorrelated)

BO

Statistical errors only

>
L 19 5

—e—
MR

Frank Wurthwein

eV ly IV\:;("’W‘:;‘”K’V +Comp] V’kﬂ"’ by Y 401 '/’kkf"”(uu) v fu,,C

ICHEP 2006

Vi i

Neqg B

BO: 494.3+-4.5um
B+: 464.5+-5.3um
A= 0.9+-3.4um

Note:

These avg aren't
measurements!

They lack systematic
errors and are only
done as a crosscheck!

17



_— -1
CDF Run Il Preliminary 360 pb

1407 Yy P Monte Carlo
; i - Bd—> Kn E -
2 T W B.— KK + 2

0120 0e-« | <— h*h-mass &

2 - [] Background §

2100 £

= - w

= [

m L

80—

Lifetimes with hadronic trigger:
e.g. B.—K'K-

_B—KK v

Eff(ctau) —

e Trigger sculpting for.,| | |
07516 518 5.2 522 5.24 526 528 53 532 5.34 536 538 low & high ct !!! 0 005 01 015 02  0.25
Mass (GeV/c’) ct (cm)

7, =1.53£0.18£0.02ps LB —~KK)=-00820232003

CcpP

Frank Wirthwein ICHEP 2006 18



Some details on B,.—K*K"

* Two fits:
— Float B, and B,—K*K- lifetimes
— Fix Byto PDG value

— In both cases B,—K*r lifetime is fixed to PDG.

— Simultaneous fit to yields & lifetimes.

 Signal fractions:
— B,—K'*K=223+-1.7 %
— B,—~K*n-=62.7 + 1.7 %
- By—=an*n-=153+15%
- B —~K*n-=-03+1.0%

Frank Wurthwein ICHEP 2006
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Future Attractions

Precision Measurements (incl. A, ) using

Lepton & svt

lepton (pt>4GeV) & track (pt>2GeV),
one of which with d,>120micron.

Hadronic trigger

2 tracks with pt>2GeV, positive Lxy,
and d,>120micron.

Frank Wurthwein ICHEP 2006
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£2000
L0
§_1 800
>
21600
21400

1200t

1000
800
600
400
200

[ ] S

er 2 MeV/c2

Candidates p

B—IDX

150000

100000 1

50000 1

CDF Run Il Preliminary

L~1fb"

—— Data
—— Fit
B, Signal

Combinatorial + False Lepton

1.85

19
D mass [GeV/ca]

.. -1
“‘o 200 CDF Run Il Prellmlnary_ 173:)b_
S 600 B AcX
[O) — pK'wt
= 500
< ]
> 400 e
' 300/ + 1
Lq>L91200_ N =1237 = 97
/INDF=47.9/38
100 szrob =13.0%
0523 23 23

M(pKr) [GeV/c?]

Lepton DO)O,D*,D, A, =5,000-400,000 evts per fb-’
Fully reconstructed b-hadrons =1,000-20,000 evts per fb-

Both types of triggers have a lifetime bias!

CDFII Preliminary L=360pb"’

4.8

Bo—> Un+ d
D —K*rrrt |

—— Data

—— Global fit

----- Signal

[ Cabibbo

[ Bg

[ As

----- Combinatorial
B continuum

I B—D™x

[ B—px

N of B® : 7957 + 89

5.4 5.6 5.8

Events / ( 0.02 GeV/c?)

A = A} m data mass fit 106pb-1
1204 CDF Run Il Preliminary Ngg =214£19
------- Other B-meson decays _ -1
------- Cther A, decays L =106 pb
100 -...... Combinatorial background
Four particle B-meson decays
Al = ALK decays
80
60
40+
20_ ........
A 2

53 535 54 545 55 555 56 565 57 575 58

Alm Mass (GeV/cz)



Lifetime sculpting in
lepton & svt trigger

Triggered on lepton

CDF Run Il Preliminary L=~1fb"
—— Data
—— Fit
g_ B, Signal
8 20000 - — Physic?s Bacj‘kground
. Combinatorial + False Lepton
Q
%)
L
S
2 10000
c
3]
o
0 . ——
0.1 0.2 0.3
B 1DX proper decay-length [cm]

Lepton SVT Track

Frank Wurthwein

Triggered on charm

CDF Run Il Preliminary L=1fb"
—— Data
—— Fit
€ B, Signal
8 10000 —— Physics Background
5 Combinatorial + False Lepton
Q
%)
2
©
2 5000-
©
c
©
o
0 e ,
0.1 0.2 0.3
B DX proper decay-length [cm]

Lepton No SVT Track

ICHEP 2006
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Summary & Conclusion

CDF continues to have a very active program
of measuring lifetimes of weakly decaying b-
hadrons.

The latest on A,

T(A)) =1.593" 0> (stat.) = 0.033(syst.)

TA
= =1.037+0.058
T

BO (stat+syst)

Two more A, measurements coming:
— A, — A_m using the hadronic trigger.
— A, — A_Xlv using the lepton & svt trigger.

The latest B.—~K*K- measurements:

7, =1.53£0.18£0.02ps LB —~KK)=-00820232003

CcpP
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