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Tevatron performances

Inltlal Lominosity (EM)

*CDF collected so far ~ 1.26 fb' out of 1.57 fb-! delivered by Tevatron.

*Record peak luminosity is ~ 1.8-1032? cm-2s-

*B;_Mixing analysis performed with integrated Luminosity of 1 fb™
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The CDF |l detector
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B Physics at Collider

*All B species produced:

Bu,Bd,Bs,Bc,Ab, Eb...

P *\With production fractions:
fu:fd:fs:fa=4:4:1:1 _
05 s, A, -Acceptance for other B is 20-40% ol

BUT: o(bb) <<o(pp) (~65 mb) = B have to be selected with specific Triggers
the CDF Secondary Vertex Trigger SVT CDF Runll Preliminary L =65 +4 pb”

- o
oao-D " — Kn
| No = 451000 1400

based on Silicon detector hits. 8000 -
N/ === B decay s000]

S Secondary Vertex

*Online (L2) selection of displaced tracks
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b production is very large (~300 Hz @ 1032 cm2 Hz) - trigger on specific decays

Impact Parameter ( ~100um) S
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B physics triggers at CDF |l

Conventional at
colliders (Run |)

Di-Muon
(Jy)

Pt(u) > 1.5 GeV

J/w modes down to
low Pt(J/y)~0 (Run II)

| Jiy Mass Silicon Selection |
x10° CDF Preliminary [L ~ 260 pb”'
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With SVT trigger

1-Displaced track
+ lepton (e, )

120 um < I.P.(trk) < 1mm
P (lepton) > 4 GeV

Semileptonic modes

CDF Run Il Preliminary 355 pb ' CDF Run Il Preliminary L = 355 pb™
o 1600C - .
S Bl IvD (D, —om) . D, B —>Dx
O 1400~ _I'D: 6157 candidates
S © N(ID,) = 4355+ 94 J

1000 1

a
o
(@)

Number of entries / 10 MeV/c?
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0 ‘ ‘ ‘ ‘
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1.85 1.90 1.95 2.00 K*n~ - n* mass [GeV/c?]

mass(KKn) (GeV/c?)
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B. Mixing

b WV s
0 0
B ":‘—‘st Iu»crf B but: |V [>>|Viy| 2 AM>>Am,
s Vi W b

Arns — rnBs. fBZSBBS ’Vts‘z —

Ay Mgy fBZdBBd td‘z

WA experimental limit:
Am¢ > 14.5 ps' (95%CL)
(LEP+SLD+CDF 1)
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Mg, 52 ’Vts‘z Measuring Am_/Am, determines |V |/|Vi4l
2

de td

Lattice calculation error O(5%)

Fit with all constraints (winter 05):
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Status of Am,

WA experimental limit
N T — - CKM flt SM predICthn
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Analysis Strategy
* B, signal reconstruction
— Flavour specific states

* B, decay time
— proper time reconstruction

— Lifetime measurement
* Initial flavour of the B§

— Flavour tagging techniques
— calibrate on B4 mixing

1. Identify B and
its decay flavor
|

2. Decay length
|
] N CDF Run Il Preliminary L ~355pb™
‘3 Initial flavor - datatlc A 95% CLIimit 0.4 ps™ 0
2] - 1.645c O sensitivity 27.5 ps™ B A-Scan
] data + 1.645 oc (stat. only)
§ 114 : W’H’ ____________
N = N
->B? Mixing Eol i |

perform a “Blind AMPLITUDE SCAN”: !
-1

0 10 20 30

Amd = 0.5ps* — A =1 Amy [ps™]

L, ==€"* (12 A D-S-codAmt))
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Significance of BY, mixing measurement

*Since initial state flavour sign - A= Rurix — Prix - D cosAmt

is “far from ideally” known P
NTright Nwrong unmix + miX
where: p — —
N right + Nwrong
2
2 AM.o,
_ SeD? Amal g
Sgnificance= e N\a
2 S+B
| signal / Noise |
Effective tagging power: o Loy _ Loym(B)
e= efficiency of taggers ~ Bry  pr(B)
D=1-2w w = mistag prob. vertexing and momentum resolution
> €D? figure of merit - (Uny 'm(B)) ( Opyr ) _
= Tw® ) \m®) 7
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Two different B, signatures:

Fully reconstructed HADRONIC modes: CDF Run Il Pratiminary Latm®

—— data

*Good proper time resolution

200

~ I
-High B, mass resolution = eoo- —
*Selected by Two Track Trigger (SVT) = | B, —»>D,m
8 : satellites
E 400 "
0 — + o combi bkg
B, > D.(3)x g WD x
= Ay > A m
o
[
[4v]
O

1 1 1 1 | 1 1 1 1 1 1 1 1
5.0 5.5 6.0

Mass(d(K K )r,n*) [GeV/c]
SEMILEPTONIC modes: CDF Run Il Preliminary L =1fb"
*Missing momentum carried by the V ~ — Ea‘a
. . . —= — Fit
*Diluted proper time resolutlor.1 g 100004 B, Signal
*Also selected by T.T.T. + offline wor e ID = Combinatorial + False Lepton
g
0 -1+ o
BS —> DS | V, X % 5000
S
&
Q
2
B, 1D, X D mass [GeWcz]
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B, yields:

HADRONIC modes:

B.— D, (¢m) 1600
B, — D (K" K) 800
B,— D, « (3n) 600
B, — D3n (¢ w) 500
B, — D.3n (K'K) 200

Total 3700
SEMILEPTONIC modes:

B—tv D (¢m)X 32000

B, — &v D{(K'K)X 11000

B, — &v D, (3m)X 10000

Total 53000
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CDF Run Il Preliminary L=~1fb"

—— data

— fit

B, — D n*
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g — Fit
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B. proper decay time analysis

SVT cuts on track Impact Parameter: 120 um < L.P.(trk) < 1Tmm

Efficiency as a function of decay
time is obtained from MonteCarlo

] 0 -+ -
2.0+

1 B, = D.7" (D — ¢n)

' " 0.080

] 5, 0.011
1.5 46156.992

] 0.007

0.005

y 4828033
1'0'_ 0.029
054 ,

: ' "'--...-....____‘_
0.0 ol o llllll_--—1

CDF preliminary B lifetimes in
fully reconstructed hadronic
modes (statistical error only !)
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Proper time distribution is sculpted

CDF Run Il Preliminary L~1fb"

10°

-
(@]
8]

-
o
Ll el

candidates per 30 um

0.0

—— data
— fit
B, — D, (3)"
random bkg.
B 8° D @)
A, — AL ()T

T

02 0.4
proper time [cm]

B - D-r&*

1.508 £ 0.017 ps

B-— DOr

1.638 £ 0.017 ps

B, — D, n(nr)

1.538 * 0.040 ps

Sandro De Cecco - INFN Roma
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Lifetime in the semilepton

ic B, sample

Measure the B decay distance L intersection of Zand D§

— Observable momentum p* = p(¢D,)
— Correct statistically for missing

momentum factor p(l Ds) I
( from MC) — 0(B)
decay time pseudo decay time

m B m(B

(D)

CDF Run Il Preliminary L=1fb"
"L 3000- My m(£-Dy)
E ! Ehjf;alBackground Use 2-DS
‘0:) 2000 Combinatorial + False Lepton maSS to
£ . separate
T 1000
E S from B
@]

0 —

B, 1D, X lepton-D mass [GeWcz]

Lepton SVT Track

CDF Run Il Monte Carlo B—I1D,
all 2
047 ... 49<my <5.1 GeVic?
2] 4.3 <my, <4.5GeVic?
& 031 .. 29<m, <3.1GeVid :
- ™ : D, = = E
z :
3 0.2]
o F % :
= H t 3
9 A‘.\ ué-" i
* 04
04 06 0.8 10
k-factor
CDF Run Il Preliminary L =1 fio!
—— Data
—— Fit
g 30004 7] B, Signal
8 —— Physics Background
5 Combinatorial + False Lepton
o
* 2000
2
L]
o
s
S 1000 -
O
O_Ji“ e
0.1 0.2 0.3
B, 1D, X proper decay-length [cm]

Lepton SVT Track

ct(B,) = 1.48 £ 0.03 ps (stat only)
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B, Proper Time Resolution

Decay vertex error matrix overall correction for mis-knowledge of hit resolution

- Apply a scale factor S to o(ct) from vertex fit:
— Use large data control sample, real Ds + track from Primary Vertex
— Parameterize S in terms of several variables ( P, Isolation,...)
— Correct o(ct)’ = S-o(ct) event by event.

CDF Run Il Preliminary xbhd0i CDF Run Il Preliminary L=1.00fb"
] 1 — D data ]
.II:qu F — it 0 25: Bs —> D-s (3)TE+
] { o f+ ' j
] ) H ¢ g. ] <c,> =259 um
=gy J | + v .20/
(| Il:l E | [ " ]
i | Do 2 .
5 e 2015
g 7 3 iod at A
= ] | L 1 =
" ol ]\ fs e 18 ps™!
E | m :
le W | >

02 -01 00 0.1 0.2
proper time [cm]

0-8%00 0.G02 0.004 0006 0.008 0.010
proper time resolution [cm]
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Flavour tagging

Opposite Side Same Side
opposite i
side kaon -
i fragmentation
K kaon K*
D meson ~
b hadron ' 7 K
: 0
Jet Charge: the sum of P.V. i B, !
charges of the b-Jet tracks | i
correlated to the b-flavour | i
e Ly i
L -

Soft Lepton (e,u) due to b—€vX
€ charge correlated to b-flavour

Same Side Kaon: for BY, is likely to have

close in AR a K+ from fragmentation

Opposite Side K: due to b—oc—s
—>search for secondary K (D ~ 0.3%)
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Caliration of OppositeTaggers

> Perform B? mixing analysis:

CDF Run Il Preliminary L~355pb”

0.3 -

] Soft Lepton Taggers
0.2 ‘H‘EH‘\{,\
i 15

0.

\—’

asymmetry
o

-0.1 e data

02 ] = fit0 proje(?tior?
] B" contribution
03 B* contribution B—e/uDX
0.05 0.1 0.15 0.2

proper decay-length [cm]

* Use exclusive combination of:

2 SLT (m, €)
3 JQT categories
* No OSKT

Total éD? = 1.55 +#0.08

HADRONIC (355 pb™)

SEMILEPTONIC (1 fb")

Am, (0.536 + 0.028 * 0.006) ps*

(0.509 + 0.010 + 0.016) ps’
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Same Side Kaon Tagging

= Look for the fragmentation track that is
charge correlated with the B

Am, not yet measured precisely

— Parameterization from MC

» Detailed data/MC comparison on all
tagging related quantities

= Rely on MC prediction of SSKT
performance for B, mixing

CDF Run Il Preliminary L ~ 355 pb’"

B >JwK' | o data —

= MC
B*>D n* -

— syst.
B* D 31 —
B° - JiwK© |
B - D &+ ——
B 5D 3n |

5 10 15 20 25 30

Flavor Physics in the LHC Era, CERN 16-05-2006
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bl Bt
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Evaluating SSKT performance

[ B. —»Dinw
« Select tracks within a cone of 5 ;
AR5 0.7 around B g 100 i

« Chose the most likely to be a
Kaon:

entries
——

« Make use of PID based on
dE/dx and T.O.F. information

D-I"*‘Illllll

1T

| Pythis

—w— T3

M piong
. MT kzone

MG protens

-20 -10

CDF Pythia MC (msel=1, tune A) 355 pb-!

DB > DL | =402 %
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Amplitude Scan Results

Evaluate the average expected limit before unblind the A-Scan:

CDF 1fb-' leads world sensitivity:

30 \

N
&)
|

N
o
|

RN
o
]

95% CL Sensitivity (ps)
5 o

o

World Avg 2006 DO 1fb CDF 11fb
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Result: Hadronic Scan

Flavor

CDF Run |l L=1.0fb"
@
8 | =datat1c 4 95%CLIimit 16.7 ps”
% | 16456  © sensitivity = 25.0 ps”
€ 2 W datat 16450
<< |

data + 1.645 o (stat. only)

0 Hﬂ ﬁ'#%% +

1B > D, 3B > D, n* "

0 10 20 30
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Result: Semileptonic Scan

CDF Run [l Preliminary L=1fb"
| = datat1c A 95% CLImit 159 ps’
Sk 1.645 g O sensitivity 17.3 ps”’
| M datat1645a
data + 1.6435 o (stat. only)
g Il
el L J
E r S T 'L“
= LRl 0L Y
= 0 MWWMHH"
= T
<< | 1l 1
-5 ~ Ll -+
| Be—=D. "X
' ' ' ' | ' ' ' ' | ' ' ' ' |
0 10 20 310
Am, [ps ]
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Combined Amplitude Scan

Flavor

CDF Run II o L=1.0fb"
———  Preliminary

| = datat1c A 95% CLIimit 16.7 ps'1
----- 16456 O sensitivily 255nbs’

-1 :.
| M datat 16450 25.3 ps ﬁ

™\ {11 A }
data+ 1.645 o (stat. only) %F - r W :;_

Amplitude
(AW

Alo, (

o 10 20 30
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Combined Amplitude Scan

Amplitude

N

CDF Run Il

L=1.0fb"

| -~ data+ 1o

_ - 0 - 0 -
1B I"D, X,B. > D_ n*,B, > D_ n* n*

10 20

Sandro De Cecco - INFN Roma
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Likelihood Profile
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Am (ps’)
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Likelihood Significance

2500 3
- randomized tags c =
S -
L expected for Am,=18 ps’’ = B
2000 c LT
- D210 &
n u
1500
1000/ -
500
O_ 111 111 | . 1 II|III|III ‘10—4IIII|IIII|IIII|IIII|IIII|IIII|IIII|!IIII|IIII|II
c 2 4 6 8 10 12 14 -1 0 1 2 3 4 5 6 7 8
max max
Alog(L) Alog(L)

« randomize tags 50 000 times in data, find maximum Alog(L)
* in 228 experiments, Alog(L) , 6.06

» probability of fake from random tags = 0.5% -> measure Am,
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Systematic Uncertainties on Am,

 systematic uncertainties Syst. Unc

from fit model evaluated

' 1
on toy Monte Carlo SVX Alignment 0.04 ps

Track Fit Bias 0.05 ps

* have negligible impact | |
PV bias from tagging 0.02 ps-'

* relevant systematic unc. All Other Sys < 0.01ps"

from lifetime scale
Total 0.07 ps™

All relevant systematic uncertainties are common
between hadronic and semileptonic samples
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Measurement of Am,

50 CDF Run i 1 b
= — hadronic
o — semileptonic
—? 15+ — combined

Amg = 17.33 *0-92 (stat) + 0.07 (syst) ps™

Am, in [17.00, 17.91] ps™ at 90% CL
Am, in [16.94, 17.97] ps™ at 95% CL

Flavor Physics in the LHC Era, CERN 16-05-2006 Sandro De Cecco - INFN Roma
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Vil / [Vl

Amg — Mgy 4o |Vts‘2

| Amg, Mg TN, ‘2
e Inputs:

> m(B%/m(B,) = 0.9830 (PDG 2006)
> & =1.21 *3:54L (M. Okamoto, hep-lat/0510113)
> Amy=0.507 £0.005 (PDG 2006)

Vil / Vil = 0.208 4% (stat + syst)

« compare to Belle b—dy (hep-ex/0506079):

Vil / [Vig] = 0.199 3928 (stat) *0918 (syst)

Flavor Physics in the LHC Era, CERN 16-05-2006 Sandro De Cecco - INFN Roma
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Conclusions

* B, - B, oscillations signature found, frequency measured:

Amg = 17.33 +042 (stat) + 0.07 (syst) ps
Vi / V| = '0.208 %9 308 (stat + syst)

* Important new experimental input to SM test - see next
discussion this morning

« BUT this is not the end of the story for CDF B physics:

—Improved AT /T, from B_—J%¥/¢ in the pipeline
—Lifetime difference from penguin mode 5_—KK
—Look for CP Violation in B,—JY/0

—CP Asymmetry in B_—KK

Flavor Physics in the LHC Era, CERN 16-05-2006 Sandro De Cecco - INFN Roma
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Backup slides
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SVT.: the hadronic B trigger

=\ 4L

B decay

5 SVX coordinates

Flavor Physics in the LHC Era, CERN 16-05-2006

—->Online Impact parameter
Available at Level 2 trigger (20us latency)

->convolution of transverse size of the
beam spot with the impact parameter
resolution of the SVT:

C=47 um =35 um ©30 um
\

SVT resolution Beam spot size

Impact Parameter distribution
F P> 2 GeVic; 2, < 25
S 180906 =47 ym Offline o~ 45 4m

10000

5 8000 —

J beam spot 6000 -

\ C

d \ 4000

\ -

2000

5 Impact Parameter C
# (transverse projection % HS S PR S———

- 00 7400 7200 0 200 400 600
SVT d; (um)
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Hadronic Scans: 3 data tacking periods

Amplitude

CDF Run Il Preliminary L ~0.355 fb’ CDF Run Il Preliminary L=0.41fb"
4 ~datat1¢ 4 95% CL limit 13.9 ps” -GD; 4 < datat1c 4 95%CLIlimt 92ps’
] 16450 O sensitivity 18.9 ps” % ] 16456 O sensitivity 19.6 ps”
o] dataz16450 (stat only) “ } E 5 data + 1.645 ¢ (stat. only) ”
o , i 1
L T L by bl Lty L
0 t S (LA [ i 0
W T T* H_H* (i ” ‘ o lw i H T ‘
| |
41 8% D 3)n* 418D 3)*
0 10 20 R 0 10 20 30
CDF Run Il Preliminary L =023 AM, [ps ]
% 4] « datat 1o A 95%CLIlimit 37 ps”
% 16450  © sensitivity  14.9 ps”
£ ] deastsasosatony) | w Typical fluctuations from ~3c effect
. . .
i ey |
O R S T i
AT i \p mﬂ .

| m

0 10 20 30
Am, [ps ]
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Semileptonic Scans: 3 data tacking periods

CDF Run Il Preliminary

L ~ 355 pb’

CDF Run Il Preliminary

L ~410 pb’

34

| = datat1c 4 95% CLIimit 185 ps’ | ~datat1c a 95% CLimt 144 ps’
] 16450 O sensitivity 14.2 ps” ] 1.645 ¢ O sensitivity 12.8 ps"
O+ W datat 16450 10| Maataz 16450
: data + 1.645 o (stat. only) data = 1.845 o (stat. only)
g | il : l |
_ o
2 : ~— * Uit =
=04 | = |
= MMWHHNW - i !
QE: ] S 0 Sy T M‘h T
] N <L - o l"rﬂW}ll' T HHw
] o
-5 _ MHM
1 BY =D, I X 0 B — D, I'X
0 10 20 30 o 10 20
-1 -1
Am, [ps ] Am, [ps ]
CDF Run Il Preliminary L ~ 230 pb’'
: = datat 1o A 95% CLIlimit 120 p5'1 . .
10] 1656 Osensty  127ps" Typical fluctuations from ~1c effect
data+ 1645¢g ‘
data + 1.645 o (stat. only)
R } Il
43 | LLIlIIII|| Tl |1 I |
3 07 LT
E i "
< |
-10-
1B = D. I X
o 10 20 | :?b
Am, [ps v]mndro De Cecco - INFN Roma



Amplitude Systematic Uncertainties

Hadronic
0.45-
1 — Total
0.4 —— Non-Gaus o
: Cabibbo D
0.35; ConSST
03] —— OST+SST Corr
. E SUct
0251 — AT/T
0.2:
0.151
0.1
0.05- o
0 57710 15 20 25 30
-1
Amg[ps ]

» related to absolute value of Amplitude, relevant only when setting limits
— cancel in A/c,,

syst.
A

0.15{

0.05{

Semileptonic

0.2

0.1{

—:

—— e

total

prompt dil.

promgt

tr.1||

Am, [ps 1]

— systematic uncertainties are very small compared to statistical
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A Priori Procedure

e decided upon before un-blinding the 1 fb-! of data

e p-value: probability that background fluctuation would produce
observed effect

e p-value to be estimated using A(In L) method

e Nno search window to be used

p-value < 1%?
YES NO
make double-sided set 95% CL limit

confidence interval from

based on Amplitude Scan
Alog(L), measure Am,
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p-value Estimation

CDF Run Il Preliminary CDF Run Il Preliminary
2500 3 1 L
- randomized tags c =
L m E
i expected for Am_=18 ps’ E B
2000 =S
i O10 &
- N -
1500:—
: 10°E
1000~ S SARERE LR R,
B 10°L
500 -
O: | II|II i iy |||II|III|III 10‘4_ | | | |III|IIII| | | |
0 2 4 6 8 10 12 14 -1 0 1 2 3 4 5 6 7 8
Alog(L)™ AIog(L)max

Alog(L) = log[ L(A=1) / L(A=0) ]! likelihood “dip” at signal
« more powerful discriminant than A/c(A)
« probability of random tag fluctuations evaluated on data
( with randomized tags ) ! checked that toy Monte Carlo gives same answer
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