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Synopsis

e Introduction
* Quick reminder on the ingredients
e Asound statistical approach

e The DO result

— Sample and scans
— Evidence of a signal?

e The CDF result

— Samples
— Results (subsamples & combined)
— Implications on CKM/BSM

e What's next?
e Conclusions



Two months ago...
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TeVatron contribution is critical!



What happened in the last two months?

e DO came out with aresult based on 1fb-!
(Moriond)

o CDF shortly afterwards released its latest
greatest result (but not the last word) on 1fb-!

e Bottom line?
— BEvidence of a mixing ‘signal’
— Not enough statistical power for ‘observation’ (5c)
— If signal is there Am, = 17.33757 + 0.07(syst)ps ™’

e | will focus mostly on how to read these results
and what one should take out of them



Why so much interest around Am._?

< (p,1)

oC Vcb

*V,4 IS derived from mixing effects

* QCD uncertainty is factored out in this case resorting to the
relative Bs/Bd mixing rate (V,4/V,.)

e Beyond the SM physics could enter in loops!



B, Mixing 101

_ Nunmix-Nmix
A Nunmix+Nmix cos(Am t)

e AMS>Am,
e Different oscillation regime — Amplitude Scan

o Perform a ‘fourier
B lifetime transform’ rather than fit

Mixing Asymmetry

HM/ B. vs B, oscillation for frequency
HHHIIRT o A
I
3
ity - A
P epe docey e am. [ps'®




Amplitude Scan: introduction

* Mixing amplitude fitted for
each (fixed) value of Am

| = datat1c A 95%CLlimit 12.6ps”

» On average every Am 9 1.6450 O sensitivity 13.1 ps”

value (except the true Am)

will be O | data + 1.645 ¢ (stat. + syst.) )
data + 1.645 ¢ (stat. only)

«“sensitivity” defined for +J“

the average experiment ! ..||

Q
T &
- 4
= ¢ L | Ll
[mean 0] ?El 0 forotitopprethisst Wﬁﬂ ++Tg ++ HH
« The actual experiment will < H+
have statistical fluctuations

» Actual limit for the actual ]
experiment defined by the 54 Just an example: Not based on real data!
systematic band centered

at the measured asymmetry o 5 10 15 o0

» Combining experiments as Am, [ps'1'
easy as averaging points! '

Is this an effective tool to search for a signal?



Mixing in the real world

Mixing Asymmetry — 1.5¢

~ 1.5

L

A(t) = cos(Am.t) <, of

LT S
AV =

Alt

E -1 i L L - - :
1% 1 2 3 K. 1 . I
Decay Time [ps] Decay Time [ps]
Flavor tagging power Proper time resolution

langly
SEAR

o S+B



One Slide Summary: Mixing Measurements

Opposite Side f i |
ragmentation 1. Final state
particle: =, K...
. /
3. Det er mine (“tag”) O/
B f lavor at B
production time D




Signals

Sgnificance=

B.—~D.r

Yield

s/b

D.—>¢m
D.—K*K
D.—nnn

1600
800
600

~4:1
~2:1
~1:1

v

Candidates per 1 MeV/c®

B, — 1D, X

10000

5000

CDF Run Il Preliminary L=1fb"

—— Data
—— Fit
B, Signal

Combinatorial + False Lepton

A

108 2
D mass [GeWcz]

104 1.96

Candidates per 20 MeV/c

r

CDF Run Il Preliminary

L=1fb"

—— data

— fit
B, —» D, n*
satellites
combi bkg

B B°5Dx
Ap—>An

L L I I
5.0 55

6.0

Mass(¢(K+K')rr,n*) [GeV/czj

B.—~DJv

Yield

s/b

D.—>¢m
D—K*K

D.—onnn

32300
10900
10100

~2:1
~1:2
~1:5
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B

Mixing Ingredients

Proper time reconstruction |

sep?_ (D) [

e
S+B

Sgnificance= \/
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Hadronic Lifetime Results

CDF Run Il Preliminary L~1fb"
103_; —— data
— fit
E B, —» D, 3)n*
Q 107
o e 1.508 + 0.017
% — D (3)rn
8 1.638 + 0.017
o 107
g 1.538 + 0.040
g ]
14
1 dir e World Average:
0.0 0.2 0.4
proper time [cm] B® 1.534 + 0.013 ps’
~3000 candidates B* 1.653 £ 0.014 ps™
B. 1.469 * 0.059 ps!
ct = LXy _ LXymB R O _ Gny D O-P[ ’
By P ct L, P Excellent agreement!
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ID, Lifetime Results

CDF Run Il Preliminary L=1fb

O

o

o

o
1

B. Signal
_ —— Physics Background
------- Combinatorial + False Lepton

2000]

1.51:0.04 stat. only
1.38:0.07 stat. only
1.40:0.09 stat. only
1.48:0.03 stat. only

1000}

Candidates per 20 um

Bs combined

0.2 0.3

« lifetimes measured on first 355 pb? proper decay-length [em]

e« compare to World Average: Bs: (1.469:0.059) ps

v

t = LXymB I:)tvIS Oy Gny D GPI ®GK
Ct = PVIS P - D
t T MC Ct L P[ K S I

Xy




B. Mixing Ingredients

Flavor tagging

N

Amsat
Sgnificance= \/@

S+B
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Flavor Taggin
Qg - _(Amso't)2
S’gnificance: 2 /i
2 S+B
Reconstructed decay
D= Nright-Nwrong

Q\% Fragmentation /\/%
~ Nright+Nwrong

Amplitude—DxAmplitude

Sveral methods, none is perfect !!!

15



Unbinned Likelihood Am, Fits

B,/B* samples used as guinea

pigs:

 Validate fit implementation

e Characterize taggers

1. Semileptonic and hadronic
samples are fit separately

2. Alisfixedto 1l

3. ¢,D, Am, are measured!

hadronic:

0.3 -
1 1

asymmetry
S & o ©O
N i (@) Y N

o
[

semileptonic, ID-, muon tag

CDF Run Il Preliminary L ~ 355 pb

Soft Lepton Taggers

W\_’

e data
] — fit projection
B? contribution
B" contribution B—oe/uDX
0.05 0.1 0.15 0.2

proper decay-length [cm]

Am, = 0.536 + 0.028 (stat) = 0.006 (syst) ps

semileptonic: Amg = 0.509 + 0.010 (stat) + 0.016 (syst) ps
world average: Amg= 0.507 + 0.004 ps

1
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B, Mixing: tagging performance

Tagger “ calibration”:

1. Tune tagger (selection cuts, algorithm details)

2. Measure performance (g, D) on control samples

* Measured from B, data (CDF)

A

-

gD? Hadronic (%) eD? Semileptonic (%)

Total OST 1.47 +£ 0.10 (stat) 1.44 + 0.04 (stat)
SSKT 3.42 + 0.06 (stat) 4.00 + 0.04 (stat)

CDF: ~5%o0f the Events are effectively used!

DO: ~2.5%o0f the events are effectively used! .



Amplitude Scan: signal?

* B, mixing can be
searched for too

 Signal is clearly visible
both by CDF and DO

* Detailed features of the
scan when signal is
present can vary from one
experiment to the other

* What happens when you
see a signal?

» See a peak

 Details of the peak
depend on the
experiments
properties

* How do you define
the significance of a
signal?

CDF Run Il Preliminary L=355pb’

1 =datat1c & 95% CLIlimit 0.4 ps’
2 1.645C O sensitivity 27.5ps”

data + 1.645 ¢ (stat. only)

g 1]:1 I — '
ELD_H b il Pl it |J1
< :I p gt m!ml m iy _F

0 10 20 30
wide Am, range  AMa(ps |

Remember: this all becomes an academic

exercise when statistics is large enough!
18



Amplitude
(]

AmE“tUde Scan do and don’t

« Amplitude scan is helpful to:

| -Seta Am limit
can oo i:a: Z:.fft') H e Combine experimental results
+ AN h e Itis not easy to measure mixing from it

| gt IW - How does an evidence of a signal look like?

« What procedure should one follow if aiming at

a measurement?
! — — — These qgestions must pe asked before
Am, s} performing the analysis!

« Otherwise lack of coverage is the punishment!
Remember:

* Not to confuse the individual significance of each A measurement
with the overall significance of the ‘feature’

 ‘Discovery threshold’ is an arbitrary cut on the probability for non-
signal to produce the same features. nothing to do in general with
how significant the value of a given parameter you measure is!

19




Several ways of using your data

— set a lower limit? Set an upper limit?

— Obtain a two-sided bound?
— Measure Ams?

We want to discern between
— H, = no signal

— H, = mixing at a certain Am value

Neyman-Pearson test:
— Pick an observable &, e.g.:

» Significance of the highest peak in A-scan

» Likelihood ratio (UMP! Neyman-Pearson lemmal!)

— Derive: P(§|H,) P(§|H,)
— Define:
e Bands in & for rejecting Hy/H;

= Desired detection & false alarm probabilities

— Open the box!
Dangerous things:

CDF Run Il Preliminary

Neyman-Pearson

L~ 355 pb’

1 =datat1c & 95%CLIimit 0.4 ps’
1.645 o O zensitivity  27.5 ps’

data * 1,645 o (stat. only}

*;“F |
I

lllllll

i L D |||l Ll
p. ol g, m!nlll |1| i W

P
IO

!

10 20
wide Am, range

30
Amy [ps 1]

5

-1 0 1

2 3 4 5

— Defining procedure (observable, probability thresholds and bands) after

looking at your sample

— Being confused about the procedure

— Switch from one way of using data to another (limit vs measurement)

20



CDFs Choice of Procedure

e Decided upon before un-blinding 1fb-* of data

eP-value: probability that observed effect is due to
background (false alarm): 1% (should be ~6-10-7 [5c] for a
‘discovery’)

e t0o be estimated using method defined in the next slide

e N0 search window to be used

Probability of background fluctuation < 1%?

YES NO

make double-sided
confidence interval,
measure Am,

set 95% CL limit
based on Amplitude Scan

21



Significance

CDF Run Il Preliminary CDF Run Il Preliminary
2500 3
- randomized tags c =
. ) ® -
2000__ expected for Am,=18 ps % i
- -9.) ) =
»
1500~
1000 -
-3_
500|- 10 3
0_ P I I e b Py ‘4_“||||||||||||||||||||||||||||||:|||||||||||||||
0 246 E 0 12 14 10 50 12" 34 56 78
Alog(L) Alog(L)max

* Alog(L) = log[ L(A=1) / L(A=0) ] — signal at likelihood’s deepest “dip”
« 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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B, Mixing: DO Result

- DO Runll & 1fb

(a)

6000

2000

Events/(0.01 GeV)
S
S

0..I...

19 20
[GeV]

1.8
IV’(KK)TC

« 26700 ID, candidates
e cD°~2.5%

Amplitude

Hep-ex/0603029

B +datai1o

[ [__ldata + 1.645 o (stat.)
| [l data + 1.645 o (stat. @ syst.)

D@ Run i

=

N
T

la¥aveuis ¢a i*' R
0_ , [TT5 Lid ¢4 f***}-{ﬂ*l

2f

-4 ¢95% CL limit: 14.8ps”
- ---o-- Expected limit: 14.1ps™
1 1 I 1 1 1 1 1 1

0 5 10 15 20 25

Am> 14.8 pst @ 95% CL
Sensitivity: 14.1 ps
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B, Mixing: DO Result

Very exciting: is this a mixing signal???

—Alog(L)

i +datai1o

- [Jdata + 1.645 o (stat.)
- [l data + 1.645 o (stat. @ syst.)

DG Run Il

Amplitude

o N =~
T

------

PURP T e t £ Y ¥ 1 L1gord ‘I‘-_° O
< m_h.H.}HHTmH,}. |

1
N
T

1 fb™

" ¢95% CL limit: 14.8ps”
- --o-- Expected limit: 14.1ps”
1 1 1 I 1 1 1 1 I 1 1

1
=

0 5 1015 20

25

Amg [ps’]

Pros Cons
Am~19 Am~19
Alc,=2.5 (A-1) /o=1.6
L has a nice dip | ..but shallow
P(BCKGND)~5% | P(SIGNAL)~15%

DO PRL offers a set of possible choices:

» Setting a limit?
e upper?
e Lower?

* Two-sided?

» Default choice seems to be ‘two sided

limit’

24



B. Mixin

: CDF semileptonic

B.—>DJv Yield | s/b
D.—>o¢m 32300 ~2:1
D—>K*K 10900 | ~1:2
D.—nnn 10100 ~1:5

COF Eun Il Preliminary L~ 1fb?

" —s— data

= . — fit

,‘]_f 10000 - [ ] Bgsignal

- 1 combinatorial + false leptan
]

E .

B S0004

= )

=

= —J//ﬁ\HH_

2

1.04 196 1.98 2
B, 10, X O mass [GEVJ"EE]

. A
CDF Run Il Preliminary L=11fb
| = datat1c A 95% CLIimit 159 ps’
16456 O sensitivity  17.3 ps’

datat 16450 L
datat 1.645 o (stat. only) l
Ul

Amplitude

1Bl =D, I"X

0 10 20 30

Am, [ps’]

Am> 15.9 pst @ 95% CL
Sensitivity: 17.3 ps

Reach at large Am, limited by
Incomplete reconstruction (c)!
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http://www-cdf.fnal.gov/physics/new/bottom/060406.blessed-Bsmix/

CDF Semileptonic Scan: Period 1

CDF Run Il Preliminary L =355 F:vl:{}I

| = datat1c A 95% CLlimit 185 ps’
16450 O sensitivity  14.2 ps’

5 N data+ 1645 a
| data + 1.645 o (stat. only)
3 | il } il
-'3 - = ' T 1 o
E- D 8 l 1
E :L ol [T
j I
5.
| B - D, I" X
0o 10 20 30
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CDF Semileptonic Scan: Period 2

. -1
CDF Run Il Preliminary L =410 pb
| = datat1c A 95% CLlimit 144 ps’

16450 O sensitivity  12.8 ps’

datat 1645 a

data + 1.645 o (stat. only) 1

—ic
(-
1 ] 1

Amplitude

-10 -

(-
L=
o
_.ii__ =—
=

1 B > D_I" X

107 20
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CDF Semileptonic Scan: Period 3

CDF Run Il Preliminary L ~ 230 pb’

| = datat1c A 95% CLIimit 12.0 ps’

104 16450 O sensitivity  12.7 ps’
data+ 1645 ¢
data £ 1.645 o (stat. only) |
% : H,W *
43 0 II'I||.||| || : I ST
e ' ﬁm
<L
_10-
T BE — D " X
o 10 20 91:ID
Am, [ps ]
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B. Mixin

: CDF hadronic

B.—D. Yield s/b
D.—>o¢m 1600 |~4:1
D.—~K*K 800 ~2:1
D.—onnr 600 ~1:1

Using also B.»Dnm [~1/4 more statistics]

CDF Run Il Preliminary L~1fb"
—— data
NU | ,
— fit
= 600
% B, — D, n*
8 satellites
| —
& 400 combi bkg
w
2 M B°5Dx
= Ay —=>Am
2 200
@©
O
0 | L

1 | 1 1 1
5.5

6.0

Mass(o(K K)rn*) [GeV/c]

Amplitude

M

41825 D] (3)n*

CDF Run |l Preliminary L=1fb"

4 - datat 10 A 95% CLIlimit 16.7 ps”
1645 ¢ O sensitivity 250 ps”

data+ 1645 a
data + 1.645 o (stat. only)

—
b

—_——

(Y,

O-WM“' F T+ ol
* g

— o

0 10 20 30
Amg [ps'1]

Am>> 16.7 pst @ 95% CL
Sensitivity: 25.0 pst

Is there something?
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Amplitude Scan: Hadronic Period 1

CDF Run Il Preliminary L ~0.355fb"

| = datat1c 4 95% CL limit 13.9 ps™
16450 O sensitivity  18.9 ps”

P

Amplitude

data £ 1.645 g (stat. only) ‘

3
0 '_WW e ! |
2] |

418 D 3)r

0 '1'0""2'0"":;0
Am, [ps ]



Amplitude Scan: Hadronic Period 2

CDF Run Il Preliminary L =0.41fb"
'ﬂ'; 4_' - datat1c A 95%CLIlimit 92 ps”
= 7 16456 O sensitivity 196 ps’
D_ -
.;;]E: 5 ) data + 1.645 ¢ (stat. only) m
_ 0o |
- + ? H+ -H' .< | .i-
bt H,|.+++++4 .|1H'+ HFLH‘ ”H‘”HH%‘ ﬂ Hlll [ A
0 | IH+++.|.+ H* | hT } I J
D | \H
41B° =D (3)n*
o 10 20 30
Am, [ps'1'




Amplitude Scan: Hadronic Period 3

CDF Run Il Preliminary L =0.23fb"
0
= 4_' - data+ 1o A 95% CLIlimit 3.7 ps™
= 7 16456 O sensitivity  14.9 ps”
D_ -
€ |
T 2

data + 1.645 g (stat. only)
T M
0 ?&Wﬂ | ++++H+T+ WM ﬁ

0 "1'0""2'0""31,0



Amplitude

B. Mixing: combined CDF result

CDF Run I L=1.01b" 20
_I L
- r S —data
| = datat1c & 95% CLImt 16.7 ps o [ --- mixin
o 16450 O sensitivily 255ps’ < B 9
- C === NO mixing
| datat 1645 ¢c

data + 1.645 o (stat. only) . “ . 102_
ﬁ I ml HMH\ 5

Alc=® at Am_=17.25ps’' =3.5

e '100_'"'5“'”1'(1'”'1{5'”'2'0”"2|5'"'3|d”'3|5'”z'1|0”'21'5'”1'50
0 10 20 30 Am, (ps’)
Amg [ps] log[(A=1)/£(A=0)]"** = 6.06

Am> 16.7 pst @ 95% CL Background has ~0.5%

Sensitivity: 25.5 pst probability to mimic this!

Am, € [17.00, 17.91] at 90 % CL

Aors +0.42 svetpg !
Amy =17.337557 £ 0.07(syst)ps Am, € [16.94, 17.97] at 95 % CL

33


http://www-cdf.fnal.gov/physics/new/bottom/060406.blessed-Bsmix/

Likelihood Ratio

combined likelihoods from hadronic and semileptonic channels

-0 CDF Run || / 1 b CDF RUN Il Preliminary 1" .
g - — hadronic —
o — semileptonic 2 24
—? 15 — combined 1=
<]

0

L L == T L= T R Lt

T N P T

12 14 16 18 20 %E
Amg (ps )

Amg = 17.33 *942 (stat) = 0.07 (syst) ps*

-0.21

Am,in [17.00, 17.91] pstat90% CL  the measurement is already very
Am,in [16.94, 17.97] pstat95% CL  Precise! (at 2.5% level)
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Amplitude
M3

Why the undershoot?

L=1.0fb"

CDF Run ||

| = datatic & 95%CLImit 16.7 ps’
16450  ©C sensitivily 255ps’
datat+ 1645 ¢

data + 1.645 o (stat. only)

o 10

e Peculiarity of
our ct-dependent
efficiency!

e Does not matter
If signal is not
present (i.e. the
only case where
you use an
amplitude scan!)

e CDFs amplitude
scan can still be
combined with
the rest of the
world for

combined limit
35



S

0.45

0.2
0.15

04

stematic Uncertainties I

Hadronic

| —— Total
0.4

0.35]
0.3
0.25

/

0.1
0.05]

— Non-Gaus o
Cabibbo D
ConSST

-------- gST+SST Corr

Get
— AT/T

——

0 5 10 15 20 25 '3'9
Amg[ps ]

sl
Y

0.15-

0.05]

— H/74 promgt
T T T T T T T T T T T T

~_ _ Oy lals

Semileptonic

0.2

0.1{

total

prompt dil.

T30 40

Am, [ps’]

e related to absolute value of amplitude, relevant only

when setting limits

— cancel in A/c,, folded in confidence calculation for observation

— systematic uncertainties are very small compared to statistical



Systematic Uncertainties 11: Am,

e systematic
uncertainties from
fit model evaluated
on toy Monte Carlo

* have negligible
Impact
e relevant systematic

unc. from lifetime
scale

All relevant systematic uncertainties are common
between hadronic and semileptonic samples
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Am¢ and V.,
2
Am,  mg ., [V

S

2
Amg, Mg, \/td‘

e INnputs:
> m(BY%/m(B,) = 0.9830 (PDG 2006)

> & =1.21 "33 (M. Okamoto, hep-lat/0510113)

5> Amy=0.507 + 0.005 (PDG 2006)

IVigl / [V = 0.208 #2998 (stat + syst)

e« compare to Belle b—sy (hep-ex/050679):

| Vigl 7 [ Visl =0.199 %5452 (stat) TPoic (syst)
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Am¢ and V.,

1—-CL

1.2

| !Mter

FPCP 06

1 CKM fit w/o Am,

o= CDF measurement
—a—BR(B? - p%) / BR(B® — K*%)

0.8

0.6

0.4

0.2

|
BRs WA - &, ¢ = 1.2+ 0.1 (CKM 2005)

&

+0.047

Qmmgsmm=121—amsf

(hep-lat/0510113)

0
0.1

0.12

0.14

016 018 0.2

Vig/ Vil

0.22

0.24
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Am. & CKM

|~ | excluded area has CL >0.95 % i
- 0 % -
i Q, i
I Y % Amy ]
1+ N -
sin 2P i
< -
0 5 \ §=1'21:UUUU‘;75(hep
5 8K
|: 0 AR RS e .00 DEEEEEEN 00 R e S . R,
-05
9k ol atCLoo
s | !|tter T -
| EPS05+CDF : |
_1 5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1




Ams from Tevatron & BSM Limits

Ay — Ay, (1+ hse“’s)

Hen-nh/05N9117 Anashe/Panticcei/Perez/Pirinl

azzria
=
-

[l =

Probability
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What's next?

e TeVatron samples will be frozen until
summer —at the least

 Experiments will refine their analyses:

— DO, [my guesses on] possible improvements:
e More D, modes
 Include fully reconstructed hadronic decays
* Improve taggers

— CDF

e Improve tagger usage (we have been very
draconian this round on what to/ not to use)

o Additional ‘almost fully reconstructed’ modes

42



- Perspectives

Exciting times ahead:
e ‘Discovery’ could be close

» B, result has become an important
complementary addition to the CKM
mapping!

e ..soon we will improve our mixing
sensitivity and move on to new
frontiers:

B.—~w¢, B—>DK...
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CDF Semileptonic Scan: Combined

CDF Run Il Preliminary

L=1fb"

| = data+1a
5_ 1.645 ¢

A 95% CLlimit 159 ps”

O sensitivity

data+ 1645
data £ 1.643 o (stat. only)

17.3 ps”

| BI =D, I" X

Amplitude
(-
?

10

20 30

Am, [ps’]
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Neyman-Pearson

Example: 90% CL poisson signal

» Several ways of using your data . & background
— set a lower limit? Set an upper limit?
— Obtain a two-sided bound?
— Measure Ams?
 We want to discern between
— H, = no signal
— H; = mixing at a certain Am value
 Neyman-Pearson test:

— Pick an observable &, e.g.:
» Significance of the highest peak in A-scan
» Likelihood ratio (UMP! Neyman-Pearson lemmal!)
— Derive: P(E|H,) P(EIH,)
— Define:
« Bands in ¢ for rejecting Hy/H;
= Desired detection & false alarm probabilities
— Open the box!

n.

{
\HBekT

D E O

2

I

b
=]

o

Signal Mean

O = D W e th N~ 0

u signal

5%

« Dangerous things: ; - TR T

— Defining procedure (observable, probability thresholds and bands) after
looking at your sample

— Being confused about the procedure
— Switch from one way of using data to another (limit vs measurement) 46



Mixing & Fourier Transforms

Ct Resolution (toy example) Signal

[T |

or

05

- 04

03

02

§
i
4
=
2
1
{

P IR
%

(ps?) | “

C PEIE IR I LS SR R R S S v vy Ly by
0 05 of 058 02 a¥ 03 Q¥ 04 048 0f i 1 i

Ct (cm) mAm

_ e Curve (toy example) -
u.n.s__ 028 :, \}
::; n-iv, :IIII|IIII|IIII|IIIII|||||||I
N TR TP A T TN e o o 0 5 10 15 20 25 X

Ct (cm) "Am (psY) Am (ps)
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Analo

- searching for a peak

 Familiar problem with
analogous issues:
— Unknown mass (Am)

— Some knowledge of width

14

e Peak hunting is dangerous. .,
— Easy to bias yourself from:

e prior knowledge 10t
« Statistical fluctuations
— Sensitivity depends on: 8
* Binning (can go unbinned
though, if mass model is 6
robust)
» Search window 4
e m can be measured pretty
well on a statistical 2
fluctuation!

5

sampleDisplay

Display

Entries 290
= Mean 6.336
B M RMS 0.4513
__ 2 1 ndf 67.02/45
B Prob 0.01824
: 1 T Signal Normalization 31.06 + 10.69
[ Signal Mean 6.203 + 0.032

Background Normalization ~ 563.6 + 200.2
BCK Flat Term 5.886 £ 4.436

BCK Slope -0.5275 = 0.4017

Ii—IAI.lrllllllI
[
4--""'"/

N
>
1

-
M o

||’

6 58 6 62 64 66 68 7 7.2
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B

Mixing Ingredients

| Proper time resolution |

Flavor tagging

| Event yield | \

Sgnificance=

o)

| Signal-to-noise |

49
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Proper time resolution

K K 7T BS_)IleS K K I

LV N

o B, o B,

ct = = > Oq =— 0,

ny nymB X ; my C—BC’[(G—DT)‘
(Br)  m Pr

\ m,L, /P(ID.) m, o
~ ~R(D,) <F1<BS>>mC 7 HGLW@C{ j 5

Semileptonic modes: momentum uncertainty

Fully reconstructed: Lxy uncertainty — improve reconstruction
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Samples of B, Decays



Semileptonic Samples: D~ 17 X

CDF Run Il Preliminary L =1fb" CDF Run Il Preliminary L=1fb"
—— Data o - —— Data
o &) - .
%’ | —— Fit S 4000+ — Fit
2 10000+ B, Signal 2 | B, Signal
- ' - Combinatorial + False Lepton | & 3000- — Physics Background
= - 1 e Combinatorial + False Lepton
e _
o -4 _
iy j 0 ]
) 2000+
w 90001 % ]
O _ © .
© = _
3 1000-
. N 0.
194 196 198 2 :
2
8. 1D, X D mass [GeV/c] 5 _p x lepton-D mass [GeV/c']

~53 K events m(ID,") distribution
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Signal Yield Summary: Semileptonic

electron
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B Lifetime Measurements
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“Classic” B Lifetime Measurement

pp collision B decays

reconstruct B meson mass, p;, L,
calculate proper decay time (ct)

extract ct from combined
mass+lifetime fit

signal probabillity:
psignal(t) = e_t’lr® R(t’ 1t)

background py,,4(t) modeled from
sidebands

candidates per 50 um
3

. CDF Run II L ~ 260 pb”
->E’ 605 B, — Jy o - data
o 60— 2031415 sig. i
= | candidate W m(sig)
o o Fit prob: 93.4% m(Bkg)
2 af
o 40
2 u
® 30
o r
T
c 20
Lol
Q
10f
O 54 s
(LuKK) mass, GeVic
CDF Run Il L ~260 pb'
= BS% J/\P‘(D -o-data
- Sig
—Sig Light
= SIgHeavy
Bkg Long-lived
BK9 shortiived
Fit prob: 26.4%
01 0.0 01 0.2 03

ct, cm
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Hadronic Lifetime Measurement

“trigger” turnon

SVT trigger, event selection  2o- \
sculpts lifetime distribution '
correct for on average using 15
efficiency function: !
p=et/-R(t',t) ®
efficiency function shape
contributions:

pattern limit
|dg] <1 mm

1.0+

_ |

— event selection, trigger T} ——

detalils of efficienc ggrve O'O ! ' — ]
y 0.0 0.2 0.4

— Important for lifetime measurement proper time (cm)

— Inconsequential for mixing measurement

S7



candidates per 30 um

Hadronic Lifetime Results

10° -

—a
o
]

| . R

—_—
o
|

CDF Run Il Preliminary L~1fb"
—— data
— fit
B, — D, (3)n*
. random bkg.
B B°-D 3
0.0 0.2 o4

proper time [cm]

1.508 = 0.017
1.638 +£ 0.017
1.538 £ 0.040

e World Average:

BY 1.534 + 0.013 ps!
B* 1.653 £ 0.014 ps*
B, 1.469 £ 0.059 ps

Excellent agreement!
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Semileptonic Lifetime

Measurement

e neutrino momentum not <o

reconstructed 0.5/

1 \"* \ :
K = 0.5/
pT(B) L(ID) 100
: A
e COrrect for neutrino on average 0 1 2 3
Decay Time [ps]
- 1
CDF Runll Preliminary L=1fb CDF Run Il Monte Carlo B 1D, 1.0
i S— B_>|Dx20<m,Ds31Gev1c:2
" 3000 o all & . B, 1D, X, 4.3 <m_ <4.5GeV/c?
- N — Fij B 2
S Fit 04] _ 49<m <51 GoVic? 5 osl B. — 1D, X. 49<mp <51 GeVic? -
= B, Signal - D = | e B, — D, 7 -
o — Physics Background S 43<mp <4.5 GeV/c? g i -
- : ~ c ‘.“
g 2000 Combinatorial + False Lepton o 031 .. 29< Mp, < 3.1 GeV/c? g 0.6 ‘
8 ‘ 2 £ | -
© 3 0.2 Z 04l o
2 1000+ 2 A S .
g 3 R
© R e, 0.1 E 0.2 =
0 e 8— N
3 4 5 o T
2 T T -t T T 1 1 Il Il | 1 1 1 Il ‘ 1 1 1 Il ‘ Il 1 1 Il
B, 1D, X lepton-D mass [GeV/c'] 0.4 0.6 0.8 1.0 0.05 1 2 3 4

Lepton SVT Track k-factor Proper decay time [ps]



Candidates per 20 um

ID, ct™ Projections

Lepton does not fire trigger

Lepton fires displ. trigger

CDF Run Il Preliminary L =1fb"
—— Data
— Fit

30004

rJ
o
(-
-

' 1 L

—
o
o
o
e L

B,—ID. X
Lepton SVT Track

B. Signal
—— FPhysics Background
- Combinatonal + False Lepton

;;;;;;;;;;;;;;;

A L L L L L L L L e
JJJJJJJJJJJJJJJJJJJJJJ -
3

02 03

proper decay-length [cm]

Candidates per 20 um

CDF Run Il Preliminary L=1fb"
—— Data
— Fit

B, — 1D, X

Lepton No SVT Track

—— Physics Background
-- Combinatonal + False Lepton

B. Signal

0.3

0.2
proper decay-length [cm]

60



Semileptonic Lifetime Results

1.51:0.04 stat.
1.38:0.07 stat. on
1.40:0.09 stat. on
Bs combined | 1.48:0.03 stat. on

<K IK I

 |ifetimes measured on first 355 pb-1
« compare to World Average: B (1.469 0.059) ps
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Proper Time
Resolution
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Proper Time Resolution

Reminder,
measurement
significance: Signif = 4/

e significant effect

e fitter has to correctly account for it

¢0AAAAAAAA

e lifetime measurements not very _0_5\/ VVV VYV VA
sensitive to resolution 10k

_ _ _ _ 0 1 2 3
e a dedicated calibration is needed! Decay Time [ps]
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Calibrating the Pr r Time R lution

_ CDF Run Il Preliminary xbhd0i
trigger tracks ;  — D data

prompt track
t

/7
D¢ vertex

/

candidates / 20 pm

v,

J Bg vertex

P.V. 02 01 00 01 02
proper time [cm]

e utilize large prompt charm cross section
e construct “Bs-like” topologies of prompt D, + prompt track

o calibrate ct resolution by fitting for “lifetime” of “Bs-like”
objects -



B, Proper Time Resolution

CDF Run Il Preliminary L=1.00fb"
: e event by event
0.25] B, — D; (3)n* determination of
E <o_> = 25.9 um primary vertex
0.2 L
‘go ~ position used
£ 015 " e average uncertainty
s | 0sc. period at Am, = 18 ps™
_‘.;0.1(}:"““" ————————————— > ~26Mm
% .05 e thisinformation is

used per candidate In

0-8%00~ 0.002 0.004 0006 0008 0010  the likelihood fit
proper time resolution [cm]
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c d0 (um)

Layer 00"

200
180
160
140
120

100

nNnN A~ o0 @
o O O O O

T

(@]
(©]
O
O

|.P resolution

without LOO
5 /

—@—

LX)
oo ®%c0oeee eo®00 o oad
000n0 ) ‘. ®
o 00000000000008800 850 eoéééoéé

layer of silicon placed directly on beryllium beam pipe

1 2 3 ) =
pT (MeV)
([
* radial displacement from beam ~1.5 cm
[

additional impact parameter resolution, radiation
hardness 66



Flavor Tagging



Tagging the B Production Flavor

vertexing (same) side

fragmentatmn
D meson

—

b hadrnn

“opposite” side

use a combined same side and opposite side tag!
use muon, electron tagging, jet charge on opposite side

jet selection algorithms: vertex, jet probability and
highest p-

particle ID based kaon tag on same side
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Parametrizing Tagger Decisions

e use characteristics of tags themselvesto increase their
tagging power, example: muon tags
u from b decay

. . | CDF Run Il Preliminary |
jet axis s : //

v
*
‘0

%

Isolated tracks

Dilution |
5

I
re .
0”
*
Py .
0‘.
‘0
*
‘0

W
o

—
o
T TSR [T T,

N
o
—_——

\

u from c decay
CMUP

05 0 05 1 15 2 25 3
P [GeV/c]

o
PO T

4
o

e tune taggers and parametrize event specific dilution
e technique in data works with opposite side tags
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exploit b quark fragmentation
signatures in event

B%B* likely to have a '/ «t
nearby

BL likely to have a K*

use TOF and COT dE/dX info.
to separate pions from kaons

problem: calibration using
only B® mixing will not work

tune Monte Carlo simulation to
reproduce B9, B- distributions,
then apply directly to BY

Same Side Kaon Tags
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Time Of Flight System

COF Time-of-Fhight - Tevatron store 860 - 12232007 §
;eSS

)

.“"
wh

pﬁ:\] 17 (el
(%)
o

1 B )
Mamantum (Galid) '

e timing resolution ~100 ps'! resolves kao'nsfrom
pionsuptop~1.5GeV/c

e TOF provides most of the Particle ID power for
SXKT
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Calibrating SSKT

 Analogousto transfer scale factor in
Opposite Sde Tags

e Check dilution in light B meson decays

CDF Run Il Preliminary L = 355 |::|I::"
E- 3 |.|I'+' I{-" | = data *I .
= M

B =0 o

syst.
B =0 an
B = My K- v —
B=DOnx* | —_——
B =D .

5 10 15 20 25 30
max PID dilufion D [%]

Data/MC agreement is the largest systematic uncertainty ! O(8%)
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The Data



Hadronic Scan: Combined

CDF Run Il Preliminary L=1.0fb"
@
S | = datax1c 4 95%CLIlimit 16.7 ps™
% - 16456 O sensitivity  25.0 ps”
E 2 W data+ 16450
<< |

data + 1.645 o (stat. only)

I B > D, (3)n* B » D, n* n*

o 10 20 30
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Combined Amplitude Scan

CDF Run Il Preliminary L=1.0fb"

| = datat1c A 95% CLIlimit 16.7 ps”
16456 O sensitivity  25.3 ps?

datat 1645 ¢
data + 1.645 o (stat. only) ‘HIHl

RAAA ' M lf TM 1»#\}-.;

Amplitude
Mo

Alo, (17.25 ps?) = 3.5

o 10 20 30

-1
How significant is this result? Am [ps ]
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Combined Amplitude Scan

CDF Run Il Preliminary L=1.0fb"

| = data+ 16

0 WWMLMIHMJ |
| R

I B> I"D; X,Bl > D, n*, B > D, n* n*
o 10 20 30
5m5[p54_

Amplitude

N

How significant is this result?



Likelihood Significance

25000

500

2000L-
15001

1000k

randomized tags

expected for Am=18 ps’

T 902 s
Alog(L)™

significance

B -
Alog(L)™

* randomize tags 50 000 times in data, find maximum Alog(LR)
e In 228 experiments, Alog(LR) > 6.06
e probability of fake from random tags = 0.5% = measure Am,/
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Does the MC bias the answer?

efficiency function is derived from Monte Carlo
the Monte Carlo is derived with an input

lifetime

does the input lifetime bias the fit outcome?
teSt flt many |\/|Onte Car|OS CDF Run Il Monte Carlo

with various input lifetimes
derive efficiency function
using one lifetime (500 pum)
compare fit result to input
lifetime

observe no bias for £50 um

measurement stat error ~/

s60f B’ —D'm:MC
5401 -
= [ +
i ==
.S- 520 +1
= - :
o - _|_+
Q0 L '
S 500 M
3 "
L i —+= .
- e fit=o+p"x
460 —|'—+ o= -4.84 +11.36 um
i F=1.012+ 0.023
m” 1 | 1 L 1 1 I
450 500 B0

Input MC ct [um]
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Entries per 100 um

Semileptonic Lifetime Fits (Winter '05)

D;—dn- D;—>KK D;->nn

X CDF Run Il Preliminary 355 pb ' ’ CDF Run Il Preliminary 355 pb”’ o CDF Run Il Preliminary 355 pb’'
= £ 10
10° B, lvD,(D.—¢m) 2 L B, VD, (D, —37) S B, VD, (D,~3n)
- . . 5 o . . 2
SompoeB.Soal | Somiepioni B, Signal | > Eouif i o
Real D, Background 8 2 Combinatorial Background 2 102 Combinatorial Background
8 i Real D, Background 3 i Real D, Background
b= £
11}
S, oy 10 %

“r hf

1 j» 1 T
\\ \\
N b

10¢

(O T R Lo L . g g o g5 n l g 5 5.lp x T ) I e x
0 0.1 0.2 0.3 . 04 0 0.1 02 03 . 04 0 0.1 02 03 . 0.
ct (cm) ct (cm) ct (cm)

Ct =455.9+11.9 um ct =413.8+ 20.1 um Ct =422.6 £ 25.7 um

o BY B* lifetimes within 20 um of world average values
« combined IDg lifetime fit result: 445 + 9.5 (stat) um
« world average value: 438 + 17 um
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Candidates per 2 MeV/c?

data - fit/ error

\

‘Prompt”

3004

2004

- data
— fit
background

180
K* w4 mass [Gewc2]

pt” Charm Background

%%/ NDF = 153.68 / 124, Prob = 5.14%

Candidates per 40 um

data - fit / error

1500

1000

500

-0.1

- data
— fit
1 background
— prompt
0.0 0.1 0.2 0.3 0.4

proper time [cm]

Candidates per 40 um

data - fit/ error

10° 4
10" 1
104 e
1004

10 ==

— data

— fit

] signal
background

— prompt

0.1 0.2 0.3 04
proper time [em]

due to fake leptons, reconstruct some amount of
prompt charm (D-, D°, D™) as B signal (in D mass signal

region)

can not disentangle from signal in any variable

need to account for in lifetime, mixing fits

extract shape from wrong-sign I'D sample, use In fit
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Number of Entries

Number of Entries

m(ID) fits

oo, ¥% 1 NDF = 58.32 / 62, Prob = 60.92% % / NDF = 56.47 / 63, Prob = 70.66% S I g n al d I Strl b u tl O n

) from Monte Carlo
: « distribution for
: “fake” leptons from
: - data
° Signals —u‘iD*—B Trig5lger, m(ID()) ‘ Fakesé —u,AIrD*—B Trigéger, m(ID? ° phySI CS baCkground
2/ NDF = 32.49 / 51, Prob = 97.98% ¥?/ NDF = 195.63 / 160, Prob = 2.89% dl St rl bUt I On from MC
_ | « fit linear combination
Ti} / to sideband
} subtracted data to
5 o extract fractions
0+ | . : g 1 | | .I "
2 3 4 5 6 2 3 4 5 6

Physics Backgrounds-p D'-B Trigger, m(ID) Fit on Data -u D'™-B Trigger, m(ID)



|.K.F1

Cross-Talk

e problem:

e |ID, ID° are a
mixture of B, B°

 when fitting for
lifetimes and
mixing
amplitude,
account for this
effect In fitter
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Slide 82

I.LK.F1 goes to backup
lvan K Furic, 3/14/2005



Tagger Calibration

|.K.F2

taggers are parametrized in |+track sample

kinematically different from final (D, «, I+D,)

final tagger calibration:

perform B® mixing fit in hadronic and semi-leptonic sample
use per-event dilution, extract tagger scale factor:
P~%[18 S D cos( Amyt)]

use per-event corrected dilutions in A m fit

for hadronic sample, final calibration in D/, J/y K®

for semileptonic sample, final calibration in D/ [, D* |
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Slide 83

I.LK.F2 move all this to backup
lvan K Furic, 3/14/2005



|.K.F3

A my Fits

semileptonic, ID-, muon tag hadronic, all channels, all tags

- CDF Run Il Preliminary L~355pb” CDF Run Il Preliminary L=~355pb’
| ] o Daa 0.3 - B — J/y KT, B" =D
| — ngm]eptlop 0 0 0 -
U Jr s e 0.2 - B° > JyK®, B »D w
5 02 bl > 0.1 +‘
g . D iz
1 =
R S P
> S, =
7] i [ e <u£) 0.1 -
{ _02 _‘ ............. . & Data
: 0.2 ] — Fit projection
-0.4 - ' - B* contribution
B—IDX ] B contribution
- 0.3
U005 01 015 02 0 005 01 015 02
proper time [cm] proper time [cm]

hadronic: A my = 0.503 £ 0.063 (stat) + 0.015 (syst) ps
semileptonic: A my = 0.497 + 0.028 (stat) + 0.015 (syst) ps
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Slide 84

I.K.F3 unbinned likelihood fit
simultaneously measure
tagger performance

delta md
Ivan K Furic, 3/14/2005



Kaon Tagging

no straight way to determine tagger dilution
from data unless B, mixing is observed

but we need to know the dilution to set the
limit

| CDF Run Il Preliminary | +2INDF = 20.84 / 25, Prob = 70.14 %
must use MCto  § ¢ .
i . 0250 s > UsT
measure dilution § ¢ - Data
S 0.2 —
tune MCon B°, B § ©
20.15
predict B, o
o.osf—
o

(=]

p; (Tracks inA R = 0.7 cone) [GeVic]
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Calibrating Opposite Side Tags

« Jatistical Power of the
tag: eD? CDF Run-Il Prelminary

~2500
— Tagging efficiency (e o | . . 1
gg_ 9 o y () S | muon+displaced track trigger (63 pb )
— Tagging dilution (D = 1-2w) So00|
. | >0 - <
oW = mlstag rate =T Data d(track)>0 - &(track)<0
“Binned Taager” g | b MC d(track)>0 - 3(track)<0
° 0
99 9500 - b MC 8(track)>0 - (track)<0
Tagl: ,=50%, D, = 0.5 ;
— Tag2: £,=50%, D, =0.1 10003
—<Db>=(D, +D,)/2=0.3 Y r
— <D*>=10.36 w0
* Dividing events into w
. h LR
IR ‘8‘3*3*30.0.‘&.*.‘.......................*2‘3.*.03*2*302’*"%9; i
different classes based on ... .

' ' 0 05 1 15 2 25 3 35 4 45 5
2 aD%;glng power improves TR

e inclusive B —track+lepton

- Calibration the tagger e 1.4 M events of flavor specific B

performance requires high

statistics .



candidates / 20 um

Non-Gaussian Tails

10° ;

10 3

CDF Run 1l Preliminary xbhd0i
] 1T [ n* data
o — fit
Hoo f,
H
i Wt
;T It [ | prompt
| 't
ik

00 01

0.2
proper time [cm]

candidates / 20 um

—
o
n
sl

—
o
A%

CDF Run Il Preliminary

xbhd0Oh

—
O
T
ol L AFic] BT W

—h
O
T
ol | LR P e

‘IO‘;

|

?/%

0.05

proper time [cm]

e amplitude corrected for effects of non-Gaussian tails
e correction derived from toy Monte Carlo, tuned to reproduce data
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Lifetime Measurement: Semileptonic Subsample

St B? = I D" X, D' — K*n-n- CDF Run-ll MC CDF Runll Monte Carlo
' By correction
2
i
0.003 0 + My = s
L) o B'=IFD X, D —K'ntn
E‘ o 4000
|
E
90.002] =
<l o
- @
>
Q o S 'g 2000
: .
@ 0.001] M =
= >
=
11
d L
0] — e — ‘

0 o1 02 03 04 04 06 / 08 1
ct (cm) PITD LEy/ ID'Br LR

In addition to SVT bias, correct for missing energy (K-
factor)

bin K-factor in [+D invariant mass to obtain narrow K-
factor distributions
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Calibrating SSKT (1)

use combined PID likelihood, select most “ kaon-like” track as
tagging track

parametrize dilution based on maximum PID likelihood value
verify kinematic distributions (p+, tagging track p,, multiplicity,
Isolation) of light B mesons in Pythia simulation
verify particle ID simulation  CDFRunll Prelminary L ~ 355 pb’
test for dependences on: 150 [ e

— fragmentation model [

— bb production mechanisms mﬂ:— ﬂ

— detector/PID resolution

entries per bin

- I
i T
— multiple interactions Eu:- _i
— pid content around B meson gt o
+
— data/MC agreement o 1., tha

-20 -10 0 10 I IEEI
log(LH(PID})

Final test: cross-check tagging power against high statistics light B
decays
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The Method

 We are |looking for a periodic signal: Fourier space Is
the natural tool
— Moser and Roussarie already mentioned thig!
— They use it to derive the most useful properties of A-scan

— Amplitude approach is approximately equivalent to the
Fourier transform

Amplitude from scan <> Re[Fourier]

« Aim: move to Fourier transform based analysis
— Computationally lighter
— As powerful as A-scan

— As is, no need *in principle* for measurements of D, ¢ etc.
(however these ingredients add information and tighten the
limit)

— Will provide an alternate path to the A-scan result!
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Dilution weighted transform

* Discrete Fourier transform definitioNn
— Given N measurements {t;} > g(w)= > D'
* Properties: —
— Aparticular application of  g(w)=> we'* (CDF8054)
— Average: (9(@))=N(D) f(o) <t
(f(t) is the parent distribution of {t;})
— Corresponds to dilution-weighted Likelihood approach
Errors computed from data: GZ(Reg(w))z%(<D2>+o(%j]

 NB: Errors can be calculated directly from the data!

. A(a)) = gUnMix(a))_ gMix(a)) behaves “as you’d expect”

 While A and its uncertainty are fully data-driven, predicted A
requires exactly the same ingredients as the amplitude scan fit
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Properties of A...

« Re[A]
a) contains information equivalentto
the standard amplitude scan R

b) (Amplitude scan)=~Re[A]

* Re[F] and ogef can be computed
directly from data!

D) = Sensitivity is exactly:

III|III|III|III|III|III|III|III|I
10 12 14 16 18 20 22 24 26

o, S+ Be <D2>

A(w:AmS):\/Ng<D>2 S —AM?c2 12 1+ 0[2)

Can we reproduce the A-scan itself ?
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Toy Example

Al@)
pred.A(w; Am, = o)

« 1000 toy events “A-scan” a’ la fourier
* Am=18

e S/B=2.

* £Dggna"=1.6%
e gD, . °=0.4%

Sensistivity:
= Predicted \

- Measured

- :
T V HM' “'W

1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 |
5 10 15 20 25 30

=
—

p——

e Background and
signal parameterized
according to standard
analyses

W RN LM O a4 N W s oW

IIII|IIII|IIII|IIII|IIII TTTT IIII|IIII|IIII|IIII
I N

b

1
on

L=

» Histogrammed o, No actual fit involved: this

« Best knowledge on method allows to flexibly study

SF parameterization systematics!
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Measurement Sensitivity

w
o

N
(6
|

N
o
|

=
o1
]

|
o
|

6}
|

b 4

95% CL Sensitivity (ps™)

yd

DO1fb World AV CDF 1fb

e estimated from scan on “blinded” data (randomized tags)

e unusual situation —one single measurement more sensitive
than the world average knowledge!

o
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