Probing the Boundaries of
the Standard Model with B
Physics at CDF 11

Alessandro Cerri
| BNL
April 13t 2006




Synopsis

 The Big Picture
 Why B physics at the TeVatron is a good bet

 Tools of the trade
— CDF: detector and DAQ
— SVT: the CDF key to B physics

o Slected examples
— Hadronic Moments in b—clv (V)
— B, Mixing (V.4 and new physics)

e Perspectives

e Conclusions



The Flavor Sector: CKM Matrix
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Qualitative to Quantitative

A (partial) History of H,
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Like other areas, CKM physics can now precisely probe the Sandard Model
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B physics probes the SM
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TeVatron contribution is critical!



The Tevatron as a b factory

 Y(4s) Bfactories program extensive and very successful
BUT limited to B,,B,

 Tevatron experiments can produce all b species:
B,.By, BB, B**, Ay, &,

See PRD 71, 032001 2005

o, =351+0.42+053ub@ |y|<1 p,>6

Compare to: \
—Y(4S) ~ 1 nb (only BY, BY)
70 27 nb

Unfortunafely/ 9
—p ~100 mb

b production in pp collisions is so large (~300 Hz @ 10%2 cm2 Hz) that
we could not even cope with writing it to tape!




Path to New Physics

CKM meas. — discrepancies — new physics hints
How do we achieve this ability?

* Design/ improve the “tools of the trade”

-Experimental (detector & techniques)
—Theoretical (phenomenological devices)

* Measure uncharted properties at the boundaries of

our knowledge
-Masses
—Lifetimes
-Branching ratios

 Press further ahead and investigate the boundaries:
-Mixing
-CP asymmetries
—-Rare decays etc.
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CDF and the TeVatron

Si Detector: LOO,SVX II, ISL

Renewed detector & Accelerator chain:
e Higher Luminositym higher event rate
—Detector changes/improvements:

—DAQ redesign
—Improved performance:
» Detector Coverage

» Tracking Quality

»New Trigger strategies for heavy flavors:

displaced vertex trigger
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SVT: a specialized B physics trigger
The CDF Trigger requirements

~2.7 MHz Crossing rate
396 ns clock

Level 1 Level 1
*2.7 MHz Synch. Pipeline
storage «5544 ns Latency
pipeline: *~20 KHz accept rate
42 clock
cycles
Level 2 P
buffer: 4
events Level 2
¢ Asynch. 2 Stage Pipeline
*~20 ps Latency
¢ 250 Hz accept rate
DAQ
buffers

* As fast as possible

L3 Farm

—>Customized Hardware

Mass Storage (30-50 Hz) 10



...ahd a successful endeavor!

* The recipe: specialized hardware Single Hit

1)Clustering

1000

800 |

600 |

400 |

Find clusters (hits) from detector ‘strips’ at full
detector resolution

(%]
<
@
N
©
: ~
2)Template matching T4 s
Identify roads: pre-defined track templates 8'
with coarser detector bins (superstrips) 2
Q
Q

3)Linearized track fitting

Fit tracks, with combinatorial limited to clusters Superstrip
within roads

200 1

.........

11111111

\

I NN N N I |

Road

* SVT Is capable of digesting >20000
evts/second, identifying tracks in the
silicon

» CDFII has been running it since day -1

SVT isthe reason of the success and
variety of B physicsin CDF run Il
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Benchmarks



Knowledge of non-Y(4s)-produced b (PDG’'04)
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Measure: Branching Ratios

CDF Run Il Preliminary, L = 119 pb

First-time measurement of many B, and A, ‘“§ sof
Branching Fractions 2o
S
| - 304
fs Br(By — D zt) 8 |
LI = 0.35 =+ 0.05(stat) H0.04(syst)| £ 0.09(BR) @ ..t
fa Br(B°— D) (stai) (quH)ep—ex/05053014) = 205
(0 10f
BR(B, — ¢¢) = (1.4 + 0.6(stat.) H0.2(syst. )|+ 0.5(BR's)) - 10~° ol
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12 events in search window

Expected BG events = 1.9510.62
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D.n+ Mass [GeV/c’]

Br(Bs;—1(25)¢)

BI‘(BS —}J/’I}M))

= 0.52 + 0.13[stat] £ 0.06[BR] +

http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsdl

0.04[sys]|

HHHH
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14



http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsd/
http://www-cdf.fnal.gov/physics/new/bottom/050407.blessed-lbbr/lbrBR_cdfpublic.ps
http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsd/

Lifetimes: fullx reconstructed hadronic modes

“trigger” turnon

« Testbed for our ability to understand trigger biases \ N 408 51 b - 1.15%
« Large, clean samples with understood backgrounds 5 N/ pattern limit
L s do| < 1 mm
* Excellent mass and vertex resolution - g
* Prerequisite for mixing fits! %
1(B*) = 1.661+0.027+0.013 ps =
1(B%) = 1.511+0.023+0.013 ps S S N
1(By) = 1.598+0.097+£0.017 ps 0 1 2 3 4

1 Proper decay length (mm)

CDFII Preliminary L=360pb’

c
EL oo soostmr Systematics (um)
3
.E_ Effect | Variation(um) | Variation(um)
B B,
MC input et negligible negligible
pr reweight 1.9 1.9
Scale Factor negligible negligible
Bkg ct description 1.1 1.1
Bkg fraction 2.0 2.0
[.P. correlation 1.0 1.0
6 ff. parameterization 1.5 1.5
e IE L, significance negligible 2
e Al - 1.0
k! Alignm. + others 24 24
| : Total 4.2 4.7
°T 28 5 52 54 56 58 _ 6
Mass [GeV/c']

:http :/lIwww-cdf.fnal.gov/physics/new/bottom/050303.blessed-bhadlife/ 15
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Improving SM Tools



Closing in on CKM
DP

C

* QCD corrections <> uncertainty on the b wave function inside the meson

» This is something that can be constrained experimentally!

17



Phenomen. Tools Improvement

Hadronic Moments

* HQET/OPE is a fundamental tool for CKM physics with B mesons. For
Instance it relates:

*B->X/|v to [b—ulv] = V,,
*B->X v to [b—clv] =V,

«“semi-empirical” approach: parameterizes any prediction in a series
expansion of effective operators

* Expectation value of these operatorsis a “universal” property
—=can be assessed with concurrent measurements

* Example:

Vep (£1%4,,£2.5%,;.,) <> Hadronic Moments: (u, ) of M(X,)?

Aim: Constrain the unknown parameters and reduce | V.| uncertainty.

With enough measurements: test of underlying assumptions (duality..).
18



Analysis Strategy

PRDRC 71, 051103 2005

Typical mass spectrum M(X®.) (Monte Carlo):

Arbitrary units

——D (x 0.05)
——D (x0.05)

—D

—D;

D,

&

) (x2)

D, (x2)

Non-res. (x 2)

: 4
m (GeVic ) J

DP and D*° well-known
=>» measure only f**
=>» only shape needed

1) Measure **(s,,)
2) Correct for background,
acceptances, bias
= (u,c) of M(D**)?
3) Add D and D* = M,,M,

4) Extract OPE parameters

(A, A)

— 2
S_H — MXC

L .
o .
lllllllllll

(SH — sz*oj,:-I- (
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1 =2 =
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Results & Comparison with other experiments
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» Good agreement with HQET @
previous determinations.

e First measurement at hadron
machines: different environment and
experimental techniques.

« Competitive with other experiments.

P v BaBar 04 (Correlated uncertamnes)

(® CLEO 04 (Correlated uncertainties)
0.2 [® Delphi 03 Preliminary
;—.HQET fixed CDF (Mz- M2> and (I'»‘I2 (M ) ]
0 0.2 04 06 08 1 12 14 1.6
E cut (GeV)

lepton

e Little model dependency. No
assumptions on shape or rate of D**
components.

* Through integration with other
experiments and other “moments”
we can seriously probe HOQET/ QHD

20



Extraction of the HOE Parameters

. A, (GeV))

-0.2

-0.3

-0.4]

of:

e Combination of all the
experimental measurements
of the hadronic moments

e Effective determination of
the two OPE operators
relevant at order 1/mg(A)
1/mg? (Ay)

» CDF contributes as much as
the B factories in this
determination!
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Towards the SM boundaries:
B. Mixing



Working our way through CKM sides

< (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 production at the TeVatron

* Production: gg—bb

* NO QM coherence,
unlike B factories

* Opposite flavor at
production—one of the
b quarks can be used to
tell the flavor of the
other at production

* Fragmentation
products have some
memory of b flavor as
well

24



B, Mixing 101

A= Nunmix-Nmix
~ Nunmix+Nmix

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'®




Am

litude Scan

1645¢ O sensitivity

data + 1.645 ¢ (stat. + syst.)

| +data+ic a 95%CLlimit 12.6ps”
13.1 ps'1

data £ 1.645 ¢ (stat. only) !
Q | HI1]e
S jll'"
=0 *MWHW .
o Wﬁﬂw }
<
5 4
:Just an (j:'xallmplez Not basledl on reizal Ida?a!l |
0 5 10 15 20
-1
Am [ps ]

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

* On average every Am
value (except the true
Am) will be O

 “ sensitivity” defined
for the average
experiment [mean O]

* The actual experiment
will have statistical
fluctuations

e Actual limit for the
actual experiment
defined by the
systematic band
centered at the
measured asymmetry

26



Amplitude
(]

AmE“tUde Scan do and don’t

. Amplitude scan is helpful to:
| + Setasmlimit
can oo :f:a:*j;’;"‘-) H . Combine experimental results
T 1. stal. on |
+ AR T it It is not easy to measure mixing from it
‘“‘*“‘“"WMM*W A : : :
+++++++“ T W IW . How does an evidence of a signal look like?
. What procedure should one follow if aiming
at a measurement?
! — — — These questions must be asked before
Am, s} performing the analysis!
. Otherwise lack of coverage is the
Remember: punishment!

* 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!
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CDFs Choice of Procedure

e decided upon before un-blinding the data
e “‘random tag” significance to be estimated using A(In L) method
e No search window to be used

random tag significance < 1%?

YES NO
maie coublesicec set 95% CL limit
COMMGENCE INtetval Tom based on Amplitude Scan

A 'log(L), measure Am,

28



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 TR IR e b Py ‘4_”|||||||||||||||||||||||||||||||||i||||||||||||
0 246 E 0 12 14 10 50 12" 34 576 78
Alog(L) Alog(L)max

e 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

29



B

Mixing Ingredients

| Proper time resolution |

Flavor tagging

| Event yield | \

Sgnificance=

o)

| Signal-to-noise |

30



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 !!!

31



B, Mixing: tagging performance

e use exclusive combination of tags on opposite side

© e same side —opposite side combination assumes

E Independent tagging information

O g¢D? Hadronic (%) eD? Semileptonic (%)
e

af

-

=

[®

&)

=

7 | IRCERCSI 1.47 + 0.10 (stat) | 1.44 + 0.04 (stat)
© 3.42 + 0.06 (stat) | 4.00 + 0.04 (stat)

% ~5%o0f the Events are effectively used!

32
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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
34



B, Mixing: DO Result

Hep-ex/0603029

soool. PP Runll A 107 | S [ faatasto DO Runll  /\
- (@) %_ - [ [_ldata + 1.645 o (stat.) I _____
- € ,F ddataz 1.645c (stat. @ syst.) Ill Th .
< “= 5_l.l‘ll

.'lt‘.'...oq"i

>

2000

Events/(0.01 GeV)
S
=
[

[ $95% CL limit: 14. 8ps

- Expected I|m|t 14. 1ps
I 1 1 I 1 1 1 i § I 1 1 1 1

0"-1'_5-'-1'9-'-2'0--'- 0 5 10 15 20 25
« 26700 ID, candidates [GeV] Am> 14.8 pst @ 95% CL

e ¢D’~2.5%

Mo
Sensitivity: 14.1 ps

 Very exciting: is this a mixing signal??? 3"6'
— Cors ‘—% w* | DG Runll, 1 b’
4t :
Am=19 Am~19 ** .
Alc=2.5 (A-1) /op=1.6 2;3\;::“)& """ “xw """""
L has a nice dip | ..but shallow R s~ ™

Ams [ps™]
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B. Mixin

: CDF semileptonic

B.—>DJv Yield | s/b
D> 32300
D—>K*K 10900
D.—nnn 10100 ?
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, % O mass [GEVJ"EE]

o 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/051020.semi_Bsmix/

B. Mixing: CDF hadronic

- CDF Run [l Preliminar L=1fb"
B.—~Dgr Yield | s/b |, !
= 4l data+ 16 & 95% CLlimit 16.7 ps”
DS_)(I)TC 1600 f) :c_}_ 16456 O sensitivity 250 ps”
5: data + 1645 ¢
DS—) K*K 800 7 2 - data + 1 645 g (stat only) 2 |
) O_Wﬁwﬁ% J}T 4 _|.||J.I 1] |.|l'1 | |l"'|||- |
DS—)TCTCTC 600 ’ O *+H+ +++ LhoEoi q| -[ ”
Using also B.»Dnm [~1/4 more statistics] 5 H’
CDF Run Il Preliminary L~1fb"
. —« data nl Bg — Dg (3)n*
§ 600, — fit 0 1ID ZIO 30
= By —> Dy 7! Am, [ps ]
8 satellites
g 400 combi bkg Ams> 16.7 pS'l @ 95% CL
é WD o .
2 Ay A SEensitivity: 25.0 ps
3
0 | T_ i

Is there something?

1 1 1 1 1 | 1 1 1 1 1 1 1 1
5.0 55 6.0
Mass(o(K K)rn*) [GeV/c]
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http://www-cdf.fnal.gov/physics/new/bottom/051020.hadr_Bsmix/

Amplitude

B. Mixing: combined CDF result

http://
CDF Run Il L=1.01fb" 20
_ 4 “_SI’.; E —data
| = datat1c & 95% CLImi 16.7 ps o L e
o 16450 O sensitivily 255ps’ < B mixing
' L === No miXing
] datat 1645¢c C
data + 1.645 o (stat. only) '%HI H | 101
. | ml | jMH\ T
SV
5
o J
Alc=® at Am_=17.25ps’' =3.5 T
- - - '“’o'"'5""16"'1'5'"'26'"25'"56"55'"&6"&5'"150
0 10 20 30 Am (ps )
Am, [ps’] logl£(A=1)/L(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
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Likelihood Ratio

50 CDF Run |l 1b”
combined likelihnoods from = I — hadronic
hadronic and semileptonic channels & . — semileptonic

= — — combined

10F

Am, = 17.33 042 (stat) + 0.07 (syst) ps?

-0.21

the measurement is already very
precise! (at 2.5% level ) Amy in [17.00, 17.91] pst at 90% CL

Amin [16.94, 17.97] ps at 95% CL
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Systematic Uncertainties 1

Hadronic Semileptonic
0.45- _
] —— Total a< |
0.41 —— Non-Gaus o, S total
0 351 Cabibbo D 0.2
] ConSST 1
03] = OST+SST Corr I
~7 Ss, 0.151
0251 — AT/T j
] | ———— 7 3
0.15 1
0.1 0.05] prompt dil.
005— — ,_,.--— Z——= H/74 1C|:|r|:|r'n:|t
e P\ Gafals _
0 57710 15 20 725 30 0 10 20 30 40
Am,[ps _
s[ps ] Am [ps’]

e related to absolute value of amplitude, relevant only
when setting limits
— cancel in A/cA, folded in in confidence calculation for observation

— systematic uncertainties are very small compared to statistical
40



Systematic Uncertainties II

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

41



Am¢ and V.,
\Y; \2

ts

Ams IRLLL

Amd Mg, th

‘2
e Inputs:
> m(B%/m(B,) = 0.9830 (PDG 2006)
> & =1.21 %47 (M. Okamoto, hep-lat/0510113)

-0.35
> Amy=0.507 + 0.005 (PDG 2006)

Vil 1 [V = 0.208 #2998 (stat + syst)

« compare to Belle b—sy (hep-ex050679):

| Vial 1 | Vil =0.199 *.8'_8%?, (stat) T8;8i§ (syst)



A m & C K M ;\r/lr.]%nat(;u?ci

" | excluded area has CL>0.95 :

v

%
%
2,
=)

1 -
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056 -

-05
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Ams from Tevatron & BSM Limits

Ay — Ay, (1+ hsei"s)

Hep-ph/0509117 Agashe/Papucci/Perez/Pirjol

180 — l1
160 — 09
140 — —108
] —07 >
120 — i
. —{06 —
100 o)
@ - —{05 @©
80 — o
. —0.4 8
60 —
- —os Q-
40 - —{o02
20 — —0.1
0 — | —0

=
i
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Exciting times ahead:

 Most analyses sensitive to BSM physics
are statistically limited

» B, results has become an important
complementary addition to the CKM

mapping!
e ..but remember: TeVatron is not alone
anymore in the game!
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Conclusions

*\We are living an exciting transition era of increasingly
guantitative resultsin the CKM sector

e Beyond SM physics could be around the corner, but hard
to discern models.without direct evidences

 LHC will investigate the completely uncharted territory!

e Living this constant exploration of new discoveries puts
us at the forefront of human knowledge, arecurring
theme in the history of science:

“ Modern science did not spring perfect and complete, as
Athena from the head of Zeus, from the mind of Galileo and

1
Descartes A. Koyre™, “ Galileo-and the Scientific Revolution of the Seventeenth Century”
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LHC

The next frontier of
knowledge!

Jan Cossiers, “Prometheus Carrying Fire”
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What happens for large x.?

Indirect Measurement of Ams:

2
-,
_2m Mw

SM_37zm§ _§ﬂ2
3m,

AT
Am,

— (3.7%)x10°

-SM AT/ I"';=0.12+0.06 (Dunietz, Fleischer & Nierste)
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Probing large Am.: Al/T

CDF Run i L ~ 260 pb”
° BS_>J/\|](I) 51035— B, — Jvy o o data
] % - Sig
— B —>W, mixture of CP 2 i
even/ odd separate by angular s | z:gfili..m
. © 9 shortdived
anaIyS|S § 10 j Fit prob: 37.8%
— Combine two-lifetime fit + L M * ‘
anglJ|ar% A]‘_WS:]‘—wH-]‘—wl_ E -E:.1 0.0 0.1 0.2 03
ct, cm
A
* = 0.65 9% + 0.01
FS \ ﬁ:ezzl:aﬂ) il
PRL 94, 101803 2005 few pstin Am,! o Run -

(0.21753)

 Bs—>KK (360 pb)
CDF Run Il (J/y ¢) —a—
CDFIl cr(B, - KK)=1.53+0.18+0.02 ps (065 3% +001)
HFAG  cr(B, > FS)=1.454+0.04 ps

AT,

CDF Run Il (KK) =
(-0.08 + 0.23 + 0.03 )

=-0.08+0.23+0.03 ST TR PRI

-1.5 -1 -0.5 0 0.5 1

S



Beyond the SM

Analyses like these have laid down the path and the tools
and techniques for the exploration of the SM boundaries:

* Non SM effects:
b—d?
*b—s
e Rare decays (b—sy)
* Bi—oup, upg ete.
e Bo>K

* Bs—>0d

.XS
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Rare decays

* Exploit the large B production rate

* Measure relative BR (e.g. uu to J/yK) to factor out
absolute € and luminosity measurements

e SM: BR(B;—up) <3.8E-9

o 3
. . -1
* SEensitive to new physics! = |CDF Preliminary 364 pb
— B (dﬁwu' =  CMU-CMU
S = 0
S ge
Result: World's best limits | o » =
£ S g
7 c T O
BR(B; — uu) <2.0x10” @95% CL | © 3
BR( By — uu) < 4.9x10° @95% CL sideband , (g (- Sideband |
14 .
Publ: PRL 93, 032001 2004 Update: Hep-ex/0502044
BR(D° — uu) < 2.4x10°° at 90%CL 0

48 5 52 54 56 58
M, / GeVv/c
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CP: sss

* b—sss transitions are ‘misbehaving’ at B factories

e CDF Il can look at them too. We started from ¢K:

hep-ex/0502044

r (B - ¢ KT, [x107] Agp{B - K)
CLEO2 |I—B— BABAR |—i—| " S:DF Runll Preliminary - tL'=17ghi19‘:)b-1
- 7_ vents In search window
{5.5 :zgi 05) (0.04i 0.09 = 0.01 ) E E Expected BG events = 1.95 40.62
T 6
BABAR W g [ BS—)(I)
(10721 0.5) BELLE H i H 2 sk
(0.01+ 0.12+ 0.05) ar
BELLE H—i—H :
(9.4+1.1+0.7) 3
CDFIl | | -
CDF I —— (-0.07 £ 0.47 0% 2
(76+1.3+0.6) 1:
N R B R e o L ’_Lﬂslz |5.4H5[6|H5.|8|H(UH
2 yy 2 8 10 04 03 02 01 0 01 m, , [Govic]

* With the advantage of being able to look at Bstoo:

BR(B, — ¢¢)=(1.4+0.6(stat )+ 0.2 (syst )+ 0.5(BR))-10°°



Phenomen. Tools Improvement

Hadronic Moments

No room for everything...l will focus on one example:

* HQET/OPE is a fundamental tool for CKM physics with B
mesons. For instance it relates:

B>X v to [b-ulv] =V,
*B>XlIvto [b—clv] =V

«“semi-empirical’” approach: parameterizes any prediction in a
series expansion of effective operators

* Expectation value of these operatorsis a “universal” property
—=can be assessed with concurrent measurements

« Example: Vi, (£1%,,,+2.5%,.,) <> Hadronic Moments
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Exclusive reconstruction of D™:

D*/D** Reconstruction

D**O - D*+ Tc**_

B —sD**0|-y K + and B U i (Br=67.7%)
& __ D* T

-~ ) _ e + o Kt Br=3.8%
PV ~e- T o (B
B K ntn ot (Br=7.5%)
| n (aka n**) b K n®  (Br=13.0%)

CDF Run Il L=180pb"

D**O - D+ Tc**_

5‘-’- i B— D*" X
g 2500
L o —_
L Kt (Br=9.2%) -
p E 2000_ D*— D+

__ CDFRunll L=180pb c —— D 5 Kn, Knt -
£ B->DYX @ i —— D® - K" (n?)
[} L 1500
= 5000/ i
10
3 |-
~ I D> Kt i
£ 4000 ULy
g C
5 .

+ L sideband

3000 - 500
f‘ .‘-”‘..w"““” '« n i coo e @
2000 N I
: I"mm-... . .t 0 T% I R

. . 0.16 017 0.18 )
r | \ Am* (GeV/c
1000__ sideband sideband ( )

97 18 e T2

e ~28K e/uD Candidates in total!
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Backgrounds

Physics background: Combinatorial background

B>D®*D_, D> Xlv y under the D® peaks:
(s) ' | . .
> MC, subtracted . =» sideband subtraction

* o ) TE::
> 4 Feed-down in signal:

AL BN D**0 5>D*(=> D'nO)m
»” irreducible background to
Prompt pions faking ©**: D**0 S>D'r.
« fragmentation =>»subtracted using data:
* underlying event =»shape from D in
=>separate B and primary vertices D**0 5>D* (> DPn*)m
(kills also prompt charm) = rate:
=>» use impact parameters to discriminate Y5 (isospin) x eff. x BR

= model: wrong-sign w*** /- combinations
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Corrected Mass and D** moments

Procedure: Result:
CDF Run Il L=180pb"

* Unbinned procedure using

weighted events. 80— | B*— DWn-1°y

M

« Assign negative weights to

background samples. °F

yield / (20 MeV/c?)

* Propagate efficiency
corrections to weights.

e Take care of the D'/ D**
relative normalization.

|
| *{Mﬁw:#ﬁm

« Compute mean and sigma of _20: Ll

distribution. 2 2.5

1 | 1 1 1 1
3.5 4 4.5 5

m(D"*x ") (GeV/c?)

m =(m}..) = (5.83+0.16,, )GeV’

m, — <(m[2)** - ml)2> — (1.30+0.69,, )GeV*

No Fit I!!
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Systematic Errors

Am, Am, AM, AM, AA Ay

(GeV?) | (Gevd) | (GeW?) (GeV4) (GeV) (GeV?)
Stat. 0.16 0.69 0.038 0.26 0.078 0.057
Syst. 0.08 0.22 0.068 0.13 0.091 0.082
Mass resolution 0.02 0.13 0.005 0.04 0.012 0.009
Eff. Corr. (data) 0.03 0.13 0.006 0.05 0.014 0.011
Eff. Corr. (MC) 0.06 0.05 0.016 0.03 0.017 0.006
Bkgd. (scale) 0.01 0.03 0.002 0.01 0.003 0.002
Bkgd. (opt. Bias) 0.02 0.10 0.004 0.03 0.006 0.006
Physics bkgd. 0.01 0.02 0.002 0.01 0.004 0.002
D'/ D™ BR 0.01 0.02 0.002 0.01 0.004 0.002
D'/ D™ Eff. 0.02 0.03 0.004 0.01 0.005 0.002
Semileptonic BRs 0.065 0.10 0.064 0.022
P1 0.041 0.069
T, 0.032 0.031
Olg 0.018 0.007
my,, M, 0.001 0.008
Choice of p,” cut 0.019 0.009
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Moments-ology

HQET — Distributions (e.g. E) - Mean, RMS (n™ moment..)
) |

e Photonic moments: Photon energy inb = sy

Measurement

(CLEO)

e Leptonic moments: B>X.lv, lepton Ein B rest frame

(CLEO, DELPHI, BABAR)

e Hadronic moments: B> X.lv, recoil mass?: M(X,)?

(CDFII, CLEO, DELPHI, BABAR)

S 1 dly — A2
M, = [ d —m%) ——= = (sg)—m%, sg= Mg,
1 Sgin SH (SH D) Fsl dSH < H> D .

gmax 1 sz 9
M, = [ d - 2—5=< —2—>—M2
5 e s (sg— (sm)) T dsn (SH mD) ]

Aim: Constrain the unknown parameters and reduce | V.| uncertainty.

With enough measurements: test of underlying assumptions (duality..).
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Hadronic Moments, HQET and Vcb

Most precise determination of V,, comes from I', (“inclusive” determination):

BR(b — ¢/ 7))

Ty

1ﬂsl (b — C€_17) — — ’Vcb‘z X |:theory

Y(4S), LEP/SLD, CDF measurements. Theory with pert. and non-pert.
Experimental AV |~1% corrections. A|V,|~2.5%

Fineory €valuated using OPE in HQET: expansion in o and@ powers:

O(1/mg) — 1 parameter: A (Bauer et al., PRD 67 (2003) 071301)

O(1/mg?) — 2 more parameters: A; A, + Constrained from pseudo-

scalar/vector B and D mass
O(1/mg®) — 6 more parameters: p, p, T, differences

152;)‘ mécl{ 1—04%)+@@+O+o(a§)...}
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What is X .7

- e e N ..o D9

Semi-leptonic widths (PDG 04):

Br (%)

B*> X, lv | 10.99+0.31

Bt > D*lv 6.04 + 0.23

B> Dlv 2.23+0.15

(PDG b/B*/B° combination, b->u subtracted)

=>~25% of semi-leptonic width
IS poorly known

Higher mass states: D**

MeV[ L=0 L=1
28000 p -

D*’
200 D T

Z

N\
N

2400

2200

20001 /D' .~ S—wave
: . P or D—wave

1800

No B—ID’ experimental evidence so far. DELPHI limit:

BRb—> D*z'7 £"v)< 0.18% @ 90% CL
BRb— D77 'v)<0.17% @ 90% CL

We assume no D’ 2>D®rr contribution in our sample
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How can CDF look at X_?

Must reconstruct all channelsto get all the D™ states.
=» However CDF has limited capability for neutrals

e BO>D™|*v always leads to neutral particles = ignore it

« B> D™I-v better, use isospin for missing channels:

- D0 - D'~ OK
— D™ = D% Not reconstructed. Half the rate of D
— D0 > D'

e D" = Dt OK

« D" = D'n® Not reconstructed. Feed-down to D' &
— D™ =>D9%0% Not reconstructed. Half the rate of D* -
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How to solve the problem in practice

Reconstruct
D*/D+

* Collect as many
modes as
possible:

o (Km)m*
o (Knmm) o*
o (Krmr”)m*
e Knn

» Check yields

« Validate MC

Add another

—>

T[**_) D**

°TT

*Selection:

**

~

*Optimize on
MC+WS
combinations

*Cross check
on mt*

Background
sCombinatorial
1Dk

*B—DD

°CC

J

—>

e N
Correct for e(m..),
g(D+)/e(D*)

- )
KMeasure selection bias%

M. from:

*MC
* D* candidates
* Rely on MC (& PDG) for:

o g(D+)/e(D%)

* Unseen modes
(Isospin)

e Lepton spectrum

\ acceptance /

Measure

<M.2>, <M,,*>

4 N

» Subtract
backgrounds

* Use PDG to go
Am**%m**

- Compute <M,.2>
& <m,.*>

e Include D®0

e Extract A, A,

» Systematics




n** Selection

Based on topology:
e impact parameter significancesw.r.t. primary, B and D vertices

&
=
=
v}

m  Background from data

'z — -
d - Back d from dat
A S D" Monte-Carlo w2 700 |5 ® 0" MoneCaro
= C Cut = C Cut
- C -
2000 [ 2600 [l
= i O— Kt 'L&u' - D' K-t
- 500 Bt
1500 — - . .
L . . C *%*
: n** 2D IP signif. wrt PV a0 n** 3D IP signif. wrt BV
C H
1000 —* 3I]III:—
C . 200 -
500 — =
Ly r
L _
= ] el by b b bvnn b v b By o I::IE|_|||||||||||||||||||||||||||||||||||||
0 2 4 6 B 10 12 14 16 18 p%ﬂ 0 2 4 [ 8 10 12 14 16 18 20
BY

Cuts are optimized using MC and background (WS) data:

Additional cuts only for D*:

*pr>0.4 GeV e |d,PY/ 6| > 3.0 |d,2V/ 5| > 0.8
*AR < 1.0 *[d®/ o] <2.5 Ly BP>500um
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yield / (20 MeV/c?)

Raw m** distributions

Measured in Am**, shifted by M(D®*), side-band subtracted.

o
o

B
o

30

20

10

2 2.2 2.'1 26 2.8 3 3.2 34

CDF Run Il L=180pb”

B— D*'m.l"X

—=— right-sign ID*" ..
% —=— wrong-sign I'D*" 2,

m(D*"'r..) (GeV/c’)

CDF Run Il L=180pb"

[yl L
n o

yield / (20 MeV/c?)
N
o

-
n

—
o
]

n
|.I'|—HIIIfJIIIIIIIIIdIIII|IIII|IIII|III

||\Lf|'|

B— D'n.l™ X

*l-
|\ —=— right-sign ID"n
—— wrong-sign D"k,

I|JI|III|III|III|III|I

N
N
(N

Feed-down”

24 | 26 2.8 3 ,32 34,
m(D m..) (GeV/c")

D2* ’ DO*
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Efficiency Corrections

1) Correct the raw mass for any dependence of ¢

reco

on M(D**):

» Possible dependence on the D** species (spin).
* Monte-Carlo for all D** (Goity-Roberts for non-resonant), cross-checked with
pure phase space decays.
* Detector simulation shortcomings cause residual data/MC discrepancy: derive
corrections from control samples (D* and D daughters)

2) Cut on lepton energy in B rest frame:

« Theoretical predictions need well-defined p* cut.
* We can’t measure p,*, but we can correct our measurement to a given cut:
=> p,* > 700 MeV/c.

D" acceptance: referenced to p*>700 MeV |

g

0.006

efficiency

0.005

0.004

0.003

0.002

0.0

=

r\'llIIII|IIII|IIII|IIII|IIII|IIII|IIII

;
E

- x10-1

CUF Hun 2 Mente Carlo

%
—ah

{a) Kn

—EE!—U-I
D,
-0
non-res.
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
35 4 45 5 8.5

D" mass (GeV)

acceptance for p* >700 MeV |

]

00009

efficiency g

ooonog

o.oo0T

0nong

00005

onond

onong

.00

0.0001

3 2
E {a) Km
3 e TL Jlr ——BR-weighted
= e e
E_%WM%X| I —<—phase space
5 |
N I T I S [
2 2.5 3 3.5 4 45 5 5.5
0 mass (GeV) 66



Corrected Mass and D** moments

Procedure: Result:
CDF Run Il L=180pb"

* Unbinned procedure using

weighted events. 80— | B*— DWn-1°y

M

« Assign negative weights to

background samples. °F

yield / (20 MeV/c?)

* Propagate efficiency
corrections to weights.

e Take care of the D'/ D**
relative normalization.

|
| *{Mﬁw:#ﬁm

« Compute mean and sigma of _20: Ll

distribution. 2 2.5

1 | 1 1 1 1
3.5 4 4.5 5

m(D"*x ") (GeV/c?)

m =(m}..) = (5.83+0.16,, )GeV’

m, — <(m[2)** - ml)2> — (1.30+0.69,, )GeV*

No Fit I!!
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Final Result

my = (Mpe) = (5.83 % 0.164; = 0.0845) GeV?

my = <(fm?ﬂ —(m3))") = (1.30 4 0.694u: + 0.22,) GeV*
p(m,,m,)=0.61

M, = {(sg) —m% = (0.467 % 0.0384a £ 0.019.y, £ 0.0658r) GeV?

D
My = ((sm — {sm))’) = (1.05% 026 % 0.08xp £ 0.10pr) GeV* |

p(M;,M,)=0.69 S
o] | CDFRunlII(180 pb'l) 68% CL contours
< °[ Preliminary
Pole mass scheme oos |
_0_1 —
A = (0.397 £ 0.0784.; + 0.027.,, £ 0.064pg £ 0.058:400) GeV L
M = (—0.184 £ 0.0574a & 0.017¢p £ 0.022p5 %+ 0.077e,) GeV? '
,02 —
-025 —
1S mass scheme ot
my° = (4.654 % 0.0784; & 0.027.,p, & 0.064pg £ 0.089.,) GeV Sl — Statistical Error Only
M® = (—0.277 £ 0.0495 + 0.017ey, & 0.022pg + 0.09440) GeVZ|  oa[ e i S B
045 ||||||
0 0.1 02 03 04 05 06 07

A [GeV]



Systematics

* Input parameters
‘ D*)* Masses, in combining D™ with D** m—M [PDG errors]
* BR (B—>D'/D** m—M) [PDG errors]

* Experimental
»~ Detector resolution [re-smear satellite sample by full resolution: +60MeV]

» Data/MC Efficiency discrepancies [measure P, and m dependency on control sample, probe
different fit models]

»- Decay models in MC [full kinematic description vs pure phase space]

»~ P* cut correction [repeat measurement at various P,* thresholds]

» Backgrounds
>- Scale [charge correlation WS/RS from fully reconstructed B: +4%]
» Optimization Bias [repeat optimization procedure on bootstrap copies of the sample]
» Physics background [vary +100%)]
* B> X.tv [estimate t/ p yield and kinematic differences using MC]

 Fake leptons [no evidence in WS D*l*, charge-correlated negligible]
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I {B - r )T, units 10°

CP: hh modes =

(4.5750%)

» Good agreement with B factories BABAR ——
_ (4.7+0.6+0.2)
* First measurement ever of B.—»KK
BELLE H i H
BR(By — n*n¥) (5.4+1.2+0.5)
= 0.24 +£0.06 (stat.) £0.05 (syst.
BR(By = K*n¥) { ) (syst.) CDFIl | i :
A (0 TN L (444+15)
Acp = N {Eg o Tl (e ) = —0.04 + 0.08 (stat.) + 0.01 (syst.)
N(By - K-n+) + N(B} - K+1™) | o | |
fi- BR(By = n¥n¥) 2 3 4 5 6 7
= 0.48 + 0.12 (stat.) + 0.07 (syst.
fs - BR(Bs - K=K¥) ) ) Ap{B - Kn)
fs - BR(B; - K*K¥)
= 0.50 £ 0.08 (stat.) £ 0.07 (syst.) CLEO2 | i l

fa- BR(By —» K=n¥) (-0.04 + 0.16)

BR(B; - n=7¥) BABAR

- < 0.10 @ 90% C.L. HiH

BR(B; -» KTKT) ’ (-0.133+ 0.03 + 0.009 )

BR(B; - K=K+

- ( B"‘ : q:} < 0.17 @ 90% C.L. BELLE Ho

R(By — K*7¥) (-0.088 + 0.035 + 0.013))
. £ F
fs- BR(B, » K=n7) < 0.11 @ 90% C.L. CDF II [ —
fa- BR(By —» K*r¥)
______________________________________________________________ (-0.04 + 0.08+0.01)
http://www-cdf fnal.gov/physics/new/bottom/040722.blessed-bhh/

BR(Ay = hh) < 22-107°% (90%C.L.) " 030.250.20150.1-008 0 0.05 01 015

L e g e i T o TS


http://www-cdf.fnal.gov/physics/new/bottom/040722.blessed-bhh/
http://www-cdf.fnal.gov/physics/new/bottom/040624.blessed_Lb_hh_limit/

Mixing & Fourier Transforms

u.z:— ”

0.15-
0.1—

0.05
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—IIII|IIII|IIII|IIII|IIII|IIII
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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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- D0 = Kr
ID": DO > Kr
ID: D = Knr

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

/6



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} ——

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

— Important for lifetime measurement proper time (cm)

— Inconsequential for mixing measurement
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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]
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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 86



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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Unbinned Likelihood Am, Fits

e fit separately in hadronic and  Semileptonic, D7, muon tag

semileptonic sample CIEF B, 1l Palimi g L ~ 355 pb”
e per sample, simultaneously  °°1 4, Soft Lepton Taggers
measure 024 17K 1
e tagger performance g 019 e _
o Amy / % 0
e projection incorporates = s
several classes of tags 02

0.3 1 B* contribution B—oe/uDX

0.05 0.1 0.15 0.2
proper decay-length [cm]

hadronic: 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
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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

92



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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Fitter Preparation
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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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The Data



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



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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Semileptonic Scan: Period 2

_ -1
CDF Run Il Preliminary L =410 pb
| = datat1c A 95% CLIimit 14.4 ps’
| 164506 O sensitivity  12.8 ps’

10 - datat 1.645a
] data + 1.645 o (stat. only) 1

L

e

=

[=1

=

=g

-10 -

(-
L=
o
_.ii__ =—
=

1 B > D_I" X

07 20
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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 *
= 0 I L I 3
e ' ﬁm
<L
10 -
| BY 5 D, IF X
0 10 20 ?1:'[]
Am, [ps ]
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Hadronic Scan: Combined

CDF Run |l Preliminary L=1.0fb"

| = data+ 16 4 95% CLIimit 16.7 ps™
16456 O sensitivity  25.0 ps”

data+ 1.645¢c
data + 1.645 o (stat. only)

Amplitude

N

I B > D, (3)n* B » D, n* n*

o 10 20 30
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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'1]
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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?
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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()) ‘ Fakes : —u,AIrD*—B Trigéger, m(ID? ° p hySI CS baCkgr Ou n d
XZ/NDF = 32.49/ 51, Prob = 97.98% 72/NDF =195.63/ 160, Prob = 2.89% d I St r I b Ut I On f rom MC
_ | « fit linear combination
100 'g Ti} / tO Sldeband
} subtracted data to
5 o extract fractions
0 | . : g 1 | | .I "
2 3 4 5 6 2 3 ) 5 6
Physics Backgrounds-p D'-B Trigger, m(ID) Fit on Data -u D'™-B Trigger, m(ID)
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|.K.F1

Cross-Talk

e problem: IS
B’ 6 "
o |ID, IDPare a N T <7 Ty
mixture of B, B° SN~ —
_ o 0 °
« when fitting for AN X
lifetimes and n_
mixing 3

amplitude, 7
account for this + SO 0y

effect in fitter
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Slide 112

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



Tagger Calibration

e taggers are parametrized in |+track sample

e kinematically different from final (D, r, 1+D,)

 final tagger calibration:

« perform BY mixing fit in hadronic and semi-leptonic sample
* use per-event dilution, extract tagger scale factor:

e P~%[18SD cos(Amyt)]

e use per-event corrected dilutions in A m, fit

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

« for semileptonic sample, final calibration in D/O |, D* |

|.K.F2
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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

114



Slide 114

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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SVT based Triggers

e hadronic channel

e require two SVT tracks
— p>2GeVic
— PP, > 5.5 GeVic
— opposite charge
— 120 um < SVT IP <1 mm

— Lxy >200 um
A
SVT track
0"
.......... \ 4
R et >

SVT track
O

e semileptonic channel

e require 1l Lepton+1 SVT
track
— 1 muon/electron p>4 GeV

— 1 additional SVT track with
* p;>2GeV
e 120 um<SVTIP <1 mm

T Lepton
0"
........ \ 4
u----. ----------- l -------------- "20' >
: B e, SVT track
Yy~ e V
® AR
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Calibrating Opposite Side Tags

e Satistical Power of the
tag: eD?
— Tagging efficiency ()
— Tagging dilution (D = 1-2w)
e W = mistag rate
 “Binned Tagger”
— Tagl: ¢,=50%, D, =0.5
— Tag2: ¢,=50%, D, =0.1
—<D>=(D,+D,)/2=0.3
— <D%>=0.36
 Dividing events into
different classes based on

tagging power improves
eD?

 Calibration the tagger

performance requires high

statistics

2

[
(S
o
S

per 1 Qgﬂe V/c
o
S

Entries
n
(-
S

1000

500

CDF Run-Il Prelminary

muon+displaced track trigger (63 pb '1)

.

XXX
HXXX4

Data d(track)>0 - &(track)<0
btc MC d(track)>0 - §(track)<0
b MC &(track)>0 - &(track)<0

i S
BB
AL arrsrierenites,
/7 SRR ’*2*3*1«!»

A48
ORI

0 05 1 185 2 25

SRR AR KM
et o]
BB Ml

AL

R
/ O
BB RN
LoARRAARARIEIAAUAN]

i
X %uj’ | i
LT
KA b omag,

3 35 4 45 ;5
M( p,track) (GeVic °)

e inclusive B —track+lepton
e 1.4 M events of flavor specific B
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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

— B®— I' D" X, D' - K*n'n- CDF Run-ll MC CDF Runll Monte Carlo

' By correction
Q
8o 003

. 7 0 + My 7 C RN
: .£4OOO_B—>IDX,D—>K1H$
: :
20.002] >
< o
= @
c
@ 0.001{ M 3
g Z
= /
18]

04
0 0.1 0.2 03 04 0.4 0.6 0.8 1
ct (cm) PlTD LEy/ P'Br LE
e 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

e 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
- T
— multiple interactions Eu:- _i
— pid content around B meson ST
— data/MC agreement N ST
=20 -10 0 10 20
log{LH(PID))
« Final test: cross-check tagging power against high statistics light B

decays
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Mixing & Fourier Transforms

=

|

i PEIE IR I LS SR R R S S
0 085 of 0F 02 a¥ 03 Q¥ 04 048 0f

048

[(F]

0k
n.s?
n.r?
n.s%
n.s?
n.ag
n.::E

02f

“‘![i

k]

200

130

30

2500

100[

0 5 10 15 20 2

30
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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

2

A(w:AmS):\/Ng<D>2 S —AM?c2 12 1+ Op

o, S+ Be <D2>

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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Amplitude

B. Mixing Perspectives

Analysis Is pretty much defined! We know where we can
Improve:

e Statistics
Hadronic Analysis GOF I * Data (Iumin.: 350pb1—)600pb1—)1 fb'l)
ipeigh gl S B ; « New Modes (e.g. Bs—Ds*t >2x?)
1 W dataz 18450 , i ;:
data 1.64ic istat. Only;;l‘g ;‘ﬁ.‘:—‘ E ‘i:f ;,.-»-' . SDZ :
.‘:‘I‘:' ‘..l!}’ s : .ll..l"'{:l—l::.j”: é-l’:;;"’- ‘ -'—"--l:;-‘r‘ - -
.. 7|::’“—f* » Additional taggers (SSK, OSK..)
%.‘" Jll*'+ + : L . i | ;:‘ "|.|
++M e ! ‘ H H‘ « Improve existing algorithms
H * Proper time resolution
T BT fy ¢ ame T " g

* Refine event-by-event reconstruction

mixing fraquency, Am, [ps’w]

* Optimal usage of kinematics for non-
closed modes

With data collected up to March 2006: sensitivity~SM value
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