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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

Selected examples

- Hadronic Moments in b® cln (V)
- B, Mixing (V{4 and new physics)
Perspectives

Conclusions



Qualitative to Quantitative
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Like other areas, CKM physics can now precisely probe the Standard Model



B physics: precision probe of
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TeVatron contribution is critical




The Tevatron as a b factory

B factories program extensive and very
successful BUT limited to B ,B

e Tevatron experiments can produce all b species:
BB, B B B 15X,

S, =351+0.42+£0.53m@ |y|<1 p,>6

Compare to:
*i (4S) » 1 nb (only B°, BY)
«Z9 »7 nb

Unfortunately e
.pF—) )):I_OO mb / T

b production in pp collisions is so large (~300 Hz @ 1032 cm-2
Hz) that we could not even cope with writing it to tape!




Path to New Physics

CKM measurements could hint to new physics
through discrepancies with SM predictions. How
do we get there?

e Design/improve the “tools of the trade”
- Experimental (detector & techniques)
— Theoretical (phenomenological devices)

e Measure uncharted properties at the
boundaries of our knowledge
- Masses
— Lifetimes
- Branching ratios
e Press further ahead and investigate beyond the
boundaries:
- Mixing
— CP asymmetries



CDF and the TeVatron

*Renewed detector & Accelerator chain:

FERMILAB'S ACCELERATOR CHAIN

—_SOURCE

NEUTRING

;/ .. MAIN INJECTOR
4 — “"‘x

P ’(' i
| {(RECYCLER ™75
TEVATRON. o W \\\\t
e | NI Vi)
[ DZERO A TARGET HALL
X \ ANTIPROTON

COF | )
“} i \J) BOOSTER
etie = ¥ uNac

COCKCROFTWALTON

PROTON

...............
Dirsction Direst irn
i

FHigher Luminosityss 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
i . trigger

(8 :1 o )
BetectOr 396 ns clock requirements

Radue eGood IP resolution

| *ASAP (»10 nsec)
i [w] Lo eNo Dead Time

2.7 MHz Synchromous Pipeline
=

1. @ earliest L2 where
Agnavamas 2 Sago iaine silicon data starts flowing

*~20 s Latency
*250 Hz accept rate

cycles

2. Drop stereo info: 2D
tracking

DAQ
buffers

3. Extensive custom design

Mass Storage (30-50 Hz)



..and a successful endeavor!

*SVT is capable of digesting >20000
evts/second to identifying tracks in
the silicon

CDFI1 has been running it since day -1

*The recipe uses specialized hardware:
1)Clustering

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

2) Template matching

Identify roads: pre-defined track templates with coarser
detector bins (superstrips)

3)Linearized track fitting

Fit tracks, with combinatorial limited to clusters within
roads

.......

'''''''

—— S ~48 nm

.....

Road

Single Hit

Suplrstrip

5
0
~/
5
*~
8
o
Q




Benchmarks



What was known about non-j -produced b
(PDG'04)

o
ﬂ.g DECAY MODES Fraction (T;/T) Confidence level {MeVic)
J/(15)A (4.7+£2.8) = 104 1744
Ao seen 2345
.-f'lj a1(1260)~ seen F
o : : 0 S ' Confidence level (MaWc)
f"‘].r_.l- i, .?If'l'_'_-"tl'lll"lg [f] (9.2+2.1) % Bg DECAY MODES Fraction (I;/T) Confidence level (MeVc)
sbi < 5.0 <1070 D_ anything (04 30 )% =
D <50 . 10—5 D_ £ vganything [kkk] (7.9 4+ 24% =
Ai <13 . 10=3 DS.F.' . < 13 o 2322
D, (*)+ p_(*) (23 f% ) o _
JAn(15) (0.3 3.3) x 1074 1500
J/p(18)x° < 12 103 0% 1788
J{(15)y < 38 10—3 0%, 1735
il Iz_‘wH seen 1123
Ttw < 17 104 00% 2681
_0_i LY | e
_ __ T < 21 10 00% 268l
B;:I' DECAY MODES x B(b— B,) Fraction (I';/T) Con n0 £ 4 3 . aeik
77 < 15 10—3 o0% 2628
0,0 3. M W] 4 anss Tl
The following quantities are not pure branching ratios; rathe i F T 1: 4 '?n 2570
F T x B{B—\ B) rJ;a < 617 10 N 0% 2524
s cr dih < 1183 104 00%, 2484
i 2 T t & [Ty 2EA0
J /1 (1S) (T vpanything (S‘Qfg"i'} x 1072 T K < il 104 M 226D
- KK < KO 105 ansy, 2630
J /i (15)ﬁ'+ 282 x 1072 e |>C|“‘r'I" < T.67 104 ansy; 2561
Ja.s (15}:.—4‘7—4‘;-7_ < 5.7 x 10—4 K*(892)° K* (892)° < 1.681 103 9% 2532
J/ (15) 21(1260) <12 x10-3 oK (892)° < 1013 103 0% 2508
D* (2010) o 2 « 163 PP < 5.9 1359 90% 2516
ST F- < 1.48 104 o0% 2685
I < 12 104 00%  25EE



Measure BranChing Ratios N COF Run Il Preliminary, L = 119 pb d

First-time measurement of many B
and L, Branching Fractions

fs Br(B, — Dxt)
fa Br(B" = D—x7)

= 0.35 £ 0.05(stat) + 0.04(syst) £ 0.09(BR) .

CN(B_ =284+ 11

n
o

Entries per 20 MeV/c

= M ]

o o o
SRREAERERER -
LEF

I~
=
I T

http://www-cdf.fnal.gov/physics/new/bottom/031002.blessed-bs-br/ E ‘_+

o
T
e

BR(B, — ¢¢)

CODF Runll Preliminary L=179 t10ph”

T— 12 events in search window

Events/24 MeVic®

Expocied BG avanls = 198 10 82

ol o

5.8 -]
m, [GeVicT]

B(Av = ATp™D,) _
(iii.b — I‘L.;—_ T _)

= 200 £3.0 (stat) £1.2 (syst)

= (1.4 £ 0.6(stat.) = 0.2(syst.) = 0.5(BR's)) - 107> 5.0 55

Hep-ex/0502044 D_n* Mass [GeV/c ]

r(Bs S
D288 — 0.52 + 0.13[stat] + 0.06[BR] % 0.04[sys

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

Br(B° - D}D™)
Br(BY — D-3n)
http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsd/

= 2.00 £0.16(NC) £0.12(syst) £+ 0.50(BR)

BR{J"lb — J'Jf'a.;,_'_TT_)
BR(B® —» Dtgn™)
http://www-cdf.fnal.gov/physics/ new/bottom/030702.blessed—lblcpi—ratio__new/

= 3.3+ 0.3 (stat) £ 0.4 (syst) £ 1.1 (BR+FR)

70 I (BR)+0.5 (UBR)

http://www-cdf.fnal.gov/physics/new/bottom/050407.blessed-Ibbr/




Lifetimes: fully reconstructed hadronic modes

eTestbed for our ability to understand trigger biases

eLarge, clean samples with understood backgrounds

eExcellent mass and vertex resolution “{9‘3‘" ‘rnon

pattern limit
|dg| < 1 mm

e

*Prerequisite for mixing fits! \

t(B*) = 1.661+0.027+0.013 ps
t(BY) = 1.511+0.023+0.013 ps

Lifetime efficiency

t(By) = 1.598+0.097+0.017 ps 00

COFIl Preliminary L=360pb™ . _ CDFIl Preliminary L=360pb"’ Systematlcs (mn)
E_m,:_ Trigger Scenarlo: : | ; u,-_ : : :
< O 4 A E;" Effect | Variation(gm) | Variation(pm)
=® B“ H,
MO input 7 negligible negligible
mf pr reweight 1.9 1.9
Secale Factor negligible negligible
Bkg of description 1.1 1.1
Bky fraction 2.0 20
! i I.P. correlation 1.0 1.0
0% 0 o005 01 ois 02 6m 63 03 [Eff parameterization 1.5 1.5
g L,y significance negligible 2
ﬁi st e | ar, L0
3 Alignm. + others 24 2.4
4 I 1 5 N K |- - ¥ ”m[m-[.:'] ~ Total | 4.2 4.7




Improving SM Tools



Closing up on CKM

*QCD corrections « uncertainty on the b wave function inside the meson

*This Is something that can be constrained experimentally!



I mproving phenomenological
tools: Hadronic Moments

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

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

B® X In to [b®uln] P V
B® X.In to [p® cIn] P V,

*OPE Is “semi-empirical”. parameterizes any prediction In
a series expansion of effective operators

eExpectation value of these operators is a “universal”
property of the theory which can be assessed with
concurrent measurements

Example: V, (+1%,,,+2.5%,.,) U Hadronic Moments



Moments-ology

Many inclusive observables can be written using the same expansion
(same non-perturbative parameters). The spectral moments:
e Photonic moments: Photon energy inb - s g (CLEO)
e Leptonic moments: B->X.In, lepton E in B rest frame (CLEO, DELPHI, BABAR)

e Hadronic moments: B> X_In, recoil mass M(X.) (CLEO, DELPHI, BABAR, CDFII)

';?flam _ : - ]. dFSE —_— . - ."‘,fl
fl,ffl = {JfSH (SH = ?TE-D) = (S;{} —mpy Sg = My,
5

e F—Sgd.ﬁ’ﬁ
.;};Ecw: 5 1 de _ 3 5
ﬁ,.:fg = f‘;?}f‘iﬂ d-S‘H (SH - (SH}) F_ﬁdéif = <(5H — ﬂ’LD) > — fl«:fl

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

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



What is X_.?

Higher mass states: D**

Semi-leptonic widths (PDG 04):

Br (%)
B* > X.In 10.99 + 0.31
B*=> D*In 6.04 + 0.23
B> DlIn 2.23 £ 0.15

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

=>~25% of semi-leptonic width

Is poorly known

I'u"le‘v'_

2800

2600

2400

2200

2000

1800

L=0
__JF=EI' 17 o 1¥ 1 2*

-I--"_C;-\H -
H\,\_l‘ -t o Di
7T D, ==
| iy :
/1 /
__ //(‘Dri S—wave
i ..;..../.. P or D—wave
D

Possible D'->D®™)pp contributions neglected:
 No B® ID’ experimental evidence so far
e DELPHI limit: i BRb® D*p*p ¢'n)<0.18% @ 90% CL
BRb® D™p*p £n)<0.17% @ 90% CL
We assume no D’ contribution in our sample




Arbitrary units

Analysis Strategy

Typical mass spectrum M(X%,) (Monte Carlo):

f1|[|l1[1|i||IF]I]I[If1lIIEI

——D (x 0.05)
——D’ (x 0.05)
D1
—D, (x2)
D, (x 2)
- D"2
Non-res. (x 2)

4

DY and D*9 well-known
= measure only **
=» only shape needed

1) Measure t**(s,)

2) Correct for background,
acceptances, bias

= moments of D**

3) Add D and D* = M;,M,
4) Extract OPE parameters

L. 1)



D*/D** Reconstruction

Exclusive reconstruction of D™

= *%x0]-
._\B\@D I-n D+
~ S 4

PV \-\ p

X (aka p**)

-—

D0 = D* p™*-
T’ D.|.n kK' p+ p+ (Br:92%)

CDF Run Il L=180pk"
- B— DX

8

F DY Ko

events / (0.5 MeV/c’)

utat

2000

|||||| ! -
17 18 19 2
miK o) (Gevic)

D**O =) D*+ p**_
& po p (Br=67.7%)
LK p* (Br=3.8%)

"D vk p'p p* (Br=7.5%)

L K-prp®  (Br=13.0%)
CDF Run |l L=180pb"
= L B— D" X
o 2500
=
uy
=3
T 2000 D*— D
& —— D' S K, Kt ot
@ o— DO s K+ (o)
1500}
1000}
i _  sideband  _|
200+ |
i .:."P.
g 014 0.15 0.16 017 0.132
AmT{GeVic)

~28K e/nD Candidates in total!



Backgrounds

Prompt pions faking p**:

e fragmentation
e underlying event
=>»separate B and primary vertices
(kills also prompt charm)
=>» use impact parameters to discriminate
=» model: wrong-sign p*** /- combinations

Physics background:
B->D™)*D_, D(S)QXIn
=» MC, subtracted

Combinatorial background

under the D™) peaks:
=» sideband subtraction

Feed-down in signal:

D**O 9D*+(9 D+p0)p—

irreducible background to

D**0 >D'p-.

=»subtracted using data:
=>»shape from D°- in
D**O 9D*+(9 D0p+)p—
=>rate:
5 (isospin) x eff. x BR




Corrected Mass and D** moments

Procedure: Results (in paper):
__ CDFRunll L=180pb
* Unbinned procedure using % L
weighted events. = %o B D"z 1"y,
 Assign negative weights to S 60
background samples. 2 [
e Propagate efficiency corrections i
to weights. i +
e Take care of the D*/ D** relative ﬁ % +
i) | |
normalization. MWN"“
e« Compute mean and sigma of -
distribution. R & - et
m(D"x ") (GeV/c?)
m =(m3..) = (5.83£0.16,, )GeV?

m, =((mE.. - mf) = (1304069, )Gev* No Fit !!



Systematic Errors

Dm, Dm; DM, DM, DL Dl 1

(GeV?) | (Gev4) | (GeV?) (GeV4) (GeV) (GeVv?)
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
ry 0.041 0.069
T, 0.032 0.031
ag 0.018 0.007
m,, Mc 0.001 0.008
Choice of p," cut 0.019 0.009




Results & Comparison with other experiments

0.8 T T T T T T T T 2 T 7T T T
07 b ] 18 | :
; 16 1

0.6 | 1 %

e
3
e

o
w
[

(M2-M2) Moment (GeV?/c?)
o
=
I

=] : .
'm CDF E I = 0.6 ‘m CDF _ - ﬁ e
0.2 t ¥ BaBar 04 (Correlated uncertainties) E %"04 | v BaBar 04 (Correlated uncertainties)*-.. ]
- r® CLEO 04 (Correlated uncertainties) ] S 7 [® CLEO 04 (Correlated uncertainties) ]
-1 fm Delphi 03 Preliminary ] 0.2 (® Delphi 03 Prelimina
— HOET fixed CDF (ME-Mp) and (MZ-MD)) = HOET T"F*‘-T".‘?[?F.ﬁ“‘!‘?%r.'L".“5>.a!‘.".<(.'“‘§t<'.“§>?2.>."."-;.. ]
0™=0 02 04 06 08 1 12 14 16 =0 02 04 06 08 1 12 14 18
Eiopton €Ut (GeV) Pole mass scheme Eiepion U1 (GEV)
«Good agreement with HQET A Little model dependency. No
previous determinations. assumptions on shape or rate of

: D** components.
*First measurement at hadron

machines: different environment and <Through integration with other
experimental techniques. experiments and other “moments”

«Competitive with other we can seriously probe
experiments. HQET/QHD



X, (GeV?)

Extraction of the HQE
Parameters

0.1[
-0.2F
-0.3[

0.4

of;

Combination of all the
experimental
measurements of the
hadronic moments

eEffective determination

of the two OPE operators
relevant at order 1/mg (L)
1/mg=(l y)

CDF contributes as much
as the B factories In this
determination!



B. Mixing



Working our way on CKM sides
(rh)

b t d/s
9 \V B W W B
| Vub M Vi
dfs 1 b
b w-  d/s
a b B { t th } B

ifs Wt b
)

V., IS derived from mixing effects

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

*Beyond the SM physics could enter in loops!



B production at the

TeVatron

eProduction: gg® bb

*NO QM coherence,
unlike B factories

*Opposite flavor at
production® one of
the b quarks can be
determined to assess
the flavor of the
other at production

eFragmentation
products have some
memory of b flavor
as well



B, Mixing 101

_ Nunmix-Nmix

O5 N unmix+Nmix

*Dm>>Dm,
eDifferent oscillation regime ®  Amplitude Scan

Perform a ‘fourier

B lifetime transform’ rather than fit

A
I é ol

Dm [ps~]




Amplitude Scan

| + datat1c A 95%CLlimt 126 ps’

164506 O sensitivity  13.1ps’

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

= 2N

Amplitude
o

g

| Just an example: Not based on real data!

0

5 10

o

20
Am, [ps'1]

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

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

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

*The actual experiment
will have statistical
fluctuations

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



B. Mixing Ingredients

Proper time resolution |

Flavor tagging

| Signal-to-noise |
| Event yield |
\ D2 - r
Sgnificance = e (
2




Flavor Taggin 757 (omsy)
gg g S’gnificance:_(ms;),/sfB

Reconstructed decay

€,
(S\ Fragmentation /\%
o o,

_ Nunmix-Nmix
Nunmix+Nmix

A

Several methods, none is perfect !!



B. Mixing:

Measured from B, datal

Summer ‘04 EEETErIIIAEA
Muon 0.46 + 0.11 £ 0.03

tagging performance

eD? Semileptonic (%)
0.57740.047+0.034

Electron 0.18 £ 0.06 + 0.02

0.293+0.033+0.017

JQ/Vertex 0.14 4+ 0.07 -+ 0.01

0.263+0.035+0.021

JQ/Prob. 0.11 4+ 0.06 + 0.01

0.150+0.026+0.015

Mo N IRl 0.24 + 0.09 + 0.01

0.157+£0.02740.015

1:12.4-10.18

1.429 4+ 0.093

convention: first uncertainty is statistical, second is systematic

use exclusive combination of tags

results for hadronic and semileptonic comparable within errors
use calibration derived from appropriate sample (ie hadronic for D_mx)

Fall 'O5 (mostly re-optimize existing taggers):

e1.12+0.18 ® 1.55+0.16
*1.4310.093 ® 1.55+£0.085



Proper time 2
p S’gnificancezﬂ/seZD e'@ 2

resolution S+B
B®pD, KX B®InD, « VK
D, D5 |
B ° B
i S s ~0.5%
= = » |5, ="Bg Act?_pri ~15%
(bg) B Pr > ébPg \

N R R(IDS)> n 5.0,
Ct = —|s  =—25 cte—=AS
R(ID,) \R(B)/ A dg

Semileptonic modes: momentum uncertainty

Fully reconstructed: Lxy uncertainty ® improve reconstruction



*B.® DIn
D®fp

B, Mixing: semileptonic

Yield
(

s/b

- Oata + To
4 - 1845 ¢

& 95% CL lrait 6.8 ps’!

Uy sensithily

106 ps!

21 i data= 1645 o {stat,_gniv)

D.® K*K (
*‘D® ppp (

_CD!-': Run Il Pre!im;nar_y

P L N el F NG

Amplitude

“o 1600}

LBl »IvD (D, 0w ) 7}

© 1400

MDD, =

4355 + 94

10

o0

am, {ps ]

Dm> 6.8 pst @ 95% CL
Sensitivity: 10.6 ps

i 1
|

P T
1.95 2.00
mass(KKn) (GeV/c’)

Reach at large Dm limited by
iIncomplete reconstruction (s_,)!



*B.®Dp

B. Mixing: hadronic

Yield s/b

D®fp (550+40 ~1.8)
D ® K*K (240+40 ~1.7)
D®ppp (110+25 ~1.0)

*Using also B.® D_ppp
[about 1/3 more statistics]

Candidates per 20 MeV/c®

COF Run i Preliminary L =355 pa'
- data
<001 it
signal
1504, satellites
background
Wl B =Dy
100 i
."'Lb A T
50
it b 44 i
0 * )

5 55 ]
o(K* K)m my mass [GeVic?)

4 ) detaxic 4 95 CLIEME 0.0
c: 18485 4 gensitivity  9.8ns
1 iidataxz 18450

-::; HHEA LR
2 3 oo - : e
data - 16‘45 i E.Et&tfmﬂ : .’ h'*q.“'
3B I S, i BEEEEA Lk
k= e REAREL 1B
= . F L
a9
b i
=]

“rrgzlelgo

- Hadronie Analysis CDF Fall 2005

0 10 ' oD

Dm> 0.0 pst @ 95% CL
Sensitivity: 9.8 ps!

Low statistics, but promising!

am, [ps’]



Combined Bs mixing limit

4|+ datazto 4 95% CLEmt 88ps” <+ data=1o & 95%CLlimit 16.6ps’
] 1845 = SEI‘EIEIE’II}!‘ 130 ;}5’1 1645 o SEHSHIUI’[‘; 200 pSI!
: 9 data s 1,645 o B data = 1.645 o
2°| i dataz 1.845 o (stat. oniys data = 1.645 o (stat. only) I
o L . 1 b 5..:' + & | I I
E ol
- L .“:‘“
'“g £ ||| ¥ i
< B ‘
Epbdiy . | b/ |
-2 1 | SN AR || |H| [
in- it
b
-4 1 Combined Analyses CLF Fall 2005 World Average (PDG'05) and Tevatron (F'O8) ‘T |
I : “1 : . II“
10 20 | 0 10 20 2
-c'.‘!.l'!'l$ [pS ]

0
am, fps')
Dm> 8.6 pst @ 95% CL Dm> 16.6 pst @ 95% CL

Sensitivity: 13.0 ps! Sensitivity: 20.0 ps-!

More statistics and
Improvements to come...

Competitivein precision with

best experiment at large Dm,




B. Mixing Perspectives

Analysis Is pretty much defined! We know where we can

Improve: Statistics
Hadronic Analysis COF | eData (lumin.: 350pb-'® 600pb-® ?7?)
: Zises ¢ sty wit | d «New Modes (e.g. Bs® Ds*p >2x?)
m | ™ e o o ="“'?'-__ Ir": Al P‘i ‘ ecD?2 -
%U_ ﬂﬁﬂﬁ Iﬂ - . - ’..T w?ff «Additional taggers (SSK, OSK...)
2R |H||Tm 1 ﬂ " H Improve existing algorithms
| '” *Proper time resolution

5 "5 10 15 20 ; ;
mixing frequency, Am [ps ] Refine event—by—event reconstruction

*Optimal usage of kinematics for non-
closed modes

With the March 2006 data sensitivity~SM value



What happens for large Xx."

Indirect Measurement of Dmq;

BEm[ZC')
I\/I

DMy |, 3Pmo 8ch

? 3 5

h

S8z Hnean

-SM DG,/G=0.12+0.06 (Dunietz, Fleischer & Nierste)



Probing at large Dm_ . DG/G

CDF Run I L ~ 260 pb”
BB, Jdyo - data
i Sig a
— Sig Light
Sig Hoai
Bkg Lang-lived
Bkg Shortdived
Fit prob: 37.8%

-
=1

e B.®J/yT
- B ® VV, mixture of CP
even/odd separate by angular

candidates per 50 um
o

analysis i | H
~ Combine two-lifetime fit + B
a‘nglJIar® DG\%:G“|_GL AT T
Aleph Hi—

(0.2557)

I x - DORunll | )
— = O65+8§g +0.01 (021752)
\ CDF Run I ——]

few ps-l in DmS I (0.65°°210.01)

ol b b v g 1 Lo b b Ly |
0.8 -06 -04 02 0 02 04 0.6 0. 1

PRL 94, 101803 2005



Beyond the SM

Analyses like this have laid down the path and the tools

and techniques for the exploration of the SM
boundaries:

Non SM effects:
b®d ?
‘b® s
eRare decays (b® sQ)
*B.® nmmmt etc.
B® fK
B.®ff

.XS



Rare decays

Exploit the large B production rate

Measure relative BR (e.g. nmto J/y K) to factor out
absolute e and luminosity measurements

*SM: BR(B.® nm) <3.8E-9

A ! o, 3
eSensitive to new physics! 2 | CDF Preliminary 364 pb’'
= B, o'l _ = CMU-CMU
= o T
™ T c
Result: World's best limits 2 2 7 g
£ s 3
i & S %
Sl bl ? et sideband m—_.'m' sideband
BR( By — up) < 4.9x10° @95% CL Y 2 ! ’
Publ: PRL 93, 032001 2004 Update: Hep-ex/0502044
, 0 ; . ; ; :
BR(D°® mm) £ 2.4" 10° at 90%CL 48 5 52 54 56 58
M,/ GeV/c

PRD 68, 091101 2003



CP: sss

hep-ex/0502044

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

»..CDF 11 can look at them too. We started from fK:

r(B-o¢KJr,,, [x107] Apl{B - K)
CLEO2 j—m— BABAR ——
(5.55+0.6) (0.04 + 0.09 + 0.01)
BABAR H——
(10552 0.5) BELLE H » H
BELLE H—t—H (0.01£0.12 £ 0.05)
(9.4+1.1+0.7)
CDF Il I /
CDFI —— (-0.07£0.17 35%)
(76+1.3+0.6) '
T B 10 R ¥ e X
. CDFRunll Preliminary L=179+10pb
BR(B* — ¢K%) 2 7 = S
= (0.0076 £ 0.0013 (stat.) £ 0.0006 1. )8 o
BR(BE = J/4K%) Lkt (syst.) :
Acp(B* — ¢K*) = —0.07 £ 0.17 (stat.) 1003 (syst.) K
»..With the advantage of being able to look |
at Bs too: 1

BR(B; — ¢¢) = (1.4 £ 0.6(stat.) £ 0.2(syst.) = 0.5(BR's)) - 10~°

m,, [GeVic]




Perspectives

Exciting times ahead:

 Most analyses sensitive to BSM
physics are statistically limited

e Significant improvements can be
made including new modes and
techniques

e B, results will be an important
complementary addition to the CKM

mapping!



Conclusions

*\We are living an exciting transition era of more and
more quantitative results in the CKM sector

BSM physics could be around the corner, but hard to
discern models-without direct evidences

With LHC we will soon jump-in the completely uncharted
territory!

Living this constant exploration of new discoveries puts
us at the forefront of human knowledge, but this is not
news!

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






Purgatory



-Explorlng the boundaries of knowledge is
a recurrent theme in history

eGeographical explorations exemplify the
paradigm:

Question

(Why? Where? What? When? Who?)
| |

Development of tools

(ships, telescope, microscope...)

G. Galilei



Hadronic Moments, HOQET
and Vcb

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

BR(b® c/'i,) _

SR o
GsI (b ® c/'n ) = i n ’\/cb |:theory
b
U(4S), LEP/SLD, CDF measurements. Theory with pert. and non-pert.
Experimental D]V |~1% corrections. D|V_|~2.5%

Fineory €valuated using OPE in HQET: expansion in ag and@ powers:
O(1/m;) ® 1 parameter: L

O(1/mg?) ® 2 more parameters: |, | ,¢— Constrained from pseudo-

scalar/vector B and D
mass differences

G = (fgizpcg‘zmg {1— cz%+1- 04%) +@+O( +O(%2)>oo<}

O(1/mg3) ® 6 more parameters: r, r, T,,




How can CDF look at 1t?

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

e BO>D™I*n always leads to neutral particles = ignore it

 B--> D™0I-n better, use isospin for missing channels:

- D70 5 Dp
- D™0 - D9%° Not reconstructed. Half the rate of D' p
- D™0 5 D™p

e D™ - DO%*

e D** - D*p® Not reconstructed. Feed-down to D* p-
- D™0 >D™0p% Not reconstructed. Half the rate of D™ p-



How to solve the problem in practice

Reconstruct | | Add another
D*/D+ DR D
g N N
Collect as many | |*Selection:
modes as o
ossible: *Optimize on
P ' MC+WS
*(Kp)p* combinations
*(Kppp)p* «Cross check
on p*
*(Kppp)p* P
*p** Background
*Kpp > el
«Check yields eCombinatorial
sValidate MC D
*B® DD
eCC

_>

NG

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

N\ J
KMeasure selection bias\
on M.~ From:

*MC

D* candidates

*Rely on MC (& PDG) for:
«e(D+)/e(D*)

eUnseen modes
(Isospin)

eLepton spectrum

acceptance /

Measure

<M,2>, <M,

-

eSubtract
backgrounds

*Use PDG to go
DMex® Mk

~

«Compute <M.,.,.2>
& <M.+

eInclude DO

*Extract L, |,

eSystematics
\ )




p** Selection

Based on topology:
e Impact parameter significances w.r.t. primary, B and D vertices

o

Eﬁﬂ'ﬂ »  Background from data & Background from data

! C” Monte-Carlo = 700 & f z
S ?’ o = = EUtfﬂDI‘l[E-C"II'ID
w L ] B
2000 — 2600 [
E O+ D' Kn*n* £ F D" Kt
- 500 1
150':' — . . o JoI 3 - 'f
- p** 2D IP signif. wrt PV 400 £ P D IP signif. wrt BV
i 7
1000 — 300 —
- :_ o 200 ;—
_|_|'|"-|—|-'-_.|_1-|- E
* 100 T
= | [ R A [ R l l | coa by v v v bvsv v v s bwv v bvwv bovv v by o
4] 2 4 L g 10 12 14 16 18 20 Q 2 4 6 8 10 12 14 16 18 20

PV BY

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

*pr>0.4 GeV |d,PV/s| > 3.0
DR < 1.0 *|[do®V/s| <2.5



yield / (20 MeV/c?)

Raw m** distributions

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

CDF Run Il L=180pb” CDF Run Il L=180pb”

L *+ _ “U C + -
50 s =

N & 255 [
o —s— right-sign D*" .. 2 oLl i —=— right-sign D"

B —«— wrong-sign [D*" %, =B —-— wrong-sign ID*r4,
30 15 e

L LJ T [ |

B - Tf‘ ’Tl
201 105

I~ - ¥

+ s{2i7ls [T
10 -

i DI Iy

: L1 1 | L1 1 |- L1 1 | L1 1 | L1 1 | L1 | | L1 1 | 1 -5 :—_ l:|)I | | Lol 1

2 22 2I 26 28 3 32 34, 2 22

m(D* n..) (GeV/c")
v

D;,D;",D,” Feed-down



Efficiency Corrections
1) Correct the raw mass for any dependence of e ., on M(D**):
e Possible dependence on the D** species (spin).
* Monte-Carlo for all D** (Goity-Roberts for non-resonant), cross-checked
with pure phase space decays.

eDetector 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:
e 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.

acceptance for p* >700 MeV |

D" acceptance: referenced to p*>700 MeV |
-+ w101 COF Hun 2 Mente Carlo

B

g

efficiency g

|
g C e ooo0s - =
T ik »h = {a) Kn
g 00 {a) Kn 1 oonng - e
¢ r D, z o
n.00s [— non-res. 0.0007 5
E om00G |-
0.0 [ E +
C ooos -
0.003 [ ooond £ ‘|‘
= f.? : = + _|_ —— BR-weighted
- oo = | %
ooz [ Eae W%‘?}i
[z E>i<;|@< ; +>t{>< X —»-phase space
C o0 [ e
0.0 [ c
- 00001 =
:|_|_|__|_|_|_|_,|||||||....|....l...,],,,, |:|: |||||||||||||||||||||||||||||||
02 25 3 a5 4 45 5 55 2 2.5 3 3.5 4 45 E 5.5

D" mass (GeV) D" mass {GeV)



Final Result

mg = < (mgﬂmw

mi = (mbu) = (5.83 % 0.164; + 0.084) GeV?

_ (nl%,))z} = (1.30 % 0.694a; £ 0.2255) GeV*

r(m;,m,)=0.61

inlfifl = {!i'H) - mgﬁ

M = {(si — (sm))?)

= (0.467 = 0.038,, = 0.019,, £ 0.0655) GeV?
= (1.05 % 0.264a1 = 0.08ecp =+ 0.108r) GeV*

r (M;,M,)=0.69 .
] | CDFRun I (180 pbh) 68% CL contours
By ¢ Preliminary
Pole mass scheme 005
01
A = (0.397 £ 0.0784a; + 0.027¢yp + 0.064pg £ 0.058,ne,) GeV N
M = (—0.184 + 0.05744a + 0.017¢,p, £ 0.0225g £ 0.0774heo) GeV?2 :
02 =
025 -
1S mass scheme il
m;s = (4.654 + 0.07844a; £ 0.0274yp £ 0.0645g + 0.0891.,) GeV oL L Statisrical Ervor Oaly
)\is = (—0.277 £ 0.0494;a; £ 0.017¢yp £ 0.022pg + 0.09441,60) GeV? G L, T 'TMEU' R A e
B8 5 I 'n?1l = Inj.zL = Jul.zl = .ﬂL‘II = .u’ﬁl = ln].ﬁ-l ' Iu.?

A [GeV]



Systematics
eInput 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: £t60MeV]

’-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]
eBackgrounds
)-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 tn [estimate t/myield and kinematic differences using MC]

eFake leptons [no evidence in WS D*l*, charge-correlated negligible]



CP: hh modes

*Good agreement with B factories

First measurement ever of B® KK

BR(By — n=xT)
BR(By = K*7¥)

=0.24 £ 0.06 (stat.) £0.05 (syst.)

N(B) - K—nt) — N(BS » K+n~)
N(By - K-nt) + N(BY - K+7-)
fa- BR(Bg = w*wT)
fs - BR(B;, - K*K*¥)
fs - BR(B; - K=KT)
Ja- BR(By — K*7¥F)

BR(B; — n*n¥)
BR(B, -+ K*K¥)
BR(By - K*K¥)
BR(Bq - K*7¥F)
fs- BR(B, » K*nT)
Ja- BR(Bg — K=n¥)
http://www-cdf.fnal.gov/physics/new/bottom/040722.blessed-bhh/
BR(Ay = hh) <22-107°% (90%C.L.)

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

Acp =

= (.48 + 0.12 (stat.) £+ 0.07 (syst.)

=0.50 + 0.08 (stat.) + 0.07 (syst.)

< 0.10 @ 90% C.L.

< 0.17 @ 90% C.L.

< 0.11 @ 90% C.L.

—0.04 + 0.08 (stat.) £+ 0.01 (syst.)

I (B - n n)T,,, units 10°
CLEO 2 [} L H
(457, 0%)
BABAR o |
(4.7+0.6+0.2)
BELLE H H
(54+1.2+0.5)
CDF Il I | i
(4.44+1.5)
1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I
2 3 4 5 6 7
A_.{B - Kn)
CLEO 2 | | i
(-0.04+0.16)
BABAR HH
(-0.133+0.03 £ 0.009 )
BELLE 4
(-0.088 + 0.035 + 0.013|)
CDF Il ——a—
(-0.04 + 0.08 + 0.01)
[ | | 1111 | 1111 | 1111

-0.3-0.25 0.2 -0.

|I |IIIIIIIII|IIII|IIII|
15-0.1-0.05 0 0.05 0.1 0.15



