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Bottom/Charm Physics in CDF

* “B Physics” at Tevatron covers
wide variety of the physics

— Test of CKM
— Indirect NP search
— Test of QCD models ...

*Today’s presentation,
— New results for LP2005

TC
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Integrated Luminosity
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» 2002—2004 data

— 700 pb-t delivered

— 350 pbt good for physics

Week #
(Week 1 starts 03/05/01)

. \Veekly Integrated Luminosity —e— Run Integrated Luminosity

«2005 data
— 300 pb-* delivered so far
— much better efficiency

Run Integrated Luminosity (pb™)



CDF Detector Overview

Central Tracker (COT) § ,__ . Vi ==

In|< 1.0 & ToF counter for Kir separation

Excellent resolution :zl. ": J_"' Placed rlght before the Solenoid
dE/dx for PID 8T I - |

=y

SVX |zO| < 45cm .
LOO: Vertex resolution g
ISL: [n| < 2.0 |




Silicon Vertex Trigger (SVT)

sLevel 2: Silicon Vertex Trigger

—Use silicon detector information
*Good IP resolution
*Trigger on displaced track
— beamline reconstruction
» update every ~ 30 seconds
—IP resolution: ~ 50 um
e 35um beam size + 35um SVT

Secondary
Vertex - /

Primary
Vertex "

d = impact parameter

P > 2 GeV/c;

cd_47 Lm

Yewr <




Triggers for B Physics

« Jy->pp
e TWO muons
— p>1.5~2GeV

— Opposite charge

4 muon

 Hadronic

e Two SVT tracks

— p>2GeV

= Pry+Prp > 9.0 GeV
— Opposite charge
—120pm<d,<1 mm
— L,y > 200 pm

A

SVT track

» Semileptonic
]l Lepton + 1 SVT
— 1 ple p> 4 GeV
— 1 Additional SVT
°p; > 2 GeV
* 120pm<d,<1mm

T Lepton




Signhal Example

“Jy—=>pup
— 2.7M candidates in 360 pb!
* Dimuon trigger sample

— Mass resolution ~ 12 MeV
— ~85%: prompt charm production
— ~15%: B decay

x10°  CDF Run Il Preliminary: L ~ 360 pb™

N: 2735K + 2K
S/B: 2735K/360K
o: 12.0 £ 0.0 MeV/c?

Jhy—pp

Events / 2 [MeV/c’]
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BO->Dr*
— 6k candidates in 360 pb!
» Two track trigger sample
— Mass resolution ~ 20 MeV

CDF Run Il Preliminary L= 355 pb'1

B D &t
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Direct J/y Production

 Direct J/y production cross section
— LO calculation: 1/ 100 x CDF

* Non-relativistic QCD

— Jhy production is dominated by
the color octet mechanism

— J/y Is positive polarized at high p;
* positive polarized = transverse
e CDF Run | measurement (100 pb1)
— good agreement at low p;

— Disagreement at high p;
» Theory: positive polarization
» CDF data: negative polarization

transverse

—— CDF Run | ———
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Prompt J/w Polarization

Prompt J/y Polarization

« Run Il Dimuon trigger data 190 pbt I
— X2 Iuminosity 0-8;— CDF 2 Preliminary, 188+ 11 pb'1
— better acceptance for muons 0'6;_
04—
— extend p; region to <30 GeV E
)
* ~ constant negative polarization  .o2F 4y -
— Slight disagreement (~ 2c) 04
between Run | and Run Il 0.6
measurement at low py. 0.8
1 10 is 20 % 3
» Still need more statistics I

N CDF data dOES not faVOI’ the COlOI’ \,l
octet model A
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A, Branching Fractions

« Current knowledge of A, property is
very limited

P
.»“l% DECAY MODES Fraction (I;/T) Confidence level (MeVic)
J/(1S)A (4.742.8) = 104 1744
,’1:_ T seen 2345
f’l:- a1 (12607~ seen 2156
AL ¢~ Tranything [f] (9.2+£2.1)% -
p < 5.0 <1070 00% 2732
pK— < 5.0 < 10~ 00% 2711
A <13 <1073 0% 2701

« 170 pb-! two track trigger sample
— Hadronic A, A.n Decay
— Semileptonic A,—=>A_lv Decay

Br(A, > A lv)
Br(A, > A7)

= 20.0+ 3.0(stat.) £ 2.5(syst.)

B(Ay— Af77) = (0.41 +0.19 (stat & syst) fggg (Pr spectrum]) %,

B(Ay— AT T,) =

(8.1 +1.2 (smz)j'é (syst) £ 4.3 (B(Ay — ﬁjﬂ‘))) %.

CDF Run Il Preliminary
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y*/NDF=122.9/111

+_
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D200/ — p Kr?
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8 150 o /F\gu_ripj)\r%rlfg B reflections
S AL T i el
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ElOO
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§ 6001 B~ At X
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= 5001
 400-
) + ¢
= 3001 T
; 2001 N = 1237 + 97
] 2/NDF=47.9/38
100 X prob = 13.0%
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e Semileptonic B, = J/ylv decay

—Jy =y, =eorp

— 3 muons /2 muons + 1 electron

* First “obervation”: Semileptonic B,

— Run | CDF : 100 pb-t
— Significance: 4.8 ¢
 Measurement

— Mass : (6.4£0.390.13) GeV
— Lifetime: (0.46=*=0.17=*0.03) ps

o5 BR(B, > J/ylv)
.. -BR(B* — J/yK*)

=0.132+0.041(stat.) £ 0.045(syst.)

B, Properties

12
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Jy+e and J/yp+u

— Data (B, Candidates)
Fitted Signal

I Fitted Background

7 8 9 10 11

M (J/p+lepton) (GeV/c?)

CDF Data

I, = 30.6x10™"° GeV

I, =16.5x10™"° GeVv
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Run || CDF B. Studies

C
_ . . CDF Run 2 Preliminary 360 pb™
*“Evidence” of Hadronic B —)J/\VTC S S5 L gurt B, Mass = 6.2870+0.0048 GeV/c’
¢ 2 T ¢ v Resolution (fixed) = 15.5 MeV/c”
— ~ 350 pb—l o F Signal: 18.9+ 5.7 events
. . £ 5__ Mean exp. backgd.: 10.0+1.4 evts
— Significance: 3.5 ¢ g [ under peak
—~M(B,) = 6287.0+4.8+1.1 MeV st
» Good agreement with recent theory S 3_ _
« 630717 MeV -
« (N. Brambilla et.al PRD65 034001) 2 H L 1
«Semileptonic analysis 1 ] ]
- -1 -
350 pb NS Al

»
N
D
N
(@]

1 1 1 I 1 1 1
—Muon channel ' ' 63 835 B4 G
oy -BR(B, —> J /yuv)

d . =0.249+0.045(stat.) £ 0.107(syst.) > ¢ COF Ren 2 Profiinery: ~300 pb”
o,. BR(B* — J/yK*) 3 80 e
0-oF-
—Electron channel s OF
Q 60 Background
7, ‘BR(B. > J/yev) 0.282+0.038(stat) £ 0.074(syst) & so:
= V. T U )T U . Q = { '
Oy - BR(Bi —J /lpKi) y s SOF | | s o sarion
. . 7 401
— Main systematics S 300
 Background (fake lepton, bb) 205
* p1(B.) spectrum 105
— High statistic signal good for precise o chrbociimti
lifetime measurement 0 2 4 6 8 10 12

Mass(upue) (GeV)



Rare Decay Search: B, = pu

— 4.3 expected background

— B mass resolution ~90 MeV
« CDF Run Il: 170 pb-?

— < 7.5x107 @95%CL

— 1 observed events

— 1.1 expected background

— B mass resolution ~25 MeV oL—" 3

« SM prediction: ~ 4x10° ; 1:_ S D@ Run I
— Enhanced by NP % ::: e d L S
-mSUGRA athightanp 5 25| ~ \ce Band 2
» SO(10) unification E
« RPV SUSY
¢ DO Run ||: 300 pb-l -DE I I4-.IEI — ﬁl = |l"5.IEI I 5.I¢- IWIE."ET I IE.IE — l; S E_IE
A invagiant (i 1) Mass [GeVic
— < 3.7x107 @95%CL 5 :
q + -
— 4 observed events BeayHH CDF I
2171 pb’’

entries / 20 MeV/c

Bd search window
B, search window

5.2 5.4 5.6 .8
M(u*w) [GeV/c] 14
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Update CDF B~ puu Search

e ~360 pb-* dimuon trigger data » Selection Optimization
— X2 luminosity — Minimize the expected limit
— Increase muon acceptance — LH and p;(B)
* CMU: |n| < 0.6 : previous analysis [P (x)
« CMX: 0.6 < n| < 1.0 i LTsAXi
— multivariate Likelihood H P, (xi) +H R, (xi)
3 CDF Prelimi
EE: o 0.5- re |_m|nary
0.07 é Bs(d)—}l,ler x
g 2 | se4pp’ .
N T O Signal
ooz | = (Pythia MC)
02 5.‘2_; 5.‘: 56 58 0 o0bs 01 0135 02 0.25:“ -0‘.3 E 0.3+
M,, / GeV/c® A/ em L
o.as{ o eraround 0.24 BaCkg rOU nd
00; 025, (datag); (data sidebands)
02]+ 0294 eeem Bs_>“-+p-_
- 0154 (Monte Carlo) 0.14
.0(_ 0.2 t;_-t;s o8 1 12 14 158 .Uc 0.2 0.Z=_-0-.s 0.8 00 0I1 012 0'3 04 05 06 07 08 09 1

Ao/ rad isolation

Likelihood



B.~uu Result

* NO events observed in signal box « CDF+DO0O combined limit
— 1.5 expected background — < 1.6x107 @95% CL
— <2.0x10" @95%CL

| GeV/c?
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Mp [GeV]

Constrain to new physics models

* NSUGRA *SO(10) Unification
tanf=50, Ay= 0 ,u,>0 my =175 GeV _ m,=3TeV, m,=500GeV

2000 IIII|IIII

1500

1000

200

0

0 250 500 750 1000 1250 1500
My /2 [GeV]
Dedes, Dreiner, Nierste, R. Dermisek et al.,
PRL 87(2001) 251804 hep-ph/0304101
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B Mixing in Standard Model

 Within the SM

— B mixing: Box diagram

— Amg ~ [Vigl?, Amg ~ [V|?
 Ratio between Am, and Am,

Ams _ Mg, 52 Nts‘

Am, ’\/t . ‘

— Many theoretical uncertainties are
cancelled in the ratio

£ =1.21+0.04+0.05
» Determine |V 4|/|V 4| 5% precision

o|V|/|Vl IS propotional to one side of
the unitarity triangle

b Mb W Md d
BY uct uct pgY
d Md W Vb b
b Vib u,ct Md d
® ®
B° wi iw B°

3 ® ®

Vg u,c,t Vip b

Visl/ Vil
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Amplitude

Current Experimental Result

* 95% CL limit on Amg « Constrain to Unitarity triangle
— LEP, SLD, CDF Run | 0/ ST T T \\
— Sensitivity: 18.3 ps? 06E ¢ \ 2
— Limit: 14.5 ps-! 0 | a=5
05F ¢ ]
2 M ord avernge T ] 04rc
2 [ o B E
e ARy 7 03
. E_ E giﬁitgz{mtonly) / _E 02
1 F |” “ : ]
L ] i ]
171 [| | e \ 0.1
. I
g \/ 04 02 0 02 04 06 08 1
\'-. L 1: S
; B T o Amgyonly
1b i >
- i Am. and Am
5 ol S d
-1.5 po v by by v e by | T (I 1

11 11 11 II|
10 125 15 175 20 225 2%
-1
Am_ (ps’)

0 25 5 7.5
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Analysis Strategy

e Mixing
dN N, .

d (BO —B°)= 2_0 o (1+ COSAmt) 1. Identify B and

L T its decay flavor
\ |
dn (BO —B’)= Ny g *(1-cosAmt) /
dt 21T

2. Decay length

* (1) Reconstruct Signal
— Flavor eigenstate

* (2) Determine B decay time
— Decay time reconstruction

— Lifetime measurement
* (3) Identify the initial flavor of B meson

— Flavor tagging
— BY mixing
* (4) B, Mixing

— Amplitude scan

20



Signal Reconstruction

CDFII Preliminary, 355 pb*,B,— D.r, D.— 67t
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Flavor Tagging

e Today'’s result:
— Opposite side tag only

» Opposite side tagging

— Use the other B in the event

— Semileptonic decay (b = I)
* (1) Muon, (2) Electron

— Use jet charge (Q, = -1/3)
¢ (3) Jet has 2ndary vertex
* (4) Jet contains displaced track
* (5) Highest momentum Jet

Reconstructed B

« Same side tagging
— Use fragmentation track
— BY, B*, and B, are different
—Kaon around B: PID is important

0

~Fragmentation track

Opposite side B

22



Flavor Tagging Callbratlon

] CDF Run 1l Prellmmary

— 90

» Opposite side taggers are g
calibrated using the inclusive lepton ~ § 4 isolated tracks
samples = 30
20
Tag type eD? (%) 10]
Muon (0.70+0.04)% 0
Electron (0.37+0.03)% 10—
anary VX (036i 002)% < 4 SDF Run Il Preliminary i [Ei\s:%]) -
Displaced track | (0.36+0.03)% g — e OS] .
Highest pjet | (0.15-0.01)% =30 e-SVTdata E
Total ~1.6% 25F |
201
15
10F
5
o= SecVix jets
2ndary vertex Taggs™ G B

Q.
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B9, Mixing (Semileptonic)

e Validation of the flavor tag calibration using B® and B* sample
—BY - Dilv, B* - DOlv

* Measured Amj CDF Run Il Preliminary L ~355pb”
0.6
—(0.498*0.028*0.015) ps | . Dz
) Fi)t proje_ctio_n
~WA: (0.510 £0.005) ps* 1,4, 7 s
o 02 fh N—
CDF Run Il Preliminary L-3sspp’ : + ~~~~ Muon Tag
0.6 - £ ' _+_ —
] ; Ei?ﬁojection E 0 1 \"“\
04 MUOn Tag ------ B‘i contribution %‘ Tl T
_| _+_ | B” contribution < _02 _ ..............
> 0241 i e :
g I ! _ _ _
E o e 041 B>D1T"'WX(D ->K'7z 7))
> T ]
< 02 06 OO
‘ _ 0.05 0.1 0.15 0.2
0s] BoDIWX(D® —K'7) |
; proper time [cm]
-0.6 -

0.05 0.1 0.15 0.2
proper time [cm], ID°
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CDF B, Mixing Result

» Semileptonic Channel » Semileptonic + Hadronic
— Sensitivity = 7.4 ps — Sensitivity: 7.4 = 8.4 ps
— Limit: 7.7 pst — Limit: 7.7 > 7.9 ps
10 CDF Run Il Preliminary 355 pb™ CDF Run Il Preliminary
o - + datat1c A 95% CL limit 7.7 ps* 4]+ datat1c A 95% CLlimit 7.9 ps”
S 8} ----- 16456  --©-sensitivity 7.4 ps’ 16456 O sensitivity 8.4 ps™
2 | [daaziese B data  1.645 6
o 6j data + 1.645 o (stat only) A 2 data £ 1.645 ¢ (stat. only . I
<EE - B, 1D, X | o I /3\/\ |
4r 4 = Mﬁmv@ +f“"'+|n|||lﬂ
i ity Q
2; /\-—;’; 0...*, E ++++ ++w++ TTT‘
i ./‘T‘,'--/-_-“ [t
-------- ‘Q pre T
O m ------ /||J|_ N4 TT« ® | S~ 2
i T LU /
'2| | | | | 41 semileptonic+Hadronic Combined
0] 5 10 15 20 o 5 10 15 20
Amg (ps’) Am, [ps’]
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CDF+World Combined Result

* World Average + CDF Run Il
— Sensitivity: 18.6 ps?

» World Average
— LEP, SLD, CDF run |

— Sensitivity: 18.2 ps?
— Limit: 14.5 ps!

— Limit 14.5 ps!

CDF Run Il Preliminary

<« datat 16 A 95% CL limit 14.5 ps™

2'_ -~ 16456 O sensitivity  18.2ps”

| I datat1.6450
data + 1.645 o (stat. only)

Amplitude

14
1 World Average

10

+ datat1c A 95%CLlimit 14.5ps™

1--16456

O sensitivity ~ 18.6 ps”

| I datat 164506
data + 1.645 o (stat. only) |

5

_1j
{ CDF+World Combined

0

5 10



Future Prospects

e Sensitivity for 5¢ observation for Am *Reasonable chance to observe B,

— Keep the same signal yield

mixing in 5 fb! of data

— Flavor tagging (SSKT) 1.6%—> 3% — Trigger strategy at high luminosity

— 20% improvement in vertex resolution

Sensitivity, Am, [ps’]

30

N
@)

=
@

— Better understanding of detector
CDF Projection

506 observation

PaJoAe) 1} IAMD

CDF tagging: add kaon tag, €D?*= 3%
CDF vertex res.: 20% improvement
CDF/DO: Similar sensitivity

2 4 6
Integrated luminosity/expt. [fb™]
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Summary

 CDF has analyzed 2002—2004 data
— 700 pb-* delivered, 350 pb-t good run for physics
— Additional +300 pbt in 2005 data (Better efficiency)
» Three specific trigger for B physics
— Dimuon for B—>J/y decays
— Lepton + track for B semileptonic decays
— Two track for hadronic B decays
* Quick review of new results for LP2005
— J/hy spin alignment, B, semileptonic decays
— B~ pp, B¢ mixing
* Lots of Interesting physics in the near future
— B mixing update, A’ update
— B—hh
— B./B//A, Lifetime measurement
e Long term plan
— Two “Flagship” analyses: Am, and B~ up
— Effort to evaluate/maximize the sensitivity
— More discussion on Saturday session “Tevatron Future”

28
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Property of X(3872) State

» Belle: new J/ynr state at LP2003

— 3872 MeV, narrow width
— Seen only in B decays

e Confirm by CDF and DO

« CDF: 220 pb'?

—M=3871.4+=0.7=0.4 MeV
* Belle: 3872*+=0.6*0.5 MeV

— Separate the direct production

and B decays

B fraction: (16.1£4.9 =2.0)%
» Dominated by direct production

Run Il - CDF Preliminary

~220 pb’'

2500
2000+
1500-

1000-

Number of Candidates/ 5 MeV/e >

500

0-

CDF Il Preliminary

|

2
3678 + 99 y(2S) M(nr) > 500 MeV/c

Mass: 3685.67 +0.08 (slal) MeV/c”
c: 3.41 + 0.09 (stat) MeVic

704 + 67 Candidales R
Mass: 3871.4 + 0.?2{stai} Me\ic
o (Fixed): 4.3 MeV/c

e e i i e i e s i e e e e i

3.7 375 3.8 38 39 395 4
__ Mass ol Jiyn'n Candidales [GeVic 2]

+2.5¢ Projection Around X(3872)

w

= =
o o
o

=
o

Candidates per 20 um

[N

T X((3872) »Jly ' T e Data

~220 pb™
B Prompt X(3872)
B Long-Lived X(3872)

Prompt Background
Long-Lived Background

0 0.1 0.2
Uncorrected Proper Time (cm)
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M(mrt) Distri

o Compare M(ntwt) distribution o
between the data and predictions >
=
« y(2S): control sample g
— consistent with 3S; Charmonium §
&
- X(3872): -
— Favor J/hyp state (38%)
— Consistent with 3S,(28%)
— Inconsistent with other models g
=
* Recent progress at Belle §
_ Evidence of X(3872)-Jhyy s
— Angular analysis ;:,?
— Favor JPC = 1+* ;%L

— Favor D°D™ bound state

1000

800

600

400

200

o

250
200
150
100
50
0

-50

oution

CDF Il Preliminary, 360 pb*

¥(2S) » Jiyn' T

— 381 Multipole Expansion
PRD 22, 1652 (1980)
Prob = 6.9%

Brown - Cahn

PRL 35, 1 (1975)
y*Indf = 226/27

.
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.
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.
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-
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-
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|

0.3 0.4

CDF Il Preliminary, 360 pb™

! | ! ! |
0.5 20.6
e Mass [GeV/cT]

— X(3872) = Jlyn'm
— J/y p: prob = 36.1%
Jhy nrt Phase-Space

Multipole Expansions for ccC:

...... °S,: prob = 27.7%
'P. x5

L JRTTL LS S
e

0.6 20.8
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Observation of B,=>wy(2S)¢

* Two decay modes
— y(2S)=>pp
— y(2S)>Jlynn (Iy—=>pp)

e 350 pbt Dimuon trigger data

— 6.5 sigma significance

» Ratio of branching fractions

Br(B, - v(25)¢)

Br(B, —» J/y¢)

CDF Run Il Preliminary

=0.52+0.13(stat.) £ 0.07(syst.)

L=355pb"

70

60 Bs — Iy ¢; My — '

Event/5 MeV/c?

+ 15.9 events u
+ 0.66 MeV/c?
+ 0.58 MeV/c?

sof_ yield =292.2
- mean = 5366.76
40 Sigma = 9.42

53 535 54 545

5.5

555 56

B, — J/y ¢ Candidates, Mass[GeV/cz]

Event/5 MeV/c?

Event/5 MeV/c?

CDF Run Il Preliminary L =355pb*
101 .
- B2 w(2S) ¢ w(2S) —» pp
gl_vyield =202  +50 events
- mean =5366.49 +1.88 MeV/c?
. sigma=6.70  + 0.00 MeV/c?
al

22ly|

h L)

I HHPW

j L‘ L L‘ L LHJ L‘ L‘ I o L
O_I IHEEN] 111 I|-| L1 1 I 1 1 I 1 1 L1l 11 r 11 |-||-| 111 Ir 11 1
5. 515 52 525 53 535 54 545 55 555 56
B, — y(2s) o;y(2s) — u+u' Candidates, Mass[GeV/cZ]
,___ CDF Run Il Preliminary L =355pb™

61— Bs = w(2S) o; w(2S) — Iy T
sEyield =123
- mean =5366.63
4 sigma = 7.77

+4.1 events
+ 3.20 MeV/c?
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b-quark Production at Hadron Collider

» Leading order

— bb pair production

— back to back (in ¢, not in n)
* Higher order

— gluon splitting

— flavor excitation
* Run Il CDF cross section

— total cross section ~ 30 ub

— good agreement with theory

do/dp,(H,) nb/(GeV/c)

4
10 : I I I T T T T I

X Data with total uncertainties
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*K/mt/p separation is important to improve

Particle ID

S/B for B signal and B flavor tagging
*Time of Flight

—ot~100ps,L~1.5m

—26 K/nt separation for p~1.5 GeV
*COT dE/dx

— 1.30 K/n separation for p > 2GeV
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CDF Trigger System Overview

e Crossing: 396 ns: 2.5 MHz Dataflow of CDF "Deadtimeless™
Trigger and DAQ

e Level 1: hardware
— Calorimeter, Muon, Track

— 25kHz (reduction ~x100)

L1 Storage Levell:
Pipeline: 7.5 MHz .Syrnuh roncus pipeline
42 Clock L1 trigger 5544ns latency

Cyclezs Deep =50 kHz Accept rate

e Level 2: hardware + CPU

— Cal cluster, Silicon track — ‘
— 400 Hz (reduction ~x6) L2Burers ' [mug&r] ﬁ;i;'h;;n:”pl
— Run IIB upgrade: 1k Hz -
e Level 3: Linux PC farm DAQ Bufters
— ~ Offline quantities —1—
— 100 Hz (reduction ~ x5) i




Hadronic and Semileptonic

» Reconstruct two different signatures

— “Hadronic” = “Exclusive” Hadronic U

— “Semileptonic” = “Inclusive” B> »D, 7" i =
» These are different W™ .. d.

— Trigger, signal yield p —————at Co_

— Background Bf[ D,

— Missing momentum > S”

— Sensitivity for B, mixing
e Hadronic: y : .

— Less signal yields Semileptonic

— Good sensitive at higher Am, B° s D1y |”
 Semileptonic: s bW ~ v,

— Higher signal yield b L .

— good sensitivity at lower Am, BSO[ ]D‘
 These two signatures are treated S S

differently, and the results are
combined together.
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