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4 * Run Il Integrated Luminosity 19 April 2002 - 20 January 2006
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w Why FCNC Charm?

Strict limits from b— s and s— d
Possible to have effects in up sector and not down sector

+ o+ -

+
D —1m ee

N — T T T T T T T ]
4 ] SM (long dist.)

% ]0 -5 % === LH (shortt |ul|1151 dist.)
@ L 10 i L [ — SM., short distance
i ]0_6 . ; ,}‘\ 'j" 'l‘ ———=- LH, short distance
S N ('] - 1 0— _—--'-:—_:.___\;."______‘_ -
S - ~
S S
S 108 | X 107 :
<  cuptr i SE
g 10_10 R ] 10 P )
t T - E

05 L0 L3 S O T T

m( w1 ) (GeV 2,2 '
(w)( ) m,, [Gel ]

RPV in the up sector and not the down sector
Burdman et al. hep-ph/0112235 Little Higgs models with new up

factors of >1000 over SM not ruled 7 fe:?ttz}‘ Vzceto_r (2}31;1; 1048
out. Similar in magnitude to B, = uu 2 - PP
but orthogonal parameter space
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 FustfindD,—> ¢ 7
— BF(D,— ¢ 1) = (3.6 +/- 0.9)%
— BF($— pu) =(2.85 +/-0.19) x 10-*
— Product~ 7 x 10~

e Then search for excess in the
continuum region

— D>t - with m(uw) = ¢

e Start with low mass dimuon candidate,
add track to form D candidate

« Reduce background with lifetime and
topological cuts

3/12/2006

24000

20000

16000

12000

Events/ 10 MeV/c?

¢ — u u* 1 Analysis Strategy

D@ Preliminary

~55k o

8000: \ \

4000 - n(?), p -
O ! [ (NN T TR TN NN AN T S TR S SN’ !
0.50 0.75 1.00 1.25 1.50

m(KK) (GeVic)
Dimuon invariant mass
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w Results for D> ¢ 7 — 7 u u

D@ Preliminary - DO Preliminary
S T [ S Optimized cuts | | 1 fb!
Loose cuts [ . ]
40}
150 1 i
% é 30F
= B o
8 100 - g i
E L% 20_—
ih|
~0r y 10}
- n(Dy) =133 +/- 25 j n(D*) =25+/-9
I 1 [ N .
Pio Ties i oas sa0 140 165 1.0 215 2.40

m(rup) GeV/ce? for candidates with 0.96 < m(up) < 1.06 GeV/c?

DO: BF(D* - ¢ 7 —> =" ) = (1.75 +/- 0.70 +/- 0.50) x 10-°
CLEO-c: (2.7 +3.6 -1.8 +/-0.2) x 10-6 Expected: 1.77 x 10-6
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w Results for D*— zfut

Events/ 50 MeV/c?

D@ Preliminary ’ D@ Preliminary
s T ] b 10 [ 1 fb!

I ] - ]

n09=6 | o7, [n09=3] n(bkg) =
(STB) - n(S+B) § _ 20.9 +/- 3.4_1
5.3+/-1.5 || 4.6 +/- _0.7 8 sl ]
O_"' —— : ' ' : _ O_||||||| |H_L|||||—‘_
1A0es 190 2 le 240 1,40 1.65 190 215  2.40

m(mTp p ) (Gevic) m(T Y (Gevicd)
0.96 < m(up) < 1.06 GeVic® 0.2 < m(u) < 0.96 GeVJc?

2
Good agreement with expectations 1.06 < m(up) < 1.76 GeV/e
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w Results for D*— zfut

, , o D@ Preliminary
Branching fraction limit 10— 71 | fb!
Dt =t utur: :

7| n=17 || 5+ n(bkg) =
D@: < 4.7 x 106 (at 90%) % 209 +/-3.4
=
CLEO-c(ze*e): 7.4x 106 at90% 5 [ [If l j
5 [ ]
FOCUS: 8.8 x 106 at 90% © Ll M J‘H HJJLL :
New limit on second generation - | | ’j| T
RPV couplings i 165 190 245 2.40
—— m(T'u’) (Gevic?)
2/22/(121/( < 0002 0.2 <m(uw) < 0.96 GeV/c?

1.06 <m(up) < 1.76 GeV/c?
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CP Violation in Mixing

‘MCPi> :p‘MO>iq|]\7>

Three phenomenological signatures

Firstin K g || A7 | _
A= e’
) A
PV in Mixing f Mixing vrs Decay
& K = n. K, > vy ?
g 1T =171 7 B/, J/w K. J
\ CPV 1n Decay
gle: K, - n°n°, '/
Lastin B 14 ., Kin, K7 /

3/12/2006
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Analysis Strategy

Goal 1s to measure g5 with part per mil precision by looking for
asymmetry in like-sign dimuons

ASL

N > p " X)-N(bb = i X)

How?

Using independent
spectrometers and

reversing the polarities

Solenoid | Toroid
+ +
— +
4+ _

3/12/2006

NG > g1t X))+ N(bb = u” g X)
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Raw Results

.

e o [
N-++ 177,950 156,183
N-- 176,939 156,148
N-+- 1,175,547 | 1,029,604

After removing detector based asymmetries:

A=-0.0013+0.0012(stat) = 0.0008(sys?) |

Now need the fraction of x from B

AsL= fsx A

3/12/2006 Brendan Casey, Moriond EW 2006 11



Backgrounds that
dilute the
asymmetry

3/12/2006

Brendan Casey,

Backgrounds with false

1

asymmetries: *

Reaction KN—>Yr (Y=4,2...) :

has no K*N analog v

Moriond EW 2006
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Backgrounds with false

v asymmetries: '
BaCkgrounds that Reaction K- N—Yr (Y=A,%...) 1l
dilute the Cross-check: has no K*N analog v
asymmetry y(D0)=0.136+0.001+0.024

7(PDG) =0.1281+0.0076
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Results

Raw Asymmetry:
| A =-0.0013+0.0012(stat) £ 0.0008(syst)|

Asymmetry from Mixing:
| Ag =—0.0044 +0.0040(stat) + 0.0028(syst) |

Re(gBo ) ASL
2~ 4

1+‘6‘BO

Re(e
( B Z =-0.0011£0.0010(stat) = 0.0007(syst)

1+‘€B0
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Results

Re(e,)/(1+|g5]") (Units 10°)

3/12/2006

CLEO 3.5+10.3+1.5 e
BaBar 1.2+2.9+3.6 ——
PDG 2005 -1.2+3.0 —O—
Belle -0.3+2.0+1.7 ——
DL -1.1+1.0+0.7 ---
SM -0.125+0.0275 S
[ N R | RS B B B
-8 0 3
Re(e )
~=-0.0011+£0.0010(stat) £ 0.0007 (syst)
1+‘8B0

Brendan Casey, Moriond EW 2006

15



w Beyond the Frontier

What we ve learned from mixing:

« Kaon mixing
— CP 1s violated in weak interactions!
— Only logical solution is a third generation!

* B, mixing
— The top quark 1s heavy! m,>>m,,
— The top quark has CP violating couplings! Arg(V,,) ~ 24°

* Neutrino mixing

— Neutrinos have mass! (CPV in lepton sector?)

Every flavor mixing measurement has led to a new discovery!

Almost always involving particles inaccessible at the energy frontier.

3/12/2006 Brendan Casey, Moriond EW 2006 16



’g

#i:

errorinV,,

3/12/2006

Why B, Mixing?

Y
h — 7 Am,~ (lots of QCD)X|V |
W W Am, ~ (lots of QCD)X| V|
; L S 3
Vg

1,-’*
> Am /Am , ~ (much less QCD)X| V. |/|V, |

Brendan Casey, Moriond EW 2006 17



w Why B Mixing?

#i: It ib Vig
QéD tZ 4o I 7 Am, ~ (lots of QCD)X|V |
ing | :
v v Am  ~ (lots of QCD)X| V|
7 LI .
v Vo
K * Am /Am , ~ (much less QCD)X|V,|/| V|
#2: why V2
2 fund tal CKM relations:
New sources of CPV undamenta relations

|V | constrains p/¢, = Arg(V,,) v
|V.,| constrains y/@;= Arg(V,,) ?

Disagreement = new source of CPV

3/12/2006 Brendan Casey, Moriond EW 2006 18



w Why B Mixing?

#3: What else?

(Almost) any NP scenario that is not flavor blind should
show up somewhere 1n the b — s sector

But with no smoking gun, need to measure as many
processes as possible:

B, =>J/v g,
B — K[,
By — iy,

B mixing....

Combination of these three factors makes B, mixing one of the
highest priority analyses for the Tevatron and all HEP

3/12/2006 Brendan Casey, Moriond EW 2006 19



Analysis Overview

2
S+A8B
Reconstruct the

___________________ decay of a B

\ , @\ (final flavor)
K/?Z Determine how long

the B, lived
(in the B, rest frame)
ReCOil system

Determine the B, initial flavor from the recoil system

(recoil flavor 1s opposite initial B, flavor)

3/12/2006 Brendan Casey, Moriond EW 2006
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2 2
FOM = NeD e_ OS(AWZSO'Z)

Bs Reconstruction

Flavor
tagging

l

Am

S

3/12/2006

D@ Preliminary

— i 1 fb!
% 6000 -
© g
 — -
< ;
© 4000
@ E_ \\l D 26.7k events |
c i
S 2000 F \
Ll i

0;,_,, ,\|D+: 7.4kevents|

18 19 20
M, [GeV]
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NeD® —0.5(Amsoi)?| | S

: FOM = e o
S+ B
Reco . . .
l Proper time determination
Proper
time Distance from PV to SV
l in transverse plane
Flavor @\
tagging d K-factor for B~ D0 v D@ Run |l Preliminary
l §"°F [~~Bl>Du'v it
3 800 ..., Bg_) DIt v ol
700 |—BJ— D_u"v
Ams eou%— """ Bo— D"\
For boost: pDyp)/p(B)| ¥
Correct for missing ok e
neutrino uSing MC Bi 0.4 6.5. 06 0.7- 0.8 0.; I-1 "h:.1 1.2 1).3

pr{(1D.)p;(B
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w FOM _ NgDz e_ OS(AWZSO'I)z S
2 S+ B

RTO Proper Time Resolution

p Best estimate of errors used 1in track fitting,
roper . : :
, any additional scaling determined from data
time
l = Scale factor =
Flavor sﬂﬂﬂz— 1.17 +/- 0.02
: 4000
tagging E (largest
l e systematic)
Ams 2000 ;—
1000 :—
o el decay length /

! o(decay length)

Pull of J/¢ vertex from the primary vertex for prompt J/¢@ s

3/12/2006 Brendan Casey, Moriond EW 2006 23



B X FOM — [ D’ |~ 0.5(Amson)’

2 S+B

| Flavor Tagging - D@ Preliminary

:=-06

B—>D uv
1 fb!

Proper Inputs: E 0.4

time Jet charge centered E g o
l on lepton (e or x) p i S

Flavor Secondary vertex e —
tagging charge _0.4| Low dilution events |-........

0.6r
l Recoil charge N

Am, , .. SN (), 2 b
Tuned using B, mixing b

i , T ,
Combined opposite side tag: 0. 2

2 0.08 -0.4H High dilution events |-
= (2.48+0.21°0%)% -

-0 [ v v by by b v by Ly

i3.05 0 0.05 0.1 015 0.2 0.25
VPDL (cm)

3/12/2006 Brendan Casey, Moriond EW 2006 24




Reco

l

Proper

time

l

Flavor
tagging

l

Am

S

3/12/2006

FOM =

NeD® —0.5(Ama)* | S
S+ B

Mixing Analysis

Ji'i':”'i (., K ”r”:l I .- K ;I .5 - (1 'J'_]::rf{”. 'I L'lJ*::._"'-L.'.ri_b . f'L.-r'l'l
CTH, TR, .
unmixed sample
K Ko o
;:f”':}r. K, rflur:l _"‘ expl I_L IE 0.5 - (1 'ﬂ;:rf{”. ) ['L}H::._"'-L.'.ri_ﬁ K z/c))
CIB, CTH,
mixed sample
Components:
Peaking: combinatorial:
Signal Random light flavor
B —»D.D B+
Prompt D D B,

Brendan Casey, Moriond EW 2006 25



D5 cons - | VD ~05(Amay [
2 S+B

RTO Amplitude Method

Proper ‘P(Ams) ~ 1t cosAmst = P(A) =1+ AcosAmist ‘

time
l 1/Am
Flavor l ﬂ ﬂ ﬂ ﬂ l Asymmetry
tagging -
| VIV dme
Am,
Power spectrum
A Motivation is to simplify
N N combining results with
A frequency other experiments
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Amplitude Method Results

° _DQ Preliminary 1 fb-! & Cross check with D signal
T 4 Efdatat 1o ‘ T o faatar 1o
= {__Idata+ 1.645 5 (stat.) o o e T eaa g
£ o Hldata + 1.645 ¢ (stat.@ syst.) [ 1 -
< l ‘ -
0 ?m.ﬁ‘i;;—***iﬂ}*“*{ }{H l - --.-.wcq ) ;
=3 _zf_ogs/ CL limit: 0.0ps"
-2 *95% CL limit: 14.9 ps sp-e-sensivity: TSps”
E-5- sen5|t|V|ty 14.3 ps’ L e ¥
4 - ¢+ 15.0 ps (stat only)
TE e 144 ps’ (stat. only) |
0 5 10 15 20 25
Amg [ps ] Deviation from zero clearly

visible near Am_~ 19 ps-!.

Am,>14.9 ps' @ 95% CL |

Difficult to quantify with
amplitude method
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3/12/2006

TR S A
‘“(‘two:srded) """""" 2 o

17<Am < 21 ps' @ 90% CL
Maximum likelihood at Am_ =19 ps-!

Brendan Casey, Moriond EW 2006
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Am < 21 ps! @ 95% CL

For one sided limit

5% probability for Am, to lie anywhere

between 21 ps'! and infinity

3/12/2006

Brendan Casey, Moriond EW 2006
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w Significance Tests

S
S
Probability for this |3 | : | | |
measurement o lie |2 T_Qo_%_<_:__L_____f*_*t*ﬁ*__________ﬁ*t*:f"_‘*f*_*_“_*f*f_i**_*‘i*f*f'f*_*i"ff*f*
in the range "(tW'O"'S’l'd’éd)’”'”"”"" N
OBeiy SN B, YOO SRS IR B S B
16 < Am, < 22ps’! 10 15 20 55 30
: Ams [ps™]
Given a true value: : : ———
. _ L (b) . Simulate Am = infinity by
Amg= nfinity: 3.8% | 300} ) +++++++ L randomizing flavor
- Prob. = . )
200F (3.8:+0.3)% KX % tagging variable
Am =19 psl: 15% | 100 k.o .
O AKX XX g T N ...'u, P T
-5.0 : 0 2.5 5

Diff. in log(L) between Amg =25 ps~* and min.

Consistent results from parameterized MC studies
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New CKM Triangle

1.5 Ll I I I I L] I LI T I T T | WL i I L] T T I T T T I l I I.._.l' T

" | excluded area has CL>0.95 |

0

sin 29,

EPS 2005

_1-5 1 1 1 1 I 1 1 1 1 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1

Ama'”.

1 L 1 I L 1 1 1

-1 -0.5 0

0.5 1

P

Brendan Casey, Moriond EW 2006




3/12/2006

New CKM Triangle

1.5 S gt
] Speakers own compilation ] o
k " s

0

0.5

Ams  95% CL

I 0 el S e upper
- Vi Vel Arnd bound
05 F
b, :
1+
- ELA 0 . —
[ EPS=2005 With D@ 06 Preliminary result
A8 mmmm e ] Amg< 21 psT! @ 95% CL

P
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w Conclusions

« Tevatron’s first fb-! opening up several
new opportunities in flavor physics

St. Valentine’s Day
« Today, 3 world’s best results

— Rare FCNC charm decays
— CPVin B mixing
— First direct upper bound on Am,

19 years after the observation of B,
mixing and 12 years after the first lower
limit on Am , we now have first direct
upper bound on the B oscillation

frequency.
D@ Preliminary

17<Am_ < 21 ps' @ 90% CL

Katie, 21 mo.
3/12/2006 Brendan Casey, Moriond EW 2006 33

Pono, 4 yrs.



3/12/2006

Backup Shides

Brendan Casey, Moriond EW 2006
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Systematic Errors

Source of error AA
detector 0.00015
Polarity exposure 0.00018
muon and K* decay 0.00068
dimuon cosmic rays 0.00010
prompt u and cosmic 0.00001
Wrong charge sign 0.00015
punch-through 0.00001
Total 0.00074

Re(e )

5~ ——0.0011+0.0010(stat) = 0.0007(syst)

1+ ‘880

3/12/2006

Brendan Casey, Moriond EW 2006
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* Likelihood based using 600 - [ backgrouna

— helicity
— isolation

— pr(KK)
— m(KK)

— m(uDy)
R ZZD

3/12/2006

400 -

200

i

] u_iﬂ# e

1 0

Brendan Casey, Moriond EW 2006
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3/12/2C

pe e K dye ) = exp( —1 0.5

f‘Tﬂl C .IH-::I
. . K Kz
Pl K dp, ) = exp(———)-0.5-(1
€T o CTo
- .. K
P (. K ) = =—— exp
i ”;I
K
P, (2, ) = —— exp
€TRY
; . K K
o K dpy ) = expl
T pH T g
. . K Kz
py e, K dpy ) = exp(
€T T+
. . K Kz _
Pt e R dyy ) = exp( )05 - (1
cTRj tTay
. . K Kz
p e, K dyy ) = exp(
TRy T

)-0.5-(1

1gnal like PDFs BI

(1 + D{dpy ) cos{Am, - Kx/c))

Didpr ) cos(Am, - Kx/c))

Kr

cTp?

}.0.5

K

eTRo

).0.5

Didpr))

0.5 - (1 4 D{dpy))

Didye) cos(Amy - Kz /e))

) - 05 (14 D{dpr) cos{Amyg - Kx/c)).
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Y g

w Background PDFs B TN
NTEERSITY
M g Dy = (F (y oM 1 —F Vv, presia Mo

PH-'H{.R Tl L) = { peakbkg ’{-I- T ]Jr'rlj.'_lli.i.'g,'}l T f peakbby | Fhlg f_.i! y T M J} .

. . E fﬁ'_d” 'I &0 - |
Hra.f.r-eff.-’“-'M-”zf'f D) = 'f'il',- - [ dr (;-’-_u(?'{::r M ShkgTo 0 )0(2) 4 (1 - Fo )Gl M ) -;JET;”) :

' I | Ji : 4

IIEH:MWM{i;"-fm — r=(_ﬁm) H]_ _',"-_LH,M} 1 -;Ef--‘rr-n# HJ. ! n]lf]_ .;'L_::-.w-}' 1 H | fﬂfﬂf‘;{.ﬁmd -:i!'l,n'"{:” - .;'I'_rmr']':' .

Backgrounds:
— Zero lifetime prompt
— Long lived prompt (c cbar...) with Ds not associated with u

— Long lived and D is associated with u
* Non B: independent of tagging.
* B": offset from tagging but no oscillation.

* B, oscillates at Am,
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w Resolution and Efficiency ; =
N;-‘:;ﬂ. e [

}—_..;:-J-l"_ Ii'l'.l-"'l::;ll--ﬂ"|I _.|‘TJ_,_".|'. “rll.ll',:I —

'|I-{I|||'J' E Irr_” (==
/ di D K fhite™ ) [ dr G(z — =™ o ) - p2°° "™z, K.d,,

K min -R_j'::fl.ﬁr.‘u' .rlrll_”.} Jo

|Effir:ienc3r vs. VPDL (cm) for B,-=D,uX

2. .F 2
§ 12| L
s L

[11] 1-_ I

10°
0.8H

0.6 K

04H

Mjr { DZ Run Il Preliminary 1

[N TR TN N NN TN TN TN N NN T TN N N TN TN SN N N T MO
-'?."Jﬁ Q 005 0.1 0.15 0.
VPOL {cm}

L
=

3

T IIIII|T|_

fall T IIIIII

VPDL, em

ct(Bs) =404 +/- 9 um(stat)
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.....

" Systematics :
—‘I;N %gf'rr

Osc. frequency 19 ps~'
Stat m:;ertaintv ffgg B AA| +0.005
Br(D.D,) —41% |AA| 0053 __reflection [ Ac | +0.001
S i::r 0095 Stat. Hu::-tuatmn of AAl +0019
Br(D.nX) =67% |AA| 10036 Npr Ac | +0.008
' Ao | +0.022 resolution AA| +0.056
pr. > B GeV/c AA| 0004 (signal) Ao | +0.052
' A 0.059 resolution AA| +0010
K-factor variation AA| 0177 (bkg.) Ag | +0.000
2% Mo | +0.054 dilution M 0.042
I -factor distribution [ A4 0.010 MNer 0.006
smoothed Ao | +0.005 Fricens M4 +0.008
K -factor from AA| —0.024 Ao | +0.001
measured momenta | Ao | +0.006 Frosc A A +0.005
Fraction of peaking bkg. [ A4 | +0.017 A 0.000
(combinatorial bkg.) | Ae | +0.003 Total syst. 7| 0146

Fraction of peaking bkg. [ A4 | +0.074 Total ﬂ,ll_“ — 1.197
(s1gnal) Ao | +0016
-I'_"'TH'!.I .i.,—l —1}-1}15
* Ag | +0.011
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ALEPH |
(91-95, no D |, 1lt'_]llﬁli.‘t|:|

AL Iiilalil_ &"!

ALEBLR,

DELPHI B +1
R

DELPHI D I+¢l
B8

DELPH] wix
DEIBHEI
ﬂ’&’i‘.‘d;!
o
SO

U0 g

I_?IIIII&I
|

(02-05 pré

World average ( prel.)

Heavy Flavour
Averaging Group
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1

*

|

t

t

——

amplitude (sensitivity)

027 +159+0.16 (13.1ps)
489 +2.83£0.61 (7.5ps)

uI||||||||||||H||||||||||||||

-10 -5 0 5 10 15

amplitude at Am, = 20.0 ps’’

Brendan Casey, Moriond EW 2006

0.35 £ 1.83 £0.60
-1.74 £7.24 £ 2,05
-0.99 + 250 +1.51
8.60£6.72 £ 1.48

{ 0.4 pﬁ"l
(3.2 pﬁ"l
i 8.6 pﬁ"l

{ 6.9 ps .

1.62+256+0.58 (9.1ps")
not measured (7.2 pﬁ"]
832452800 (42ps)
251+228%0%  (33ps)
0.85+153% 0%  (8.7psh
05939900 (5.0psh
0.15+1.85£0.28 (10.4 ps™')
0.62+1.18£0.38 (9.8ps)
1.43+3.66+1.30 (9.5ps"

0.63 £ 0.60

(20.0 ps™)

Not including
this result
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