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Bs mixing

* In SM neutral B mesons can - N
: : : t Wg
transform to its antiparticles / b — = —s \

» Flavor eigenstate is different | = | e u) ) | |

I | B | W' W | B |

from mass eigenstate Nt o -

* Mixture of two mass \ 5 — v T — B /
eigenstates: s -

(No CP violation case)
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eory

©
o

unmixed
* Behavior in proper time: = mixed
g 0'6_, total
P(t)go_,g0 = 5-€77(1 + cos Amt) S h
2 0.4
P()go_g0 = %Te—t/r(1 — cos Amt) 5 y"
B 021 ""h
where AmM = my—m; S Nawe
O T T T T T i ! T T T T T T !
2

0 1 3

proper decay time, t [ps]

1 Perfect tag D=1
> 17
« Mixing asymmetry: £ 05’
£
- N(t)unmixed_N(t)mixed — A g %
= d = m ]
AO(t) N(f)unmixed“LN(f)mixed cos t §-0_5—'
=
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proper decay time, t [ps]
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expec

. O/BS mix through box diagram:
2

e

A 5 .
Amq X mBqBquBq| th tq

g=s,d
 Uncertainties cancel in ratio:
|Vigl®

e

Amy measured to high precision:
Amy = 0.507 + 0.005 ps™

Lattice QCD:£ = 1.21 "993] =

M Okamoto, hep-lat/0510113

Ams . mBS 52
Amd o de

» Standard Model CKM fit:
Ams = 18.3 %3 ps~
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CKM Fit: Status EPS 2005
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ourier analysis

 Unbinned likelihood fit: NIM A384 (1997) 491
* Introduce artificial amplitude, A

p ~ exp(—t/7)(1 +ADcos Amt)

« Scan Am for signal: fit amplitude, A

« A =1 atmixing frequency  g1.5F
e A = 0 otherwise 2 | frequency domain analysis

 Determine Am when 21 03
A is consistent with 1 =
0'87 unmixed- :
__'? ] mixed 0_5—
906 total -
50.4' I
o 0.27 B
 BEREEE AT SRR :

proper decay time, t [ps] -0.5" : 1'0 E—— 2'0 — '3'0

=
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» Statistical power of the analysis:

_ |ngeD?2 [ ng _(AmSO'C)2
1/0-'4_ 2 ng+ng exp( 2 t )
0\2 Op .
Oct = () (O5)° + (Ct F)

« Signal statistics and purity

* Proper decay time resolution:
* Hadronic: good ct and mass resolution
» Semileptonic: inferior ct and mass resolution

» Tagging:
 efficiency € = probability to have a tag
e dilution D =1-2-w, w: mistag probability
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Analysis roadmap

opposite side same side (vertexing)

opposite |~
side lepton | ot
. fragmentation
oppo& . kaon K*
side kaon -
K- D meson
B jet B hadron

Collision Point . Ly typically t mm

Creation of bB

- .
I

ct=L, -8

| xy
* Ingredients to measure mixing:

* B reconstruction

B flavor at decay: final state

B flavor at production: flavor tagging

* Proper decay length, ct at B rest frame
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CDF-ll detector: multi-purpose detector

Important features: Muon Detectors

. P
- Yield: | “4
» SVT based triggers ?\

« Momentum resolution: _ W=
* o(p)/p <0.1% i \ =

|
i

e
,__..-""’

\

i \1

« Tagging power:
« dE/dx in COT, TOF

) ey W

* Proper time resolution:
« SVXII and LOO

| w
@D
=

APl Calorimeter
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IS analysis

CDF results: PRL 97 (2006) 062003

DO results: PRL 97 (2006) 21802
CDF Run || L=1.0fb"

o [

-g 4 i +data+ lo DG Runll % | - datat1c 4 95%CL limit 16.7 ps’

%— - [__Jdata+ 1.645 6 (stat.) £ | 16450 O sensiiviy 258ps’

= of | [—Jdatat 1.645 o (stat. ® syst.) II l g 24 W datat16450

< 4 ”“‘ 1 data+1.645 6 (stat. only) n \ A /\
_____________________ WM

1
M
"

1fb’

095% CL limit: 14. 8ps
:--e---Expected limit: 141ps *
- C 1B > I"'D; X, B> D, nt, B » D, m

0 5 10 15 2w 2 I T N N S
0 10 20 30

Am, [ps’ S
™ [ps | Amg [ps ]

17 ps' <Ams <21 ps~' at 90% CL Ams=17.31 19%3(stat) +0.07(syst) ps™

p-value: 0.2%
This talk:

Improved analysis with same 1 fb-1 data
9/25
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p-value about 5.0%
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Bs reconstruction



ronic moaes

 Fully reconstructed:

* Use PID quantities (dE/dx, ToF)
» Loose cut based pre-selection
» Neural Net based final selection ©

O
Added partially reconstructed decays g
* This improves signal yield p
Bs Decay  Signal 3
Partially rec. 3100  — I,
Ds(K*K) 1400 200 'g
Ds(3m)7 700 3

Ds(¢om)3m /700

D(K'K)37 600

Ds(37)37 200 —
Total 8700 5500

40

30

N
o
(=)

I—I'_!IIIIIIIIIIIIIIII

-
o
(=)

0

0

CDF Run Il Preliminary

—— data

5.2 5.4 5.6
o -1 Mmass [GeV/cZ]
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emileptonic modes

» Use PID to improve selectio

100% S/N improvement in @11
and K*K modes

* Add new trigger path:
improved yield 61K from 37K

« Exploit IDs mass in the
oscillation fit:

Ap/p = 3% at high mass

Ap/p = 20% at low mass
Ds(®P)IX 29,600
Ds(K*K)IX 22,000
Ds(31)IX 9,900

n.

20001

1

MeV/c>

per 35

candidates

500

o
o
o

500

= data
— fit
@ Eg signal
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== false lepton & physics
D comb. bkg.

~,4000
L

®
s 3000

~—
—

2000

pe

©1000

can

0
! 1.94 1.96 1.98 2.00
O T mass [GeV/c']

4 5
¢ 7 -I mass [GeV/c’]
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Proper decay time
reconstruction



* Fully hadronic decay: CDF Run Il Preliminary ~ L=1.0f"

Ds K- E - data
< Lxy , S K* I — fit
S —— B T OE gl N DK
PV SV Q . B DK
5 [ BY - Dip
Q ‘
TI'+ " - | . b— DSX
. o L . ? D'
The proper decay length is s 10 Ao
computed from the flight distance T | INE | A AT
in transverse plane, Lxy and the S A [ comb. bkg.
momentum of Bs: 'HMM} N N
1
mBS | {.:'" I ] | ]
ct = Lwy 0.0 0.2 0.4
pT (B 3) ¢én - proper time [cm]
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emileptonic mode

CDF Run Il Preliminary L~1fb"

« Semileptonic and partially K - oa

20001 f_Bi:)si nal
reconStru Cted decay: gg_ faslseglepton&thSics
g’_ \:’ comb. bkg.
* missing momentum, reconstruct g ¢/ P
& 1000
psedo-) proper decay length: = /
y leng 2
mpg, _

e gn e

ct = L

LY D l .~ 1D6mX 0.1 o3 |
pT S proper decay length [cm]
CDF Run Il
. 5 all B2 — D I v
 Correction factor, k from MC 101 e 2.0 <mg, = 3.1 Gevic® |
= e 4.3 <my, < 4.5 GeV/c?
(D l) % T e 4.9 <mg, < 5.1 GeV/c? .
=] — _— t,__ .
k - pr ) = L[ - B > D.x 1=
— £ 5| —8 >0.p
B g7/
pr ( 5) 5 |
L aeiemmemmafes J Nenvls 2“341
_--1-"‘.‘"'."-..‘ e S s :
0.4 0.6 0.8 1.0

p_?econst ructed /p_?
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» Calibrate proper time resolution:  « Resolution for hadronic decay:

e use prompt D™ plus pion sample

- calibrate by fitting lifetime CDF Run Il Preliminary L =10 fb"

CDF Run Il Preliminary Bs — D; (3)n*
|~ Dndata E <Cy> =25.9um
10%- — fit w 02
— f a
g * z
< 10%- é period @ 18 ps™'
~ S 0.1
A o
2 S
3 102
l=
('U 0' T == | I —
© 0 0.002 0.004 0.006 0.008 0.01
107 proper time resolution [cm]

» Use this information per candidate

02 01 00 01 02 in the likelihood fit
proper time [cm]
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DIAS correctrion

trigger turn on
* SVT d, cut: -

CDF Run Il Monte Carlo

120 pm < |dy| < 1 mm *\

« SVT trigger and selection bias _ 20

lifetime distribution = \ °
- Correct this bias on average 21~
using efficiency function §1 0'
k.ct 8
P~e o @ R(ct ct).elct) £
Obtained from MC ]
0.0W — M
Lifetime measurements are - pr%éer decay |enogfh e

consistent with PDG values
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Flavor tagging



* Soft lepton tagger:

look for B — ¢ X decay
lepton charge gives b-flavor

* Jet charge tagger:
look for jet or secondary vertex
jet charge indicates b-flavor

e Kaon tagger:
look for kaon in OS
k-charge gives b-flavor

* Neural Network combines taggers

* OST performs identically on By , 4
« Calibrate on high stat B%/B* data

eD? = 1.8% (+20% relative increase)
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ame side Tag

* Exploit charge correlation between b * > B
and fragmentation tracks: ( : O
« B™ and B likely to have a pion nearby _ - } K
* Bs likely to have a kaon nearby ( 2 :
* Neural Network separates K and 1r:
» Use PID quantities: TOF and dE/dx b b )
« Candidate kinematics: additional power C G } B
- SSKT different for By, 4 P 3K
* Need to rely on MC simulation Cd .
« Data and MC thoroughly compared
b b —0
Hadronic - eD? =3.5% — } B,
- S 2 _ 0 - }K'KO*
Semileptonic : €D*=4.8% i
u d

WINO7, Kolkata Azizur Rahaman 17/25



Oscillation analysis



Uae scan

Hadronic modes Semileptonic modes
5 CDF Run Il Preliminary L=1.0fb" CDF Run Il Preliminary L~1fb"
[ N
T [ «datat1oc 4 95% CLlimit 17.1 ps’ 4| = datatic 4 95%CLimit 165 ps’
%_1 D L 16450 O sensitivity /%17 ps’ | 16456 O sensitvity 19.4ps’
e - [l data+1.6456 4( ALl oA f\ [ datat1.645¢
< I data = 1.645 ¢ (stat. only)

I
data + 1.645 G (stat. only) w\
i . ]

S o
wn (e ] [8)] 5
= —3
ii: -
Amplitude
) o )

15f v\/\/\/\ “u
r | | | | | | 4B -0 I'X \ Vil |
_20 5 10 15 20 25 30 35 0 1|0 2|0 - 310

Amg [ps'1]
A=128+0.22 Alo = 2
Hadronic scan compatible with A=1 at Am_ = 17.75 ps™
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o 27
'g | = datat1c A 95% CL limit 17.2 ps
21 5- 16456 O sensitivity 3ps’ |
g’ 1_J datat 1.645¢ /.\ AM\/A
< | datat1.645 (stat only) '+ \/v
0.5 i + A% L
0 777777 L] .w
| v It
0.5 -
1
-1.5]
2 |
0 5 10 15 20 25 30 35

Am [ps’]

A=121+0.20
compatible with 1 at Am, = 17.75 ps?
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CDF Run Il Preliminary L=1.0fb"

o 30
E 25;— — combined
-§ 202_ = semileptonic
Likelihood ratio E 15;_ — hadronic
= 10F
log[£(A = 1)/L(A = 0)]*F
OF
_55_
10
. 15F u minAL=-17.26
Minimum: -17.26 2ok A R B R N R RN
0 5 10 15 20 25 30 35
Am [ps’]

How often can random tags produce a minimum
at least as deep ?
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« Randomize tags decision g 1= e
I -1 g 10‘1; ’
« Scan data in Amg 1 to 35 ps z 107 y
_ D A
and take the minimum 10% /
10°¢
x10° M *’j
14 107 s
iof randomly tagged 107 — //
- — signal Am=17.77 10'6;‘ 50
Lo —
10°-__f !
joo I E
-20 -15 -10 -5 0
Alog(L) ™
28 scan out of 350 millions trials

p-value = 8 x 107 corresponding to 5.4c
Alog(L)™"
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Results



RSIT

VA A\

7 \¢

3 \
/\ e eme e ]
"\ llllll ,'.
0\\ \ 7 l’i

N w 7

"'7 .

Ams =17.77 £ 0.10(stat.) £ 0.07(syst.) ps™’
30CDF Run Il Preliminary L=1.0fb"
Q \ —— combined
Consistent with: o — hadone
e 20__ — semileptonic
« SM prediction: ;
18.3 %2 ps™ EPS 2005 10:
» CDF previous results: ok
0.33 1 -
PRL 97, 062003 (2006) -10-
15 16 17 18 19 20
Main systematic: ct scale uncertainty Am, [ps’]
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Asymmetry plo

CDF Run Il Preliminary L=1.0fb"

* Proper decay time folded
into a 211/Am, interval

N N

* Fitted A closely matches
result of amplitude scan

2 = 4.77

Fitted Amplitude
o

1
—
I I I I I

A=0:x"=305 2 WA

0O 0.05 01 015 0.2 0.25 0.3 0.35
Decay Time Modulo 2r/Am, [ps]
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My — B £2| Jis|2
Amd de

* Inputs:

%4 - 0.98390 PRL 96 (2006) 202001

mBS
E =121 f8:8§§ hep-lat/0510113
Amy=0.507 +0.005 PDG 2006

Vi
v = 0.2060
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Impact on global picture

1.5

05

: CKM 2D|Bl

. 1 L1
5-1 0.5 0

+ 0.0007(exp)

Error dominated by theoretical uncertainty

T T T 1T [T 11 'l""""""
" excluded area has CL > 0. 95 \

T

m‘\u?. 0.95) :

0.5

1

1.5

Karim Trabelsi ckm2006

+0.0081
—-0.0060

(theo)
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onclusions

- Observed signal consistent with B.-B. oscillations
Significance: 5.40 corresponding to p-value 8 x 10-8
« Measured the oscillation frequency:

Ams =17.77 £ 0.10(stat.) £ 0.07(syst.) ps~
* Most precise measurement of CKM parameters:
74 =0.2060 + 0.0007(exp) *{ 0085 (theo)

2+

PRL 97, (2006) 242003

Amplitude

1 AAM=17.75)=1.21x0.20
O 5 10 15 20 25 30 35
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IS analysis

Y ear 2002 2003 2004 2005 2006 2007
25(}ﬂom_:hll 4 7 101 4 7101 4 7 147101 710
=
N
£2000|
=
=
=1500 |-
-
]
= |
-81000
e
500 - T
Delivered
To tape
0

2000 2500 3000 3500 4000 4500 5000
Store Number

Data used for this analysis is 1 fb™"

1000 1500
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riggers

'|—|'+
Ds K+ Applied atL2 in a
_ tier of three level
R K trigger system

d, = impact parameter T En 228V 5= Includes

2 160000 O = 47},Lm 33um

2 1aoo0 beamspot

[3) C
© 12000 —
=

10000

8000—

Hadronic B trigger: Lepton + SVT triggerim-

at least two tracks with One lepton with 4o00t

*pr > 2 GeV *p;>4 GeV 200;{"”/"'\“""

* 120 ym < |dy| <1 mm One SVT track with Y SvTd, (um)

* Lxy >200 um *pr>2GeV

. « 120 um < [dy| < 1 mm Impact_parameter
resolution
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K

M
Y
v

¢

L=1.0fb"’

Neural Network

Neural Network, but
not Cut Based

Y]

9]

Q

Q
II|IIII|IIII|IIII

48 5
candidate mass [GeV/cz]

52 54 56 568
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Cut Based

Cut Based, but
not Neural Network

< 4.8 5 52 54 56

candidate mass

5.8 S
[GeV/cZ]
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« Cabbibo-Kobayashi-Maskawa matrix:

Describe mixing between three Wolfenstein parameterization:
quark pair families (A =0.2272 £ 0.0010)
Viea Vus Vi 1-12/2 A AL3(p —in)
th VTS th AA,B(‘I —pP — lT]) _AAZ 1
o N
 CKM matrix is unitary: v = 1 Vig Vio
 Orthogonality between first B VgV M

%
and third column: - Vid Vu*b 0
% % sk VCd VCb

sk £ sk sk Y
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Realis

Flavor tagging Vertex Vertex and Momentum

1Realistic tag D=0.2 1Realistic resolution: {Realistic resolutions:

] . ] . 4 vt 50 um
19 mis-tag = 40% ] vix: 50 um 1 ol 5%

—

O
ik
o
ik

asymmetry
?

asymmetry

asymmetry
@

o
ok

-0.5-

O
vk

L

o 1 2 3
proper decay time, t [ps]

>
—>

'3 o 1 |
proper decay time, t [ps] proper decay time, t [ps]

« Statistical \power of the an ;
« Tagging: Effective stat scale t«sD?

2 2
nseD fs ex _(AmsGe)” efficiency € = probability to have a tag
2 hg+n 2 L : .
5B diluton D =1-2-w, w: mistag probability

2 * Proper decay time resolution
Oyt = \/ (69)2 + (ct %)

o
—
AV

1/O'A=
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asymmetry

o
<

Weasurement layouts

1Perfect tag and resolutions

-1

All effects together

—h

o
(&)}
L

asymmetry

0o 1 2

proper decay time, t [ps]

3 Challenging measurement

o

O
U
Ll

.

{Realistic tag D=0.2
JRealistic resolutions:

1 vix: 50 um
1 pt o(p)p=5%

_:\/\/\/W\_,\M

o 1 2 3
proper decay time, t [ps]

| frequency domain analysis

 Unbinned likelihood fit: -
* Introduce artificial amplitude, A 510
p ~ exp(—t/t)(1 £ ADcos Amt) 0.5
« Scan Am for signal: fit amplitude, A :
* A =1 at mixing frequency

* A =0 elsewhere

NIM A384 (1997) 491

 Measure Am with A = 1 )

WINO7, Kolkata
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A T
10
flavor oscillation frequency

L
20 30
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tagger [%] efficiency  dilution eD?

Muon 46100 34.7£05 0.5810.02
Electron 3.2+0.0 30.3+x0.7 0.29 £0.01
JQT 96.6+0.1 971202 0.90x0.03
Kaon 18.1+£0.1 11.1£0.9 0.23£0.02

OSTold 956+0.1 11.9+£0.1 1.34 £0.03
OSTNN 958+01 12702 1.54+£0.04
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CDF Run Il Preliminary L ~ 355 pb

B"—>JyK" | . data —

— = MC
B* D n* —

— syst.

B">D 3n —a—
B® - Jy K? | pg—
B> >Dnr | ———
B°>D3n ¢ e

max PID dilution D [%)]
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variables: pid, AR, pr, pi*', p%¥', b (bool tags have same charge)
train: signal - RS kaons, bg - WS kaons, pions and protons
decision: track charge of highest NN tag candidate

CDF Run Il Monte Carlo

= .
s [B—Dem)
= (0.8
2 T
206 +
5 JF
5 +
5 0.4 _l_‘["-[-
0.21 +
Tt
0 —1—

0 02 04 06 08 1
Neural Network output
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Re-calibrate OST by fitting for thez S25Runl Preminery ______ L~11
amplitude, A given Amd such that |
A=1 0.1
z |
- important for setting limit  go°
but not observation S e eton
+ by-product Am, T en
measurement o -

1 I 1 1 1 1 I
0.1 0.2 0.3 0.4
decay time [cm]

hadronic: Am, = 0.536 £ 0.028 (stat) = 0.006 (syst) ps’!

semileptonic: Amy,=0.509 £ 0.010 (stat) = 0.016 (syst) ps’!
world average: Am, = 0.507 £ 0.004 ps! (HFAG)
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