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Introduction

Mixing: The transition of neutral particle into it's anti-particle,

and vice-versa
» First observed in the K

meson system. 5 V. V. ds
> |n the B meson system, first <—7—=< —<
observed in an admixture of B0 B’ Wi W B°
and B.° by UA1 and then in B° S G >

d,s V. f V.,

mesons by ARGUS in 1987.

These oscillations are possible because of the flavor-changing term

of the Standard Model Lagrangian,

L=

£

\b/L

uct) VexaVu| S | W5 +he.
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Introduction

0,00 "\ /o
Wolfenstein parametrisation- expansion in A ~ 0.22 arg[_\\//ua_v{b} arg[_vcd_véé}

thVt;

cd ¥ cb

CP violation in the Standard Model originates due to a complex
phase in the CKM matrix (quark mixing).

4 V.V @ *» =0

ud

/
Vo Arale
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Light and Heavy B mesons mass eigenstates differ from flavor

eigenstates: B
|IB, >=p|B>+q|B>

|B,>=p|B>-q|B>

Jp*+q° =1

Time evolution of

BYand pgo states

In case AI'— 0,
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Mixing in B mesons

m:MH+ML F:FH+FL
2 2
Am=M,-M, Al'=I, -1,
~Tt \
P(B — B) = € (cosh %+ COS Amt
y
_ -1 \
P(B —> B) = € (cosh %— COS Amt
J

P, ()= ST e @+ cos Ami )
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w Why B. mixing Is important

O o S B B B | B W
o5 pEn2 amy 1 ameam, , Eem- standard model Expectation:
os HITIE : Am_=14-28ps”' Am = 0.5ps"
™ S -, B oszico\ )\ measurement of Am /Am
0.3 $ i - (excl. at CL>0.95)
. € ~ ~ = —> \7 /V
o v | constrain unitary trlangle
o E. mh\l o PO R P .B. [, :
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
p
_GimnF(m ?lm} ) 2 T f2;,Bgy = (228+30+10 MeV)?
Avie ) = 672 Mg, de BBd ViV |Vig| from Amg limited by ~15%

V

ts

2 +0.035
= +
Ams my fBZ B, ‘V‘Z my 52 ’ f 1.21_0'02_0'014
Am, s de B, ‘Vm"z ‘Vzd‘z
Determine |V |/|V 4| ~ 5% precision

.. consider ratio

K mixing = direct & indirect CPV
B, mixing = heavy top mass B, mixing = 7?7?77
v mixing = neutrino mass = 0
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Fermilab Tevatron

EeBiENER o v & L -—r—— N
AECAALIATEI 8 Ga et
= o ’ L5
!!- Hﬂmn'EFl 5 duv)
// AT T RAE
p o

Highest Luminosity achieved:
1.7x103%2 cm/s?

bl
T FIRLE: TALEET BETHWRET R

150 Gey p INJ
150 Gey B INJ

& 1 O0W BETA

p {1 TeW}
B e —— i

B o1 Tewn

D& DETECTOR
& LCW BETA,

Expected: 2 — 3 x 1032 cm/s?
= 4.8 fh~! before LHC

All B species produced including Bs mesons
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Data Taking

Excellent performance by the Tevatron and we are doubling our

data set every year.

D0 & CDF Run Il Integrated Luminosity

through 18 February 2006

— CDF Delivered (from February 9th 2002)
— D0 Delivered (from April 19th 2002)

CDF Recorded (from February 9th 2002)
— D0 Recorded (from April 19th 2002)
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We already have collected about 10 times of run 1 data.
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Data taking
efficiency Is
~ 85%.

O CDF
B CDF
B DO

Luminosity used in the current
analysis




CDF Detector

« Solenoid 1.4T
e Silicon Tracker SVX
* upto|n|<2.0

« SVXfastr-¢
readout for trigger

* Drift Chamber
* 96 layers in |n|<1

* particle ID with
dE/dx

* r-¢ readout for
trigger

« Time of Flight
« —particle ID

—

Plug Calorimeter

Forward Mugn

i .\‘-\-.#",' -

lime of Flight

\Er] tral Quter Tracker
| Silicon Vertex Detector
Intermediate Silicon
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« 2T solenoid
 Fiber Tracker

* 8 double layers
« Silicon Detector

e up to In|~3
« forward Muon +

Central Muon
detectors

» excellent coverage
Inl<2

 Robust Muon
triggers.
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DO Detector

21 Solenoid
Fber Tracker

Silicon p-strip Tracker
Preshowers

Forward Muon
= [Tacking+Trigger

Hom
o 3
0 [ <08 g PRI D \I‘t\\\'
. I\ ‘: I%‘n‘-“m\:l -1| I'ﬁ‘: ::‘;.:‘\E\' i '
F IR i .'_'\‘\ -Q,‘
&
:&Ct'r
bRy <% _
; N T =T

:‘\i;\.“" ‘Qb\%%

R - == (RS -

- --\'.-\‘ 4 e "_'\:':':.‘_'{':"_'\‘-'("_‘:"?:“ \\\‘:\"E‘ R

B o e LY LR R e T | e
s / SN 'M'x'.'}i‘dx"f'«;‘i Yy
Beamline = 2 = —'/L\ z
Shielding N I ] |
‘ e j
Y A il | O N |
20
3 m
" Central Muon . g =
- - m
Santillators wos
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w Analysis strategy

“*Measuring B, oscillations Is much
more difficult than B, oscillations o,
because of the fast mixing frequency.

In order to measure,

" L

< I
Nunmix (£) + N (t) |

N, 8D2 Amsaf proper decay time, t [ps]
. Sensitivity oc S+ =

We need to:
Reconst- -
ruction [—> Reconstruct the B, signal.
Know the flavor of the meson at it’s production

1By mixing Amy=0.5 ps‘l
1By mixing  Am¢=20 ps?t

o
o
a

Mlxed Asymmetry
o

Flavor - ;

tagging | UIMe (Flavor tagging) and get eD?
_NR+NW D:NR_NW

Proper N N

time [— Proper decay length resolution
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(Amso't)z
PRI S NeD? =3
sensztzvzlyocw/swl/ €

» Semileptonic modes collected by the two track trigger

CDF Run Il Preliminary L =765 pb” CDF Run Il Preliminary L =765 pb'1
150001 g* 5 ,* D° X B> u" D, X+c.c.
RecoOnse % =g +c.c. % s 71 Uy
ruction | 2 N(D®) = 300000 = N(DY) ~ 18200
- - 1000+
£10000- %
= 2
L] L
Flavor s -
. (@]
tagging o 50001 = 5001
o] o]
g £
Z Z
Proper 18 18 19 ) 19 105 2 205
time M(Kn) [GeVi/c] M(o ) [GeV/c’]
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(Amso't)z
7106 S _||NeD? 72
Sensztzvzlyocw/swl/ €

» More than 2300 Bs signal candidates in 765 pb-t

CDF Run Il Preliminary L =765 pb CDF Run Il Preliminary L=765 pb'l
—- data ‘ ~ data
Reconst- | « — it ] _ it
ruction | = : “o 4
24000 __| signal = B, - D,
p . 4 satellites
. — O = back d
avor | B “oxbig | g cckgrour
tagging | & combi bkg| @ WB-Dr
gzooo Eﬂ 100 Ay > AT
O S |
£ 5
O @)
Proper
time e . Fooie o i
0 | ! ! ] | O* — " i '-¢T-‘ ‘“' : "' e
2 , 5 55 6
_Mass(Kn,m) [GeV/c] oK' K) 7 mBmass[[Gew@a]
+ 0 + / 2
B* - DY (Kn)x B.>D, (¢m)nt
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(Amso't)z
PR S _||NeD? 72
Sensztzvzlyocw/swl/ €

» Currently using only semileptonic decay of the Bs
B> D, uX (Dg—=¢ ) (6 > KK)

Sk Runll & 1fb™ - DO Runll & 1fb™
Reconst- % 6000 DO Ru b . O Ru b
(Lo S)I S Y | 26.710+560 - (b) ,601+£102

S -

4000 800F
Flavor 4\@ f— -
tagging GC) - -

22000 | 74204081 400F | 1,519+96 e
Proper OE||| O:..|....|....|....

time 1.8 1. 9 2.0 1.8 1. 9 2.0
Untagged (KK) [GeV] Tagged (KK) [GeV]
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PRI S Nep?| -t
Sensitivity o \|=2zh/ 2 —e
Soft Lepton Tagging (. or e):
 Charge of the leptons provides the flavor of b.
Jet Charge Tagging:
« Sign of the weighted average charge of opposite B jet provides the
flavor of b. _
Reconst. | Same Side(Kaon) Tagging (New at CDF)

ruction | ¢ B meson is likely to be accompanied by a close K/
e particle Id helps

Elavor Opposite side Same side

i b
tagging J e’r char'ge

neu‘rr'i nho

— 2 |

— h \L /

etO<0=b Fr'agmen‘rahon

.] 0 §4‘_\0 = pion Trigger lep‘r‘
Proper jetOQ>0=b \4' B/

time /
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_ _' _(Amso't)z
Sensitivity oc SfB DS
Opposite side Tagging:|eD* = (1.55+0.020+0. 014)%

Same side Kaon Tagging:

.. -1
Reconst- CDF Run Il Preliminary L = 355 pb B
ruction B > JyK' | < data — b b
| =mcC B
B">D n* —— S’d} s/d
syst. i
B+—)50 3n 1 pp————— o
Sld + +

Flav_or B0 Iy K | — U } K'n
taggmg |

B° » D ot ] —_—

B >D3n | . - u

5 10 15 20 25 30
Proper e
. max PID dilution D [%]
time

D=283"%  &D*=4.07"%
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| i (Amso't)z
PR S | [NeD?|, >
Sensitivity o || <=h/+o—e

» Using only Opposite side e, u, secondary vertex or jet
charge for tagging

mm e sy | B — D*u dil: 0.236 +-0.027, eff: 0.059 +/-0.001 I

D Runll Preliminary

::0.6_

Reconst- e

ruction

i
I.\“IJIIIlll:‘\l:‘.‘llII':-‘-ML

%02— -
<

Asymmetry

II';‘-l‘III

i ' —ﬂ% i I
B e TN 1

Flav_or 0 4:____L(_:_gm_b_i_ng_;j__ﬂ_._a_!_‘._i__:;__|;_l_|__1=___l;l_,ﬁ_l;l_}____________________________________ 0. J_LcombmedM{ldl{MSJ
tagging s I

T T T T _0. [ v v v by v b by v v by v Iy
805 0 005 01 015 0.2 0.25 b.05 "0 005 0.1 w3 02 025
VPDL (cm) L))

P{ﬁﬁﬁr eD? = (2.48+ 0.21°°%)0s Tagger tuned using B
0o mixing measurement

Am, = 0.506+0.020+0.014 ps!
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(anf
PR S | NeD? =
Sensitivity oc /<= /H2-e

Easier to calculate for Hadronic
decays

Proper decay time given as :

Distance from PV to SV |
in transverse plane

Reconst- : Q\
ruction |
Due to missing neutrino, it becomes |
little tricky in semileptonic sample - Boost meson back
;'a"i‘;r Missing momentum = increased ct ~ toitsrest frame
S99 error (o) Kefactor for B, D) v| DO Run Il Preliminary
L0E s
Proper decay time given as: I e
700; —B- D;’ONV
Proper where ooz [zzoBe Dy
time 0E- K ;
4005
P T 300" “, a
ID 3
K = — +«~—from MC
P T 1005 e ""!
= = g LTI 8

3.3 04 05 06 07 08 09 1 11 12 13
pr{iD)p;(B)
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(Am:O't
PR S |NeD® ;=%
SENSILIVIty o \| 274/ 12-e

|Efficiency vs. VPDL (cm) for B->D,uX

Efficiency

=
[N)
T

=
T 1T T 1T

03/19/2006

0.8;
Reconst- I
ruction )
0.45
Flavor _3_:
tagging
Proper Best estimate of errors used
time in track fitting, any additional
scaling determined from data

g

sianf—

11

zuuu:

1l

Scale factor =
1.17 +/- 0.02

(largest
systematic)

Pull of J/y vertex from the

primary vertex for prompt J/y's
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w Fitting procedure

Amplitude Fitting approach:

» Introduce amplitude

P(t) ~ (1= ADcos Am.t)

> Fit for A at different Am,

» Traditionally used for B, mixing search
» Easy to combine experiments A VAV /A

amplitude
=
_on

=
\\o\\\

0.5/

o5
. 0 10 20 30
Likelihood app roach: flavor oscillation frequency

» Search for v, which minimizes the —In(L),

AL™ (v) = =In[Z() |+ IN[L(V )]
where v IS the estimator of the true frequency.
» Difficult to combine the results from different experiments.
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D) Amplitude fit method

2.,5 TT T T[T TTT

Fitto data- 4 free parameter

- Obtain A as a function of Ams,

« Measurement ofAm gives 4=1
and 4=0 otherwise

« At95% CL
. sensitivity 1.6450, =1

. excluded A—|—1,6450'A <1
« Systematics is given by

Ao,

o = Ad+(1— 4)

O,

5

Amplitude

1.5

C + datatlc & 95% CL lmit 145ps’ '
--- Lb6dso -2+ sensitivity 185

0 datatlédso

- World average (prel.)

[ data + 1645 o {stat only)

l

25 & 75 10
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Bs mixing limit

CDF Run I Preliminary (Fall 2005) L~355pb™ CDF Run Il Preliminary L =355 pb'1

< datat1c A 95% CLlimit 8.6 ps™ < datat1lc A 95%CLlimit 0.3ps™

4 |
- 16456 O sensitiviy ~ 13.0 ps™ o 16450 sensitivity  >2.0 ps”

[ datat 1.6450 data + 1.645 o (stat. only)

data + 1.645 o (stat. only) /U Am,t 1o

N

N 1 N RER e
< E it
2 “ L L T
44 BV DX, B Dy3)m HHHHW
o 5 10 15 20 Huvw-wrn— "
Am, [ps ] 0 0.5 1 1.5 _2

Limit: Am_ > 8.6 ps!' @ 95% confidence
Sensitivity: 13.0 ps' @ 95% confidence
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Bs mixing limit

B, Amplitude
§ 4:_ {datailc DJ Run Il g Sf—+datai1o
%_ :I:hdatail-6450(5tat-) /4 I 2  F[__data+ 1.645¢ (stat)
e | Eddatat1.645¢ (stat. ®syst) I < 2Cdata+ 1.645
OE@EQQ‘OGM}}{{/*}\{J-* //-\; ol [ee 0E ............ +.-{.{.-¥-+ .............. { .-} ______ l _._} ..... i-..
2L =
s 1o 2F
-4 [ #95% CL limit: 14.8ps™ \r' 23 #95% CL limit: 0.0ps”"
 --e-- Expected limit: 14.1ps™ -3[ --o-- sensitivity: 7.5ps "
0o 5I - '1IO' - '1|5' - '2|O' 25 0....1....2...&...;...g...é....;...é.f.g(..j)o
am, [ps’} "
A clear deviation of 2.5 ¢ Dominant sources of systematic
from 0 can be seen at uncertainty:
Ams~19 pS'1 Scale factor, K factors and Sample

composition

Limit: Am_ > 14.8 ps-!' @ 95% confidence
Expected Limit: 14.1 ps' @ 95% confidence
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Likelihood scan

B ~1 > Resolution
Rl Dg ....... Run“’lfb ............... > K-factor variation by

: Systematics 2%

> > BR (B,—~>uDX)
» ccbar contamination

—~

—

N

OO R N
26 k

N

............................................. o RGN | e )
5> 26 30
Ams [ps]

17<Am < 21 pst @ 90% CL
Most probable value of Am, = 19 ps!

03/19/2006 Md. Naimuddin



Significance Test

A__ 4 AR e
L R

o DO Runll, 1fb™?

Probability for this - X
measurement to lie - ,

In the range -] . e— TN e
~ o C.L. o A

16 < Ams < 22pS'1 IR T
Given a true Value: O _||||III||||||||||ﬁ’.ﬁ‘|‘fk:"|II """" [ A T O

Amg> 22 pst: 5.0% _ Ams [ps]

—Alog(L
(o))

At Simulate Am_ = infinity
# | by randomizing flavor
tagging variable

3005
Amg =19 pst: 15% | 200}
100 |

0 25 5

DIff. In log(L) hetween Am, = 25 p3_1 and min.
Consistent results from parameterized MC studies "‘
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1 5 T | T T T Ll LA I T T T T T 7 L] T T T
| excluded area has CL>0.95 | /

Y

sin 23

| l L1 1 1

0.5

-0.5
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w CKM fit with new DO result

1.5 T T T T | T T T T T T T ",.l T T ll—l T T T T T T | T T T T

~ | excluded area has CL >0.95 | ;

&amp, 1 Disclaimer:

-1 yesterday by

1 CKM group so |
don’t have much
| information about
| the Inputs.

Y
B EPS05+DO F \
_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 l 1 oy 1 1
-1 -0.5 0 0.5 1 1.5 2
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w CONCLUSIONS

Excellent performance of the Tevatron.

v" Development of Same Side Kaon Tagger which will ease the total
tagging power by about 2.5 (CDF)

v DO has excellent opposite side tagger performance.

v'CDF preliminary: |Limit: Am_ > 8.6 ps™' @ 95% confidence
Sensitivity: 13.0 ps™' @ 95% confidence

v DO Final (hep-ex/0603029, submitted to PRL):
Limit: Am_> 14.8 ps' @ 95% confidence

Expected Limit: 14.1 ps' @ 95% confidence

17<4Am < 21 pst @ 90% CL
Most probable value of Am, =19 ps*

v'"We are on the edge of B, mixing measurement and entering mto
the precision era.
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D) FUTURE IMPROVEMENTS

Several major improvements are expected in the future:

CDF: DO:

v Improved selection in hadronic v More decay modes (D.—»K*K, 3,
modes using Neural Networks K, B.—e D, X)

v" Use semileptonic events from v" Use of same side tagging.

other triggers. v’ Use of hadronic modes.

v .
Improve vertex resolution. v Additional Layer of silicon.

. .
Use same side Kaon tagger. v Proposal to increase the bandwidth.

More data: On track for 4-8 fb-! of data by 20009.
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» Back-up slides
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Backup-1

Time evolution follows
from a simple
perturbative solution to
the schrondinger’s
equation
Eigenvalues are, /1H’L =My, —%FH,L

~ 1-qlp BT
In case AT— O, B, >=F {(|B>+IB>) 1+q,p(||3> |B>)}
1-qlp e v .
=&g easure of the amount by which |B >
1+qlp and |B,,> differ from CP eigenstates
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Backup-2

In the limit of no CP violation in mixing (g/p =1), unmixed and
mixed decay probabilities become

P,, (t)= iFe‘“(lir cos Amt )

These oscillations can be used to measure the fundamental
parameters of the standard Model and have other far reaching

effects such as breaking the matter anti-matter symmetry of the
Universe.

Constraining the CKM matrix redundantly using different

measurements of the angles/sides is a sensitive probe of New
Physics
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w Backup-3

M
T M .M pm pipr DY
f, = P (M, 0,0, dy ) PT=" PP PY

The following sources, i, were considered:
e "D (— ¢ ) signal with fraction F,p..
o u"D~(— ¢n~) signal with fraction F,p+.

e utD~(— Kmn~) reflection with fraction F ,+

e Combinatorial background with fraction (1 — F,p, — 7

+ —F 4
2 ”Dre_fl

Fn =Fup fup. + Fup=fup= +F, p= f,p+

E:fl e fl

+ (1 ~ Fup, = Fupt = Fup ) fikg

= —ZZIHFR

T
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w Backup-4

K K

FLHM{;.,.I Ie “rﬁ”‘J o exp{———) - 0.5 - {1 + 'F{“rpr;'{'*-'-“i{i"“.e -Kx/c))
I"'_l__H_J r--'_.ll.i_u |
ose, o K . K= Sy , -
pe (o K dpr) = ——exp(———) - 0.5 - (1 = D(dpy ) cos{Am, - Kz/c))
TH, 4 By I
K Kax
PBepa(® K) = ——exp(———)- 0.5
CTRo CTRo
TLOS K K:B
stDs(mﬁ K) — EXP(_ ) -0.5
CTRo CTRo
K Kax
nOS:I:’K,dT e — '0-5' 1_DdT
pu( pr) CTp+ exp( C’TB+) ( (d-))
K K
osc ’K,dr_.— — — - 0.5 - T
2 (x o) p— exp( CTB+) (1+D(dy))
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Backup-5

K K
P (z, K, dyy) = exp(— - )-0.5- (1 —D(dp,) cos(Amg - Kz/c))
CTBE C’TBE
K K
Py (z, K,dpy,) = exp(— - )- 0.5 (14 D(dy,) cos(Amg - Kz/c)).

Minimize £ =-2In f
f= 0 (=Fu)finet Focfive)

candidates

f.=P"(vPDL,c,,),.d

Pr

) P‘T VPDL Pdpr' PM o P—lﬂgm y
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w Backup-6

J/y vertex
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Backup-7

B, Amplitude| DG Run Il Preliminary + WA

Amplitude

-3[ --¢-- sensiivity: 20.4p3’1

3—*data_1ﬁ

1ljdata + 1.645 ¢

¢ 95% CL limit: 16.6ps’

0 5 10 15 20 25
Am, {ps )

WA+CDF+DO0
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Backup-8

Comparison with other experiments at Am.=15 ps*

1+ amplitude (sensitivityh

ALEPHI ! 0461 0771 0.20 (13.1 ps~
(91-95, no D)1, adjusted) e ilkosc)
ATFPHDI o 383+ 1491 032 (TSps
(91-95) . ' (5 :
ALEPHB d 41 0.47+ 115+ 0.47 (0.4 ps”
(51-01) ! i
DELPHIE | Th : L | 0451353+ 193 (32ps)
e I I
DELPLLL L 1 ¥ 125+ 137+ 0,31 (8.6
oy 'E . 1 (8.6 ps )
ELPHI vix : |- 0.23+3.04 1 0.56 (6.9 ps
(4201 ' B
DELEHLL — ey —0.96+ 135 0.71 (9.1ps)
OPAL | e 125+ 234= 191 (7.2ps )
(91-9%) B R o l]
DPAL DI | = i 3.63 1 3.05 42 ps”
(91-95) . o Sl BAEE
B, - 1032136750 (33
o il -
SLD di e 044200700 (87ps
S Hed (e
E N4 200= 051 (51
I I
P ~1.9220.76= 0.1Y (10.4ps b
_ L 0.28 085 030 (9.8 )
1 1
0 T i g 1311752 043 (95 )
(N2-105 pred) =
, q i '
DO Dyp i —0.09F 066 0,14 (143 ps ')
(02-05 Update) B
World average ([nel.) Lo a A =
D“ Umatc “'m incllldl!d 111 11 [ H‘| : 1 L1 1 1 “.“7_ ““.4 {Hn.“ Fﬁ I]
% — 2 0 2 4
Prepared Lising Heavy Flavonr . i
Averaging Chonp Thitn amplitude at Am_= 15,0 ps
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