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Neutral Meson Mixing

TN J: \/ts ) TN .
- (c, u) . °
w* W~ ty
BS o BS B S (c, u)
_ (c, u) 5 _
S + + *
/ — S

E Quark mixing = non-diagonal Hamiltonian for <E|H |B>

M M i(T T dominated by
dominated by top H = 12) - —( * - I b—ccsdecay

quark contribution M, M 2\, T
B Diagonalizing the Hamiltonian resultsin

B Light >

A

» twO mass eigenstates ‘BHe“vy> and

A

» two massesm, and m,, with Am =m,, — m,

» two decay widths 7, and 7;, with A" = 1", — I, (>0in Standard Model)
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B, System and CP violation

CPviolating % _ ViV VeVe 2B <> 8¢ (SM)
Weak phase I/t: I/tb Vcs V:;

+ In Standard Moddl, 8¢ = 2A’n = 0(0.03), very small.

+ Much larger measurement of d¢ = a striking signal of new physics
in B.— B ,mixing.

i0

even i5¢ odd
B)- (- )8, | (" B
A 2 2
B.—>Jwy+0 - -
12 even [0¢ odd
B.)~———)|B, > + B, >

N\

)+ ()

B.—»>K*K & B, »D.’ D,
+ New physicstendstoincrease 6¢ = smaller AT’

+ Any dependence on Am, cancelsin untagged samples.
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Untagged B> Jlwy+¢ |
Decay

J/y rest frame

B.2Jwvéd:
Pseudoscalar = Vector Vector decay

Threewaves: S, P, D,or A,, A”, Al

Both CP-even and CP-odd present, but
separated in angular distributions

—measuretwo lifetimes 7
¢ rest frame
S, D (Parity, CP even) : o
linear combination of Ao, A
. Iy v
P (Parity, CP odd) : AL oo i -
Ri=]AL(t=0)| 2 -
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Untagged B, Decay Ratein Time & Angles

AT = Jy (= 1) oo KK _ 1gn [2| A0))% ¢ cos?y(1 - sins cos?o)

dcoso do dcosy dt
 sin%y {|A"(U)|E e '(1-sin9 sin% ) + |A (0))” ¢ ™ "sin’ | correction for
' %2 sin2y {|A,(O)/IA ,(0)] cos(5,- 5,)e ' sin0 sin’2¢ ) fi‘fﬁiﬁfit”. cots
; { 4:_2|Aﬂ(u)||n 1(0)] cosb,, sin2y sin26 cos } % PERT R l
i { ,:;'“u(”)"“ 1(0)] cos  sin®y sin26 sin } ;- (e e " )59 ] H(cosy) F(¢) G(cose)

® 3,=Arg[A(0)*AL(0)] and 6,=Arg[A,(0)*AL(0)] are CP-conserving
strong phases

¢ No dependence on Am,
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Maximum Likelihood Fit

Simultaneous fit to mass, proper decay length and 3 angles
using an unbinned maximum log-likelihood method

30 parameter s: fgq=signal fraction

signal mass, width

A, [Agf-|Al% 1strong phase

ct=c/ T, L= +T)/2
Al'=T, -T

bkg mass (1 prompt, 2 long-lived)
o(ct ) scale

bkg ct shape

bkg transversity (2 prmpt + 2 long-lived)
bkg angle @ (2 prompt + 2 long-lived)
bkgangle g (1 prompt + 1 long-lived)
bkg “interference” (1 prompt + 1 bkg)

4+ CDF should have similar no. of parameters
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B.— Jy + ¢ and AT
All events Preliminary ~0.8fb™

2

Candidates per 10.0 MeV/c>

4003—5S —>Jly ETE « Data
= e Data o = i
350 — Total Fit €107 ol Ellt
- — Prompt Bkg s E ----- Total Signal
300 — non-Prompt Bkg w — Background
- =100 Bs — J.l"ll.' iy
250 :F
200F- e 1[1;—
o ! =
150 -
L 1 §_“
100 -
505_ 107 E_
o:l L1l I .| I L1 1 1 I | | I | I | I L1 1.1 I Ll 1 1 I L1 1 1 : | |
5 51 52 53 54 55 56 57 58 10,7 508
Mass (GeV)
3angle0, ¢, y analysis: Nggnais = 978 £ 45
DO (PRL 2005) used 1 angle, 0, 513 events
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L

o140 + Data

-3 B. — Jiyd Total Fit
%120 5.2'5‘1.:::;':5;31 -;5545 Gev Total Signal
0 — Background

Flt proj ections
In signal regions “

+ =

a0
5200 - - -
' F e Data zum
S180F- Bs —Jiy¢ Total Fi E . _ .
- B Fit prob: 71.2 %
ﬁ C 5 26< M{BS} <h 46 GeV = -Even 0 T T N T N T S N T S S M ) AN S M W N S S TR |
B180F -.m CP-0dd 3 -2 A 0 1 2 3
§ C ct/g(et)>5 . Total Signa ¢
|_u1q.g:_ — Background =250
120~ s [ » Data
E 8 T \|I — Total Fit
100 .
- %2“':'__ ----- Total Signal
e ™ G [ 526<M ([ }”’2 46 GeV B ilelli
- B ct/o(ct
40— s .
- ———— . .
et 100~ ..
U:| |I|..Iill 11 | 11 1 | IFIitl F:I'r.clk:'i I?nllslﬂf;:ll | | 111 | 11 1 |‘.T..|."|'L : '*L"
-1 06 04 02 -0 02 04 06 08 1 B
Transversity -
O (t Ity) F
y N Fit prob: 97.2 %
U|||||||||||||||||||||||||||||||||||||||
-1 8 06 -04 02 -0 02 04 06 08 1

4 July, 2006 Kin Cos(y)



Earlier, PRL 94, 101803, 2005, CDF hasused a
similar 3angle( 6, ¢, v) fit/analysiswith 260 pb™ of
data

1n +

CDF Run |l L~ 260 pb’ CDF Run |l L~ 260 pb’

- B Jhy o +data E,m’ = By — Jiy ¢ « data
60~ 20315 sig. , i 8 F Si

- candidate Mim(sig) i .S.g""
sof Fit prob: 93.4% m(Bkg) g_m,_ 8 igh

: 3 %19 ea
40~ E Bkg Long-lived

E o) ~ BKQ ghorttived
e 10 \

: + 8 E 1R Fit prob: 26.4%
201 o

i . |
0.2 03

' 53 I 54 — 5.5 - 0.1 0.0 ﬂ.1 ;
(LuKK) mass, GeV/c ct, cm
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Ay = 0.784 +£0.039 =+ 0.007

A = (0.510 £0.082 =+ 0.013)¢!-%* £0-36 £0.03)¢
|A1| = 0.354 £0.098 +0.003

. = 1.05 1015 £0.02 ps

e = 2.07 1058 +0.03 ps
AT/T = 0.65 7335 +0.01

AT = 0.47 7033 £0.01 ps™* T(BSO) =l 081“8 pS
AT = 01oi010+38§ps

Ry =|41(0)]* =0.19£0.05 £ 0.01

Ap(0)[* — |4y (0)* = 0.35 £0.07 0.1
01— 8y =2504£0.02

+ With 9, freeand 6, = 0, we obtain 6¢ =-0.9% 0.7;

4+ CP-violating angle 6¢ ~consistent with 0 (no CP violation) within statistical
uncertainty of * 0.7.

4+ Working on to constrain all these §,/9, and d¢ better.
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-sigma contours (A(logL) = 0.5)

— ]

E‘é’ - Jhr' :1) -

angular
0'2: Combined

DO
i 800 pb'

G'j (prel.)
—0.2:|....|....|....|....|....|....|_
1.1 12 13 14 15 16 1.7
1/I5 [psS]

R. Van Kooten: hep-ex/0606005
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5 Combined:
{ AT =0.18£0.09 ps™

T=1T
= 1.520 £+ 0.068 ps
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B. — K*K" lifetime analysis

@CP-even = lifetime of the CP-even state

Add lifetimeinformation to the fit of composition (of various hadronic states):

L~ " (M| )P (@, pror) '~ (dE/dx dE/d%!a~Pto@
0" (ct))= exp(ct) x Gauss(ct) x g(ct)\ el

decay detector trigger bias
smearing

v L Lo b THUEECIE TR ) n
0.05 0.1 015 0.2 0.25 03 0.35

+Trigger biasfor signal isextracted from detailed simulation.

+Procedurevalidated in unbiased B — J/wX decays from dimuon trigger.

+Check that lifetime fits of sampleswith/without applying track-trigger cuts
yield consistent results.

4L ifetime p.d.f for background isextracted from higher mass data sideband.
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B.— K*K- lifetime results (360 pb™)

CDF Run Il Preliminary 360 pb”

cr(BY) [pm] er(BY — KTK™) [pum] 5‘“4005 e <o
both free 452 + 24 463 £ 56 ..'E - W<«
cr(BY) constrained to PDG - 458 + 53 %3505_ [ sacksround
15l 300,

B, — K*K isCP-even (~ 5% uncertainty): hasthe ;oé_
lifetime of “light B," : o
100"

7 = 1.53 4 0.18 (stal.) + 0.02 (syst.)ps 50"

0 0.05 0.1 0.15 0.2 0.25
ct (cm)

Combinewith HFAG average (1,7 + 1,2)/(1, + T):
Dominant systematics :

AFCP
- “— = —0.08 + 0.23 (stat.) +0.03 (syst.)
! detector alignment; dE/dx model;
Input p+(B) in simulation; trigger-bias.

) lifetime model of background:;



1-sigma contours (A(logL) = 0.5)

9 Precise measurement of flavor-
Flavor-Specific | specific decays further constrain
1 AT, and T.

Tevatron  _

B~ JApo See E. delaCruz-Burello'stalk !
angular

0.2: 41 e Flavor-specific decays, e.g.,
_ Combined B;} — D;,H_ V B;J = D5_|“+ v
ol t(B2~K'K )]  50% CP odd, 50% CP even

I l attime, t=0
. / 1 * Fit to single exponential,
-0.2h s

1.1'"'1'.2'"'1f3'"1'.4"'115"'1.'6"'1._7 52 { 4 (AT2Ly
1T [ps] {Bs) = r, 1- (AL 2L)
R. Van Kooten: hep-ex/0606005
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B, »D, "Dy and AT

* L% dominated by decay b~ ccs For B, , analogous diagram
from decays into final states common Cabibbo suppressed, 13, negligible

to both BY (bs) and B (b3)
c

b
* AI;: CP-even final states, AT, ¢ 4@0
_ S

CP-odd final states, AL, ¢ @)

B - DD, is pure CP even, and under various theoretical assumptions,
(Phys. Lett. B316 (1993) 567)

B? — D”*D™" inclusive, also CP even to ~5%
Likely needs re-examination!!

ALP  2Br(B! — D"'DI")
I.L 1-BrB)-~D"D)2
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s Measure ratio:

g BB~ DD ) -Br(D,~ g uv)
in ¢ mass J( Br(BsD — u V'DE‘EH}_)

window (many systematics cancel in the ratio)

| Ll
ﬁ ﬁ' +'f |« Use new Br(D, ~ ¢ ) from BaBar,
- D2 Run i Preliminary GOmbinEd Wf PDG :

O L Br(B; — uvD{""), Br(D,~ ¢ uv)

Mass (KK) in (¢x) signal region

18-
:_D;’Ei Run Il Prelimina
F 1b"

14

12

¢

i 30 MeVic?

Evenls
T T

Evenis / 4.5 MeVic®
&

£ candidates | _L
il Br(B? ~ D"*D") =
£ 4 inD,mass window = 0.071 = 0.032 (stat) ", o, (SYyst)
ST P v TR N IO SOOI TOU |
miKK) GeV/ic®
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B.— D¢" D¢ (exclusive hadronic mode)

CDF Preliminary 355 pb’' Br(BEU - Ds+ D) —
% {3 anta | Br(BU ~ D)D)
s _ _ = 1.67 = 0.41 (stat.)
% 5;_ B, — D; D;, All D, Modes Combined + 012 (S'yS't.)
13 + 0.24 (fs/f,)
+ 0.39 (Br»)
ﬂf Use Br( D, - ¢ ) from PDG
CDF Preliminary 355 pb’ B \ . .
s L B=. 0n| s-nnese | % 19 Observation of thisfully
= s | [ @CONSEructed decay
5 .5 DD, DD o .
£ | 4+ Working on to extract Al'g
” | ||| || % good prospect with 1 fb™
° > Mass GeVic
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Flavor-Specific

Tevatron
B —~ JAy b
angular

0.2

- Theory

O Add
PDG 2004

LEP

1 ¢ Unofficial world average

+0.041

AT, = 0.097 * 7o, PS”

T=1 = 14610030 ps

2.3 ¢ from zero,
new physicstends

| 7
_0.2—| ] ] ] ] ] ]

toreducethe

11 12 13 14 15 16 1

7 measured ATy

R. Van Kooten: hep-ex/0606005 HFS [pS]

4 July, 2006 KinYip
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ATl

S

Am

comparison between expt. and theory

4+ Updating from Phys. Lett. B 459, 631 (1999) by U. Nier ste:

= SM

prediction: AFS

= (47+8)x10
Am

\)

+ Expt. meas. from AI', and latest Am

AT

~0.097+0.042ps”

+0.33

Amg 17317 +0.07 ps

4 July, 2006

—(56+24)x10

KinYip

Disappointingly in agreement

with Standard M odel prediction !

19



+ 0.041

= 1
AL, =0.097 " 5040 ps~' T=_"_

= 1.461 £ 0.030 ps

5

4+ CP eigenstate mixures and branching fraction
measur ements now give a “world average’ of Al',
~2.3 ¢ away from zero;

+ Results are consistent with SM so far;

+ Moreresultsfrom Tevatron (and elsewhere) will
pin AI', down to greater accuracy.
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Lifetime Difference & CP violation

B B —>J/w¢ : Pseudoscalar — Vector — Vector

B Decay amplitude decomposed into 3 linear polarization states
» A,=S+ D wave= P even
» A =5S+Dwave= Peven

» A, =Pwave= P odd

B If CPviolation neglected = interpreted aslifetimes of 2 mass
eigenstates:

- BS,Light = CP even

» B ~ CP odd

s,Heavy

» angular distributions are different

E Angular analysis separates CP eigenstates = measur e two lifetimes
4 July, 2006 KinYip
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CKM Matrix and Unitarity triangle

Relates quark (Vud Vus Vub\ ( 1—);2/2 A A).s(p—m) \
mass and weak 2 2
eigenstates Vea Ves Vep | = —2 1-4 / 2 Al
3 . 2
Vi Vis Vo ) A2 (A=p=in) —A2 1 )
SM: CP-violating processes solely related to one phasein CKM.
‘bd’ 'bs
(THE unitary triangle) (A ‘sguashed’ unitary triangle)
Large effortin B phySiCS ——— e ————
Mainly at B factories B > B, small in SM
(p. M)
. | nter esting to check how
Viud Vub small/big B really is.

*
V.V :
cd " cb Currently: Tevatron domain

Q(?m(?) 2006 (1.0ir vip 23



Fit projection

Background mass region

104 =
5 = e Data
(lifetime) Sl
E10° ;—
2 F
All events 3 oL ! 0
,, = Mass<5.2 or > 5.5 GeV
10 -
5 % « Data o
e F — Total Fit =
NP - =
5 E ----- Total Signal 10"
E E_— B_}erur![b ':I Lokt i
310 : 1054 0.3 035 0.4
T = ct (cm)
5 T 10*
© 'I[I'§— E ¢ Data
= : — Total Fit
B ll N10° ---- Total Signal
1 L ] g_ e CP+
= M »
- B Emﬂ o e
K| fa ) =
107 T E
- : ° 10
1072 L el oo by bl sl N TR ST N
01 005 0 005 01 015 02 025 03 035 04
ct I:CPTI} 1 ¢ ’
Signal mass
r%lon :ID—z £ I;IIIIIIIIIIIIIIII 1 L1 III‘:"':”T"-’[II
N -01 -005 0O 0.05 01 015 0.2 5 03 035 04
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| B, ¢ dis, after weighting |
Detector Acceptance :
(MC & data) o gt it
35.ug 2000 A1+ Jcos2b + K cos’2p)
- J =-0.05+0.02
%% 1o0f- K = -0.09 + 0.02
EUU; 2 | 0= Fs " He0 B0 0 50 100 '1)5{1:59;}
5 Al BT+ T F(0) = 1+ J cos(20) + K cos’(20)
100 B=064+0.09
= C=-055+010 | B, u,r_dis, after weighting |
oF 450
M B R R S - 400F-
COSsH; [T] 35D§—++++ HH +
G(cos0) = 1 + Bcos?0 + Ccos'o MMW% | b
( ) 25081 ++++ } +++++ %+*+H++++ F
Eﬂﬂi—
wof. H(cOsWy) flat distribution
50
N R I T I T B B B T
i1 0.8 0.6 0.4 D02 0 02 04 06 08 1
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Systematics

Source er(BY) AT Ry |AO0)F -4 0)f 5,-5,
[ p:-;'l

Acceptance vs. B, 10 £0.5 +().001 +0.003 +().01 +(.02
Procedure test 12.0 +().025 +0.01 - -
Detector alignment 12.0 - - - -

¢t definition 1.3 (.001 -0.001 -(.002 -0.009
“Outlier” -7.5 -0.03 0.01 0.0 0.0

Total -8.0,+3.2 -0.04, +$0.03  =0.01 +(.01 +0.02

+ One“outlyer” - treat its effect as systematic uncertainty
Event Run # 210344 Event #:23385781
unlikely signal or background

Signal: mass 2.3 ¢ from peak, lifetime 8.5 x mean
Bkg: 10.2 x mean for “right slope long”

4 July, 2006 KinYip
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Some selection cuts
data beforelast Tevatron shutdown

B, candidate mass 5.0<M@Jy,0) <5.8GeV
Jhy candidate mass 29<M(u*u) <3.3GeVv
Non-J/w meson mass 1.01<M(K*K-) < 1.03 GeV
B, pr > 6.0 GeV
J p; >4.0GeVif <10
o pr >1.5GeV
Iy, o x? <10.0
K* p > 0.7 GeV
SMT hitseach track (incl. fdisk) >1
SMT+CFT hitson track >7
B candidate decay length error < 0.006 cm

Total number of Bc— J/y ¢ candidates: 21380 (PRL 2005: 9699)
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Da-t a Bs candidates J/y p; p17.07 |

Bs
ntries L4 -
| J/y Mass p17.07 e 6874175 o N Entries 21380
CIJ - 0.6814 S0 o %
= 600~ 3,084 - 0.001 P = ‘.
o B 0.0624 + 0.0008 = L - -
wn ~ 80.72 + 5.38 g - .
S 500 -46.97 = 12.15 ] L *
> f 102 “'
i) - = * Mean 8.362
c 400 =
2 -+ \V
300 B
- 10kt JH}{’TW
200[— 51; *
100 1
N s
g_ ] R | 1 1 1 | 1 1 1 | 1 1 1 1
.8 3 3.4 0 16 64 30
Mass (GeV) Jiy p; (GeV)
Entries 2020 -
2 Entries 1070
| BsMass p17.07  |—— /7 e | o
= B po 188.2 + 10.1 O L Prob 0.7523
B & 003118 + 0.00154 = 60— p0 3341221
< B sg " 81.34+ 3.08 wn - p1 1.02 + 0.00
< 200— p4 -94.96 + 16.12 o I p2 0.003425 + 0.000327
o™ p5 41.03+ 18.48 —_ - 11316
— B QO 50—
z | 2"
2 1sof 2
o 150 o 40—
> L
| T -
| 30—
100— L
[ 20
50 - ﬁ
10 — +
o L1 1 1 I L1 1 1 I L1 11 I L1 Ivl I L1 1 1 I L1 1 I I I L1 1 I 11 I*I o;=== | | | | | | |v| | | | | |==|==
5 5.1 5.2 53 5.4 5.5 5.7 1 01 1.015 1.02 1 025 1.03

Mass (GeV) ¢ Mass (GeV)



