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MIXING AND CP VIOLATION

e Standard model: mass + weak eigenstates
—V.Vy
d’ Vae Vas V' {4\ 7 7 N —y
S/ _ ch p Vs Vcb s us” ub vy
b’ Vie Vis Vi) \b —

VV V.V, +VV, =0

- 3 generations provides for CP violation us”ub * Test b T as” b

Mag(CPV) = fim?-m?)  f(6,) * sing;

- Small value of CP phase expected: |¢ =42+14%x107°

e Can’t explain N, excess

A. LENZ, U. NIERSTE HEP-PH/0612167

* Mesons are ideal for studying CPV
- matter - antimatter bound state

- Neutral mesons: continuously transforming
between matter and antimatter states
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MEASUREMENTS IN B_ SYSTEM

AM

s 5 TE D@ Prelim [22]: Combined — 1 fb-'
- Thru box diqgrqms; sensitive to new 3 si:.;f******** ........................................ LA
physics NS S 1
= - o
- DO:B,-— Dv o » 17 < Am, <21 ps” (90% CL)
DO CoLLAB. PRL 97 021802 (2006) S T,
N/ ) ° g **
% CDF. Bs -—> DSIV, Bs -—> Dsﬂx 25—"'50%&'__ ****** """"""""" i *****;;';;;;:"'
1 ;—"(two:sid'ed) ............................. - Tf.n*** ......... *,* ................. bok
AI‘ 01;_.. ; 112 B 114 - '1]6' ..... - 1gl,l,.2[0|II2|2I..2|4[I]
oy . Am [ps
- Tree level, not sensitive to new physics
- Defines how see CPV
’ [ ]
< B, -— D.D (DO); J/vy¢, KK
-
b t Vis
(I)S - - - - - -
- Also loops: sensitive to new CP effects BO BO
. S S
¢, =-0.5 - -0.8 in 4-gen models s I 5
HOU,NAGASHIMA,SODDU; HEP-PH/0610385 —S - e
Vis

< B, -— J/y ¢, combination (DO)
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_{Tracking: Si, Sci-Fi & Solenoid
D¢ ., R ;

— /) U-LAr Cal

Muon Syst
& Toroids

A -

o~ T
-
e
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2.8 L;L /
Data Samples NEND It k) = 44 pb- /
>2.7 fb! delivered o[ oeo0 AT UWRY = 2R PO / s
>2.3 fb! recorded 2 best L, .. =2.6x10°"/cm’ /s
up to 1.3 fb'! results 2. nye4 _J
AL
e ydv.an
1.0 ,///
Production B-Factories Tevatron Ay
Y(5S) (inaccept) o /{: — S
Approx B, Rate 1 Hz 600 Hz 0.4 //_:,//;,/ — Recorded
0.2
R.Ki 00 =]

ul- ct- an- Apr- Jul- Oct- Jan- Apr- Jul- Oect- Jan- Apr-
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TRACK AND MUON DETECTION

DO Detector:
Quarter r-z View:

Important at the Tevatron LEAD 5.5mm
» Triggering °* Muons SOLENOID MAGNET
* Tracking/Vertexing ¢ (z/ K Separation) \
SOLENOID (2T)
Trigger CDF DO — =
2-Track P, (trk)>2.0 GeV - o
0.12<d,<1 mm » SVX
2P >5.5 GeV I =
| + DISp| Trk Ptl>4’ pttrk>2 GeV . Pp beam (Beryilium Pipe)
0.12<d,<1 mm
1-Muon — P.>3,4,5GeVor _
P.>5 GeV & d,/o(d,)>3 Muons Coverage Shielding
(luminosity dependent) DO In|<2.0 12-18 ),
2-Muon P (u's)>1.5 GeV__ P (u's)>2.0 GeV CDF In|<1.0 >5),
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MEASURING AM_

CDF Run Il Preliminary L=1.0fb"
! — dat
e Channels e
o I — fit
. . O 400
- Semileptonic: > B s D ik
o * =— 2 ‘"o “+ -
BS — D§ )] v, (I = e,M) S 300] EE—>DS1r/K
- Hadronic: = B! - Dp
-0 ()¢ - + - 4 + % b — D;X
B — D "n D ,D.p g 200 BEoox
. . . . o .
* sameside and opposite-side tagging 5 WA A
. . g 100 comb. bkg.
- Opposite-side © - )
* Lepton, jet, K charge — ANN 0 ' s
52 54 56 58
- Same-side on'-n mass [GeV/c’]
* Use K identification likelihood and kinematics - ANN
e Samples
- Fully reconstructed hadronic: 5600

- Partially reconstructed hadronic: 3100

- Partially reconstructed semileptonic: 61500
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CDF Run Il Preliminary  L=1.0fb" CDF Run Il Preliminary L=1.0fb"

AMPLITUDE 0'15__ B, — D, I' X g ;
g_ I <Cy,> = 44.6 um :é(- oF ‘I
SCA N Lg 0.1 1E g} || Hl“ i
et W g 1R
e Semileptonic So0s| AE | W“N i
p e _zéA(Ams=17.75)=O.86i0.49 | |
channel : o '
%0 o005 §.01 0.61:5' T0.02 '45‘ T T T S — T a— T
pseudo proper time resolution [cm] Am, [ps'1]
(] H qd ronic ChG n nel CDF Run Il Preliminary L=1.0fb" L 2 :CDF Run Il Preliminary L=10 fb-1
. B, — D (3)n* % 1-52— i WI
- Superior decay ¢ <o =259um | £ 1f .' ||| m i
oo o il
fime reSOIUhon \9\ m..u:.-,m'::w..‘ z‘mi | II i |||||I|||| |||| .
gives excellent £ ARG & | w i ”‘
sensitivity at 5 — — I '
values of AM, .. LEAGmETS2T 08 L] ||
S 0 y y y y 0 5 10 15 20 25 30 35
~ 6] 0.002 0.004 0.006 0.008 0.01
20 pS'] proper time resolution [cm] Amg [ps"]

CDF Run Il Preliminary L=1.0fb"
Combinatorial Background Amplitude Scan

| ]

Amplitude

e Combinatoridl
background YT |||. il |n||...|’

Tyt I' ’ ‘l" s - I
-0.54 l.", \I I Il
-1
-1.5]
R. Kehoe - Bs Mixing and CPV Alam, =17.75) =0.030£0.243
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Am [ps]
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PRECISION MEASUREMENT OF Am_

CDF Run Il Preliminary

L=1.0fb"

- datat 1o
16456

data+ 1.645¢c

A 95% CL limit
O sensitivity

17.2 ps’

1.3ps”

data+ 1.645¢c

(stat. only)

50

Am, [ps'1]

IAms =17.77 £ 0.10 £ 0.07 ps’

CDF CoLLAB. PRL 97 062003 (2006)

15 ———T1——— 7T
[ | excluded area has CL >0.95 <
I %
[ Y K Amy
1k % .
sin 23 %
\ Am_& Amy
o5 L - Torr i S
- ST (x
£k
o /7 B
[V Ny \ ]
i  —
05 | =
o i
sol. w/ cos 28 <0
-1 - (excl. at CL > 0.95) =
: itt Y
| EPS05+D0
qp Ll - | | ]
-1 0.5 0 0.5 1 1.5 2
i 2
Amg mp, % Vis
Amy mp, Vid

Va

s

= 0.2060 = 0.007 (exp)
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MEASUREMENT ofF Al': B_—2D_(*¥D_(#

Al=I' = I'y = Depy = Tep_
- Determine assuming SM level CPV in B, mixing: cos¢, = 1

e Consider B,—D (*)D (*)
- DD, (PP), D,*D, (VP), D,*D.* (VV)

CcpP
.

N

AT,

)

1+O(

e Heavy quark limit + factorization
- B,cdd—D *D_forbidden

e D *D.*in S-wave
= Ds(*)Ds(*) pure CP even

* Expectations of 5% odd r. ALexan ET AL., PLE 316, 567 (1993)

- Others suggest up to 30% odd
R. Kehoe - Bs Mixing and CPV



(%) (%)
B_—D_*D_(* DECAY

BY — pHp™ %

_ ignore :
D, — ¢175+;¢1 —K'K . 3
D, = p,uvi¢, > K'K" K,
Normalize to B,.—D_(uv _
_ _BS_ _\. ” D KZ
* Look for correlated production < ° K
~ 3
of D, ¢ and D, 2 pu S o .
e Trigger on muon from D, K4
semileptonic D, decay
“EZG: a) DO, L=1.3 {5’ "515- ﬁ;g JT
2 2.4 g | g
> ; . -
° 2| ’ s o (*) 1~ (¥) +6.6
$ Zw % | < N(DOD) =13.4768
— [ 1 L d=.> i o .
o) > { S 5 ' <
s aim mn i EEREWANT
E G: { .|.{.|...*.

‘1.8I T2 2.2'2 ) 099|8| 1 1.02 1.04I1I.;.)(l~3 CPV 10
m,. [GeV/c?] m,., [GeV/c?]



BR(B,—D_¥D_¥) AND Al

R

_ BR(B,— D{"D")BR(D, — ¢uv)

BR(B, — uvD"")

=0.015 = 0.007 (stat)
BR(B, — D\"D") =0.039")5,;
AT,

= 0.079" )35 (stat) ' 03

DO COLLAB. HEP-EX/0702049, suBM. TO PRL
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+0.016

(Sta’t)—O.O 17

(sys)

0.2
(Sys)

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

LI L B B L B R N B N B B B B D B R B B L B B B B |

" Falos | |

6,=0
Direct .

Measurements

CDF L
7 (BS~K'K)]

Flavor-Specific
7 (Bs)

_02 | AT S [ TN ST SN N AN SN TN SN TR NN N SR TN S NN S SN SN Lo
11 12 13 14 15 16 17
1/Ts [pS]
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B,—> JAY ¢

b — cc s — CP even and CP Ay A A
odd final states Even waves 0dd waves
e2 " L 4
- Separate with time-dependent — 0 :’
angular distributions 10°

> measurement of lifetime 10+
difference

TT IIIIII| T III[III| T [IIIIII|

- Large lifetime difference: can

10°

extract mixing phase g

107

DO, 1.1 fb' s ?attal - 1041

0 — lotal FI =
Bs = Jive — Prompt Bkg S

— non-Prompt Bkg o001 Proper time 5o 506 s000

* 1039+45 B, signal

\ candidates

52 53 54 55 56 57 58 R.Kehoe-BsMixingand CPV 12
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DEcCcAY ANGLE FIT

* signal, prompt and non-prompt BG S
- Decay angles: 6, # and y 2200:—

Fio+(=f,)F,)]

5.26< M(B_) <5.46 GeV

* Data

Total Fit
CP-even

Total Signal

— Background

5

-
'S
[

-
N
o

per 0.3

Events
—
o
o

g
|

dCP\ [

[ 5.26< M(B,) <5.46 GeV

ct/o(ct) > 5

* Data
— Total Fit
Total Signal
— Background

|
-3




FIT RESULTS

Y
i
¢ rest frame
Iy
oo p:
0
o

R. Kehoe - Bs Mi;

92501
; : B, —> J/y o * Data
S r — Total Fit
9200~ 5.26< M(B ) <5.46 GeV .
s T s e Total Signal
m P ct/o(ct) > 5 — Background
150~
100~
de
730
i Fit prob: 95.9 %
0 IlllllIlllIlllIlllIlllllllIlllllIlIlll
-1 -08 -06 -04 -02 -0 02 04 06 08 1
Cos(y)
E |
3403k * Data
(=] -
g F Bs >J/yd  — Total Fit
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8102 TN e CP-even
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S
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ATy (1/ps)

0.1l

o o ot
() > ()

o
[

0.1

DIRECT MEASUREMENT OF ),

_05
DO, 1.1 b’ o
’ = 0.4

m B Jy¢ 0.3

% Constrained <]0.2

B e— 0.1
....... o

-0.1
-0.2
-0.3

*
*
.
.
.
L)
i
-
-----

S O
u s

L1 1.1 L1 11 L1 1.1 L1 1.1 L1 11 L1 1.1 L1 1.1 I 1
1.3 1.35 1.4 145 1.5 1.55 1.6 _ 1.65
Ts (pS)

AT =0.17 =0.
. =-0.79

OI[TTTT

DG, 1.11b'

“w,
DA

4-fold
ambiguity — SM
| AT = AT, % |cos(og)|

4 3 2 1 0 1 2 3 4 5
o, (radians)

09+0.02ps™
+0.56" ]

DO COLLAB. HEP-EX/0701012 SUBMITTED TO PRL
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TYING IT ALL TOGETHER

Several additional measurements provide information to further
constrain the CP phase

Flavor-specific lifetime of B, mesons lrfs =T, - (AL,)" /2T, + O(AL))* /T,
T,=1/T'; =1.440+0.036 ps (world avg.)
- Which includes DO meas.

l’l,'fs =1.398 + 0.044 (stat) )2 (sys) ps

DO CoLLAB. PRL 97, 241801 (2006)

Semileptonic charge asymmetry
- induced by B mixing |A§]L _ AA]\I;Q tan g,
- same-sign dimuon charge asymmet
iAgL + ]]:S? A, =-0.0092 + 0.0044 (stat) = 0.0032 (sys)
atd

DO CoLLAB. PRD 94, 092001 (2006)
- Using Bfactory value of Adg, get

lA;L =-0.0064 £ 0.0101
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COMBINATION ANALYSIS

* Direct asymmetry measurement: B.—uvD,, D.—¢n

lA;L = +0.0245 £ 0.0193(stat) = 0.0035(sys)

DO COLLAB., SUBM. To PRL, HEP-EX/0701007

- nearly independent of dimuon-based measurement

lA;L =0.0001«0.0090

e Use CDFAM,=17.8 £ 0.1 ps’
lAFS tang, = A, AM =0.02=0.16 ps™'

e Refit B.—J/y ¢ data using AT, tan ¢, and 1, as constraints

AT, =0.13+0.09 ps™ SM Pred
AT 0.088 + 0.017 ps-'

S

¢, =-0.70"% o, (4.2 £ 1.4) x 10

¢, <0, cosd, >0,
cos 8, < 0 choice

R. Kehoe - Bs Mixing and CPV 17



~~0.5
a DO, 1.1 fb”
o4 m B J/y o
(7)) -
~ T .
<1 031 % Constrained
T Vvt
0.1:_ SM
o
-0.1;'-'----l----l----l----l A T
1.3 1.35 14 1.45 1.5 1.55 1.6 1.65
Ts (PS)
?‘,— 1-65F DO, 1.1 fb"
e 1.6 B> Jyo
1-555— % Constrained
1.45F g
1850
-2 -1.5 -1 -0.5 0 0.5

¢ (radians)

RESULTS FROM
COMBINATION

Lenz, Nierste
~ 0.5 hep-ph/0612167

Q_0.4E— % Constrained DO, 1.1 b
= .0
S 0.3 3 Combined
C ileptoni
02t semileploni
~ asymmetry
< 0'15_ band
-0;_
-0.1F
o2 ™ AT tang, = A%;, Amg
-0.3F
0.4 B AT = ATSM « Icos(¢)!
_0.5:I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
-3 -2 -1 0 1 2 3
d¢ (radians
e - Bs Mixing and CPV 18



FINAL NOTES

* B, physics at Tevatron has been quite productive
- New measurements of several key parameters:

AM_ =17.77 + 0.10(stat) = 0.07(sys)ps '

V., /V,|=0.2060 = 0.007 (exp)’y g (theo)
AT, =0.13+0.09 ps™
* Tevatron prognosis:
- Since April ‘06 upgrade, rate of lum. recorded 1.2 fb-'/yr and growing

- Records continually being set
- Expect several fb! by the end of the run
e B, physics prospects
- Do not see evidence for new physics
- Many new measurements to be updated by both experiments
e E.g. AT from CDF, all-hadronic AM, from DO
 Continued effort to constrain ¢, is ongoing

R. Kehoe - Bs Mixing and CPV
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BACKUP SLIDES

R. Kehoe - Bs Mixing and CPV
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—=— Current detector

—— Add Silicon Layer 0

DCA Resolution (microns)

Track p (GeV)
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o

o
B

S
w

AT (1/ps)

DY, 1.1 fb”
mB) > Jyo

% Constrained

[9:=0 |

Br(Bs—~ Ds’Ds”)

(notincorlsli/ra,ipﬁ’
oy F A B N A I A A A AT A A |

13 135 1.4 145 15 155 1.6 165

Ts (PS)



