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> Introduction

» Mixing measurement

> AM, (D@ & CDF)
> Semileptonic asymmetry A, (DD & CDF)

» Mixing interference measurement
> AT, 0, (D@ & CDF)
> Direct CP violation measurement

> B,>Kn (CDF)

> B->D°K- (CDF)

> Bt+>J/yKi(nt) (DO)
» Summary & Outlook

Tevatron is a unique place to study B, mesons
in this talk | will cover mostly B results 2
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The CDF & DO Detector

Forward Mini-drift ‘ Central Scintillator | | Forward Scintillator

chambers

T3

/

< Excellent tracking & mass resolution "7
» Silicon |n|<2,90cm long o
> 96 layer drift chamber 44 to 132 cm  [s®

m) o

% Triggered Muon coverage
> pr>15GeV, |n|<1

New Solenoid, Tracking System [ T T N N B
Si, SciFi,Preshowers o 5 o

| + New Electronics, Trig, DAQ |

<+ Low p; Muon identification
> pr>15GeV, |n|<2

% High tracking efficiency:
> 95% |n| < 3 (Silicon disks)
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‘ B. Mixing

@ 0 | IB)t)) My =iy Mp-1iTy | [ [BY(t)

- Schrédinger Equation: i | _ |= | i
@ BUt) | \My—3Ty  Mpn-:In ) \|BYt))
: »M,, stems from the real part of the
box diagram, dominated by top
>»1";, stems from the imaginary part,
dominated by charm

Diagonalization gives two physically observed “Light” and “Heavy” mass eigenstates

|BL> 5 m

|BH> = \/m

with ‘p‘z + ‘q‘z =1

)+ b CP even . 4,

(p|BD) — q|ﬂ))l- CP odd e no CP violation

‘squashed’ triangle > ‘flat’ triangle
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AT, & o, from B,>J/y ¢

¢ Golden decay mode, equivalent to B;2>J/yK_ for sin(2f3) measurement
¢ Flavor mixing CPV angle ¢,, = arg(M,/T;,) very small in SM (~0.004)
¢ CPV phase, ¢, = arg(-V,V,, /V,V,) for J/yd is also small in SM (~0.04)

cs' ¢cb

¢ New physics contributions are same to both the quantities

#* Significant large measurement of ¢, is a unambiguous sign of NP

v' Angular analysis in transversity basis
v Different distributions in the time-angular space for B, and _Bs
v Unbinned maximum likelihood fit to mass, lifetime and decay angles

v Weight applied to the angular distribution of B, and Es according to
tagging probability (p), whenever available, otherwise p = 0.5

v Two fold ambiguity due to angular distribution equations, can be
removed for fixed strong phases.
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Al & ¢, from DO %

‘Tf-0.4

w - (a) DO, 2.8 fb™
10" Pa——— Z0.3- m B J/
E DG, 2.8 fb _T;; . et s > JIy o
@1035_ Bg_>d/‘|f¢ ..... Total Signal < 0 2; AM — 17 77 ps-1
8 °F Mass 5.26 - 5.46 GeV ... Cp_ayen tr = ’
T CP-odd -
% E — Background 0 1;
§"F o
i R
i - B AT = ATgy x [cos(9)|
Tl e e s
> 500[ 1 ' ' ' . (radian)'
= :@,szb + ;?gtt; - (strong phases constrained)
o 2 s Jhyo
15 400 s — Prompt Bkg
g — non-Prompt Bkg ¢s = —0.57 iggg (Stat )tg(()); (SySt ) rad
gsoo_ - +0.02 -1
g ' Al'. =0.19 £ 0.07 (stat )", (syst ) ps
& 2000 '
1ooF 1967 + 65 7. =1.52+0.05(stat) £ 0.01(syst) ps
: | PRL 101, 241801 (2008)

v by by b by by vy by v g Lawa s
05 51 52 53 54 55 56 57 538
Mass (GeV)

Probability of SM = 6.6% ~1.8c ¢
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AT’ & ¢ from CDF

iIII|III|III|I

CDF Run |l Preliminary L =2.81fb"

—— SM prediction
— 95% C.L.

— 68% C.L.

_______________________________________________________________

New Physics

—9,/2 = B_ (rad)

—¢ /2= =[0.28,1.29] rad

PRL 100, 161802 (2008)

Probability of SM = 7.0% ~1.8c
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Al'y & 0, from Tevatron

Combination of results, with strong phases free

HFAG
. 4 CDF 135 fbf‘+DQ 2.8 fb_l1 |
> Combination for CDF 1.35 fb- If& .
& DG 2.8 fb-1 =
. g —~ 0.2 99.7% CL —
» 2.20 deviation from SM < :
> D@ result combined without 0.0 S = A (
strong phase constraint but 0 %
without syst error (small p-value = 0.031
compare to stat) 0.4] 226 from SM
0.6 : ] " . : .
-3 -2 -1 0 1 2 3

¢SJ/¢¢ — _Qﬁg/wﬁ [rad]

90% CL ¢ € [-2.85,-1.65], [-1.47,-0.29] rad

Region

Al e [-0.264 ,—0.036 ], [0.036 ,0.264 ] ps '
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Mixing frequency, AM,

_ ¢ osh AT For AI'=0
The probability of ‘-7 = 5 eoh 5+ cos(AMD] L
- . . . s _ L i+
mixing is given by , _ “feosh %_COS(AM”] b=-_¢ (1£cos AMt )
Tagging efficie Proper decay length resolution

2
SDDiIution SSignaI % e—(AM c,)? /2

Sig =
2 \/S + B Background

H H . Transverse - ﬁ

One needs three ingredients: decay longth Lo® Gey %) 21
v B flavor at decay x '
[ |

v' B, flavor at production I

Proper ¢ =L

v Good proper decay length resolution decay length P
lepton jet . K i
.......... @-eer S‘\/
\' ------ b &b 5t

““t adro“ ", .
Kﬁ > Ly > 4
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DG AM. result

Mav 2. 2008
March 5, 2008 ] ] ] 1
DZ Runll Preliminary: f Ldt=2.41b" N D<) Runll Preliminary: | L dt=2.4 fb
T T | T LI | T J T 1T | T LI H H : : H : :

© 25T T T = T : : ]
E 0 = —4— data+ 10 (tot) E 10 L et . - staterroronly
g £ [ ]datat1.6450 (stat) ] - total error .
< SE [ data+1.645 (tot) o\ A ] e R e e R e —
1E i 7 - .
0.5E | 1[ ) R SN S SN S S TR ]
T delelet=) T YN 1181 { r ]
0";“*"***&;;;#*-*ﬂ;-}-}{ﬁ*ﬁt, i i .
osE- ‘ ’ I Y NS SO ST SO S . I ——
-1 i— = C A InEL(min) = -4.08 i
15E %o sensitivity: 27.3 ps™ (tot) = 10 _Amf=185|3ir09?|»(stat)i~1030(syst)psl """""""" .

-2:_ _: 12I 1 I14I 1 I16I 1 I18I 1 I20I 1 I22I 1 I24I 1 I26I 1 I28I L I30

_2-50 1 5 1 1 1 1 10 1 1 1 1 15 1 1 1 1 20 1 1 1 1 25 1 1 1 1 30 1
Amg (ps™) AMS (pS )

Combined amplitude scan

L v A parabolic fit to likelihood scan
Sensitivity : 27.3 ps™ for AMs returns:

AM, = 18.53 +0.93 +0.30 ps-’

v 2.90 significance 10
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CDF AM, result

i _ X
o 2 CDF Run Il Preliminary L=10fb 3OCDF Run Il Preliminary L=10fb"
I~ —_— —
-g E -+ datat 1o A& 95% CL limit 172 ps'1 d combined
E15F  1et50 O sensiviy A1.3 ps’ - 2 | — hadronic
£ 1: [ datat 16454 m A [ A :j 20LC semileptonic
< data + 1.645 o (stat. only) vv V' B
5
0

-0.5 o
g 10
-1.5F C
2k | | | | | 1 = | L
0 5 10 15 20 25 30 35 15 16 17 18 19 20
Am [ps’! Amy [ps]

vAM, = 17.77 + 0.10 (stat) + 0.07 (syst) ps-

v’ 5.4 statistical significance
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a.° in semileptonic B, decays

v' Useful quantity called, semileptonic CP asymmetry for B, decays, its
SM expected value is very small (~2.06+0.57).10-°

v’ Directly related with physical quantites Im(I",,/M,,) = (AI'y/AM/)tan¢, ,
hence also useful in constraining ¢, measurement

Measurement of the charge asymmetry using a time-dependent analysis of
B > D u'vX, (D »¢n, § >KK")

Charge of the muons gives final state tagging, while initial state
tagging using standard flavor tagging method (SST+OST+EvtCharg)

Result: D@ Run Il Preliminary

at, =—0.0024+0.0117(star) 0 (syst) 3

Most precise direct measurement to date! =0

_[ Ldt=281fb"

Np, = 53592+ 718

8000

CDF also make indirect measurement
of same quantity using “dimuon
charge asymmetry” from 1.6 fb-1

a;, =0.020+0.021(star) £0.018(syst)

6000

4000

2000

U'D; : 535921718 events

L1 | L1l | Ll ‘ I ‘ I I | ‘ I ‘ | I | Ll | I ‘ L
175 18 185 19 195 2 205 21 215 22
M(KK 1), GeV/c?

0




Direct CP violation

» Charmless B decays proceed though b->u CKM suppressed tree diagram
and b->{s,d} loop diagram

W d ’S b w d S
s ) bt ;a,a,é
L W U A g L .d,S
> u Pt

> Similar amplitudes and their interference it may lead to sizable direct CPV

> New particles in loop diagram can change the SM expectation values
> For B*>f* decays, direct CP violation can be associated to non-zero
charge asymmetry ~ ~ . .
1B ->f)-IB =f)
T T(B > f)+I(BT - )

For neutral B decay to charge particles , a similar charge asymmetry is
defined based on associated particle’s charge with K/z , in decay

13
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CP violation in B,2>Kr

Direct CPV for B,->Kn decay is defined as _ COFRunl Prefiminary L, o’

- N(B’ > K'7)-N(B' - K7") ==
1200:_ ] BE!EE KK
" N(BO % K+7Z' )+ N(BO % K ﬂ. ) 1000;— -Bofﬁnarc*n:'

- Bg — K'n* +§2 — K'n
0 A pre X e
Ay —» pr+ Ay — P
E Ag > pr+ R, > K
Ay — pK+ A, - BK
l:l Combinatorial backg.
- Three-body B decays

800

» Using impact parameter displaced
track trigger data

> BO>Kn , BO>nrn, B.>KK, B;>Kn and
A,~>pK/m decays are inlcuded

600[-

Candidates per 20 MeVi/c?

51 52 53 54 55 56 57 58
Invariant nr-mass[GeV/c?]

Unbinned maximum likelihood fit is
performed using kinematics and PID, where | p;p, _ 9E /dx lyeu — dE /dx],

PID for each track is defined as dE /dx ], — dE /dx ],

Result: A (B) — K 7%)=0.39%0.15(stat) £ 0.08(syst)

v'1st Measurement of Direct CPV from Bs>Krn decay, 2.50c away from 0
v'Compatible with expected value of ~0.37 , H.J.Lipkin, PLB 6212, 126, 2005

v'ACP from B°>Kmr is in agreement with B-factories results. 14




Direct CPV for B-->D%K- decay is defined as

_ BR(B-— DK")-BR(B* — D°K")

Acp,

" BR(B- — DK™ )+ BR(B' — D°K")

DO is CP-even, i.e. either from KK or ©tn

Unbinned maximum likelihood fit is performed
using invariant mass, kinematics and PID

CP violation in B> D%~

CDF Run Il Preliminary L =1 fb™

¥2 = 39/46

B* -5 D, n* - [K'K']n*

90 _— l

©
2

80 i
© r I» Positive charge:
o 70F
- o 0
& ol sl
= - + 0 +
© 50 B" > D, K
g E + ()
g. 40 B"—>D"n*
1=
'R

combinatorial background

KKr mass [GeV/c?]

Result: A, (B~ — D°K™)=0.39+0.17(stat) £ 0.04(syst)

BABAR fardv 0E02.40352)
Belle  peazpsimecomen

CDF Il

AG

Acps

0.27 £0.09£0.05
0.06 £0.14£0.05

—e— 030 £0.17£0.04

06 04 02 0

02 04 06

In agreement with the
other measurement

5.6
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CP violation in B> J/yK(n)

120005D0 Run II, 2.8 fb™ T BALA
. : . —
Charge asymmetry in B> J/y K* (%) decay 0000 i —

(2]

 N(B > JIyK ()= N(B" = J IyK* (7)) 8000}

S
Aer = N(B™ = JIyK (x )+ N(B* = J IyK*(7")) % 6000}
Reconstructed events include B>J/yK, 2 *°%
B->J/yn , B>J/yK* and combinatorial 20001
background (BKG) obr——

m(J/vK) [GeV/c?]

v Fit assigns, ~40K events due to B>J/yK & ~1.6K due to B>J/yn

v Possible production/detector asymmetries effects are taken care

A, (BT — J/wK")=+0.0075%0.0061(stat) = 0.0027(syst)
A, (BT = J/lyr")=-0.09%0.08(stat) £ 0.03(syst)

Result:

SM predictions are

~0.003 for B+->J/yK+ (W.-S. Hou, M. Nagashima, A. Soddu, arXiv:hep-ph/0605080)
~0.01 for B*->J/yn* (I Dunietz, Phys. Lett. B 316, 561 (1993))
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Summary and Outlook

» Tevatron has rich program for CP violation studies , many
measurement are 1st and most precise

> All the analysis presented in this talk used data sets of up to 2.8 fb-1.
We are expecting updated results with twice as much data.

» Measurement of CP violation phase, ¢, provides direct window for
New Physics search, updated measurement and combination will be
interesting

> Search for direct CP violation in B, sector can also show new
physics hint with more precise measurement

» Tevatron is expected to deliver 6 fb-!' by 2009, more than 4.5 fb-1 is
available for analyses, more results soon, stay tuned!
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Additional Slides



Angular Distribution

B, > V1 +V2(J/y+¢) ie. Spin 0 > 1+1 L=0,1,2
L = 0 and 2 corresponds to CP even; L=1 CP odd
Angular distribution can be written in helicity basis , BUT generally
Transversity basis is used to write angular distribution , where polar
coordinates are defined in “J/y rest frame” and “¢ rest frame”
d’T |B)(t) — J/¥(— ptp7)p(— KTK™)|
X
dcosf dy dcosy

J / R/
0’0 0’0 0’0

2 cos” (1 — sin” @ cos® @) |Ag(t) \
+ sin®9(1 — sin® @ sin® ) A (t)°
+ sin®4sin® 6 [AL(t)?
Y 1 . . . #
b rest frame ) 1 Esm 21) sin® @ sin 2¢ Re(|Aj(t)||A)(t)])
JF 1 . .
.“"/q) L . Esm 2¢psin20cosp  Im(|Ay(t)||AL(t)])

— sin®sin 20 sin ¢ IT”»UAH“)HAJ_“)DJ

sspniidwy
uoljeziie|od
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Polarization Amplitudes

hep-ph/9804253 & hep-ph/0012219

Ao(®)]? = |A0(0)|2 [T, + e Tsing, sin(AM.t)
@) = |40 [T, e Sn(AMD] £l - vt
1A% = |A)(0)? |T: + e T'sing,s sin(AM,t)
) _ T_:%{(1—cos¢5)e‘rﬂt+(1+cos¢3)e‘rfft}
1AL (0)>2 = |AL(0)? [T_ + e Ttsin ¢, sin(AMSt)]
Re(AL(E)A| (t)) = |Aoc(0)||A)(0)|cos(dz — &1) |:T_|_ 4+ Tt sin ¢s sin(AMst)}
Im(AL(t) AL (t)) = |Ao(0)|]-AL (0)] [ e Tt ( 4+ sin 82 cos(AM,t) T cos bz sin(A M,t) cos ¢ps) 7% (e—FH* . e—FLf) sin ¢ coség]
Im(AG(£)AL(t)) = |A)(0)||AL(0)] [ e~ Tt ( 4 sin 81 cos(AMat) = cos 81 sin(A Mat) cos ¢s) — % (e—FHf L e—l“r-t) sin ¢ cos 51]

Upper sign corresponds to: Time evolution of pure B.? - J/y ¢ at t=0

Lower sign corresponds to: Time evolution of pure B.? > J/y ¢ at t=0

v T > average decay width of two physical eigenstates
v'§, 6, 2 CP-conserving strong phase ; ~ || and 0
v'Ay(0), A/ (0) >CP-even linear polarization amplitude at t=0
v'A,(0) >CP-odd linear polarization amplitude at t=0 20



Constraining strong phases

Under flavor SU(3) symmetry , strong phases and amplitudes are
expected to be similar for B;>J/y¢ & B ;2> J/yK*

arXiv:0808.3761v5 [hep-ph] , Michael Gronau, Jonathan L. Rosnher

o, and o, have 2-fold ambiguity , the one with cos(9,)<0 is disfavored
theoretically and experimentally, see hep-ex 0607081 (p8)

“The relative strong phases are known to have a two-fold ambiguity when
measured in an angular analysis alone. In contrast with earlier publications [1, 2, 5] we use
here the set of phases predicted by Suzuki [15] using arguments based on the conservation

of the s quark helicity in the decay of the b quark. We have confirmed experimentally this

prediction by the study of the variation with K1t invariant mass of the phase deference
between the K.(892) amplitude and a non-resonant K1t S-wave amplitude [3].”

[1 5] M. Suzuki, “Large violation of s-quark helicity conservation in B - J/psi K*,” Phys. Rev. D 64, 117503 (2001).
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Amplitude Scan

Scan AM,, for each value find p*“~ (12 cos (4m |- kt) A)
Ato,

| B, Amplitude - D@ Runll Preliminary|

Amplitude |,

o Runlla+Runllb (B,—sDuv X
Tjdata + 1.645 G (stat.) (Bs—Dguv, X)

Tjdata + 1.645
g SINIE PO

If sam p le f requency is AM s O"W-ausm...diﬂh“_“ﬂiﬂﬁ*mtmui ﬂm{H{H{ ] I“

amplitude A =1 3

-3 - -1
E .¢. sensitivity: 24.4ps._ (stat. onl
-4F - sensitivit¥: 23.855 ! {stat.+syg2.)

SsEc o L 0
0 5 10 15 20 25 0

Othel‘Wise ﬂ =0 Am, (ps)
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From QCD

Weak deca constant
Grming My f5 B, 'y

M,,=- 702 \%m /?nW)( ﬂ;-)
N

2 Bag parameter

. GrmIng My f, By
ru_ ST [( Iq V)

+ V:thbV;chb O(£§)+ (V:chb)ZO(mg) ]
nty iy

L
unc:rrt%?nty 1 EO(HLE) 0 = agr( ) O( 2)
cancels out M, m,

AM=~2|M || | Al = 2|T",,| cosd,,
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