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Outline
= B, mixing
1 First measurement of
sin2p. at TeVatron

o Other B, mixing phase
related measurement

4 Outlook
= More B, physics topics




Flzvor rrldrlg

= Havor eigenstate # Hamiltonian eigenstate
1 transition between meson and anti-meson exists

= Simplified Schroedinger equation describing mixing and decay
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= The mass and lifetime eigenstates (with I"',,/M,, <<1)
|B,>=p|B; >+q|B; > am=m,-m =2|m},

|By >=p|B;>-q|B)> ar,-t1,-T,= 2|rf2|Re(M12) 2|13 | cos(p,)

12

M, and I';, are the focus of CDF & D@ experiments in the B, system
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1Y, | 2irid A,

= Oscillation observed at CDF in 2006 ¢ ¥£— 10l
with 1fb? of data 8 20f
= Amg known with great precision: g o
5
Am, =17.77 +0.10(stat) + 0.07 ps™ of
-5
Mal_ 02060+ 0.0007(exp) 2% (theor) 1ot , 50
|VtS| '205‘ B S T R T R ‘_35
s Comparision with SM prediction am, [ps']

limited by lattice QCD uncertainty!

—F “% s 3o significance (stat. only)
; » stat error only : Obtained at Dg (24 fb_l)

i 10—//\X E ; total error -
@S’, SR TR I s D@ note 5618:

0;_ : _______ : il _; Ams _ 1853i OQO(Sta'[) + OBO(WSt) ps-l

T o . [ S AR——

| T
=

C A

nL{min) = -4.08

s Consistent with CDF result

TOL Ay 2 1859 T 0.03(stat) F 0.30(systy st
i B . O
Am, (ps™)
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*|n the Wolfenstain Parametrization (expanding

Wrizit zioout MLdric J Orlzlse?

*In the SM phase of the mixing amplitude
connected to the phase of CKM elements:
@, =arg(VthVis*)?

in terms of A=sin(6,)~0.23 to O(1°)

VCKM =}

* 11 responsible for CP Violation = 1 #0
implies CPV
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Suppressed CPV

— Standard Model does not predict values for CKM elements:

= CKM hyerarchy implies small CP violation in B mixing

L.Rescigno - CERN Trieory Instiidie

o =] [ |
Z__&\....

d Vi, W b
b WV s

=31

w,c,t BS
W b

d S b




B determines CP violation in interference of
00) 3.0 mixing and decay in b—>ccs B, transition

B, Unitarity Triangle

\{Js\f Vs\éb-l_ Vs\{b =(

%
'd 7* f
Vv VsV © "
s ub VeV, Ry \YAY/
A B S ag -—=% ~0.02 rad
> ® Vcsvcb

(0,0) (1,0)

B, determines CP violation in B, case

= Triangle not closing or large B, would signal NP
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Navy Privsics

*New Physics could likely contribute to
AB=2 transitions

* CKM fit including Ams/Amd
(unfortunately) very successful

«But the picture is not complete until also
the phase has been constrained

Irl B. rrilArg

J

=

1

0.5

1 0.5 0 05 1

» Phase of the mixing amplitude is

poorly determined

» Both are needed to constrain New Physics:

My, = [ My, |eiFM =| My, |e_i283

Large value of CP Violation phase @,,

IS a clear sign of New Physics!
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New Privsics In 8. Mg

S
If New Physics present in mixing amplitude:
c F=FM+FP~FIF | [®M ~0.004 rad]

* Phase @, can be measured directly using charge asymmetry in
B, semileptonic decays or through A’y measurement

CP violation phase B, Is also expected to be small in the Standard Model:

Vis Vi
R, = arg [Vts—tb} 0.02 rad

es *=cb

Same New Physics phasg® would add to B,= 2R, = zr_z,gM 2 F'Q'P

« if NP dominates My = My, | €™ = M, [e™S = [M, [e"S
= | arge CP Vi phase in B, » J¥ @ decay is unequivocal sign of
physics beyond the Standard Model

NB: CDF and D& use different notations 23 (CDF) = -¢(D9)
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CP violzitirlg tirne deoeriderice

Looking for CP violation in

interference of decay with/without 5’ J/WKg  Bg J/P
mixing \ / \ /
4 sin2p analog NB” B!/
= sin(ZB) = sin(ZBs)

Contrary to the sin2p case B, mixes
much faster - cannot fit the

asymmetry directly 214 ey cmon
1'2_ —— dN(B./dt [ZBE=0.8)
“Signal” appears as a time and CP ya _ Taggedas B, D01
dependent modulation of the _
exponential decay 0.8
4 In the SM the modulation is 0.6
extremely tiny, the figure is
exagerated 0.4
Imperfect Tagging and 02
experimental resolution on proer RTTRIRA AN LAY

0 05 1 1.5 2 25 3 35 4 45 5
T (ps)

time makes life very hard

1 (typical dilution and no proper time
smearing here)

JI¥¢ is a mixture of CP eigenstate - need to be statistically separated
through angular analysis
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Trie Tavartror

pp collisions at 1.96 TeV

* Excellent Performance

» Peak Initial Luminosity recent record: 3.15

X 1032¢cm=2st!

» Challenge for Detectors, Triggers and

E;l_l

[ =]

=
T

Total Lumin
=
=
o=

Reconstructions
Year2002 2003 2004 2005 2006 2007 2008
= Monthll 4 7 l()l 1 4 TII()l 4 7 1.4 7101 7%01410
f._;soo—
-
w=3000 |
2

Delivered
To tape

1000 2000 3000 4000 5000
Store Number
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J'—'-«l. MAIN INJECTOR
* RECYCLER ‘\\
TEVATRON '
...;..-"' —
| DZERO % TARGET HALL
\ ALY ANTIPROTON
\..._‘ SOURCE
CDF
R / "'“ BOOSTER
*J'."_ ,,___E;/” /'/ LINAC
COCKCROFT-WALTON
g e
PROTON _——2 .~
~— -"’-, ‘:.:,,
NEUTRINQ_—~——_~_~" MESON

» Tevatron detectors are the only
one to have currently access to
sizeable numbers of B, mesons

e The analyses presented in this
talk span from 1.35 to 2.8 fb

» Currently on tape >3 fb-?

@



Teveartrorn Dertecrors

| | \ he ]

| \ Time of Flight

| | Central Quter Tracker

| Silicon Vertex Detector
Intermediate Silicon

New LOO installed ir) 2008

> Solenold: 27T, weakly raversed golarity
_
-

9

scellent Calorirmetry and electron 1D
* Triggered Muon Coverage lnl<.2.2

Tracrer: - Sllicon Veriex Detecior
- Drift Champers
- Excellent Momentum Resolution
> Particle ID: TOFE ziid cl=/clx
> Triggerad Muor Coverage |r <L

T e n=1

L Muon Scintillators | s
]

i Muon Chambers

i -

N e =

i B2
L — "’-.- | m
B | :

e S S ) S S (S L T, S| 1 |

- - g 5 10
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ArzlVsls rloy

.|.
1 Reconstruct decays from stable products B JV
B, > J/W¥[u'p] ®KK] i
By — J/[utp] KO[K*n] (control sample) ¢K‘
Jet charge . K'i-
oscillations K

lepton

5. Perform maximum likelihood fit:
| | : ]/ W rest frame

O rest frame

WL Fescigno - CERIN Theory Insiite



Trigger/Slgnal selectior

= Trivial (?) trigger:

1 Dimuons with invariant mass -

cuts around J¥ mass:

= P,>1.5GeV at low
Iummosﬂy

a Increasingly restrictive at
higher luminosity
4 Significant bandwidth needed
at high lumi (2E32 cm2s1)

= 5 KHz (L1), 100 Hz (L2), 10
Hz (3)

candidates per 0.010

= Offline selection:

1 CDF:. Neural Network
selection

M signal
— Background

) 0.2 0.4 0.5 0.8 1
MM output
NN Variables:

B.: pr and vertex quality

J/¥: p; and vertex quality

F: mass and vertex quality

1 D@: cut based selection K*/K-: pr and PID (TOF, dE/dx)
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CDF Run Il Preliminary, L = 1.35 5"

S/B~2
o |

D 200 ~ data

=

o

o

o

o

4

-Ei 100

T

S . i

0 | | % | | | | | | | | | I§| |

53 535 54 545
Mass(J/w 0) (GeV/c?)

Signal Candidates:

«~2000in 1.35 fb! (Tagged analysis)
«~2500 in 1.7 fb! (Untagged analysis)
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* Data | S/B~0.5
I — Total Fif
,, —Prompt Bkg

[y
o
(=]

100

||f}|

ofF
onf

52 5.3 54 55 56 57 5.8
Mass (GeV)

Signal Candidates:

«~2000in 2.8 fb'! (Tagged analysis)

@



P— V) decay rat

(D

d*P(t, W)
dtdw

_I_

_|_

_I_

AJ_
A
A

oc Ay | T, f,(W)+ | A ’ T, f,(W)

°T fa(W)+| A}| | A U, (W)
A, [cos(d)T, f5(W)

AL |V+ 1:6 (\TV)

CP conserving strong

ERES

dy = arg( Ay Ay)
d, =arg( Al A)

- Decay rate is a function of time, decay angles W= (0+,F +,y) , initial B,
flavor and parameters AT, [

« B, decays into admixture of CP eigenstates (L=0,2 CP even; L=1 CP odd);
3 independent decay amplitude

Using transverse polarization basis: A,, A, CP even ; A, CP odd

> Interference terms allow sensitivity to CP violation in untagged (or

poorly tagged) sample

- f. (I=1,...,6) encode the different angular distributions

L.Rescigno - CERN Trieory Instiidie
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P—\\ decay rate(I)

d*P(t, W) ) _ ) _ :
—= o« A [T L (W)+ [ A 7T, f,(W) CP conserving strong
dtaw A phases
+|AFT fa(W)+ | Al AL U, f,(W) d, = arg( . )
1 A Il Ay | cos(c) T, f5() ” %1%
d, =ag( A A)

+ Ay [ ATV, Te(W)

T. = e x [cosh( AG/2) F cos(28,)sinh(AG/ 2)] | Tarms with Am, dependence
T nsin(26;)sin(Amgt) n= + 1(-1)for P(P)| fiip sign with initial B, flavor

UFe a1 [sin(d, - d,) cos(Amy) Disappear summing B.+B,
- cos(d, -d,)cos(23,)sin(Amdt) (untagged strategy)
+cos(d, -d;)sin(23,)sinh(ATt/2)]
o _ Sensitivity to |Sin(2f,)| remain in
V, =+e™ x [ sin(d,)cos(Am) CP,,., -CP,,, interference terms
- cos(d, ) cos(213,) sin(Amct) in triple differential decay rate

+cos(d, )sin(23,)sinh(AG / 2)]

=
1
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Arlgular accegtarice

*Monte Carlo used to determine acceptance in transversity angles, two
different approaches attempted: a) fitting to analytical model b) binned

acceptance. Obtained equivalent results.

Data Fit Projections Acceptance

100 2L + F o, X0

2' ;—’——l—‘m_ﬁ_‘—\_ 5100W 'e.wa__;,_,_,_.—-—'—ﬁﬁ_‘_,—:—"‘—\_‘_\_‘;
g | Eor g T

g o g 80| g 80|

g 3 gl

g so- g 60— 8 5":—

40; 40__ 40;

20, 20 20/
u_\lllwll‘lll‘\l\‘l\\‘ll\ll\lll\\l\\ll\\\ 07|\\\\|\|||||\|\‘|\\|‘|||||\|\\I c_wuw\uw.\..wlw.w\...\..w\w.w\...\..wlw..
1 08 06 -04 02 0 02 04 06 08 1 3 2 ] 0 1 2 3 -1 08 06 -04 02 0 02 04 06 08 1

cosy [ cosf
P -1
CDF Il Preliminary L-1.7 b CDF Il Preliminary L=1.7 fb" = gooraroreliminary L=1.71b

p . i = . . o I+ Data —Signal
E 700} Dlata Signal S F Dlata —Signal 5 F_Fit CP-even
b} - —Fit CP-even o 700 —Fit CP-even o 700 Back d --CP-odd
g Background ~ -~CP-odd 2 b Background  —CP-odd E ackgroun
n 600 Q ook
2 f o OVFL
© I ] I
T 500f + t T 500}, +
2 + + 3 | +
& 400 S 400f

I O I
300}~ 300
200} 200F
100F - 100f~ - e
r ““I ..... 07‘ ----- i i “.I ‘ - .,‘ ,,,,, - - ‘ rrrrr ‘
q 0 0.5 0.0 0.5 1.0 2 0 2
cos(6) 0
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Polarization in B,—J/ PP

» Acceptance corrected fit projections validates treatment of detector acceptance!

K P -1 -
CDF Run i Preliminary  L=13 " CDF Run Il Preliminary L =1.3fb CDF Run Il Preliminary ~ L=1.310"

Candidates per 0.1

|

S N

Candidates per 7/10
o g g g
oS P §

| E
L 2 8
- F

Candidates per 0.1

wwwwwwwwwwwwwwwwwwww

Results for B — J/'¥ K© in good agreement with BaBar, competitive uncertainties!

CDF
www-cdf.fnal.gov/physics/new/bottom/070830.blessed-BdPsiKS Phys. Rev. D 76, 031102 (2007)

ct =456+ 6 (stat) + 6 (syst) um

| A (0) P=0.569+ 0.009 (stat) +0.009 (syst) | [EaYQURISEECEACENC L YEIVNNEEY
| A(0) F=0.211+0.012 (stat) +0.006 (syst) " [Eal QN GAErANEIUUIRCEYEJVVICRETEY
d =-2.96+0.08 (stat) +0.03 (syst) d, =-2.93+0.08 (stat) £ 0.04 (syst)

d, =+2.97+0.06 (stat) + 0.01 (syst) d, =+2.96+0.05 (stat) + 0.03 (syst)

L.Rescigno - CERN Trieory Instiidie 17




B, dverage lifetirme (B.=0 case)

CDF Il Preliminary L=1.7 fb" i ' D@ ,1.1 b’ Bg —->Jdhy¢ « Data
%_ i + Data 3103 = Mass 5.26 - 5.46 GeV — Total Fit
0 10°h — Fit « N e Total Signal
- : — Signal o v CP
e Background pelia "avel
o i g £ J.N 000w CP-odd o
Q 2 ©
"C_U' 1 0 F T J | { Y
o r '.a -.-‘ b 3%
3 €10 # ‘ &
c | ] E ‘ R/ * -
@ ; O o I‘;\ ) * =X
© o EE e MY 2
E I 1 - | . ,i g Q !ii Iy %
=i ||'lIIH =
ii 101 |||||||||||||||“|LH Jhi& g
-0. 1 0 05 0 005 01 015 0 2 025 03

ct (cm)
t, = 1.52+ 0.08(stat )’y (Syst) ps
AG = 0.127 % (stat )+ 0.02(syst) ps™

World Best 47, 7, PRL 100, 121803 (2008) Superseeded by recent 2.8 fb'1 result:
ty = 1.52+ 0.04(stat )+ 0.02(syst) ps t,=1.53+0.06(stat) + 0.01(syst) ps
AGS = 0.08 £ 0.06(stat )£ 0.01(syst) ps 1 AGS —0.14+ 007(Stat)f88$(syst) pS-l

Nicely consistent with t4(PDG) = 1.530+ 0.009 ps

M.FRescligno - CERN Trigory Institie 1
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Uritziggecd 1/ result (B0 case)

Symmetry in the likelihood 4-fold ambiquity

guotes a point estimate:

— | F,= -2, = -0.79 = 0.56 (stat)' 5" (syst) rad
—|AG, = 0.17 + 0.09 (stat )+ 0.02 (syst) ps™

observes irregular likelihood and biases in fit
— Feldman-Cousins confidence region: SM probability p,,,.=22% (1.20)

PRL 100, 121803 (2008) [arXiv:0712.2348] PRL 98, 121801 (2007)
A N 0.5 .
2 06 ngg’:ce region: 4 standard model 3045 DG ,1.1 b’
N % [ New physics models E 3
3 odf 95" | :0_35_l B2 Jiy ¢
i 7 0'2;_ I‘ [
005 ®
B -0.1;—
-0.2 : _0_2;_ n n
-0.4f -0.32_ - ALog(L)=1/2 (39% CL) — SM
o ST
] 2B, ™5 4 3 2 4 0 1 2

¢S (radlans)
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Iritroducirlg of Flavor tagdinc

*Tagging improves sensitivity to CP violation phase 3,
(provided oscillation can be resolved)

» Removes two of the 4-fold ambiguity

* Still two exact mirror solution due to strong phase

ambiguity remain

Likelihood: with tagging, gain sensitivity to v.8
poth |cos(2b,)| and sin(2b,), rather than %, 0.6
onlly |cos(2b,)] zirnid |sin(20,)] (note cosoluie f'f 0.4
vellle <

) 0.2
- B < =B, no longer a symmetry thanks to 0.0
sin(Am.t) terms: e
= 4-fold ambiguity reduced to 2-fold 04
-0.6

-0.8™
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23, > p-203,
AG, = -AG,
d —»>p-d;

2B,-Al' likelihood profile
from a single pseudo-exp

__ Untagged

- Tagged

L

2AInL = 2.31 (68% CL)

2AInL = 5.99 (95% CL)
L ‘ L L L | L L

g

-2 0




Flzivor Tagdirng

Opposite Side Tagaging

» Soft Lepton Taggers
» Jet Charge Tagger

OST's perform identically in B, 4 ¢:
Calibrated.in_high statistics B*/B° data

 Combined Performance:

v Efficiency: £¢=0.96 £ 0.01
v Average Dilution: D= 0.11 + 0.02

arme Side Kaon Tagaging

U

Most powerful tagger available:

v'2-3 times more effective than combined OST

SSKT is different for B®, B* and B.:

SST needs to rely on MC simulation OST and SST combined independently
Overall eD?~ 4%

* Performance:

v Efficiency: e¢=0.50+0.01 D@ performance similar D~
v Average Dilution: D=0.27+0.04 |51 .1
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CDr res

~

PRL 100, 161802 (2008)
arXiv:0712.2397 [hep-ex]

Perform an unbinned maximum likelihood fit to mass, ct and angles: 27 parameters total !

*Symmetries of the problem and low statistics means the likelihood contour does not
have the correct coverage.
* Quoted confidence region is based on a modified Feldman Cousin profile-likelihood

ratio ordering with inclusion of systematic uncertainties.

Stancdearc Mocel

arXiv:hep-ph/0612167

AT’ .=0.096 + 0.039 ps!
2B, = 0.04 + 0.01 rad

Standard Model p, e
= 15% (1.50)

0.6

£ 04

gxpecitions: \'a\

0.2

0.0
0.2
-0.4
0.6
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CDF Run Il Preliminary

L=1.35fb"

-+ SM prediction
— 68% C.L.
— 95% C.L.

strong phases ambiguity:
cos(d,) <0

v

Favored by factorization
and B, analog

~|cos(d,) >0
cos(d, -d,)<0

N
N




&) Cornfiderice Padlorl Coristruction

R(A Y= 1o L(AG,, 5s,0) 1.07
GE’/BS - g N re—y -
L(AG,, 5..0") £
o YO
A = parameters that maximize likelihood L ‘*'_5' i
0’ = nuisance parameters which maximize & 0'6:
L for a specific choice of Al',3, = -
oy 0.4
Use pseudo—experiments to calculate: % i
- = 0.2 1.
Praive = If (RAG,, S)dR i N
Rdata 00—l e — T
=5 0 5 10 15
Guarantees the frequentistic coverage of Log-"LikeIihood Ratio
the quoted CL :................................:..'.....: ................ ................. .:
Takes into account non-asymptotic Include systematics via an additional
behaviour of likelihood, i.e. log(L) non-  |; COverage adjustment varying nuisance
parabolic, and possibility of large : parameters within Sc of their
fluctuation of likelihood shape from : uncertainties and choosing worst case
experiment-to-experiment : (higher P-value) to define the confidence :
: regions :

]\/I r{g‘){;JJrJO CEJ'—_QI\I r?J‘_‘Or/ Jﬂ [.‘Trrlp‘_\ ooooooooooooooooooooooooooooooooooooooooooo 23....-...:



Addirig Inforrnzition/Trieory

AT, Is theoretically constrained:

sInput A", = 2|";,|cosd, ~ 2|I";,|cos(2[3,):
[l",,=0.048+0.018 - Nierste, Lenz, hep-ph/0612167]

CDF Run Il Preliminary L =.1'35 fb”

o 06__ — 68% C.L.

‘0 [ — 95%C.L.
-9: 0.4__ —+— SM prediction
I'_‘ L

AT, = AT cos(2B,)

-1 0 1
B, (rad)

2B, in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.

M.FRescligno - CERN Trigory Institie



Aclding Inforrrztior)/Lifetme ard

strong onase ¢ onscra]nts

= Contraint = Constraint strong = Both
=14+ 1% phase to B> Jwy K*

CDF Run Il Preliminary _L=135 b’ CDF Run Il Preliminary L=135f" CDF Run Il Preliminary L=135f"
— 0.6 — 2ai0g(L) = 5.99 — 0.6 — 2al0q) =599 — 0.6 — 2al0q) =599
3 [ — 2alog(L)=2.30 'n [ — 2alog(l)=230 'n [ — 2alog(l)=230
= 0.4 - swmprediction £ 0.4 — s predgiction £ 0.4 — s predgiction
3 o 2 oa 2 02,
0.2 0.2 0.2
;}_ ------------------------- = =
R T e
0.2F 0.21 0.21
[ constrain t to PDG 8™ [ constrain strong phases BaBar: [ constrain 1, strong phases:
-0.4 v 2a00g(L) = 5.99 0.4 - 25000 = 5.99 0.4 - 25000 = 5.99
[ == 2alog(L) = 2.30 e 24l0g(L) = 2.30 e 24log(L) = 2.30
-0.61 | | N 0.6 3 0.6~ ;
L PSR I T SR TR S N T TR T R S S PSR I T SR TR S N T TR T R S S
-1 0 1 -1 0 1 -1 0 1
B, (rad) B, (rad) B, (rad)

s Largest effect on AI', ,and near B.=n/4 ,likelihood near B.=0 not
very sensitive (too bad)

203, 1n [0.40, 1.20] at 68% C.L _C')_ —ch— 2B,

N
1
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i

*DY: ~2000 B events with 2.8 fb-!

D7) Past|t

arXiv: 0802.2255 [hep-eX]

» Assume strong phase as measured in B;=>J/'PK* decays

«Combined Tagging Power = ¢D? = (4.68 = 0.54)%

t,=1.52+ 0.06 (stat)+ 0.01 (syst) ps

(NEW)

EIT inputs:
Am, fixed to 17.77 ps

Gaussian constraint on Strong phases:

8y~8y=:0.46 £ (/5)
5,=+2.92 =+ (n/5)

_ 0.02 1
AG = 0.19+ 0.07 (stat)’y ;" (syst) ps
= i 0.24 0.07
0.4 -
Standard Model g . (@) D? &8 10
expectations: ;Z"’ ; " B;—>Jiyo
(arXiv:hep-ph/0612167) 0'2;_ AM, =17.77 ps
=-0.04+001rad °% N
-0
Standard Model p,, e = 01

6.6%

_o.gé_l_l_l_l_l_l_l_

90% C.L. contours:

-1.20 < 23, < 0.06 rad
0.06 < AG, < 0.30 ps™

-1.5

W.r<esClyry -

1 15
¢S(rad|an)
= N AT B B ST OV ST k=






