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Topics
s B, mixing
4 First measurement of
sin2f, at TeVatron

o Other B, mixing phase
related measurement

4 Outlook
s More B, physics
4 Direct CP violation
4 Semileptonic asymmetry




» Peak Initial Luminosity recent record: 3.15
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Excellent Performance
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» The analyses presented in this
talk span from 1.35 to 2.8 fb-’

 Currently on tape >3.5 fb-’

* Plan to accumulate up 6 fb-" in
2009, 8 fb-! possible if 2010
extension approved

x4 — x5 current dataset
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[2veairon vs ((45) vs ((59)
sef fY(4S) clsorat aama
. 30| 2Mgs
3 | ol Y(55) )
5 : Y v |
:;? x 26 -" % H i
py (GeVic) |0i5 | |ofaw[ﬁ;w |!|.0 l LIE =
Cross section of O (pb) in s Cross section of O (nb)
typical detector acceptance = Pair produce (correlated) only
Pair produce (uncorrelated) all B.s» B only at Y(55)

sort of b-hadrons (B, ¢, B, B, = & Small and fixed Lorentz Boost:

A,..)

By=0.425 (Belle/ KEK-B)

Significant Lorentz Boost: s PBxtra clean enivronment and

<py>=PR/M,~2

dedicated detectors

Hadronic enivronment :

6(PP)io=60 mb

Multi purpose detector
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Tevarrorn Detectors

Tracier: - Silicon Vertex Detegcior
- Drift Criamoers
- Excellent Momentum Resolution
- Particle ID: TOF and d=/clx
> Muon Coverage (Trigger) |n]<-
- Displaced vertex trigger (SVT)

| (- E'l='3 n=1
\ L [m -t
|  Time of Flight i) Muon Scintillators | =
| Central Quter Tracker —_—
[ Silicon Vertex Detector 51— Muon Chambers
Intermediate Silicon # x * 0
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Triggeririg zt collidear

s Cannot over-enphasize

= Physics analysis at colliders start from triggering
the data!

= B-physics program at CDF/ Tevatron practically
run off the:
1 Displaced track trigger
s Track reconstruction at Level1

= Silicon Vertex Tracker at Level2
= Kinematic selection - select hadronic B-decays

1 Di-muon trigger
= Two identified muon identified at L1/L2/L3
= Select inculusive bbbar events and events with J/psi

Wl.Rescigrio - CPT@ICTR 7/5/08
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Dirritor Triggers

s CDF: |_Di-Muon Mass | CDF Preliminary: ~360pb”
o di-muon triggered © ] o wisam T
3 ; ; ; Si
data ] — B2Vyo Rare B
4 Two rapidity 10° - SL 3537;,1
ranges: CMU { op,
Inl<0.6, CMX0.6 .- W\
< |m| <1 i1 1 Y(1S): 18K
Jpw>150r o1 | 1 I I T — Y(25): 36K
2.0 GeV/c
b"/'"4"'%"'8'_"1'0"'1'2
. D@: ‘ Di-Muon Mass(GeV)
B->uuh search region

4 Similar thresholds
1 Greater rapidity acceptance
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Silicon-Vertex [racker

= Triggering on displaced vertex at CDF S a0l gy e 1 35HmM@33pm
using SVT, main novelty in Run 11, the T o0 resolpbeam
hall-mark of CDF Run |l physics program: fg:mooof— = o~47um
1 Discovery of B, mixing £ 12000
. Charmless decays ok
1 Zg discovery 0ok
s The necessary tool to get fully 4000
reconstructed decays hadronic b decays 2000
useful for mixing (and other good stuff...) Q0G0 3000 200 . #530 ('ur'sslno
Secondary, Main Trigger requires:
Vertex 2 opposite charge tracks,
Decay Length."‘_;': B Pt 22 tGeV/ C 4> 120
g impact parameter |d,| > m
_ L)?f"“ :,:'": Pr(B) 2 5 GeV chlarli sum > 5.5 0GeV/c M
52::;3":; .-":: L, > 450pum Projected decay length LXy >200 um
/? 2° < Ad <90°

Add a dynamically prescaled LOWPT
no opposite charge and no Pt sum to fill available
bandwidth at low luminosity

d = impact parameter

trigger with
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Differerit Tyoes of CP violztior)

= All three types of CP violation can be tested at
Tevatron:
1 Direct CP violation in beauty (and charm!) decays

2 CP violation through interference of mixing and
decays in B.>J vy ¢
2 CP violation in mixing (semileptonic asymmetry)

s Highlight result for the B, sector in the following
(but By, result are as good or better than at B-
factories for several channels)
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Diract CP viglatior)
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Figure 1: Tree and penguin topologies contributing to the U-spin-related Bj — 7¥n—,
B? -~ K*K~ and B} — n~K*, BY — 7+ K~ decays (q,q € {d, s}).

Tree — Penguin amplitudes may generate sizeable direct
CP violation

Sensitive to CKM angle y

Theory predictions uncertain (strong phases)
Useful combining B, and B, to test/use flavour
symmetries (U-spin, SU(3) etc. )
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S
Large signal selected through the
displaced track trigger

SJgerposition of By=>Kn, By>nn,
B.oKK B,2Kr + Ay (pn/K)

Need rmultidimensional unbinned
likelihood fit to kinematics + dE/dx

information to disentangle various
component

Signal yield and resolution comparable
go tB-)factories (with 1 fb-? of Tevatron
ata

High precision measurement:

. CPVinBy>Kn A.=-0.086+0.023+0.006
(4050 ev.)

Compare to:

| Babar A,=-0.107:0.018 +0.007 -0.004
(4400 ev.)

1 Belle A.=-0.086+0.018+0.008 (4100 ev.)
Systematics/detector asymmetries kept

under control using also huge samples
of kinematically similar D°>hh’ decays

By.~>hN S

gjrizl
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Direct CP violetior In B, decays

2

CDF Run Il Preliminary L =1 fb™

*With 1fb-? first observation of B, Krn mode:

R
S
T Iml

N(B' — Kp")=230+34 (stat) 16 (syst) [8s signif]

- BB’ 5K o
800 s K
C [ ]background

Candidates per 0.04
S
o
i

*First measurement of direct CP violation:
_ NB’—>K'p)-N(B'>Kp") 600

ACP — =0 my 0 . -
N(BS—)KP)-I-N(BS—)KP) wow
A, (B> Kp)=039+0.15 (star) £0.08 (syst) 20 .
B 5 03 0 s e 6T ba0e

> A is 2.5¢ different from O Probability ratio A (B[ - K'r')
» Compatible with expectation [H.J.Lipkin, Phys. Lett. B 621, 126 (2005)]

AB, — 7 K)P — |A(B, — 7= K*)P = [A(By — 7 K7)? — |A(By — = K*)]

Acp (Eso —->K'p)=—A4 (Ec? —>K'p*)-

BR(B) > K'p') g
D0 +

BR(B} >K'p) 7,

WL.Rescigno - CPT@ICTR 7/5/08 111
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Candidates per 20.00 Mev/c?

Candidates per 30.00 Mev/c?

A — 0r) results

| Fmoaasme COTRunLmImney L, = Observation of charmless A, decays:
700 T BR(A,? —pK) = (5.0 £ 0.7 + 1.0) x 10-©
600 s KK BR(A,% —prt)= (3.1 £ 0.6 + 0.7) x 10-6
500; BE% T (Assuming PDG value fy 0 0n/Tq=0.25 = 0.04)
400 gg:’);ﬁﬁ Predicted:
300 Bl A pr+ce BR(A ﬂ_}pK) =2 % 10-6

E [ Ea “+cc b
2000k Blicg Phys BR(A,? —pTt )= 1 x 10-6
100; : I Bkg Comb

5 53~ 54 .5 22w First hints of DCPV in barion decays (2c)?

Invariant tr-ma®dg [GeV/c?]

-1

<%/9  CDF Run ll Preliminary L =1 ACP (Ab AN pp) =0.03+0.17 (Sl‘al‘) +0.05 (SySf)

L]

350 :—\l # Data — Total
E Be- e B kK
300 o . . G,
! We o crvce et e Ap(A, = pK)=03710.17 (stat)=0.03 (sys?)
250:_ [ .A‘;—> p T+cc
2003— .At—’ pK+ce . Bkg Comb CDF Run Il Preliminary L =1 b CDF Run Il Preliminary L =1 b
1 .;, = 75200_—
150 C :
iy £250 i £180 i '
100f 8 2160
50 §200 * Data §140;— * Data
8 WA pr £120, WA - pK
53 5.4 5.5 58 3150 Bz - prt E100' W7, - pK'
Invariant tn-mass [GeV/c ® [ I:‘ E
O Other S 80F [ |other
100 B
O : 60
—~ 0 e T C E
q _2_ T— T 50 40r + +
-4! C 20
o T o i R B P L TP I
% 02 04 06 08 1 % 02 04 06 .08 1
Relative Likelihood Acp(‘\n—’ pr) Relative Likelihcod AGP(A — pK)

N>
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Lif=tirne and Ao B.— 14

=i

N CDF ha 1 300 BseKq-K_ events : CDF Run Il Preliminary L _=11b"

2

in 1fb o ::_: 1000l N
s Expect 25 pm in B.>K'K" g I — it g
lifetime determination (measure & ™} e,
TL|n W) -g 500} %Agapn-f%ﬁﬁf
s May reach O(30%) ACP,,, at 2 ol — [
the end Of Run Il O B Three-body B decays
Fleischer:0705.1121 [hep-ph]

51 5.2 5354 55 56 57 58
Invariant nn-mass[GeV/c?]

L B R BN R BN
0.8 +150°
0.6
0.4
0.2
o
02f
041
0.6F
08}

| | | | | | | | | | | | | | | | |
'1-1 08 06 04 02 0 02 04 06 08 1 1=

sin ¢

10° -

ALY (B, - KTK™)

10 |—

~ 5(CDF)

‘025

ct (cm)



Events / 10 MeV

DCPY

D+

By

= Significant number of B*< DK events
(this analysis ~ 120 B> DK events)

= Cabibbo sup

pressed D° decays (CP+)

firmly established: kinematics + PID
separation, resolution as Babar/Belle

Ace,
BABAR (arxiv:0708 1334) ! —— 035 £0.09+0.05
Belle (rrb 73,051106:2006)) -—E—.—' 0.06 £0.14+0.05
CDF Il | —8— (.37 £0.1420.04
Old AVG  (zabar-Belle) —— 0.26 £0.08
New AVG (BgbarBele<CDEy | | : - - I 028 £ 0.07
06 04 0.2 0 02 04 06

-0.1

Belle 90 ev. (b)
arxiv:0804.

0 0.1
AE (GeV)

CDF Run Il Preliminary L.

CDF Run Il Preliminary Lint=1 fb!

DS a CIDIE

y2 = 43/46

No 120_
E I l Negative charge:

100— X - (L
o ] B D n
w - 0 .-
E‘_ - :_ B ->D,K
> f J[ B —>D'rw
£ 60 combinatorial background
S
=3
L a0

20

+
0 L L M e 2 ™l
5.2 5.3 54 55 5.6
KKn mass [GeVic?]
— -1
a = 2.4 fb

i 15—

2063 %m_q'-_ CS events ~ 40 (expected)
'ézs } L =34 + 12 (fitted)
gz": x;."_ni-

D © mass [Gewvic)

CDF contributing to
“y" via GLW method,
now looking also for
double Cabibbo
suppressed D°
modes for ADS
method



Flaivor rrldrlg

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

= Simplified Schroedinger equation describing mixing and decay

0 0
ii 50 =(M—1F) i, (M“ Mlzj .(Fn ij
dt Bc(])(l‘) 2 B;) M, My) \1,, Iy

= The mass and lifetime eigenstates (with I",,/M,, <<1)

0 D0
| B, >=p|B,>+q|B, > Am,=my—m =2|M,|
|B,, >=p|B’>—q|B’> = 2| |Re(112)= 2|1
g-=P q Q| q AFqZFL_FH=_2|F12|R6(Mq)—2|F12|COS(¢S)
12

M,, and I',, are the focus of CDF & D@ experiments in the B, system

Wl.Rescigrio - CPT@ICTR 7/5/08 1.5



|| ariel Arrl,

2

s Oscillation observed at CDF in 2006 = ¥ 1o
with 1fb-! of data 8 b
s Am, known with great precision: EN3
5F
Am_ =17.77 +0.10(stat) £ 0.07 ps™ of
-5F
Vel ~ 02060 + 0.0007(exp) %! (theor) -t 5o
Is I S T R TS R R 35
s Comparision with SM prediction Am, [ps']
limited by lattice QCD uncertainty!
: e M"eﬁmﬁﬂ#ﬁrﬂ#—m = 3o significance (stat. only)
P §ciaome obtained at DG (2.4 fb-)
@ = D@ note 5618:
TN T 1 | Am,=18.53+0.90(stat) +0.30(syst) ps”
S | | = Consistent with CDF result
[ A, < 18153 0.93(stai) - 0.30(syst) ps

12 14 16 18 20 22 24 26 28 30
Amg (ps”)

Wl.Rescigrio - CPT@ICTR 7/5/08 16



Wrizit zaipout MLdrne J Orlelse?

°In the SM phase of the mixing amplitude o1 .,
connected to the phase of CKM elements: B Z‘ B
®,~arg(VtbVits*)?2 d \ Vi, W b
*In the Wolfenstain Parametrization (expanding b Wy &
in terms of A=sin(6,)~0.23 to O(A5) wet || BS
» 1) responsible for CP Violation = 1 0 W g
implies CPV _d b
Call e g u . :
1-502 -5 A ]
Vioee o RE i ;A2k5[1 20p+in)] 1 -;xz -lx4(1 + 4A%) +op°) ¢ m . i
1 1 1
AR = (1-=2D)(p -] || -AM+ =AM [1-2(p+ in)]| 1-=A%*
\L : : e t ]| « om .
Suppressed CPV

— Standard Model does not predict values for CKM elements:

= CKM hyerarchy implies small CP violation in B, mixing

Wl.Fescigrio - CRPT@ICTR 7/5/08
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Naw Privsics inl 5. rrildrlg

2

*New Physics could likely contribute to =
AB=2 transitions 1

* CKM fit including Ams/Amd

(unfortunately) very successful e

”ﬁ.

*But the picture is not complete until also 0
the phase has been constrained

* Phase of the mixing amplitude is
poorly determined

» Both are needed to constrain New Physics:

MSM

M, = [M,, |eiFM =|M,, |e_iZBS

Large value of CP Violation phase @,
M MNP is a clear sign of New Physics!

NB: CDF and D@ use different notations 2p3s(CDF) = -¢,(D9D)

W.Rescigno - CPT@ICTR 7/5/08 18
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B.—~J/Wy CP Violatirig Dacay Pate

CP violation in interference of o 0 o
decay with/without mixing inBs B’ J/¥Ky Bi——= J/¥0

decays to CP eigenstate final state \ / \ /
. sin2p analog ~B7 S By
= sin(2p) = sin(2p,)
Contrary to the sin2p case B, mixes

much faster - cannot show still
the asymmetry grafically

dN/dt
KN

— dN(B)dt (2B=0.8)

1.2 dN(B,/dt (25:0.8}
“Signal” appears as a time and CP ha  Tagged s 8, D01
dependent modulation of the |
exponential decay 08|

4 In the SM the modulation is 0.6]

extremely tiny, the figure is
exagerated 0.4

Imperfect Tagging and 02
experimental resolution on proper
time makes life very hard

4 (typical dilution but no proper time
smearing here)

JIV$ is a mixture of CP eigenstate < need to be statistically separated
through angular analysis

Wl.Fescigrio - CRPT@ICTR 7/5/08 19



Arialysis Flow

o B!
Jet charge

- /"
K

lepton

]/ rest frame

O rest frame

WL.Reselgno~ CPT@ICTP 7/5/08




CDF Run |l Preliminary, L = 1.35f8"

* Data | S/B~0.5

200

A
O
RS,
-
o
=
<
o
—
o
ol
0
2
©
e
©
-
o
>

S/B~2

- data

— Total Fit
— Prompt Bkg

300F i ¥t
: ++#H + P |..“I “l'!. 'rI! m
- 1141 41
100 200'_
el Le Lo Wi b1 [
7 100
O_I |&I 1 | | | | | | I&' 1 :IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII
53 5.35 54 545 %5 5.1 52 53 54 55 56 57 5.8

Mass(J/y ¢) (GeV/c®)

Signal Candidates:

*~2000 in 1.35 fb-! (Tagged analysis)

Signal Candidates:

*~2500 in 1.7 tb-! (Untagged analysis)

M. Rascic

oD

igrio - CPT@ICTR 7/5/08

Mass (GeV)

*~2000 in 2.8 fb-! (Tagged analysis)
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P—\\ cacay rete (1)

d*P(t,w)
dtdw

¥ — 9 4 CP conserving strong
% AO | T+f1(W)+ | A|| | T+f2 (W) phases

A PTA@GH 414,10, £,6) | TR
+| 4y || 4] cos(d)T, f() d, =arg(4, 4,)
+1 A4 | Ay 1V, S (9)

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

- 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
W.Rescigno - CPT@ICTR 7/5/08
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P—\\ cleczy reea(dl)

d*P(t,v 4 i
YRS STV WA CP conserving strong
ot phases

RS AV ETERURACR | = arg( 4 4,)

+[ 4, || 4 [ cos(d))T, fs(w) "
+| Ay || A, |V, f,(®) d, =arg(4,4,)

T, = ™ x [cosh( AGt/2)F cos(2B,)sinh( AG/2)] | Torms with o e
T nsin(28,)sin(Am t)n= + 1(-1) for P(P)| flip sign with initial B, flavor

U, =2e" x [sin(d, -d,)cos(Amt) Disappear summing B,+By
-cos(d, -d,)cos(2B;)sin(Am,z) (untagged strategy)
+cos(d, -d,)sin(2B,)sinh(Al'7/2)]

o . Sensitivity to |sin(2f,)| remain in

V, = e x [ sin(d,)cos(Am,) CP,,.. -CP_,q interference terms

-cos(d, )cos(28B, )sin(Am.t) in triple differential decay rate

* cos(d, )sin(2B, )sinh(AG#/ 2)]

N
(&%

Wl.Fescigrio - CRPT@ICTR 7/5/08



Candidates per 25 um

ol

B, average lifetime

CDF Il Preliminary L=1.7 b’

» Data
— Fit
— Signal
Background

—_
o
[
T T

World Best AI',, I, PRL 100, 121803 (2008)
t,=1.52+ 0.04(stat )+ 0.02(syst ) ps
AG, = 0.08 + 0.06(stat )+ 0.01(syst ) ps 1

Nicely consistent with t,(PDG) =

Wl.Rescigrio - CPT@ICTR 7/5/08

(B.=0 czse)

£ 4 no
-~ FD@,11fb Bs—-Jy¢ - Data
o10°: Mass 5.26 - 5.46 GeV _ Tota| Fit
i E .
; F e Total Signal
- GP-gven
%1025_ CP-eve
Q r
® [ %
:g i ET
B — ©
%105 &®
O F b
i e
(0]
1 o
F ’@
B o
: ! ! ; o
1071 il L i b X
01 005 0 005 01 015 02 025 03

ct (cm)
t, = 1.52+ 0.08(stat )’y 3 (syst) ps
AG, = 0.12° 2% (stat )+ 0.02(syst ) ps™
Superseeded by recent 2.8 fb-! result:

t. =1.53+0.06(stat) £0.01(syst) ps
AG, =0.14+0.07(stat) 'y o5 (syst) ps™

1.530+ 0.009 ps

N>
EIsN




(L

Uritaiggad I/ result (B0 cas

)

Symmetry in the likelihood 4-fold ambiguity

quotes a point estimate:

— | F, = -2B,=-0.79 = 0.56 (stat )’ ;)" (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% (1.2c)

PRL 100, 121803 (2008) [arXiv:0712.2348] PRL 98, 121801 (2007)
—  f 0.5
g 06 ngg’:ce region: 4 standard model goqE_ DG,1.1 151
% I 95% New physics models = - - BE%J/W
0.4f ‘ ';10-35—
- 0.25— - ".. -
0.2 0.1E »
o
0.0 -
0.1F
0.2 02F = N
: _ 03F _
04 E - ALog(L)=1/2 (39% CL) SM
N 4’-2; o IJAFI Al [cos(o)
2 0 2 2B, S S S S R R e BT

g (radlans)

N>
Q)

Wl.Rescigrio - CPT@ICTR 7/5/08
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rlzivor Tagding

Dpposite Side Taaaing

» 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

Same Side Kaon Tagaing

» 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 eD2~ 4%

* Performance:

v Efficiency: £=0.50 + 0.01 D@ performance similar:
v Average Dilution: D= 0.27 + 0.04 D~10.21 - ¢~1

WL.Rescigno - CPT@ICTR 7/5/08
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Introcducing of Flavor taggirg

*Tagging improves sensitivity to CP violation phase f, 2B, > p-26,
(provided oscillation can be resolved) AG, — - AG,
* Removes two of the 4-fold ambiguity d,—>2p-d
» Still two exact mirror solution due to strong phase d —»>p-d,

ambiguity remain 2B,-AT", likelihood profile

from a single pseudo-exp

Lixelinooc: witn taigging, gairn ser JJ]'F]\/]'f/ 1) U'UE __ Untagged
oot |cos(20,)] =rid sin(2b,), raitner iz o 0.6 ERETE ISl
only |cos(2b,)] =nd [sin(2b,)] (note cl.oyolu"ze i—’: 0.4Ff <
VellL|e B
/2lLiz) < 0.2
- B «> =B, no longer a symmetry thanks to 0.0l
sin(Am.t) terms: 0.9
= 4-fold ambiguity reduced to 2-fold 0.4]
20 6:— 2AInL = 2.31 (68% CL)
"F 2aInL =5.99 (95% CL) |
| | | ) . i | . \ T !
-0.8 i) 0 2
2p_(rad)
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CDE result

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

Perform an unbinned maximum likelihood fit to mass, ¢t 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.

~ 06
Stamiclard Modsl 8

a/pectators;

arXiv:hep-ph/0612167 < 02
AT_=0.096 + 0.039 ps' 0.0
28,=0.04+0.01rad 4,
-0.4

Standard Model p, ;. 06

= 15% (1.50)

Wl.Fescigno -

CDF Run Il Preliminary L=1.35fb"

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

strong phases ambiguity:
cos(d, )< 0

\ 4

cos(d, -d))>0

Favored by factorization
and B, analog

O

2
2p_(rad)

CPT@ICTP 7/5/08

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

N>
Q2




Adding Information/Trizory

AT"_ is theoretically constrained:

Input AT, = 2|",|cos®, ~ 2|I";,|cos(2,):
[[,,=0.048+0.018 - Nierste, Lenz, hep-ph/0612167]

CDF Run Il Preliminary L =|1.35 fb’

—~ 0.6 —es%cL g
‘0 I — 95%C.L. |
2 0.4 - sM prediction
E [ 777 AT, = AT cos(2B)

-1 0 1
B, (rad)

28, in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.
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Lifatirna arncd

Aclelirig Inforrrizt]

strorig orizise conscramts

+ Contraint = Constraint strong « Both
TS=Td + 1% phase to BdeJ/\V K*

CDF Run Il Preliminary . L=135M" CDF Run Il Preliminary L=1.35fb" CDF Run Il Preliminary L=135f"

— 0.6 — 2aiog(L) =599 — 0.6 — 2alog(L)=5.99 — 0.6 — 2alog(L)=5.99
3 [ — 2Alog(L)=2.30 '‘n [ — 2alog(L)=2.30 '‘n [ — 2alog(L)=2.30
= 04 | —e SM prediction o 0.4 [ —* SM prediction o 0.4 [ —* SM prediction
% 0ol % ool 3 02l

0.21 0.2 0.2

0.0 oof 0.0k

0.2¢ 0.2 0.2

| constraint to PDG B":
0.4 - 2Alog(L) = 5.99
T DAlog(L) = 2.30

| constrain strong phases BaBar
0.4 e 2Alog(L) = 5.99
"rees 2Alogil) = 2.30

| constrain 1, strong phases:
0.4 e 2Alog(L) = 5.99
"rerr 2Alog(L) = 2.30

o
)}
|I
o
)}
|I

-1 o 1 1 0o 1 1 R
B, (rad) B, (rac) B, (rac)

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

203, in [0.40, 1.20] at 68% C.L _(')_ _7|c_ 2P
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Df/) Resu"t arXiv: 0802.2255 [hep-ex]

_©@: ~2000 B, events with 2.8 fb-"

« Assume strong phase as measured in B,>J/'YK* decays
«Combined Tagging Power = ¢D? = (4.68 + 0.54)% (NEW)

FIT inputs:
t,=1.52+ 0.06 (stat )+ 0.01 (syst) ps
Am, fixed to 17.77 ps™*
AG, = 0.19+ 0.07 (stat )’y (syst) ps™ Gaussian constraint on Strong phases:
= ki 5,~5,=-0.46 * (m/5)
F,= -2B8,=-0.57,5 (stat),q (syst) rad §,=+2.92 + (n/5)
04 ) DJ,28fb"
Standard Model 84 i 90% C.L. contours:
expectations: a: BN
(arXiv:hep-ph/0612167) 0.2 AM, = 17.77 ps’ -1.20 < 2B, < 0.06 rad
®,=-004+001rad > 0.06 < AG, < 0.30 ps”’
-0
Standard Model p,,,.. = ,{
6.6% . x |cos(¢,)|
: 005 115
¢, (radian)



Additienal’ ¢ related

measurement at TeVatron and
Impact on New: PRysics




5. Sarmilegtorlic Asvrrrrneiry

S

oif My,/T'{,>>1

1.3 fb-! of data collected (B semileptonic decays):

AS = [2.45+ 1.93 (stat )+ 0.35 (syst)] x 107 PRL 98, 151801 (2007)

1.6 fb-! of data collected (dimuon charge asymmetry):
A3 = 0.020 + 0.021 (stat)+ 0.016 (syst)+ 0.009 (inputs )

(http://www-cdf.fnal.gov/physics/new/bottom/070816.blessed-acp-bsemil/)

1.0 fb-! of data collected (dimuon charge asymmetry):

A3 = -0.0064 + 0.0101 (stat + syst ) EEREZREPIEREENE)

using common/updated inputs

A3, =-0.0054+0.0072 (stat + syst) A3, (SM)=0(10")

Quite precise, compare with AgL =-0.0005%0.0055 (stat + syst)
Wl.Rescigrio - CPT@ICTR 7/5/08 93
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ASL S Constra

68% C.L.
95% C.L.
SM prediction

P
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it 5 :
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e
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i
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i
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i
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-I

Flaivor specific lifetirme constra)

s Flavor specific modes: only accessible from £\
either B, or anti-B, state 14| AL
s Light argd Heavy state contributes both 50% 1\ 2
to the time evolution U N
= Fit to a single lifetime determine ;. — ' L 1 AVl
1 Expected higher than 1/T", 2T,
4 HQET:T'=T, x O(1%) d
(_3DF Run Il Preliminary 1.3 CDF Run Il Preliminary 1.3 fb” o Recent hlgh
- i;?‘ ~ * Data 250 - . preC|S|0n
e \‘1‘;3% e : H L rmeasurement from
s [ | ®  ocopommomes 3 200 W - 8D CDF using
§'_ 1 B0, B5DX, AX % 150 _g::gzi BSQDS(*)q'H- Ds(*)q'H.
fo P y WW j“ e D.p final states using
o0 N i 50 1.3 fb-1
ig oo ]| :3133; s ct(B) = 455.0 +
105, comth 12.2 (stat.) £ 7.4

005 04 015 02 025 03 0y il e ez' 5
ot (e o (syst.) ym

www-cdf.fnal.gov/physics/new/bottom/080207 .blessed-bs-lifetime
Wl.Rescigrio - CPT@ICTR 7/5/08 5
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Flzvor Jr)e cific lifetirre cornstrairt
= PDG 08 average: 1.417 + 0.042 ps

= Slightly lower than recent 1, from
B.2>JW¥¢ (1.52+0.04 ps) and Ty

(AflogL) =
= 0af o "
: r Flavo r-Spemﬁc ]
41}
Q. i To(B2 ) HFAG B
= 0.2} ® ] 1.398 +0.044 + 0.025
0.2} Direct . 0,140
i Measurements DELPHI D, | . 1.420 £ 5, + 0.040
0.1 ' Theory
L ] OPAL D, | 4 0.160
or Combined 7 __.41_500 * 9150 = 0.040
—0.}
[ CDFI1D; | - . +0. +0.
] 1.360 £0.090 + 0.060
-0.2L . . . q
1.2 1.3 1.4 1.5 1.6

1Ts [ps] ALEPH D, | g—1:540 + 730 + 0.040
» CDF hadronic more consistent
= Naive average PDGO7+ CDFl|

= Current precision on t; can be I I
tranS|ated ln a ConStralnt On s B fla1\;:urspel-it:ic Iifelil;ae (ps) ’
AI' <0.16ps'at1c ’

WL.Rescigno - CPT@ICTR 7/5/08 26
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Ir 53 rrldrg
pre tagged J/W¢ status

NP

UT,, inputs: Em.. 80
S 60
Am_, measurement (CDF) 20

Lifetime t, (CDF and DY) 2
AT, (CDF on 200 pb-) .
Al and @ (DY on 1.1 fb1) 40
Semileptonic Ag, (DY) =

AmM=Cg *AMSM: Lattice-QCD dominated uncertainty

Amplitude

B WY B
B, | H' [Bs) L2

S

[33=[3$S'V' - Oy, Experimentally dominated uncertainty

W.Rescigrio - CRPT@ICTR 7/5/08 &1



v AT = 2|I;5|cos® = 2|T'y,|cos(2p)
with (I,,=0.048+0.018):

v'Strong phases from J/'¥ K© [hep-ex/0411018],
B, lifetime [PDG] and AT, = 2|I",,|cos(2pB.):

bg- 2B =+0.46+0.28

WL.Rescigno - CF

FI 1 " 1 F 1 "
2cts of recerit rmeasurarnernts
FIRST EVIDENCE OF NEW PHYSICS IN b — s TRANSITIONS
(UTfit Collaboration)
5 = 10c
— 80 e C SM
af oF +
S o0 10F |
40 pri
20 -30F
0 -40F
3': 50
60
60 -70;—
-80F (Ui S UTyi¢
L o L Ll W | | L
0 1 2 3 3 5 6 % 05 1 15 25~ 3
C,. .
arXiv:0803.0659v1 [hep-ph]
Constraint: UTfit conclusions: Submitted to Phys. Rev. Lett.

v NP phase 3o from 0 (~-20°) with some
approximation in the treatment of experimental
result has been used

TeVatron experiments working towards a
combination without approximations @ ICHEP

2
Q2

PT@ICTP 7/5/08



-2In(L/L,,, )

1

Tavatror) Cornoinztiorn  (very preliminary)

r C -1 S ha Al,=0.20 ps”
s HemtEE < wilo strong—) § S
: phase constraint = |
40
Default fit

0.4

-04

275 Oy
¢, (radian) d, (radian)

0.6

06 | FirSt Step towal'dS

| a TeVatron o

0 Q ) cormbination, 02

s ( remove strong N

B Q phase constraint in 0_2@ (
| D@ fit !

CDF contours | . -04 DO czontours
a7 =618 s HFAG combination s =618
-08 A¥* =230 -086 Ay =230
-3 -2 -1 0 1 2 3 at I G-lEP -3 -2 -1 0 1 2 3
d.=—2f_+26, he=—28.+20;
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rrofrn Caorl to Trieste

€2 eof Ui
oe | excluded area has CL > 0.95 e_m 60;— All consfrlainfs
aof
LB 202—
0.2 f o0 '202_
SM _40;_
AT, S al i cos(pg) x AISM ‘ _ -60?‘
-80:_ | | | | 1
- FS o 1 2 3 4 5 %
-0.2 1 ch
-0.4 x_m“
% 03F ;UTth|
ew sics in Bs—B, mixin o .
= ew Physics In B=B, mixing 5 All constraints
= 0.2
................................. =
-3 -2 -1 ;s 1 2 3 -t-g (l)Bsz('lSi?)o
: : S [-34,-3]°
s CKMfitter full fit 2.5 ¢ from SM I > Fosiin
s UTTit full fit 2.5 ¢ from SM i i e

= Bayesian magic? s,
> D@ unconstrained fit!
Wl.Rescigrio - CPT@ICTR 7/5/08 40



Tavzrtror Outlogoic

CDF Monte Carlo L=5.0fb" CDF Simulated Data, Assume f5_= 0.4
- e input0.4,0.1 i
— 0.6 — 2,-:uog(L)=28.?4=ssu 5, B
"_m | — 2Alog{L})=11.83=30c g 10 —30
204 — 2Alog(L) = 2.30=10 = [ —4 G
% | —*— SM prediction -8 0.8
0.2 a  —50
[ & i
0.0f } ------------------------------------------------------- & 0.6]
- 2
'0.2__ i = 0.4+
-0.4} o o \U i
o(PB)=4°-5 0.2F
-0.6_ P (T S SR SR BT ' L 1 :
1 0 1 0.0~ "5""1'0'
ﬁs (rad) Integrated Luminosity (fb™)

s With no analysis improvements, and no external constraints, but
same signal yield and experimental resolution:

5 With 5(10) fb-'each Tevatron experiment could reach a 3(5)
significance if “fluctuation” is real

4 10 fb' may also be viewed as a CDF+D0 combination with 5fb-

1 Expect >6 fb-1/experiment if TeVatron stops in 2009 and ~8 fb—/
experiment if 2010 running approved

s May do better adding further signals (triggers) or better tagging

(underway)
Wl.Fescigrio - CRPT@ICTR 7/5/08



Lonclusions

= B(s) physics program at TeVatron very rich and still
promising:
a Study Direct CP violation in By, B, and A,

2 First ever flavor tagged measurement of J/'W¢ rates this
winter from Tevatron

1 Observe a (not yet) significant fluctuation towards large value of
sin(2p;)

1 Make B, physics program at the Tevatron and LHCb even more
intriguing

1 CDF update with >2* statistics and D@ without constraints
underway - TeVatron average
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= Would be really nice to repeat 1999/2000 situation for

sin2p!

sm(ZB) = sm(Z(l)l) HEAG

M. Rasc

igno - CRT@ICTR 7/

—

o)

/0

PRELIMINARY
BaBar : L 0.71 +0.03 + 0.02
hep-ex/0703021 i :

Belle JAy K° | 0.64 +0.03 + 0.02
PRL 98 (2007) 31802 1

Belle y(2S) K¢ i ; 0.72 +0.09 + 0.03
arXiv:0708.2604 e

ALEPH : . it 0.84 753+ 0.16
PLB 492, 259-274 (2000) © a

OPAL i 3.20 1120 +0.50,
EPJ C5, 379-388 (1998) i

CDF S 0.79 194!
PRD 61, 072005 (2000) SR

Average : 0.68 + 0.03
HFAG i

-2 -1 0 1 2 3

B

)
9

p)
4.3



Backup Slides
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Triggzar/Sigrial selectjor)

= Trivial (?) trigger: -
4 Dimuons with invariant mass i !ﬁf;jmnd
cuts around J'¥ mass: |

s B,>1.5GeV at low
Iummosuty

a2 Increasingly restrictive at
higher luminosity
2 Significant bandwidth needed
at high lumi (2E32 cm2s1)

candidates per 0.010

"0 0.2 0.4 0.6 0.8 1

= 5 KHz (L1), 100 Hz (L2), 10 NN output
i NN Variables:
= Offline selection: i PE Ve
. CDF: Neural Network J/¥: pr and vertex quality
selection F: mass and vertex quality
o D@: cut based selection K*/K": pr and PID (TOF, dE/dx)

Wl.Fescigrio - CRPT@ICTR 7/5/08 4%



Data Fit Projections Acceptance

00
[y
=]
o

candidates per 0.1

Arigular z

><1IJ
L

80—

-
=]
o

candidates per 0.314

60|
a0l

20—

s b b b b b L e ey L
-1 08 -06 -04 -0.2 0 02 04 06 08 1
cosy

@
=]

@
=]

s
o

N
=]

cca2r

~d S

celrice

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

candidates per 0.100

uncorrected for detector sculpting

CDF Il Preliminary L=1.7 fb”

S + Data -Signal
5700_ — Fit CP-even
a .CP-
o 600]- Background CP-odd
o
T 500[ + -+
% +
S 400
3001
2001
toof — — .
q 0 -0.5 0.0 0.5 1.0
cos(0)

CDF I Preliminary L=1.7 b’
=}
3 « Data Signal
= 700 —Fit CP-even
& I Background - CP-odd
& B00f-
2
s SUOWW'
=l
5 . +
5 400
o]
300
200}
foof———————— —
- — S — ;
0 2 0 2
¢
cigno - CPT@ICTP 7/5/08

10°
8ol
60;
aol-
200
P I I N N T B B
1 08 06 -04 -02 0 02 04 06 08 1
cosf
CDF Il Preliminary L=1.7 b’
o 8001 . pata Signal
@ 700l — Fit CP-even
b Background -~ CP-odd
% 600
o f +
5 500f_+1 + +
8 [ T 4
O 400[
300}
200} )
100f T——
R.G 0.5 0.0 0.5 1.0
cos(y)
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. Polarizatiorn in B,—=J/#iY

» Acceptance corrected fit projections validates treatment of detector acceptance!

COF Run |l Preliminary L=13f" COF Run Il Preliminary ~ L=1.3f0" CDF Run Il Preliminary ~ L=1.3f"

[}

[=1

[=}
@
=
=

T
=3
=
=

—— data —— data —— data

— fit + I — it
400

P I R B B ) S U R B

| P E B S
-0.5 0.0 0.5 -2 0 2 -0.5 0.0 0.5

cos(y)

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

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

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

| 4 (0)=0.569+0.009 (stat) £0.009 (syst) | A,(0)]’=0.556 + 0.009 (stat)+0.010 (syst)
| 4,(0)F=0.211+0.012 (star) +0.006 (sysr) | [EACIRAPARESANIRE LRSI CIRTY
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 (sys?) d, =+2.96+0.05 (stat)£0.03 (sys?)
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)

D

cl/

D~
D>

golzirizztior)

T 1.52 4+ 0.04 £ 0.02 Ps. free ¢, g = r..."ﬁ,SM .-'ll_':h
Ts (ps) 1.524+0.06 | 1.53+0.06 | 1.4940.05
- _ o1 - -
Al Uﬂ?ﬁfgﬂg% + 0.006 ps~!, Al (ps™) 0.19:£0.07 | 0.14+0.07 |0.083 £ 0.018
Ay (0 0.41+0.04 | 0.4440.04 | 0.4540.03
= Lr g 4 [ 2_ ¥ = . . 5 . a . . .
|.":l{||2 0.531 + 0.020 + [}D[}I |- Aa(0]] ) |4 (0] O 3:1-:|:|:| 05 | 0,350 Clilr 0 333:0 Dil-
i —0.5240.42|—0.484+0.45| —0.47+0.42
3 2 3.17+0.39 | 3.194+0.43 | 3.2140.40
. AM, (ps™h) = 17.77 = 17.77 = 17.77
14| = 0.230 £ 0.026 £ 0.009.

Babar:
Phys. Rev. D 76, 031102 (2007)

| 4,(0)[*=0.556+0.009 (stat)+0.010 (syst)
| 4(0)F=0.211+0.010 (star)+0.006 (syst)

d =-2.93+0.08 (stat) +0.04 (syst)
d, =+2.96+0.05 (stat)£0.03 (sys?)
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M) 'r'-"'"r'r Lo ]
Proper tirne resolltior)
°The mean is of the sideband subtracted o, resolution for a 4-track vertex is
25.05 pm (error returned by the vertex fit)

» Need to multiply by a ct resolution scale factor determined by fitting the
prompt peak : s = 1.26 £ 0.02 (effect of non gaussian tails, charged particle

multiplicity etc,,,)
* Estirnate an average resolution on proper time of 106 fs (with a most
probable value of 78 fs).
018 h_cterr_4v_bgs h_cterr_2v_bgs
0:16§ H. signal Entries 1921 0-145_ * Entries 1921
0.14F *Jq_ Mean 25.05 s, “ Mean 31.01
G2 ' RMS  9.426 e Pl t RMS  12.89
0.10} Jr’r]l ; 0.08F m
0.08} 00sf + {
0.06F }4 J[ sbackground £ 1 t }
. 0.04F H
0.04F 4 .H_'{' X ++ 1
0.02F + H+ 002 + H
: “—+ +*+++-¢.,‘..-_=_._ —— 0 00'_-:"' mm*m
0'003.,,|...1,+..|.,,|1,. bt T T UL e e
0 20 40 60 80 100 0 20 40 60 80 100

un-scaled o(ct) (um), 4-trk vix

WI.Fescigno -

un-scaled o(ct) (um), 2-trk vix
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2 Corificlerice Pagion Constructior)

: L(AG,, 3,,6)
L(AG,, 5.0

= parameters that maximize likelihood L

R(AG,,B.)=1o

0’ = nuisance parameters which maximize
L for a specific choice of Al',,

Use pseudo—experiments to calculate:

Int(LR, inf) / Int(0, inf)

Pratue = _[f(Ra A(}s > ﬂs )dR / _,-':. |
Rdata 00— ‘::' I
9) 0 9 1 0

Guarantees the frequentistic coverage of Log Likelihood Ratio

the quoted CL e e T R e s T S S SR R R
: Include systematics via an additional

: coverage adjustment varying nuisance

Takes into account non-asymptotic
behaviour of likelihood, i.e. log(L) non-
parabolic, and possibility of large
fluctuation of likelihood shape from
experiment-to-experiment

: parameters within 5c of their

: regions

ML.Rescigrio - CRT@ICTR 7/5/08

15

: uncertainties and choosing worst case
: (higher P-value) to define the confidence :



» E (a) DO ,2.8fb"
o -
03 "By
“o.2f AM. = 17.77 ps”
0.1
0 ”
B — 2150 I
-0.1__ SM o [
- Al = Algy, % |eos(d )] !
DE_ L v by s by by by ey "ﬁm: 0.08 0.30
-2 15 1 05 0 0.5 1 1.5 |
q}s (radian) o
ﬁﬁzn;_{b:' o 24 Mﬂﬂ oz W
e F AT,

2In(L/L

0.4

-1

ents per 0.07
g
T

s 90% CL range from
pseudoexperiment significantly
different frorn what obtained
from likelihood profile

T Y 1120<¢,<0.06 rad vs
-1.10< ¢, <—-0.10 rad

Ev
o
(=]
=]
[

01 2 3 L
:bslr'adlan] %
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