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Fermilab Tevatron

pp collisions at 1.96 TeV
1.7MHz collision rate (396 ns bunch spacing)

Peak luminosity 3.5—4 x1032cm~2%s-!
—  Average ~ 6 pp interactions per bunch crossing.

~8 tb! “good” data on tape per experiment.

; soufce ; D RS
End of operation by September 2011. v (\ Main Injector |
& Recycler

o=

Results today on 1.6-7 fb~! of data collected.
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B-Physics program

BSM

CKM QCD
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BOS%M+

B® —utu” and BY—u*u” are the most
studied FCNC processes. CKM, GIM and
helicity suppression in SM lead to:

BR(B®. —utu)=(3.2 +0.2)x107° (| V|2
BR(BO—u+u)=(1.0 £0.1)x1071° (| V4]?)

NP can enhance up to 100x
MSSM: BRoctan®(p).
RPV SUSY enhances also at low tan(f3).

Very hot! Either observation or null result
provides crucial information.
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BY —utu™ — Results

CDF-Pub-9892, 3.7 fb!
World’s best from@ AT | e
BR(B? —pw) < 4.3x1078 @ 95 %CL
BR(BO—uw) < 7.6x10° @ 95%CL

e
(=]
T

=2 B, B, 0.995<v,,<1.0

Candidates / 24 MeV/c?
o N £y N [+
{ T

78 5 5.2 54 5.6 5.8 -
M u* u [GeV/c“]

Most recent wresults on 6.1fb7!
BR(B®.—utu’) < 5.1x107% @ 95%CL

Phys. Lett. B 693, 539 (2010), 6.1 fb™*

> °° (@) DO, 6.1 16’
CDF Single Event Sensitivity = 3.2x10™° — S 40 0.98<p=<1
expected 1.2 SM events, 0.7 in vy >0.995 g 3o
~10*SM with 3.7 fb1. g2
Plenty of NP models already excluded. i
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BY —utu™ — Prospect

@ is working to update analysis on 7fb7! :

— 2xin statistics (3.7 — 7 tb™1),

— increased muon acceptance,

— better signal efficiency from new ANN,
— more accurate background estimate.

The expected limit is:
BR(B® —uu?) <2 x1078 @ 95% CL

LHChH
New strong player in the game B&&Y on 35 pb™!

BR(BO.—utu) < 5.6x108 @ 95% CL
BR(BO—pu) < 1.5x108 @ 95% CL

Branching Fraction x 10 7

95% CL Limits on B(B; — upu)
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B, from BY —]/y¢ - status

CP violation in B® —]/y¢ occurs though
interference of decays with and without
mixing.

SM predicts small value for the mixing

phase 23.= —¢..

New particles could enter weak mixing box
diagrams and enhance CP violation

Time evolution (I';, I'y, AT, B, ) very
sensitive to NP contributions.

Trends are the same as in the past, both
experiments now see SM consistency at
about 10 level.

CDEF-Pub-10206
CDF Run Il Preliminary L=521fb"
0.6; — 95% CL 1
L —— 68% CL
0_4} —— SM prediction 6500 B(s_)]/wq)
“ 0.2[
OO )
—. 0.0
3 )
-0.2F @ @
-0.4F
0.6 P-value: 44% (0.8 0)
\\-\1\\\\(\)\\\1\\1\\
B (rad)
DONote 6098-CONF
Preliminary
T 04 F DOG,6.1 " 5 =—042£0.18
o 04E 20 /b6 S= 3.01+0.14
B B AM, = 17.77 +£0.12 ps~}
D
~ — 68% CL
< F — 95% CL
0.0 I A, T -
g 0
04} 3400 B®,—]/ ¢
-3 -2 1 0 1 2 3
¢/¥¥[rad]
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BY —]/,(980)

This is a CP=+1 eigenstate

Unambiguous measure of lifetime 1/T
Clean measure B®, mixing phase (s

O . .
BY —]/y¢ requires complex angular analysis
for vector-vector final state

Understand S-wave contributions to (s
measurement in Bs—]/)¢

BR measurement

4/217/11

Neural Net Selection
Use identical selection for Bs—]/1y¢

reference mode

Simultaneous loglikelihood fit to signal and
normalization mode.
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CDF Run 2 Preliminary ~ L=3.8 b’
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BR( B® —=]/f,(980) )

~180 significant (CDF-Pub-10404):

BR(B) = J | yf,,f, = a'm")

- =0.292 £0.020(star) = 0.017(syst)
BR(B, = J/yp,0 — K'K")

BR(B — J / y£,(980))- BR(f,(980) = n*w )= (1.85+0.13+0.57)x10~*

O  First observation from LHCb [PLB 698,115,2011.]

BR(B) = J I yf,.f, = a'n")
BR(B) — J | y$,¢ = K'K")

O Confirmed by Belle [PRL106,121802,2011]:

—  BRB = JIyfo fo = m'w ) = (L1573 1l 1s) x 107

+0.046+0.027
UGS PAE sl el
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Di-muon charge asymmetry

O Search for CP Violation in mixing using same sign dimuon events from semileptonic B

decays:
Ab N++ 2 N——
X sl L ++ -
= N + N ‘LL_
M BO B() EO ~~~~~~~~~ s

O N, and N, are the number of events with two b-hadrons decaying semileptoncally
producing two same-sigh muons

—  One muon comes from direct semileptonic decay b—u™X
—  Second muon comes from direct semileptonic decay after mixing b—=b—u™X
— A the TeVatron, both B® and B° contribute.

O Lots of subtleties in the analysis, but two main experimental issues:
—  Asymmetric backgrounds from kaons faking w
—  Asymmetric u' and u” acceptance/efficiency
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Di-muon charge asymmetry

In 6 tb™! DG measures:
A% = (-0.957£0.251£0.146)% =

SM prediction is:

— Using prediction of ad; and a,

from JHEP 0706, 072 (2007) -0.01
A’ =(-0.023

Differs from SM by ~3.20

PRD&82,032001(2010)

0.01

0

DO A,
-0.02
- — B Factory W.A.
' EDO B.—D, u X

-0.03

- = Standard Model

Results from B® —]/1y¢ consistent

with dimuon asymmetry.
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Di-muon charge asymmetry

In 6 bl D@ measures:
A? =(=0.957+0.251+0.146)%

SM prediction is: —
I 04

—  Using prediction of ad; and a° &
from JHEP 0706, 072 (2007) 5"
0.0
A’ = (<0.023% 00 % "
Differs from SM by ~3.20 04

Results from B —]/y¢ consistent
with dimuon asymmetry.

4/217/11 IFAE 2011 - M.]. Morello

Green band from AP

Preliminary
; D@, 6.1 ! o1 f —0.4240.18
;B‘S N J/w¢ (52 = 3.01+0.14

AM, = 17.77+0.12 ps!

“E @ — 68% CL
E T SM —95% CL
E
{ DO
3 -2 1 0 1 2 3



What about CDF?

0O  CDF cannot reverse magnet polarity.
— Probably not a major concern.

— Dominant charge biases can be measured with data.
O D@ has better muon coverage at high |n|

O  Scaling statistical uncertainty of previous CDF

measurement 0.9% (CDF-Pub-9015) on 1.6 b7, on 7
th™!  we expect ~0.3-0.4%

O The main point is the systematic uncertainty! In the
meanwhile.....
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Time integrated mixing
probability of B mesons

; _ I(B°—=B’—=1I'X) CDF-Pub-10335
¢ > S I +
Defined as: X RN £ x,+f.x,

CDF Run II Preliminary L, = 1.5b!

where the numerator includes B®; and B°.. It 10°
; . ® data
derives from the measurement of the ratio R: M 8B:88,,
CC+CC
10* I other A
13 Wb = M rP
R N+ N w) 5
=X - S10° +, -
N(u* =
(W) S u u
Use impact parameter (d) to identify source of S10?
muons: b, ¢, prompt components =
2D fit of impact parameter using MC templates. 10

R=0472x0011+£0.007= ¥ =0.126 +0.008 0 0.05 d‘()(';m) 0.15 0.2
In agreement with LEP measurement: 0.1259+0.0042. . 3%, :
Fit projection of impact parameter
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CPV in DY — hth-

CDF Run lI PreIiminarny dt=5.94 fb”

Charm is a unique because it probes

up-quark sector (unaccessible through t

or u quarks).

charm decays in SM

Negligible penguin contribution the

— CPV in charm would point to NP

Ap(D’ —=h'h)=

D’ —=h'h)-

(D’ —= h'h™)

dir

Time-integrated — ACP =Uep+—

4/217/11

(D’ —=hh)+T(D° = h*h")

<[
CcpP
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CPV in DY — hth-

The main challenge: suppressing detector charge
asymmetries at the per mille level.

Fully data driven technique using huge sample of
Cabibbo-favored tagged and untagged D° — K-x*

Basic assumption: ppbar strong interactions are
charge symmetric.

A, (D’ — ') =[+0.22£0.24+0.111%
A, (D’ — K*K )=[-024+0.22+0.10]%

World’s best measurements.

—  CDF very sensitive to mixing induced effects,
because of impact parameter requirements.

Fully consistent with small CP violation.
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CDF-Pub-10296
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y from B—DK

B —Dn —[K'n|n~
CDF Run Il Preliminary L, _ =5 fb™!

Study of B—DK is the cleanest way to access .

—  From the interference between b—c ubar s (B~

—DOK") and b—u cbar s (B"—antiDK") with the

DO and aDO0 decay in the same final state.

Several methods to extract y.

—  No tagging or time-dependent analysis required.

ADS method(PrL78,3257;PRD63,036005) uses Doubly

Cabibbo Suppressed D%—K*m~ decays.

Simultaneous ML fit combining mass and PID
estimates:

— ' Significance (Dpeet + DpK) >50

4/217/11 IFAE 2011 - M.]. Morello

B — D

—+— Data
Total

- 0 -

B — DDCS n

W
o

Events per 14 MeV/c?

B 5 - DK, D°- X

o . -
bes @ — [K* ]

B — D%, D= X

Combinatorial background

4+ i

B+*—=Dn —[K |t

CDF Run Il Preliminary Lint =5fb?!
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Observables: R 4, and A 455

_BR(B"—[K'n"] ,K)+BR(B' = [K 7] ,K")

ADS

 BR(B"— (K n'],K)+BR(B* —=[K*'7"] ,K*)
_BR(B"—[K'n"],K)-BR(B' = [K 7] ,K")

ADS

" BR(B —[K'n"] ,K)+BR(B' =K 7] ,K*)

O R,psand A, g are functions of y angle.

O First measurements of these quantities at
hadron collisions.

O Results in agreement and competitive with
other experiments.

O Analysis on 7fb™! is in progress.
DK significance >30.
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RADS Averages CKM 2010
PRELIMINARY
‘BaBar ' LT '0.011 = 0.006 = 0.002
PRD 82 (2010) 072006 !
e Belle H —t 0.016 = 0.004 = 0.002
e CKM2010 preliminary f
X, CDF 0.022 = 0.008 = 0.008
a CKM2010 preliminary
Average 0.015 = 0.004
v HFAG
A, ps Averages HEAG
PRELIMINARY
BaBar ; i : -0.86 = 0147 *0.12
PRD 82 (2010) 07?606 B :
¢ Belle ; L -0.39 = 0.26 "%
= CKM2010 prelifinary
< CDF o b -0.63 = 0.4D = 0.23
@) CKM2010 préliminary | ”* ¢ :
Average i -0.52 + 0.21
4 HFAG : '

See P. Garosi’s talk for more details.
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Conclusions

O TeVatron continuing to produce a rich and exciting
program in heavy flavor physics.

— Complementary to ete” machines and LHC
experiments.

O Many interesting results will benefit from more data.

— Anticipate ~10fb™! per experiment for analysis by the
end of this year.

0O Results will continue beyond the end of the Run.
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Topic not covered here
(or in the pipeline)

O AFB(bQSMM)

O World’s most precise lifetime measurements (e.g A, =]/ A)

0O BR&ACP in B—hh

Oy from GLW B—DK

O D%mixing and DO—pu search (in general Charm Physics).

O More BY, (B.—DD, , BY.—J/yK,, BO.—]/YK*, CPV in B—~uD,, B.—¢¢, ....)

0O Baryons (Properties, Decays, Excited states, €, ....)

N For instance see P.Barria’s poster on A,—A_wnm
O B, (decays, properties)
O Production measurements

O X(3872), Y(4140),Y(4274) ...

O ... and many others.
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Backup
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CDFII detector

O Central Drift Chamber

O 8py/py ~0.0015 (GeV/c) 'p;

O  Silicon Vertex Detector

— Silicon Vertex Trigger

O Particle identification
— dE/dX and TOF

0O  Good electron and muon identification by calorimeters
and muon chambers.
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D@ detector

Excellent coverage of Tracking and Muon Systems
Excellent calorimetry and electon ID

2 T Solenoid, polarity reversed weekly

DD 00 S0

High efficiency muon trigger with muon p
measurement at Levell by toroids

’ IS IS SN E SN SE NSNS ENEEEEEEEEEEEEE,
n=0 n=1,,%u n=0 n=t/
e Muon Scintillators it " Preshower i
e e _— " =
= Muon Chambers . | Solenoid d
.5l ~ ¥ n=2m
i =L r I Fiber Tracker | = e
.3 - —c e
L 0 | [ H i[ : Silicon Tracker /= = ﬂ _______ “ ned
pps|  Assead e C M=
W __;_i- U ll MTEE===HETTI u u'_
= ,
|| Calorimeter ||
e
|| Toroid [ %] -
S [ e— ] m—
=l MY |
i *
—_—
| ] [ | | | T’.I ‘ : I

I 1 | R 1 I | | T S T N L) | N | I | .
] e [ S | ] S [ I F| | 15 10 05 00 05 10 15 W
S !
4/27/1 ]_ -10 -& 0 5 I NN ] lIl]'l MGMM IIIIIIIIIIIIIIIIIIIIII
Ak £ Add LIV A L T AVda s



B Physics at the Tevatron

g
Mechanisms for b production in ppbar collisions at 1.96 TeV: ¢

b b 9 o

g g Flavor Creation (gluon fusion)

b b

q >@< b
) aonERlting 2 q Flavor EXWCI v/ B

Flavor Creation (annihilation)

O At Tevatron, large b production cross section

O  Plethora of states accessible: B, B, A%, &,, Z, ...

0O  Total o(inelastic) at Tevatron is ~1000 larger that b cross section
—  large backgrounds suppressed by triggers that target specific decays.
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)/

- p(wW>1.5GeV
— ]/ mass requirement
- Opposite charge

' I
@ D=3

K+

B® — J/y K”
B* —=]/y K
A= ]/ P A
B.—=J/yx
B, — ]/ ¢

E‘b) B**

B Triggers

Dimuon

- prw>Ll50r 2 GeV
—  Triggers with/without
charge requirement

W
@ D

B — uut+hadrons
B —uu
bb—uu
ccup
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Displaced Track

- prltrack)>2 GeV
- IP(track)>80 or 120 um
- Opposite charge

B —Dh
B—hh

A,—ph
D—hh



BY —]/11,(980)

O CP=+1 eigenstate
O Unambiguous measure of lifetime 1/T°

O Clean measure of CP violating parameter f3,

— B.—J/y ¢ requires complex angular analysis for vector-
vector final state

O Understand S-wave contributions to 3,
measurement in B.—J/y ¢
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B® —]/1,(980) - Analysis

Start with loose selection of pusr
candidates CDF Run 2 Simulation

—  f,is wide, so 0.85<M(mm)<1.2 GeV ‘“§ 160 B e Uy K
% 140 B B uyp
Neural Net Selection 0 150 Other B
’g,_ " B~ Jyo
Kinematic variables, track & vertex ¢ 100 8.5 Jy KK
displacement, isolation T g0 Il Other B,
€ 60
High-mass sideband only for S
background model 40
20
Use identical selection for Bs—]/1 ¢

reference mode 5.2 5.3 5.4 55
M(JAynr) [GeV/c?]

Physics backgrounds from Monte Carlo
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Confirmation of £,(980)

Helicity angles consistent with PPV decay

CDF Run 2 Preliminary  L=3.8 fb™ After efficiency correction

- CDF Run 2 Preliminary ~ L=3.8 fb’
80F [
70f +

o

—_

N
|

Probability per 0.1
©
)
|

Candidates per 10 MeV/c?

_10“\ P ! ] ] | ! ! ! ! | - ! ! (;;
0.9 1.0 1.1 1.2 S
o

m(m*) [Gev/c?] 008l + + _|_ | _L_l_

Di-pion mass distribution consistent with
fy. Shape parameters from BES. 0.02f
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BY —¢¢ at the TeVatron

First measurement of BR (CDF-Pub-10064) and first
measurement of polarization (CDF-Pub-10120).
—  Found large transverse polarization
(A 17+]1AL D)/ 1Ag]* = 1.940.2 in disagreement with
SM, naively <<1

D

CP violation expected very tiny, however NP could
enhance it.

The best hard way: full tagged and time-dependent
analysis, but statistics still too small.

g p F(ﬁ-(glX52)>0)—F(ﬁ'(51><52)<0)
However Triple Products (TP) Asymmetries are AP S ey ,
expected zero in SM. NP could affect those. T Fuxi) o e a e
Experimentally accessed by asymmetry of
distribution of two angular function u and v. B : A A
Theoretical details in Int. J. of Mod. Phys. A, 19:2505 | %= % ¢sin® : 77k
(2004) and arXiv:1103.2442. . y

. sin® if cos Uy costly > 0 A A
sin(—®)  if cos )y costly < 0 8

Der—
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First measurement of CPV in B® —=¢¢

No tagging and time-dependent
analysis is required.

Unbinned ML fit:

— Signal asymmetry enter directly

the Likelihood.

— Backg. Asymmetry consistent with

Candidates per 20 MeV/c?

A =(-0.8+64=x1.8)%
A =(-120£64+1.6)%

Sensitive to CP Violation both in
mixing and decay.

Candidates per 20 MeV/c?

4/217/11 IFAE 2011 - M.]. Morello

CDF-Pub-10424
CDF Run Il Preliminary L=2.9 fb™
80: Candidates withu <0 Candidates with u > 0
E ﬁf & ——Data
601 i | i
i i
40_ [ ‘X ] % ------- Background
20} ot
A 44
Tt ey M +h+*
53 54 55 5.3 5.4 5.5
Mass [GeV/c?]
CDF Run Il Preliminary L=2.9 fb™
SO: Candidates with v <0 Candidates with v >0
I A ——Data
601 ! “L = Fit
al A5
40_ 1 I Background
20} ' :

53 54 55

53
Mass [GeV/c?]




v: New CDF Measurement

O Dimuon data sample
4

— Use impact parameter to identify source of muons:

4/217/11

Q. DM O

b, ¢, prompt
Same technique as bb cross-section measurement
2D fit of d, using templates from Monte Carlo
Constraints on b,c—=K,x—u also from MC

Much tighter selection than earlier measurements

— Requires hit in silicon layer 1.7cm far from beam

IFAE 2011 - M.]. Morello



Extracting

O  Many sources of dimuons in bb events
— b semileptonic decay
— b— c—u sequentials
T g et
— Hadron fakes

0O  Use MC to derive wrong-charge fraction

O Result: ¥=0.127= 0.008

— Includes systematic uncertainty on wrong-charge correction

— Compare to LEP: 0.126 £0.004
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CPV in DY — hth-

The main challenge: suppressing detector charge
asymmetries at the per mille level.

Fully data driven technique using huge sample of
Cabibbo-favored tagged and untagged D° — K-x*

Basic assumption: ppbar strong interactions are
charge symmetric.

A, (D’ — 7' )=[+022 024 +0.11]%
A, (D’ — K'K™)=[-0.24+022+0.101%

World’s best measurements.

—  CDF very sensitive to mixing induced effects,
because of impact parameter requirements.

Fully consistent with small CP violation.
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CDEF-Pub-10296

No Direct CPV

BABAR 2008
(-0.24+0.52+0.22)%

BELLE 2008
(0.43+0.52+0.12)%

(a)

CDF Preliminary 2010
(0.09+0.10+0.05)%

NEW AVERAGE

-3\ [ -2 -1

adr(D° — ') [%]

. 0 1 2
ad(D° — ') [%]
No Indirect CPV
T ‘ T
(b)
BABAR 2008
(-0.24+0.52+0.22)%
BELLE 2008
(0.43+0.52+0.12)%
CDF Preliminary 2010
(0.22+0.24+0.11)%
NEW AVERAGE
Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il L Il ‘ 1 Il Il Il
-3 -2 -1 0 1 2



B—u*tu™ — Strategy

BR(B® —u*u") is obtained by normalizing to the number of B*— J/3pK*" —[utu]K* where

ot . o ”»” ”” % o
u*ruvertex is reconstructed in the “same  manner (similar for B).

Rec. efficiency ratio

TriggerAcceptance ratio from MC from MC/DATA

B —u*u” decays at 95%CL \

_ Ngl las ] |e L | |

B(BY T e | e Y. BBt |

( S — ILL M ) N+ Oés 68 €N fs ( )7 i

\ From PDGO8

B*— J/4K+ decays from data Efficiency of NN requirement from MC
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B—utu~ — Selection

%

Pru
Selection based on following kinematics Ar<1 /B
discriminating variables: Z<57%
Transverse momentum of candidate p***~ (>4GeV) >0 ¢ % ﬁ: B
Transverse lower momentum of muon track pr P Ll
Proper decay time A=L;pxM,, /[ p**|
Significance of proper decay time A/o;, (>2) Y IR
3D opening angle Aa. (<0.7 rad) ,
[solation of B candidate I (>0.5) > X

=30 >\
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