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CDF and the Flavor

Collider Run Il Integrated Luminosity
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CDF considered “"High-P experiment”. However...

O High-rate of all species of heavy flavors
— actually higher than “B-Factories” (although lower than LHCDb).

O Precision reconstruction capabilities.

O Symmetric detector and CP-symmetric initial state.



How do we do it?

Tracking: o(pp)/pr? = 0.1%.
Usually require all-charged final state.

Silicon close to beam, o(i.p.) ~30 um.

Good muons.

Some PID
(1.50 K-t separation: it’s 80% of ideal)

Efficiencies normalized to reference modes. Hard to do absolutely.
Mostly data-driven analyses. Simulation only for kinematics.

Typical analysis challenges:
— Background rejection: several orders of magnitude;
—  Sample composition;

— Tagging of HF hadron at production (D*tag for charm and
sophisticated algorithms for B).



Live or die by the trigeer

O  Single lepton.
O Dilepton.

O  CDF only: Secondary vertex trigger (hugely empowering)
—  Access wide range of decays.
O Two displaced tracks.
O One lepton + one displaced track.

— L1 trigger on drift chamber (XFT)
+L2 i.p. trigger on SVX(SVT)

+1.3 trigger on full reconstruction.

O Trigger philosophy @ CDF:

— Fixed bandwidth to permanent storage = Maximize purity
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The first CDF result was about Flavor

by Kurt Riesselmann

internal CDF seminar for March 7 is lik

su-enllsls at CDF have announced that they will soon release the first
publication based on data obtained from Fermilab’s Collider Run Il. An
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Basic parameters, important legacy

1(B*) measurements

Cleo <t
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CDF
SLD (ABE 97)) —t * — 166+0.06+0.05 5281.3+22+1.4
L3 (ACCIARRI 985) I ——t 1 166+0.06+0.03
CDF (ABE 98Q) — - — 1.637+0.058+%945 | 1,5 CDF i -*
OPAL (ABBIENDI 99)) ——— 1.643+0.037+0.025 5279.63 + 0.53 +£ 0.33
ALEP (BARATE 0OR) —t > — 1.648+0.049+0.035
BABR (AUBERT 01F) ——— 1.673+0.032+0.023
CDF (ACOSTA 02C) L ——t 1 1.636+0.058+0.025
DLPH (ABDALLAH 04E) H——H 1.624+0.014+0.018
BELL (ABE 058) H=8=H 1.635+0.011+0.011
CDF 11 4.3fb™ H-®-H 1.639+0.009+0.009
PDG08:|1.63810.011 | | |
1.5 1.6 1.7 1.8 World ->
average 5279.40 £ 0.50
S 5275 528 5285 5290
T (ps) RAGEY) (MaV]

O Tevatron an important reference for basic parameters

O Still dominates world averages of masses and lifetimes - not
only for Bs , but even for BY and B*



Beautiful Baryons

%2007 [
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A whole field born at the Tevatron
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Latest arrival in the family:
recent observation of the E°,

=0

| )

Candidates per 10 MeV/c>
o_...mw-hmcasl_..mw-hmmsl

[PRL 107,102001 (2011)]
M(E®) = 5787.8 £ 5.0 = 1.3 MeV

M(ES%) - M(E) = 3.1 +5.6 + 1.3 MeV



Properties of X(3872)

PRL 98, 132002 (2007), PRL 103, 152001 (2009)
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Important contributions towards understanding this exotic state

W.A. mass still dominated by CDF. Compatible with molecular model.
Now need improved D%+D* mass for further progress !

Limit on two-state separation <3.6 MeV/c? 95% CL (disfavor 2-state system)
Production x-sec is important theory input (disfavor molecular model)
Quantum numbers determination.



Production puzzles: full

analysis of Y(1S,2S,3

polarization

S) decays

CDF Run Il Preliminary, 6.7 b~
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The Bs’gs System
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The Bs mixing phase

CDFE/DQ, 2006: magnitude of mixing amplitude

\ ~ \ -
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Mixing phase unconstrained - large NP
contributions still possible.

New physics accessible through
First measurements (2008) showed intriguing interference between decay w/

2.20 discrepancy. and w/o flavor oscillations.



sin(2Ps)from B — J/y¢

arXiv:1112.1726
CDF Run Il Preliminary L=521fb

CDF Run Il preliminary L =5.2fb’
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Identify production flavor using whole event information
Include non-¢p KK component in the angular analysis.

Consistent with SM expectation of very small mixing phase.
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Current results for Bs mixing phase

04

Preliminary results overlaid

[] Do 8fb!

- — 68%CL [] cDF 52fb"
- TTT 95%CL [] LHCb 03fb
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- L | | ol
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CDF confidence region shrunk, DZero did not - both are now more
consistent with SM. CDF will double statistics and combine.

LHCDb result balances on the opposite side. They intersect at SM...



From a different angle:
semileptonic asymmetry by DZero

“&’_0‘02 s
]\r++ — N~ — w \
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.| D@ B —uDX
Agb=(-0.790.17 + 0.09)% DEJ DG A}
o N SRR T . P DO A’ 95% C.L.
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D@, 9.0 b |
3.90 discrepancy FEGE S S0E 0 o
w——-—f -—--w
[PRD 84,052007,(2011)]

Decay-length study tells apart B from Bs component

Crucial to have independent cross-check measurements.
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Further measurements

Ast from sample composition fit of 2-dim impact °
parameter of dimuons. 1st step, time integrated mixing, §”
consistent with LEP: )X = 0.126 + 0.008 (1.4 fb) So S
é 10 LL -
CDF Note 10335 \

-

Use CP-pure Bs = ]/ f,. No angular analysis.
Lifetime: T = 1.70"%2511 £ 0.03 ps (3.8 fb'!)
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Pioneering penguin-side of Bs mixing with CPV
in Bs—¢¢

As=(-12 £ 6.4 + 1.6)%
Au=(-0.7+6.4+18)% (2.9 b1

PRL 107,261802(2011)
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Flavor Changing
Neutral Currents
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Rich dynamics

o 1
%j;% 4+ &ﬁﬁ "+ .

o
~ B \*4 _aicuam

O Multiple channels:
NS SR K*OM+M_3 B+— K+M+M_, Ba— K*+M+M_’ BO— KOSM+M_’
BO— putps, A% —Autu.

O Multiple measurements:
— Total BR -~ early access

— BR vs squared dimuon mass

— Full angular analysis

2/4/12 8th Meeting on B-Physics - M.]. Morello



Candidates / (20 MeV/c?)

Candidates / (20 MeV/c?)

B—Kuu signals

CDF Run Il Preliminary L=6.8fb™
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Most precise absolute and
differential BR

measurements to date

PRL 107:201802,2011
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Angular analysis results

Compatible with SM
Did not confirm previous
hints of deviations seen

by Belle (2.70)

Introduce new

observables in the game. 5

Sensitive to RH
currents.

(Sorry, still no SM

deviations)
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Latest addition to the family

CDF Run Il Preliminary L=6.8fb™

CDF Observed yet another
b->uus process:

Aob S AM+ M

First FCNC decay of the A%, !
BR = (1.73 £ 0.42 £ 0.55)*10°

Sensitivity complementary to meson

processeces.

PRL 107:201802,2011
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B=uru

O SM rate well understood (@) .
5 M
O  SM rate is small, 3.2x10?
t v
O  Broad class of NP models A
S
(scalar operators) enhance o W
it by O(1-100) b e "
2’y
O Clean Signature. t
w n

Challenge: reject 10° larger backg. Keep signal efficiency high.
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A history of exploration

Kept squeezing the space for NP for >10 years

Limits on B(B, »> upu)
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Latest B%—uu result

1CCo9s<v, <097| 097<v, <0987 | 0987<v, <0995 v, > 0.995 BCkg 0.8 i0.4
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e ———

A hint of a signal (not incompatible with latest LHC limits)
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Don’t forget the B®
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5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327

My, (MeV/c?)

PRL 107, 191801 (2011)
Background hypothesis p-value = 0.23

BR< 6*107° @95%CL (expect 4.6)
Start to become interesting (60xSM)



CKM/CPV/Hadronic modes
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Hadronic B decays

Improve understanding of B decay strong dynamics.
Access CKM angle v, least known phase.

i b ‘zb u
o . 0
v from B™—DK" is theoretically-clean ‘f, ' k e D
(tree level). Exploit interference b B ) B V:\<
between the favored and color- B Vo D’ d
suppressed processes. i i i i K
Several methods depending on D%/
DO bar final state (GLW,ADS,... ) VRV ~V V¥ ~ Nel¥
NP?

Two body charmless decays are
sensitive to NP. However constrains

S
A

soft because QCD uncertainties.
Several simultaneous measurements

needed.
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Evidence of suppressed B~—DK"

CDF Run Il Preliminary L =7 fb!

Events per 14 MeV/c?
N w
T T

10~

B — DJ,, v — [K*n]a
—+— Data
Total
L 72 B — Dy
- B - Dg_uB K

B - Kna'n

B — D%, D°— X
I B - DK, D°— X
BB’ D, e,
— B -D"n

+ H‘\

Tt

------- Combinatorial background

1]

Asymmetry —

Suppresses/Favor —

2/5/12

J L ‘ 1 | | |
5.4 5.5

56
‘' mass [GeV/c?]

PRD
CDF Run

84, 091504 (2011)

Il Preliminary L =7 fb

N
(=}

Events per 14 MeV/c?
S

10[E.

—0 »
B* — Dg,p " — [K ¥l *

—+— Data
Total

V27, B* — ?gup Ul
N B* - D, K*

B = Knn
B*— D'n*, D°— X

B 5’ - D’K*, D"~ X
BB D eV,

B*-D x*

------ Combinatorial background

s

MR TR (TR B |
5.4 5.5 5.6
Kn*xt mass [GeV/c?]

A, (K)=-0.82 +0.44(stat) = 0.09(sys?)
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with ete- .

Big question mark in
R, (K)=[22.0+8.6(stat)+2.6(syst)]-10~ hadronic environment.

Turned out competitive



Charmless two-body decays

CDF pioneered the technique in
hadron collisions and discovered
several:

First observations of:
LG

— B% —=Kmt

—  AY —pir

£ A% —pK

Measurements of:

—  Ap(BY —=K*rn)
—  AHB°, =K )
—  Acp(A% —p)
—  Acp(A%, —pK)

2/5/12

arXiv:1111.0485 [hep-ex].

CDF Run Il Preliminarny dt =6.11 fo™

* data
—total

—
OCAJ

<.

—
<

Candidates per 10 MeV/c?2

-
o

v2/ndf = 70.42/79
Bl B K'n
B K'K

B’— '
B— K*n
([T A§—> K*n
- P

B’— K'K
Bl B ntw
----- multibody B decays
("] combinatorial bkg

5.6 5.8
griant tw-mass [GeV/c?]

Latest arrival: annihilation-type
decays BY —m*w” and B® —K*K™




Evidence for charmless annihilation

BC — mtm”
S
arXiv:1111.0485 [hep-ex].
Mode N Significance X .
B KTK 120=49 %42 200 S sl WE-
Bl vrtns 4211 370 S g V¢ [Jother '3
3 B * data #0085 100
T 10k .
© E \/ L. 4
First evidence for the B® — st g 0 MG
BR(B) — ") =[0.57+0.15(stat) = 0.10(syst)]x 10™° : - KK s
10° B [ Jother ol
First two sided bound for the B— K*K~ - Jata - g
BR(B" — K*K")€[0.05,0.46]x10™° @ 90%CL 10

BR(B® — K*K™)=[0.23%0.10(stat) 0.10(syst)] x10° 00

02 04 06 08 1.0
Relative Likelihood

Indication of strong annihilation and important inputs into theory models
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Charm Decay Factor

Trigger on displaced tracks provide huge charm samples.
Not in original CDF plans and still largely unexploited.

Untagged decays
3 CDF Run i Preliminarny dt=5.94 fp

Good sensitivity to charm mixing x10
~30M DO—=K*rr

Exploit CP-symmetric production

Unprecedented sensitivity to NP in up-
quark sector.

Candidates per 6 MeV/c?
S
o
o

—
o
o
o

I IU

A ‘
1.5 2.0
Invariant *-mass [GeV/c?]
2/5/12



Charm Decay Factor

Trigger on displaced tracks provide huge charm samples.
Not in original CDF plans and still largely unexploited.

Good sensitivity to charm mixing
Exploit CP-symmetric production

Unprecedented sensitivity to NP in up-
quark sector.

Time-integrated CPV:
Acp(DO—K K )=(-0.24+0.22+0.10)%
A p(DO—mtm )=(+0.22£0.24+0.11)%

CPV in D° mixing < 0.13% @90% CL.

Phys. Rev. D 85, 012009 (2012)
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Candidates per 0.1 MeV/c?

Candidates per 0.1 MeV/c?

15

10

8000

6000

4000

2000

T
20

x103‘

ND** — D (= K'K) n?) = 232413 = 759

x2/ndf = 326/299 4

+ Data (5.9 fb")
— Fit |
D Multibody D decays ]

- Random pions

~0.5M |

2.01 2.015 2.02
Invariant D’r-mass [GeV/c?]

05005

—,————
N(D** — D° (= m*) t?) = 106169 = 352

x2/ndf = 325/308

+ Data (5.9 fb")
— Fit
- Random pions

~0.2M Df

2.01 2.015 2.02
Invariant D’r-mass [GeV/c?]

DO—K*K-

—>JU T



(D°—n*r) [%]

dir
CP

A

CP violation in DY—h*h~

T ‘ T T
|—°| T ‘ T T
[ W COF | & - CDF 1
i = BABAR 2008 | & o2p = BABAR 2008 |
lll gete 2008 | ¥ Il gete 2008 |
”?WHH_” e No CPV OQE_ e - e No CPV :
E | 55 =
g < 0r 7
o , e — f
I | W‘HHH |
@ = ) N
L — 2-dim 68% gL A — -2~ — 2-dim 68% CL 7
-2~ 2-dim 95% CL - SR 2-dim 95% CL N
—= 1-dim 68% CL. L - —— 1-dim 68% CL |
_1 _0.5 0 0.5 1 1 1 1 1 ‘ 1 1 1 1 1 1 ‘ 1 1
AGR(D° =) [%] i o ” A KK) 94
cp(D"—=n'm) [% ADY(DO—K'K) [%]

Phys. Rev. D 85, 012009 (2012)

Complementary to ete” due to different acceptance

Best precision due to large sample and pioneering new technique - systematics
<0.1% in mr and KK modes

With 6fb’l, first measurement in the sub-% region, sensitive to realistically

possible effects.

Compatible with zero in both modes, but...



DCPV difference in D°—h*h~

,-;mg RRY ™ HFAG-charn
<10.015
0.01 E—J A LHCb Prelim.
[ES5 A BaBar

[~ A Belle

-0.005[
_ T LHCb band drawn by
.01 T NN | hand, not HFAG approved!
-0.015F " R
_o.oalllllllll T G S
-0.02 -0.015 -0.01 -0 005 0 0 005 0 01 0 015 0 02

amd

0O Recent LHCDb result yields >30 effect in DCPV difference
between mmw and KK

O CDF has 1.40 effect in same direction. Interesting to
pursue with full sample.
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A legacy for the future

O  Many first observations and precision results.

O Pioneering instruments and analysis techniques
Explored new grounds: Bs,Bc,baryons, FCNC,charm...

O  Stringent SM tests constrained possible NP.
O Set the bar high for the next generation.

O Shown feasibility HF physics in “hi-pt” environment.

Now performing final analyses with full sample...
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Backup
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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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Skepticism is healthy

Unlikely to be peaking bckg. Only
one is B—hh. Is 10x larger in B° it T B B '
window where nothing is seen. ' +

Unlikely to be syst. problem with
combinatorial. Same procedure in

candidates / 24 MeV/c?
I
§$
ol ¥ i
8
s
~ ’/ % :
o
8
2 ._}_.
s
8
il
o
8
-

B° where nothing is seen. i’ . ’l’ i‘ { R
Unlikely to be NN-shape issue. T ey T T
Cross-check with B* looks good SEEE—

AR b : We conclude this is a 4
within <56%. And several cross- . ,
checks show no mass bias vs NN fluctuation (2.60). Not s

unlikely in one out of 80 bins.
Using last 2 bins only: — e

Br=14'10,gx108  (0.33x10®<Br< 3.3x10®at the 90% CL)

p-value(bckg-only) = 0.66%

39



B, oscillation parameters

0 _ l_r _ iz 0
g BS _ M 2 Mz 2 BS
at _2 M:_ I_EQ M - i ég
Diagonalize "2 2
CP Eigenstates: 1B = |BY+ |BY |BSy= |BY- |BY
Mass Eigenstates: |BfY =p|BY+ql|BY B =pl|B-qlBY
Heavy Light
If CP conserved in : —SM
miXing, p=q AIVIH — 2 All'll') sl |A‘
! — SM TA
observables e IS 2IT12,6| - cos (¢5™ + 5
) M A
AT =T, -T (T, +T,) | AL _ [Tzl COb(‘ +¢5)
= S 8
AM =M, -M, 2 E o
% E o = ISP Sln( + ¢ ) E: AT, an(@. ™ +¢.4)
) NEO ) TEOR o T Mg N
5T (R 7 ’
I'B(t)—= f)+I'(B(t)— =

Sensitive to lots of possible New Physics:
SUSY, 4th generation, GUT, Extended Higgs, MFV, unparticle...
Really attractive hunting ground for NP




BOS%M+

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

BR(BO.—uu)=(3.2 £0.2)x10° (|V,|2)
BR(BO—pu)=(1.0 +0.1)x 1070 (|V,,|2)

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.

8th Meeting on B-Physics -
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The analysis@CDF

Trigger on two muons with pr> 1.6 -2 GeV/c s

NN classifier separates S from B

CDF I Prellmlnary 7 fb™
& 35000 . 7 -

30000 |
25000 = 30000
20000 -
15000 | 1 20000 - ] ‘
10000} = 10000

mz_.h

20 30 40 50 60 70 80 0246810121'4 8.5 06 07 08 09 1
X

= Sideband Data
= MC Signal

. o'l l T

3§§g

0 01 02 03 04 05 06 0.7
A S,

Bcekg predicted using mass sidebands (comb.) and fake rates ¢

for B—hh. Checked on many control samples |
e ——— ﬁ_«

Look at search region in bins of mass and NN. ¢

Rate determined using B*—J/YK* as reference }
L —— T

42




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

8th Meeting on B-Physics -
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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 >\

8th Meeting on B-Physics -
LS M.]. Morello



B, from BY —]/y¢ - status

CDE-Pub-10206

CDF Run Il Preliminary

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.

0.6

AT (ps’)

0.2
-0.4F

;P—Value: 44% (Q.8 o)

-0.6
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0.4F
0.2F
0.0f

L=521"

— 95%CL
— 68%CL
—— SM prediction

6500 B =] /¢

=

-1 0

1

B (rad)

DONote 6098-CONF

Preliminary

- DO, 6.11b"
- By — J/vé

D

AM, = 17.77 £0.12 ps~}

61 =-0.42+0.18
do= 3.01+0.14

— 68% CL
— 95% CL

¢3/**[rad]



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

2/4/12

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

reference mode

Simultaneous loglikelihood fit to signal and
normalization mode.

8th Meeting on B-Physics - M.]. Morello

N/ £))=571+37

CDF Run 2 Preliminary ~ L=3.8 b’

F | —— Data
180} R
160 s | e Background

N

o

o
T

Candidates per 5 MeV/c?

L L PRI R L
5.30 5.35 5.40 5.45 5.50
M(Jynn) [GeV/c?]

N(J/W$)=2302+50

CDF Run 2 Preliminary ~ L=3.8 b

—— Data
— Fit
----- Background

H [6)]

o o

[=] o
T

Candidates per 5 MeV/c?
3
o
[

D ATES,. PP
530 535 540 545 550

M(Jy K'K) [GeV/c?]




BR( B® —=]/f,(980) )

~180 significant (CDF-Pub-10404):

BR(B) = J | yf,,f, = a'm")
BR(B! — J /y¢,¢ — K'K")

=0.292 £0.020(star) = 0.017(syst)

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 Iyf,.f, = 7a*7")
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:

4 N++ 2 N——
X Asl 7Y . VIR
- N +N y

50 = e
‘um B’ B ~~~3

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 1b! D@ measures:

A% = (-0.957£0.251£0.146)% =

SM prediction is:

— Using prediction of ad; and a,
from JHEP 0706, 072 (2007)

Al = (-0.023") )%

Differs from SM by ~3.20

Results from B® —]/1y¢ consistent

with dimuon asymmetry.

0.01

0

-0.01

-0.02

-0.03

PRD&82,032001(2010)

i.D@ Al;
- = Standard Model
- — B Factory W.A.
- B DO B.—D,u X

-0.04-0.03-0.02-0.01
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Di-muon charge asymmetry

In 6 tb™! D@ measures:

A? =(=0.957+0.251+0.146)%

SM prediction is:

— Using prediction of ad; and a,
from JHEP 0706, 072 (2007)

Al = (-0.023") )%
Differs from SM by ~3.20

Results from B —]/y¢ consistent

with dimuon asymmetry.

2/4/12 8th Meeting on B-Physics -

Green band from AP

Preliminary

T o4 DG,6.11b"
B EB T/
-
>
<

\H‘HH‘HH‘HH‘\W\‘H\

8 =—-0.4240.18
dp= 3.01+0.14
AM, = 17.77+0.12 ps!

@ — 68% CL

—95% CL.
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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”

O Charm is a unique because it probes B B G i
up-quark sector (unaccessible through t s .
or u quarks). § oo / \ s
2
O Negligible penguin contribution the ! J )

Charm decays in SM 0é.oos ~ 5010 2015 2020

Invariant D’r;-mass [GeV/c?]

— CPV in charm would point to NP

CDF Run Il Preliminary [L dt = 5.94 fo!

N§20000 i N(D** — Dt — [K*KJr?).= 232520 + 759
g + x2/ndf = 325.74/299
0 IS 0 S | — 3
I'(D"—=h"h)-T'(D" —h"h |
ACP (DO = h+h_) - ( 0 3 ) ( _0 2 ) %15000, «  data
(D’ — h*h )+ T(D° — h*h") ; /\ =
E; | -/ —— multibody decays
510000 s RNGOM PIONS
5 i
S . dir < t > ind 50007
T i T
05006 2010 2015 2020
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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.

2/4/12

CDF-Pub-10296
CDF Run i PreIiminarny dt=5.941b"
S ! T T = onR (594 o) |
= — BaBar (386 fb)
+ 2 N
o — Belle (540 fb)
OT B ¢ No CPV point 7
o 68%-95% C.L.
550
0
-27
Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il
1.0 -0.5 0.0 0.5 1.0
and(D -t [%]
CDF Run Il Preliminarny dt=5.94 b
S | T T = onR (59410 |
rg — BaBar (386 fb')
L0 ~ Belle (540 fb) |
OT B » No CPV point
e 68%-95% CL 1
$ Tl
07 B —
2F ]
|- \
P N RSO DR
1.0 -0.5 0.0 0.5 1.0
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y from B—DK

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:

N(B—=DpK)=34 + 14
N(B—=Dpgm )=73 £ 16
Significance (Dpgt + DpK) >50

2/4/12

20

73 /03
Qo
— — + — —
B —Dn —[K'n|n
CDF Run Il Preliminary L, _ =5 fb™!
35 . T T
- B = Dy — [K'x]x
30i —+— Data @
: — Total
C ZZ B =Dl
B B~ Dho K

Events per 14 MeV/c?

15

10

B — D%, D= X
B 5 - DK, D°- X

Combinatorial background

4+ i

5.25 5.30 5.35

B+*—=Dn —[K |t

CDF Run Il Preliminary Lint =5fb?!

Events per 14 MeV/c?

35

Ly L PRI BT R TL
550 5.5  5.60
K*m'w mass [GeV/c?]

W
o

25

20

15

10

5

0

B* — Bgcs at — [K ] n+
—+— Data
Total
BBl

B" = Dy K*

B* D x*

B* — K*nn+

=0 .

B - D,/ eV,

B* — D%+, D°— X
Il s - D'k, D' X

—-—-— Combinatorial background

. \J_A_A;%A_‘_A;i‘

8th Meeting on B-Physics - M.]. Morello

545 550 555 560

K n*n* mass [GeV/c?]



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*)

R,ps and A, g are functions of y angle.

First measurements of these quantities at
hadron collisions.

Results in agreement and competitive with
other experiments.

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 —t 0.016 = 0.004 = 0.002
e CKM2010 preliminary N
~ ]
><| 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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Why hadronic B-decays!

O  Hadronic decays very rich field.

O  Sensitive to all combinations of:
— Cabibbo-favored and Cabibbo-suppressed decays,
—  Tree-diagrams and loop-diagrams,
— Spectator-decays and exchange/annihilation decays,

— Colorfavored and color-suppressed decays.

O  Aim: disentangle new physics from hadronic uncertainties.
— Requires simultaneous measurements of many decays.

O  Focus today on modes sensitive to the least known angle y.
— B—DK (ADS method)
= eBo =ehih e decays:
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Angle vy from B"—DK"

Cleanest ways to measure y angle. Only tree-level amplitudes are involved. Tiny
theoretical uncertainties. Exploit interference between the processes:

b—cus
u
V<
/',’ Y
DAL G i c
B Vo
u u

Favored b — ¢ decay:

= Vcbv*us~ }\‘3

b—ucs
b Vub u
< S
D
c
\\
B
7 <
u 7 K

Color Suppressed b — u decay:
Pt ubv*cs~ }\‘31.13 e—if)B elY

Several methods depending on D® —f and D%—f: GLW D—smn/KK, ADS D—Kxt

suppressed decays, etc. No tagging or time dependent analysis is needed, well suited

for hadronic environment.

CDF already provided results for GLW method in 1fb~! [PRD81, 031105(2010)].

2/6/12
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ADS method

ADS method [PRL78,3257(1997);PRD63,036005(2001)] uses the B~ — D K™ decays with D
reconstructed in D— K*rt™ :

Color allowed B~ — D K™ and Doubly
Bits DU — [KU-,;‘]K‘/ Cabibbo Suppressed D%— K*rt™ .

£ = T = ¥
B K [K+7T IK s Color suppressed B-— D K~ and
Cabibbo Favored antiD%— K'nt™ .

2 2

2 SR D i
B

Vo Vs
Vub ch

M(BT > K=D%— f])
M(B== KD 1))

ai

1

Y

a2
o color suppression
B~—DK™ —[K*'n ]K™ suppressed by factor of about 1073 wrt favored B-—=DK~ —[K 7t+]K"

The two interfering amplitudes are comparable. Large CP violation can be observed.
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ADS method (cont’d)

O Expected large CP asymmetries.

O Results have to be combined with other methods to
obtain y measurement.

BR(B~ — D, ")+ BR(B" — D h")

BR(B-— D, h")+BR(B* — D, h*) h=Korm
(B =D, i)+ BR(B' =D, ) K%
i BR(B"— D, h")-BR(B* =D, h") D, —Kn
" BR(B-— D, h")+BR(B* =D, h")

O Observables: R, (h)=

From theory: R, ps(K) = rp? + rg? + 2rgrp cos(05+0p) cosy A(b— u)

: =‘ _|AD* =K 7)
A, ps(K) = 2rprp sin(dg+ dp)siny/R ,po(K) P A —0)

oy ‘A(DO —K'n)

dp and O, relative strong
phases of B and D decays.
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8.,

hls 2 ; g
B™—DK™ ADS analysis ",
[ec?(‘[b
- e 29,
CDF Run Il Preliminary Lint =7fb
Selection is crucial to search for highly L2 Fovoregdecay
. Q | B - D% n— [K n*]n +c.c.
suppressed signals. S A
Optimal point chosen using large sample £ 10000
£ 10000]

of favored decays (same final states).

— Maximize the sensitivity for discovery of 5000;

limit setting for an unobserved mode :

[phy51cs/O308063] 98 50 52 54 56 58

Kriw mass [GeV/c?]
Simultaneous Extended Unbinned g OO Rt Prlminary L =7 5
Maximum Likelihood fit on Favored and 3~ pwprsseddecay
2 [ sup® — [K" ] 7 +c.c.

Suppressed modes. = 6000 "
Using masses and particle identification 8 4000]

(dE/dx) information to determine the |
signal composition. 2000]

L L L PRI T
98 50 52 54 56 58
Knr mass [GeV/c?]
2/6/12 EPS-HEP 2011 - M.]. Morello



et
B™—DK™ ADS analysis ",

Selection is crucial to search for highly
suppressed signals.

Optimal point chosen using large sample
of favored decays (same final states).

— Maximize the sensitivity for discovery of
limit setting for an unobserved mode

[physics/0308063].

Simultaneous Extended Unbinned
Maximum Likelihood fit on Favored and
Suppressed modes.

Using masses and particle identification

(dE/dx) information to determine the
signal composition.
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Events per 10 MeV/c?

2000

Events per 10 MeV/c?

4000

N
o
o

1507

-
o
o

50

t .
IO[)
CDF Run Il Preliminary L_ =7 fb!

Favored decay
B — D’ n— [K n*]n +c.c.

fav

L

54 56 58
Knn mass [GeV/c?]

CDF Run Il Preliminary L _ =7 fb!

Suppressed decay
B -D? n—[K'n]x +c.c.

sup

Signal region

/

8

| ke
5.0 52 5.4 5.6 5.8
Kn mass [GeV/c?]



o,
First evidence of B‘%DSHPK" 03,

CDF Run Il Preliminary L =7 fb!

N
o

10~

Events per 14 MeV/c?
S

B — DJ,, v — [K*n]a
—+— Data
Total
L 72 B — Dy
- B - Dg_uB K

B — Kn'n”
B — D%, D°— X
I B - DK, D°— X
BB’ D, e,
— B —-D"x
------- Combinatorial background

77 | ‘7 4% ‘ ‘ \‘ AT{

! L ‘ Il I} 1 1 I} I}
5.4 5.5 5.6
K mass [GeV/c?]

5.3

OO %

CDF Run Il Preliminary L =7 fb

Events per 14 MeV/c?
3
T ‘ T
—

N
(=}

10[E.

B* —

52up at — [K 7] xt

—+— Data
Total

V27, B* — ?gup Ul
N B* - D, K*

B = Knn
B*— D'n*, D°— X

B 5’ - D’K*, D"~ X
BB D eV,

B*-D x*

------ Combinatorial background

s

N(B =D, K)+N(B =D, K")=32+12

N(B"— D, )+N(B*— D, ") =55+14

1 1 ‘ L1
55
Kn*xt mass [GeV/c?]

First Evidence of B_%DSUPK_ signal at hadron collider (3.20 level)
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Cop

Physics observables ™=,
Q9

R, () =[2.8+0.7(stat) = 0.4(syst)]- 10~ B—D, m~ ~19700ev
B™—D¢ K~ ~1460 ev

A, () =0.13+0.25(stat) = 0.02(syst)

R, (K)=[22.0+8.6(stat)+2.6(syst)]-107 B:%Dsuprc‘ ~55 ev

A, ps(K)=-0.82+£0.44(star) £ 0.09(syst) B"=D,,K™ ~32 ev

First measurement of A~ and R at hadron collider. They agree with other experiments.
ADS ADS y ag P

Apps(K) Raps(K)
BABAR #ros2072000 ——@— -0.86 +£0.47 :*_(?.1162 BABAR (pros2.072000 —— 0.0110 £0.0060 = 0.0020
Belle (arxiv:1103.5051) —a— -0.39 :*-002286 j—OO.'OO34 Belle (axi:1103.5951) —— 0.0163 —_*-0000(;) f 14 —_*-(? OO(;) 1037
CDF 1l —— -0.82 £0.44+0.09 CDF 1l — 0.0221 £ 0.0086 £ 0.0026
AV G #F1G) , e , -0.53 £0.21 AVG ®#EG) —e— 0.0153 +£0.0034
-2 -1 0 1 -0.01 0 0.01 0.02 0.03
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CDFII detector

Central Drift Chamber

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

Silicon Vertex Detector

— Silicon Vertex Trigger

Particle identification
— dE/dX and TOF

Good electron and muon identification by calorimeters
and muon chambers.
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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+

BY — J/p K”
B* —=]/p K’
A= ]/ P A
B.—J/ypm
B = /¢ ¢

=y, i1z

B Triggers

Dimuon Displaced Track

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

W
@ D

prltrack)>2 GeV
[P(track)>80 or 120 um

Opposite charge

B — uut+hadrons

B —Dh
B—=pu B—hh
bb—uu A,—ph
ccup D—hh
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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 5°- Jiyp
Neural Net Selection 0 150 Other B
o B B Jiyo
' Pt o 100 K
Kinematic variables, track & vertex @ Ml 8. Jy KK
displacement, isolation 5 g0 Il Other B,
O
. . g 60
High-mass sideband only for o)
background model 40
. . 0 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. L™ (frx 22) ol ST Pt S
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® E 77k
(2004) and arXiv:1103.2442. b eosdcosde s 0

v = {sm 1T COS V1 COS Uy > AQAJ_

sin(—9)  if cos )y cosly < 0

M—
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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?
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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
— 1.4 tb'!
— Use impact parameter to identify source of muons:
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

Q. DM O

Much tighter selection than earlier measurements

— Requires hit in silicon layer 1.7cm far from beam
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2/4/12

Extracting

Many sources of dimuons in bb events

b semileptonic decay
b— c—u sequentials
b— 1y —p
Hadron fakes

Use MC to derive wrong-charge fraction

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-

CDEF-Pub-10296

No Direct CPV

The main challenge: suppressing detector charge

asymmetries at the per mille level. T
(a)
BABAR 2008
Fully data driven technique using huge sample of (0.24:052:022)%
Cabibbo-favored tagged and untagged D° — K=t* e 000
(0.43+0.52+0.12)%
Basic assumption: ppbar strong interactions are COF Prefiminary 2010
charge symmetric. (0.09:0.10:0.05%
NEW AVERAGE
0 e -3“”-‘2”‘.‘-‘10“”9“‘1‘””2
Ap(D” = nan)=[+0.22+0.24+0.11]% af8(D° — ') [%]
o No Indirect CPV
Ap(D” = K'K™)=[-0.24+0.22+0.10]% T
(b)
BABAR 2008
World’s best measurements. (-0.24+0.52+0.22)%
—  CDF very sensitive to mixing induced effects, SELLE 2008
because of impact parameter requirements. (0.4320.52:0.12)%
2 3 A z CDF Preliminary 2010
Fully consistent with small CP violation. (0.22:0.24:0.11)%
NEW AVERAGE
-3‘”‘-‘2””-‘1”“0 H“IHH2

adr(D° — ') [%]
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