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Heavy Flavor at the
Tevatron

e In ~10 years of data-taking Tevatron’s
experiments pioneered and established '
the study of HF physics in hadron
collisions

e Unique access to Bs physics

World-leading rare decays
searches

World leading masses/lifetimes

e b-baryons discoveries

e Precision CPV/mixing in charm
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his talk

e Brand new CDF measurements
in the Charm Physics area

e Other HF results from Tevatron
(especially Bs physics) will be
In Hideki’s talk later today




-ragmentation of charm quarks

e A study of quark fragmentation using kaons produced in association with
prompt Dg)* mesons



Measuring kaon production in association
with prompt D)* mesons

e Quark fragmentation process is described only by phenomenological models which need to be
validated on data

Cc Cc }D+
e Study of charged particle production around s”°
heavy quarks provides unigue ways to probe

f } K~ Opposite
quark fragmentation u Sign

e \We measure kaons produced around prompt
D)*— @11t using a sample of ~260k Ds* and
~140k D* reconstructed in 360/pb of data

correlation between Dyg)
and kaon charge
c }p* allows to probe
different fragmentation

CDF also based on fragmentation kaons

e D¢* allows to study it in more detail since
the it doesn't oscillate and there are no

know P-wave strong decays Sign
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Analysis overview

e Using the sample of maximum-pr tracks in a AR = 0.7 cone around a KKt
candidate, we measure the kaon fraction around the prompt D)* component
by performing a multidimensional likelihood fit:

E(m do,tr,Z) — (1 — D’ — fD* )FB(m do,tr,Z) fD,-FDl(m,dO,tr,Z)
Ds ,D*}

Mis-reconstructed D° — K™ =" x* (pion hypothesis) (pion hypothesis)
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Results

e Compare results with

predictions from PYTHIA

and HERWIG

* pr distribution for early
fragmentation kaons in

better qualitative
agreement with

predictions, compared to
kaons produced in later
fragmentation branches

¢ |n addition to pr, we also

compare Ay and Mpk
distributions
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Kaon fraction
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More information in CDF Public Note 10704
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CP Violation in neutral charmed mesons

e Time-integrated search for CPV in D°—=Ksmt*m-

e Updated measurement of AAcp(D°—h*h’)



CP Violation in neutral charmed decays

d S b
e Charm transitions involve first (1 1-X)2 A AN (p—in) w
two g.eneratllons of quarks, thus Vaw= |+ = - x2/2! AN .
CPV in SM is expected to be e bR LR R
very small... but how much? \AN3 (1—p—in) —AN 1)

e For long time there has been consensus that direct CPV in charm at 1%
level would be a striking signal of New Physics...

e ..now, after LHCb measurement of AAcp(D°—h*h"), there is no consensus
anymore

e Thus, it is important to provide as much experimental information as possible
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CP Violation in the D°—=Ksrt*rt Decay
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Dalitz fit description

e NN selection isolates ~350k D*—D%(— Ksrt*m)mn* + c.c. decays
L = Efficiency - | M|? + Background
e Separate/combined binned fit to M =ag-e +3  a;-€% - A
D® and D° Dalitz plots
to search for CPV

XQ/‘NDF = 1.45 (NDF = 5082) COF Run Il prefiminary, L = 6.0 b
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Results

e Table lists asymmetries between New/| CDF Run Il preliminary
sub-resonances fit fractions “msepesonance  Apr (CDF) [%]  Apr (CLEO) [%]
K*(892)~ 0.36+0.33+0.40 25+1.97;272%
K;(1430)  4.04£244+38  —02£11.3755 17
L : K3(1430)- 2.94+4.0+4.1 —7+2515,1°
o 2 —26 —
Big improvement wrt previous KA(1410)- 2.3+ 5.7+ 6.4 |
results from CLEO p(770)  —0.05+0.50+0.08 3.1+3.8 t?;; o
(PRD 70, 091101 (2004))... w(782) ~126+£6.0+£26  —26+£2475° ")
‘ ' f0(980) —0.44+22+1.6 —4.7+11.0 +24 S
£2(1270) —4.0 4+ 3.4 4 3.0 34 £51 +3§ +§i
. . 1370 —0.5+ 4.6+ 7.7 18 +£10 75, T3
..but still no hints for any CP ?25450)) A1+t o481 S
violating effect fo(600) —2.74+27+3.6
02 —6.8 4 7.6 + 3.8 -
K*(892)* 1.0+£5.7+2.1 —21 £ 4217 122
K§(1430)7 12411410
° The measured value for thg overall K3(1430)F 10+ 14 + 29 .
integrated CP asymmetry is K*(1680)~ o —36+ 19715, +°
Acp (DP—Ksti*mr) = (-0.05 + 0.57 (stat.) + 0.54 (syst.))%

More information in CDF Public Note 10654
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CP Violation in D°—=h*h- Decays

e | ast year, using 5.9/fb of two-track trigger data, CDF produced the world’s
most precise measurement of CP asymmetries in 2-body D° decays:

Acp(DO—K+K) = (-0.24 + 0.22 + 0.09)%
Acp(DP—1tmr) = (+0.22 + 0.24 + 0.11)%

AAce = Acp(KTK)-Acp(rtr) = (-0.46 + 0.31 + 0.12)%
(PRD 85, 012009 (2012))

* |In late November LHCDb reported a more precise measurement of AAcpe,
showing first evidence for CP violation in charm decays measuring:

AAcp(LHCDb) = (-0.82 = 0.21 £ 0.11)%
(arXiv:1112.0938)

e CDF difference compatible with LHCb but also with zero, insufficient resolution
for a conclusive statement
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http://arxiv.org/abs/1111.4183
http://arxiv.org/abs/1111.4183

AAcr(DO—h*h?) with full Run Il dataset

4-Feb-02 6-Sep-03 4-Apr-06 27-Apr-09 30-Sep-11

e Measurement updated with full Run |
data sample

_— Dellvered

—h
IINI

—Acquwed (CDF Il) ;
10- NOW ~9 7/fb /)

. Previous result /

6 z : /

e Analysis strategy unchanged but new
selection has been designed to

specifically improve the resolution on -
AAcp =

Integrated luminosity [fb™]

e About twice more signal events used o L_M,,,l/ o
in the new measurement 2000 4000 6000 8000

Store number

e Expected resolution is competitive with LHCb
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Analysis overview

o
N

e DY flavor determined through the D*—D°ms
decay, but soft pion induces O(1%) artificial
asymmetries

Asymmetry

e Cancel detector effects through the difference
between raw asymmetries, A, of the two

samples: 02

D*-tagged DY—K*K-  A(KK*) = Acp(K*K") + d(Tts) |

D*-tagged D=1t A(Ttit™) = Acp(TT1T) + O(Ts)

AAce = A(KK*) - A[) = Acp(K*K)-Ace(rt )

bt i|l+_+_ | +AL
AN IR i

D** — D% (— n*w) ¢t + c.C.

6000

t
_+++++

tH

+

e Detector asymmetries are kinematic dependent, cancellation works if Tis
distributions are the same between KK and nirt, make them equal by

reweighting

4000

2000

O/N\®N G Jad sajepipuen
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DV KK fit results

Candidates per 0.1 MeV/c?

Alo
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Final result

NEew

CDF Run Il preliminary

—\Acp = [-0.62 + 0.21 (stat) £ 0.10 (syst)]%

e New CDF result confirms LHCb result:

. . | )

same resolution, <10 difference in o,
central value %< S
g

AAcp(LHCDb) = [-0.82 = 0.21 + 0.11]%

e \When combining a la HFAG with other
available measurements, no CPV point is at
~3.80 and

AAcpP9" = (-0.67+0.16)%
Acp™ = (-0.02+0.22)%

e CDF will also produce separate
measurements of Acp(K*K") and Acp(Tt*T)

0

More information in CDF Public Note 10784
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http://www-cdf.fnal.gov/physics/new/bottom/120216.blessed-CPVcharm10fb/
http://www-cdf.fnal.gov/physics/new/bottom/120216.blessed-CPVcharm10fb/

Conclusions

e Tevatron continuing to produce
a rich program in HF physics

e Complementary to ete"
machines and LHC
experiments

e Three brand new, world-leading
results shown today... more
with full Run |l dataset
underway...

e Confirm sizable CPV effects
In charm sector
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