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Introduction

* Heavy flavor production and Triggers at the Tevatron

* CDF and DO detectors

» Overview of most recent CDF and DO results related
to B lifetimes, decays and D asymmetries

See also
Bruce Hoeneisen: "Anomalous DiMuon charge asymmetry'

Julie Hogan "Forward-backward Asymmetry of b quarks
in B*—>J/yK* decays at the DO Experiment”

CDF results:
http://www-cdf.fnal.gov/physics/new/bottom/bottom.html

DO results:
www-dO.fnal.gov/dO_publications/dO_pubs_list_runII_bytopic_byyear.html



Heavy Flavor Production at Tevatron

For the last 20 years Tevatron has enjoyed a very rich heavy flavor Physics

program with more than 150 published papers . "4':*?‘ ._.7 N
S . o 11:“‘(’;-{'&‘ -
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- Large b production cross section
- All B species produced
By, B, Bg, Ay, Ep, =y, Q4
with production fractions
fd:fu:fs:fA~4:4:1:1

Cons
- o( pp ) ~100 mb = ~103- 10*x o( bb )
- Large backgrounds suppressed by

triggers targeting specific decays Secondary
Vertex

The CDF Secondary Vertex Trigger  Decay '—ength . B
(>10 years ﬁf a/ogk) gr'an‘rzd Lxy PT(B) = 5 GeV
access to the hadronic modes sr:mr;y‘ ny > 450um
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CDF B Triggers

Di-Muon (J/v)
Pt(un) > 1.5 GeV

J /¢ modes down to
low Pt(J/y) (~06Gev)

Displaced trk +
lepton (e, u)

IP(trk) > 120um
Pt(lepton) > 4 GeV

Semileptonic modes

2-Track Trig.
Pt(trk) > 2 GeV

IP(trk) > 100 um

Fully hadronic modes
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Drift Chamber/Silicon detector
(R~1.4 m, 1.4 T B Field)

Excellent vertex/mass resolution
Tracker/Muon acceptance: |n|<1
Asymmetric design in tilted cells
Displaced vertex Trigger

Muon Scintillators
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Fiber Tracker/ SI|ICOI’\ deTecTor
(R~0.5 m, 2.0 T B Field)

Reduced mass resolution
Tracker/Muon acceptance: |n|<2
Regular reversal of magnetic field
cancels detector asymmetries 5




In this Talk

- B baryons properties (CDF)
- Z, and Q7 mass and lifetime in J/y X modes
- 2 E% and Q, mass in fully hadronic modes

- B*,— J/yu*v relative cross section (CDF)

- Search for X(4140) (DO)

- Charm Mixing (CDF)

- Search for CP violation in b and ¢ decays (DO)

- direct CPV in B* -J/yK*and B* -J /¢y
- direct CPV in D*,— ¢ «*



B Baryons

For a long time totally a Tevatron field, now a rich legacy to LHC
.+ 2,07 and 2,0 observed in 2006
. E,” observed in 2007
. Q" observed in 2008 J=1/2 b Baryons
. =9 observed in 2011

J =3/2 b Baryons
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=/, Reconstruction

n
Reconstruct E,- and Q.- in the decays )
_ _ _ /K

= = J/YE,J/Y—uu, B — A

Qy = J/p @, J/p — whw, @ — AK
B5-track, 3-vertex kinematic fit

utuw constrained to J/y mass

Trajectories constrained to appropriate topologies

Reconstructed = /Q- constrained to utu vertex ~
Long life of the E- and Q- leaves hits in =/

the silicon detector (unique to baryons)

T B/

Primary Vertex



Check procedure: A, mass/lifetime

CDF Run Il Preliminary, 9.6 fb™

Candidates per 5 MeV/c?

Binned lifetime fit distributions

- Each bin comes from an independent
fit to the mass distribution

- Dashed lines are fit projections
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Mass (A.): 5620.14 + 0.31(stat) + 0.40(syst) MeV/c2
Lifetime (A,): 1.565 + 0.035(stat) + 0.020(syst) ps



Candidates per 5 MeV/c?

=", mass and lifetime

W
p
- o - A
PV o T J/ip% = }L}n_

=+, Observation PRL 99, 052001 (2007) \‘ -
CDF Run Il Preliminary, 9.6 fb" CDF Run Il Preliminary, 9.6 fb™
251 4000
- NE) = 117 = 11 3500[- — Data
20 - auuuss Fit
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M(J/y E) GeV/c? ct(=

Mass (2,): 5791.6 + 2.0(stat) + 0.40(syst) MeV/c?
Lifetime (2): 1.36 + 0.15(stat) + 0.02(syst) ps

LHCb: 5795.8 + 0.9(stat) + 0.40(syst) MeV/c? "



Candidates per 10 MeV/c?

Q-, mass and lifetime
.

P

M+
. PV ., J/y Q- A -
Observation [} > > >
PRL 101, 232002 (2008) AN K-
PRD 80, 072003 (2009)
. CDF Run Il Preliminary, 9.6 fb CDF Run Il Preliminary, 9.6 b’
700
7 N(Q,)= 19+ 4 6005— —— Data
I T Fit
6 500
5 § | |
4 111 g b L]
3 8 soof | |
B B
2 Jj T 200( : :
« [ 5
085 590 595 6.00 605 610 6.15 620 62! T

M@/ Q) GeV/c?

ct(2,) Co

Mass (Q,): 6051.4 + 4 2(stat) + 0.5(syst) MeV/c?
Lifetime (Q): 1.77 +0.55 -0.41(stat) + 0.02(syst) ps
LHCb: 6046.0 + 2.2(stat) + 0.5(syst) MeV/c? 11



Evidence for Q- —Q% v (hadronic)
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Candidates per 10 MeV/c?

NE) = 58+ 10

7 ‘it 1|:l lH..l.
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PRL 107, 102001 (2011)

Mass(E): 5796.5 +4.7(stat) +0.95(syst) MeV/c?
Mass(Z°,): 5791.6 +5.0(stat) +0.73(syst) MeV/c?
Mass(€2,): 6040 +8(stat) +2(syst) MeV/c?

6.0 6.1
GeV/c?

, By~ observation in the hadronic sample
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B*. — J/yu*v relative cross section

w, Cross sec. measured relative to B*—J/yK*
. (same number of charged tracks)

B+

J/p

C
+ + + +
o(Bro) X BR(B*, — J/yurv) _ N(B*)) X e
N =
AR o(B*) x BR(B* = J/yK) - N(BY)
3-4 GeV/c® | 4-6GeV/c” | 6-10GeVic® CDF Run Il Preliminary: 8.7 fb ™'

(&) -
B} candidates 1324115 | 13704£37.0 | 208+14.4 S 300 + . Data
Misidentified .J /1) 115424 | 96.5+6.9 25.043.5 8 2505_ Misid. Muon

o OF + -+- Bl Misid. JAp
Misidentified Muon 86.7 344.4 32.1 N r bb Backg.

o 2001 B Other modes
Double Fake -5.1 -19.0 -5.2 5 150: +.H B’ Monte Carlo
bb Background 12.4+2.4 178.6+12.4 | 110.4+10.7 % - _—_“.

O -
Other decay modes 2.64-0.1 30.0£0.2 0 w100 A -

O -
Total background 108.1 +3.4 | 630.5 +14.2 | 162.3 + 11.3 'g 50 = i$

© [
B/ Excess 2394120 | 739054396 |4574183 (5 E BT 1L, ii_,:t:t#tﬁ;_(_ btbbad, L |
Bgr Monte Carlo, 22.610.6 739.51+3.7 27.6+£0.6 S 4 S 6 + Y 8 2 9 10

Mass(J/pu®) (GeV/cY)

(scaled to signal region) |

13



B*. — J/yu*v relative cross section

B} background Systematic uncertainty

Systematic errors due to Misidentified ./ /1) | not used

- B*. background estimate Misidentified Muon | =9

- Relative efficiency estimate | . . +03

bb background +5.8
Aérez Other decay modes | +=16.3

B lifetime o1 Total 339
B;r spectrum i8;§8§ Quantity Value
B spectrum | 2£0.055 N(B} — J/yutv) | 739.5 + 39.6(stat) 355 (sys)
XFT L0070 1 1 N(BY — J/pK ") | 14338 £ 125 (stay
CMUP efficiency | +0-092 el 4.093 =+ 0.038(stat) t24% (sys)
Total systematics | )30 fféﬁﬁ%&ijﬁ%‘?@ 0.211 =4 0.012 (stat) *{ 03 (Y9l




Search for X(4140) w

Question of existence of the narrow X(4140) resonance
in the J/y¢ spectrum of the B*—J/y¢K* decay is still open.

PV _ g
o B

Require

Lxy(B*) >250 um
pT(B*) >7 GeV/c
d(J/ye) <BO um

1.005 < m(¢) < 1.035 GeV/c2

Estimate 215 +37 B* events

Events 10 MeV

Events / 4 MeV

200

200

100

- DORunll, 104" 4 pata (a)

— Full Fit
- } | —-Signal
. P . —Bkg

52 53 54
MWK KK*) (GeV)

[ DO Runll, 10.4 b (b)

—+- Data

— Full Fit

| $434
"* T

‘(')4 /o L~ rBwW, 9=1
Ly —Bkg

i | -l ""1.‘ 1 | I :'I X1 YSSSY TOPRNT TRTTIN PP | A
1 1.02 1.04 1.06
M(K'K) (GeV)
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N(B*)/ 30 MeV

Search for X(4140) w

DORunlil,10.4fb' < Data (C)
60 .
I — Full Fit - CDF: 3.80 evidence
: ..~ X(4140)
a0 - 170 ... X330 .
- (430 - Belle: No evidence
! . PHSP
20 | :
Wi - } l + - LHCb: No evidence
D b .;._'_.)c. senensache — 1 ] |
42 4.3 44 45 _ . .
A IOK) ) CMS: >5c observation

3.1o evidence for the X(4140)

Mass

4159 +4 3(stat) +6.6(syst) MeV/c?

Width

19.9 +12.6(stat) iS(SYST) MeV/c? PRD89, 012004 (2014)

BR(B" —X(4140)K’) - [19 +7(stat) +4(syst)] %

BR(B"—J/p0K") 16



Charm Mixing

« Compare rate of wrong-sign D°— K*rn- decays
to right-sign D°— K+ decays

- Tag flavor at production with D™ —D%r+* decays

- Wrong sign events can come from mixing or
double Cabibbo suppressed (DCS) decays

- DCS decays are time independent

Right Sign Wrong Sign
Mixing \CS Mixing \F
D™ — DO / S Kt D™ - wtDO / > Koo

DCS
* If no CP violation and small mixing (x,y << 1):

R(t/t) = Ry + VRp Y'x(t/t) + 1/4x(x"2+y'?)x(1/71)?
17



Ex’rmc‘rmg clean WS signal

CDF Run II preliminary, L=9.6 fb- -

« WS signal contaminated by large
background due to wrong charge
assignment in RS decays

« Remove WS candidates consistent
with RS hypothesis and vice versa
- 96 % of background removed
- 78 % efficient on signal

RE S = 0
1'1.7 1.75 18 1.85 19 195 2
Wrong-sign Kr mass [GeV/c?]
x1 03 CDF Run Il preliminary L= 9.6 fb"' 150 x1 03 CDF Run Il preliminary L=9.6 fb"
e | kS
> i ~—— ws D’ candidates > ~—— ws D’ candidates
) — —— Rs D’ candidates [ —— Rs D’ candidates
E 300 - Background E L Background
AN - Al
w 200 L w B
c c i
g o i
w o 50
v ‘ '
! L L N | N " X X 1 "
8 1.85 1.9

08 18 19

Wrong-Sign Kr Mass [GeV/c?] Wrong-Sign Kr Mass [GeV/c?] 1 8



D™ reconstruction

CDF Run Il preliminary L= 9.6 fb™ ) CDF Run Il preliminary L=9.6 fb™

% e Data % 35000 e Data
= — Fit total = — Fit total
wn D* signal w2 30000 D* signal
f Background f - Background
2 325000 —
K- u .
> 20000 — /e Y i
A
15000 : ",.‘ OW
o P
10000 ;/
0_ A0 PR OE. AT N B B S
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0025 0.03
Right-Sign AM [GeV/c?] Wrong-SignAM [GeV/c?]

* The DO yields are determined in 20 bins of decay time,
and 60 bins of Am = m(Knz,,,) - m(Kr) - m(n) for RS and WS

CDF Run Il preliminary, L=9.6 fb '

—_

(=]
)

T

* Correction needed for B decay
component, which generates a

Events per 10 pm
=

larger apparent lifetime
102%— E —— Data
 Use D? impact parameter of |  Prompt
For L Non-prompt

1111111111111111

:Al .
0 0005 001 0015 0.02 01)25 003 0035 004 0045 005
d, [cm]
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DY Mixing measurement

c 9x10'3 CDF Run Il preliminary L=9.6fb” CDF Run |l preliminary L=9.6 fb
o E ® Data ® opo J
8:_ Mixing fit :1:
- L >
ro No-mixing fit =
7; —— Prompt fit projection 20_
6F 3 -
5 i
--------------------------------------------------------- . — 1o
4___,,, 0 — 30
: 50
B ® Bestfit
3:_ + | 1 1 + No mixing
S L - - L S T ST S PR S ST SR N SR S
o 2 4 6 8 10 5 1 0
1741 o 3
x*<(10™)
Fit type x*/ndf | Parameter | Fitted values Correlation coefficient
x 1077 Hp x
Mixing 16.91/17 Hp 3.01 = 0.35 1 0967 0.900
y' 43 43 1 .975
z" 0.08 + 0.18 1
No-mixing 58.75/19 Ry 4.30 £+ 0.06

DO mixing is observed at 6.1, mixing parameters are compatible

with other experiments

PRL 111, 231802 (2013)
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Direct CPV in B* »J/yK*, B* —J /ypr*

No effect expected in b — scc (J/yK), possible in b — dcc (J/y)

-
(=]
>

AT /X)) = A(J/pX)paw + A(X)

/ Cor'rec‘rioni/n'r'ec. asym.
between X* and X-

Raw asym. between

N(JAp h#)/12 MeV/c?

/\

}
\

Ll
rec. B* and B- w

* DO 10.4 b

B* — JAp K*

BB —Jhyp ot
822 B, — Jhp h*X
'[/|/ combinatorial

- Regular reversal of magnetic field
minimizes A(m)
- A(K) measured in K0 — K*n-

N(JAp h*) - Fit/12 MeV/c?

Event selection chosen to minimize

JJ# H{ ”ﬁ H‘H i i o

lllll

o4

.....

statistical uncertainty on A(J/YK)paw

M (JAp h®) [GeV/c?]
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Direct CPV in B* »J/yK*, B* —J /ypr*

& 200—
. o
Type of uncertainty AP (%) AT (%) =
Statistical 0.36 14 = 100/
Mass range 0.022 0.55 =
Fit function 0.011 0.69 =
AAcracking 0.05 0.05 =2 O
AAx 0.043 n/a .
Total systematic uncertainty 0.07 (RY) -_;_ -100 |
Total uncertainty 0.37 4.5 S | \
pd
200 .| .

* D0 10.4fb"
— Total
[ IB* = Jrp K*
B - Jp n*

i

i
\ &% B, — Jhp h*X

1 l 1 L 1

[l combinatorial

i

A(J/yK) = [0.59 +0.36(stat) +0.07(syst)] %
with a1 % correction due to K*/K- asymmetry

A(T/yr) = [-4.2 +4 4(stat) 0.9(syst)] %

5.4

I 1 1
5.6

PRL 110, 241801 (2013)

M (J/yp h?) [GeV/c?]

2



Direct CPV in D*, — ¢+ w

SM predicts non-existent CPV in this decay mode
A(prc*) = A(PT* )raw = ApeT ~ApHys

RAW asym. from a simultaneous fit of sum/diff distributions
ADET- -0.08% from data, Apys = 0.02% from MC

E oA N‘;’ . DO, 10.4 b B D: - ¢ 2° °
R S o B0 o 'l]] Combinatorial
L% [111] Combinatoria E 2000_ 3 D - ¢t Background
:{MI "J\H I‘
il < 1000 ) | |
~
| c | | I
© 1040j E— : 2 0 ! | I I
S 500”{ | | | | = I l
g " | | | 5
g-soo { | | H| | } ‘ Ii m-1 000= l 118 l l l 2 | l l 212 l
-1000E= M (¢J‘tt) [GeV/Cz]
M(M)[G ev/c?]
Wor'lds best arXiv:1312.0741

A = [-0.38 +0.26(stat) +0.08(syst)] %  accepted by PRL 23



Conclusions

» CDF and DO have been first class players in the field
of heavy flavor physics for 20 years, with >150 papers

* Our results have been complementary and competitive
with B-Factories in term of precision

» After showing that precision Heavy Flavor Physics is
possible at hadron colliders, we are now leaving a rich
legacy to LHC and future B-Factories

 But, still more to come with full Tevatron statistics
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