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Outline

 The CDF and DO detectors
* a,in B, 2 D uX decays
» B. 2> D\"*D ") branching fractions
* CPviolationin B, =2 J/y ¢
— disentagling S- and D-wave components

* Summary

Most results use the
full Run 2 dataset.
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The CDF Detector

muons
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central
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DO Detector

2T Solenoid
DO DZTZCTO r Fiber Tracker

Solenoid and toroid
| Silicon p-strip Tracker fields
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Heavy Flavor Triggers

* single muon trigger (DO only)
— muon p; > 2GeV/c, p > 3GeV/c

e dimuon trigger (CDF and DO)
— for decays with J/y =2 uu
— muon p; > 1.5 GeV/c, |n| < 1.0 (CDF)
— muon p; > 2 GeV/c, |n| <2 (DO)
 displaced vertex trigger (CDF only)
— for hadronic charm and bottom decays
— 2 tracks, opposite charge, p; > 2.0 GeV/c
— impact parameters 100um < d < 1000um
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Status of A

* DO like-sign dimuon<z CLeo, A=
asymmetry result  Z | A
3.90 from standard A . .=
model. |

* SM point from ool
arXiv:1102.4274

DO has new 0.02L

measurements of A,
(B°) and A ((B°,).

-O O3~I April 2012 \ 5
| ! |

| | | |
002 001 0 001
As(B)
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A, in B, 2 D uX decays 3@

N 5103 N
Q 0 =0 - Q -1
S 30— p B (B,) — u* D; v (weighted) > - DO Run Il, 10.4 fb
2 © DORunll, 104 fb ] S 5001
o I N(D]) = 203513 + 1337 ~ - |
< [ N(D") = 47965 + 1173 D
] B ()
L (
= 20 —— Signal Fit = _
. <
------- Background Fit o j |
)
......... = -500(-
S Z -
10 ______________
- i —— Signal Fit
I 1 1 1 I 1 1 1 I 1 1 I I 1 1 1 I
1.8 2 2.2 1.8 2 2.2

M (o) [GeV/c?]

M (o) [GeV/c?]

Using D, = ¢, after all corrections:

Ag(B)) = (—1.084+0.72 -

arXiv:1207.1769
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A, in B = DU)uX decay:s

x_103 ......... S——— e — S— S S —~ 120 x10°

DORunll, 104 fb" | O

o]
o

~
o
T

N(uD) / (4 MeV/c?)
N W S [$)] (2]
Ilollllolllollllollllolll

10F

1.65 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 B :
M(Knn) (GeV/c?) 0~ —%1a o015 o016 047
AM = M(Knr_,) - M(Kx) (GeV/c?)

D* mass difference signal

D- signal for uD events >
for uD" events

Asymmetries calculated in bins of VPDL,
corrected, and averaged
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Final Asymmetries
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Updated 2D Asymmetry Pl
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Global fit still lies about 30 from SM point.
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B. > D.*D_ ") B.F.

* Decays are primarily CP even

* One of the major contributions to AT,

* Poorly measured or unmeasured B.F.s

* Reconstruct D, 2 ¢wand K'K

» D." reconstructed as satellite peak (missing v, 7°)

* Normalize to B® = D ."*DU")- reconstructed similarly
* Constrain with multiple fits

29 Sept. 2012 R. Harr -- CKM 2012
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B. 2 D.")*D ") Mass Plots
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Phys. Rev. Lett. 108, 201801 (2012)
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Results

—  (0.49 + 0.06 = 0.05 + 0.08)%
— (1.13£0.12£0.09 + 0.19)%
— (1754 0.19+£0.17 4+ 0.29)%
—  (3.38+0.25+0.30 4 0.56)%

Assuming that this is the only major contribution to the
width difference we estimate:

ATPPs /T = (6.99 4+ 0.54 4+ 0.64 + 1.20)%

less than the world average of about 14%, indicating
other major contributions exist.




CP Violation in B, = J/v ¢ Decays

dominant
contribution
from top quark

Bl — = J/¥¢

B'— = J/¥K®
= sin(2p) = sin(2,)

5 — - —C i
Decay rate ~ W gW “\‘i .t fﬂfi (
S g
/ ? f*(: ?] ) ) i z) ) ) E
) N Vud Vs Vi
New Physics — B5M — arg(—Vi, Vi /Ves Vi3) & 0.02 Vea [ Ves Vo
particles “ : “ Vig | Vie Vi
(L .8 ] y
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SM predicts tiny CP violation in B, mixing.
New physics can be the dominant effect.
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Related Modes >

* CDF and DO determined the B.F. of B, = J/y f,(980)
where f,(980) 2 n*7

— When f, 2 K*K could be a background in B, 2 J/y ¢

— B.F.s measured by LHCb, Belle, CDF, and DO are
consistent

— Decay is CP odd: CDF measured lifetime in this mode,

should be equal to A
u qu Ty %ﬂa
* DO measured B.F. of B, 2 J/y f,(1525)

— Possibly another way to measure f,

29 Sept. 2012 R. Harr -- CKM 2012 15



B. = J/yf,(1525) Results

>800f—DQ Runll, 10.4 fb” 4 pata (a) DO Runll, 10.4 fb' ¢ Data
> 0 | > annt — Full Fit
— Full Fit | 400[
3600— sianal | = | — RBW, J=2
N weslgnal | 3900
%400, ~
L R .
c T T U c
$200F o e Bkg 0
B ob *+eel Ml200
5. 54 56 58 14 16 18 2
M(u*'wK'K) (GeV) M(K*K') (GeV)

2

Ry s =0.224£0.05 +0.04 s """ Pom

Events /0
N =
o o
o L] o L]

Confirms LHCb observation.

(=)
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Analysis at a Glance

Very complex likelihood fit, 11 physical parameter 35 nuisance:
use mass, angles, decay-time and production flavor distributions

@
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@
. et
) ) g ]
Dimuon trigger g, I ‘
o § -0 § T
e Ak
Offline selection

Flavor tagging
—- to separate B
—— Fit projection fr‘Om B
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0 2
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Emm RN e i
i AN {2 I I - 5 Decay time to know
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T 2 o £@ time evolution
F ;Zzg: . 500- ¥¥/dof = 10/20 7
L. 5007 R
& o | o Angles to separate
b £ N i /@ CP-even/odd
'-__jzoo;— _ -
NP Mass to separate

\(KM W  signal from bckg CDF Public Note 10778

29 Sept. 2012 R. Harr -- CKM 2012 17



Mass Projection

CDF Run Il Preliminary L = 9.6 fb™

- 10950 = 111
Signal Events

00)
o
o

Candidates per 1 MeV/c?

| | | | | | | | | | | | | | | | |
0—53 5.35 5.4 5.45
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Tagging

CDF Run 2 Preliminary, L = 5.2 o'

CDF Run Il Preliminary L =9.6fb™ o 2.0
2r : : ° —— Amplitude A
— - B — JWK = 4gL Sensitivity: 37.0 ps™
R o
9 1.5 SD' =1.08 = 0.05 =
S | <
5 L
— I
n -
O osf
© B
QL) L
3 L
3
© N
O -0.51
> N
b —0z 04 o6 08 1 1.5 —— '1|o' — '2|o' — '3|o'
Predicted OST Dilution Mixing Frequency in ps™
Opposite side tagging Same side kaon tagging
calib. for 9.6fb"1 calibrated for 5.2fb?!
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Angular Projections

900 900

800 800F
g 700 + 700F
& 600 + 600F

o
©
S
™
S %%
© 500 1'.. | © 500
o F —— Sideband subtracted data T+ @ F
Q. 400F Q. 400F
(2} F 7)) o
T 300F — Fit projection T 300F
(O] o (0] o
> : > :
1 200F 1 200f
100 100
...............................
3 05 0 0.5 1 % 2 4 6
coso d [rad]

S —  0.068 £ 0.026 =+ 0.007 ps

SM value for

CP phase = 0.512+£0.013 = 0.017

= 2.7940.53 =0.15
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S-Wave Component

e S-wave decay could leak into signal range and effect
phase measurement. Different amounts seen:

— LHCb: (2.2 £ 1.4)% in [1.008,1.032] GeV (La Thuile 2012)
—DO0: (17.3+3.6)%in[1.010,1.030] GeV (8/fb PRD)

— ATLAS:  (2+£3)%in[1.008,1.032] GeV (ICHEP 2012)

— CDF: <5.6% @ 95%CL in [1.009,1.028] GeV (this result)

 CDF performed a detailed analysis of K*K~ mass
spectrum from threshold to 1.2 GeV/c?.

— gives enough lever arm to study wide distributions



S-Wave Analysis

N . ~Data ) L ~Data
L 1500~ —Fit RS 000: ’ —Fit
% ~ —Bl—Jhpo > i KK
= | hgrmvase 2 1500 ot
) L RO g — - —Random tracks
E 1000 5 Wi — Kr background
= I
o , > 1000/
8 (3 -oq—Da : )
© b ¥ © i X e i
S 500 o i
"g) B g 500_—
! L 0 R I T e o S e B e
5.30 5.3 5.40 5.45 1.00 105 1.10 1.15 1.20
m(Jiy K'K) [GeV/c?] m(K*K) [GeV/c?]

Backgrounds include:
B, > I/ £(980) with f, > K*K fo S-wave (0.8 £ 0.2)%
B° = J/y Kz with & misidentified as K, B° bkg: (8.0 £0.2)%
including S and P wave interference in [1.009,1.028]GeV
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AI', Versus CP Phase

CDF Run Il Preliminary L=9.6 fb™
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: " A. Lenz and U. Nierste, arXiv:1102.4274v1 (2011) :
-0.6— . 2 2I0, = (0.087 « 0.021) ps™ —
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arXiv:1208.2967 Phys. Rev. D 85, 032006 (2012)
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HFAG: AI', versus CP phase
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Summary S

* DO and CDF results with the full run Il dataset.
* A, measurements remain about 30 from SM

 CPviolationin B, =2 J/y ¢is tending to SM pred.
— B, =2 J/y ,(980) and B, = J/y f,(1525) modes explored.

— Detailed KK mass study indicates that B® background
could be worse than expected. * |

* More results are in the pipeline
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