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Measuring Ams

In order to determine the mixing frequency, there are three
ingredients to be obtained:

*Flavor at time of decay
=Final state products

*Flavor at time of production
=Flavor tagging

*Proper decay time
=Time dependent analysis




Flavor Tagging

Bs or Bs at time of production?

opposite side | same side (vertexing)

Opposite Side (OST) &

*Electron tagging &B

*Muon tagging L
: e B hadron
*JetQ tagging n BT - .

Collision Point Ly typically 1 mm D-
— | ! S
Creation of bb -

Same Side (SST) P
*Correlation between ® Direction of beam
f"agmentation particles e CDF uses a combined same side and opposite side
and flavor of B meson 29

fragmentation
. kaon




Flavor Tagging

® Parameters of tagging
® Dilution: D=1-2p (p is mis-tag rate)
® Tagging Efficiency € = tagged events/total
® Tagging Power = €D?
® An Example
® D =40% (Correct tag /0% of the time)
® £¢=5%
o eD2 = %
= | K typical signal events has “power” of
|0 perfectly tagged events




Opposite Side Tagging

lepton+track sample at CDF

tagger [%] efficiency  dilution e D?

Muon 46+0.0 34.7+0.5 0.58+0.02
Electron 3.2+0.0 30.3+£0.7 0.29+0.01
JQT 955+0.1 9.7+x0.2 0.90+0.03
Kaon 18.1+£0.1 11.1+£0.9 0.23+0.02

OSTold 956+0.1 11.9+0.1 1.34+0.03
OSTNN 958+0.1 12.7+0.2 1.54+0.04

Challenges include detector acceptance and
misidentification (fake leptons, imperfect JQT)




Same Side Tagging

Fragmentation
*BY/B* likely accompanied by TT*/TT
*Bs likely accompanied by a K*

eneed MC to measure D . s
Strategy :
etune MC using B* and B° : C)E

euse PID to de-weight pions
*very important

e

CDF: eD? ~ 3.7%(4.8%) hadronic(semileptonic)

b ti }Bo




Lifetime Measurement

CDF Run Il Preliminary L=1.00fb"

*Mean proper time resolution

of 25.9 um (~90 fs) in hadronic
decays (worse in semileptonic)
*In the fit, events are weighted
based on this resolution
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CDF Results

Hadronic Yields

CDF Run Il Preliminary L=1.01b"
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These fully reconstructed decays provide the most
statistical weight to the measurement




CDF Results

Semileptonic Yield

*Semileptonic yields are _

. 2000 = data 4000
much greater ~6/K events in
all channels 8 signal
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*But we miss the neutrino, ° S
. Q_1000 7T mass [GeV/c
which hurts our momentum § |
resolution 2 500

*Which hurts our proper

decay time resolution
*More events, but much less
powerful

¢ 7T'-I mass [GeV/c’]
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Amplitude

Amplitude
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CDF Results
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CT

P(t) = (1 + ADcos (Amgt)) e
Am, = 17.77 £ 0.10(stat) & 0.07(syst)ps "
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D@ Results

March 5, 2008

eD? = 2.48 + 0.21(stat) 9% (syst) %

Amg = 18.53 4+ 0.93(stat) & 0.30(syst) ps—'.
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CDF Pro]ectlons

B ——
*With the 50 S e P Buncion
measurement of Ams, CDF i N “uoak
uses Bs oscillations to £ w0 -
calibrate the SSKT. 5

*Yield should scale by 00 so-sz-0
about 0.8 times per fb"! ‘

(trigger prescales at higher
instantaneous luminosities

I I I I I | I I I
5.4 5.5 5.6

means fewe I’ eve ntS) Invariant Mass in GeV/c?
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Amplitude

CDF Projections

CDF Run 2 Preliminary, L = 5.2 fo"
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Stat only

— (17.79 + 0.07) ps

*Measurement performed
without OST, partially
reconstructed decays,
semileptonic events

*Full measurement won'’t be
much better (most powerful
events used here)

*But with added statistics, will be
in systematic dominated regime

Decay Channel S B S/B |S//S+ B

BY — D;n%, Dy — ¢n | 5613+75 |1070 £ 33|5.25 +0.17(68.66 + 0.70
BY - D;nt, Dy — K*K~| 2761 +53 |1619+40(1.71 £ 0.05|41.72 £ 0.74
BY — D;nt, Dy — (3m)"| 2652 +52 [3533+£59(0.7540.02|33.72 £ 0.68
BY — Dy (3m)", Dy — ¢m~| 1852443 |695+26 [2.66+0.12|36.69 + 0.73

Sum|[12877 £ 113]

Osyst =~ 0.07ps™
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Prospects

EcaL HCAL Ma M5

SPD/PS M3

y M2 =
Magnet RICH2 M i
\

Lots of forward B mesons
that are lost in a central
detECtorS Iil(e CDF and D@ Fig. 4. The distribution (arbitrary scale) of polar angles of

hadrons containing b and b quarks at the LHC.

(N. Harnew, Physics of Atomic Nuclei, 2008,Vol. 71,No. 4, pp568-604)
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LHCDb Prospects

*High yield and excellent
PID gives LHCb some ol
advantages oof o # A
cD?=8.7% 100
*0=40fs '
*Triggered Yield = 264K
*B/S=0.6
*These are “optimistic”
projections

300
200

100

BY — D ™t
.O-Ams ~ 0.003 PS-I (Stat) (N. Harnew, Physics of Atomic Nuclei, 2008,Vol. 71,No. 4, pp568-604)
from Ifb! at /s = 7 TeV
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Current State

Amd B de 1 “/td : | II;dI Ihl C:L Iogl5 ? LI % L L | L 1T 1T 1 :
2 [ L G ]
Ams mp, f Vvts 1.0~ % Amg&Amg ]
0.047 Rt | :
¢ = 1.217 7 05L (M.Okamoto, hep — lat/0510113) 445 |
(For example) - o~ Amd 1
M [ € i [0 ]
< — (.983 =+ 0.001(P DG, 2009) = ool ¥ [ PSS |
mp, "L §
Amg = 0.507 = 0.005(PDG, 2009) sl Vel g 5
V —1.0:— 8}( —:
td 0.0081 B itter sol.w/cos2B<0 —
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Recent Example of a CKM fit

2.0
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Summary

CDF and D@ have directly measured Ams

CDF should be able to produce a result
that is limited by systematics to a precision

of 0.07ps"!

LHCDb is predicting a measurement with
precision on the order of 0.003ps-' on a
relatively short time scale

Any advances from theory will further
constrain |Vtd|/|Vts|
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