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Introduction

and ESO are superpositions of

two eigenstates B, and B, .

s

Transitions occur due to flavor
non-conservation in charge weak-
current interactions

Oscillation at lowest order via box
diagrams

Frequency U Am_=m -m
t-quark dominant
-~ Am_[ [V _|?

= Constraint of the unitarity triangle

s
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Many uncertainties cancel in ratio

Sign for New Physics ?
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- Mixing in B *-system well

measured

-~ Am_ = (0.507 £ 0.004 ) ps™
[HFAG, hep-ex/0603003]
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—» AmS >> Am
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f . 0.1 1By mixing Amy= 0.5 ps”
s Experimental status > {B.mixing Am.=20ps’
© 0.054 TH || 1| | m
~ Prediction from direct calculations E | [
[Ball+Fleischer, hep-ph/0604249] a o
o - o A
— A L 505 LA I
~ (AM.), oco =16.1 + 2.8 ps =-005)
= = -1 - 1 T e - e e e e s R
(AMg) . uaco 23.4 + 3.8 ps 0.t o L ST

i : : roper decay time, t [ps
- Lattice uncertanties dominate PFop y time, t[ps]

- Values arising from fits of the Soovts UTji¢
unitarity triangle g
+5.9 =
- (Ams)CKMfitter - 21 7 '4.-2 pS_1 E HT
o
~ (Am),. =21.5+2.8 ps"! s
] n'0.0005—
- Recent experimental results i
« DO: 17 ps'<(Am)., <21 ps(90 % CL) o).
~ CDF: (Am )., = 17.33 1333 + 0.07 ps” Amps’]

Am_ prediction from SM
UT fit without using Am_
measurements as input
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CKM fitter
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- Why is a measurement of
Am_important 7

= |Input for common global fit

in B.—J/W (up) @ (KK)

-~ Determine CP violating
parameter @,

- Determine Al

-+ Cross check with existing
measurements

" st T.Stahl, Universitat Siegen
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= pp-collisions at v's = 14 TeV every 25 ns
-+~ bb crosssection ~ 500 pb
= Muon spectrometer

= Air-core toroid system average ~0.5 T
+ Pile-up~23@ L =10*cm?s”

" s T.Stahl, Universitat Siegen

Barrel SCT

Pixel Detectors

Inner detector

-~ 3 layers of Si-pixel detector
with a track resolution in

¢-z direction of ~ (12 x 100) um.

= Silicon strip detector (SCT) and
transition radiation tracker (TRT)
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BSO oscillations at ATLAS

-~ Collaboration with Innsbruck B°—D_ af
within the ATLAS B-physics group »pTT
= Channels used at ATLAS: T
= Purely hadronic final states QT
- B?— D_ 1 —Innsbruck (r-channel) > KK~

-~ B"— D_a’ - Siegen (a,-channel) Decay topology
-~ Decays can be fully reconstructed

=~ Good proper time resolution
-+ Semileptonic final states
~ B "— D_p*v — Siegen (u-channel)
= Larger signal yield
= Missing information from neutrino
- No direct mass constraint on B_° applicable
-~ Momentum of B_° has to be corrected
-~ Background and proper time resolution have to be carefully analyzed

-~ Channel under first investigation in Siegen
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The ATLAS trigger system

Trigger/DAQ System - Level 1 trigger (hardware
40 MHz CALO || MUON ||TRACK1NG based)

2usec |(E-EEE=E=FE=— 11—~ - Select e, |, v, jet candidates. Info
- from calorimeter & muon trigger
sys. (Coarse granularity )

= Provides Region’s of Interest n, @
(ROI) of LVL-1 objects & E_ . t0

PIPELINE
MEMORIES

| _READ-OUT_ _
75 kHz RIVERS (RODS) Level-2
~20msec reap-our  '| = Level 2 trigger
BUFFERS (ROBs) i
______________ 3 -~ Uses ROl “seeds” to selectively
2kHz | |---|_EVENT BUILDER |- --~~--~~- | access data with full granularity
~2sec FULL-EVENT | and precision
BUFFERS & I . . .
PROCESSOR | - Fast processing & rejection
SUBFARMS : .
200 Hz - == N . =~ Event Filter
MASS STORAGE it i i “ ?
oeans SIORAGE. Refines selection“seeded” by Level

2 ROI's. Offline-like Algorithms

= Access to alignment & calibration
data

[Ch. Petridou]
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@ LVL 1 Muon trigger system

How to find a pu candidate

TGC 2 =
VA [ ]
ol a TGC3 ~*
RPC 3 .
low|p high p,
T
RPC 2 | TGC 1
MDT y M -
>
RPC 1
TGC EI |0W p .
— T
| i 7 NDT_// |
f / /7 ‘
f J"'f i
/ Tile Calorimeter TGG F 5 60
Yyl :
J ] D E 50
I / 5w
=
3 10
: I LD "
0 5 10 15m

RPC: Resistive Plate Chambers (Trigger)
TGC: Thin Gap Chambers (Trigger)
MDT: Monitored Drift Tubes (Precision)
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0 10 20 30

A hit has to be
accompanied by hits
in other detector layers

Coincidence window
defines p, cut

Lowp,:3/4
Highp:3/4 +1/2

= Threshold

6 GeV 10 GeV

FPIVOT CHANNELS

Coincidence matrix [F. Conventi]
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Trigger strategies

- Level 2 trigger rate must be reduced to ~ 2 kHz

-~ Trigger strategy depends on luminosity

S 10 5 =
: : S - single-muon
~ Di-muon trigger for L~10* cm=s” = °
-~ Low trigger cuts on the muons applicable 2 10 ¢ = po all
(for both muons ~ 6 GeV ) o -
- Hadronic channels need second é 103
muon in event O -
= Good trigger prerequisite for the 10 2 B
semileptonic channel B
= Single-muon trigger for 10 di-muon
£ up to ~10% cm2s"" -
1 =
-~ Estimated rate for - | ‘ | |
p,>6GeV @ £10% cm?s” : 22 kHz s 75 10 125 15

@1033cm2s-" pr+(), GeV/e
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-~ Single-muon trigger for £ up to ~10* cm2s-
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Single muon trigger

- Level 1
~ Cut on the transverse momentum p(4) ~6 -8 GeV (mu6 or mu8)
-~ Cut depends on effective trigger rate

- Level 2
- Confirm the Level 1 decision with a more precise p, estimation
-~ Try a reconstruction in secondary Muon-, EM- and Jet- Rol (Region of Interest)

= 1. Search for di-muons inside enlarged Muon Rol
= 2. Search for single e/y or e*e" pair in EM Rol
= 3. Search for B decay products in Jet Rol

= Reconstruct inner detector around Rol center
= Try to reconstruct the @ and the D_

"J T.Stahl, Universitét Siegen Bad Honnef - 09.06.2006 -11-



nre»r-=p»

Trigger efficiencies |

- Level 1

=~ Trigger efficiency is about 85 %
-~ Loss dominated by detector feet and mountings

Trigger efficiency

u inefficiency

=
[{+]
T

o

%

IIIII
|

Trigger Efficiency
=
~N
I | LI
]
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Barrel region
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o

I|III
]

Trigger cut 6 GeV

=
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[F. Conventi] muon pT (GeV)
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BS°—> D

$

- Level 2: Jet Rol
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Trigger efficiencies Il

- Efficiency for a B_to be within a region (n x ¢) of 0.4 x 0.4 around Rol center
for different Level 1 jet energy thresholds (ET)

> 1.27
£ 1 ~ Fully efficient for a B_with p, > 20 GeV
o.s}
i - For a B_with p, > 10 GeV
0.6—
04: _ ET =4GeV = ET >5 GeV : 69 % efficient
—— ET=5Gev -~ ET >4 GeV : 76 % efficient
0.2
i L] RN \

1 L1l L1l | | L1l ‘ [ ‘ | L1 L1l L1l
% 5 10 15 20 25 30 35 40 45 50
B, p, (GeV)
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Bs°—> D

Y : Trigger efficiencies Il

- Level 2: Jet Rol

-~ Fora B_with p. > 10 GeV P
and p, (K,K,m) > 1.5 GeV

-~ Efficiency: 48 % o0
-~ Background: 3.6 % .

N S S

R 115 12
Mas

S(KK) (GeV) "

-~ Cuts used:
- Tracks: p, > 1.5 GeV oo

Entries/10.5MeV
3

= Tracks: |A@| < 0.2 and |An| < 0.2 oo

N [T I I 0T HH‘HH‘HH‘HH‘HH‘HH

-~ 1005 MeV < m(KK) < 1035 MeV o
= 1908 MeV < m(KKg) < 2040 MeV N B N
[J. Kirk] Mass(KKT1T) (GeV)
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- Expected number of events
for 10 fb' (1 year with
£=10% cm=2s' and 1mu6)

including detection efficiencies

- BS°—> D_a *: 870 events

- BS°—> D_m: 2370 events
[SN-ATLAS-2002-015]

-~ Number of events expected scaled I

Number of events expected

B°-D a.t*
S S

1

e
o

" Simulated trigger condition

Tmu6

< 92.8% at 8 GeV

e
¥

Percentage of the events

with p(u)> value
-

(MC Truth) for B.>—D_a, *assumed
that detection efficiencies are the

same
Trigger condition |Number of events| Percentage [%]
1mu6 870 100,0
1Tmu8 459 52,8
1mu10 259 29,8
1Tmu12 157 18,0
1mu20 32 3,7

" st T.Stahl, Universitat Siegen

I I I | L L L L
5 10 15 20 25 30 35 40
Pt/ GeV

-~ Loss of ~45% if the trigger cut is
raised by 2 GeV

-~ Low trigger cut is essential to
maximize the number of events
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Tagging strategies

-~ What information is needed for a mixing analysis ?
- Determine flavor of the B_° at origin and decay vertex

-~ Decay: Charge of the reconstructed D_ (same side)

= QOrigin: ATLAS requires a semileptonic decay of the b-hadron (opposite side)
-~ Charge of the muon correlated with the b-hadron flavor

= B-hadron can oscillate or muon can have wrong charge

-~ Estimated wrong-tag fraction w (WTF) is ~22 % T
T
- Good WTF, but small detection yield I
-~ Decay time same side

~ Calculated from distance P
of primary vertex to
decay vertex of the B ° B. @& --

P D

= Transverse momentum - s
p, needed b-hadron’ .- " primary
- vertex

u Opposite side

"J T.Stahl, Universitat Siegen Bad Honnef - 09.06.2006
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BSO iInvariant mass resolution

Universitat
Siegen

Bs fitted mass BsFitMass
Entries 5208
| Mean 5365
300 RMS 61.65
B Underflow 0
- Overflow 0.581
250 ¥2 I ndf 49.26 /17
- Prob 5.504e-05
B Constant 2653+ 5.2
200~ Mean 5364+ 0.7
N Sigma 42.5+ 0.6
150
100
50 n
N " B
0_|_|_..|_.|.....|....|_.1....u*l I BRI /s N RO A B I

4800 5000 5200 5400 5600 5800 6000

[E. Kneringer]

T.Stahl, Universitat Siegen

MeV

- BS Invariant mass resolution
- g=42.5 MeV

- Mass differences (PDG)
+~ m(B,)-m(B,) =90.2 £ 2.5 MeV
+ m(B,)—m(B*) =90.6 = 2.5 MeV

-~ (Good separation

- DS invariant mass resolution
- og=14.7 MeV
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= Calculation of the proper time
- [ransverse decay length dXy

nre»r-=p»

Proper time resolution

-~ Distance between primary vertex
and the decay vertex of the b-hadron
projected to the transverse plane

~ g-factor

© g=mpgl(c-ps)
-~ Proper time

e

t=d,,g
- Resolution

- Difference to true proper time from
MC truth

= Parametrized with a sum of two
Gaussian functions

~ 0, =703fs (fraction: 54.7 %)
- 0,=156.1fs (fraction: 45.3 %)

" st T.Stahl, Universitat Siegen

Bs proper time resolution BsPTimeRes
Entries 4473
Mean -3.113e08
240 RMS 0.0001225
220 Underflow 15.11
Cverflow 5.229
200
7 I ndf G1.68 145
180 Prob 0.04581
160 pll 0.02782 + 0.00271
p1 1.492e-06 £ 1.589e-06
140 p2 70272405 + 3863206
3 0.02307 + 000268
120 i
pd 0.0001561+ 0.0000068
100
80
60
40

20
0

|
-0.4 -0.2 0 0.2 0.4
[E. Kneringer] ns

= Innermost pixel layer shifted from
4.3 cm (TDR) to 5.0 cm (Final)

= Proper time resolution worse
wrt. TDR values :

- 0,=52.3fs
- 0,= 108.5 fs
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Likelihood function |
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=~ Probability density function p:

ATt
t, — _e—l"sto. s*0
P( 0 IJo) ZFS

cosh ( )+u,cos(Amt,)

= u,=—1 :probabilty thata B, has oscillated and decays as an éf; after time f,
= u,=+1 : probabilty that a B. has not oscillated and decays as an B, after time t,

- AI'.=I,—TI, possibly sizeable

O T nmied -~ Probability density modified
mixed through experimental effects

total

o
i

q(ty, 110)=N [ p(t,, u,) Res(t|t,)dt,
tin

Probability Density
L2 &3
2P . T

+ Res(t|t,) : proper time resolution

A |

AVAVAVAVAVA -h?\/':. A XK= -~ N : normalisation factor
0 1 2 3 4 5 _ |
proper decay time, t [ps] - . reconstructed time

[G. Gomez-Ceballos]
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Likelihood function Il

- Wrong-tag fraction w has to be taken into account
q'(t,u)=(1-w)q(t, u)+w-q(t,—pu)

-~ Considering pdf's from other oscillating sources, combinatorial
background and non oscillating background with adequate lifetime.

~ Each with fraction % (j= sources )
« k=1:B°—>D T
+ k=2:B%>D a’ pdf(t, 1)=2 Fi[(1=0w;)-q(t, p)+w;-q;(t, —u)|

+~ Likelihood of the sample

2
- NZV : total number of events L(Am AFS)=H pdf . (t;, u;)

- Apply B_°oszillation amplitude A as a new parameter in the likelihood function

and minimize -In L as a function of A : L(Am_,AT)—>L(Am_ AT, A)

T.Stahl, Universitat Siegen Bad Honnef - 09.06.2006
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Amplitude fit method

]
=

Amphitude

&
I I I | I I I I

+ datax1qg
--- 1.645 0

mat

1 datax1.645C

stat

stat

N e = -1
o 05% C.L. sensifivity = 29.5 ps

L

-10
0

[B

Universitat
Siegen

T.Stahl, Universitat Siegen

B % oszillation amplitude as
a function of Am_for 30 fb

Obtained from simplified MC
model

Both hadronic channels
are combined

95 % CL sensitivity : 29.5 ps™”
(1.645 0 =1)

5 o limit: 21.5 ps™
5 0=1)

Well above recent
measurement from CDF
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% Measurement limits
o 10 1 >
& \95‘-’}} C.L. sensitivity: 29.5 ps
8 | T -1 .
:E} i \ 5¢ limit: 21.5 ps -~ Limits for an
S 8 :
- ! integrated
I luminosity of 30 fb"
E.| -
i > 50 signal - Statistical significance
i = of an oscillation signal :
A S=1/o
2 95% C.L. sensitivity
|'_‘] i | | | | | 1 1 1 | | | I | | | | | T\-\-\-_I_--
0 10 20 30 y
[B. Epp] Am_[ps ]

- For the a1-channel:

= Number of events were extrapolated from TDR values
= Parametrizations of kinematic distributions are taken from the t=channel

-~ |Improved update currently in progress (Siegen)

"; T.Stahl, Universitat Siegen Bad Honnef - 09.06.2006



nre»r-=p»

_.i‘_'l
IU-J
a,
— 40
=
=
a4 30
=
<
20
10

i

* 50 limit
sensitivity

SM upper bound

_:—__'_'_'-____ )

== mmrmr _-_-;_....-1'-_-_- -----------------------------

__,—'-'_'_-F &« ¥
: a =
- a e
Ll ' Ll
B L] e
- . i
=1 - -y
— —
- 05% C.L. expermmental excl. =
E -

_.I_"|
I ¥ ]
L

— 4:”
o
=

w38
=
<]

20

10

0

L

5 10 20
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30 50

- ATLAS is sensitive for Am_ in the

region found by CDF for an integrated

luminosity above ~10 fb™
( 95 % CL sensitivity )
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[B. Epp]

Dependence on experimental quantities

2 . 5S¢y limit T
- sensitivity o
—_- - [ L] & - & " " __
Lo -
I= -
- 30 fb! o
=Y ping gl i geleisn poliniag gl

1 ¢ sl 50 15 100

AT JT_[%]

- Weak dependence on Al' /T

-+ Independent measurement of
Am_possible

Bad Honnef - 09.06.2006
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Conclusions
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-~ Am_will be measured by ATLAS

~ Important for extraction of @, and Al'_ in B —J/¥ (uu) ¢ (KK) by
common global fit

= Sensitivity (30 fb™') above the value recently measured by CDF

-~ Mainly hadronic final states are used

+ High energetic muons are used to trigger on and to tag the original
B-hadron flavor.

=+ Number of events highly depends on the LVL1 trigger cut

+ The contribution of a semileptonic channel is under investigation

- An oscillation analysis for the channel B °— D _a.* is prepared
at the moment in Siegen
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