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B-physics at ATLAS
- Large production cross section. At

the initial luminosity running. At  Femip—sso
/~10% cm2s1, 10° bb events/s is ! l
produced. |

- Large statistics sample which can
be triggered efficiently gives
excellent precision for B-physics.

- The detector design is optimized for

high-p; events, while majority of B :§‘ b o T &
events are rather low-p;. g | - ks
- Trigger/tracking is a challenge. L Sty 5
1 nb =z
) £
B-physics at ATLAS Cag (g =500 GeW) &
- Bs oscillation, Am,, 2P in B, mixing iidaab S
* Rare B-decays e T
*BSupy <=mmm THIS TALK " G g
« Semi-leptonic decays | )
A\y> A, B>K' etc.
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BP. @2 decays

 Flavor changing neutral current (FCNC) is
forbidden at tree level in Standard model.
Lowest-order contribution from box and
penguin diagrams and branching ratios are
very small.

* In some scenarios for physics Beyond the
Standard Model (BSM), the branching ratio
may be larger than in the Standard Model.

108

SM prediction upper limit
Br(B°. 2> utu) 3.5x109° <8.0%108(90% CL)
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BB, >u'u)  0.9x1010  <2.2x108(90%CL)
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780 pbt Bobeth et. al., PRD66 074021 (2002)
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ATLAS experiment

Muo nD\etectors Electrom agnﬂ'i.z Calorimeters - 14 TeV p p CO I I I S I O n
/NN -~ o Ctmt - 25 ns bunch crossi ng

End Cap Toroid

interval

-End of 2007:

] 900 GeV (commissioning)
L1029 gm-2g-L

-Starting summer 2008:
14 TeV

= NGy up to “initial luminosity” of
Hadronicclalorimeters 7 Shi‘;'ding £~1033 C[T]'ZS':L

Muon system

- RPC (barrel) and TGC (endcap) for LVL1 trigger
- MDT for precise tracking in 0.5 T toroid field
Inner Detector

- Pixel, SCT, TRT in 2 T solenoid field
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ATLAS! Trigger

Interaction rate

-1 GHz CALO MUON TRACKING LVL1
Bunthcmﬁizng I | Hardware trigger. Inputs from muon
raie 1
Pipeline system and calorimeter
LEVEL 1 memories
TRIGGER
< 75 (100) kHz LVL2
<2.5 s Derandomizers Process only in the Regions of
Regions of Interest ooy ' B Interest (Rol) from LVL1.

LEVEL 2 Readout buffers
TRIGGER (ROBs)

~ 1kHz
~10 ms Event builder

EVENT FILTER
~ 100 Hz
~1s

Datarecording

Full granularity of data in Rol.
(typically ~2 % of data to access)
Data must be readout over network
from the detector ReadOut System.

Full-event buffers
and
processor sub-farms

Event Filter (EF)

Full event available at the EF. But
also, Rol seeded algorithm foreseen
for some algorithms for performance.
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B 2t
Analysis strategy



lirigger selection
= | VL1

= I Xu(p>6 GeV) at very low luminesity runs at the beginning
(~10%T cm=2s™)
= 2 X (p>6 GeV) at higher luminosity (>10°° cm=s)

= V2

= 2 X (p>6 GeV) with: mass cut

= Combining tracks in muon chamber and inner detector for /K
rejection (track/momentum matching). This Rol processing
works within the LVIL2 averaging processing time (<10 ms).

" EF

= Further reduce the background rate using the reconstruction
similar to the ofiline using the vertexing algorithm with loeser
cuts

= [he optimization of the thresholds, are in development
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VLS muoen trigger

- Selection of muons done by requiring Rol for LVL2

a coincidence between different layers |pmeema—" hig“”:p —_
In-a specified window / Tec1
- The size of the window provides an
effective p; threshold

‘The same idea is used in both barrel
and endcap, but different technologies

(RPC:barrel, TGC:endcap)

-System being optimized to reduce
rate of fake dimuons when a single
muon traverses more than one sector .
-Understand contaminations of lower

P+ Muons . 6 GeV muons

Trigger efficiency

Efficiency curves for 6 and 20 | 20 GeV MUons
GeV muons. (simulation)

(Around 6 GeV is the lowest threshold we

25 30 35 40

can achieve at LVL1) __________________________ unmwonsiBog |
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Ofifline selectin

*Muon selection (p>6 GeV, |n|<2.5) '
"AR,,<0.9 ; T comsnatoia 5
Transverse decay length: L, /a(L,,)>11

*|solation: no charged track with p;>0.8
GeVin cone <15°

*Matching between the direction from
the primary to secondary vertex and the
the pu—system momentum.

* M, =Mg"10 ;o MeV e o ot it

Transverse decay length significance

—— combinatorial BG

20 40 60 80 100
Vertex fit Chi2
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Impact parameter resolution

IP resolution
for ATLAS

Nn< 0.25

xFinaI detector

p; range for muons
from B ->pu (>6GeV)

SN T Y
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pT (GeV)
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pl=1 GeVlic

pT=200 GaVie
sassetbaanasgsiant®

Resolution almost
flat in barrel
region. Some
degradation in the
endcap.
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‘Good impact parameter resolution

for p->6 GeV.g=25-70 (um)

‘Transverse decay length L,

Expected ATLAS J/ performance for initial period of 1 !

Panikashvili,2mizanesko, Sept.2003
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Transverse decay length L=r.p ., Jpy, | (o)
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Projected number of events

B signal and background (bb—=>ppX) with 10 fb-' (1 year at initial luminosity)
-Signal generated assuming Br(B°,>p*p)=3.5%10-*

*Background sample: bb->puX (PYTHIA) (combinatorial background)
sLarge reduction of BG with secondary-vertex cut

BO. signal BG (bb>upX)
p>6 GeV, AR, <0.9 50 events 6.0%x10° events
M, cut 0.77 2%x102
Isolation cut 0.36 5x%102
L,/6>11, x*<15 0.4 <0.7%10+
All cuts 7 20220
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Prejected upperlimits

Expected signal/background for various integrated luminosity.
Upper limit on Br(B°. > p*p-) based on S=7, B=20+20 at 10 fb-.

Bayesian estimate of the
number of signal events

56 sensitivity S /\/IE =5

3. sensitivity S/+/B =3

BG only, 90%CL
(BG=40,0.2)

Number of events scaled to
higher luminosities

*The projection of the sensitivity
at higher luminosity includes
large uncertainty from the limited
MC statistics.

*ATLAS expects to reach the
sensitivity of the level of SM
prediction with 30 fb-! (3 years of
data taking)

10 20 30
Integrated Luminosity, fio’
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Study off Speciiic backgrounds

Motivation

In earlier studies, the main emphasis was on understanding the combinatorial
BG (PYTHIA, bb->ppX). In view of the very high sensitivity, other rare decay
processes might become a background to B°,=py in addition to combinatorial
backgrounds.

Precise measurements (branching ratio, distribution) from existing
experiments would be very useful to understand all backgrounds.

B->uu signal region
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BP=ipiv,, background

)
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3
(&}
Number of events

o
o

Number of events

Fake events from Fake events from

0 —> = +
BT MY, | Bomouty,

" Br(B*- m*yv,)= 10 compared to Br(B% — p*u-)=3.5x10".

= Taking into account the /K-> fake rate (0.1-0.5 %) and soft v, phase
space (~10 %), this channel may give non-negligible contribution (~5%10-8).

= Currently, only generator-level study. No vertex pointing cut applied yet.

= Needs further investigation with full simulation.
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Conclusion

LLarge production cross section of bb pair at LHC allows
to study B°.>p*p- decays with high sensitivity.

Trrigger: 1 X p6 initially and 2% u6 at high: luminosity

ATLAS sensitivity to B°.>u*p- decay is expected to
reach the level of SM prediction after 3 years of data
taking

Br(B°.>pfpr) measurement will continue at the nominal
LHC luminesity (10°*cm=s:1).

At this sensitivity, backgrounds frem other rare decay
channels couldibecome nen-negligible. A study: using
the fullfsimulation/reconstruction Is under way.
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Sensitivity reach

*ATLAS sensitivity after 1 year (10 fb-1) - Br(B°,2>p*u)<1.4x108
*(Standard model prediction: Br(B° > p*p)<3.5%10°)
*ATLAS will study it beyond the initial luminosity phase.
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Bobeth et. al., PRD66 074021 (2002) BESIEREINTIVACEE e[l WIaR{oN o[eEET o))

detecting a MSSM signal.
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Br=2 iy, backgrouna

/ e[ Br ot ut v,

B — w4t v, pT(u) <4 GeV

PT(u) <4 GeV

Br—puuet v,
Bt = utpet v,
pT(e) <0.5 GeV

pT(e) <0.5 GeV

" Br(B*- p*u¢*v,) = 5*10° compared to Br(B% - p*y-)=3.5x10°,
= Taking into account the soft ¢*v, system, this channel may give a non-
negligible contribution in the signal region.

=  Currently, only generator level study. No vertex pointing cut applied yet.

2006/10/31 DPE/IPS 2006 meeting (Hawair) 19




Vlass resolution

25/ ndF

Constant

Kl=2zn !
gma O8sE3E-01

gooe 5 3z
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