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B physics at LHC
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« LHC: proton-proton collisions at Vs = 14TeV

bunch crossing rate 40kHz o
B tot
* High bb production cross section: ~500 ub i
(~ 1 in 100 p-p collisions — bb pair). Must select tmer
those of interest. B
« ATLAS has a wide ranging B-physics programme :§1 nbp . O
covering SM and NEW physics: S T
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ATLAS detector
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» 46m Long, 22m Diameter, 7'000 Ton Detector
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Overview of ATLAS trigger

LEVEL 1 TRIGGER

CALO MUON TRACKING l » Hardware based (FPGAs ASICs)

» Uses coarse granularity calorimeter

Bunch crossing

rate 40 MHz
LEVEL 1 ’
TRIGGER
< 75(100) kHz
<2.5 Us

and muon information

Regions of Interest

|
L=

LEVEL 2
TRIGGER
~1-2 kHz out
Event builder

HLT

~40 ms
EVENT FILTER ‘
~100 Hz out

4s
\—

Data recording

Pipeline * I[dentifies Regions Of Interest for
memories further processing
LEVEL 2 TRIGGER
* Full granularity 8
Readout drivers » Confirm LVL1 trigger %
(RODs) « Combine info from different o)
Readaut buffars detectors in Rols around LVL1 %
(ROBs) =
EVENT FILTER =
 Refines LVL2 selection using 8
“offline-like” algorithms =
- Better alignment and fl
FuII-eventdbuffers calibration data available
pronessoarnsub-farms

B physics allowed ~5-10% of total trigger
resources => it must be fast, efficient and
selective.
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B trigger strategies

 Limited bandwidth for B-triggers (ATLAS emphasis on high-p
physics) — need to be fast, efficient and selective.

« B-trigger is based on single and di-muons

— BR ~ 10 % but clean signature at early level in trigger and give

flavour tag (needed in many analyses)

Different strategies in different luminosity regimes :
« High lumi (>~2x1033 cm=2s-")

Need to control the rate, use LVL1 di-muon trigger

Cross

 Lower lumi (<~ 2x1033 cm=s")
Can use single LVL1 muon trigger in addition.
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« High lumi (>~2x1033 cm=s1)
— LVL1 di-muon trigger

— events with 2 muons:
« rare decays (B—uu(X)), B — Jhy (uu) X

« Lower lumi (<~ 2x103%3 cm-3s-1)
— Use single LVL1 muon trigger plus JET/EM signatures at LVLA1.

— Two approaches

* Full reconstruction in Inner Detector

« Reconstruction in a Region of Interest (Rol) identified by the LVL1 JET,EM
or Muon signature.

— Possible channels:
« Jet Rol: hadronic final states, e.g. B;.—D(¢1)1T
 EM Rol: em final states such as J/iy—ee, K™y, ¢y

* Muon Rol - recover di-muon events where second (low p;) muon was
missed at LVL1
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e ATLAS _ _ -
Efficiency ~85% ¢ T e 1 Predict LVL1 rate from convolution of efficiency
i o~ wor @& 1 . . . .
(inefficiency o8- ﬁ; 1 with predicted cross-section as a function of p;
mostly due to iy ¥ -
eometrical T ]
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reasons (feet and . i S MUs ] | . h ing PYTHIA
supports)) ot I ] (large uncgrtamty due to changing
E U 1 cross-sections)
C!J ‘ ‘ é — 1‘0 — 1"5 |20
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A ! _
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§ F -=  Punch-through
g 107 <27 Reduce rate at LVL2 by:
paals * use precision muon chambers
% ol « extrapolate and match to inner detector tracks
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i-muon trigger - tiwo approacnes
Topological trigger Single muon LVL1 trigger
* 2 LVL1 muons * One LVL1 muon
e Confirm at HLT (muons + e Confirm at HLT (muons +
InnerDetector) InnerDetector)
 Make mass, vertex cuts * In large Rol OR entire detector

search for the second muon
 Make mass, vertex cuts

L1_MU

L1_MU

Used for J/iy—uu, Y—uu, B—oup(X)
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r\r\mr\nrlnf\n f\'F ‘l‘kf\ 'l'\llf\ f\lf\lf'\lf'f\f\f\l'\f\h 'Ff\lf' Il\lr 1111
L OImparisort O1 uie two approacrlics 101 y/y—
Dataset with J/y —p(p>4GeV)u(p+>2.5GeV)
Threshold | Chain starting Single L1 muon Topological trigger
(GeV) from Jhy € Total rate Jhy € Total rate
(Hz) (Hz)
4 (L=10% Level -1 73% 3.5
(L=10%) Level - 2 70% 2.7 33% 0.6
6 (L=10%) Level -1 75% 180.5
- Level - 2 60% 126 15% 9.3
Single L1 muon trigger is more T
efficient but the rate becomes too S_eeded by Seec_led by
high at higher luminosities single L1 muon L1 di-muon
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Full reconstruction versus Rol-guided
approach?

For the triggers using a single L1 B,2 J/v (e*e) K (T TT)
muon there are two approaches in "
the HLT:

— Track reconstruction in the full
Inner Detector (FullScan)

— Track reconstruction in a Region
around the secondary L1 trigger.

Rol- guided approach retrieves
information for smaller region of
detector => faster execution times

Speed depends on Rol size and

T Example of Rol approach:
LVL1 Rol multiplicit
renveee:]r; OF MUTPIERY per Track reconstruction is performed

in a region around the L1 EM Rol
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Hadronic and EM B decays
Full reconstruction or Rol guided?

Rol multiplicity required to be about
1-2 to keep resource needs
reasonable => determines thresholds
chosen

Higher threshold — less Rols —
lower rate and less resources used
but reduced efficiency

At startup use the FullScan but as
luminosity increases move to Rol-
guided approach — reduces rate and
resources needed.
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L_VOUOIULIVUIIT Ul LU IHHUI IHITCIIUDS
Example Startup
signal 103 1032-1033 Above ~ 2x1033
Topological Onia(J/y—upu,
trigger T—up) 2MU4 2MU4 2MU6
B—uu(X)
Di-muons from As above MU4 MUG6
single L1 (lower FullScan Rol
muon threshold for
second muon)
Jet and EM B.—D (¢TT)TT MU4 MUG6
final states Jh—ee, FullScan Rol X
K*, oy
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Extracting di-muon efficiencies from data

» Use tag-and-probe method :
— Collect events with single muon trigger
— Reconstruct JAy—pupu offline. One muon was “trigger” muon
— The other muon gives an un-biased sample to study trigger efficiency

A - 3 .
elpr) =1 +exp(—a x (pr —b))) s b oo eeene
- T—1 S T -- .
> LA L B B LR B L ?08__ 2@“&920 *35%' ogﬁg‘: .
v I ATLAS ] © C éq %Qﬁ § ]
o T .. g8 r ¢ I i o]
gg_a_— = 0.6~ ;ﬁ ﬁ * -
E L —8— tmpand-peona mathes | C $ g ]
; DE:_ —— direct Monkz Gario iy _: 04_— oney from the ma —_
;a C ] - i -G E:icienc; :rom t:ggergecision % ]
" 04 . 02~ & -
- - o
02 Single muon efficiency . | " | o
x ] 3 2 -1 0 1 2 N 3
O O M [/ NN V- |- '1&%'%& W
p, (Ge L . . .
» Fit single muon efficiency curve in bins of nand ¢
« Calculate di-muon effilencies using parent kinematics.
« Understand efficiency to ~1% with 300k events (100pb-T)
Julie Kirk IOP HEPP: Beauty Physics in the UK, 12/11/08 13



UUIIIIIIIDDI Nit IH
E“‘ST' 35_ Muon tracks . C.ommissi_onir_mg of muon and tracki_ng |
eam: £ g etaq triggers with first beams and cosmics is
“F ongoing.
0; “ H “ HH “HHH « Await collisions to commission the B
bl I L DL physics trigger algorithms.
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ATLAS plans a full B physics programme from startup to full
luminosity.

Presented a flexible B trigger with the ability to cope with increasing
luminosity (FullScan — Rol guided track reconstruction, eventually
running only di-muon trigger at design luminosity)

This will allow a broad programme of B-physics during early running
and rare decay searches continue at high luminosity.

Look forward to first collision data........

Julie Kirk IOP HEPP: Beauty Physics in the UK, 12/11/08 15



Julie Kirk

http://atlas.ch

|OP HEPP:

first beam event seen in ATLAS
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