ATLAS Level 1 Trigger Study
b-Jet Efficiency




The aim of this study

Understand simulated detector performance to jet kinematics
relevant at the LVLI trigger

Jet energy reconstruction at LVLI
Jet position resolution w.r.t truth jet at LVLI
Variation of response vs. 1 and E
Generate and use a data sample of relevant physics events:
bbA, A—bb (m =200 GeV, tanp=20)
Expect 4 b-jets in the detector

Study the actual LVLI Jet trigger efficiency and “turn-on”
curve for this sample using the standard ATLAS ATHENA
framework.

Allow for a future parameterization of the LVL1 trigger
efficiencies directly from event-generator level physics
samples.



Summary of what lies ahead
Brief introduction to ATLAS trigger system

Trigger design and architecture
Comments on implementation and expectations

The physics channel of interest
Why pick this one?

Validation of the simulated events and detector
cross-checks

General detector performance

Results of the study and possibilities for
improvement

Jet trigger efficiency at LVL1



The ATLAS Environment
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Much of this is “not
interesting”

But need to know what is
being “thrown away”

Jets will then dominate over all
other interesting events....

We must understand trigger
biases on these events to get to
the ones we REALLY want!

However, one persons
Signal /s another person’s
background

More importantly, what’s NOT
inter esting today, might be a
graduate student’s thesis
tomorrow!




The physics: MSSM bbH/A, H/A—bb

ATLAS TDR: “Final states
containing four b-jets have been
proposed as signatures with a
substantial discovery potential for
heavy Higgs bosons in
supersymmetric models.”
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LVLI trigger study of this physics
channel will draw conclusions not
limited only to bbH/A

Develop important tools for
understanding efficiencies for
many types of events

Phase space at large tanf3 remaining
/ favored

Large tanf sees enhancement of
bbH/A relative to SM

O Extremely active pursuit of this
channel at Tevatron

Knowing well what the efficiencies
of the LVL1 trigger are as a function
of truth jet or quark initiator
energies will allow us to quickly
study the parameter space for
models such as this one.



3-Level Trigger System:
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Regions of Interest(ROI) Lm

1

Level-2 trigger relies only
on regional information
from the LVL1 about

the interesting event
occurred

LVLI “seeds” the LVL2
trigger

Very short time allowed for
LVL?2 decision

Seeding necessary for full
granularity to be available at
LVL2
To evaluate the Jet Trigger
Efficiency we will rely
heavily on this fact

------------




Level 1 Jet Triggering

Sensitivity to these
bbH/A(H/A—bb) will derive
from our ability to trigger on

their jets
The L1 Jet trigger includes 3 =
R . .
algorithms for jet energy calc: A
: W | U _
4x4, 6x6, 8x8 calorimeter cell S=p - Hadronic
clusters EI .
alormeter
In order to evaluate the L1 Trigger towers /A7 x Ag = 0.1 X 0.1)
| .
performance, we must assess Vertical Sums [T 11 {cEion Sam.
.. [ isolation threshold
the variation versus cluster Horizontal Sums Hadronic isolation
. =1 De-cluster/Rol region: . < inner & outer
Slze, n range and ET I local maximum isolation thresholds




How can we evaluate the LVL1 Trigger

performance?

1. Attempt to match all jets

. : . (reco and truth) to final state
interesting physics events b-quarks

and relevant to the LVLI q ,

trigger 2. Take closest jet to b (cut AR
< 0.5) then count this as a jet
representing a b, and should

Generate a sample of

Assess the response of the
trigger simulation to have triggered

simulated events = L
: : R = 3D angular separation in
Generalize the result in an N0

effort allow fast evaluation 3 4 . acs the LVL1 ROI

olfltrigger efficiency for information and see if this jet
pRySICS did, indeed, trigger an ROI

4. Define the efficiency as:




Kinematics of the final state b-quarks
950 bbA (A—bb) produced
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Matching b-quarks — truth jets — L1 ROI

A R between all b quarks and their closest truth jets TruthJetBdR
Entries 3515

Mean 0.291488
RMS D.540849 |

S Jet trigger efficiency per jet
- depends on ability to match
the jet to the correct ROI (if
it exists).
Truth Jet matching to final
state b’s shows ~14% of b’s
e far from closest truth jet
@ R beteen RO ot T s i b ISR causing the jet could
Mo 2278 explain this
""; || Correspondingly, ~22% of
" C lmnme ROISs are not matched to ,
- na truth Je.:ts fr.om final state b’s
oL This will degrade the
jet trigger efficiency
- ﬂ H H depending on what we
O RN T N L call a match! :

AR



Position Resolution

AR between Truth Jet and k-quark Em:ﬁm -
= Mean O0.084878E
RME O.07OTEAd
200
250 .
can achieve?
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180

100

AR between truth jet and matehed ROI

Assuming a good match, what
1s the position resolution we

AR < 0.5 between the two
objects

htem
Entries 1604

=

a1 02 0.2 0.4 0.5 100

T 80

Position resolution of the truth b-
quark and the truth jet 60

Position resolution of ROI and
truth jot  m—

Mean 0.0951648
| RMS __ 0.0631673
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LVL1 Jet E; versus n, .,
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LVL1 Jet E; versus Eq
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Jet Trigger Efficiency: vs. E;,

Jet Trigger Efficiency vs. Truth Jet E _trigEfEt Jet Trigger Efficiency vs. Truth Jet trigEfiEta
T Entries 1804 Entries 1435
1 T T T Maan 3.0801 2 1 T Mesan 1.47335
RMS 1.10267 RMS 0821745
0.9 — 0.9 —
\E ) £ \:
g . 2> & : 2
0.TE V\ 4_1/3 a.7E -
0.6 = 0.6 =
05 e = . 3
04 =
03 =
02F =
01E- =
oE = L % L % L L L =
20 - . 0.0<n|<0.8 0.8<|n|<1.8 1.8<n|<3.0
Gﬂp 40 Gay, 8o [~ 1| range
L1 Jet ROl vs. E; range L1ROI_Et L1 Jet ROl vs. iy range LTROI_Eta
Entries 1804 Entries 1435
= Meaan 1.76829 1000 — Meaan 1277
1400 — RMS  0.852924 = RMS  0.722289
r 5 E I 900 — |
C ols vs. =
1200 — T, truth et 800 = I Jots vs. nlnnhm
C —_— |l E
1000 #L1 Jet ROIs fired T00E- R P #L1 Jet ROs fired
- _ —— # of b-guark truth jets = L - .
C re---- Fo---- - §00 R Femmmmmeee FEEEEEEEEE ' —— # of b-quark truth jats
800 — R PR TP |
- —_— T 500 —
600 — E
C ro-oo- T----- - 400
E—F—— =
400 — - I
- Fm---- Fo---- - 300 = -
200 — 200 —
N S ; | | P 100 -
E E E & =
- rﬁgg' ""1‘9‘, ""'ﬂgb ri?ﬁa aE | |
Cer %0 Gy, 80 e, 760 Gey, Gey 0B<<18 00< <08 18< <30



Trigger Efficiency: “Turn-on” curve

The more finely binned efficiency curve indeed shows a
relatively sharp turn-on, as well as the ~80% efficiency
plateau, presumably due to poor AR matchlng

L1 Jet ROl vs. E, range

Jet Trigger Efficiency vs. Truth JetET trigEfFingEt

Entries 1804

Entries 1804

nnnnnnnnnnnnnnnnn

00— = e

0.9F

Jets vs. E.'l wruth et

250 :
B —— #L1Jet ROIs fired | :

0.7F

200F -
0.6

150F 0.5F

B 0.45
100 - : : é : é : =
— 0-3__ ............. . ................. \f ................. \f ................. . ................. -\__
o 0.2
L s g St 0T
n_l 3 | L1l | [ | L1l | H:' '-B:I:I X"lﬂ:’ 0:| HH | L1l | | | | | L1l | L1l | L1 |: 16
0 20 40 60 80 100 120 140 0 20 40 E[I 80 100 120 140
Truth Jet E. (GeV)




Further studies (the work is never done...)

Understand 80% plateau 1n the trigger efficiency

Study the turn-on curve for different samples and
for various LVL1 ROI energy threshold

Study 1n detail the LVLI1 efficiency for the
bbH/A (H/A—bb) physics

Under heavy investigation at Tevatron right now!

Apply understanding of the LVLI jet trigger
efficiency to develop a parameterization of rough
event-generator level trigger trigger efficiency |
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Conclusions

Recent ATLAS ATHENA software adequate well
equipped for trigger efficiency studies (hasn’t always
been the case)

Initial Jet trigger efficiency for one physics sample

shows an ~80% efficiency plateau where we expect
nearly 100%.

Likely due to 1ssues with the AR matching between Truth
jets and LVL1 ROIs.

The LVLI ROI energy reconstruction exhibits expected
variations

Direct knowledge of this variation 1s integral to determining
rough trigger efficiencies on pure event-generator physics
samples
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