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Generic H™ Trigger Strategy

The trigger strategy for a search for rare phenomena demands the

with respect to the offline-selected events

while keeping the overall trigger rates within acceptable bounds
To this end, we do the following:

when possible. Single
object triggers (as opposed to multiple objects AND-ed together) simplify measuring trigger
efficiencies from data and applying them to simulation. Prescaled signatures are useless for
triggering on rare phenomena since they are inefficient by design.

when double object signatures are necessary. When it
IS not possible to use single object triggers, one should use the unprescaled double object
signatures which maximize the signal efficiency while keeping the rates within reasonable
bounds.

Use the most realistic overall trigger rate estimates possible. When data comes, we will know
how to optimize the menu.

in the signal simulation closely. Anomalous
behavior of triggers in signal simulation should be corrected immediately.

The resulting trigger should be inclusive, to trigger on unknown phenomena, and robust against
increasing luminosity.
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Lesson from the Tevatron: HT — tb Search at DZero

“Search for charged Higgs bosons decaying to top and bottom quarks in ppbar collisions”,
FERMILAB-PUB-08-229-R (arXiv:0807.0859) submitted to PRL. This search for q¢’ — H™
production used the single top search infrastructure and the /+jet(s) trigger signature.

In the e+2jets channel, require one e with p > 15 GeV plus two jets with rising pr
thresholds to maintain background rejection and bandwidth budget:

p{fl > 15 GeV and p%? > 15GeV
pi_fl > 20 GeV and p%? > 20GeV
p‘r}l > 25 GeV and p‘%? > 20GeV
pi! > 30 GeV and p/? > 30GeV

In the p+jet channel, require one 1 and one jet with thresholds:
ph > 0 GeV and p?, > 20 GeV
ph > 0 GeV and p?, > 25 GeV
ph > 3 GeV and pJ, > 30 GeV
ph. > 3 GeV (isolated) and p/, > 25 GeV
ph > 3 GeV and p?, > 35 GeV
As instantaneous luminosity increases, the thresholds and isolation criteria will necessarily

have to tighten to maintain reasonable trigger rates.
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Dominant A+ Production in the MSSM at the LHC

Final state depends on W and 7 decays. H+ — tb final state depends on W+
Possible final states: 2b + 2¢ + 3v, and W™ decays.

2b+ 10+ 2 + Thaq, 2b+ 14 4+ 20 + 23 H* — tb possible final states:

and 2b + 71pqq + 1v + 27. 4b + 20 + 2v,4b+ 14 + 1v + 27, 4b+ 4y
Heavy H™ — 7Tv final states same as Heavy HT — 7Tv final states same as
for light H . for light H ™.
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LHC Signal Channels and Trigger Objects

Production and Decay

Branching Ratio

ATLAS/CMS Studied

Trigger Objects

1 — 26WiepTiep 0.076 NO/NO b, e, mu, Emiss
1 — 26WiepThaaV 0.140 YES/IYES i.b, e, mu, tau, Emiss
tt — 20WhadTiepV 0.276 M=\[e) j,b, e,mu,E7*ss
tt — 2b6WhadThadV 0.508 YES/NO J,b, tau,EZ}”SS
thHT — 46WiepWiep, 0.046 NO/NO i.b, emu, Emiss
thH* — 4WiepyWhad 0.338 YES/YES i.b, emu, Emiss
tOHF — AW g Wha 0.611 NO/NO ib

tbHT — 26WiepTiepy 0.076 NO/NO j.b,e,mu, Emiss
thH* — 26WiepThaav 0.140 NO/NO j.b,e,mu,tau, s
thHT — 26WhaaTiept 0.276 NO/NO j.b,e,mu, Emiss
POHF — 26W), o g Th gt 0.508 YES/YES j.b,tau, Eyiss
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ATLAS and CMS H ™ Trigger Studies (Light )

Final state 2bWj., Trqqv- Single lepton trigger at HLT: p > 29 GeV for electrons and
pr > 19 GeV for muons. Isolation for muons.

HLT and L1 rates at 2 x 1033 luminosity (from CMS TS-2007/005, M. Hashemi PhD):

Object | Threshold [GeV] | HLT Rate [HZz]
e AS 33
7 19 25

L1 and HLT gives efficiencies 0.48 — 0.50 for m 5+ = 150 — 170 GeV.
ATLAS Light H™ — 77 v: CERN-OPEN-2008-020, to appear (ATLAS)

Final states 2b0WiepThad, 20WhadThad and 206Wh,qqT1ep. Signatures considered are
single lepton, E{]J’L'SS and combinations of the two.

Trigger rate estimates:

1033 Signature | Rate [HZ]
e25i+xe30 10 £10
mu20+xe30 20 =15

Signal efficiencies for L1 and HLT are 0.35 — 0.61 for three final states and m ;;+ = 130
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ATLAS and CMS H ™ Trigger Studies (Heavy H* — 77 v)

Final state 26W},,47haa- Single 7-jet trigger at L1, in HLT require E{,’}iss > 67 GeV,
isolation and leading track p > 25 GeV.

No trigger rate estimates.

L1 and HLT gives efficiencies 0.09 — 0.41 for m 5+ = 170 — 600 GeV.

ATLAS Heavy HT™ — 7T v: CERN-OPEN-2008-020, to appear (ATLAS)

Final state 2bW},,a7haq (S@ame as CMS). Possible triggers are 7-jet plus EZ}”SS and T-jet

plus EZ**s plus three jets.

L1 and HLT rate estimates:

103! Signature Rate [Hz] || 1033 Signature Rate [Hz]
tau20i+xe30 5.8 £ 0.8 || tau35i+xe50 < 10
taulS5i+xe20+3j18 | 5.4 £0.8 tau35i+xe40+3)18 < 10

L1 and HLT signal efficiencies 0.21 — 0.39 for m ;;+ = 170 — 600 GeV.
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ATLAS and CMS HT Trigger Studies (Heavy H — tb)

Final state 4bWj., Wh,q4. Single lepton trigger at HLT: pr > 29 GeV for electrons and

pr > 19 GeV for muons.

HLT and L1 rates at 2 x 1033 luminosity (from CMS TS-2007/003, S. Lowette PhD):

Object

Threshold [GeV]

HLT Rate [HZz]

(&

7

AS
19

23.5
25.8

L1 and HLT give efficiencies 0.16 for m ;+ = 260 — 500 GeV.

ATLAS Heavy Ht — tb: CERN-OPEN-2008-020, to appear (ATLAS)

Final state 4bWj., Whqq. Single lepton trigger in combination with E{,?iss.

L1 and HLT rate estimates:

1033 Signature | Rate [HZ]
e25i+xe30 10+ 10
mu20+xe30 20 + 15

Signal efficiencies 0.61 — 0.75 for m ;;+ = 200 — 600 GeV.
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The ATLAS Trigger

The ATLAS trigger is designed to
reduce the bunch crossing rate of
40 MHz down to 200 Hz.

This is achieved through a system
based on three online selection
levels (LVL1 in hardware, LVL2
and EF in software).

The ATLAS trigger includes
functionality for identifying

allowing for a robust and
flexible trigger menu.

See ATLAS trigger talks from FE
Winkelmeier and R. Brenner.

Bunch crossing ]
rate 40 MHz
— Pipeline

LEVEL 1 | | memories

Interaction rate [ .
~1 GHz CALO MUON TRACKING

2

TRIGGER
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LEVEL 2 g = = Readout buffers

Event builder

\ Full-event buffers

EVENT FILTER
- and

~ 200 Hz & / o processor sub-farms

Data recording
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ATLAS H™* Trigger Menu

The tbHT — 4bW,ep, Whad, tt — 26WepThaav and t& — 2bWp,,471c,v analyses can reliably
depend on electron and muon signatures at lower luminosities.

At higher luminosities, these single-object triggers may have thresholds which are too high
for these signal modes, and consequently double-object triggers will have to be employed.

The tbH ),y — 206WhaaThaqv(p) and tbH 5, — 26W},4q7haqv analyses will require hadronic
tau and missing E signatures.

Multiple jet triggers (37 and 45), as well as b-tag triggers, may also prove useful for all of
these analyses, though unprescaled jet triggers will necessarily have fairly high thresholds.

Since the unprescaled single tau and Eg}iss signatures have thresholds which are simply too
high to retain even a modest signal efficiency, these modes will require double-object triggers.

103! Menu: xe70 OR e25i tight OR mu20 OR tau20i+xe30 OR taul5i+xe20+3j18
1033 A Menu: xe80 OR €55 OR mu40 OR tau35i+xe50 OR tau35i+xe40+3j18

1033 B Menu: xe80 OR e25i+xe30 OR mu20+xe30 OR tau35i+xe50 OR tau35i+xe40+3j18

— p.10/1¢



Offine Muon Distributions in Signal Simulation

ET
Entries 15067
Mean 26.89
RMS 32.46

Eta
Entries 15067
Mean  -0.005517

RMS 1.257
Offline Muon in mode 5390

No Trigger
E== 10E31 Trigger
B 10E33B Trigger
B 10E33A Trigger

Entries 15067
Mean 0.006897
RMS 1.808

Entries 15067
Mean 1575
RMS 0.8618

Heavy H;%O with final state 4bW;.,, W}, 44 Offline muon distributions before and after applying the
trigger menus. Plotted are n, ¢, E7 and multiplicity.
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Offine Tau Distributions in Signal Simulation

ET
Entries 8511
Mean 82.72
RMS 58.15

Eta
Entries 8511
Mean 0.001618

RMS 1.163
Offline TauJet in mode 5384

No Trigger
E== 10E31 Trigger
B 10E338B Trigger
I 10E33A Trigger

Entries 8511
Mean -0.00211
1.821

Entries 8511
Mean 1.45
RMS 0.673

Heavy Hiroo with final state 2bW}, .4 7haqV Offline tau distributions before and after applying the
1031, 1033 A and 1033 B trigger. Plotted are n, ¢, E1 and multiplicity.

— p.12/1¢



Offine £ 's¢ Distributions in Signal Simulation

Entries 11750 Entries 11750
Mean 87.39 Mean 0.07455
RMS 55.15

RMS 1.817
Offline MissingEt in mode 6351

No Trigger

- 10E31 Trigger
- 10E33B Trigger
- 10E33A Trigger

Light H T with final state 20W}, 47, v Offline E{}”SS distributions before and after applying the
1031, 1033 A and 1033 B trigger. Plotted are E+ and ¢.
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ATLAS H™" Trigger Menu Rate Estimates

103! Signature Rate/Hz || 1033 Signature Rate/Hz
xe70 0.2+0.1 xe80 < 10
e25i tight 0.7+ 0.3 || e55 10+ 10
e25i+xe30 10 £ 10
mu20 1.7+ 0.4 mu40 10 £ 10
mu20+xe30 20+ 15
tau20i+xe30 5.8 £0.8 || tau35i+xe50 < 10
taulS5i+xe20+3j18 | 5.4 0.8 || tau35i+xe40+3j18 < 10

The proposed trigger menus and estimated rates for £ = 1031 cm—2 s—1 and £ = 1033 cm—2
s—1. Rates are only preliminary estimates obtained with high statistics, fully simulated
minimum-bias events.

1031 Menu: xe70 OR e25i tight OR mu20 OR tau20i+xe30 OR taul5i+xe20+3j18
1033 A Menu: xe80 OR €55 OR mu40 OR tau35i+xe50 OR tau35i+xe40+3j18

1033 B Menu: xe80 OR e25i+xe30 OR mu20+xe30 OR tau35i+xe50 OR tau35i+xe40+3j18
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10°* B Menu Efficiencies in Signal Simulation

Mode xe80 | e25i+ | mu20i+ | tau35i+ tau35i+ H+ 1E33B
xe30 xe30 xe50 xe40+3j20
Before Offline Selection
thjOO — 206WhadThadV | 0.69 0.01 0.03 0.36 0.35 0.78
thH by — 26WhaaTheav | 0.25 | 0.01 0.02 0.11 0.14 0.35
th;gO — 4bWiepWhad 0.19 0.17 0.25 0.07 0.10 0.49
thH 5y — 26WhaaTiepy | 0.34 | 0.09 0.14 0.06 0.07 0.47
EbegO — 2bWiepThaaV 0.29 0.21 0.24 0.23 0.24 0.61
After Offline Selection
thLO — 206WhadThaaV | 0.96 0.00 0.02 0.58 0.57 0.97
fbego — 206WhadThad? | 0.16 0.00 0.06 0.31 0.36 0.45
th;gO — 4bWiepWhad 0.23 0.25 0.37 0.10 0.14 0.63
EbegO — 20WhadTiepV 1.00 0.14 0.18 0.14 0.14 1.00
EbegO — 2bWiepThadV 1.00 0.25 0.62 0.50 0.38 1.00

Estimated trigger efficiencies for selected signal samples. Efficiency before offline selection
indicates the efficiency with respect to all signal simulation events, while after offline selection
means with respect only to those signal simulation events which survive offline selection.
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Trigger Efficiency wrt Offine (Turnon Curves)

EF Efficiency
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Heavy H;go with final state 4bW,.,,W},.q trigger . efficiencies with respect to the corresponding
offline object versus 7, ¢, and E1. Resolution is also plotted. Note that the ¢ efficiency for muons
drops slightly on either side of » = —x /2 due to the muon spectrometer feet.
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Trigger Object Efficiency, Purity and Resolution

Trig. Object A™maer | Efficiency | Purity | E7 Resolution | Er Offset
Electron: Hyy — Thaaqv 0.02 0.99 0.22 0.01 -0.02
Muon: Hj., — tb 0.02 0.81 0.94 0.03 -0.001
Muon: Hiyy — TiepV 0.02 0.78 0.97 0.02 -0.001
Tau Jet: Hi5y — Thad 0.1 0.93 0.29 0.07 -0.03
Jet: Hi5y — Thad 0.1 0.89 0.80 0.10 -0.15
Emiss: Hi o — tb 0.4 0.99 0.81 0.28 -0.16
Emiss: Hby — TiepV 0.4 0.98 0.97 0.20 -0.19
Emiss: Hbo — Thad 0.4 0.97 0.98 0.18 -0.21

AR = \/A¢? + An2, and a trigger object is matched to an offline object if AR < A™%*R,

A™%T R is chosen to correspond closely with a typical resolution.

Efficiencies and purities are the fitted plateau values.

The E7 resolution is defined for matched trigger objects: the RMS of (£,

trg

)

The Er offset for matched trigger objects is the mean of the (EX79 — B9/ /ELT9.
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Conclusions

The trigger strategy for any search for rare phenomena demands the
with respect to the offline-selected events while keeping the overall trigger rates
within acceptable bounds.

At the Tevatron, with increasing instantaneous luminosity came the need to raise Er
thresholds and tighten isolation requirements.

At the LHC, CMS and ATLAS trigger strategies are broadly similar. The

to keep within a bandwidth budget.

A coarsely
for the ATLAS H T search.

The trigger selection imposes apart from
threshold effects. The expected trigger
, though E7*$$ needs improvement.

The expected , and
we will be able to optimize the menu after taking data with collisions.
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