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Cross-section is dominated by hadronic final
states with no leptons or missing energy

Standard Model Production Cross Section Measurements

Staltus: August 2016
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Recorded events dominated by
leptonic final states, including MET
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__Large pre scales'i_

200 400 600 800 1000 1200 1400 1600
Luminosity Block [~ 60s]

HLT = software trigger (L1 = hardware trigger)



usual paradigm

[f your favorite process cannot be triggered on, then it will
not be recorded and there is no way to analyze it.

new paradigms

“If your favorite process cannot be triggered on inclusively, look
for associated production with an object you can trigger.”

-1.S. Radiation, 2015

“If your favorite process cannot be triggered on at HLI, make
your analysis faster and simpler and do it after L1.”

-T1.L. Analysis, 2012
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A new paradigm: look to the pileup

_your favorite
» A “

- bb’in‘any of
these ones

ATLAS

EXPERIMENT

Run Number: 266904, Event Number: 25884352

Date: 2015-06-03 13:41:54 CEST

trigger on pink




How many events”?

L1 (TLA) or HLT (offline) rate

/

L(ZBT) = £ x [ Ldt

\

40 MHz

pre-scales
(1) | L1 Rate | HLT Rate | ZBT [1/fb] | ZBT @ HLT [1/fb]
20 | 100 kHz | 100 Hz 5.1075 0.05 4x10° 400
80 | 100 kHz 1 kHz 7.5-1073 0.75 4x104 400
200 | 400 kHz | 10 kHz 0.75 30 4x103 100
200 | 750 kHz | 7.5 kHz 0.56 56.3 5x103 50




How many events?

i VO
can

Jrun a ze'r‘c')—backgr'ound search ano
t beat a trigger efficiency of ~0.02%,
then you should be using the ZBT!

..and If youcandOTLA that number

goes up to ~1%!

() | L1 Rate | HLT Rate | ZBT [1/fb] | ZBT @ HLT [1/fb]
20 | 100 kHz | 100 Hz 5-107° 0.05
80 | 100 kHz 1 kHz 7.5-1073 0.75
200 | 400 kHz | 10 kHz 0.75 30
200 | 750 kHz | 7.5 kHz 0.56 56.3

pre-scales
4x10° 400
4x104 400
4x108 100
5x103 50



How does the ZBT compare to the other paradigms?

Cross-sections with Leptophobic Z’ in MG5
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The bottom line
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Conclusions / Outlook

There Is a huge dataset that we are currently ignoring.

New physics may be hiding in these data
and we are collecting them anyway

Most powerful when combined with trigger-
level analysis (so need to design ASAP!)

Takeaway message: your
baseline is the ZBT >> 0!

Think creatively about new possibillities...
the sky, and not the trigger, Is the limit!

(also, remember ZBT offline has ~infinite time for processing)






A new paradigm: look to the pileup

—
o
N

At high pileup, most
events have a relatively
hard second process
that Is uncorrelated
with the first

LHC @ \s=14 TeV (u = 200)

—i
o

—h

( QCD Pileup Jet Multiplicity / Event )

The ‘Zero Bias Trigger’
IS simply the idea of

: . 100"
looking at all pileup -
interactions for all -
events tri r n an
JOEred ONANY  soqpesgpgppgpy
hard process Jetp_ [GeV]

not exactly zero bias, but bias should be negligible for the processes of interest



Example: (relatively) low mass dijet resonance search
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N.B. ZBT uses
a simplified
analysis
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B CMS Trigger-level ot

I MG5_aMC + Pythia 8 + Smearing p re-SCa| es
- \/\ Limited by
E o e 3 |_1 Jet
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(in principle, both the ZBT and Z' + jet searches can go lower in mass)



Example: (relatively) low mass dijet resonance search

What about a side-by-side comparison? (i.e. same lumi)

o 3.5
83 - det~3/fb (~2015 dataset size)
a sl
§ — — ATLASISRy
| —— CMS ISR Jet
D5 ZBT@HLT, 750 kHz L1 rate
B 2015 dataset size, but ‘collected’
ol much faster (factor of 10Y) .
1.5
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| | | I
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Z' mass [GeV]

For the same amount of data, similar sensitivity
(once again, ZBT uses a simplified analysis - likely improvable)



How many events do you need to exclude a model?

( N background )
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How many events do you need to exclude a model?
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Vertex Assoclation

L I UL D B

IN some cases you § :ATLAS Simulation Preliminary !
Pythia8 dijets —— JVF

may even want 1o k- | Anti-k, LCW+JESR=04  —e- corrJVF ]
associate objects to L o5 ey =P

non-primary vertices. 1071 IVF=05

- JVF =0.25 .

It they are hard - :

enough, we can do j

this (pretty well) :

107} -

(this plot is for the HS :

. . o ooy b by
vertex, but there is nothing 08 0 85 0.9 095
special about that for a Efficiency

fixed multiplicity)



How many events”?

SUpPPoOse you have a process X with cross-section ox

If the Inelastic cross-section is Y, then ~one In
ox /% pp collisions will be an X event.

ow many pp collisions are written to tape?

h x (u) x T

/ number of pp

HLT trigger rate
(or L1 rate for a
trigger-level analysis)

collisions per
recorded bunch
Crossing

run time

(assuming that X events have a negligible impact on the trigger)



How many events”?

SUpPPoOse you have a process X with cross-section ox

It the Inelastic cross-section is Y, then ~one In
ox /% pp collisions will be an X event.

ow many pp collisions are written to tape?

h x (u) x T

O(kHz) O(10) O(year)

~0O(101") events



How many events”?

So the number of X eventsis ox X h x (u) X T'/%
Let's express that in a more useful format.

Let Y'be an SM process that we can trigger on
with 100% efficiency and has no pre-scale (=1).

If Y has cross-section oy, then the total
number of Y events written to tape:

oy X Hx (u) x T/%

\

total pp collision rate (40 MHz)

(assuming the probably for two Y events in the same bunch crossing is negligible)



How many events”?

Since the number of Y events is also oy x [ Ldt
[ Ldt =H x {(u) x T/

Therefore,

L(ZBT) = & x [ Ldt

\

40 MHz

(trigger level)
LHC Run Total Lumi. [1/fb] | (i) | L1 Rate | HLT Rate | ZBT [1/fb] | ZBT @ HLT [1/fb]

1 20 20 | 100 kHz 100 Hz 5-10~° 0.05
243 300 80 | 100 kHz 1 kHz 7.5-1073 0.75
4+5 (ATLAS) 3000 200 | 400 kHz 10 kHz 0.75 30

445 (CMS) 3000 200 | 750 kHz | 7.5 kHz 0.56 56.3




Low energy and other phenomena that are or look like
processes with a high rate are heavily pre-scaled

Pre-scale: throw away events uniformly at
random with a probability p = 1/pre-scale

Ex. ATLAS single jet triggers in Run 1

Trigger threshold [GeV] Offline Selection [GeV] Luminosity [fb™!] pre-SCa|e
25 [50,100] 7.84%107° 3x105
55 100, 136 4.42%x10™% 5x104
80 136, 190 2.32%x1073 Ox103
110 190, 200] 9.81x1073 2x108
145 200, 225] 3.63x1072 550
180 225, 250] 7.88%x1072 250
220 250, 300] 2.61x107! 80
280 300, 400] 1.16 20

360 > 400 20.3 1
(“un-prescaled”) )



