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The Recent History of Discovery: An Example Search for “New” Physics
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Standard Model Production Cross Section Measurements  suius: March 2015
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How do we make the next discovery?

Model frameworks play a very important role

SM has been our guide on a long road (1970’s-2010’s)

generation(s) of HEP physicists

How we’ve designed and organized our experiments

Dennis Overbye:
Physics awaits
new options as
Standard Model
idles

08/01/06

Experimental clues have yet to produce a 'tsunami
moment' that provides a glimpse beyond the
equations of particle physics formulated in the
1970s. But physicists are hoping for something
bizarre.

Mass resonances: J/Psi, upsilon, [W/]Z, [...top, Higgs]
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But since 2012:

Is there new physics before Epjanck? (Einflation?)
No reliable model to drive our work

What is beyond the Standard Model?

What is most important for collider searches to do?

Dr. Arkani-Hamed admitted, "My nightmare is that we see nothing at all

besides the Higgs," in the new collider.




. Conley et al. / Eur.Phys.J. C71 (2011) 1697
SUSY as a guide? |

Tempting familiarity

Tom Rizzo : >
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jettisoned under experimental duress studies & other analyses

But these aren’t necessary and can be

There’s a LOT of space here ; we're going for breadth not depth !
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The Lamp Post Effect

Barbican Art Gallery / http://myfunnyeye.blogspot.co.uk/2014/03/searching-in-dark.html

The streetlight effect is a type of observational bias where people only look for
whatever they are searching by looking where it is easiest.['/2I3]

The parable is told several ways but includes the following detalils:

A policeman sees a drunk man searching for something under a streetlight and
asks what the drunk has lost. He says he lost his keys and they both look under
the streetlight together. After a few minutes the policeman asks if he is sure he
lost them here, and the drunk replies, no, that he lost them in the park. The

policeman asks why he is searching here, and the drunk replies, "this is where
the light is."[?

David Freedman apparently coined the phrase "streetlight effect," but the story, and “I’'m searching for my keys”
concept, were used much earlier, e.g., by Abraham Kaplan, in his classic work The

Conduct of Inquiry: Methodology for Behavioral Science (Harper & Row, 1964), where

he refers to this as "the principle of the drunkard's search" (p. 11).  wikipedia



strongest Glues about BSM Particle Physics Gome From Astronomy

Clowe et al: visible mass vs dark mass

Large scale observations: cosmology and galactic
astronomy firmly establish dark matter as fact

Acpwm: rotation curves, CMB, simulations of galactic
evolution, grav. lensing, ...

e.g. early CMB observations established CDM at
>250 (WMAP 9-year results: Qch?=0.1138 £ 0.0045)

Particle physics fails to explain this
Contrast with motivations based on “naturalness”
arguments / fine tuning arguments, unification at Planck
the Planck scale, dark matter candidates as an
afterthought, solutions to the problems of particle

theorists... OO
667
This problem deserves a big effort
WIMP paradigm: dark matter sector talks to Standard @ Ordinary Matter
Model particles through some sort of ‘weak’ interaction @ Dark Matter
received the most attention, but Dark Energy

far from the only possibility



What do we know about dark matter?

e DM exists...
e DM is not matter described by the

Standard Model
DM interacts gravitationally

DM is colorless & electrically neutral

DM is stable on very long timescales
DM may not be strongly self-

inferacting,
nor must it have any non-
gravitational interactions with the SM
Opm = 5 Om
this leaves room for the ‘dark sector’

to match the complexity of the SM,
and then some

For collider searches, we need to
systematically explore models that fit
these facts.

What does?
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A NEW AND DEFINITIVE META-COSMOLOGY THEORY

T. R. Lauer

T. S. Statler

B. S. Ryden
D. H. Weinberg

Department of Astrophysical Sciences, Princeton University
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MSSM R-parity NMSSM
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See also Kathryn Zurek’s colloquium itz NMSSM

violating

MSSM

on non-WIMP models next week
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Gomplementarity and Effective Field Theory
SM SM

DM\ /SM SM\ /SM o
7\ 7\ 7 \su e
DM SM DM DM SM M

- - . . . TABLE I. Operators coupling WIMPs to SM particles. The
Indirect Detection Direct Detection Colliders operator names beginning with D, C, R apply to WIMPS that aro
Dirac fermions, complex scalars or real scalars, respectively.
Name Operator Coefficient
A very general approach: assume there is an interaction between DM DI Yxiq m, /M3
. . . =D v > 3
and SM, and it occurs at an ~inaccessible energy scale D2 XY X494 im, /M
D3 xXxXqv’q img /M3
D4 XY’ Xqv’q mq//Agi
. . . . e D5 XY*xXav.q 1/M;
The same diagram describes DM-nucleon scattering, pp collisions, D6 VY XTyad /M
D7 XY XTY Y4 1/M?
D8 XY*Y’ Xqv.7q l/Mg
D9 Y XGO 1/M2
. . . . . D10 _;:;o é(q(-fg ! i//M2
Look at low-energy behavior: a 4-fermion contact interaction with a XOuvV X% apd .
. D11 XxG ., G*” a,/AM?
single parameter M* D12 X7 XG,,G** ias§4M%
D13 ¥xG ., G"" i, /AM?
. . D14 Y X&,,GW o, /4M>
If the interaction occurs through a heavy s-channel resonance, C1 ' xda m, /M2
*— C2 x'xav’q im,/M?
C4 x' 0. xav* v’ q 1/M?
o o o 5 OMo A0 . C5 XTXG VGpw as/4M§
Systematically search collider data for all renormalizable possibilities: oy M AG G i/ 4M2
. . . R1 )z(chg .mq/ZM,,é
DM : real/complex scalar, Majorana/Dirac fermion R2 X*av°q im, /2M?
R3 X*G ., G** a,/8M?
R4 x>G ,,G* i, /8M?

Lorentz structure: - ial- :
orentz structure: scalar, pseudo-scalar, vector, axial-vector, etc S B G L i



The consequences?

1. DM must be pair produced

2. “MET+proton remnants” is indistinguishable
from “backgrounds”

3. We need to “tag” the collision with high pt ISR

4. The Standard Model predicts what ISR occurs
most often...

"= do a mono-jet search

12
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S. Schramm

Mlssmg Transverse Energy for EFT Signals in Monojet Analysis
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Background estimation:
Dominant background is Zvv+jets
use transfer factors from W/Z control
regions (see CR to the left) as data-
driven correction to MC
(e.g. Z pr distribution)
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Graphics by S. Schramm
BR 3% Higher cross section,BR BR 20%
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8 TeV Mono-jet Search: Results Eur. Phys. J. C (2015) 75:299
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Achieves a total background uncertainty of 3-14%, depending on the transverse momentum;
comes from theory (W/Z differences), CR statistics, object reconstruction unc. (jet/MET)



8 TeV Mono-jet Result:
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8 TeV Mono-jet Result: Gonnecting EFT limits to Non-collider WIMP Searches
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8 TeV Mono-jet Result: Gonnecting EFT limits to Non-collider WIMP Searches
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Now what?

Move to a larger set of

more comp|ex models, Less Complete

e.g. add a single new
“mediator”

Effective Field Theories

SM-DM interaction

mediated by SM particles
(heavily constrained \/ g

except for Higgs) or an
additional new particle

Higgs
portal
q 8 x(my)

“Sketches of Models”

8q DM
V: A(Mmea) Tim Tait

9 x(my)

But this change opens up a much richer set of possibilities

Spectrum of Theory Space

UV Complete
Models

More
Complete

“It is the production and the role of the mediator particle(s) which is of key importance in the

collider searches for dark sectors; the actual dark matter is a derivative.”

—Phys. Rev. D 91, 055009 (2015)
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Revisiting the consequences

2. “MET+proton remnants” is indistinguishable

from “backgrounds”
3. We need to “tag” the collision with high pt ISR
4. The Standard Model predicts what ISR occurs

most often...

1. DM must be pair produced

"= do a mono-jet search

In this model, mono-jet is
nearly the only colllider
strategy

7 TeV results: Phys.Rev. D87 (2013) 9, 095013

TABLE V: 90% CL limits on o(pp — xx + X) for m, = 10
GeV, theory prediction for M, = 1 TeV, and limits on M,
using the D5 operator. In the case of the Z + K final state,
the prections include the Z — #¢ branching fraction.

Channel Limit o Pred. Limit M,

(fb) (fb)  (GeV)
ATLAS jet+Br 1,700 370 685
CMS jet+Er 1,140 370 750 } 785
ATLAS v + Er 33 37 580 } 795
CMS v + Er 35 3.7 570 J 649
ATLAS Z + Er 36 0.5 340
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Revisiting the consequences

When the event “tag” can come from the interaction rather than ISR,
then searches beyond mono-jets become much more important

=

1. DM must be pair produced

2. “MET+proton remnants” is indistinguishable
from “backgrounds”

3. We nee " the collisi

4. The Standard

MOS

high pt ISR
edicts what ISR occurs

"=  de-a-mene—tetsearch

7 TeV results: Phys.Rev. D87 (2013) 9, 095013

TABLE V: 90% CL limits on o(pp — xx + X) for m, = 10
GeV, theory prediction for M, = 1 TeV, and limits on M,
using the D5 operator. In the case of the Z + K final state,
the prections include the Z — #¢ branching fraction.

Channel Limit o Pred. Limit M,

(fb) (fb)  (GeV)
ATLAS jet+%r 1,700 370 685
CMS jet+Er 1,140 370 750 J 785
ATLAS v+ Er 33 37 580 } 795
CMS v + Br 35 3.7 570
ATLAS Z + Er 36 0.5 340
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Benchmark models for ATLAS and CMS Run-z2 DM searches

vector/axial vector mediator, s-channel (Sec. 2.1)

Signature State of the art calculation and tools Implementation  References
jet + Er NLO+PS (powheg, SVN r3059) [Forl; Foro] E’I—I{II(()R;)};?' LI e oy
NLO+PS (DMsimp UFO + MADGrRAPH5_AMC@NLO v2.3.0) [New] [Alw+14; All+14; Deg+12]
NLO (McrM v7.0) Upon request  [FW13; Har+15]
W/Z/vy + Er LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Fora] [Alw+14; All+14; Deg+12]
NLO+PS (DMsimp UFO + MADGrRAPH5_AMC@NLO v2.3.0) [New] [Alw+14; All+14; Deg+12]
scalar/pseudoscalar mediator, s-channel (Sec. 2.2)
Signature State of the art calculation and tools Implementation  References
jet + Er LO+PS, top loop (powheg, r3059) [Forn; Form] %lék;;?, e e
LO+PS, top loop (DMsimp UFO + MADGRAPH5_AMC@NLO v.2.3.0) [New] {991;‘:‘:;?’ Hir+11; All+14;
LO, top loop (MCFM v7.0) Upon request  [FW13; Har+15]
W/Z/v + Er LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Alw+14; All+14; Deg+12]
tf,bb+ Er LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Ford] [Alw+14; All+14; Deg+12]
NLO+PS (DMsimp UFO + MADGRrRAPH5_AMC@NLO v2.3.0) [New] [Alw+14; All+14; Deg+12]
scalar mediator, t-channel (Sec. 2.3)
Signature State of the art calculation and tools Implementation  References
jet(s) + Er (2-quark gens.)  LO+PS (UFO + MADGRAPH5_AMC@NLO v2.2.3) [Forj] ge\g?l‘;,] Alw+14; All+14;
jet(s) + Er (3-quark gens.)  LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Fori] ga:é:lli'] G A
W/Z/y + Er LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) TBC %1)3:;2] Alw+14; All+14;
b+ Er LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Forg] %"J’:?g:g;’fm Alrey;
Specific simplified models with EW bosons (Sec. 3.1)
Signature and model State of the art calculation and tools Implementation  References
. Car+14; BLW14b; Alw+14;
Higgs + Er, vector med. LO+PS (UFO + MadGraph5_aMC@NLO v2.2.3) [Forh] .[All+14;4De +1z‘} 4
Higgs + Er, scalar med. LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Forh] g{%:fgzglﬁlz‘}b,j:ﬂm
Higgs + Er, 2HDM LO+PS (UFO + MadGraph5_aMC@NLO v2.2.3) [Forb] {)egﬂlg] ; Alw+14; All+14;
Contact interaction operators with EW bosons (Sec. 3.1)
Signature and model State of the art calculation and tools Implementation  References
[Cot+13; Car+13; CHH15;
W/Z/vy + Er, dim-7 LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Forc] BLWig4b; Alw+14; All+14;
Deg+12]
§ A ; Car+14; PS14; BLW14b;
Higgs + Er, dim-4/dim-5  LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) [Fore] £\lw+1:; Allf14; Degiu]
Higgs + Er, dim-8 LO+PS (UFO + MadGraphs_aMC@NLO v2.2.3) Eal] ARt Toag BN

Alw+14; All+14; Deg+12]

Table 6.1: Summary table for available benchmark models considered within the works of this Forum.
The results in this document have been obtained with the implementations in bold.
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Coupling g,

Events / 50 GeV

Data/SM

o 10*

Mono-Higgs (Diphoton): Phys. Rev. Lett. 115, 131801 (2015)
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and even more Run 1 results that | don’t have time to zoom by....
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Simplified Models: Higgs as the light mediator

Invisible decays of the Higgs are rare in the
SM (ZZ-4v)

Can constrain invisible Higgs branching
fraction through multiple search channels
W/Z+H
jiH
mono-W/Z
mono-jet

BRinv<0.22 yields stringent constraints on
certain types of WIMPs
(if Higgs is the sole SM-DM mediator,
if mpm < mu/2, and
if no further theory is required)

WIMP-nucleon cross section [cm?]
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Total Integrated Luminosity [fb™]

6 I | | | I | | | I | | | I | | | I | | | I | | I ]
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5 [ LHC Delivered ]
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Day in 2015

0 ] ] ] ] ] ]
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2015 pp data-taking has just ended
4/fb recorded (25 ns + 50 ns bunch spacing)

Latest ATLAS public results: LHCP, 80/pb
50x this dataset being analyzed now... stay tuned!
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ATLAS Mono-X in Run 2
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Early Mono-jet Sensitivity Projections (13 TeV)
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Remember earlier? Spectrum of Theory Space

Less Complete

Move to a larger set of
more complex models:

SM-DM interaction Effective Field Theories

mediated by SM particles
(heavily constrained

Simplified
Models
additional new particle
Higgs
q g x(my) portal

UV Complete

Models

“Sketches of Models”
&q gDM

V/ A (Mmed) M

. . ore
Tim Tait Complete
q X (my)

except for Higgs) or an

But this change opens up a much richer set of possibilities

“It is the production and the role of the mediator particle(s) which is of key
importance in the collider searches for dark sectors; the actual dark matter is a derivative.”
—Phys. Rev. D 91, 055009 (2015)
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Remember earlier? Spectrum of Theory Space
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But this change opens up a much richer set of possibilities

“It is the production and the role of the mediator particle(s) which is of key
importance in the collider searches for dark sectors; the actual dark matter is a derivative.”
—Phys. Rev. D 91, 055009 (2015)
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searches for dijets

Dijet signals are already plentiful in the SM,
and in many other BSM models

Broken extended gauge symmetries, chiral

color, axigluons, quantum black holes, KK
bosons, composite quarks, ...

For an excellent review of dijet searches, see

Harris & Kousouris, Int. J. Mod. Phys.
A26:5005-5055, 2011

L =ig,qGLTv"(gv, +75924) @

S. Westhoff, J. Shelton
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Goupling-Mass Plane for a Leptophobic 2 Model, circa 2013

Dobrescu, Yu Phys.Rev. D88 (2013) 035021
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Goupling-Mass Plane for a Leptophobic 2 Model, circa 2013

Coupling of new particle to quarks

8B

2.5

Dobrescu, Yu Phys.Rev. D88 (2013) 035021
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Rate in Hz

8B

ATLAS Strategy at 8 Tel

Roughly 2 years from 13/fb to 20/fb result! Why?

Low mass was our primary focus

Luminosity[fb'1]

Combine all available prescaled single jet triggers

Reconstruct unprescaled but delayed (parked)

events during LS1 shutdown

ATLAS Trigger Operation 2012
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ATLAS Dijets Searches at 13 TeV

Signif.
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Resonant analysis
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ATLAS Dijets Searches at 13 TeV ATLAS-CONF-2015-042

Resonant analysis
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ATLAS Dijets Searches at 13 TeV ATLAS-CONF-2015-042

“Non-resonant” analysis
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Jet calibration and uncertainty

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-015/
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ATLAS 13 TeV Dijet Limits, 80/ph

Limits on:

e Gaussian contribution to the mj; distribution

e Two ADD quantum black hole models

(n =6 and Mp = My)

Limits are M > 6.8 or 6.5 TeV (QBH or BlackMax)

Run 1 limits were 5.6-5.7 TeV.
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Resonant Di-jet Candidate

ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST

mj = 5.1 TeV
Jet p1: 2.5, 2.4, 0.3 TeV




Non- resonant P,—jet Cﬁhdldate
ﬁ Il j

i
Mijj = 0. g TI'eV

Jet pr:1.3, 1.2 TeV

ATLAS

EXPERIMENT

Run: 276731
Event: 876578955
2015-08-22 07:43:18




Benefits of ATLAS/CMS Agreement on Models:; Dijet Implications for SM-DM Megialnrs
Axial-Vector Z', JHEP 1507 (2015) 089
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How to do even hetter?

Both Mz> 1 TeV and Mz< 1 TeV are unconstrained for plausible but lower gq

Above 1 TeV, add luminosity

Andreas Weiler & Gavin Salam, EPS 2015

Post/pre-dictions for excited quark exclusion reach
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"There's a lot more after this run,
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How to do even hetter? P

Both Mz> 1 TeV and Mz < 1 TeV are unconstrained for plausible but lower gq %«r
Above 1 TeV, add luminosity
Below 1 TeV, something else is needed

10’ 10? 10°
my [GeV]

Trigger bandwidth = Recorded event size x Recorded event rate

T T

: ' ' |
A fixed resource  Wherever we can reduce this T then we can increase this by a lot!

40 MHz bunch crossing

Level-1:
custom hardware

v

Software HLT:
20k cores

1 kHz to storage




How to do even hetter?

Both Mz> 1 TeV and Mz< 1 TeV are unconstrained for plausible but lower gq

Above 1 TeV, add luminosity

Below 1 TeV, something else is needed

Trigger bandwidth = Recorded event size x Recorded event rate

T

A fixed resource

40 MHz bunch crossing

Level-1:
custom hardware

v

Software HLT:
20k cores

1 kHz to storage

Rate [HZz]
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T then we can increase this by a lot!
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_Reduced event size chain

All other single jet triggers

ATLAS Trigger Operations
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Active for most of 2015 data-taking. Stay tuned!
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Dark matter is a good motivation for new physics searches at 13 TeV

Wide MET+X search program developed during Run 1
- Widening much further: more work focused on general DM phenomenology is needed!

The ability to study the interaction between the dark sector and the SM is a strength of

collider experiments
- building a better picture of these models and the constraints on them
is crucial to seeing how the LHC data can be most useful (see Z’ example)

The LHC cannot conclusively discover dark matter! (only stability on collider tfimescales)
- but it may be able to tell us unique information about it
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Additional Slides




py Leading Jet

py non-leading jets

Py Recoil System
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Experimental challenges: Jet Reconstruction

C. Doglioni

Algorithm specification: Anti-k;

1 1 . AR?
,2') ;

@ D : algorithm parameter

@ lterate:

O For every pair of objects %, j calculate
dmin = min(dz’,ja di,beam)

Q I dpmin = d;,; recombine objects
Else 1 is a jet, remove it from list @

@ Recombination starts from hard objects

@ATLAS default: inclusive algorithm

Collinear safety

Les Houches 2007 proceedings, arXiv:0803.0678 .‘,,. _J: -

— v, —— ] ——— —— — -
jet algorithm ] [
- 0
{ P . } l With collinear splitting:  Without collinear splitting:
| k no jet (under threshold) 1 jet (over threshold)
particles, .
4-momenta, jets
calorimeter towers, .... Infrared sa fety
+ parameters (usually at least the radius R)
From M. Cacciari, MPIGLHCO08
Without gluon radiation: With gluon radiation:

2 different jets only 1 jet



Experimental challenges: Jet Galibration

Simulated
particles

Tracks

Calorimeter
clusters
(EM scale)

Calorimeter jets

(EM or LCW scale)

jet constituents jets

Particle jets
(CLER LB )

Track jets

Calorimeter jets
(EM scale)

Calorimeter
clusters
(LCW scale)

Local cluster
weighting

Calorimeter jets
(LCW scale)

Calibrates clusters based on
cluster properties related to
shower development

Pile-up offset Calorimeter jets

——r . Energy & Residual'in situ
AT Origin correction I'bgyt'on " (EM+JES or
calibration 1Dr. LCW+JES scale)
Corrects for the energy Changes the jet direction to  Calibrates the jet energy Residual calibration derived
offset introduced by pile-up.  point to the primary vertex. and pseudorapidity to the using in situ measurements.
Depends on p and Npv. Does not affect the energy. particle jet scale. Derived in data and MC.
Derived from MC. Derived from MC. Applied only to data.
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Experimental challenges: Jet Galibration
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Mono-W/Z (hadronic)
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Mono-W/Z (hadronic) Results
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Electroweak hackgrounds
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Looking directly for the light mediator

q X q q
When the mediator is light, you can NV v
look for it directly y X > 9 Jq

Looking for something specificis S — gl Mo+ 306 — Mo
generally a better strategy than 1

+ §M‘2,VHV“ = jIV“VVMV
looking for something vague...

— 99" Pr.qV, — 95 XY PLxV,

2.5 T I T T 1

Coupling to quarks required for arXiv:1303.3348
WIMP-nucleon interactions and 2 Excluded by Monojet Searches =
production at colliders
=> dijet signature

15+

Gy in Tev-2

Dijet contact search powerful in
transition region between resonance .
and full contact interaction % 1 2 3 4 5 & 1 8

My in TeV




L.-T.Wang et al., JHEP 07 182 (2012) 60

Simplified: Light dark matter and leptophobic 2
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. ATLAS-CONF-2012-148
Dijet resonances
BumpHunt on smooth parameterization of dijet mass distribution
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What would a discovery of dark matter look like?




Residuals (cpd/kg/keV)
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Residuals (cpd/kg/keV) Residuals (epd/kg/keV)

Residuals (cpd/kg/keV)

Positron fraction
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Dark Matter Search Results Using the Silicon Detectors of CDMS 11
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0.0¢

0.0t ' We report results of a search for Weakly Interacting Massive Particles (WIMPs) with the silicon

o Ay (Si) detectors of the CDMS II experiment. A blind analysis of data from eight Si detectors, with

¢ a total raw exposure of 140.2 kg-days, revealed three WIMP-candidate events with a final surface-
o event background estimate of 0.4170-22 (stat.)T025(syst.). Other known backgrounds from neutrons
~0.0¢ and 2°°Pb are limited to < 0.13 and < 0.08 events at the 90% confidence level, respectively. These
e data place a 90% upper confidence limit on the WIMP-nucleon cross section of 2.4 x 10~*! cm? at a
WIMP mass of 10 GeV/c?. Simulations indicate a 5.4% probability that a statistical fluctuation of
the known backgrounds would produce three or more events in the signal region. A profile likelihood
ratio test that includes the measured recoil energies of the three events gives a 0.19% probability
for the known-background-only hypothesis when tested against the alternative WIMP+background
hypothesis. The highest likelihood was found for a WIMP mass of 8.6 GeV/c?> and WIMP-nucleon

cross section of 1.9x10™4! c¢m?.
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What would a discovery of dark matter look like?

Not this (maybe?)

Consistent results, from multiple types of complementary experiments,
will be needed

Some (but not all) results resemble light WIMP ~O(10) GeV, o~few
10-41 cm?

What can the LHC say about this?



The Growing Importance of Jet Substructure
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Pile-up corrected jet substructure

0.22
0.2

ormalized Entries
o
>

'ATLAS Simulation Preliminary
Lanti-k, LCW jets with R=1.0, 0.0< fn| < 1.2
No jet grooming, no jet pileup correction
:_E =14 TeV, 25 ns bunch spacing
500 < p: <750 GeV

[Pythia8 Z' — tt (m_=2 TeV) m

LIS I B B S

LI

—e— <u>=0, o::::(p=30)
-0 <u>=40, ¢ (u=40) .
—5— <u>=80, o’ (1=80)
—E-- <p>=140,o::::(u=140) ]
pileup i

—e— <u>=200,0""" (1=200) -

0.22
0.2

ormalized Entries
o
>

'ATLAS Simulation Preliminary
Lanti-k, LCW jets with R=1.0, 0.0< fn| < 1.2
[ Trimmed, no jet pileup correction
:_E= 14 TeV, 25 ns bunch spacing *
500 < p: <750 GeV
[Pythia8 Z'  f (m_=2 TeV)

LI (N B B B B B S B B

LI

—e— <u>=0, o:i‘f::(u=3o)
-0 <u>=40, 6°F (1=40) ]

58

—5— <u>=80, o’ (1=80)
-m-- <u>=140,06"°" (1=140) ]
—e— <u>=200,6"*" (1=200)

noise




Pile-up corrected jet substructure
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FTK

Since exact nature of BSM physics is unknown, trigger flexibility is vital.

74

ATLAS is preparing a Level “1.5” trigger upgrade to provide near-offline quality tracking for the Level 2 trigger algorithms.

Within 100 us of each Level 1 accept, FTK will perform pr > 1 GeV tracking over the entire silicon system for the start of

HLT processing. It divides tracking into two stages:
* Coarse pattern recognition with an associative memory
e Full-resolution FPGA track search and fits

Designed to handle Phase I pile-up (3x design luminosity)

Associative memory “road finding”

Analyze a large sample of tracks and construct a frequency-ordered list of all hit patterns

generated by the tracks in the detector. Look for each of these patterns in every event.

» Group consecutive silicon channels into “superstrips” (SS) to reduce the number of
unique patterns needed for high efficiency and the size of training track sample.

» Partition silicon detectors into 11 “logical layers.”

* Result for high-pileup configuration is typically order 1 billion coarse-granularity hit
patterns for p,. > 1 GeV tracks over the entire detector (smaller for early system).

The associative memory (AM) chip
* Store each pattern in one cell of memory

in a set of custom ASICs. Each cell com- T B'/J 509
. .y » \ - /| Control
pares its pattern to silicon data flowing b NS | ieea
through a common bus. b =00 | E
* Whenreadout is complete,the AM stage { L ﬂ [/
is complete; pattern recognition occurs ) 40 MHz Yock

at the silicon readout speed.

AMBSLIM
[ 4

FPGA “track fitting”

Within each identified pattern (“road”), fit all full

resolution hit combinations and apply a chi"2 cut.

» Linearize the track fit: average track parameters
for each combination of modules + first order cor-
rection for each hit—excellent approximation
suitable for FPGAs with embedded DSPs.

* Full combinations have exactly one hit in each of
the logical layers

* “Majority” roads/combinations have one logical
layer with no hit.
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System Architecture

Conversion 2.1
. . to coarse ayel COalse
Clustering, routing resolution resolution pattern
to n-¢$ towers hits matching

Fake reduction
through track

Ci(g!*_elogirr“a:pte ﬁtting
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100 kHz o 0000
Event
Rate 12-layer
track fit
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$Processing
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Rejection of fake jets Is crucial
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