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Lessons from Run-1

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2015 fL dt=(1.0-203)fb" s=7,8TeV
Model Ly Jets ETF [rai] Mass limit Reference
T T T T T T T T T T
ADD Gy + 2/9 - z1j  Yes 203 n=2 1502.01518
ADD non-resonant ££ 2¢, - - 203 n=3HZ 1407.2410
ADD QBH — £g Tepu 1] - 203 n=6 1311.2006
| Detecto rS pe rfo rm ed Ve ry ‘g ADD QBH - 2] - 203 n=6 1407.1376
S ADD BH high M.y 2489 - - 203 n=6, My =3 TeV, non-rot BH 1308.4075
. . 2 ADDBHhigh 3 pr sleg 2] - 203 n=6, Mo =3 TeV, non-rot BH 14054254
We I I I n Ch a I Ie n g I n g L H C g ADD BH high multjet - >92j - 203 1= 6, M — 3TeV, rion-rot BH Preliminary
S R8I Gyt 2ept - - 203 kMg =01 14054123
. ® RS G~y 2y - - 203 kMg =01 Preliminary
e n VI ro n m e nt U*;J Buk RS Gy — 22 — qqtt e 2j1J - 203 kMg =10 1409.6190
Bulk RS Ggy = WW — aglv Tep 2//11J  Yes 203 kMg =10 1508.04677
Bulk RS Gy — HH — bbbb - 4b - 195 |G mass 590-710 Gev I Mg =10 ATLAS-GONF-2014-005
Bulk RS gy — tt Tep 21b>1J2 Yes 203 BR=0.925 ATLAS-GONF-2015-009
2UED/RPP 2eu(S8 z1bx1] Yes 203 Preliminary
. o | SSMZ'—tt 2ep - - 203 14054123
s A H|ggs boson was 2| Sur e ST e
o SSMW b Teu - Yes 203 1407.749%4
H H Q  EGMW = WZ et 3ep - Yes 203 1406.4456
discovered with less O oMW e ten wis s
3 HVTW — WH - évbb Tep 2b Yes 203 Preliminary
. . O LRSMW, > tb lep 2b01) Yes 203 14104108
|um|nos|ty and half the energy R, b de :1b1s o 2
—  Clougg - 2j - 173 Preliminary
O  Clggt? 2ep - - 203 mi=-1 1407.2410
Cl gutt 2eu(SS) >1b,>1] Yes 203 1Cul =1 Preliminary
. =  EFT D5 operator (Dirac) Oep >1j  Yes 203 ak 90% L for m(y} < 100 GeY 1502.01518
a Re m ea S u rl n g th e Sta n d a rd Q" EFT D9 operator (Dirac) Depr 14<1j Yes 203 3 90% CL for m{y} < 100 Gev 13004017
Scalar LQ 1% gen 2e >2j - 10 | LOmass 660 GeV B=1 1112.4828
M d I S M 9 Seler LO2 gen 26 22 - 10 [lOmam 685 GeV p=1 10,3172
O e Scalar LO 3 gen Tepglr b1 - 47 | Gmas 534 GeV p=1 1308.05%6
VIQTT - He— X Wb-X lep =1b23] Yes 203 isospin singlet ATLAS-CONF-2015-012
i'% VIQTT = Zt+X 2xBey  z21b - 203 Tin (T,B) doublet 1409.5500
§ 8 VIOBB-7ZbtX 2kBep 221b - 203 Bin (BY) doublet 14095500
. L& viase—wr +X lepg =>1b>b] Yes 203 isospin singlet Preliminary
s Nothing beyond the SM yet
o Excited quark ¢ — qy 1y 1] - 203 only * and o, A = m(g*} 1309.3230
( t H H f' t t I t E § Excited quark g - qg - 2] - 203 only " and d*, A = m(g"} 1407.1376
n O S I g n I I Ca n O n eS a ea S 9 E Excited quark 5 — Wi lor2epu1b2jorlj Yes 47 | b* mass 870 GeV left-handed coupling 1301.1583
] :._3 Excited lapton £ — dy 2ep iy - - 130 A=22Tev 13081364
Excited lepton v* — {W,vZ et - - 203 A=16TeV 1411.2921
LSTC a7 —= Wy Teply - Yes 203 1407.8150
LRSM Majorana v 2ep 2] - 2.1 m(Wg) =2TeV, no mixing 1208.5420
L Hiogstiplet =+ — iz 2euss - s DY produstion, BR(H}* — ¢=1 1412.0237
2 Higgstriplet H*= — ¢ 3eut - - 203 DY production, BR(H;* — ér)=1 1411.2921
6 Monatop (nen-res prod) lep 1b Yes 203 Anon-res = .2 1410.5404
Multi-charged particles - - - 203 DY production, ¢ =5e Preliminary
Magnetic manopales - - - 20 monopale mass 862 GeV DY production, gl = lgr 1207.6411
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“Only a salection of the available mass limits on new states or phenomena is shown.



LHC Run-2 started in 2015

LHC proton-proton collisions restarted in June 2015 at 13 TeV

First Stable Beams

ATLAS

EXPERIMENT

the LHC is back in business!
(all IPs optimized)

Thanks to the
LHC team!

proton-proton collisions at 13 TeV

s ATLAS program for Run-27?
+ |s this boson the Higgs boson?
* Increase precision in SM measurements
+ Push searches BSM further




Discovery of the Higgs boson

Guided by clues from the SM of particle physics




Where to look for new physics in Run-2?

s Everywhere starting with high
masses

s Increase of energy — Increase
of reach for new phenomena

s Example: production rate of a
W' with a mass of 2 TeV
increased by 5x times from Run-1
to Run-2
+ You already can see where
this is going...

s High mass searches are
challenging!
+ Usually require revisiting our
object reconstruction and
analysis techniques
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High mass diboson searches are well motivated

s [nteractions with pairs of electro-weak
bosons are a fundamental element in

electroweak symmetry breaking

s These interaction played a key role in the

Higgs boson discovery in Run-1

s The high mass is particularly sensitive

to a wide range of BSM physics models

s Diboson searches important in

general

W’, G*u. W/Z/H

W/Z/H

v Clear signature in detector

v Known properties and decay kinematics



High mass diboson searches are well motivated

sSeveral theories predict the existence

of new heavy resonance coupling to

W/Z/Higgs W, G*... .
+ Extra dimensions, compositness, GUT

s Resonance benchmarks you will hear W/Z/H

about in this talk

_ _ _ _ v Clear signature in detector
+ Spin 0 Higgs-like scalar singlet
+ Spin-1 HVT (simplified Lagrangian) v Known properties and decay kinematics

s Model A: Stronger constraints from

leptonic searches -----
s Model B: Enhanced couplings to -----

Gravi

| | -----
+ Spin-2 Randram Sundrum graviton

(RGS) g

dibosons




LHC Run-2 started in 2015

s Up to the summer 2016 ~15/fb of 25 ns data good for physics
s Data quality efficiency ~92%

s Smooth running and excellent trigger performance!
+ >96% working channels (pixels, cells, ...) in each sub-detector
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ATLAS Online Luminosity
2011 pp Vs=7TeV
m— 2012 pp Vs=8TeV
— 2015pp Vs=13TeV
— 2016 pp S =13 TeV
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Reconstructing boosted bosons
Traditional jet algorithms

Mass of this two-jet event: 7 Tera-electron volt

CATLAS
13 EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST




Reconstructing boosted bosons

Resolved regime Merged regime

V‘-.__.

e

Standard algorithms “‘New” algorithms
Small-R jets (default R~0.4) Large-R jets

s |n the boosted regime the decay products are collimated in the direction of the initial particle

s Rule of thumb for angular separation of decay products
AR = /DG + A ~ %n A W boson with p_~200 GeV, AR=0.8

s From a practical point of view this means:

s Hadronic decay products merge into a single jet
s Leptons close to (or even) inside jets
s (need to modify lepton isolation criteria)
= Atvery high p_the calorimeter granularity is a limitation
11



Reconstructing boosted bosons

Pile-up conditions make this task more challenging
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BooBo/top tagging: what do we need?

Tagger: substructure
Fat jets

Observables to characterize
the underlying jet substructure,
i.e. jet mass, momentum
balance between subjets, track

Large distance parameter to
pick up all radiation from original

decay =i S
multiplicity
18 ; :v' | ’ ; v F l‘}’ h \‘lI
" . [, | wt (’_'-'\ : 4 .I\'---:’! |
WS o "0 Grooming LW S ¢ a/e ’ E)-:-') Tagging W< _ ™
A
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N
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B-tagging

* H—bb, Z—bb

» For obvious reasons

» Standard algorithms not
adapted for dense environments

Cartoons by A. Martyniuk 13



ATLAS calorimetry

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

*

Electromagnetic
Calorimeter

Solenoid magnet

Transition
Radiation

Trocking Trocker
Pixel /SCT detector

Good resolution to pick apart the large-R jets and look at its substructure



Grooming techniques
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Jet variables for tagging

Again...can not cover all! Some of them strongly linear correlated

Mass ATL-PHYS-PUB-2015- 033
s Deduced from 4-momentum sum of all jet £ 022E AT ASSimuiation Preliminary
constituents S oraf T 28R, -02

» Expected to be small for QCD jets, but closer to 8 oaef | ey sy
the boson/top mass for signal jets E . Sl

1500 < p?““‘ < 2000 GeV
—=— W-jets

—atyee Z-jels

-=+- Multijets

]

N-subjettiness (JHEP 03 (2011) 015)
s Measure of how N or less “subjet’-like a large-R
IS
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Energy correlation variables (JHEP 1306
(2013) 108) Eur. Phys J C 76(3)

» Energy correlations functions (ECFs) construct 8 o T
a complete representation of the jet by combining E o2f ey ﬁ\;ﬁ_\m;;:tgf;;‘;;n;g)—i
the p_ and angular separation of all jet 3 8-12 350 <" < 500 Gov g% T
constituents (ECF1), all pairs of jet constituents £ 04aF e e w02 E
(ECF2) and triplets (ECF3) 2oz e :
0%';:_ i Large for 1-prong jet
= Ratios of these are powerful in rejecting jets from SB6E 445 Small for 2-prong jet
multi jet processes g | S P E
0.02 [ & =
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D=L Bl Ecr1 0 05 {152 25 37554 455
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http://link.springer.com/article/10.1007/JHEP03(2011)015

W/Z boson tagging for early Run-2

s Huge optimization effort at the end of Run-1: arXiv:1510.05821
s 4 sets of algorithms studied for Run-2, of which this is the most performant:

Mass and energy calibrated anti-kt jets with R = 1.0
Trimmed with fcut = 5% and Rsub = 0.2
Dynamic mass window cut (68%) + p_ dependent D2 cut for jets gives the best

rejection (T90%) at 50% signal efficiency

s Uncertainties derived by comparing the measured calorimeter jet energy and mass to the same
quantities measured by the tracker in both data and MC, using a double ratio method

ATL-PHYS-PUB-2015-033 JETM-2016-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-009/

H->bb boson tagging for early Run-2

s Tag small-radius (R=0.2) jets made of tracks: o  LargeR=10jet
s Match tracks directly to PV — pileup insensitive - bl .~
s Smaller radius jets for close-by b-tagging . o - R=0.2 track jets
= Better resolution w.r.t. b-hadron direction than calo '

Mass and energy calibrated anti-kt jets with R = 1.0
Trimmed with fcut = 5% and Rsub = 0.2
Mass window cut + track-jet b-tagging (MV2c20 70% wp) + p_ dependent D2 cut (optional)

s Uncertainties driven by b-tagging (calibrated in 2015 data using ttbar events)

ATLAS-CONF-2016-039
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Boosted boson tagging at work

ATLAS-CONF-2016-055
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How would new resonances manifest themselves?

New particles: resonant excess (bump) over Standard Model background

Number of - ) | /
events 2 |
A

W/Z/H
Background Il

»

Mass of di-jet system
(~new particle mass)

20



Some extra from Run-1: an analysis you might remember

s Fully hadronic channel observed a 30 local excess with the Run-1 dataset arXiv:1506.00962v2

» Not seen by other channels in ATLAS (arXiv:1512.05099)
s CMS observed smaller deviations around 1.9 TeV (EXOT14010) and at 650 GeV ()
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Quick review of the results

VV searches with V=Z,W

> D> > >

ATLAS-CONF-2016-082 ATLAS-CONF-2016-062 ATLAS-CONF-2016-082 ATLAS-CONF-2016-055

VH searches with V=Z,W and H — bb

> > > € > <

22
Physics Letters B 765(2017) 32-52 ATLAS-CONF- 2016-083



Analysis strategy

Get the objects:
s |dentify particles

s Calibrate them if needed

Y

Built distributions of interesting

variables

\

Search phase:

Compare data and background
Do you see any deviation?

No

Yes

v

Limit setting phase:

Constrain new physics models

23



VV = qqqq: Selection

s Entirely dominated by multijet background

s Two highest p_ jets (>450/200 GeV) boson tagged

+ + Cut on number of tracks associated to the jet
+ 70% bkg rejection, 30% loss in signal

s |y -y,|<1.2, p_asymmetry <0.15

ATLAS-CONF-2016-055
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VV = qqqq: Background and signal regions

ATLAS- CONF 2016 055

. . LN o o e 2 o . L | w =
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VV = llgq/lvqg/vvqq: Selection

> <« > <« > <
High ET”“SS 1 lepton + ETmiss 2 leptonsand m ~ M,
» Boosted regime e Boosted regime * boosted & resolved
-+ Dataset 13 TeV 13.2/fb . Dataset 13 Te\g/ 13 o/t + VBF production
« Main background: Mai N » Dataset 13 TeV 13.2/fb
V+jets, ttbar « Main background:

» Main background:
Ztjets

W+jets, ttbar

s In boosted regime two signal regions defined
+ High purity with a large-R boson tagged jet
» Low purity with inverse D, cut applied to gain sensitivity at high masses 26



VV = llgq/lvqq/vvqq: Backgrounds

. . E«mﬁ:_ ATLAS Pljelin:ina'ry IIIII +I Dlam IIIII 3
s Backgrounds are estimated using Monte I e tutiins = gorreey
Carlo simulation and checked in control 5 ol = Top Cuarks ]

regions defined using: I o S Syat
+ The jet mass sidebands for W/Z+jets - _

+ By asking additional number of b-jets in
the event for ttbar

s Control regions are included in the final fit
to better constrain the normalisation
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VV = llgq/lvqag/vvqq: Signal regions

e S  bata 2015-16

s Usem_ (m__ forthe vvqq channel) as a & 10° ATLAS Preliminary _wts
W W = Vs = 13 TeV, 13.2/fb

. . . . = Z+jets
s Larger systematic uncertainties are jet and & Postft uncertainty
background modelling related
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s No significant deviation observed
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VV resonances searches:

A bit of perspective

0 W' = ZW - liqq 12917 (13 TeV)
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Here we can see which channel is more
sensitive and where for the ATLAS searches

Current ATLAS Run-2 results highly disfavor the Run-1 2 TeV excess at its observed signal strength
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VH = libb/Ivbb/vvbb: Selection and backgrounds

= Similar selection to the un-tagged (VV) analyses on leptonic side

s Use H — bb boosted tagger on the hadronic side

s 1 and 2 b-tag categories .
s Main backgrounds §
s Top and W/Z+heavy flavour
s Estimated with simulation and checked in control regions
W< A
= No excess over the SM background :
2-tag
§ o[ arigs iy b ] 3 a3 [T
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e E -3:-Il1glelop E ?_ ; 1 lep., 2 tags, 0 add. tags itslinghmp ; 8_ 102?"25!;1321;2\;11*&:32 o’ _:S:t._lbosun —§
‘g 102 = W+b _ 2 L 7EGEV<mM< 145 GeV -‘:'Vlib i - C 75G;V<m P V;_r;gletnp 3
(o] = | Wsc = UCJ 102__ | Wac — a [ fet . Z:b 4
& B W+ = Ll>.| E Wil = o - Z+C -
E - g:: d = -. %I: . '3 10 o] ﬁ;lcertalnly =
10 mﬁ:certainly | B 1 Zsl ) 7 E «xa+ Pre-fit background I
E <ue= Pre-fit background E 10§_ %g:;ﬁ?g:gzgwund_‘é E E
Olep ! 1lep. 2 lep.
1 E 3
10! _E 10—12_ 2 = £0d
g 15;' qrrrTTrTd ‘Z//% LI ‘;/fé/‘/" A E 1%;. T T LA L B B ) B //ﬁ.,,y,’ ;f; o 2
W mwe . EEETSNERN e
2 "o 77500 1000 1500 2000 2500 3000 & QE—ladern Bz 5 050 Ty T T
m; v [GeV] a 4 500 1000 1500 2000 2500 3000

m,,, [GeV] My, [GeV]

DV



10

o x BR(W’ = WH) x BR(H — bb, ct) [pb]

10"

1072

VH - llbb/Ivbb/vvbb: Limits results

o x BR(Z’ — ZH) x BR(H — bb, ct) [pb]
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Search for VH, V— gqq and H—bb

ATLAS-CONF-2016-083

T T T T T T

2 10° I > 10° ' '
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Extra thoughts for the future: the challenges we still face

» Excellent performance of ATLAS! Our searches look into many different final states/phase
space

» Modeling of complex observables by Monte Carlo simulation is essential
= Measurements of jet mass and other jet shapes need to be fed back to simulation

= \We have many tools to mitigate PU, but the increases we face in Run-2 and beyond will
be challenging

= Going to even higher p_ — very very collimated decay products... Limited calorimeter

0.22 : R P 0.22 . . " . : .
g ATLAS Simulation Preliminary S ATLAS Simulation Preliminary 022 ATLAS Simulation Preliminary
..E 0.2fant-k, LOW jets with R=1.0,0.0<pnl <12 . ..E 0.2}anti-k, LCW jets with R=1.0, 0.0< n < 1.2 e £ 0.2}antik, LGW jets with R=1.0, 0.0< [n| < 1.2
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Looking into the future

ATLAS Run-3 boosted objects trigger development

Trimmed R 1. 0 Boosted Top

§ 1_0—1 SUbjE'H -i---.=-”.:. ‘ Z;S
i:; i Oo: DDDD Mmﬁﬁi% P :
s Hadronic decays of high p_bosons and fermions is a = 08 | © &7 3 subjets |
2 = I |
vital part of the ATLAS physics program S 0.6 [ :Sdﬂ.lﬂgloP;ellmmalJy—
i o | |
i S !
. . . = {s=14 Te
* Isolated lepton triggers inefficient for some analyses o4 . "ﬁ 01:3T°?§:’<Flﬁgmvl .
— use jet triggers (e.g. VV — qqqq) 02: . jf e i ]
< O L1_J100 (Run 1 L1Calo sim.) -
I : lost acceptance :
s Many techniques to suppress PU and to identif et 1| il Sk
y g PP y 01% 4500 300 200 500

substructure in jets are implementable in the ATLAS High |1 ;100 @ p=30
Level Trigger (HLT)

uncalibrated ,dft [GeV]

.e_7IIII|1]IIIIIII[III\]IllWIIIIrI[fII

o5 ‘_ATL%S Preliminary Simulation - é:ilg:i(ﬁ'l}:t:rtﬁlmers 7
» Large-R acceptance in HLT depends on the L1 77 G o Cay S OAR=02
requirements 2~ ' L -
+ But adding these in the level-1 hardware-based trigger : -
is more complicated o
s ATLAS is planning major detector updates in Run-3, 1*
like Level-1 trigger (calorimeter) system .
+ Including the Global Feature Extractor (gFEX) oL I === o I DN N |
+ Institutions: BNL, UChicago, Indiana, Pittsburgh,
Oregon and Stockholm Nice overview in M. Begel's talk at BOOST15
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https://indico.cern.ch/event/382815/contributions/910646/attachments/1139943/1632543/talk.pdf

Global Feature EXtractor (gFEX)

s gFEX is a single board that will have access to
the information from the whole calorimeter!

s Will identify events with large-radius jets
+ Improving acceptance for boosted objects
+ Jet-level pile-up substraction
+ Substructure variables could be used

s Will calculate global event variables:
+ E.™, centrality

s Implemented in a highly parallelized structure
(3 large Xilinx Ultrascale FPGAs and Zync
System-On-Chip)

s Prototype is available. Initial LAr calorimeter-
L1Calo link speed communication tests very
successful!

per-Jet Efficiency

Event Efficiency

acceptance gain for boosted top
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Summarizing

s Search for heavy resonances is one of the most direct ways to find new physics

at TeV scale

s Many Run-2 searches are now using these boosted techniques and many more are
coming. Wealth of physics encoded inside jets!
*+ A very active field
*+ Important to build confidence in these tools through its use in more SM
measurements

+ Main challenges: pile-up, detector granularity and simulation modeling

s No significant excess observed so far but only a third of the data collected in 2016

has been analyzed so far

s Thinking ahead: gFEX will increase trigger rejection to present acceptance in Run-3
36



Thanks for your attention!

Will diboson final states show us new physics in Run-2?

P
% SUSY? Extra dim? Comp. Higgs?

-
—e— Data 5{‘3@?/
oS C%j\o//
A

| IIIIIIII | IIIIIIII | IIIIIIII | IIHIHI

2

500 1000 1500 2000 2500 3000
Reconstructed mass of new particle X — VV/VH
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ATLAS improvements in Run-2

s Insertable b-layer (IBL) in place
s Upcoming trigger improvements:
s Fast TracK trigger (FTK)
s L1 topological trigger
s Software improvements:
s New data format for analysis

= Online (trigger) and offline jet
reconstruction are ~the same

Trigger and data acquisition:

e First step: fast hardware selection
e Run-1 data taking rate: 75 kHz
e Run-2 data taking rate: 100 kHz

e Second step: computer farm

e Run-1 data taking rate: 400 Hz
e Run-2 data taking rate: 1000 Hz

| From C. Doglioni



https://cds.cern.ch/record/1291633

s Split-filtering: http://arxiv.org/abs/0802.2470

* Pruning: http://arxiv.org/abs/0912.0033

s Trimming: http://arxiv.org/abs/0912.1342

Grooming techniques

Can not cover all tools...but these 3 are widely used

Decluster and discard soft junk
Requiring symmetric splitting

Repeat until find hard structure
Small-radius jet reclustering, keeping
only the three highest P, subjets

Constituents of large-R jet are
reclustered with either C/A or kt
algorithm

In each clustering step, large angle and Initial jet O P2/p™* 2 > 2o or AR;,j, < Rou Pruned jet
soft clusterings are removed

______
Y

Reclustering of constituents of large-R jet
into small-R jets of size R,

- -
‘‘‘‘‘‘

Remove subjet iif p '<f  xp Initial jet @ 7. /P5 < fn Trimmed jet

Default ATLAs groomer (stable against

PU) arXiv:1306.4945 40
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lobal “eature " xtraction (

The big picture

A new level 1 calorimeter trigger system for Run 3 (~2020)

I Y N
: Barrel .
MuonkK] A MuCTPI
| Endcap
T— 4 L1Calo TOBS
supercells IE:I:;E?Q - 9*‘\8 T c
-
2 Q. Extractor T 8 Q L1Topo = LICTP — L1A
Jet Jets, T, 2E , E™ [e] —
0 .[Optical 0| Feg e N
p
| DPS \ e ractor o B ﬁ‘
LAr LTDB | Globa| Large Jets, £,™ M 0 040 -
TBB [ Feature 818 Q .
- » Extractor T
0.1x01 o ™ 10 DAQ Hit Counts
(n=@) Jat_Ena_r'gy
P Processor CMX
nMCM -

TileCal Pre-Pr L cl

. rocessor \ luster CMX
= /‘ 01x01| Processor

(nxp) ely, T

* Entire calorimeter in one single board:

e Jet substructure in Run 3 and beyond: fat jet reconstruction and jet-level pile-up
corrections

« Global event variables, e.g: ETmiss and centrality

* Physics algorithms run within 5 bunch crossings (125 ns), not including data input/output
More on algorithms in Walter's talk! 41



lobal “eature " xtraction (

The big picture

A new level 1 calorimeter trigger system for Run 3 (~2020)

* One single module with several FPGAs

= 48 DDR {including CLK) =]
. : ————————— 48 DDR (including CLK) .
for data processing Bt B pliniie
<= o= 4\6% It_&/-) B . e
L1Topo PP A qz;fffr %003;6‘ éq_\,"b L1Topo
’&ﬁ? s eet” B
* Inter-communication to avoid environments "% Hybrid FPGA %«J‘"q‘* /
- <
u &7 ;
PP ¢T: 55
3 b
% 613 ¢
M % o= i 5‘
* Hybrid FPGA (FPGA+CPU system-on- £23 N
: o Ele 8§
ship or Zynq) for control and monitoring E;l;
* Process the event data from processor FPGAs FPGA-C
. Al ith t icklv detect calori t Calorimeter ==:83 MGT := 3> ~ 12M6T === L1Topo
gOrI msto QUIC y €tect calonmeter =—— Algorithm connections (GPIO)

issues weene TTC transmission (GPIO)
. e . . <+~ — = |Pbus communications (GP10)
* Emulate the feature identification algorithms = <—> Monitoring & Controls(MGT)
. . . .. << === External Sources (Input & Output) (MGT)
e H Istograms interesting quantities <—— Inter-FPGA Communications (MGT)
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Zynq in gFEX

Data processing: algorithms run

Digitized signals
transmitted optically to

on FPGAs
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Zyng functionality/features in gFEX

Control and monitoring

FELIX

FELIX

Rear panel

Dedicated pins
Micro SD

MIO

Shelf Manager

o

ZYNQ XC72045

TTC Interface

GBT Interface

JTAG Interface

Gold Image
Config Image

IPMC Emulator

<
JTAG/IPbus-SPI
Configurations P

Clock 10s

Data monitoring s

Courtesy of F. Tang

8 transceivers

TTC

control/timing

On-Board

Environment
Monitor

> FPGAL, 2,3
4x 2 MGTs
4x 8 data 4x
2 clocks
> FPGA1, 2, 3
4x 20 GPIOs
\ SPIs
Y MIOs > Daisy-chain to
\ JTAG > FPGAL, 2, 3
})edicated pins
\ 12Cs IPMC & on-board
'MIOs sensors
- ~  On-board jitter cleaner
\

and local osc.
[Dedicated pins

4x 8 Tx/Rx 4x

N2 clocks FPGAL, 2, 3

4x 20 GPIOs

Disclaimer: GPIO and
MGT counts out of date



gFEX: area based PU subtraction
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Global Feature EXtractor (gFEX)

Successful Link Speed Test @CERN

Unfortunately not all the people that worked hard in the project are in this picture (taken
during LAr-gFEX test)




VH = llbb/Ivbb/vvbb: backgrounds

g - 1 and 2 b-+tag category
x A
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= TopCR
8
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°
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- V+h SR V+b /ttbar
7]
I L S SEEEEEEELEEEY
]
o
2 1 Vic SR V+c/ttbar /
< ~
>
=l ~145

large R jet Mass (GeV)
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ATLAS (A Toroidal LHC ApparatuS)

8 ATLAS consists of a series of concentric sub-detectors around the interaction point

# Divided into 4 major parts: the inner detector, the calorimeters, the muon spectrometer and the magnet
systems

:’é Detector characteristics
Muon spectrometer: | Electromagnetic Calorimeters - Width: ~ 44m
. . i Diameter: 22m
Momentum resolution < Weight: 7000t
<10% up to E ~1 TeV Solenoid \ ——— CERN AC - ATLAS V1997
M : \ Forward Calorimeters

End Cap Toroid

EM calorimeter:
Energy resolution

/ W, kNN R 2 ~10%/NE

=

/L /————--
Inner detector: n T4 T
Momentum resolution 'lﬁ

~3.8x10"p_(GeV)®0.015 ]l_!'a_ |

Hadronic calorimeter:
——— ‘ Energy resolution
adaronic Ccalorimeters ~500/0/\/E@003

Barrel Toroid Inner Detector
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Search for new diboson resonances in ATLAS:

Run-1 Event selection

© Trigger selection: EF_j360_al0tcem (lowest unprescaled jet trigger for 2012)

Q@ Quality:
» GRL
» DQ checks from data preparation: coreFlags, LArError, TileError, Tile TripReader -~ 03
> g?:dl-l/ “ng Rjie?tSCELL ¢ e ATLAS Simulation Preliminary ]
g - - cleaning £ 025 \s=8TeV B eoM wo w2z —
o . =
© Lepton/MET veto: orthogonal with other diboson searches 5 D Gl -2 W .
£ 02 =) buk Gyg — 22 =
Q Jets: o =
[0} .
m -
» 2 jets filtered with BDRS-A 0.15
» Mass of dijet-system is required to be above 1.05 TeV!, in order to avoid region with [
trigger inefficiency E
» Rapidity gap between the two leading jets |Ayi2| < 1.2, to reject QCD t-channel C
dijet production 0.05— =
» pr asymmetry, A < 0.15, between two leading jets, to select balanced events C ]
[ 1 1 I PRI [ IR [ PP 1 s
In < 2.0 to ensure g?od ovc_erlap with the inner detector T R Ty e
» Boson tagging criteria applied Resonance Mass [TeV]
WW, WZ, ZZ partially overlapping selections
% 0.22:_ T - w- 1- . T T T _: g 035f T ‘| | T T T T T T T 3 ™ 0_257 - - .
10} 55 iATLAS Simulation Preliminary = S - ATLAS Simulation Preliminary 1@ - ATLAS Simulation Preliminary .
% 0.!.85 \s=8TeV bulk Gpg > WW (m_= 18 TeV]é .:23—, 0.3 E_\S =8TeV —— EGMW - WZ(m, =18 TeV)—E % 0_2:_\5 =8TeV EGMWoWZ(m =18 Tev)_:
% 0.165— bulk G — ZZ (m_= 1.8 TeV) é G 0.25 - _5 L w, ]
5 014 . 34 B E i3 T Bt Qo 1 8.+ IS = Pythia QCD ]
Sorck |1 777 R E 3 & %% E
B E 3 I o 3 i ]
0.08E- Jet mass E: : V'Y, >045 R ] #Tracks <30 -
3 E 01f- = I ]
0‘06; 15 GeV window around § B 1 o050 5
0.04¢ boson mass E 0.05)- 4 I ]
002? ......... il _E E -es E r 1 : B il
%005 01 015 02 025 03 _ 035 050102 03 04 05 06 07 08 08 1 % 60 80100 120

m [TeV] Jet\y Jet ungroomed n,_ 49



Full hadronic diboson Run-1 results

% 104 LI ([ s L (R A I VN GO R E > ‘|04 LU S B N B B S R RN R BN B B R B RN RN S I B B R ? > 104 L e B B B LI B I B A e e = |
0] EATLAS Pre||m|na1ry —— Data 3 & ATLAS Preliminary —e— Data 18 ATLAS Preliminary —e— Data 3
S 10°-'s=8TeV. 203" = Background model 4 8 10°E1s=8TeV, 20317 == payground model S 10°15=8TeV, 20317 == goaround model
::,:3 o —— Significance (stat) ] 5\9 102 —— Significance (stat) E 102 Significance (stat) 3
L . - = 5
E E M significance (stat + syst) E |.?>j [l significance (stat + syst) 3 § [ significance (stat + syst) 3
- i 3 oW 7
F WZ Selection ] 10 4 WW Selection = ZZ Selection |
1 *j: -
g 3 10" = 3
4 & 10 ;
= 10° = =
8 :l 8 3 Bt I\ T T I‘ ——+— I —t—+— | I [L_ 8 | Jl f—t—t= i Py p— i-
§ 2f g 1§ E
s 50 H | g e :
w _2 T S T I I M, 2} U_) —2 E T (Y T T T
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§ " _' IR A DESRLUNE LR A TR SR TR SRl ‘_ 3 o | L N BT G A BN S e e B S J e [N S N Ne BN N G ca B G Ry (N S o '5‘ 4 T T T T T T T T
’E 10 : ATLAS Pre||m1nary1 —e— Observed 95% CL B= 10*E ATLAS Preliminary —e— Observed 95% CL E 10 = ATLAS Preliminary —e— Observed 95% CL E
S [ \s=8TeV,203f0" - Expected 95% CL ] § \s=8TeV,203%" - Expected 95% CL N  \s=8TeV, 2037 - Expected 95% CL .
T 10° ) + 1 ! =< 10° LT . -
> 2 + 16 uncertainty =1 0 \:| + 15 uncertainty @ - |:| * 1o uncertainty E
= L - [} i s
E - L D + 26 unceirtainty 10" \:l + 2 uncertainty g« < |:’ + 20 uncertainty .
== : = 2 _ m 5 — —
X — EGM W', c=1 3 10 —— Bulk Gy kM, = 1 x L E. — Bulk Ggg /My, =1 3
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Diboson Run-2 results: ATLAS and CMS

a R BEERENEREER RN
:E 10 ATLAS Preliminary 95% C.L. exclusion limits
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Information about benchmarks used in the 13 TeV analyses

Table 1: The resonance width (I") and the product of cross-section times branching ratio (BR) for diboson final
states, for different values of the mass pole m of the resonances predicted by the CP-even scalar model (A = 1 TeV,
cg =0.9,¢3 = 1/1672), by model B of the HVT parameterisation (gy = 3), and by the graviton model (k/Mp; = 1).

Scalar HVT W’ and Z’ G*
wWw ZZ ww WZ wWw ZZ
m r o xXxBR o xBR r o xBR o xBR r oxBR o xBR
[TeV] | [GeV] [fb] [fb] [GeV] [fb] [fb] [GeV] [fb] [fb]
0.8 4.2 730 359 32 682 354 46 301 155
1.6 33 7.8 3.9 51 79.3 38.5 96 4.4 2.2
2.4 111 0.32 0.16 74 10.5 4.87 148 0.28 0.14
Table 2: Generators and PDFs used in the simulation of the various background processes.
Process PDF Generator
W/Z + jets CT10 SHERPA 2.1.1
tt CT10 PowHeG-BOX v2+PyTHiA 6.428
Single top (Wt, s—channel) | CT10 PowHEG-BOX v2+PyTHIA 6.428
Single top (¢—channel) CT10 PowHeG-BOX v1+PytHiA 6.428
Diboson ( WW,WZ, ZZ7) CT10 SHERPA 2.1.1
Dijet NNPDF23LO Pythia 8.186

Table 4: Channels, signal regions and mass ranges where the channels contribute to the search.

Channel Signal region Scalar HVT W’ and 2’ G
mass range [TeV] | mass range [TeV] | mass range [TeV]

WW + ZZ selection 1.2-3.0 - 1.2-3.0

9999 | ww + WZ selection - 1.2-3.0 -

vvag W Z selection - 0.5-3.0 -
ZZ selection 0.5-3.0 — 0.5-3.0

tvaq WW + WZ selection — 0.5-3.0 -
WW selection 0.5-3.0 — 0.5-3.0

ttaq W Z selection — 0.5-3.0 —
ZZ selection 0.5-3.0 - 0.5-3.0
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Information about benchmarks used in the 13 TeV analyses
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Figure 1: Signal acceptance times efficiency for the different analyses contributing to the searches for (a) a scalar
decaying to WW and ZZ, (b) HVT decaying to WW and W Z and (c) bulk RS gravitons decaying to WW and ZZ.
The branching ratio of the new resonance to diboson is included in the denominator of the calculation. The error

bands represent statistical and systematic uncertainties. 53



Other intriguing results... diphotons at 750 GeV

s Limits set on o(pp—X)*"BR(X—Zy) assuming scalar X produced in gluon fusion
s Observed limits between 295 fb for m_ = 340 GeV and 7.5 fb form = 2.15 TeV

N ATLAS Preliminary
. 1 pp—X—2Zy
's=13 TeV, 3.2 fb™

ATLAS-CONF-2016-010

lllllll

|

|

N

10 Z—ee,uu
Observed
------- Expected =-------

Exp.+ 1o
i Exp. = 20 _

. PR R T YT VY TN U AN TR SR SO TN NN SO SN W M NN SR N N
500 1000 1500 2000 2500 3000
m, [GeV]

2
IlIIIl

95% CL limit on o(pp—X) x BR(X—2Zy) [fb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-010/

D2 definition

1
eV =5 Y prvriRY
Pty 1<i<j<ng

; ;
P=s ¥ pripripreR RG R,
Pry 1<ici<k<n,

i n®B) _ _€s3
Ei? = )
_ 2 Larkoski et al.arXiV:1409.6298

D2: large for 1-prong jet (e.g. QCD bkg.)
(e2)® Ses S (e2)”
small for 2-prong jet (Higgs signal)
D<e3 K (62)3

¢ CS C2

N

|-prong (e.g. QCD)  2-prong (e.g. Hbb)

Plots from R. Jacobs
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Some extra from Run-1: an analysis you might remember

3 P I L 1 ] ] | ] ] I ] | L] ] ] I I j
L ,[ ATLAS — — Combined Expected B
N 10° \s=8Tev Combined Observed E
N = | Ldt=2031" JJ Expected :
i JJ Observed
T 10 E_ Ivqq Expected _E
> = lvqq Observed o
— S llgq Expected N
% 1 %\ llgq Observed _E
X - ;\ IvI'l Expected
£ r & IvI'l Observed N
=< 10 = =
1 - 3 Y
) B X 5
3 1 0_2 E R S
© = All limits at the 95% CL s
1 0"“3 | 1 | i | 1 1 1 I 1 1 | 1 | | | 1 | I 1 1 | 1 |
500 1000 1500 2000 2500
my, [GeV]
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W/Z boson tagging for early Run-2

JETM-2016-009
2 " paazois seretev ' 1 2 “Fowasieinter ATLAS Preliminar
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3 - anti-k, R = 1.0 jets, LOW+JES+JMS ATLAS Preliminary ] G - anti-k, R = 1.0 jets, LOW+JES+JMS Y3
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-009/
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