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Source:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_Exotics_Summary/ATLAS_Exotics_Summary.pdf

New physics at h

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

gh scales

ATLAS Preliminary

Status: July 2017 [Ldt=(3.2-37.0) fb Vs=8,13TeV
Model ¢,y Jetst ET™ [rdim] Limit Reference
T —T—TT T T — T T T —T
» ADD Gkk +g/q Oe,u 1-4j Yes 36.1 Mp 7.75 TeV. n=2 ATLAS-CONF-2017-060
_E ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
E ADD QBH - 2j - 37.0 M, 89TeV n=6 1703.09217
g ADD BH high 3’ pr >lepu >2j - 32 | M 8.2 TeV n=6, Mp =3TeV, rot BH 1606.02265
5 ADD BH multijet - >3] - 36 | M 9.55TeV. =6, Mp=3TeV,rot BH 1512.02586
g RS1 Gkk — vy 2y - - 36.7 Gkk mass 4.1 TeV k/EP, =01 CERN-EP-2017-132
& Bulk RS Gkx — WW — qqlv 1epn 1J Yes  36.1 Gyk mass .75 TeV k/Mp = 1.0 ATLAS-CONF-2017-051
2UED/RPP leu 22b,>3] Yes 132 |KKmass 6 TeV Tier (1,1), BACY — tt) =1 ATLAS-CONF-2016-104
SSM 2" — (¢ 2epu - - 36.1 2’ mass 4.5 TeV ATLAS-CONF-2017-027
o  SSMZ —rr 27 - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
§ Leptophobic Z’ — bb - 2b - 32 [Z/mass 5 Tev 1603.08791
B Leptophobic Z" — tt lTepu =1b,>1J/2) Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
© SSMW - (v 1epn - Yes 361 | W' mass 5.1 TeV 1706.04786
D HVT V' - WV - qqqgmodel B Oe,pu 2J - 36.7 | V' mass 3.5TeV gv=3 CERN-EP-2017-147
("5 HVT V' — WH/ZH model B multi-channel 36.1 | V' mass 2.93 TeV gv=3 ATLAS-CONF-2017-055
LRSM W}, — tb leu  2b0-1j Yes 203 1410.4103
LRSM W — tb Oe,pu 21b,1J - 20.3 1408.0886
_ | Clggqq - 2j - 37.0 21.8TeV 7, 1703.09217
O  Clllqq 2e,p - - 36.1 401 TeV 7, | ATLAS-CONF-2017-027
Cl uutt 2(SS)/>28 e 21b, 21 Yes 20.3 |Crrl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oep 1-4j Yes 36.1 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
g Vector mediator (Dirac DM) Oep, 1y <1j Yes  36.1 84=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oepu 1J,21]  Yes 3.2 m(y) < 150 GeV/ 1608.02372
Scalar LQ 1°t gen 2e >2j - 3.2 p=1 1605.06035
Scalar LQ 2™ gen 2pu >2]j - 3.2 p=1 1605.06035
Scalar LQ 3 gen 1eu  21b,>3] Yes 203 p=0 1508.04735
™ VLQTT - Ht + X Oorlep 22b>3j Yes 13.2 B(T > Ht)=1 ATLAS-CONF-2016-104
< VLIQTT - Zt+ X lTepu 21b>3] Yes 36.1 B(T—-2Zt)=1 1705.10751
g_ VLQ TT - Wb+ X lep >1b>1J2) Yes  36.1 B(T - Wh) =1 CERN-EP-2017-094
> VLQ BB — Hb+ X le,p 22b>3] Yes 20.3 B(B — Hb) =1 1505.04306
m™ VLQBB - Zb+ X 2/23e,u  22/>1b - 20.3 B(B - Zb)=1 1409.5500
j:" VLQ BB —» Wt + X lep >1b>1J2 Yes  36.1 B(B— W) =1 CERN-EP-2017-094
VLQ QQ — WqWgq Teu 24j Yes 20.3 1509.04261
Excited quark ¢* — qg - 2j - 37.0 6.0 TeV only u* and d* ) 1703.09127
o @ Excited quark g* > qy 1y 1j - 36.7 5.3 TeV only u” and d", ) CERN-EP-2017-148
LS Excited quark b* — bg - 1b,1j - 13.3 ATLAS-CONF-2016-060
E § Excited quark b* — Wt for2eu 1b,20] Yes 203 fr=fi=fa=1 1510.02664
%= Excited lepton £* Bepu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beut - - 20.3 AN=1.6TeV 1411.2921
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — €€ 2,34, (SS) - - 36.1 870 GeV DY production ATLAS-CONF-2017-053
& Higgs triplet H** — (1 Beut - - 20.3 DY production, B(Hj* — ¢r) =1 1411.2921
ESy Monotop (non-res prod) Teu 1b Yes 20.3 Anon-res = 0.2 1410.5404
6 Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
= e -1
10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

‘+Small-radius (large-radius) jets are denoted by the letter j (J).



Jets in LHC environment

pp— Z—pp in 2012, n,, =25

Boosted pp—tt event in 2015

~ Run: 271516
.,‘: Event: 7786087
: 2015-07-13 09:38:38 CEST

ATLAS |

EXPERIMENT

* Higher energies — Boost
* Higher luminosities — Pile-up

Source: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Physics



Jet radius R

Small jet radius Large jet radius

» Single parton

Source: https://physicslearning.colorado.edu/tasi/tasi_2013/notes/june12/Salam3.pdf



Jet radius R

Small jet radius Large jet radius
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* Perturbative fragmentation

Source: https://physicslearning.colorado.edu/tasi/tasi_2013/notes/june12/Salam3.pdf



Jet radius R
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* Non-perturbative fragmentation

Source: https://physicslearning.colorado.edu/tasi/tasi_2013/notes/june12/Salam3.pdf



Jet radius R

Small jet radius Large jet radius
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* Underlying event and pile-up

Source: https://physicslearning.colorado.edu/tasi/tasi_2013/notes/june12/Salam3.pdf



Jet radius R

Small jet radius Large jet radius

» Several hard partons

Source: https://physicslearning.colorado.edu/tasi/tasi_2013/notes/june12/Salam3.pdf



Jet area — reach of algorithm

\ anti-k, R=1

Eur.Phys.J. C67 (2010) 637-686
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" ATLAS Simulation Preliminary
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Simulation of correction
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C/A jets with 55 < pT < 70 GeV

Parton level process: gg — gg

UE ~ Rz, shift is 5 GeV for R=1
Hadronization ~ 1/R, shift is -1 GeV
Rort=0.41 for quarks and 0.54 for gluons



Boosted particle decays
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e “Fat jets”: boosted massive hadronically decaying
objects

e QCD jets are massive 00 x



Jet structure in Signal and
Background

1 1
7~2) }/3?}

Source: Eur.Phys.J. C75 (2015) no.9, 415

_41—|—z2

~ flat for Higgs Py = 31

* Remove background with cut on z

* Review sequential recombination algorithms

12



Sequential Recombination

AR;; = \/Agb + Ayw n =1 kp-algorithm
ARz =0 Cambridge-Aachen

dij = mln(pT27ij) R; n =1 anti-kp-algorithm
dip = pT@'
1. Find smallest d;;,d;p

2. If dmm < d'2™ recombine i and j

3. If di'p" < d;;min call i a jet and remove it

4. Repeat from 1. until no particles are left

min

5. Only use jets with pr > pr
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Splitting scales

d;j = min(pr;, pr ;) AR;; ~
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Mass drop

1+ 7 — pand my, > m;, m;

1.Undo last clustering p — 7+ 3
™m; .
2.1t m— < U and \/6 —ij Xmll”l(pT,z',pT,j)/mp > v/ VUcut
p
3.Else repeat from 1

15
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Summary

 Fat jets require new reconstruction techniques

* Jet substructure is one of the primary tools in
searches for new heavy particles
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