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Summary: no new resonance in pp collisions so far
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Introduction
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@ Overview of search methods
@ Some selected (null) results
°

Conclusions and outlook

" Experimental observation
of a heavy particle J”

Resonances:

Relevance for dark matter: any mediator should show as a resonance in
SM particles. May be only reachable final state ™™
at LHC if DM fermion mass is too large

Dark Matter  Standard particle Standard Par

@ model independent analysis,

Standard particle Dark Matter Standard particle Standard Par

@ limits on specific models (including DM mediators)

Hadron collider: leptonic decay modes cleaner, hadronic decays larger-BR
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Summary of CMS searches
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Summary of ATLAS searches
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Production and decay models

Extra vector bosons
V’ = W' or Z
decaylng to fermions

\
H

Extra vector bosons decaying to
SM vector bosons or H

Extra dimension KK graviton or gluon
decaying to vector bosons or fermions

Vector-like quarks (VLQ), spin 1/2
singlets not coupled with Higgs
decaying to SM-bosons and quarks
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Experimentally

@ Select the final state of the resonance and the mass range
@ Select/propose the appropriate trigger

@ Select the physical "objects” (e.g. type and number of jets, leptons) appropriate to the
search range. Jets: clustering of energy and/or tracks from partons

@ Select candidate events in the most unbiased way

@ Estimate background and systematics variations (jet energy scale, lepton scale...) to be
used as nuisance parameters in fit

@ Run favourite peak searching algorithm on invariant masses and angular variables; run a
fit to set limits on o X BR

@ Compare with MC simulated signal and put limits on specific models. One-dimensional
limits (vs. mass) bidimensional limits (coupling-mass plane).

@ Same analysis and final state can be reinterpreted to put limits to various resonance
models

@ Combine limits from analyses of different final states of the same resonance type

@ Low-mass: 50 < 300 GeV, but analysis dependent

S. D’Auria - University of Milan and INFN - TeVPA 2018 6/12
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Most used analysis techniques

A physics object: jet from g or g, or boosted (g q) Large R jet Invariant mass distribution
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Peak search and limits

Peak search algorithms: narrow or wide

resonances, sliding window methods; local g
significance of a peak B
If no peak is found with sufficient significance, g
. . . i=4
limit is set: ks
Fit: frequentist Confidence Level used to set 5
w
95%CL limits on o x BR vs. invariant mass. 5
o
. . . |
Model of resonance production and coupling is
overlapped to obtain mass limits
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Combining channels: Z/ DM mediator

Combining different channels for the same resonance model:

Limits to mass and couplings of a leptophobic Z' (Dark matter mediator)
ATLAS Prellmlnary July 2018 Vs =13 TeV, 3.6-37.0 b
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Recent results: V' searches
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Recent results: extra dimensions
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Search for new resonances is a key mission for LHC experiments.

So far O(100) analyses have looked for resonances in various final states
No hint of new resonances so far

Limits are set in the order of ~ 2 to 4 TeV for V/ and ~ 1 TeV for VLQ's
New analyses to cover all possible final states and parameter space

Better understanding of detectors and improvements on trigger and
systematics make progress faster than statistics only

More luminosity is being collected: target 150 fb~! achieved and being
surpassed to extend the search range o]

Unexpected findings can be around the corner

.~ 41 b1 per
Ml experiment delivered
lin 2018
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LHC Plans

LHC

energy
injector upgrade.
cryo Point 4

8 TeV splice consolidation

7 TeV © button collimators DS collimation

—_— R2E project P2-P7(11 T dip.)
Civil Eng. P1-P5

experiment
upgrade phase 2

experiment
beam pipes ol bk

experiment upgrade
phase 1

o]
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Summary Table

Extras

V=20 or Wi, DMM := dark matter mediator; £ := ei or ui Gkk = Kaluza-Klein graviton; gxx = Kaluza-Klein gluon;

TLj := Trigger Level jets

Resonance Decay Channel Exp. Limit (95%)CL Reference
Z' (DM) Di-jet CMS | mpum > 2.7 TeV CMS-EXO-16-056
Z' (DM) Di-jet (TLj) ATLAS | mz > 1.65 TeV PRL 121 (2018)
V/(HVT) WV, VH, ¢, lv ATLAS mz > 5.5 TeV arXiv [1808.02380]
V' (HVT) jets (qqqq) ATLAS | mz ¢ [1.20,3.40] | ATLAS-CONF-2018-016
V/(HVT) | V' = (qq)(rt77) | CMS mys > 2.8 TeV arXiv [1808.01365]
W’ (VLQ) W' — tbH CMS mys > 1.6 TeV CMS-PAS-B2G-18-001
grk (RS) tt;0,1,2¢ CMS mg ¢ [0.5, 4.55] CMS-PAS-B2G-17-017
gxx (RS) tt; tt — 10 ATLAS mg > 3.7 TeV Eur. Phys. J. C78 (2018)
Gkk (RS) vV ATLAS mg > 2.3 TeV arXiv[1808.02380]
VLQ Hadrons ATLAS | mt > 1.01 TeV arXiv [1808.01771]
VLQ 1,2,3¢ CMS mt > 1.14 TeV arXiv [1805.04758]

Disclaimer: Limits need to be taken with care: different hypothesis are used.
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Recent results: Vector-like Quarks

EXPERTMENTI

10 arXiv:1808.01771 arXiv:1805.04758 35.9fb? (13 TeVv)
510 g e —_ R A
& FATLAS Expected 1 8 F 95% CL upper limits ]
@ [Vs-13Tev,36.1 10" —— Observed i = [CMS 1
o , 36. [ ] ) —e— Observed

1 o | @i0es f(tz\/\%T 2B(bHbZ)=05 ... Expected E|
Q. = L 1+2+3leptons 7
o 1 — pp—QQ Cross Section _| © C P I 68% expected ]
© [7] Theory Uncertainty B . I 95% expected

@B -Hb) =1 ] E

95% CL limits = pp - BB (theo.)

107
107

1072

I I I I I I I
05 06 07 08 09 1 11 12 13 14 R S A
my, o [TeV] 800 1000 1200 1400

1600 1800
B mass (GeV)

Spin 1/2 coloured particles. Singlet, doublets, triplets. T(g = +2/3), B(q = —1/3)

Decay T—» W™ b, T — Ht, T — Zt

Single production and pair production:

CMS: Final state containing 1, 2 (same sign) and 3 leptons

ATLAS: all hadronic final states
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M, [GeV]

95% CL

2/ Mz <~100%

CMS Dijet ., 13 TeV
O-16-046]
T/ Mp<~10%

CMS Dijet, 13 Tev
[EXO-16-056]

CMS Dijet, 8 TeV/
[arXiv:1604.08907]

GMS Dijet btagged, 8 Tev
[arXiv:1802.06149]

CMS Boosted Dijet, 13 TeV
[arXiv:1710.00159]

CDF Run2
[arXivi0812.4096]

Extras

ATLAS Boosted Dijet, 13 TeV'
[arXiv:1801.08769]

ATLAS Dijet, 13 TeV
[arXiv:1703.09127]

ATLAS TLA, 13 TeV.
[ATLAS-CONF-2016-030]

ATLAS Dijets1SR y, 13 TeV/
[ATLAS-GONF-2016-070]

ATLAS Dijet+ISR |, 13 TeV'
[ATLAS-CONF-2016-070]

UA2
[Nucl. Phys. B 400, 3 (1993)]

CDF Runt
[arXiv:hep-ex/9702004]

Z width (all T,/M,)
[arXiv:1404.3947]
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Leptonic decays of Z/ DM mediator

3597 (13 TeV, ee) + 363 b (13 TeV, p'y)
- T T T T
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