ATLAS Run Il Exotics Results

V.Maleev
(Petersburg Nucleare Physics Institute)
on behalf of ATLAS collaboration




Exotics search motivation

There are a lot of questions beyond of Standard Model

What is the dark matter? o

Is the Higgs boson solely responsible for
electroweak symmetry breaking and the
origin of mass?

Are fundamental parameters finely tuned? °

What is the origin of the matter-antimatter
asymmetry?

What is the origin of quark, lepton, and
neutrino mass hierarchies and mixing angles?

Are there new fundamental forces in nature?
Are ‘elementary’ particles in fact composite?
How to include quantum gravity to the SM?

Supersymmetry

Extra dimensions and
compositeness

Unification of forces
Top partners

Additional Higgs bosons
WIMP

New gauge bosons
(W'/Z’)

ATLAS has an extensive search program to prove or discard models

Only few of them will be discussed here
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Data sets and conditions
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Total collected good data 36.5 fb'1(3.2 fb-! in 2015, and 33.3 fb1 in 2016) with
efficiency > 90%

Results presented here are based on full 2015 data set and partial 2016 data set (from
10 fb! to 15 fb)
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@ highest-mass di-electron event

f/
Candidate leptons // N
: O SNS
with E; > 30 GeV are o

displayed.

ATLAS

EXPERIMENT

Run Number: 302393, Event Number: 3804660240

Date: 2016-06-20 19:55:28 UTC

Leading electron:
E; =889 GeV

Subleading
electron:

E, = 868 GeV

The invariant mass
of the pairis 2.38
TeV.

12.12.2016, V.Maleev ATLAS Exotics, (Re)interpreting BSM



Di-lepton resonances
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Lepton resonances
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@ Di-jet analysis

Highest mass di-jet event
M, = 7.5 TeV
P;*=3.13 TeV
P2 =2.98 TeV

-m W wm

-

ATLAS

EXPERIMENT

Run: 302347
Event: 753275626
2016-06-18 18:41:48 CEST
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C,) High-mass di-jet analysis(
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Trigger Level Analysis (TLA): ATLAS-CONF-2016-030

Di-jets + ISR: ATLAS-CONF-2016-070
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Di-jets summary

Model 95% CL exclusion limit
Observed  Expected 1 h _ d 1 _ 1
Quantum black holes, ADD « H Ig m a SS I J et
(BLACKMAX generator) 8.7 Tev 8.7 TeV
Excited quark 5.6 TeV 5.5 TeV Sea rC h res u |t
W’ 2.9 TeV 3.3 TeV
w= 3.3 TeV 3.3 TeV
Contact interactions (177, =+1) | 12.6 TeV ~ 13.7 TeV
Contact interactions (nrz =-1) | 19.9 TeV  23.7 TeV
o L I | | | I
0.35— ATLAS Preliminary S

Combination of different
di-jet searches in various
mass ranges for
leptophobic Z’ model
[arXiv:1507.00966]
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Di-boson resonances

VV to JJ ZV (with Z to dilepton) ZV (with Z to wv) WV (with W to Iv)
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Jl .]2 jl j2
Boosted (J) or Resolved (j,,j,) technique used depending on boson P,
Spin-0: Spin-1: Spin-2:
Scalar CP-even singlet Heavy weakly coupled Randall-Sundrum
S/G*>WW/22 vector triplet (HVT) Graviton
Scalar CP-odd Higgs VE>WZ/Zh or G*>WW/zz
VO>WW/Zz

(2HDM) A>Zh

Analyses not presented here:

Vh resonances: semi-leptonic https://arxiv.org/abs/1607.05621 and
hadronic ATLAS-CONF-2016-083 (first time done in ATLAS!)

HH resonances ATLAS-CONF-2016-049
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Di-boson resonanses
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Di-boson resonanses
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* Expected and observed limits on the cross section times branching
fraction to WZ for a new heavy vector boson W' at Vvs=13 TeV. The
different limit curves correspond to different decay modes for the W and Z
bosons.
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e Vector-like partner quark predicted by Little Higgs
models, Composite Higgs models etc.

* spin-1/2, colored, same transformation for left and right
chirality, couples to third generation

* t-partners searches are presented here, but ATLAS
searches for b-partners and for light quark partners also
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Vector-Like Quarks
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Vector-Like Quarks
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Dark matter searches

Sl | )
xxx IxSM SMXI SMXI
SM SM X SM SM x SM x
direct indirect collider: invisible visible

 LHC has some advantages over direct searches
— Probes higher energy scale
— Can search DM particles with very low mass

q

q V. A (*'wmﬂu:lj'

e using Simplified Models for Run Il result
Interpretation
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Mono-X searches
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DM re-interpretation

* [If DM mediator produced in annihilation of SM particles, it can decay to
them T %!

mediator

q
* Di-jet searches already used to probe DM mediator production

q,l

DM Simplified Model Exclusions ATLAS Preliminary August 2016 DM Simplified Model Exclusions ATLAS Preliminary August 2016
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* We are working on adding of di-lepton to these plots
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Exotics results

ATLAS Exotics Searches™ - 95% CL Exclusion

ATLAS Preliminary

Status: AUQUST 2016 J‘E dr = {3_2 _ 203} rb—l '\l"_z 8, 13 TeV
Model £y Jetst ET™ [rdem) Limit Reference
L | T T T T T LI | T T T T T 1T 17T | T T T T

ADD Gyy + &g - =1j s 3z Mg 5.58 TeW n=2 1604.07773
ADD non-resonant {4 2e.p - - 0.3 n=3HZ 1407 2410
ADDQBH — fg 1e.p 1] - 20.3 n=§ 13112006
ADD QBH - 2j - 167 M &7 Ta¥ n=f ATLAS-CONF-2016-069
ADD BH high ¥ pr =lep =2j - 32 | Ma 8.2 TeV n =8 Mp— 3BV mBH 160602265
ADD BH multjst - =3j - 38 M OS5 TeN n-—6 Mo —3RV.I0IBEH 151202585
RS G — 2e - . W = 0.1 14054123
RS1 Gy — ¥y 2y - - 32 | Gewx mass 32 TeV bW = 0.1 1606.03633
Bulk RS Gy — WW — ggiv 1ep 14 e 13.2 Ggi Mass 1.24 TeV EjMpy = 1.0 ATLAS-CONF-2016-D62
Bulk RS Gy — HH — bbbb - 4b - 133 | G mass I60-860 GeV k(T = 1.0 ATLAS-CONF-2016-043
Bulk FS g — 10 e =lh>102 s 203 (GO e EA- 0325 150507018
2UED/ RPP e =22Bz4] %s 32 | KKmass 1.45 TeV T (1,1), BRIAMY — g2 = 1 ATLAS-CONF-20164013
SEM 7' — #F 2ep - - 133 T mass 4.05 TeV ATLAS-COMNF-2016-045
SSMZ" — o 2r - - RN 150207477
Leptophobic £ — bb - 2b - 3z Z mass 1.5 TeW 160208791
SEM W — & 1ep - Yag 13.3 W mass 474 TeV ATLAS-CONF-2016-D81
HVT W* — WZ — ggwwmodel A Oep 1d Yag 13.2 W mass o4 Te¥ & =1 ATLAS-CONF-2016-082
HVT W — WZ — ggggmodel B — 24 - 155 | w mass 3.0 TeV B =3 ATLAS-CONF-2016-065
HVT V* — WH/;ZH model B multi-channe! 3.2 V' mass. 231 TeW & =1 1507 05621
LREM W/, — th 1e.p 2B 0] s 203 1410.4103
LREM W, — tb Oep =1b1d - 20.3 14080885
Cl gggg - 2j - 157 [A WA TeY o -1 ATLAS-CONF-2016-063
Clifqg 2ep - - az A 22TV qu —-1 1607 03653
Cl e 25SNz3epzibzt] %s 203 [N sl =1 1504.04605
Axiabvector mediator (Dirac OM) D &p =1j s 32 |ma 1.0 TeW £~ 025, =110, miy) < 250 GaV 1604.077 73
Axialvector mediator (Dirac OM) De,p 17 ij s az s, T10 GeV E~0.28, g=1.0, m{y) < 150 GaV' 160401306
ZZyy EFT (Dirac DM) Oep 1d<1j ‘s 3z M, E50 GeV miy) < 150 GaV ATLAS-CONF-2015-080
Sealar LQ 1% gen e =2j - 32 L mass 11TV g=1 160508035
Scalar LQ 2™ gen 2p =2 - 32 | Lomass 1.05 TeV g=1 160606035
Sealar LQ 39 gan lep  =1b=3] es 203 | E=0 150804735
VA TT = Hr+ X 1ep z2B 23] Y%= 203 Tin (T,B) doublat 1505.04306
VLD ¥Y — Wb+ X 1ep =1b=3] %s 203 ' in (B} doubiat 150504305
VL2 BB - Hb+ X e =22b23] %s 203 isaspin singlet 1506.04306
VL3 BB — Zb+ X 2x3ep 22xb - 203 Bin (8,Y} doubiet 1408.5500
VLD 9 — Wgllg 18 =4j ¥s 203 150904281
VLA T5p3Tss — WilL 2(ES)=3epzibzl] ‘s 32 | T mass ooD GeV ATLAS-CONF-2016-062
Excited quark g* — qy iy 1j - a2 q* mess 4.4 TeV on u* end &, A = mi{g") 151205810
Excited quark g* — qg - 2j - 157 | q*mass 5.6 TeV only u* and &, A — miq") ATLAS-CONF-2016-063
Excited quark b* — by - 1b1j - B3 b mass 23TeV ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2ep 1bB20] ‘Bs 03 fp=fi=fe=1 1510026854
Excited lepton £~ Jep - - 20.3 A=20RY 1411.2821
Excited lepton +* Jer - - 203 A=1EBV 1411.2821
LETC ar — Wy ieply - s 203 1407 2150
LRSM Msjorana « 2ep 2j - 0.3 m{ W) = 2.4 TaV, na mixing 1506.06020
Higgs triplet H** — 22 2e(35) - - 134 O producion, BRH — esl=1 | ATLAS-CONF-2016-061
Higgs triplet H** — #7 e - - 203 O production, BR{M — érj=1 14112821
Monotop (non-=s prod) 18, ib Yes 203 FE— ] 14105404
Multi-charged particles - - - 0.3 DY producion, jg| — Be 150404188
Magnetic monopales - - - 70 DY procucson, lgl = 1gs., Spin 1/2 150208053

107t 1

“Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when expiicitly not
TSmal-radius (largeradius) jets are denoted by the letter j {J).

* https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Result presentation

*  From ATLAS Public Result

Search for new phenomena in events with a photon and missing ~ Published in Plots and more |
transverse momentum in pp collisions at Vs = 13 TeV with the JHEP arxiv:1604.0130
ATLAS detector 059

3.2/fb Apr
2016

fo (+ HepData);

reaction keywords: [P P —> GRAVITON GAMMA X]

observable keywords: [EXCLUSION, LIMIT, M] % 3§a TAS T T T T E
SQRT(S)  13000.0 GeV ;é 2.3? ADD model 5
Number of extra dimentions 95% CL lower limit on Mp {untruncated) IN TeV 95% CL lower limit on Mp (truncated) IN TeV' 5 2_5; e=13Tev. 320" _f
2 2331% 1.954 £ 2.4?— =
3 24264 1.809 é 2.2 E
RE P P —= Z(muon mueon) + jets 4 2.57671 1.853 E 2? _l r E
SQRT(S)  8000.0 GeV 5. 26799 1.822 © 1'8;— L 7
Data Background 6 282594 1722 E 1'65— observed limit B expected + 16 E
B N GEV — ot = 14 E truncated limit expected + 26 E
SelectPiot SelectPiot 1.2F coeses expected limit — — 8 TeV ATLAS observed limit
100.0- 1200 0.0 0.0+ 0.0 (stat) £ 0.0 (sys) i i i i L
1200- 1300 0.0 00400 (stat) + 0.0 (sys) 2 3 4 5 6
; 0.0+0.0 (stat) £ 0.0 (sys) Number of extra dimentions
140 - 0.0 (stat) £ 0.0 (sys)
1500 - 160.0 3339 3380.01 (sys) . .
160.0— 170.0 = 2910 2831.27 £ 22.07 (stat) = 170.29 (sy: [ ] Get any plot WIth data pOIntS
1700 180.0 2274 2340.75 + 19.28 (stat) £ 166 61 (sys)
1800 2000 3483 3473 36 + 21.91 (stat) + 231 83 (sys) . .
00— 200 254 236696 1768 () = 15077 55) e Or h|stogram content with errors
2200- 2500 2240 2191.48 = 16.85 (stat) + 156.35 (sys)
250.0- 3000 1736 1732.2 + 13.83 {stat) £ 116.1 (sys)
3000- 350.0 69 755.76 + 7.98 (stat) + 46.14 (sys)
3500- 4000 313 332,55 + 5,21 (stat) + 24 28 (sys)
4000- 4500 160 165.93 + 3 65 (stat) + 13.08 (sys)
4500- 5000 65 7916 + 2.28 (stat) + 7.64 (sys)
500.0- 600.0 61 66.13 & 1.34 (stat) £ 4.75 (sys)
B00.0- 700.0 16 20.14 £ 0.85 (stat) + 1.95 (sys) Then You can do What You want
700.0- 800.0 2 6.65 £ 0.34 (stat) £ 0.50 (sys)
8000- 9000 2 2 57 +0.25 (stat) £ 0.36 (sys)
900.0 - 10000 0.0 0.76 + 0.09 (stat) + 0.08 (sys)
1000.0 - 13000 0.0 0.33 £ 0.05 (stat) £ 0.11 (sys)

Plot Plot
SelectPlot SelectPlot
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CONCLUSION

e Excellent operation of LHC allow ATLAS significantly
improve sensitivity for Beyond Standard Model
searches in Run Il

e Search program was extended to new signatures and
scenarios

 No BSM hint found ®
 But1/3 of 2016 dataset is used
* More results coming early next year

e ATLAS is doing best to present results as useful as
possible and always in touch with CMS and theorists
within joint working groups such as Dark Matter
Working Group (https://arxiv.org/abs/1507.00966) or
New Particles Working Group
(https://arxiv.org/abs/1311.0299)
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Result and interpretation

https://arxiv.org/pdf/1603.01204v1.pdf
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* ~100 papers in 15 days after di-photon excess
announced
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