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Why going beyond the Standard Model?

» SM provides an excellent description of the experimental data so far

= QCD and hadronic structure M, Gt | o0

. . My -1.4

= precision EW physics Ty 0.2

M, 0.2

top quark " 02

o flavour physics Oped 15

R 0.9

 vyet... it does not provide an answer to:  aomsasx A(LQEE;’ o2
= hierarchy / fine tuning problem \ | A(SLD) 20

-0.7

= matter-antimatter asymmetry W e / A 09
= dark matter & dark energy “ Ao ii
o neutrino masses A, ) 06
.- . . . o R? 0.0
= unification of EW interactions & QCD 4% 4% ) R — 08
i . | o m, 0.0
gravitation o) m oo
s more than one fermion generation . ] 05
Aoy (M) i -0.2

I-3lI 2 1 0 1 2 3
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(some) ideas beyond Standard Model

Big Questions

Big
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ATLAS at the LHC

» Spectacular LHC performance
* Run 2: 2015 — ongoing \
o Vs =13 TeV

o 2015-2016: ~40 fb1 pp collisions |
recorded by ATLAS —

o 2017: ~16 fblrecorded so far

T T T

ATLAS Online Luminosity
e 2011 pp 5 =7 TeV
— 2012pp Ys=8TeV
— 2015 pp Ys=13TeV
2016 pp VYs=13 TeV
e 2017 pp Vs =13 TeV

— T ‘ — . T —
ATLAS Online Luminosity  {s=13TeV
LHC Delivered

=
|:| ATLAS Recorded

Total Delivered: 17.6 fb™'
Total Recorded: 16.2 fb”'

Delivered Luminosity [fb ]
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Beyond-SM searches strategy

(1) Pursue signature-driven analyses:
= resonances: dileptons, jets, photons, ...
= non-resonant: tails in kinematic distributions
o special particles: slow-moving, long-lived, ...
(2) Search for excess of events over the expected SM background
> in one or more Signal Regions (SRs)

(3) If no significant excess is observed
= set cross-section upper limits
= interpret in specific models to obtain limits on masses, couplings, ...

= Background estimate: data-driven techniques for main; MC for smaller
= measurement with data in Control Regions (CRs), extrapolated to SRs
= method validated in Validation Regions (VRs)

@ Blind analysis: first define and validate analysis, then open signal box
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Signatures probing models

* Resonances
= dileptons: 2’ = ¢4, ...
s W = fv
s dibosons: WW, WZ, yy, ...
= top/bottom: VLQs
:. Pawel Bruckman’s talk Signature-based se
= |leptons+jets: leptoquarks, ... cover multitude of t
scenarios

» Non-resonant final states
= dileptons

° leptons+jets Cristiano Sebastiani ‘s poster
D@- E.Mss, dark matter, =

o

“Yoram Rozen’s talk

See talks Ey:
* SUSY-specific signatures: E;™s + X >Andre Sopczak

» Long-lived particles

= high ionisation @ strong production > Shunsuke Adachi
> disappearing tracks = - 3vgeneration squarks >Nicolas Koehler
> displacedlepton jets, vertices ° electroweak production >Athina Kourkoumeli

o



Looking for resonances & tails in

distriboutions

Non-SUSY searches only presented here
Detailed reviews for SUSY in other talks

>

Events, o, ...

mass
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Dileptons (1/3)

[ 36.1fb! @ 13 TeV ]

Selection

= 2 opposite-sign (OS) isolated electrons OR
muons with p; > 30 GeV

» Background
= Drell-Yan (DY), diboson, top (pair & single)
DY fitted to data at Z-peak

= fakes (QCD jets & W+jets) - data-driven
matrix method

» Reconstruction of dilepton invariant mass
my,

» Looking for narrow resonances OR broad
excesses in the invariant mass distribution

= Data consistent with SM expectation

arXiv:1707.02424

Data / Bkg

Data / Bkg

(post-fit)

Data / Bkg

(post-fit)

ATLAS

\s=13TeV, 36.1 fb" -
Dielectron Search Selection

— .
¢ Data

[ Top Quarks
[ Diboson

[ Multi-Jet & W+Jets
—2Z, (3 TeV)
—Z, (4 TeV)
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Dileptons (2/3)

» 2’ resonances: spin-1 neutral gauge bosons 10
= Sequential SM (SSM): Z' with same couplings 102

L L B R I I I R
ATLAS --- Expected limit
\s=13TeV,36.1 " g Erpected 1o
Z = Expected+ 26
— Observed limit

6 B [pb]

T TTTII
lIIIIIl| 1 IIIIIIII 1 IIIIILI.| | lIIIIlll

as SM Z |
= GUT models based on E; gauge group predict °
two additional U(1) gauge fields: 2’ |, 7', 10

o observable as narrow resonances in dilepton

o different chiral structures considered

. . 10 s s 2 s 3 85 4 45 B
invariant mass spectrum M, [TeV]

. = 55¢ | | T T .

» Contact Interactions (Cl) 2 F  amas — Opserved ]
< %0 5-13TeV,361 17 e Expected E

= probes quark and lepton wF. Prior 1/A7 Booscessio
compositeness, with F =l Expected 20

T 40 3
binding energy scale A - .

o detectable as broad excess in dilepton
invariant mass spectrum

LLConst LLDest LRConst LRDest RLConst RLDest RRConst RR Dest

arXiv:1707.02424 [ 36.1fb™ @ 13 TeV ] Chiral Structure
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Dileptons (3/3) Tropepom T

Limit range for 6, € [0, 7]

T T IIlllll

T eMin(zlx)
* Minimal Z’ models are characterized by three L S Y =
Eo — Oun(Zy,) 3
parameters: - e ]

o 7' boson mass 107"

ATLAS

= y’': strength of Z’ boson coupling relative to SM Z

= B, Mixing angle between the generators of B-L 102k \s=13Tev, 36117
(Baryon minus Lepton number) and the weak Ziin = 1 .

111 I 1111 | 11 11 | 1111 | 1111 | 1111 I 1111 | 1111 | 1111 | 1111
hypercharge gauge groups 05 1 15 2 25 3 35 4 45 5
M, [TeV]

Lower limits on My~ [TeV]

l\[odel ’y/ ta,Il OMIH ee l,[,/j, [[ "}_ § T IEXI ‘ T ()lbsl T T T I T T T T I T T T T | T T T T I T T T T lé
Obs Exp | Obs Exp | Obs Exp Co-a- —-—mzmii.g%x ATLAS ]
Z!. | 4/ 3% sin i —1 37 37 | 34 33| 39 38 10'_ e :ﬁg%?g \s =13 TeV, 36.1 fb" B
. ) ) § [- —— Z‘M.nf .0Te 7' " N §
Zip \/gsm Onin -2 4.0 3.9 3.6 3.6 4.1 4.1 - o yiM ;?g?g M E
Zh . 2 $in Oyiin 0 40 40 | 36 3.6 | 42 41 - +M -1 3 ]
» Also obtained generic upper limits on visible o in I ey .
. . . ] SR RSN Ux'a"fﬂ.ﬂ _ i

fiducial lepton p; & n and mass-window for T I i

various widths (not shown here) S-S
10*25—

C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1

0 05 1 15 2 25 3

[ 36.1fb! @ 13 TeV ]

arXiv:1707.02424 0

Min
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arXiv:1707.04147

Diphotons

» Search for heavy resonant and non-resonant BSM
physics decaying into diphoton final states

10°

——
ATLAS

. * Data
10
— Background-only fit

Events / 20 GeV

10° i i
Spin-0 Selection

\s=13TeV, 36.7 fb”'

102

» Event selection
= > 2 isolated photons with E; > 40 GeV & 30 GeV
= different kinematic selections applied for spin-0 vs. spin-2

10

107"

° narrow-width approximation (NWA) bump inm,,
= non-resonant: counting experiment for m,, > 2240 GeV

= No significance excess observed up to diphoton
masses of 2.7 TeV
R — [ 36.7 bl @ 13 TeV ] 500 1000 7500 2000 2500

| | |
—— Observed CL, limit  ATLAS

Data - fitted background
(%]
TTTTTTTITTT Hl\bll\ll\l

-
o
w

---- Expected CL_limit |5 =13 TeV, 36.7 fb'
[ Expected £ 1o Spin-2 Selection

Expected *+ 26 . —
pp—G* =Yy G*—>vy, k/IMp, = 0.10
—— Observed CL, limit
from pseudo-exp.

- - - Expected CL_ limit
from pseudo-exp.

102 Limits set in various scenarios
= Spin-0 resonance: exclusion limits for NWA signal oxBR(yy)

range from 11.4 fb @200 GeV to about 0.1 fb @ 2.7 TeV

= Spin-2 resonance: Randall-Sundrum (RS) graviton with
k/Mp=0.1 excluded below mg.=4.1 TeV

= Spin-2 non-resonant: lower limit on Mg placed between
5.7 TeV and 8.6 TeV on ADD model depending on formalism
—2IIII|IIII|IIII|IIII|IIII|III\|IIII‘IIII|\III . »
10°500 1000 1500 2000 2500 3000 3500 4000 4500 5000 used and number of extra dimension assumed
mg. [GeV]

—_
o

II|T| T ||HIII|
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95% GL Upper Limit on ¢ x B [fb]
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Dibosons: V' = VH - qg''bb (1/2)

» Search for boosted heavy resonances decaying to VH in all-hadronic channel
= final state composed of two large-R jets, J
= parrow-width bumps at di-jet (m/,) invariant mass for m;; > 1 TeV r

» Event selection H,f’<E b
= |epton veto; E;™ veto e

= > 2 large-R jets with p; > 250 GeV; leading p; > 450 GeV
o |arger mass is H-jet; smaller is V-jet
s W/Z and H mass window [ 36.1fb™ @ 13 TeV ]

» Background estimated by side band and/or no-b-tag

. > 2 T T T T T T T T T T > o T T
= Data compatible & "F amas b oma 8 "F atas b Data
8 10 Vs=13TeV 36.1fb"' [___| HVT Model BZ (2 TeV) x 50 = 10 Vs=13TeV 36.1fb"' [ ] HVT Model BW' (2 TeV) x 50
. . T ] [ Multijet L g [ Muttijet
Wlth S M hypoth esIs _g - 1-tag ZH [ Other Backgrounds % 10° 21ag WH [ Other Backgrounds
O EMe, mmeees Pre-fit O Ee, | e Pre-fit
La rgest deviation in & e 72/, Uncertainty @1 w U;certainty
107 10
ZH channel at o . 1 ey
m,, = 3 TeV with local 1 i Pt 1o Nk
(global) significance o - 10 S |
. 2 : T . 2 T T
S 15k R o ? E B 4sE . IR Y
of 3.30 (210) £ P ys ~ B 4 {.}1" Qe c ;E b %lr I T_N T//_#//#//’%
‘g‘é 1000 2000 3000 4000 £ 1900 2000 3000 4000
arXiv:1707.06958 m,, [GeV] o m,, [GeV]
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Dibosons: V' = VH = qg''bb

- Candidate signal models: [ 36.1fbl @ 13 TeV ]
= Heavy Vector Triplet (HVT) W’ and Z’
= Model A: comparable BRs to fermions and gauge bosons

= Model B: suppressed couplings to fermions

» Upper limits on oxBR set for W’ and Z’ resonances:

s HVT Model B resonances excluded in mass range 1100 -
2500 GeV for WH, and 1100 - 2600 GeV for ZH

= HVT Model A resonances excluded in mass range 1100 -
2400 GeV for WH, and 1100 - 1480 GeV and 1700 - 2350 for

regions

—h

<
w
|

ZH

3 10 E T I T T T T T T T T T T T T I T T T T | T T E 3‘ 10 E T I T T T T I T T T T T T T T | T T T T I T T 3
2 E ATLAS — Observed limit 3 E ATLAS —— Observed limit .
. . @ L - — — Expected limit ] 78\ L a — — Expected limit ]
Note: there is a g Vs=13TeV 36.1fb ? L s=13Tev 36.1fb ]
~60% overlap of g 1E [ Expected 1 6 38 2 I Expected +1 o 5
0 P 0 E [ |Expected 26 7|17 : [ ]Expected 2 6 ]
data between the % 1 —— HVT Model B, g =3 %’ - [ —— HVT Model B, g =3 |
WH and ZH < 107 ---- HVT Model A, g =17 | x = - -~ HVT Model A, g =1
selections, for both £ 11& F ]
1-tag and 2-tag 1102 & 4|7 102 3 E
= & = IN - 3

T ol

C o -

Q = =

2 5] =

o

1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I L 1 l“l~ I 1 1 L | 1 L
3500 1500 2000 2500 3000 3500
m,, [GeV] m,, [GeV]

arXiv:1707.06958 4500 2000 2500 3000
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Dibosons: X 2> WV = £vqq

[ 36.1fb! @ 13 TeV ]

* Motivation: BIE T T T T3 T T T
o FATLAS eI i wes | | i pATAs Preiminany 0 W,
s Spin 0: Composite Higgs (ggF or VBF) S 10” E"ww Signal Region (HP) = ER B WZ Signal Region (Res) (o Misid lopn
. . _ % \ DY Category B Dibosons _Z Em“ VBF Category E g'igg':o‘ns 3
s Spin 1: Heavy Vector Triplet (g or VBF) £ S Py 3 N E L S Fobuncatany
c Bl  mmeeees HVT Model A Z* 1 WI10° G e HVT VBF Model W —=
. . . wqg? eV (x - 500 GeV (x500)
= Spin 2: RS graviton (ggF production) 10 R - 3
. .. 10° =
» Consider both resolved (jj) and “merged” (J), : E
if highly boosted, dijet system 1 3
* Events categorisation: —
= VBF or DY (includes ggF & qq) %1-5;@ o % \ 515{ ey & \*L 3
: . : N AR AR D) £ ek ~ 3
" (I) merged hlgh purlty (HP); e 0.8.. 1 15 5 55 3 \3_5 4 © 058 0.4 0.6 0.8 1 1.2 1_.[_4\/
(ii) merged low purity (LP); (iii) resolved my, [TeV] My [TeV]
= WW or WZ (overlap)
. oe . . . '_'103 I D D e e
« Search for bump in m(#vjj) or m(£vJ) distributions 3 ATLAS Prefminary Observed 95% CL upper limi
— 12 \s= eV, 36.
WW Selection g 10 \Ij\?"lr_ Cacgelgvo\lr'y -------- Expected 95% CL upper limit
moae
= No signhificance excess ~Excluded HVT RSGkx 1 10 [ Expected timit (= o)
Masses ~ Model A Model B k/Mp=10 % [ Expected imit (+ 20
observed Observed <2750 GeV <3090 GeV <1760 GeV %
= |limits set in resonance _Expected <2840GeV <3230 GeV <1750 GeV 210"
. ©
masses for considered W7 Selection 102
models Excluded HVT 3
Masses Model A Model B 10
) ) ) Observed <2820 GeV <2980 GeV 05 1 15 2 55 35 4
ATLAS-CONF-2017-051 Expected <2890 GeV <3240 GeV m(W") [TeV]
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Dibosons — summary

oxBR upper limits for Heavy
Vector Triplets decaying to
dibosons for different final

states

3‘ 10 T | T T TT | T 1T | T I T T | T T | T T | LI | T T TT | T TT | IE
Q. -
E 1 ATLAS Prel|m|nary 95% C.L. exclusion limits ]
His —

= p \s=13TeV, 36.1 fb” - HVT model B g -3
1 1E= = Observed 3
R EelbN . aimimm Expected 3
= % ta |
E I i

qq
; 107" 3 v‘\ vvqq =
g% - VA .
© 10 ot =
- NS E
- WI % WZ S— m IIIIIIII - -
10° Y =
: | | - | 1111 | | - | L1111 | 1111 I 111 | 1 el | | 111 | | - | :I
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

my, [TeV]

V.A. Mitsou

(h— bb, cc) [pb]

x BR
3

o (pp— HVT Z — Zh)

107

-

T IIIIIII|

_‘
2

S (pp— HVT W — Wh) x BR (h— bb, cc) [pb]

107

L B B L L L RN LU LRI BRI R
i ATLAS Prellmlnary 95% C.L. exclusion limits |
= \s=13TeV, 36.1 fb" E
= HVT modelBg =3 3
= — Observed -
L s, mimimim Expected N
— qqbb =
& llbb 3
E vvbb E
3 7 > zh -
_I | 1 1 1 | | 1111 | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1111 | 1 I' I ol l 1 1 1 | | 111 | | I_I
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
m, [TeV]

ATLAS Prellmlnary

\s=13TeV, 36.1 fo

v by by b b b Ly g 1

LIS LI L L L L I L L L L IO O L

95% C.L. exclusion Iimits_‘

HVT model B gv=3
— QObserved
Expected
qabb
e |V

0.5 1.5 25

3.5 4 4.5 5

my, [TeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
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Vector-Like Quarks (VLQs): T2Wb

» VLQs proposed to cancel quadratic
divergences in Higgs mass

* T->Whb analysis
=1 lepton, MET, > 3 jets, > 1 b-jet
= >1 W-tagged large-R jet, no overlap with b-jet

» Predicted in Little/Composite Higgs
» Production: pair (QCD) or single (EW)
* Decays:

s T-> Wb /Zt/Ht

= B>Wt/Zb/Hb

« Full event reconstruction by minimising |Am,|
» Profile likelihood fit to improve BG modelling
= AR(?,v) & S; cut to define SR/CR
= discriminating variable: m,'e°

-
~ -E 35_I‘I T | TT T | TT T | T 1T | TT T | TT T | TTT ‘ T 1T TT T T \L
36.1fb 1 @ 13 TeV ] . . . o ATLAS ~-Data ]
- No significant deviation from ¢,/ | (=131ev I 3
arXiv:1707.03347 e *" =iy :
- ; SM expectatlon is observed w [ Single top 1
4 my=1.2TeV %B(B > Wt) = 1 251 []Others .
;‘OOO_HHHHIHHIHHIHHIHHII m F Uncertainty .
8 =S 03 & B(T — Wb) = 1 N ]
O, 3500 =] s 0.4_. L L B B L L BN 20— -
& th “1% [ ATLAS Simulation i . ]
30005 = g r S\FE ;lsRLZ\ilon — mo-s00Gev ] 15F Signal Region -
c = 03l ] Post-Fit 1
25000 0.0 § 03 —— m=700GeV | . | > ost-H
F ] m; =900 GeV 10 -
2000 i — m;=1100GeV | ———_ ’
e 0.2 —— m; =1300 GeV | s L -
1500 F | — ]
1000k Rnad o1 : L
B 0.1 — | 814} , .
i ATLAS Simulation - T 7 A
500} Vs =13 TeV, 36.1 fb i S o6 _+_ ’ S
T R AT BRI RV R r i < S P AP SR B SR BN AR B I P I
O0 0.5 1 1.5 2 25 3 0 0 200 800 —Bon s = 1 C 025 500 400 600" 800 1000 1200 1400 1600 1800 2000
A R(lep, v) me® [GeV] meP [GeV]
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VLQs: T-=>Wb results

T T [ rrr rrr[rrrr[rr |IIII|IIII
ATLAS [ Theory

------ Expected Limit
[ Expected 1o
[ ] Expected +26
All limits at 95% CL

TT— Wb+X 1-lepton
B(T - Wb) = 1

(s=13TeV, 36.1 fo" — Observed Limit

11 IIlIII|

Lo

NI BT E A R
00 600 700 800

o) 10
L2
. - E
Uncertainties 36.1fbl@13TeV | 1 !
= dominated by low statistics Q
= main systematics: t & tt modelling © 10
« Significantly improved limits w.r.t. Run |
—2
m;y (BRy,,=100%) > 1350 (782) GeV 10
= m; (singlet) > 1170 GeV
-3
Mg,y (BR,,,=100%) > 1250 GeV 1%
= mj, (singlet) > 1180 GeV
- 140 T ¢
T ATLAS 1300 GF T 09E
S -1 = C
T Vs =13 TeV, 36.1 fb o T osE
- -~ 08 1200 E, o F
5 S 0.7¢ TT — Wb+X 1-lepton |88l o & 075
o © E
o &b SU(2) singlet 1000 = 0'65_
'é O SU(2) doublet S 0.5
2 =
:'% & 045
ko) =
< g 0'3§
g 0.2:—
S 0.15
0 0.10.2030.4 0506070809 1 0

AB(T - Wbhb)

ATLAS
(s =13 TeV, 36.1 fo’’

BB 1-lepton

op SU(2) singlet
O SU(2) doublet

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(B - Wt)

1400
1300
1200
1100
1000
900
800
700
600
500

1 | 1111 | 1111 | 11 1 1 | 11 1 1 | 1 11 1
900 1000 1100 1200 1300 1400
m; [GeV]

Observed 95% CL mass limit [GeV]



BR(T — Ht)

VLQ summary

All decays of vector-like T quark considered: Wb / Zt / Ht
Vector-like B decays not yet fully covered: only Wt / Hb included

ICNFP 2017

V.A. Mitsou

Analyses make use of boosted decays at 13 TeV

0.8F

" m, =850 GeV

ATLAS Preliminary

1 fs=13TeV,3.2-36.1 fb"

--« Exp. limit ] Obs. limit

Wb+X - 36.1 fb!
[EXOT-2016-14]

__ Ht+X-13.21b"
[CONF-2016-104]
_ Z(vW)t+X-36.1 fb
[arxiv:1705.10751]

Same-sign - 3.2 fo”'
[CONF-2016-032]
W SU(2) doublet = SU(2) singlet

™ $5o m, = 1100 GeV
Fi g7 2 I & ]
06, glies : KN KN ;
0.4fl T B 0 3 N N ]
Fy H + s, B e Sy ;! s,
£l H AU H s ' e
- - i - .
08:!=' " m, = 1150 GeV © 'm,=1200GeVi  m,=1300GeV -
i & ] & 2
0.6y %4, ta %y, . %, ]
[ 6. 4 6
0.4F o F 4 I 4 ]
oo e i * w1 + ]
:;. L L -;u I‘...-|||||||x|||l|lil|||‘7‘|‘||I“|I|||l‘|||||:‘l
00 02 04 06 08 0 02 04 06 08 0 02 04 06 08 1

BR(T — Wb)

BR(B — Hb)

0.2 m, = 800 GeV m, =850 GeV 3 ATLAS Preliminary
F 1 Vs=13TeV, 3.2-36.1 fb”
0.6 J ‘-_0/’04 _{’?O,’ ]
F Py sy, 1
0.4F 5 - o ] e Exp. limit []Obs. limit
o2f |4 % i
: : L U ST Wb+X - 36.1 fb”
: m, = 900 GeV m, = 950 GeV [EXOT-2016-14]
0.8F =
3 G, G, 3 Same-sign - 3.2 fb
0.6F s, e, ] [CONF-2016-032]
0.4F i '-._f’ex :-‘-..f‘e/ ]
0.2F i+ a - :"'. : W SU2) doublet o SU(2) singlet
ost ‘m,=1000GeV:  m,=1050GeV  m,=1100 GeV ]
: 12 2 2 ]
0.6 % 7% 2, 3
E o%é 0@6‘/&. 06”%. ]
0.4F :.._:9/ 4 4 -
0.2F o o * .,
: f e ] o= IR S |
o8k mg = 1150 GeV mg = 1200 GeV m;g = 1300 GeV ;
e 4, 2 % ]
06F = = =
0.4F 2 % %y ]
0.2k + * + ]
0002 04 06 08 "0 02 04 06 08 Y0 02 04 06 08 1§

BR(B — Wi)
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 [Ldt=(3.2-37.0)fo! V5 =8,13TeV
Model £,y Jetst ET™ [raim] Limit Reference
T T T T T T T T T T T T — T
%) ADD Gkk +g/q Oe,pu 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
.5 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
2  ADDQBH - 2j - 370 | Mu 89TeV n=6 1703.00217
g ADD BH high ¥ p1 >leu >2j - 3.2 My 8.2 TeV n=6, Mp =3TeV, rot BH 1606.02265
3 ADD BH muiltijet - >3] - 3.6 My, 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
g RS1 Gkk — vy 2y - - 36.7 Gkk mass 4.1 TeV k@,,, =01 CERN-EP-2017-132
< Bulk RS Gk — WW — qqlv lepu 1J Yes 36.1 Gkk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
y 2UED/ RPP leu 22b23j VYes 13.2 KK mass 1.6 TeV Tier (1,1), (A0 - tt) =1 ATLAS-CONF-2016-104
SSM Z' — (¢ 2ep - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
%) SSM Z" - 7t 27 - - 36.1 Z’ mass 24TeV ATLAS-CONF-2017-050
% Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
§ Leptophobic Z’ — tt 1e,u >1b,>1J/2) Yes 3.2 2’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
® SSM W’ — (v lepu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
g’ HVT V' > WV — qqqq modelB O e, u 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 1epn 2b,0-1]  Yes 20.3 1410.4103
Cl gqqqq - 2j - 37.0 A 21.8TeV 7., 1703.09217
G Clttqq 2e,u - - 36.1 A 40.1TeV g ATLAS-CONF-2017-027
Cl uutt 2SS)2Bepz1b21] Yes 203 (I A TV ICorl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.5 TeV 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 Mined 1.2 TeV 84=0.25, g,=1.0, m(x) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oer 14,<1j Yes 32 | M. 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 15 gen 2e >2j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
Scalar LQ 2™ gen 2u >2j - 3.2 LQ mass 1.05 TeV p=1 1605.06035
Scalar LQ 3" gen Tep 21b23] Yes 203 |ICiaEssIs10Ga B=0 1508.04735
o VLQTT - Ht+X Oorten 22b,23) Yes 132 | Tmass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
= VLQTT - Zt + X le,u 21b,23) Yes 361 T mass 1.16 TeV B(T - Zt) =1 1705.10751
‘§_ VLQ TT - Wh + X 1eu >1b>1J2) Yes 361 | T mass 1.35 TeV B(T > Whb) =1 CERN-EP-2017-094
S, VLQBB - Hb+ X le,g >=2b,>3j Yes 203 B(B — Hb) =1 1505.04306
& VLQBB - Zb+ X 2/>3e,u  2/21b - 203 B(B - Zb) =1 1409.5500
£  VlaBB - Wi+ X 1eu >1b>1J2) Yes 361 |Bmass 1.25 TeV B(B - W) =1 CERN-EP-2017-094
VLQ QQ — WqWq Ten >4j Yes 203 1509.04261
Excited quark ¢* — qg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
g &  Excited quark g* — gy 1y 1j - 36.7 q° mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
.E .Q  Excited quark b* — bg - 1b,1j - 13.3 b* mass 2.3TeV ATLAS-CONF-2016-060
ﬁ % Excited quark b* — Wt lor2e,u 1b,2-0j Yes 20.3 fp=f=fk=1 1510.02664
= Excited lepton (* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beu, 7 - - 20.3 A=1.6TeV 1411.2921
LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234e,u(SS) - - 36.1 870 GeV DY production ATLAS-CONF-2017-053
§  Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — r) =1 1411.2921
= Monotop (non-res prod) lepu 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
M | L 1 Lol 1 1 PR R | L L L

*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).

Mass scale [TeV]
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&@mgaﬂnw@@ﬂ partcles

Most recent results @ 13 TeV presented
here

* Searches for supersymmetric particles

* Many more searches for non-SUSY are
underway with 13 TeV data
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Stable or metastable particles

» Long-lived decays of spartners possible in several frameworks, including
s nearly conserved symmetry

+ e.g. long lived gluinos or squarks that hadronise before decaying
—> R-hadrons in Split SUSY

= low coupling between the particle and the final state
* e.g. weak R-parity violating (RPV) couplings in SUSY
= mass degeneracy between the particle and the final state
» Depending on the lifetime, different detection techniques involving
various objects: tracks, photons, leptons, ...

(1) Slow, large dE/dx ~ 1000 mm

(2) Slow, stopped E
(3) Disappearing track ~ 100 mm %
(4) Kinked track %
(5) displaced track ~ 10 mm 3

ID h Calo Muon



R,

ICNFP 2017 V.A. Mitsou

Displaced vertices (1/2)

» Metastable particles decaying in the Inner Detector
= predicted in models of RPV SUSY or split-SUSY

ATLAS-CONF-2017-026

L B L L L
ATLAS Simulation Preliminary

Vs =13 TeV

Split-SUSY Model, g—>qqx

R-hadron: m(g) = 1200 GeV, m(x) 100 GeV,t=1ns

_0.’“’+¢¢¢ +StddT cking
# 4.4
+ +++ —+— Standard + Large Radius Tracking (LRT) -

1.2F

0.8+

Vertex reconstruction efficiency
-

= benchmark signal: gluino 0_65_ \ b y _-
hadronising into an R-hadron * -t + #t ]
g oo b, AT +++++ -
C #, ]
[ 32.7 bl @ 13 TeV ] e M {
p Co 0 i ““m¢¢0’ “Q+¢0+ o 43

00 50 100 150 200 250 300

Rpy [mm]

» Large-radius tracking: re-running standard track and

. . . L. ATLAS Preliminaryys = 13 Tev, L= 32.7 b

vertex reconstruction improves signal efficiency at E 3005' T, T 0t S
large radii ~ 200] [
 Backgrounds: instrumental and estimated from data 100 110§
= high track multiplicity hadronic interactions f g
> DV in regions with high material density vetoed ° _§1°2 8
= merged DV extrapolated from low-nu««region 1007 ! %
» Background estimate validated in signal-depleted 200/ © 2

restons ~30955" 200100 0 100 200 300 |

X [mm]
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(rTL m 1:) (1400 GeV, 100 GeV, 1 ns)

< 107 1 3
Displaced vertices (2/2) ¢,
=40 = s
» SR defined as a DV with mass > 10 GeV and zz : §

high track multiplicity (> 5 tracks)

* No event is observed in the SR, compatible
with a bkg. expectation of 0.21+0.2 events

R Vertex Yield:

O

2 3456 10 20 30

DV nTracks
= 10* g L] B AL B E ;4000 r
&=, F .. 3 O - . -
= . ATLAS Preliminary B m, = 1400 GeV (£ 1o, 1] || O | ATLAS Preliminary Expected lmit (+1,.) |
B 1%k V5=13TeV, L =327 b m; = 2000 GeV (£ 16, £ - Vs=13TeV,L=3271fb" ]
@ g — Observed E B —— Observed limit (£1cp25 )|
» L g—aqq )Zj, m,.= 100 GeV ~ ------ Expected ] 3000 J—qq 23, m,= 100 Gev T .
g 102 a ' = : - 1 :
O E = Extrapolated efficie:
c E 1400 GeV gluino-pair production ] = =
5 e A ]
£ 10g 5 2000
g - 2000 GeV gluino-pair production . B 7
oy A e e - - B
] E Q 3 . i 1
- ) 1000 - [ 32.7fb' @ 13 TeV ]
—1 | — ~ _
10 15— | | i vl |: C 1 | Lol 1 Lol N
_2 — —2 —1
0 10 1 10 10 10 ! 10 ATLAS-CONF-2017-026
7 [ns] 7 [ns]

 Limits are set on gluino R-hadrons as a function of masses and lifetime
* For a lifetime of 1 ns, gluino masses up to 2.2 TeV are excluded
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Disappearing track (1/2)

» Decays to invisible products in the Inner Detector

= chargino and neutralino nearly degenerate, the soft D
pions in the decay are not reconstructed

= for wino LSP generic prediction of ~¥160 MeV splittings,

or lifetimes of ~0.2 ns > 6 cm N
» Pixel tracklets (= pixel-only tracks): 10x increase in Electroweak 7% grono oo duction
acceptance over standard tracks for low lifetimes production
. . . x107?
» Backgrounds estimated by a simultaneous fit to the - R - e s e
O F Pixel -
tracklet p; distribution § T ey 18 E
= C 16
Hadron Lepton Fake g 0.8/ 14 8
— = (0]
¥ | \ o yi 3} 06 1.2 g
- — - AW - 4 B L 1
8 ', II g ‘)“: g VA § B ATLAS Simulation Preliminary 0.8 %
. CGC) 0'4__ — Fraction of chargino decays . S
. 5 (EW prod., m%‘:=4OOGeV, ri,=0.2ns) 0.6 g
_ .a _ _ 0.2__ ¢ Pixel tracklets : 0.4 '(*5;
§<’ : Q : .g B Standard tracks 0.0 T
a r T " a .
\ 0 A O ' 0
/ / / 0 400 600 800 1000

Decay radius [mm]
Background configurations

36.1fb! @ 13 TeV ] ATLAS-CONF-2017-017
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£ 10° ATLAé'F'frenm.r'\ar;'g R
. . X .3 Vs=13TeV, 36.1fb o= Fake tracklet
Disappearing track (2/2 8 10°FE o
= 102 9 T regon - TL%Q?Background_;
T : 10 E
* No significant excess is observed . B
) e 36.1fb* @ 13 TeV
» EWK production limits significantly 107 ..
improved at low lifetimes (ct < 12 cm) 1072
. . -3 d
= thanks to new insertable pixel B-layer (IBL) 1078 m. o) =Moo cev.020ms) e
. . ~ (D 2 T T || T |||| T T 17T |||| T T T ||||
installed during long shutdown (r ~ 3 cm) @ 1.5t {
. . . . o 114 ( 3 s 4
» Strong production: reaching 1.4 (1.1) TeV in chargino T 05 -1
. . O 1 111 |||| 1 1 111 |||| 1 1 111 ||||
mass for lifetimes of 1.0 (0.2) ns 30 100 200 1000 10000
Tracklet P, [GeV]
tanB = 57 u > O r_'180() T L L T 1T L L L L '_|1800 T T T T 1T T T T L T T 7T L L
(B IS S I S I T s - Observed 95% CL limit (41 Ohe 'y ] > - Observed 5%0L|umnt(+1cshe 'y | ]
g FTER 110 Lo Expected 95% CL limit (+1 Ooxp) ] 5] I Expected 95% CL limit (+1 Oup) ]
oL “ 1 | =1600=_ ATLAS (13TeV, 36.1 fb™, EW prod. Obs) 1 | “—1600=_ AT| AS(13TeV, 36.1 fb”, EW prod. Obs.)
3F u E}X B m§=mN b Elx C m~—m~ i
2 . 1400 - 1400 ]
[ ATLAS Preliminary 7 [ ATLAS Preliminary ]
1 g 1200k 5=13TeV. 36.1 fo E 1200f5=13TeV. 36.1 o E
- ] [ 7e=02ns ] [ T.=10ns :
0.4f 1 C ] C ]
03F " I - ] e ]
02 ST g - L - - b
........ ] ) — —] 800_ —
0.1 g / LASPrellmlnary__ B : 7 C ]
Vs=13TeV, 36.1 fb"" 3 C L ] 600 ]
; Di€erved 95% CL limit (+1 6, ) - . & .
0.£ <2 Expected 95% CL limit (+1 5, ) b C *, ] L d
0. === ATLAS (8 TeV, 20.3 fb”, EW prod.) | 400 \ = 400 7z
0.02f © ... Theory (Phys. Lett. B721 252 (2013)) - L H a1 L ]
ALEPH (Phys. Lett. BS33 223 (2002)) U a0z, ey, v U0 ... s
0.1 e 500 500500 2007800 1000 1200 1400 1600 1800 2000 2200 200556000 1200 1400 1600 1800 2000 2200
m.. [GeV] m; [GeV] m; [GeV]

ATLAS-CONF-2017-017
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Long-lived particles in SUSY - summary

8-TeV results on R-hadrons Summary 8-TeV & 13 TeV on disappearing track
Split SUSY with metastable g - g/qq ¥,° Long lived chargino, ¥,* > nt* §,°
g R-hadron — g/qq %? ; My =100 GeV Status: July 2016 i:[NVNV*] - n* 7(?[~v~v°] Status: March 2017
> 2400 ATLAS Preliminary -e- Expected > 1000 C 18.4-20.3 tb™, Vs=8 TeV - o - Expected limits
8 [ 95% CL limits. ooy paiet d —e- Observed 8 C Pixel dE/dx Eur. Phys. J. C (2015) 75:407 o
vy C Displ ev. D92, 072004 . = 900 — Disappearing track Phys. Rev. D 88, 112006 (2013) —e— Observed limits
& 2200 5 119008 }5.0-22.9 fo, Vs=7,8 TeV ?Ex C @ Stablecharged JHEP 01 (2015) 068 95% CL limits.
= 2000 3 o  Jetf+ET™ ATLAS-CONF-2015- 225" (Eot3Tev c 800 = '36 fb.'1, @:1? TeV o35 not included
,-E - ° . . s 200 :_ Disappearing track (pixel-only) ATLAS-CONF-2017-017 | | | :
= 1800 [~ M3 TeV limit : E - ATLAS Preliminary ; R
2 Cod : : ' TarXive o - i i i ie
% 1600 [o : i i i [arX|vl604.04520] : 2 q;’ 600 : : :
= e P 3 - : i Lob
1400 - A 500 - NI
1200 - | P 400 T
1000 F- - 300 - .
ot i . I o - | o
0L | o 3 200 - e
ra i i i 7 C ¢ s
600 Dol o ||||||||§ Pl |§|||||| || |§||||||| RRRTTT ERRARRRTTT BN 100_— | il : Lol L 5, Ll :| |E L |§U)
102 107" 11100t o102 10° 10 107 1 : 10
(r for n=0, By=1) Beampipe inner Detectori Calo M3 T [ns] (r for n=0, py=1) ; Inner Detector . Calo ;MS; t[ns]
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ot [m] 107 107 1 10
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/




R

ICNFP 2017 V.A. Mitsou

Summary

» Standard Model limitations imperatively call for Physics beyond it,
extending and complementing it

» ATLAS has searched for physics BSM at TeV scale in a variety of
signatures inspired by a multitude of theoretical scenarios

* No significant deviation from SM expectations
observed so far

e LHC Run 2 new data may reveal hints of
New Physics

= ATLAS is well-prepared to make the most of them
= analysis continuously improved with new trigger

and/or reconstruction techniques
tor 2017 run results
Continuously updated public results:

https://twiki.cern.ch/twiki/bin/view/AtIasPuinc/ExoticsPuprc,Q'\UesuIts
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