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A very long list of models & signatures

Many extensions of the SM have been _*
developed over the past de
Supersymmetry .

. - -\
Extra-Dimensions 3

Technicolor(s) < -
Little Higgss -

GUT
Hidden Valle \-_f
Leptoquarks \ P
Compositeness 7
4" generation (t', b")
LRSM, heavy neutrino
What else?

ljet+MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance

e Complex 2D problem

Diphoton + MET I'll proceed :

Muttileptons * SUSY searches
Lepton-jet resonance * Exotics searches
Lepton-photon resonance

M et FEaOrENICe then I'll follow
Diboson resonance

Z+MET

WiZ+Gammaresonance  ® Signature approach:
Top-antitop resonance ~ » Practical

Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

What else?

» Less model dependent

e Important to investigate as many signatures as possible and to be in the first step of the

search model independent
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SUSY searches
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
miss .o s
Model &Y Jets BN [radm™) Mass limit | Reference
MSUGRA/CMSSM 0 26jets  Yes 203 mig)=m() 1405.7875
MSUGRA/CMSSM Tepu  36jets  Yes 203 any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 710jets Yes 203 any m(g) 1308.1841
.3l 0 g jots  Yos 203 (10 GoV. {1 en. homi2 gen ) 1405.7875
gt s . e 3
i 4t o . 0 2 Fu Yes 203 mN‘.’) 06V B 1405.7875
i, i-qgt| —ggWx. { ; ey o e Yes 203 m[&,’)&HOGQV. i )=0.5(m(F} jem(d)) ATLAS-CONF-2013-062
22, B-qq(lL/ (v [ty op -3 jets - 203 m(i7)=0Gev ATLAS-CONF-2013.089
GMSB??NLSP) 2ep 24jets  Yes 47 tanf<15 1208.4688
GMSB ( NLSP) 127401 02jels  Yes 203 tan >20 1407.0603
GGM (bino NLSP) 2y - Yes 203 mii})>50 GeV ATLAS CONF-2014-001
GGM (wino NLSP) Tep+y - Yes 48 mii)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1h Yes 48 mii})>220 GoV 12111167
GGM (higgsino NLSP) 2ep(Z) 03jes Yos 58 m(NLSP)>200 GaV ATLAS.CONF-2012152
Gravitino LSP 0 monojet Yes 105 m(G)>10° oV ATLAS-CONF-2012-147
S5 gbik] 0 b Yes 201 m(§?)<400GoV 1407.0600
E gﬂ,pzx 0 7-10jels  Yes 203 mii}) <350GeV 1308.1841
1 i) 01 ep 3b Yes 201 mii?)<400 GeV 1407.0600
e 0-1ep 3b Yes 201 mii?)<300 GoV 1407.0600
Byby, by b 0 2b Yes 201 m(i)<90 GeV 1308.2631
by, by} 26,u(S8) 03h Yes 203 mifi)=2 i) 1404.2500
iy light), 7y —b¥} 1-2ep 1-2b  Yes 47 mif})=55GoV 1208.4305, 1209.2102
i (ight), 7, T : ep 02jels Yes 203 m|ii'.’) (i, )-m(W)-50 GeV, mj<<mif ) 14034853
iyij (medium), i) -t op 2jets  Yes 203 mif})=1 GeV 1403.4853
iyiy(medium), 7, bt} 0 2b Yes 201 miF})<200 GeV, mif{)m(F{)=5 GeV 1308.2631
it (heavy), i\ T} Tepu 1h o Yes 20 miF})=0GeV 1407.0583
i i =il 0 2b Yes 201 mii?)«0GeV 1406.1122
i) 0 monojetctag Yes 203 | 90-240 GeV' miii) i) <85 GeV 1407.0608
2ep?) b Yes 203 @ 150-580 GeV mif?)>150Gev 14035222
i Sepl@)  1h Yes 203 @ 290-600 GeV/ mif1)<200 GoV 1403.5222
2ep 0 Yes 203 |1 90-325 GeV/ mif7)=0GeV 1403.5294
2ep 0 Yes 203 |F i 140-465 GoV mi})-0 GV, mi7, 7)s0.5(mii ! )smi(i?) 14035294
= g 32 T : Yes 203 P.r 100-350 GeV GoV, mit,$)=0.5(m({ i)} 1407.0350
] ep 0 Yes 203 700 GeV 1402.7029
23ep 0 Yes 203 ﬁ:ﬁ 420 GeV/ 1403.5294, 1402.7029
Tep 2b Yes 203 , 285 GeV ATLAS-CONF-2013-093
4ep 0 Yes 203 ig, 620 GeV 1405.5086
Direct ¥1¥; prod. long-ived ¥  Disapp. tk  Tjet  Yes 203 | &} 270 GeV miFE)-miE]}=160 MeV, r(¥)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped § R-hadron 0 15jets  Yos 279 |& 832 GeV miF)=100 GeV, 10 ys<r()<1000 5 13106584
GMSB, stable 7, £ 7@, fiperte ) 124 - - 159 10<tang<50 ATLAS-CONF-2013.058
GMSB, /-G, long-lived T} 2y . Yes 47 0d<r()<z ns 13046310
44, X1 —qqu (RPV) 1, displ. vix - - 203 1.0 Te\ 15 <cr<156 mm, BR()=1, m(§})=108GeV | ATLAS-CONF-2013-092
LFV pp=s¥e + X, Peve + st 2ep - - a6 &, .05 12121272
LFV pp=¥ + X, e=e) + 7 Tepsr . . a6 4 05 1212.1272
t Bilinear RPV c(ys“su 2eu(SS)  03b Yes 203 m(Gem(), crrsp<t mm 1404.2500
T Rt ep Il 6'); e, epve dep - Yes 203 m(E)>0.2xm(E}), 4,y 40 1405.5086
;’ii. W i erh, SepeT . 7‘» Yes 203 glg‘?.’z?hzxmg ) 1405.5086
449 0 Ties - 203 1)-BR(b)-BR(c)-0% ATLAS-CONF-2013-091
gty iy —bs 2e.(SS) 03h Yes 203 1404.250
Scalar gluon pair, sgluon—qg 0 djets N a6 Incl. limit from 1110.2693 12104826
Scalar gluon pair, sgluon—ri  2e.p(88)  2b  Yes 143 ATLAS-CONF.2013-051

WIMP interaction (D5, Dirac y)

0 monojel  Yes 105

m(y)<80 GeV, limit of<687 GeV for D&

ATLAS-CONF-2012-147

Vi=8TeV = m
i 10 i

Mass scale [TeV]

“‘Only a selection of the available mass limits on ney F@fr@[a&wgnmpm SVHHngwa'nﬁg:sz@igupé b?-{)jgyvlgtﬁgsﬂ cross section uncertainty.




SUSY Searches

Too many results, impossible to show everything!

= Strong production of squarks and gluinos
= Third Generation searches includes: stops and sbottoms
= Electroweak production and R-parity violation

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Production of SUSY particles @LHC

[

http;//www.tbphy ‘uni—heidelberg.de/Nplehn

o, [pb]: pp — SUSY

tot!

VS =8 TeV

Strong production of gluinos,
1st/2nd generation squarks
expected sensitivity up to ~ 1.2TeV

X
"
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h-1 - - P AR

) q ! q I I
g q)

(I S | Aacacan,

mavcmgc

Electro-weak production of charginos,
neutralinos and sleptons
(reach ~ 0.2-0.5 TeV)

Strong production of 3rd generation squarks
(s-top & s-bottom) gg->squark-squark

(up to 0.7 TeV)
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“Typical” SUSY Search: multijet+MET+0(1) |

_Large cross-section

Gluino = shottom 4 Gluino > stop t LSP = X°1

Pas Bt
O HO

Gluino production with off-shell stops

P 10(2014) 024 | _p01 ", {5=8 TeV

(Sro.7B)HE
Eitliy=

ATLAS: Events with

> L I T 1 171 I L I B I L L B B
Q
* 0or1lepton (e orpu) & 16FATLAS ;5;9:;::2:2
. o "
* Large E,Mss w14 [ Reducible bkg (MM)
* 24 or 27 jets (of which 23 b-jets) £ 12 (] tivbibb (MC)
% Li . . . o [ tt+z/h (M)
kinematic variables combining g 10 " e
...... :mé,mi,‘,= , e

E,™ss, jet p;, lepton p;

----------- Gbb: m;m , = 1100,100 GeV

After selection, events are classified

No excess
into 9 SR (sensitivity to kinematics
of different models) A S
0 200 300 400 500 600 700 80
ET™ [GeV]
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“Typical” SUSY Search: 3 leptons + MET

Events/10 GeV

PRD 90,032006 (2014)

LSP =G
NLSP =T,
B < CMS: Events with
GMSB model ot(s) * >3 |leptons (rare in SM)
oF miss
cms (5=8TeV,[Ldt=1951"
FT T T T I T T T T T T T T | T T T T l T T T T I T T T T . . .
300 4+ Data = * Sign and flavour of lepton pairs define
- [7 Bkg uncertainty 1 categories
250F %:{"S'de”t'f'ed 1 * Irreducible background from WZ &
200~ B iw 4
. %t\}vzz 1 * Lepton isolation requirements
150 L-'zz—] B (against leptons from heavy flavours)
100E 4 * E{Miss & H; (scalar sum of jet
E W2 enriched data]  transverse momentum) used
50:_ control samples
00 50 100 150 200 250 30

iss
ErTm (GeV) is, 12-13 February 2015 8




Gluino summary (simpliﬁed model)

ATLAS SummaryPlots 8TeV

gg production, §— tt7, m(@ >> m(g), /s =8 TeV ICHEP 2014
S‘ TTTT I TTTT TTTT
8 1000 — ATLAS 95% CL limits. 5257 not included. =
= L . -=Expected g jep10n, 7- > 10 jets L =203 1b" [
E°1x" Pfe"m'nafy == Observed ax,pcaoawe ! o 1 g 900
- -~ Expected _ .
— Observed & Qvlﬁ'i'@:’"oeza brjets [L,, =201 107 § 800
i T Qbserved SS/3 | 23biets L o] £
800 -~ Eoced E55RUPG 020k L, -200 o
“ - 1 9 700
w -
£
a 0 B
(7]
-

LSP mass

EN
o
o

200

_IIII|IIII|||II|IIIIIIIJIll“IIIJI‘il\Illllil II\IlIIII
600 700 800 900 1000 1100 1200 1300 1400 1500 160(
mg[GeV]

Gluino mass

CMS SummarvPIots 8TeV

g-g productlon gttt x1

—CMS Prellmlnary

- Observed -1 cfh';'::'y
- - - Expected

L

SUS-13-012 0-lep (E,+H,) 19.5 fb™
SUS-14-011 0+1+2-lep (razor) 19.3 '
SUS-13-007 1-lep (n,,, = 6) 19. 3!
SUS-13-016 2-lep (osw) 19.7 fb™
SUS-13-013 2-lep (SS+b) 19.5 !
SUS-13-008 3-lep (31+b) 19.5 fb™'

II|IIH‘IIII|IIII|I\\\IIIII‘IIII'\HI'IHI'II

1400 1600

gluino mass [GeV]

Mass (gluino)> 1340 GeV (for M, < 200 GeV)
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Gluino mass

Third Generation: direct pair production of stops

ATLAS: 1 lepton, E,™* and 4 (one b-) jets

* Target 2,3,4 body stop decays t + XT aswellasb
stop decays. Different mass splitting X,
assumptions.

* Uses both cut and count and shape methods to

Depend upon my,,, & mg,
t b ¢
p ) : wlw lé
1. 9 te W
N \\\ ‘;[l]
i i
p w q
b 1

search for deviations from the Standard Model 3bB 4DB b "
- - RN R aRLRRAEILEELELL
m(/\;(l)) [GeV] Am = m(t, )- m(X(l)) ATLAS _e-Data
" & A& 15=8TeV, [ Ldt=20f" Ot
@ Not all d §\ ""v& Preselection [CIW+ets
f_ ot allowe D - v@ m(i, %)= (550,300, 150) GeV (0x100) Eg‘;g'e top
(7] 1Doson
= m(i,) < m(Y) ﬁ& \ * :p ==+ m(t,19)= (500,200) GeV (6x100) W Z+jets
100 4 ] © ;‘\0 ‘0 . N miv
. . 7 D) Total SM
£ o m v
stop decay modes
0 od ot . ol . .
@ ° mW)+m() 190 m® 200 300 m(7,) [GeV]
n -
a s-top mass 215
B! To enhance sensitivity, various variables target d|fferent
< 05 ol b b by I
| kinematic regions, e.g. m; combinations, soft leptons ~"100 150 200 250 300 350 400450 500
.2 . _ EmISS [Gev]
= for low mass stop / compressed scenarios and large- R No excess observed
®l jets for heavy stop (boosted) my = \/2 Pl - Emiss (1 — cos Ag(Z, fmiss))
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Third Generation: direct pair production of stops

* CMS: direct pair production of top squarks, with Higgs (H)
or Z bosons in the decay chain—> targets Heavier stop decag
* Select events containing leptons & b-jets.

\
(%)
. L
11, 2I, or 23|, and 21 or 23 b-jets <
H Z VA
P, g P P;
\ el [ ,—f’—f{:./t s # ,cfd:/t
L R et e I
T~ - X! \“\\ T W S~ - Q0
s H H 7
stop2->stopl
200°MS__ \/E 8TeV /ydt—195fb
% —_ Observed UL, pp—>t2t2 t2—>tH t—>t
3 I Expected UL: L=175G .
Sirasgl ~10+208¢ MY AnaIyS|s:
£ ~higp- /

3 7 off-Z events

I

¢ Data 1
80 . I Non-prompt 7 ]
[IWzZ+z2Z 1

[tz ]
Cttw ]
[ tbZ+t9Z 1
I Rare SM .
[ Total bkg unc.
TSN

1
No Excess observed N

* Split by number of leptons and b-jets
* Use multiple kinematic variables for bkg suppression e.g

3
b jets

w
o
o
L e e LA IL B

E™S, pr mr = \/ 2pL Emiss(1 — cos Ag(f, Es)).
250 S — N
3 1 Phys. Lett. B 736 (2014) 371
& 1 ¢ 96SRs
2 - T . .
00 \ noa i i) 1+ Limitsinstop,; stop, mass plane, but indirectly probes
300 350 400 450 500 550 iffi i 0
- [Gov] difficult region of stop, X, mass plane
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Third Generation Summary(s-top)
f,‘producuon t—>bffx lt—u:x /t—»be /t—nx Status: ICHEP 201 -t product|on t_> t X /C X
S “;""I'"'I'"'I""I""I""I";7oo R
8 F ATLAS Preliminary L, =201"1s=8TeV L= 4.7 fo"\s=7 TeV 2 [ L
=450 iy oL [1406.1122] oL [1208.1447] - = [ CMS Preliminary — Observed
W F =mi-ty 1L [1407.0583] 1L [1208.2590] 2 600 /< _
© b S P IR B 5 L A ~ Expected
350:_ —-b’?';}‘ 33:33?355:}..anml _ 9 500 SUS-13-011 1-lep (MVA) 19.5 fb”! J» 28D
C [ == SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb™!
[ — Observed limits === Expected limits |- == SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb”!
300 it at 5% CL T 400 — sUs-13-009 (monojet stop) 19.7 fb" (T ¢ )
E : [ = SUS-13-015 (hadronic stop) 19.4 fb™!
g 300~ .
- . Many different
c 200 stop decay
g channels,
100 o
; different
ML ALl sparticle mass
400 500 500 100 200 300 400 500 600 700 800 . .
Gev stopmass [Gev] hierarchies, and
m; T , , , g . g
Here stop mass = top mass, constrained 8 | L amnas Preiminay’ simplified decay
by tt cross-section measurement 3 100~ Lot = 20,3t scenarios
NS - Expected + 1 s.d.
o . \s =8 TeV
2 80? Expected + 2 s.d. mo=1 GeV
Spin correlation in tt-bar I;%F 6 03_ == NLOSNLL prediction B
aer|v 2406i375d - ) g m,,,, between
eBased on tt production in opposite ©
. m,,, & 191 GeV
dilepton channel excluded
*Ad between 2 lepton used to extract i
correlation between t and t-bar spins olt Ll 1]
180 190 200 210 220 230
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m; [GeV]
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Electroweak Searches (ATLAS): 2 T + E;Miss

T SR—DS—IlowMass . i . .
2 T + E miss JHEP 10 (2014) 096 E ® Data [JDiboson
7 0 T =10° %% sM Total [l Top quarks
- ! - [IMutti-jet === (M, M_) = (250, 100) GeV
H 2 sets  -... (M, M) = (250, 50) GeV
;\fq @ AnaIYSIS: § 10? g;\:,;.; cee(mm.) = (127, 0) Gev
. . w ATLAS
direct stau production and v, 20,3 b

=

m., [GeV]

stau via Chargino-neutralino

Decays
1
g, e L
L e L B B L B B s 150 200 250 300 350 To0
» ATLAS B er2 7 (1035Gev) ) m Emiss p” + p,z m.y [GeV]
250 C ifi S 2x TV > 2x ”CVZ? 2 taus, combined SR-All i eff T T T
C . [Ldt=20317" 1s=8Tev ]
200 :_ =y = =05 % Observed limit (+1Gpooy) _: * 4 SRs
n = it ] L . .
H L Peecedimt(tlees) ] *) opposite sign taus is req. in all SR
- QA7 All limits at 95% CL — .
150 — - +jetveto
- 1 * cuts on E;™*, m; comb. or m
100 —
. No excess observed
5 N =
" i) ] Limits on chargino mass
W e ol oy b e oy s T
9 150 200 250 300 350 400 350 GeV
. m... [GeV]
Chargino mass %
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Electroweak Searches (CMS):multilepton

One, two, three or four leptons and E,™ss

* Search charginos/neutralinos/sleptons in
signatures with leptons/WZ/Higgs
* Events are split by number of lepton,

some use “binned” signal regions

M; > 160 GeV

120 < M; < 160 GeV

M < 120 GeV

Events/ 50 GeV Events/ 50 GeV

Events/ 50 GeV

@
=

2
S

No excess
CcMS s=8TeV,L=19.5fb""

M., < 75 GeV 75 < My, < 105 GeV

M, > 105 GeV

\I)')

N -

>y -

3lepton evt

2

=)

> >
18 18 o F—
IE 2 | » One lepton targets X, X, - WH
8 12 " +F, .
L 18 152 YA » Two lepton targets direct slepton
el e production (and three lepton
il il scenarios where one lepton is lost)
> > [ SMwith H P
] 18 ] = 0
! E - > Three leptons target . through
12 K | Nn-prompt ¢ sleptons or to ZH/ZZ/ WH
D?i"ﬁ:" » Four lepton is interpreted in Gauge
00 15020 100 150 200 — Total bkg . .
BV ETew £ uncertainty Mediated Symm. Breaking(GMSB)
10 18 L W) . .
1200 {2 1777 G100 Cav Probe charginos and neutralinos
1 18 ___Ei=waca. with masses up to 720 GeV, and sleptons up
100 150 200 u50 100 150 200 050 100 150 200 =08 to 260 Gev' depending On the mOdel
ET** [GeV] ET™ [GeV] ET* [GeV]
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Electroweak Summary ( %.% )

* Analyses cover wide range of possible decays of neutralino & chargino production

ATLAS Preliminary

20.3 fb7, 1s=8 TeV Status: ICHEP 2014

200

’_‘600 ;'900 TTT{T’-TT?{TTTT‘TTTT{TTTT{TTTT{TTT
> L S0 via T/ . . D
[ — XX via /¥, 3l, arXiv:1402.7029 - - - - Expected limits T — 202 MWW P
O} [ —— %%, via /¥,  2e/u, arxiv:14085204 — b - S CMS Pl‘ellmlnary Xy Xy — (HX)W %)
- M ~ served limits » 800 ey o
W F—— %% via T/ V., 31, arXiv:1402.7029 1%} \/7 =8 TeV X, Xy = @ %)W )
€ 500 —— 77 via /% Alllimits at 95% CL | & s=ole AR
[ — %X, via 7/ V,, 221, arXiv:1407.0350 ° 1S ICHEP 201 4 N %%, (1,, BF(I'1)=0.5)
L —— X%, via T/¥,, 221, arXiv:1407.0350 o 700 . .
e (@] —_— % (1., BF(1I'T)=1)
M = %X, Via WZ, 2e/p+3l, arXiv:1403.5294 — _,(‘) ~1
- A0 g o1 — s (7,
400 [~ Liap A T Shin ATLAS SonT s s 600 - — SUS-13-006 19.5 fb” %k ()
L %75 via Wh, 31, arXiv:1402.7029 . 27 (T BFIT)=1)
[ — X%, via WW,  2efu, axivit4085204 =" N\ T | e SUS-14-002 19.5 fb .
- S RN 500
300 _mTU?ﬁ =0.5(m if +m ig) ~— Observed
: AAAAAAAAA 400 ~ =~ Expected

100

300

200

500 600

m f

700

(=m) [GeV]

111l1111l111ll1111ll111]1111]111‘1‘{»111;\[111

~ ~ *
- .
st AP/ A SUNS R I NN AR

200 300 400 500 600 700 80
neutralino mass = chargino mass [GeV]

Ll

* Limits depend on final states (weaker for tau final states)
* Probing chargino-neutralino masses up to 200-700 GeV
* Also Higgsino masses probed up to 210 GeV (380 GeV in GMSB model)
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R-Parity Violation (RPV): 41 + MET

R-Parity
R =+1 for particles,
-1 for sparticles

on A coupling

* R-Parity violating simplified models with decays lightest SUSY particle to e /u

RPV superpotential 1

L,Q, E = superfield, i,j,k=generation

D 1000l ATLAS simplified model ]
e ATLAS : four leptons and E; ™'s % r ILdt=20.3fb'1, {s=8 TeV - ]
- [ , ]
PRD.90,052001(2014) = B hp#0  #5Observed (= 10" .
. . . . 800 ? }\'122 #* 0 - ExpeCted / i
* Versatile analysis—interpreted in EWK, L hgs % 0 PO §
i - i B }‘233 =0 < - > /
g'ener.al gauge mediated and R-parity 600 o i Decay tot
violating (mostly EWK) models - ot . :
" - o ; limits weaker
Very low backgrounds 400~ el —
* 9 SRs containing 0,1 or 2 taus r .
200 —
No excess observed C .
C NLSP chargino
1 i e Loy bygaa boaa g
200 300 400 500 600 700 800 900 1000 1100
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If RPV, LSP decays to SM particle

Products of LSP decay depend

- - 1 I
EAUALILJE,‘ + j':jkLleDk + Ezku, Dj Dk +K,’L,‘H2,

Jures 4+ 0 a0 0 -
pp—)X‘xw—>W x‘wa; x1—>vl |

F2)

D

Decay to
e&u

m.. [GeVl6




Exotic searches
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LQ1(ej) x2 stopped gluino (cloud)
LQ1(e)+LQ1(v]) stopped stop (cloud) X
LQ2(j) x2 T K HSCP gluino (cloud) Long-Lived
LC2 (120 CPIoqUArS HSCP stop (cloud) Particles
LQ3(vb) x2 q=2/33: :ggg
LQ3(th) x2 Q=
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2
0 1 2 3 4 j#MET, SI DM=100 GeV, A
RST{y), k=0.1 j+MET, SD DM=100 GeV, A
W V+MET, S| DM=100 GeV, A
o 7= V+MET, SD DM=100 GeV, A
AN e HMET, £=+1, S| DM=100 GeV, A
PN ot I+MET, €=+1, SD DM=100 GeV, A
0 2 3 4 14+MET, £=-1, S| DM=100 GeV, A
CMS Preliminary I4MET, -1, 5D DM=100 GeV, A
SSM Z'(t1) )
SEMZ() _’—’ ot bl Large Exira
SSM Z(bb) [ ADD foey, RED=4, MS rge b
SsM Z{geZ () | el rations Dimensions
+ 3 ,
SSMW'(v) —— . QBH, nED=4, MD=4 TeV
ssMwwz-vl) [ | NR BH, iED=4, MD=4 TeV
Excited
e (Mfﬁ) Fermions diets, A+ LLRR
¥ ‘;. (;g; diets, A LL/RR
a (v dimuons, A+ LLIM
g. dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
coloron(j) x2 o single e, AHnCM
coloron(4)) x2 Multijet single p, A HnCM
gluino(3j) x2 inclusive jets, A+
gluinofjib) x2 Resonances inclusive jets, A-
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Exotic Searches

= Heavy resonance : dijet

= Dark Matter & Extra Dimensions (Mono X, X=jet,y )

= \ector like Quarks

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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Dljet Event (mass 4.69TeV)

JATLAS

-_.EXPERIMENT

=] Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST

== f' ;

= ﬁ%l, —*
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Heavy Resonance: Dijets channel

Heavy Resonance in dijet channel :
very early search for numerous resonances BSM: excited quarks, string
resonance, axi-gluons, colorons, E6 diquarks, W’ & Z’, RS gravitons

» If quarks are composite, then there will be excited states, g*, which would
decay to a quark and a neutral boson (gluon, photon or Z)

Look for following decays: q*—>qg; g*—>qy, 9*—>qZ
Signature: resonance in di-jet, photon+jet or Z+jet mass spectrum

» More generally the scattering of two quarks (and gluons, and quarks against
gluons) will not follow QCD but will show deviations from the exchange of a
new boson

Signature: the angular distribution of two-jet events will look different
from “Rutherford scattering with scaling violations”

L. Di Ciaccio - IDPASC School - Paris, 12-13 February 2015 21

Heavy Resonance: Dijets channel

- gmfi ATLAS =
7 Jeh s 1;’ 3 15=8 TeV, [L dt=20.3 o' 3
5.0 |
@? = Momentum Transfer| 2 0°E 32
=E? b 10° =l
< E e el
- § 10* e e Data o) E ";
N y 10’ — Fit =
= e - :Zz - e g,m=06TeV ES
. : . E > g*, m=2.0TeV EIN
» Select > 2 jets & construct invariant mass of 10F ", m =3.5TeV ﬂza
2 highest p; jets = 'E ‘ o o
» Look for resonance above phenomenological £ ﬂ; ""“'#:
fit of data £ 2E =
- — v)P2 yP3tpslnx [Z =
f(x) pl (1 x) x 0.3 04 05 1 2 3 4 g
x=m./ \/; Reconstructed my [TeV]

c

T T T T
—®— Data

% ATLAS vs CMS analysis

» Combination of pre-scaled jet triggers
vs H{/m; at HLT

» Anti-k; R=0.6 jets Vs wider jets (R~1.1 -

Fit

JES Uncertainty

dofdm, (pb/GeV)

W’ (1.9 TeV)

N A/C(@36Tev) __

L UL L L L AL R TR

+ Both Experiments: or b
> Rapidity cuts to enhance scattering (An) -
& M.

1}

CMS Preliminary
Vs=8TeV,L=196 &'
<25, 1An1<1.3

m; >890 GeV , Wide Jets

= | = T — E
500 20 500 3000 3500 4000 4500 5000 6500
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Heavy Resonance: Dijets

g e T g 310":.'..‘“....|H..“...‘.....H.|....“..“...‘|.=
[ I * b = . - i 3
= 43 == 4q N [oR F CMS Preliminary string E
TON — Omesssuctumn | (3 Sl e R
é 102;_ \\ ----------------- Expected 95% CL upper limit _| § o X 102; Il <25, lan | <13 - sEgDiquark ;
E \ mmsm 68% and 95% bands EI Y | @ S w E
LN 12 9 x 10 z -

10§ \ 3 © o~ c E ‘}\\‘ ~ - RS Graviton E

3 \ EIIN - E BN 1

K N\ 1 |- o2 1k Y =

1¢ [Ldt=203t6" 3 | Q S S E

AF \s=8 TeV ] ; w10 E
107 E “ v ]

; ] g Qe -

10-2? = ! S F E

E E g ©)] 103 - 95% CL Upper Limit -

103; ATLAS N\ ; o 45 —&— Gluon-Gluon B

ST IR IR ST RAR SR i N 3 10* —* Quark-Gluon . . ~

1 2 3 4 5 F  —e— Quark-Quark N : E

S0l b b b b b e e 14

mq. [TeV] 10 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

95% C.L Limit on various physics Models

Model and Final State

95% CL Limits [TeV]
Expected Observed

Resonance Mass (GeV)

q" —qg 3.99 4.09
s8 — gg 2.83 2.72
Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]
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Extra-dimensions?

why gravity is so weak ? M, ;;/Mp,, = 10? GeV/10%° GeV

=1 .
=X ¢ &
AIM O, ¢
SO\

2 ot

L. Di Ciaccio - IDPASC School - Paris, 12-13 February 2015
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Extra-Dimensions

Proposed answer :

* gauge and gravity unify at a fundamental scale M, = 1 TeV

* observed weakness of gravity at distance R due to n = 2 new spatial dimensions

1 1 1 1
V (r)N - > V+n (r)NT_ 2~ n+2 n
) MP12 r ) M, Rt @r>>R IVlPIanck = l\/ID R
If M, = 1 TeV then n=1 R=108m — excluded by macroscopic gravity
n=2 R=0.7mm — limit of small- scale gravity experiments

—> A gravity scale as low as M, ~ 1 TeV is possible, provided that there exist
n additional dimensions with n = 2 compactified/curled-up over R < mm

Graviton field has excitation states
due to finite size of compactified space
(‘Kaluza Klein towers’ )
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Extra-Dimensions(ED)

= gravitons move freely in all dimensions

= SM fields localized to 4-dim. space-time <

Indirect effects Direct effects
(virtual graviton) (missing energy, mono-jets)

KK

My
e, Q/ 9,
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(Some) Extra-Dimension signatures

Many models(*) (ADD, RS, TeV!, UED) --> different signatures :

% single photon/jet + MET (real G,)
e direct graviton production in ADD

++ di-lepton, di-photon, di-jets resonances
* RS model (Z,, decays)

¢ modifications di-lepton, dijet SM cross-section
e virtual graviton exchange in ADD

|
=
<

+* single leptons + MET
* W, decays
ADD=Arkani-Hamed, Dimopoulos, Dvali (LargeED)

¢ back to back energetic jets + MET
e UED

¢ high multiplicity/sphericity
* microscopic back holes in LargeED

RS= Randal Sundrum

UED=Universal Extra Dimension

scenarios
L. Di Ciaccio - IDPASC School - Paris, 12-13 February 2015 27
Dark Matter?
Indirect Detection )
DM SM
Direct
Detection
DM SM
M. Fedderke

{Z——= Collider Production
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Dark Matter @ LHC

= DM has no known interactions beyond gravity
- assume it interacts “weakly” (WIMP= weakly Interactive Massive Particle)
- DM particles could be produced in collisions at LHC and escape
detector unobserved)

Detection @ LHC
- “X(s)+ missing E; “
X: quark/gluon (Jet), y, W/Z radiated from incoming quark/gluon

Large E;™s indicates presence of non-interacting particles ( perhaps Dark Matter ?)
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Mono-jet event (high-p; jet and E, ™) in ATLAS

SJATLAS

-i EXPERIMENT

Run Number: 20 2, Even

Date: 2012-07




Mono-jet event (high-p; jet and E,™s5) in CMS

.| CMS Experiment at LHC, CERN
C § Data recorded: Fri Oct 5 20:41:32 2012 CEST
§| Run/Event: 204553 / 26729384
.E Lumi section: 31 \
\
‘:sbn g‘w Pl == -
o
s g MET 0,
R pt=913.68
i e eta = 0.000
e phi = -0.657

g
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Mono-jet search (X=q/g)

+¢ (Typical) Monojet Selection

» Leading jet p;> 120 GeV, |n|<2.4, Njet<2

> Topological cuts against QCD : AD(E, ™S, jet2)< 0.5
» Veto events with isolated leptons

*» Background from Data-DrivenandMC _ arx"’ 14083:583 _197meTey
. . . 7 ¢ Data
> Measure Z(up)+jets: predict Z(v)+jets & '* Ecms B )it
. . . 6 [ W(iv)+yljets

> Measure W+jets: predict W(lv) +jets o E — N

(I fake) 5 10° — el

w 10* I Diboson
» Smaller backgrounds from top, QCD, B z0)+viets
3 @ = ADDMp=2TeV,5=3
non-CO“iSion 107 = b SESle . 0 ... Unparticles d =1.7, Ay = 2 TeV

DM A =0.9TeV, Mx =1GeV

00 300 400 500 600 700 800 SOO 100t
Errmss [GeV]
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Mono-jet search (X=q/g)

Large Extra Dimensions:

- - . T TR |..y..yL.u.J..HSLr.;y;]i....]...:
Arkani-Hamed, Dimopoulos, Dvali (ADD) < ¢ / i 95O Expected I ¢ 14 26,1
X L \\ %4445 ADDn =2 1
) ) < - N NN ADDn =6 .
Mg, = 4-dimensional Planck scale 5L \\ _
Mp = fundamental(4+n) dimensional Planck ATLAS Preliminark\\\ \s=8TeV,IL=1O.5fb'1
10" |— ) —
scale F N ]
- AN 7, .
. . r o —— \ 54 S — R
8,n = number of extra dimensions I W 7 T
R = size of the extra dimensions AN 7
= 9E CMSI T T T ] 107} K =
) sk 95% CL limits E E § N 3
= B CMS (LO) 8 TeV, 19.7 b -,..%..‘.1x5....2|.‘.‘2|5....3\\&;5..‘A.H.‘txs....sl.‘.-
O HF e CMS (LO) 7 TeV, 5.0 fb™" ’ ' i i
= 7r - ATLAS (LO) 7 TeV, 4.7 ib" | My [TeV]
6 - LEP limit 3
e CDF limit ]
5 DY limit
P M, (ADD) at LO | Vs Lumi | 6=3|6=3|6=6|6=6
4F i L 1
g —|—|—|_ 95% CL limits [Tev] | [fb] | Exp | Obs. | Exp | Obs.
3 :_ !.:.:..:_A:.:..::»“:“7“:" 777777777 [TeV]
= — ATLAS Monojet | 8 10.5 |3.39 |3.16 |2.69 |2.58
1E R CMS Monojet | 8 19.7 | 4.38 | 3.96 | 2.95 |3.26
O’ | | | |
2 3 4 . 5 . 6 q 8 r ~ —
number of extra dimensions g Limits on My in the range of ¥ 3 -4 TeV
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Mono-photon event ( high-p; photon and E,™s)

E miss = 446 9 GeV

12 EXPERIMENT

Run Number: 183003, Event Number: 90412055

Date: 2011-06-02 06:43:47 UTC

4
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Mono-photon (high-p; photon and E,™s)

7 X

Large Extra Dimension, Dark matter or
SUSY partners of the quarks (squarks)
predict the production of Photon +E,Miss

Event Selection a
E, M >150 GeV & p;¥>125GeV
(n<1.37) & Ad(y,E,™s°)>0.4. !

E ATLAS ' ' " et Data '
_ -1 _ Y+Z(—VV)
8 10° Ldt=20.3fb \s=8TeV YW(olv)
— I W/Z+jet,top,diboson
P 5 . 12—l
o € 10 . et
um-, °>’ ///// uncertainty
- i}
- 10
i
<
b 1
2
x
S
© o — -
&5 1.5 " / 7
S gdf - ¢ U
o = =
150 200 250 300 350 400 450 500 550

o , Eqss [GeV]
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Dark Matter Interpretation

No excess has been observed
Compare sensitivity with existing direct/indirect searches

q: s X X\\ P X X‘\ : q
\\~ X /O\ q ./,’ q

Collider search direct/indirect interaction

* SM- x mediator very heavy = Contact Interaction (Cl)
* Effective field theory approach: Cl (A = M*/Vg, g,)

* x is Dirac fermion

* Cross-section depends on the scale A and my,,

Model Independent:

o = (W/A2)?, u=mg,m,/(Moy+m,)

M* is the mass of the heavy mediator
x DM candidate
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q _9"}) X

1 _ 1 1
LD E‘I’vy@é’}"‘q + E‘P'rms\l/tﬁ":vsq 8a 8y i
q X M2 A?
Lorentz structure of SM (g and g) currents and DM Dirac fermions in CI
1210.4491v2
Name | Initial state Type Operator
Mo — —
D1 qq scalar F‘E XXqq
1 — _
D5 qq vector e XY XqVua
D8 qq axial-vector Jv}‘;’ XyHAyd Xtﬁlﬁg’q
D9 qq tensor A%I: XM xqo g
1 - 2
D11 99 scalar mxxas(GZV)
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Mono-photon

*Expected (observed) upper limits on the cross

section and on the M* are set

* Lower limits on M can be converted into upper
limits on WIMP-Nucleon scattering cross section:

b
x

b
a
b

bX
o
'A) 76
Z
~£)a6

x

QL%V

(%

o8 arxiv1411.1559 Mono-photon
(_'\]_‘10 _I T T IIIIII] T T IIIIIII T T IIIIIII __l T T IIIIIII T T IIIIII] T T IIIIIII |
g -l DAMA/LIBRA, 3c [l CRESST I, 26 —m- D9: ATLAS 8TeV g=47 90%CH
— H—_1CoGeNT, 99%CL [l CDMS, 1o = -E3- D9: ATLAS 8TeV g=1 90%CL _|
S (I CDMS, 25 CDMS, low mass{ —&— D8: ATLAS 8TeV g=47 90%CL]
..6. 1 0.32 __— LUX 2013 90%CL Xenon100 90 /ocg_—_ - /x- D8: ATLAS 8TeV g=1 QO%CL__
Q | —@— D5: ATLAS 8TeV g=47 90%CL F D9: ATLAS 7TeV v(x%) E
» | - © - D5: ATLAS 8TeV g=1 90%CL & D8: ATLAS 7TeV v(x%) ]
g D5: ATLAS 7TeV y(xX) 1 -
o =
©10°° +
=z 1
= T

—

C
A
o

1044 ATLAS

ET T T T T
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DM interpretation: limits on WIMP-Nucleon cross section

U Lower limits on M., are converted into upper limits on WIMP-Nucleon scattering

cross section

U In general: Most powerful in mono-jet (or mono W if constructive interference)

» Limits on dark matter-nucleon scattering cross-sections are also provided for low
mass(mx<1OGeV) region where direct detection experiments have less senstivity

G— 10 .

T T T

CMS Preliminary

x-Nucleon Cross Section [c

arXiv:1410.8812

Mono-jet

(v, )@y q)
|A2| Lo

1046
Spin Independent, Vector Operator
Ll Ll

1 10 102 3

10
M, [GeV]

— 10% — T
€ , s —#— ATLAS mono-Wlep, D9 — PICASSO 2012
9,10 =3 ATLAS mono-WiZhad, D9 —— SIMPLE 2011
c 10% ATLAS mono-et7TeV,D9 IceCube W'W
o ---©--- ATLAS mono-Z lep, D9 " lceCube bb
5 10% COUPP 2012
9 o S0%CL
8wl ATLAS
5 203" '
39

107E s-8Tev Mono-
L2 10 spin-dependent

10-41

10—42 __________________

10
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Exotic Heavy Quark (Motivation)

U Little-Higgs models

existence of fermionic partners of t/b quarks

Alternatives to solve
the Hierarchy problem

Constraints from the discovery of the Higgs Boson:
> 4th generation: disfavoured (should enhance H—1t1 and suppress H—yy)

> Vector like Quarks(VLQ):

» Left & right-handed chirality's transform in the same way under SU(2)xU(1)
« Mass independent from the Higgs boson coupling

» No constraint from Higgs discovery

q.q’
Z H w*

Z Hw
a.q
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Vector-like Quarks (T/B) = Z(t/b)

arXiv:1409.5500
> % 14_ T T T T T T ]
. . ‘ : . . . 5 ]
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VLQ (top-Higgs resonance) T'= tH (H = bb)

LittleHiggs model, Extra Dim, Composite Higgs predicts
pair produced Heavy Quark decaying into top & Higgs. Low top pr High top pr
T’ >bbbjj is the main final state.

Attempt to probe this all hadronic final state W boost
Highly boosted topology

Top and Higgs tagging combined to b-tagging b

oo O

CMS PAS B2G-14-002

8CMS Simulation Preliminary
L T T T

2 10 LI B —
H . 5] . [ acovo)
Select events with > 1 top tags and > 1 Higgs tags oo 0 1
------ TT —tHtH(1000GeV)
10° s TTtHtH(700GeV)
Boosted top-quark jets are identified 10* F || — TTotHH(500GeY)
' @ using Top-tagging: 10° fo ] ]
@ HEPTopTagger 110; - 1
@ Subjet b-tag L |
Boosted Higgs boson jets are identified “{" P E
using Higgs-tagging: 1078 T
THeEa @ Based on 2 subjet b tags 0 123 456 7 t8t9
n top-tags
@ Invariant mass of b jets > 60 GeV HEPTopTagger prag

Backgrounds reduced very effectively using substructure tools
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T'-> tH (H - bb)

VLQ

H; & m,, distinguish signal from bkg

- These two variables are used in the statistical analys

production cross-section.

Sensitive variables

) _ _ -
N g8 >
S 8 8 ¢ = [}
S3$3S B
S 2§ 8258 2 S o
ST > £ ¢ 8888 3§ o s
-0 Ty 2 4 4 ddy 2 ] n
o s 8 2 %5332 @« /]
o / o 8 8 532835 & 4 @
S > £8 =« 38 38838 2 A'r, p
5 i 2 a2 a @ N\ Je
- ) £ i M H m 2 m Wv ./4 m °
T / O] oL SENEN 4 / °
= = m S = L T <=
o g 5 =
3 / S = .
5 = - 5 g S ]
s / g ni g & g g s
T > 8 2 = © )
] L5 > & x 2 %
= oo ¢ X g & % ) 2 o
- _ll. w Rk 5 £ 535 2 1 X & o
o w9 = )
o &
w 2 o 0%
= 19 L2 2 5 b
o 0 e | H 2] o
X — °
[+ * - @ © < o ©
s S8 oS s
“ 1 Q
> -
© > >
= [ © [
©
2 o a > (O @ (G} T
2 g 8 >3 Q 8 : 2 :
- -]
S 5 X 2 1 ] LN < ©
® SSER S O = u n
K -] (U] o — © Je
: LY F S o N °
] @ o 5 £ £ S — N~ > - 5558
~ » o & T © 7o) - e, sttt [
3 28 3 8 8 © Seasssss
o s s kF & 8 o ~ il [ % fossassaanicad « S I«
.o frrsikanhhant
- H | N~ IS s °
i) BRI
Fa H oieteteteteteteteteiets
: [7] RIS
s o O fing & s 7 S
wd SRS SR L /
Feveeelelelolvioleleloteioteeolel [N 259 o~
L} (9.0.010.0.0.0.0.0.0.00.0.0.610°0. £ 5
£ e Lo [ o« e 75 B
! $0.0.0.0.0.0.0.0.0.0.0.0.0.6,0.6 70, RIKKL
E — LIRS 75355
= = ] e RIS s
[ - Q — o~ Attt et ettt et e e tetetetete RISSRRK
[ o e K
a — B RS CHIKLLS RIS
s 2 B
- -~ e wv) N A% e TS et e A% 8 et e e 0% (2% P2 et U % % o
(%) o Ao 2 : - e @ % o ©
m H Q“_ A Q Q vb < 5 S S S = = S S S
q 11 < O o | . . - -
\ .
“E o 3 3
)
knnv G ™ (O] = (O] J=
] / E o £ = =3 =
o @ (%] / D A )
L e o e EMBERY RARRESS %\VI o ) / .—_." 28 ﬂ
L o | B %) y-— © 7% N © ©
L 2o I ] [0 < /7 SN B °©
>0 ~ =2 e O a RGN
[} SS % ' = .. o /, LK Y
L i ] = st
SRS o Srsecee
g 903 i 1o} ' AN
o~ © ) } -0 <= (L ) < BN =
[ & ocop ; o © + o ] < et e N
| - - S —8 | 2 g 6o
g ) kol 30esteiecetecetesscels A/
IR
- 5§ zzz ¢ 1 T \—/ ° O /IS
I ! c ™ s N I
F £ IIE 4 o & S} S LSS AN o
-l TR 3 ; 18 © h = GRS S]
© Q ' o 4 oo et et eteteress
oo a S SRS AN
Fs O N o e RS
“[86 «FEE o i ° 7 RS S Sessess
‘ar i ‘e 1 B 39 n o LEGERRRRISEeeaeesed
s H | g = o - ) © < o =) - @ © < o =)
NF E 1o T (@) u = = S =1 =] = =] =1
o HE- —A0 = 0 -
L v i =) —
e \ @ — O 2 2 2
[ 7]
2t © = > S . O s O -
B gt &8 i 2 ° 8 ° 8 Sr
= - © 0 l ~ ahbbally
E = n N
=L = © n AN © n
= N &
ch £ Y N
4 ssssses ey
ar s Ll 1]
— o o— fosissisec IRSSIIIS
= e ¢ .
nk 0 s o I SYLESSEIEEN <
Fe0.0.9.0.010.6.0.01010% o b S0 000 000000000
s[ %] Sanssnss SN S
%) B e03800000Ked ARy
ot St A R Ksssssd
© R R B R R385
+ + RS
PN IS ITAINIT INIATIE ISR (AT DY s N o
(=} S B e
[T} o 0 o [to) B SRS ARES
& Q 0 ) s
- - e asesscstetatetedetototetotetolotetoletel 9%
- RIS O R0ets03035d
et IR RECIRLCAREREas]
- E) © <« o © - @ © < o ©

N8D/SJUBA] 99/v.Lvad s 8 & o g & & ¢
(H < 14g

44

BR(T — Wb)

L. Di Ciaccio - IDPASC School - Paris, 12-13 February 2015




Outlook

New LHC / HL-LHC Plan

LHC
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experiment beam pipes

Run 2

Run 3

= =3l =

HL-LHC

The next steps for the LHC

= LHC Runs 2 (100 fb'! ) and 3, up to 300 fb! at Vs =13/14 TeV
- Huge increase wrt Run 1 in sensitivity in multi-TeV region

Minimum bias | Cross section ratio 14 (13) TeV /8 TeV

2z |

WH

t (s-channel)
H (gsF) |

H (VBF)

t (t-channel) *
4

ttH

1 pp — H¥(500) + X: 14 TeV/8 TeV - 7

(for 13TeV /8 TeV:8.4)

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV) ‘l
gluino pair (2.5 TeV)

16 (for 13 TeV /8 TeV:12)

J 72 (for13TeV/BTeV.45)
Il

4 5700 (13/8:2700]

Z S5M (3 TeV) |
Q@Tey) © ’ 87
QBH (6 TeV) | : ' 9 12000
1 10 100 1000 10000 100000

= High Luminosity (HL)-LHC : up to 3000 fb! at Vs =14 TeV
—>factor 10 luminosity crucial for new Physics processes with low cross
section (eg. EWK SUSY, 3 generation squarks)
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Outlook for ATLAS SUSY: Squark & gluinos @ HL-LHC
Striking improvements to limits in strong searches and EWK with
300 fb'tand 3000 fb!. Possibility of discovery
Will we be able to keep a good control of the background (and of the detector response)?
§~production,§—>qq5€3
= R e
é 2500 — ATLAS Simulation Preliminary g =10%  — gq production,'c'j—)qi:J (Herwig++), m_= 4.5 TeV
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Discovery reach up to 2.5-3 Tev
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Outlook for ATLAS SUSY: Stop and chargino

Striking improvements to limits in strong searches and EWK with
300 fb'tand 3000 fb!. Possibility of discovery

Will we be able to keep a good control of the background (and of the detector response)?
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ATLAS-PHYS-PUB-2014-010

T T T, T T T T T T T T T T T T T T 1000
'ATLAS " Simulation Prell}n/nary ' ' ] E %' ; ; RS o E
\ 0. goof- ATLAS Simulation Preliminary Gup=0% 3
; =300 fb"’ (<u>=60) 5c discovery J= o - =
\s=14 TeV E E°r><' ........ Lt = 3000 15", =140, 85% CL exclusion
+1300 fb” (<1>=60) 95% CL exclusion — Vs=14 Tev . ; =
3 L dt = 3000 fb , u=140, 5c discovery E
1- lepton channel =3000 fb™' (<p>=140) 55 discovery = 3-lepton channel ... ... f_ dt=3001b", u=60, 95% CL exclusion  —]
#1300 fb"! (<>=140) 95% CL exclusion 3 LWL zE Jet= 20015, w80, 50 ciscovery E
.ATLAS 8 TeV: 95% CL obs. limit 3 - 8TeV, IL Gt=2031f5", 95% CLexclusion
"““‘—.-..." o SO0 MeEMg T ettt ~-..\ =
'..,’ 3 .- S, E
., — N 3

SPRNEVL NS G NP {EE 900 300 406 506" e e
800 1000 1200 1400

Mgtop [GeV] m._.= e [GeV]
L. Di Ciaccio - IDPASC School - Paris, 12-13 February 2015 49

Outlook ATLAS Exotic
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Similar study for two exotics searches dilepton s I
resonances ttbar and can be probed up to
6.7 TeV and 7.8 TeV with 3000 fb-1
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Conclusions

= Run 1 was a great success:
with the long awaited discovery of the Higgs boson
and provided with new understanding on where New Physics is not

= Run 2 is quickly approaching
The experiments are preparing for its start
Run 2 will collect data at an unprecedented reached energy
Uncharted territory will be reached. This will allow to explore in detail remote a new
vast phase space looking for “new-physics”
- New Physics discoveries could be made even at early Run 2

Cross section ratios: 14 (13) TeV/ 8 TeV
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THE END
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