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Introduction \

Experiment setup

Dilepton : ee, uu, Tt
Di-boson resonances

Di-jet resonances

- Inclusive di-jets

- Di-bquark jet

- Top-antitop resonances
Excited leptons and quarks

Conclusions and Prospect/

ALL Public physics results :

CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic
ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Overview

Many studies/results
— a focus on recent results

Searches covered in
previous talk:
- Leptoquarks
- W — v, tb and W — WZ
- Vector-Like quarks: t’, b’
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1. Introduction

Search for heavy resonances @ny BSM extensions predict heavy \
— BUMP HUNTING resonances:

- Grand uniffy Theory (GUT) :
Heavy spin 1 boson Z’ from broken E6,

Res.ults are interpreted: 50(10), also W’
- in terms of benchmark : : _
- Extra Dimensions :
models

Spin 2 Randall-Sundrum graviton G*,
also KK tower of Z, W, gluon

- Technicolor - narrow technihadrons

- Compositness models : excited leptons,

\excited guarks /
Experimental challenges :

- Understand Detector effects (trigger, resolution, efficiency..)

- Very high pT reconstructed objects close to TeV scale!
almost no control regions

- Clean signal expected, often on SM distribution tail

- but most limits are
presented in a general way
and can therefore be
interpreted in many models




2. Experimental Setup

Superconducting
Coil (3.8 Tesla) I\Iuon Barrel
DT/RPC

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
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LHC Performance

Z - pu event with 25 reconstructed
(recorded by ATLAS in April 2012)

Recorded Luminosity (pb '/0.04)

ﬁ-lc — Excellent performance\

Available dataset for analysis :
2011 : Vs =7 TeV, about 5 fbl
2012 : Vs =8 TeV, about 20 fb!

In 2012 :
Peak lum = 7.7x1033cm%s71
Mean pile-up (PU) = 21 events

Qar bunch crossing /

Challenges:
Pile-up (PU)

CMS Average Pileup, pp, 2012, Vs = 8 TeV

T T 60
<u> =21

(o =]

Mean number of interactions per crossing



[CI\/IS EXO-12-061]
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Event selection: e [ jets (data)
- Single (double) muon (electrons) trigger 10
- 2 Same Flavor (Opposite sign for muons) leptons 1
- Isolation 1o
10°
ee sprectum
. 10—3
Main background: B e
- Drell-Yan, top-antitop, Diboson 70 100 200 300 400 1091?(ee) [G§3?0
estimated from MC (using NNLO K-factors) ; ATLAS Prefiminary « Datazore
- QCD multijets and W+jets (in electron e Z =y Search E?**
] Ldt=201fb" i
channel) estimated from data 8 TeV [Joivoson

[]Z(1500 GeV)
[Jz(2500 GeV)

Top-antitop MC cross check
electron-muon spectrum :

> —r - 1 1T

[0}

(O] 102 CMS Preliminary, 8 TeV, 19.6 fb™

£ —— DATA .

S L0 B, tw, Ww, WZ, 2Z, = - ' : —_—

w [ uuw, ee, W+ets, jets (data) g 1:2E 41t
T ssssetetosestisit w It

1 . 1 E:ZE tY1
¢ 2 100 200 300 400 1000 2000 3000

m,, [GeV]
[ATLAS 13-017]
Data/MC agreement over many orders of

800 1000 _ 1200 magnitude: no deviations from b
m(e*u’) [GeV]
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4
Run/Event: 199409 / 676990060
Lumi section: 553

M(pu) = 1824 GeV
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Limits : ee&pup combined £ ¢ ATLAS Proliminany . gaciod it
b 1o B Is =8 TeV [ Expectedt 1o _|
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104 CMS Preliminary 8 TeV, ee (19.6 fb),u'u(20.6 b - — Observed limit 7
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14 N AGY T g median expected 102 3 E
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10° — T, - h:
Zy ] B
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- Lo o by by o b Lo NG| x:E % ATLAS Preliminary --- Expected limit §
500 1000 1500 2000 2500 3000 3500 : BTV e ]
m(") [GeV] 10" G =l Expected+ 26 3
— Observed limit 7
R = ratio to Z peak cross section G 2l mwdy=01
10 kM, =005 5
—k/My=0.03 3
, —k/M, =001 -
107 =
Mass limits: Typically: s >
SM-like couplings: M(Z’ SSM) > 2.9 TeV 104 ) -
p g = ee up.det:QOfb 3
Superstring-inspired: M(Z’ psi) > 2.5 TeV - i
Graviton : M>2.5 TeV (c=0.1) Wos— 1 15 2 25 3 35

Mg [TeV]
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ZI/G % Dl_tau 19.5 fb'@8TeV

[ATLAS 13-066]

Tau : decaying into fully hadronic final state

— | T T T T T T T T | T T T T I T T T
Lepton universality is not necessarily a requirement ﬁ L Expected limit
In some cases : enhance coupling to third generation E 15 I Expected+ 16 =
—> search also for the tau decay mode 1 Expected+ 20 -
Leading tau P(t) > 150 GeV N - —— Observed limit
% I — Z'sem |
w T T T T T T T T I T '1 F— WO NG Z' th uncert p—
€ 40'L ATLAS Prelminary ~» Data 2012 X107 ssm - 3
:>j .0 Jat=195m" 5 fn/ ror ? F -
- ultij B ]
10 fs=8Tev W W/Z+ets S 1
102 [ ti+single top B o
[ Diboson 10°C  ATLAS E
0yl Sl Tl G - Preliminary .
1 e i IL dt=19.5f" {s =8 TeV .
s oy | T,.4Thag Channel ]
10'1 : : 10—3 I R PR T R T NN SO N N S NN S N
I 500 1000 1500 2000
10
4 m,. [GeV]
10
Q'_ .
o - Mass limits for benchmark model :
% : o SM-like couplings: M(Z’ SSM) > 1.9 TeV
8 95200 300 1000 2000
msl(')t(rhad-vis’ Thad-vis’ ET ) [GeV]
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4. Di-boson

Neutral (ZZ, WW)

q W/Z
G*
g W/Z
g W/Z
Bulk G
g W/Z

Randall-Sundrum graviton (RS G*, spin2)
Traditional benchmark model with ED
Bulk RS graviton (bulk G*, spin2)

G couples more to heavy particles (W,Z,t)
smaller o but larger BR to WW, ZZ

resonances
Charged (WZ)
q W
W’
g Z
q W
W*  pr
g Z

Sequential Standard Model(W’, spinl)

- Low-scale Technicolor (p;, spinl)
p; (with Mp < 2*Mrm ) can decay to Wrn; or WZ
M, = M, + M, choice maximizes p; >WZ

Backgrounds: - Fake leptons : W+jets, Z+jets, tt
- Real leptons, different kinematics : tt (ll), Z (ll)
- Non-resonant WW, WZ, ZZ -> Irreducible : 9 AN W/Z




Events / 50 GeV

Events / 50 GeV

Resonant ZZ% | |q q 7.2 fol@8TeV [ATLAS 12-150]

105 E_ \s=8TeV s Ldt=7.2fb = WW/WZ2/ZZ

10*¢

E T | T T T T [ T T T
- ATLAS Preliminary

Z—ee+7Z-upn

Resolved Selection

500 1000

T T T T T T

—— Data
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S
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it

1500 2000
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10°E 47,

1023—

10§

500

E Is=8TeV, |Ldt=72f0" mmww/wzzz

Z—ee+7Z-upn
Merged Selection

T | T T T T | T T T
r ATLAS Preliminary
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—— Data
1 O Z+]et3

S

I W+jets

— mg. = 1400 GeV |
6. x 100

it L

L L | L L
1000 1500

2000 2500 3000
m(llj) [GeV]

- Diboson mass reconstructed from the leptons
and jets as the discriminating variable

- Resolved and merged selection (to be sensitive to
large range of mass signal 300-2000 GeV)

LI LA B

T T I T T T | T T T I T T T
RS Graviton, x/mg = 1.0 |

—e— Observed 95% Upper Limit _|
----- Expected 95% Upper Limit

[ +1o
[ J+20

ATLAS Preliminary
\s =8 TeV ,det =7.21b"
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T
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1 1 ] 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
1000 1200 1400 1600 1800 2000
mg- [GeV]

400 600 800
- Limit are set for spin-2 bulk RS G* model
on o(pp = G*)xBR(G* = Z7)

- Observed (expected) limit :
M (G) > 850 (870) GeV.



Resonant ZZ->llqq

Search for a narow spin-2 resonance

CMS Preliminary Vs =8 TeV f Ldt=19.8"
——— Y —
+ CMS 2012

- Z+jets (Madgraph)
- Other Backgrounds (t,VV)

~ | Buk G* (M_,=1000 GeV, K=0.5 (x 4000))

P R
80 100 120 140 160

Jet pruned mass [GeV]

CMS Preliminary Vs =8 TeV Ldt=19.81b"

® CMS 2012 (ee, 1JHP)

Background estimation

[ z+jets (Madgraph)

[ other Backgrounds (i, VV)

Bulk G* (M_,=1000 GeV, K=0.5 (x100)

-
Q
7IIIIIIII 111

-
Q
[N

Events / GeV

1 I ]
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Mz [GeV]
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19.8 fbl@8TeV [CMS EXO 12-022]

9

Jet sub-structure techniques are exploited
pt of both Z > 80 GeV

Limits on a narrow-width bulk RS Graviton:
RS G, with coupling k=0.5, and mass lighter
than 710 GeV are excluded at the 95% C.L. .

CMS Preliminary Vs = 8 TeV J-Ldt= 19.81b"
= B o e T o e o e e B o e e e e
Q : H : H
— —m— Asympt. CL_Obseved | .
—_~~ s e -
N RS Asympt.CL_ Bxpectedt lo [ .
T ........ Asympt. CLs Expected+ 26 |77 .
* 10" Sy, X BR(G" - 22), k=0.50 ]
9 Gry X BR(G" - 2Z), k=0.20
[am
m
X
d
2
o 10%
\;
e AN
111 I T O T A 1 p 1 11 11 1 111

600 800 1000 1200 1400 1600 1800 2000 2200 2400
M- [GeV]
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CMS Experiment at LHC, CERN
Data recorded: Thu Oct 25 16:03:08 2012 CEST
Run/Event: 206066 / 56299951
Lumi section: 94
w2
L/ g

CMS Experiment at LHC, CERN

Data recorded: Tue May 22 14:22:34 2012 CEST
Run/Event: 194702 / 76289487

Lumi section: 73

B. Clerbaux - IPM 2013 - Tehran 11/10/2013 1 4
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;;l%‘f\% Resonant WW— IVq g 19.5 fol@8TeV [CMS EXO 12-021]

Search for a narow spin-2 resonance

CMS Preliminary, 19.5 " at {5 = 8 TeV. W= ey HP
Bl v+ets B wwwzizz
W« [singee Top - Jet sub-structure techniques are exploited

g

10° =
® data §§§§§§§ Uncertainty

T Bulk Graviton M=1.5TeV/ k=0.2 (x100) — - Upper limits on the bulk G production cross
----- Fit o data E section times BR to WW are set in the range

from 70 fb to 3 fb for masses between 0.8 and

Events / ( 100 GeV )

: 2.5 TeV
U=
- CMS Preliminary, 19.5 fb™ at Vs=8TeV, e+u combined
s F 1 eemmemEmerniEn 0
10 e Expected 7
£ 1E [ Expected, = 1o E
[ K : E [ Expected, = 20 3
L ‘..I‘ L L |:‘. | o) T Ogux BR(G— WW)*E=O'2 N
1027000 1500 2000 2500 3000 0 — SeuxBRG-WW k05 ]
= \ —— Observed, cross-check method 3
mWW (GeV) 0:3 = Ty Expected, cross-check method ]
m - v, -
+— 41— ' — x 107 g
Wl g oF ] 2 F A
1| 8 ..~ T
T © O_ T % % I ; 1 i ; 1 ; L 1; °© 3
Ro ottty : o'k
-2 — =
© _4__ 7 C .
1000 1500 5000 2500 3000 103601000 1200 1400 1600 1800 2000 2200 - 5400

myw (GeV)



Events / 20 GeV

Events / 20 GeV
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Resonant ZW= lllv

T
ATLAS Preliminary  — Data Ewz ]
\s=8 TeV, ILdt=13.o w' [z [ tets -
[ pad Wy

rrr[rrrr[rrrr[rrrrJrrrr [ rrr o[ 1]

— W'(m=600 GeV) — W’(m=800 GeV)
e Py (m=400 GeV) wuu. Py (m=600 GeV)

m 6s'a(.+sys.

inclusive channel

50 100 150 200 250 300 350 400

III|III|III|III|III|III

Pl [GeV]
LI I LN ' T I LN B | LI I T I LI I LI I ]
ATLAS Preliminary —4- Data - Wz ]
\s=8 TeV, ILdt=1 son’ L1z [ tiets E

Bz Wy .

—— W'(m=600 GeV) =—— W’'(m=800 GeV)
- Py (m=400 GeV) .. =P, (m=600 GeV)

[//]] Cstatssys.

inclusive channel

|||||||||1||||||

100 150 200 250 300 350 400
P2 [GeV]

13 fbl@8TeV  [ATLAS 13-015]

; T T 1T | T 1T I T 1T I T T I T TT I T 1T I T 1T I TTT H T I T TT T
L 1 =

w 1
& 1000} ATLAS Preliminary i |
_— — e 95% C.L limit - Expected - M(a ) 1.1 M(p ) H —
(<2 95% C.L limit - Observed - M(aT) 1.1 M(p ) 4 -
8 N 95% C.L limit - Expected - M(a_) >> M(p.) _
| e 95% C.L limit - Observed - M(a )>> M(p ) ]

£ 800 . o

- [ ] CDF dijet anomaly explained via LSTC -
Ty N M(x,) = M(p, ) - M(W) ]
600— —
400— ol —
B ILdt=13.o fb .
200[— o \s=8TeV ]
I. : ‘I L I L1 1 1 I | I - I L1l 1 1 I 111 1 I Ll 1 1 I L1 1 1 I 11 1 1 I 111 1 I 1 I_

200 300 400 500 600 700 800 900 1000 1100
p, mass [GeV]

Excluded Limits :
M(W’) < 1180 GeV
M(p;) <920 GeV with M(p;) = M(rt;)+ M(W)

11/10/2013 ]_ 6



Run Number = 207664
Event Number = 49434369
8 TeV collision

WZ invariant mass = 1180 GeV

GATLAS

L EXPERIMENT




/W-tagged dijet ~ to8fresrev  lansowzodl
- L B B L I N B
% 1 '1§— -8 High Purity Double W/Z-tag data 5
0] c — Fit ]
M decaying : qW or qZ, or WW, WZ, or ZZ g 0% GogWW 3
where each V decays to hadronic final states E o -
. = CMS Prel 19.8 fb)3
- At high M : the decay products of each vector boson S O Bl ninary ( LE
. . . .o b - i < < 1. ;
may merge into a single jet -> event : dijet topology. T 10t m <20 an <13
V : identified with jet substructure tagging techniques. g s> WW (15 TeVR N
0.24 10°F | B
2 0.92F CMS Simulation B
o e — q*->qW Pythia z2* i= Eod
u>)- 0-2 ? ————— q*->qZ :y);hia z2* _‘LCLIE § g r h - L a2
g 018 i ©lo 20 .
5 o160 ——— Gpg>WW Herwig++ o 1000 1500 2000 2500
2 o1 Gro > 22 Herviges Dijet Mass (GeV)
< 0-12; —— W'->WZ Pythia Z2*
0.1=
0.085- CMS Preliminary, 19.8 fb”, i's = 8TeV
0.06;— i —— Observed
0.041 ] /1 { /A | N e N Expected
0'02;_ , ,‘,‘ =L ) 1? [ 1% 10 Expected
0 000 2000 3000 4000 5000 e I Eif_") E;pected
Dijet Mass (GeV) N i a-a
(o p
T 10'15_
Process Observed Mass Exclusion(TeV) | Expected Mass Exclusion(TeV) ¢ F
8 TeV 7 TeV 8 TeV 7 TeV o
g« — qW | [1.00,3.23] | [1.00,2.38] [1.00,3.03] | [1.00,2.43] m el SO
g« —qZ | [1.00,3.00] | [1.00,2.15] [1.00,2.70] | [1.00,2.07] 5 f
Grs — WW | [1.00,1.59] | NA [1.00,1.49] | NA i
Grs — ZZ | [1.00,1.17] | NA [1.00,1.13] | NA A T W
W — WZ | [1.00,1.73] | NA [1.00,1.68] | NA 1 15 2 25 3 35 4

Resonance mass (TeV)



5. Di-jet resonance searches
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Di-jet inclusive searches

Search for a bump in the di-jet mass spectrum : do Py(1 — x)P1
Main background : mutijets from QCD production EP P+ P:1n (x
Cut on delta(eta) of the 2 jets (central jets) dm]] Xt (x)
The parametrisation used for the fit function is : X = mj,-/\/g

ATLAS uses Anti-kT, R = 0.6 jets

CMS starts with Anti-kT, R = 0.5 jets and close jets are combined into “wide” jets with R=1.1
Wide jet : to reduce sensibility to gluon radiation : select the 2 highest pt jets (leading jets), and
add lorentz vectors of other jets to the closest leading jet.

2] L B R I —~ 10 g e e e
s ATLAS Preliminary > AL L
> = — — a
o 1E -e-Data ] R )
- — Background 1 ] Fit
_ i w0l N Qaco Mc
10t \s =8TeV - ~ _
- [Lar=13.010" ] £ o 58 Sneenny
- - =
3 o)
10 g E T 10°E w(.9Tev)
- 10*
102 =
. 10° "\ A/C(36TeV) _
10g 10°
- 107 L. CMS Preliminary #
1 \s=8TeV,L=196 fb'
o =t i | T o[ M<25, IAnji|<1'3
8 o - 10 £ m; >890 GeV , Wide Jets E
© s 5 .
:f:) 0 g H o § :
= = G E- - S - -
5 -2 | | . PR S S B E
[p) L 1 1 1 1 1 1 1 1 1 ! 1 1 ® 3 — 3
2000 3000 4000 e 000 1500 2000 2500 3000 3500 4000 4500 500D 5500
Reconstructed m, [GeV] Dijet Mass (GeV)

[CMS EXO-12-059 2 O
- - 11/10/2013
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Di-jet results : limits

[ATLAS 12-148]

S‘ _I T T | T T I T T T T I .l .I T T ]
S Tk ATLAS Preliminary 7
iﬁ E \s =8 TeV E
| Lar=13.01b™

© 10_1 == —
2 - Cg/ Mg ]
= B —0.15 ]
i R —~-0.10 B
S - 0.07 5
5| :
10-35_ 3
10-45_ E

4000
Mass, m, [GeV]

1 I 1
3000

1 I 1
2000

Excluded limits :

— 10%

pb

-
o
w

102

Cross Sectionx Bx A

[CMS EXO-12-059]
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- string

CMS Preliminary Excited Quark
xc uar

., \Vs=8TeV,L=19.61b" Axigluon/Coloron

. —— - Eg Diquark
.,‘." | < 2.5, [Anjjl <13 . <8
:‘ “a oS w’
RS - s
\li.,‘s "x ez
. .., ~ - RS Graviton
DR -
o ~
. “ ~

....

95% CL Upper Limit
—&— Gluon-Gluon
—e— Quark-Gluon \‘".,1
—&— Quark-Quark )
lllll]llllllllIllllllllllllllll*\l;"l]llllllllllll

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Resonance Mass (GeV)

ATLAS: CMS:
= m(q *) <3.84 TeV Model Final State Obs. Mass Excl. Exp. Mass Excl.
) - [TeV] [TeV]

— Cross-section limits String Resonance (S) qg [1.20,5.08] [1.20,5.00]

on gene ric Gaussian Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]

E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50]

resonances Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] |  [1.20,3.87]

' Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]

W’ Boson (W) qq [1.20,2.29] [1.20,2.28]

- 7’ Boson (Z') qq [1.20,1.68] [1.20,1.87]

B. Clerbaux - IPM 2013 - Tehran RS Graviton (G) qd+gg [1.20,1.58] [1.20,1.43]




Highest di-wide-jet mass event
M=5.15 TeV

CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
CMS Data recorded: Fri Oct 5 12:29:33 2012 CEST C Data recorded: Fri Oct 5§ 12:29:33 2012 CEST
Run/Event: 204541 / 52508234 iy Run/Event: 204541 / 52508234
» Lumi section: 32 = Lumi section: 32
T -
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Di b-quark jet resonances

[CMS EXO-12-023] 19.6 fbl@8TeV

—~ 0 C||M|S| |P|r|elli|mli'|1|alrrvl T |L| |=|1|9|-|6| tbl-j | vg - 8 Tevlg N CIMIIS IPIrleIIilTlilnlalryl 1T Il_ I= 11 Igllslflb-l1 T T | VISI =I I8 I-rle\ll
> = E B ]
) - 2 Db-tags 5 '8_ gg/bb 0,1 and 2 b-tags
S F —o-Data 5
.8_ _1: - < 10 -.-.. RS Graviton (fb5=0.1) =
- K — Fit g X . 95% CL Upper Limits ]
£ o2 Ml <25 & |An| < 1.3 - = L ~a-fg=10 ]
= = . 3 -@=--f.=0.5
8 0k M>890 GeV, Widedets ] T 4 Lo @ - -
B 3 > S =0 Tgp T 3
E = = A ]
g 3 M L 8] ¢ Oﬂq ¢ _B(X— bb) _
B - > oL A‘-b\‘ ,6,‘:" EELE.LQ\ B(X— jj) _
£ L N :
2 E E T Mg :
7L ] - n, m® -
E = A BE !
E . 3 DN =R
g . 3 102 . o ﬁgﬁfgﬁ-@g =
} ' - I[<25&An[<13 - AB 3
Qg N WidedJets A\g N
__g _ 5 5 1 0 -3 | [ | | L1l | [ | | L1t | L1111 | L 111 | L1
-3
e 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 1000 1500 2000 2500 3000 3500 4000
Dijet Mass (GeV) Resonance Mass (GeV)

Exclusion regions : SSM Z' in 1.20< M <1.68 TeV, ’
RS Graviton in 1.42<M<1.57 |
Excited b quark in 1.34<M<1.54
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Top-antitop resonances

BSM extensions:
leptophobic top-color Z’, RS KK gluons

Event selection:
- lepton+jets final state

Qhadronic final state /

B. Clerbaux - IPM 2013 - Tehran

Boosted top :
- non-isolated lepton

- non-isolated jets:

Combine resolved (looks for individual
hadronic jet from t decay) and boosted
(large radius) jet

oMs Smuiation, S =8Tev

—— 2TeV RS Gluon
0.03

—— QCD multijet

Fraction / (3.5 GeV/c?)
o
8

lIIIIIIIIIIIIIIIlllllllllllllllIIIIIIIIIIIIIII

v by Py P by TS
0 50 100 150 200 250 300 350
Jet Mass (GeV/c?)

[CMS B2G-12-00
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Top-antitop resonances

Lepton+jet final state

14.2 fbl@8TeV [ATLAS 13-052]

All hadronic final state

o> 10°FATLAS Preliminary = Data .~ 5xZ (15TeV)
l: 1 07 I Ldt142 fb-1 I:’tf —5x gKK (2.0 TeV)
-1 [%) 108 W Multi-jets  []W-+ijets
[JHEP01(2013)116] 4.7 fbl@7TeV g Clomer acckgrounds
% 35 - rrr+ 1t 1.1t 1. [ . 1 1 T [ T T T ] Lﬁ 1 04 vg =8TeV
(O] C -e- Data 2011 ] 3
S 30 []9,. (1.6 TeV)sc =0.35pb 102
— N ) ] 10
& 251 [ - 10 7
= - ] Multijet . )
= __ __ o P I S TR S NSRS N ....I’/...-.I-....I
W 20 ATLAS 1 =0 77777
15F J-Ldt=4.7fb'1 7 % . : 770
C ] Qa 0 0.5 1 1.5 2 2.5 3 3.5
100 \s=7TeV E m{feco [TeV]
- Top Template Tagger -
5 - s=8 Te\/I I— Obs. I95% CL uppler limit
C N 10° 4 e Exp. 95% CL upper limit
C ] I Ldr=14310" [ Exp. 1 o uncertainty

Exp. 2 ¢ uncertainty
----- Leptophobic Z’ (LO x 1.3)

ATLAS Preliminary

®
1000 1500 2000 2500 3000
tt Mass [GeV]

6, x BR(Z—> f) [pb]

Excluded mass regions @ 95% CL:

ATLAS topcolor Z’: width 1.2% : M, < 1.8 TeV
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% Top-antitop resonances

[CMS arXiv:1309.2030, subm. Phys.Rev.Lett]

CMS, 19.7 b, /s = 8 TeV Three regions :

CMS, 19.7 fb', /s = 8 TeV

3’104*e+;,1NM‘=0“+‘Data‘ ] 3104 e+}‘«letL21‘l+lDatal ] = Resolved semi |ept0n|C (M<1 TeV)
s | * L1 1 o ? L ; - Boosted semi-leptonic (M>1 TeV)
S 10k Mothers { 210° Mothers ]

S f —Z2TeV § —Z'2TeV | - Boosted all hadronic

T 10%; T 10

] o

> >

] w

Semi leptonic and all hadronic results
are combined

-1 ] 1 L N1 i 1 Vg =
1079500 1000 1500 2000 2500 3000 3500 0 0 500 1000 1500 2000 2500 3000 3500 — 102 SMS’ 19.7b7, Is=8TeV
@ M, [GeV] ®) M, [GeV] = = Expected (95% CL)
” CMS, 19.7 b, (s = 8 TeV . CMS, 19.7 fb™, /s = 8 TeV = 1oL \\ —— Observed (95% CL)
L e B S A T [ o I A I B I I 0 'E_ ; _
& [ all-hadronic ;?a‘a S fewN,_>1 . paa ] " F \\g — - Z'1.2% width
o 0L tt - — Background | = i
8 103§ ..--..‘.. NTMS ] Bl el - 75:Gev e = ! I +10 Expected
> 02; —Z'2TeV 1 & v F || 20 Expected
= 10°E E c © - [
c E [ r i ;
g & 10°; E 6 107 i
W oL E = E i
g Eo E r :
C ] = A2 i
1H 102? 3 5 10 E ; ~
E N ] =3 C ~
. L . ¢ ] :Q- L \\
1 T N R L SIS NS -3 L T T TR T L1 TR B R Lo I
1077000 1500 2000 2500 3000 3500 600 800 1000 1200(51)00 1600 1&0;0 %(ioo 10° 0'5 % 1'5 é 2I5 3
c GeV e ) . .
(c) M, [ 1 tt M. [TeV]

Excluded mass regions @ 95% CL:  Topcolor Z’, width 1.2% : m,<2.10 TeV
Topcolor 2’ width 10% : m,< 2.7 TeV
RS KK gluon: M <2.5TeV
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6. Excited lepton and quark
searches
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[ATLAS NJP15(2013)093011]

{S\;’ﬁ% Excited e* and mu* il

pp = €8x XY - 88y XY
> I T T T l T T T I T T T ' T T T I T T T I T I
8 10 TLAS e Data 2012 ;
S TLdt=13fb'1 Oz ]
— 3 [ Z + jets, diboson, f, W+y+jets
~ 10 \s =8 TeV ¥ Bkg. uncertainty E:
§ ' — (m_.A)= (02, 10) TeV :
107 (m_,A) = (0.5,10) TeV =
— (m_,A) = (0.8, 10) TeV 3
10 4 ]
> \m
1 b \\“ ®
\&\\\ “\
10 S \
200 400 600 800 1000 1200 1400
Mee, [GeV]
— IIIII|IIIIII||I|I|II|lI||II||I|I||IIII
2 - ATLAS —— Observed limit
= 2 _ e Expected limit _|
& 10 - !_dt_ 13t [ Expected+i1c 3
*T C Is=8TeV Expected+2c
% - — A=25TeV |
o — A =5TeV

||||\ \..I...I...h\..\\..l\._
02 04 06 08 1 12 14 16 18 2 2.2
m,. [TeV]

Fermion compositeness models :

- Describe SM fermions as bound states of more-
elementary particles

- The existence of excited states would then be a
direct consequence of the fermion substructure

Searches are based on a benchmark model :

- Effective Lagrangian g y
€* produced via four-
fermion contact ¢ B
interactions ‘
q et

- Upper limit is set at 95% CL on oB(€* - 2y)

- Form(I*)>0.8 TeV, cB < 0.75 fb (e*) and
oB < 0.90 fb (k)

- Converted to bounds on compositeness scale A

- In case A=m(I*), m(e*) and m(mu*) > 2.2 TeV




(Photon+jet) resonance 203 fb @8TeV

[ATLAS arXiv:1309.3230, subm. to PLB]

wn 5 T T — T T T T T L2 L L L L L L L B L L B L L L L B B B
2105k - re i | | | T
5 e = \  ATLAS
W 10*Ee [Ldr=2031" - w i \ 15 =8 TeV § i
5 e X \ | Ldr=2031f0
3l N < qop \ o R -
10 = E X o PYTHIA g* prediction .
, R ] % E \\ 95% CL upper limits: E
107 . E % - \ —— Observed Limit T
10; e Data A _f o i \' EEE® Expected Limit+ 16 band |
% ——— Fit § - \\ ----- Expected Limit+ 2¢ band |
1 o= q* (15TeV) s . -
} C eae f (2.5 TeV) k= s ]
107 oo g* 35Tev) E - .
N ] E i ]
O ] - |
c
@
Q
= F | | | L L | ] - Levovorn born o Lo }\ clevorevn b |
& 05 1 2 3 4 10 2 3 z 5 6
m, . [TeV
i [TeV] m,- [TeV]
SM process BSM diagram - The limits on Gaussian-shaped resonances

exclude 4 TeV resonances with visible

cross-sections near 0.1 fb.

. - Excited-quark : M>3.5 TeV
- Non-thermal quantum black
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JATLAS

XPERIMENT

E

Run Number: 214758, Event Number: 122752008

Date: 2012-11-18 15:05:24 UTC
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Search for pair-produced excited top :

[CMS B2G 12-014]

CcMs

T T’ T 1

200 400 600

CMS Preliminary 2012 19.6 fb™ /s=8TeV
T e Ee e e e o IS

— Fitting function i
[l Fitting uncertainty

e Observed data

.t* Signal (M:- = 750 GeV)

(electron channel)

800 1000 1200 1400
Mass(top + gluon)

||\'\.| T T

200 400 600

]
— Fitting function

[ Fitting uncertainty

* Observed data

Pt Signal (Mt* =750 GeV)
(muon channel)

800 1000 1200 1400
Mass(top + gluon)

with t* - t gluon

Preliminary 2012 19.6 fb™ Vs=8TeV
T

Final state : semileptonic decay
-> one isolated lepton, MET,

at least 6 jets, one of which : b-tag

Q' s

2 BES Sg; observed limijt
—~ 10kt %, === expected limit
x g &
(- - .,

x

% _

T 1F

Q_ u

g |

© 10" -

- Expected Limit at 95% CL: M, > 738% GeV/c
102 = Observed Limit at 95% CL: M. >794 GeV/c? |

CMS Preliminary L = 19.6(Muon & Electron) fb™ /s = 8 TeV
R .

‘N

N

'w,

L IIIIIII| L IlIIIIl|

Ll Illllll

~,

4

lIIII'

400 500 600 700 800

900

1000

M.. [GeV/c?]

lower limit is on a t* quark mass of :
M > 794 GeV at 95% CL



7. Conclusions and prospects
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LQ1, B=0.5
CMS ExoO :
X Tl CA 95% CL EXCLUSION LIMITS (TEV) LQ2. Bo0.5
. . LQ2, B=1.0
? (qal’ (Zlf,?,; LQ3 (bv), Q=+1/3, B=0.0
a* (q2) LQ83 (b1), Q=+2/3 or +4/3, B=1.0
q*, dijet pair stop (bT1)
qg*, boosted Z .

e, A=2TeV Compositeness ,

p*, A =2 TeV b’ — tw, (3, 2I) + b-jet

Z’SSM (ee, pp)

Z’SSM (17)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) M = 0.1

G (Z2(hZ(gq)) k/M = 0.1

q’, b’/t’ degenerate, Vtb=1
b’ — tW, l+jets

B’ — bZ (100%)

T — tZ (100%)

' = bW (100%), l+jets

' = bW (100%), I+l

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., yp, destructve LLIM
C.l., pp, constructive LLIM
C.l., single e (HNCM)

C.l., single p (HhCM)

W’ (Iv)
W’ (dijet

V\(I’ Iéted; C.l., incl. jet, destructive

W’— WZ(leptonic) C.l., incl. jet, constructive
WR'’ (tb)

WR, MNR=MWR/2 Ms, yy, HLZ,
————

WKK p =10 TeV Ms, vy, HLZ,

pTC, nTC > 700 GeV Ms. Il, HLZ

String Resonances (qg) ' , | Ms, II, HLZ,

s8 Resonance (gQg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

! ! MD, monojet,
MD, monojet,

MD, mono-vy,

MD, mono-y,

MBH, rotating, MD=3TeV,
MBH, non-rot, MD=3TeV,
MBH, boil. remn., MD=3TeV,
MBH, stable remn., MD=3TeV,
MBH, Quantum BH, MD=3TeV,

(0] 1 2 3 4 5

gluino, Stopped Gluino
stop, HSCP |

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV

neutralino, ct<50cm

nED =3
nED =6
nED =3
nED =6
nED =3
nED =6
nED =3
nED =6
nED =2
nED =2
nED =2
nED =2
nED =2

Status : Moriond 2013

LeptoQuarks

1 2 3 4 5

_—
I
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—
-
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-
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Contact
Interactions

Extra Dimensions
& Black Holes




ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

"""""""""""""" Large ED (ADD) : monojet + E; .’ T M, (0-2) oo R ey
Large ED (ADD) : monophoton + E .. My (8=2)
fg Large ED (ADD) : diphoton & dilepton, m_ Mg (HLZ 6=3, NLO) AT_L_AS
2 UED : diphoton + E7 Compact. scale R Preliminary
2 s'z, ED : dilepton, m, Mg ~ R’
QE) RS1 : dilepton, m, Graviton mass (k/Mpg = 0.1)
S RS1 : WW resonance, my Graviton mass (k/Mpg, = 0.1) p
© fBUIk RS :zz refsonance, my; Graviton mass (k/Mp, = 1.0) det =(1-20)fb
= RS g — tt (BR=0.925) : tt — I+jets, m g, mass
) ADD BH M., /M,=3) : SS dimuon, N, .+ M, (6=6) \s=7,8TeV
ADD BH (M, /M,=3) : leptons + jets,=p M,y (6=6)
Quantum black hole : dijet, F_(m M, (5=6)
"""""""""""""""" qqqq contact interaction :x(m) A
S qqll Cl : ee & uu, M A (constructive int.)
uutt Cl : SS dilepton + jets + E, misg A (C=1)
Z'(SSM)me;/W L=201b'1,BTeV[ATLAS—CONF—2013-017] 2.86 TeV Z'mass
Z' (SSM) : m_, |L=4.71b",7 TeV [1210.6604] 1.4TeV Z'mass
S Z' (leptophobic topcolor) : tT — I+jets, m  [L=143 fb, 8 TeV [ATLAS-CONF-2013-052] 1.8 TeV_ Z'mass
W' (SSM) :my,, [L=4.7 1", 7 Tev [1209.4446] 2.55Tev. W' mass
W' (—tq,g =1): My, |L=4.7 ™, 7 TeV [1209.6593] 430 GeV. W' mass
_______________________________________ W'g (= tb, LR%M) im [L=1431b" 8 TeV [ATLAS-CONF-2013-050] 1.84 TeV. W' mass
o Scalar LQ pai'r (p=1): ki'n. vars. [n eejj, evjj |L=1.0", 7 Tev [1112.4828] 660 Gev 1" gen. LQ mass
| Scalar LQ pair (8=1) : kin. vars. in uujj, uvjj [L=1.0", 7 Tev [1203.3172] 685Gev 2" gen. LQ mass
__________________ Scalar LQ pair (=1) : kin. vars. in ttjj, Tvjj |L=4.7 o™, 7 TeV [1303.0526] 534Gev 3" gen. LQ mass
» . 4" eneration : t't'— WbWb |L=4.7 fb™, 7 TeV [1210.5468] 656 Gev t' mass
q§)§ 4th generation : b'b' — SS dilepton + jets + E. s [E=1a317 8 Tev [ATLAS CONF-2013.051] 720 GeV_ b' mass
=3 Vector-like quark : TT— Ht+X |L=143b", 8 TeV [ATLAS CONF-2013-018] 790 GeV_ T mass (isospin doublet)
_______________________ Eveited o _\_/ga‘{;t_ql_'-_lllgtta_ quark : CC, my,, |L=4:61b",7 TeV [ATLAS:CONF-2012-137] 1.127TeV| VLQ mass (charge -1/3, coupling k ,q =v/m)
. xcited quarks :y-jet resonance, m" q* mass
B g Excited quarks : dijet resonance, Pﬁ; g* mass
,jj K% Exlgite_ctj z (Iqua:rk : Wl-t resonance, m,, b* mass (left-handed coupling)
xcited leptons : |-y resonance, m I* mass (A = m(I*))
"""""""" " Techni-hadrons (LSTC) : dilepton, m,. " b, mass (m(p_for) - m;) = M,)
Techni-hadrons (LSTC) : WZ resonance (Vll), mWZ p. mass (m(pT) =m(m;) + my, m(aT) =11 m(pT))
“ Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(WR) =2TeV)
2 Heavy lepton N* (type Ill seesaw) : Z-I resonance, my, N* mass (IV | = 0.055, IV | = 0.063, IV | = 0)
S HZ™ (DY prod., BR(H™—ll)=1) : SS ee (uw), m H;* mass (limit at 398 GeV for uu)
Color octet scalar : dijet resonance, mj Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks mass (Iql = 4e)
... Magnetic monopoles (DY prod.) : highly ionizing tracks Tass |
L1 11111 ] 1111111 ] 1111111

107’ 1 10

102

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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- Impressive results on BSM searches by ATLAS and CMS

- No evidence for BSM signal !

All what we see so far: well compatible with the SM
- For some analysis : update with the full 8 TeV dataset will come soon

More to come; we are not done : RUN2

~

/High energy — high lumi
RUN2 coming in 2015-17
with 13-14 TeV will enlarge
the phase space : significant
step towards for small

Qouplings and large masses /

luminosity ratio

100 —

10

WJs2012

[ ratios of LHC parton luminosities:
[ 8TeV/7TeVand 14 TeV /7 TeV

| ——99
[ ----Iqq
~-=qg

peep e el
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