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BSM at the LHC: Introduction

The past two years have been extremely exciting

m Context for searches Beyond the Standard Model:
- A Standard Model-looking Higgs boson has been discovered!
- No sign of SUSY yet
- EXxotic searches have never been more relevant

® |n this talk | will focus on a selection of non-SUSY BSM
searches at ATLAS and CMS

- Focus on latest results based on (a fraction of) 8 TeV 2012 data
- Many analyses are still work-in-progress

® Not showing all results from both experiments. Complete
Information about all results:

- CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
- ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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The Large Hadron Collider (LHC)
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- ATLAS Online Luminosity
E 2010 ppNs=7TeV

O w2011 ppVs=7TeV
[ == 2012ppVs=8TeV
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® pp collisions:
-» 5fb' atVvs=7in 2011
- 20 fb'at Vs =8 TeV in 2012

® |LHC has performed extremely well ¢ -
in 2012:
> 7.7 10* /lcm¥s peak luminosity NN

- More than 20 fb* delivered to both Honthin Tear
experiments

® 50 ns bunch spacing
B Pile-up: ~ 20 collisions / crossing
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The ATLAS and CMS Detectors: same goals, different choices

3.8T solenoid containing calorimeters
Silicon tracker: o(p)/pr~ 15% at 1TeV

EM cal: homogeneous Lead-Tungstate
crystal, o/E ~ 3%/VE[GeV] @ 0.5%

HAD cal: Brass-scint., =7A,
oc/E ~ 100%/VE[GeV] @ 5%

Iron return yoke muon spectrometer

2T solenoid inside calorimeters

Tracker: Silicon + TRT (incl. electron ID)
EM cal: Longitudinally segmented Lead-Ar:

o/E ~ 10%/VE[GeV] @ 0.7%

HAD cal: Fe-scint + Cu-Ar, 211A,

0/E ~ 50%/VE[GeV] & 3%

Air-toroid muon sp.: |VB.dl=1t0 7 T.m

H.
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Why look “beyond” the Standard Model?

® The Standard Model is a (very) effective t
theory that breaks down at a certain scale .
- Hierarchy: quadratic divergence of the Higgs
mass, extremely fine-tuned '
- What is the underlying nature of EWSB? son Eﬁgg,
: &
= Dark Matter ey
- cannot be explained by SM
® BSM models attempt to solve the SM Too
limitations:
Neutrinos == __ Dark
- SUSY 0% 8 gﬂ;:;ter
- Extra-dimensions —— - '
15% i
- Compositeness and Strong Interactions o
Atoms ‘

-

13.7 BILLION YEARS AGO
(Universe 380,000 years old)
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A very long list of models x signatures

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons
Lepton-jet resonance

= Many extensions of the SM have been
developed over the past decades
® Supersymmetry < =——

m Extra-Dimensions § N

\ ‘\'4’%
' ' < S<7/
= Technicolor(s) \\(/ <

\{ -
= Little Higgs ~ \\\/\V/ -
. \ | |
" No nggs \\\\ \\\ \ “ ® | epton-photon resonance
m GUT / o* = Gamma-jet resonance
\ \ ® Diboson resonance

/

® Hidden Valley <2 S MET

IO
0 LeptOQUérks ‘S})‘%f\\%\\\ W/Z+Gamma resonance

7
- Composﬂeness '\\\ Top-antitop resonance
m 4" generation (t', b') Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

What else?

Slow-moving particles
m | RSM, heavy neutrino
® \What else?

(for illustration only)
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A very long list of models x signatures

Many extensions of the SM have bee
developed over the past S:
Supersymmetry” { N

Extra-Dimensions
Technicolor(s
Little Higgs .«
No Higgs “&
GUT
Hidden Valleys,
Leptoquarks
Compositeness
4™ generation (t', b')
LRSM, heavy neutrino
What else?

(for illustration only)

1jet+ MET

jets + MET

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

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

What else?

A complex 2D
problem

Experimentally,
a sighature
standpoint
makes a lot of
sense:

- Practical

- Less model-
dependent

- [mportant to
cover every
possible
signature
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Grand summary:

Large ED (ADD) : monojet + £ ..
Large ED (ADD) : monophoton + E;

Large ED (ADD) : diphoton & dilepton, m.__
UED : diphoton + E

Ay
=
g 1 T.méas
o S'/z, ED : dilepton, m,
g RS1 : dilepton, m,
5 RS1 : WW resonance, my .
. Bulk RS : ZZ resonance, m,,
£ RS g — tf (BR=0.925) : ti — I+jets,m_
¥ ADD BH (M,,, /iM,=3) : SS dimuon, N, .
ADD BH (M,,, /M,=3) : leptons + jets, £p
Quantumn black hole : dijet, F (m,
G qqll Cl : ee & py, M
uutt Cl : SS dilepton + jets + E, .

. Z' {leptophobic topeolor) : tf— I+jn=:ts,ﬂ':1t
W' (SSM) :my
W' (=g, g_=1) my,
B Wi (> th, LREM) -,
Scalar LQ pair (#=1) : kin. vars. in eejj, evjj
Scalar LQ pair (8=1) : kin. vars. in pujj, pwvij
Scalar LQ pair {p=1) : kin. vars. in tjj, 7vjj
................................................................. R T e L B
4
4th generation : b'b’ — S5 dilepton + jets + E

LTS5
Wector-like quark : TT— Ht+X
Vector-like quark : CC,m,

Excited quarks ; y-jet resonance, m
Excited quarks : dijet resonance, i,

Excited b quark : W-t resonance, m,,,

Excited leptons : |-y resonance, m
e T echni_hadrnns (LSTC} . . dileptnnimmp: .

Techni-hadrons (LSTC) : WZ resonance {h.rllj,mwz
Major. neutr. (LERSM, no mixing) : 2-lep + jets

Heavy lepton N* (type Ill seesaw) : 2-1 resonance, my,
(DY prod., BR{H?_*—)II]=1} : 55 ee (L), m"

Color octet scalar : dijet resonance, my

Multi-charged particles (DY prod.) : highly ionizing tracks

LQ

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

T TTTI I I L
M (5=2)

Mg (8=2)

ATLAS

Mg {HLZ 5=3, NLO) Preliminary

Compact. scale R

My ~ R’

Graviton mass (k/Mg = 0.1)
Graviton mass (k/Mz, = 0.1)
Graviton mass (k/My = 1.0)

g, mass

My, (5=6)
My, (5=6)

J.Ldf =(1-20)fb"
fs=7,8TeV

M;, (6=6)
A

A {constructive int.)

A(C=1)
L=20 16", 8 TeV [ATLAS-COMF-2013-017] 286 TeV 7' mass
L=d.7 10", 7 TeV [1210.6604] 14Te¥ 7 mass
L=14.3 fb”, 8 TeV [ATLAS-COMF-2013-052) 18 Te¥ £ mass
L=4.7 107, 7 TeV [1209.4446) 255Te¥ W' mass
L=4.7 16", 7 TeV [1209.6503] 430 GeV . W' mass

1.84 TeW_ W' mass
s60Gev T gen. LQ mass
s85Gev 2™ gen. LQ mass

534 6ev 37 gen. LQ mass

1=14.3 b, § TeV [ATLAS-COMNF-2013-050]
L=1.01b", 7 TeV [1112.4628]
L=1.01b", 7 TeV [1203.3172)
L=47 10", 7 TeV [1303.0526)

L=4.7 107, 7 TeV [1210.5468] 656 Gev  I' mass

L=14.3 fb”, 8 TeV [ATLAS-COMF-2013-051] 720 Ge¥  b' mass

1=14.3 b, 8 Tel [ATLAS-CONF-2013-018] 790 GeV_ T mass (isospin doublet)
L=4.6 b7, T TeV [ATLAS-COMF-2012-137]

1.427e¥ VLQ mass (charge -1/3, coupling ko = vimg)

q* mass

4" mass

b* mass {left-handed coupling)

I* mass (A = m{l*))

pJo; mass (m{p Jo) - mix) = M)

p, mass (m(p ) =m(x,) +m,,. m(a ) = 1.1m(p.))
N mass (mi\WV_} = 2 Tel/)

N° mass (|V | = 0.065, |V | = 0.063, |V | = 0)

H.* mass (limit at 398 GeV/ for uu)

Scalar resonance mass

mass {|g| = 4&)

TEBS
L1 1 1111 | IIIIIII| I

10" 1 10

Mass scale [TeV]

*Only a selection of the available mass limits on new sfates or phenomena shown
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CMS EXOTICA

95% CL EXCLUSION LiMITs (TEV)

q* (gg), dijet

LQ1, p=0.5
LQ1, B=1.0
LQ2, p=0.5
LQ2, B=1.0
LQ3 (bv), Q=+1/3, B=0.0

LeptoQuarks

3* E"zr? LQ3 (bt), Q==2/3 or +4/3, B=1.0
q' . dijet pair stop (b1)
q’ , boosted Z = 9 2 2 4 5
&', A=2TeV Compositeness
uhA =2 TeV [ B = tW, (3l, 2I) + b-jet
0 1 5 3 4 5 g', b'/t’ degenerate, Vib=1
Z’SSM (ee, pp) ) | b'— tW, l+jets
Zasuim) : B b2 (10%) Generation
Z' (tt hadronic) width=1.2% T — tZ (100%)
Z (dijet) ' — bW (100%), 1+jets

Z' (tt lep+jet) width=1.2%
2'SSM (1) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

i

t' — bW (100%), I+

C.I. A, X analysis, A+ LL/RR
G.I. A, X analysis, A~ LL/RR
C.L, yp, destructve LLIM

@t W fnj ' C L., py. constructive LLIM Cont t
G (ZNZ{ag) k'M = 0.1 _ _ G singie s (HAGWY ontac
W‘E‘L.};‘ﬁ ARGV Inferactions
W’ (td) C.l., incl. jet, destructive
i : i C.L, incl. jet, constructive
W'— WZ{leptonic)
WR (tb) — |
WR, MNR=MWR/2 — A | Ms, yy, HLZ, nED = 3

WKK p =10 TeV

pTC, nTC = 700 GeV
String Resonances (gg)
sB Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron {ggbar)

I}

Ms, yy, HLZ, nED = 6
Ms, Il, HLZ, nED = 3
Ms, Il, HLZ, nED = 6

MD, monojet, nED = 3
MD, monajet, nED = 6
MD, mono-y, nED = 3

MD, mono-y, nED = 6

gluino, 3jet, APV | |
1 2 3 4 _
gluino, Stopped Gluino MBH, rotating, MD=3TeV, nED = 2
stop, HSCP | MBH, non-rot, MD=3TeV, nED = 2
5‘§f’£‘ﬁps%a§ gﬁg‘g MBH, boil. remn., MD=3TeV, nED = 2
neutralino, ct<50cm MBH, Quantum BH, MD=3TeV, nED = 2
0 1

2 2 4 5

Extra Dimension:
& Black Holes
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Outline

Heavy Resonances

- Dilepton
- Dijet
- Top-Antitop

4" generation and
heavy “quarks”
- Vector-like quarks

Long-lived patrticles
and more exotic final;
states |
- Stopped particles
- Exotic Higgs decays

H. Bachacou, Irfu CEA-Saclay
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Outline

Heavy Resonances 4" generation and
- Dilepton heavy “guarks”
- Dijet - Vector-like quarks

- Top-Antitop

7\ 1 eV-gravity and Dark Long-lived particles %3
” }I\/Iatter and more exotic final S5
2/ - Monojets states

- Stopped particles
- Exotic Higgs decays
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Search for Heavy Resonance

® Predicted by numerous extensions of the Standard Model:
- Heavy gauge boson(s) Z' (W"): GUT-inspired theories, Little Higgs
- Kaluza-Klein excitations: Randall-Sundrum extra-dimensions

m Experimental challenge: understand detector performance
(resolution, efficiency) for a signal with (almost) no control
sample at very hlgh momentum - confldence In allgnment
simulation, etc.. Wy e Osa2on

JLdt=47"" gmfg%)
B Electrons and muons: 10°f
reaching pT ~ 1 TeV!

Events

\s=7TeV [1W'(2000)
W

-z

il Top

[]Diboson
QCD

_IIIIII.I.l| I\IILLLL| IIHII.IJ.‘ IIIIII.I.I] IIIIIJ.LI] IIIILLLL| 1L
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Search for Heavy Resonance: dilepton channel

_ e =
® Dimuon channel: -
104 Vs=8TeV Z'(1500 GeV)
- 30 ym muon spectrometer o
. . 10?
alignment critical (ATLAS) 0
- Resolution 10-15% at p; = 1 TeV
® Dielectron channel: -
- Excellent resolution: < 2% at high e G :
m e
momentum | (W) [Gev]
- Poor charge measurement — no Rt -
. 10° Ldt=20fb [JDiet & W+Jets
charge requirement Dltmeon

[z (2500 Gev)

= No discrepancy from SM Drell- v
Yan (both ATLAS and CMS) |

| L I I I T i |
)
& 14 +
£ i
3 e el |
w 1 e ey
5o FTTTT
g o

[ATLAS-CONF-2013-017] m(ee) [GeV]
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Search for Heavy Resonance: dilepton channel

EtCut > 1.0 GeV

PtCut > 0.4 GeV

I ETmiss: black
S Cells: Tiles, EMC

Run Number: 209353
Event Number: 46681378
Date: 2012-08-27, 22:08:31 CET

EtCut > 0.5 GeV
PtCut > 0.4 GeV
Muon: blue
Cells: Tiles, EMC

m(py) =1.84 TeV

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 14



Search for Heavy Resonance: dilepton channel

®m Sequential SM: assume Z' with same couplings as SM Z
® Randall-Sundrum KK graviton

= 1E I B A e B e = 104 CMS Preliminary 8 TeV, ee (19.6 fb™"), u*u(20.6 fb™)
'C%- é ATLAS Preliminary --- Expected limit § o = Pl vlpp — Z'+X— ‘(':{ +X) | I median elxpected 2
ol Ns =8 TeV B Expected+ 1o ]| C app = EeX s MK B 68% expected |
19 G* Sl Expected+ 20 3 B 95% expected |
< — Observed limit 7 10° = 7 =
o = W, =01 ] 7 g
il -1 e 3 i —— 95%CLlimit
N — KM =001 - 10° = E
10° E - :
i . 2L .
10° E_ee:_u_u:j Ldt=20fb" _E 10 = -
- - cCo oy by by b b N LT
E N 500 1000 1500 2000 2500 3000 3500
'5 1 | 1 | 1 | | | | | 1 1 | 1 | | 1 | | | | 1 |
1005 1 15 2 25 3 35 m(ll) [GeV]
SSM Z 2.86 2.96
Observed lower limits (TeV) at 95% CL.: E6 Z', 2.38 2.60
RS G* (k/MpI =0.1) 2.47
[ATLAS-CONF-2013-017] [CMS PAS EXO-12-061]
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Search for Heavy Resonance: W' - |v

W': the charged equivalent of the Z' >iop 1 o Imll

= Bulk-RS: excited KK W B T
m Final state: 1 lepton + Missing E;

® | ook for Jacobian peak Iin
transverse mass:

myp = \/QPTET(l —COSA@E}ET)

500 1000 1500 2000 2500
M- [GeV]

;: r.’-—“‘m%ﬂﬂf-»H-L
500 1000 1500 2000 2500

Electron channel

[CMS PAS EXO-12-060]
H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 16
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Search for Heavy Resonance: W' - |v

. . : CMS Preliminary [Ldt=20b" ys=8Tev
W' the charged equivalent of the Z' Zif 7™ T B
® Bulk-RS: excited KK W A R [Ty
m Final state: 1 lepton + Missing E g B R
T Lﬁ1 03 Diboson
= Look for Jacobian peak in "
transverse mass: i
107
107
my = \/QPTET(l —COSA(DE}ET) 0]

500 1000 1500 2000 2500

My [GeV]

Ratio data/MC
Dmhmma
t
*;
_+_
J
it
:
EI [l

500 1000 1500 2000 2500

Muon channel

[CMS PAS EXO-12-060]
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Search for Heavy Resonance: W' - |v

W': the charged equivalent of the - Sl ersimnan 202012, =T
m Bulk-RS: excited KK W T RTIEE N e Gheed 0% L i
. . KR N\ o oecte oo ot i 120
m Final state: 1 lepton + Missing E; © [ N ssuwmwo
10°E e Wap ity = 10 TeV NNLO
= ook for Jacobian peak In | e e
transverse mass: 10 I A A
mr = /2 1 — cosA i
r= el —cosdd ) N
' . 500 1000 1500 2000 2500 3000 3500 4000
Sequential SM: M, [GeV]

m(W') > 3.35 TeV at 95% C.L.

Muon channel

[CMS PAS EXO-12-060]
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Search for Heavy Resonance: Dijet

f(x) = pi(1—x)Paralns

m W'/Z' excited quarks, strong B
gravity / X=mj;/\/s
CMS 20 fb!t @ 8 TeV [Exo-12-059]

® | ook for resonance above

phenomenological fit of the data: g 1:] e
m ATLAS versus CMS analysis in - — e
a nutshell: £ 0ol se5 Uncriamty
- 1-jet triggers E;~350 GeV vs S 10'3; - ;
H./m(jj) at HLT b A ) ]
- anti-k; R=0.6 jets vs wide jets mi_ mcm.sTe\:\ _
(R~1.1) SE e T 4
= Both Experiments: 107 CMs Prolminary k E
- rapidity cuts to enhance central 107 S 200 6ol Wid des
scattering i i
- selection requires m(jj) = 1 TeV :? ’“"'"l " :

Dijet Mass (GeV)

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 19



Search for Heavy Resonance: Dijet

f(x) = pi(1—x)Paralns

X=mjj/\/s

m W'/Z' excited quarks, strong
gravity / =m::/\/s
m | ook for resonance above ATLAS 13 fb? @ 8 TeV [CONF-2012-148]

phenomenological fit of the data:

m ATLAS versus CMS analysis in
a nutshell:

- 1-jet triggers E;~350 GeV vs
H./m(jj) at HLT
- anti-k; R=0.6 jets vs wide jets
(R~1.1)
® Both Experiments:

- rapidity cuts to enhance central
scattering

- selection requires m(jj) = 1 TeV

Significance

| ATLAS F’rellmlnary

-e-Data
— Background

Vs = 8 TeV
J'Lm =13.0 fb"

||TIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| T

o L= ] [ e s T M B o | I et N ok S ke (O | | T I, ke M 0 | |_
2000 3000 4000
Reconstructed m, [GeV]

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013

20



Search for Heavy Resonance: Dijet

CMS Experiment al LHC, CERN

Data recorded: Frl Ot 5 12:29.33 2012 CEST v
Run/Event- 204541 + 52508234

Lumi section: 32 /

CMS Experiment at LHC, CERN

Data recorded! Fri Oct 5 12:29:33 2012 CEST
Run/Event: 204541 { 52508234

Lumi section: 32

Highest mass dijet event with central jets: m(jj) = 5.15 TeV

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 21



Search for Heavy Resonance: Dijet

E 1 —_I H 1 _ e ‘1 04 EI TTTT TTTT TTTT TTTT TTTT TTTTTTTTI TTTT TTTT =H

2 E ATLAS Preliminary = E REERE [T [ FIT BT PET T T T

< - 3 oF CMS Preliminary — Z‘”"tg e
= | : — === EXClie uar

W - § ;.'3 ;8 T‘T:’[] P < N Eg Vs=8TeV,L=196 fb E\:i[?luon EOlOfO E

N Ldt=13.0fb - iquar B

E 1071w, J - X 102 -.\_"|n|<2-5‘ lan ] <13 — 8 .

- ".'--‘ i E ~ "« amaam W’ =

8 o ‘\“x‘ G'G -fl. mG 7 m __ (5 i -z __

= i '\_:‘_1._:_‘\ ——0.19 i é 10 E - RS Graviton E

: S ---;"-'-' _:\"Lh.‘\ S 0,1 0 ] o 1 i i ‘\'«. " N

=1 O E D s 5 = 1 o . E

& S =N 0.07 3 O E a 3

C 3 4 @ 1 __ __

E,L;? : \b\"-"}‘\x : co 1 0 % %

= wn & .

= 1073 i - W 102 =

= IR 3 o E 3

C ™, = = ]

C 2 @) 1073 & 95% CL Upper Limit ... X SeeaSes00 =

Il | ; === Gluon-Gluon i a oS e ;

104 _ 104 == Quark-Gluon ‘_Z‘\ -

E il iy ol 3 = == Quark-Quark N s 3

200’0 3000 4000 -I 0'5 | 1111 | L 111 | 1111 | L1111 | L1l | 1111 ! 1% | | L1 11 | || |

Model Final Stat Obs. Mass Excl. Exp. Mass Excl.
ATLAS 13fb! @ 8 TeV: “emsl T e AR

. . String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited quark' Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]
1 <m(q*) <3.84 TeV (exp 3.70) Es Diquark (D) qq [1.20,4.75] [1.20,4.50]
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]
[ATLAS_CON F_2012_148] W’ Boson (W) qg [1.20,2.29] [1.20,2.28]
_ _ Z' Boson (Z") qq [1.20,1.68] [1.20,1.87]
[CMS PAS EXO-12 059] RS Graviton (G) q9+8s [1.20,1.58] [1.20,1.43]

Mass, m, [GeV]

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Resonance Mass (GeV)

H. Bachacou, Irfu CEA-Saclay

Latsis, 3-6/06/2013
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Search for Heavy Resonance: b-Jets

® | ook specifically for decays to o s
(O] 1 - Data
bottom quarks (bb) or a gluon g . o

Ml<258&An <13

and a bottom (bg) § o
® Require O, 1, or 2 b-tagged jets

M” >890 GeV, WideJets

. . . . . . 10 b* (1.8 TeV)
CMS Simulation \s=8TeV CMS Simulation \s=8TeV T Z(22TeV)
9 1:| L B I L L B B B \: 9 1:| LA L L B B B B B LA B \: 10-6 P ’ +
© o G-bb e 3 N
o Oy <25 an<ta o 00 FFF 107 T NG (28TeV)
E’ 0.8 A 14ag Wide Jets 7 E’ 0.8/ I — ‘<~z (327eV)
B —o-24ag CsvL ] B . SR
D o7l 1 Borf I :
© B 1 ® B - 1 1 e 3 e P
— 060 = — 0.6 G—ai(a=udsg) = £ 0 IL;'-J-
E ] E -2~ 0-tag mi<2.5, [Anj<1.3 ] § 2 : A
0.5 = 05 F = 1tag Wide Jets = = 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
0ab- 04f =2t CSvL E Dijet Mass (GeV)
0.3F- sk G - aq -
0.2 0.2F =
E E 2
0.1 0.1 3
0 :I N T T 0 :I . P I\\‘ \i ,\ \|\|\ | ‘:
1000 2000 3000 4000 1000 2000 3000 4000

Resonance Mass (GeV) Resonance Mass (GeV) - this analysis untagged

Observed 95% C.L. excluded masses (Tev): 2 Uw=0:2) [1.20, 1.68] [1.20, 1.68]
RS G (f,,=0.1) [1.24, 1.57] [1.20, 1.58]

b*->bg [1.34, 1.54] N/A
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Leptophobic Z' (topcolor)
m KK gluon (bulk RS models)

® | arge Branching Ratio to
top-antitop.
- BR(Z' - tt) ~ 33%
-~ BR(KK g— tt) > 90%

® For m(tt) > 1 TeV, specific
boosted top reconstruction
needed

- Experimentally: a whole new
field!

4 100

iISO
e 0

0 1DO 200 300 400 500 600 700 800

W P, [GeV]

TTTTTTT]

RESE AR SEEET [T,
ATLAS Preliminary - Simulaltionil250
Pythla Z—tt,t - Wb 8

r1_||llf|1_|l

I'I']I[[[

wllllllllhllhl |

TS PSS APSrAT EPAT AN ISUPOT I AP W
0 100 200 300400 500600 700 800900

ATLAS-CONF-2012-065 '°P Pr1GeVl

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013

24



“Fat” Jets and Jet “Trimming” [

®m Reconstruct jets with a large cone (R ~ 1 or more), a.k.a.
“fat” jets, to encompass all decay products

m Soft radiation (incl. pile-up) important — must be removed
B “Trimming”.
- Run k; algorithm on clusters within the fat jet

- Keep only clusters with pT > pT(fat jet) . f,,

#
s
/!
/!
A
‘\
-

o

‘--_-

Initial jet @ P /P; < fou Trimmed jet
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Arbltrary units

" Jet mass; (")’ = (Z E;)” - (Z p)’

m Splitting scales: Un-do the last
step(s) of the k; algorithm and look

at the properties of the protojets: 0.08
\/C?; = min(pr;, prj) X AR;;

0 - 1 TTT | TTT | TTT | TTT | TTT | TTT | TTT | T TT | TTT | T TT]
0.09F- ATLAS Preliminary - Simulation E
E  antik, LCW jets with R=1.0, 600 < p_' < 800 GeV =

O 08 O s Mo jet grooming applied Z'— ti im_=1.6 TeV) .
E ----------- Mo jat grooming applied Dijets {POWHEG+Pythia) E
0.07 Trimmed {f_ =0.05, R =0.3) 2 tf {m_=16 TeV) -
E Trimmed {f_ =005, R =0.3) Dijets (POWHEG#Pythia)
0.061 N B
0055 4% dijet E
0.04H:] % E
0.03f: =
0.02F =
0.01¢ .

l:]0 2040 60 80 100120140160180200

\/d,, [GeV]

m0.16|||||||||||||||||||||||||||||||||||||||

ol _ . . . . =
g - ATLAS Preliminary - Simulation ]
2. 0.141- c/aLow jets with R=1.2, 600 < p* < 800 GeV —
E F o i Mo jet grooming applied Z'— ti (m_=18 TeV) -
= 012_— == Mo jet grooming applied Dijets (POWHEG+Pythia) .
- B Trimmed (f_ =0.05, R =0.3) 2t} (m_=18 TeV) _
< ‘_ Trimmed {f_=0.05, R =03 Dijets (POWHEG+Pythia) _]
C 1 ]
- Z' — t-tbar .
0.06F &
0.04F —
0.02F =
B . o i:.;.‘“h__ i
0 B Y LY A e e AT

0 50 100 150 200 250 300 350 400

Jet mass [GeV]

= Typically, fora W — qq decay:

Last two proto-jets are the two jets
from the W: pT,; ~ pT, and AR

are large

H. Bachacou, Irfu CEA-Saclay
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Boosted Top Reconstruction

(CMS)

CMS Preliminary, (s =8 TeV. 196 fb"

= CMS Top Tagger: St P - 2402 Gove?
= “Fat’ jet: Cambridge-Aachen jet 2o g
with R = 0.8 g 1000} | - :
= Cuts on jet substructure oof s AR W
variables: g . ToER

- Jet mass in [140, 250] GeV 0520 40 60 B0 100 120 140 160160 500
_ Hadronic W Jet Mass (GeV/c?)
- Number of sub-jets = 3

- Minimum pairwise sub-jet mass > 50,/ "%
GeV - E
_ . = 1002 -
® Use W mass for calibration £ wof E
. 0 - Bt -
= Well-reconstructed top mass in ——— B
- [ z+Jdets 1
boosted events 20} Bongerr -
0% ~"fo0 200 300 400 500 600

PAS-B2G-12-005 Top Candidate Jet Mass (GeV/c?)
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https://cds.cern.ch/record/1545285?ln=en

= Final state depends on W w- >

Larger Branching Ratio
but more background

® Event Topology: 5_ 5

w+ S

t-tbar - Wb Wb

H,.
L )

decays: o~ N
- All-hadronic final state: o
2W -~ jj
2 b-jets + 4 light jets (+0v)
- Lepton+Jets final state:
1W - Iv,1W - jj
1l + 2 b-jets + 2 light jets

T+jets 15%

(+1V) +1 1%
. . T+U 2%,,
- Dilepton final state: Y
—p 2% e
Both W - |v (| = eor “) i ’““;e 19 p+jets 15%

2|1 + 2 b-jets (+2 neutrinos) e+jets 15%

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 28



. % eo—ATLAS Prel|m|nary : L-—I:I)ata ; |:|tt : _f
= Combine two event selections: € Y D Do
@ ” = E_ 7 DDiboson _E
- “resolved” : standard top & 4 y 7 15=8TeV -
reconstruction with narrow jets Heoer G [La-razw
. 2082 o
- “boosted” : anti-kT R=1.0, p;>350 ok H boosted
GeV, m>100GeV, vd,,>40GeV o
m
. . . IS
u Improve eﬂ:ICIenCy at hlgh t-tbar a '100 120 140 160 180 200 220 240 260 280
- t had
mass with: Fatjetmass m'™(Gev
o o % FATLAS Preliminary ~ <-Datia i E
- Lepton “mini-isolation”: smaller G 50 » E?J“g"fmp Egumtjets -
1 ! . ~ - Z y +jets +jets
Isolation cone at high momentum £ 4o} %74‘"4 Ooboson
. : . o - 7 TR
- Trigger: Fat Jet trigger (anti-kt jet @ *z% % [Laruen
. P i 2 t=142fb I
R=1.0, p;>240 GeV) : Z v

10

B Thousands of boosted t-tbar
events reconstructed

40

[ATLAS-CONF- 2013 052]

60 80 100 120 140 160 180 200

sqrt(d g) [d,, [GeV]
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hadrorjlit" idate:

tonic tor

] ndidate

Run Mumber: 209995, Event Number: 51046560

Date: 2012-09-00 23:10:22 CEST

EWE

leptonic fop
candidate

TE' .j'iac:i"rnnic: top
". candidate

H. Bachacou, Irfu CEA-Saclay

Latsis, 3-6/06/2013
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Top-antitop Resonance

L+Jets Channel

Top-antitop mass spectra (muon channels):

ATLAS 14.2 fb™

CMS 19.6 fb™

CMS Preliminary, 19.6 fb™, Vs = 8 TeV

> 10 ATLAS Preliminary =Data ~ ~-5xZ (15TeV) 5 T
t 107 Ldt=14.2f6" O 5x gy (2.0TeV) > B others
6 J - : <] — Z'1.0TeV/c’ (1%)
_'g 10 .Multl jets |:|W+|ets g _____ % 20;931’0 (1%)
----- 3.0 TeV/c? (1%
> 10° []Other Backgrounds o S ikt (1%)
T 4 Is=8TeV . ... —%— CMSData2012
L 10 L e, N, g 21
%’ '''' oo L'{';/";;;}""';?;;;;‘;;//////}///////’///////‘ 1000 2000 3000 4000 5000
= - @zzgé/é;‘t" / M_[GeV/c]
% | / /W/ tt
o 2 3.5 2 2
mreco [TeV] = 1.5
[ATLAS-CONF-2013-052] o5 ,
% 1000 5000 3000 4000 5000
[CMS PAS B2G-12-006]
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Top-antitop Resonance

L+Jets Channel

= CMS (20 fb?):
m(Z' 1.2% width ) > 2.1 TeV m(KK gluon, 1.3xL0) > 2.5 TeV

= ATLAS (14 fb?): :>15.2% width
m(Z' 1.2% width) > 1.8 TeV m(KK gluon, LO) >2.07 TeV

E o 1 [ 1 &1 r rrt CMS, L=19.6 fb"l-, \'E:ST&V Z' With 1.20/0 Decay Width
et Vs=8TeV Obs. 95% CL upper limit a E
= 10° T s Exp. 95% CL upper limit = 102 ; — Expected (95% CL)
1 J i Exp. 1 6 uncertainty m E e Observed (95% CL)
N e Exp. 2 ¢ uncertainty » N 51, 5wl
E E @000 seses Leptophobic Z’ (LO x 1.3) N 10 N\ '
s} O B | d.
X ATLAS Preliminary = | \\K Ml Exposted:s Trad
: +
& E LR [ [ Expected = 2 s.d.
_ ¥y CEy .
s .
& 101k
510
"..-.:: ...... S tteeiau, 102 E
P B 1 :.'] |||||
2.5 3
Z’ mass [TeV]
[ATLAS-CONF-2013-052] [CMS PAS B2G-12-006]
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Outline

Heavy Resonances 4" generation and
- Dilepton heavy “guarks”
- Dijet - Vector-like quarks

] 1 v

- Top-Antitop

% o\ | eV-gravity and Dark Long-lived particles a3
7 ( ’Matter and more exotic final S
‘A - Monojets states
- - Stopped particles

- Exotic Higgs decays
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4" Generation and Heavy Quarks

= Plain SM 4" generation: = Beyond 4" generation: Vector-
- difficult to reconcile with the Higgs Like Quarks (VLQ) in
observation:

Composite Higgs theories

- Left-handed and right-handed
components have identical

- enhance Higgs production cross
section, excluded by observed Higgs
cross-section

g t ; couplings
fD{ - Diverse phenomenology. Expect
’ | | large BR for t' — Htand Zt ;
FEE— b~ ZbandHb
T Wb, Ht, Zt i g |
T3 Wb, Ht, Zt B Nt 15, 20 ‘%}”bk EE%@ ;
B.,s W+, Hb, Zb || T,y Ht, Zt Fodk, - _
T+5/3 W+t . w“”mm”'"‘""“‘“'";"_"_-_-_--_;-_-_--_--_--_-._.;;; .....
T+5f3 Wit | B Hb. Zb - i "H_-';1;;;-;;%907.3155 ]
/3 ’ | | _
- i [||l7|l|‘||7.|\||!|||\|||\Jr|w|||\||-\
B_4[3 W b | 84/3 W b 500 750 IU::?Q (Géz\?{)) 1500 1750 2000

H. Bachacou, Irfu CEA-Saclay

Latsis, 3-6/06/2013

34



tH(— bb) + X analysis (ATLAS)

m {'t' pair production with:
- atleastonet - tH
- one W leptonic decay - Iv
®m Also sensitivetot' - tZ
(Z — bb)

m After standard tt pair event 40
selection, reject top
background by requiring:
- at least 6 jets
- at least 2 b-tags

® Discriminant variable: I

0 200 400 600 800 100012001400 1600 18002000
Hp =) pj+1 + B Hy [GeV]
J [ATLAS-CONF-2013-018]

100—ATLAS Prellmlnary e+l 6 jets, > 4 b-tags

Ldt 143" —e— Data (|s = 8 TeV)
s Y ?600
C_ tt+light jets

80 C—J tt+HF jets

L C— tH

&> | I

&% : — W’J'Ets

et = Z+jets
(2 Diboson
@ Single top
B Multijet

Tot bkg unc.

Events/ 100 GeV

T

60

T | | |

Data/ MC
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tH(— bb) + X analysis (ATLAS)

® Assuming singlet VLQ

. . . = = . m=350GeV| [=w_ , m.=400Gev| ATLAS Preliminary
rancning ratios: T ooy, FE= | \
T — F \s=8TeV, Ldt=14.31b
- FEE=—=—., = | eaeas 95% CL expected exclusion
BR(Wb) = 0.5 -
] m ) of 95% CL observed exclusion
m Ot or 56 08 O o7 or 05 o5 1 % SUR)doublet @ SU2)singlet
BR(Ht) - 025 =N m, = 450 GeV Tes o m, = 550 GeV
0.8 =20, 0,
2%
BR(Zt) = 0.25 =5
' 04F = =
. 0 0.2
I I I(t ) > 640 Gev 95 /0 CL O o7 o7 o6 0% 0% 0z 04 06 038
£ m, = 600 GeV B o m, = 700 GeV
_—%,
06 =
~ ——a 0.4 _:—_r
= [ ]
02F
56 0.8 0§57 5% 05 0~——6z 64 06 08
m=750GeV| [== m=800GeV| [= m, = 850 GeV
08 ==29 o8k O
== Y%y, "y,
== @0 @0
of; 0.6F4
A 04F 0.4
o F ® L]
2f 0.2F 02F
0 g 5T 5 08 O pE e e e 1 0% 04

[ATLAS-CONF-2013-018] U o BR(t’ > Wb)
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tH(— bb) + X analysis (ATLAS)

= Assuming singlet VLQ
branching ratios: £ ffug, %;
BR(Wb) = 0.5 — 4
BR(Ht) = 0.25 =
BR(Zt) = 0.25 %5
m(t') > 640 GeV 95% CL

® Combining with earlier g g0 e

ATLAS Preliminary
Ys=8TeV, I Ldt=14310"

=== 95% CL expected exclusion

95% CL observed exclusion

i = 5 5 o8 % SU(2) doublet @ SU(2) singlet

=N m, = 450 GeV
—

1

m, = 550 GeV
r—

0.6
0.4
0.2

0% 02 04 06 08

my = 700 GeV

0 0.2 0.4 0.6 0.8
= m, = 600 GeV

0.2 0.4 0.6 0.8

m, = 650 GeV

search for t't' - WbWb: % il §=— T X °'§;_ o
eXCIUde a” BRIS for m(tl) 0.;_%@” m, = 750 GeV M';_%a:éiﬁ.%@% m, = 800 GeV 0.8'_'—5 %’%%0 m, = 850 GeV.
up to ~ 500 GeV Yok A Y

0.2F 0.2f 0.2F

0I 0.‘2 Oj4 0.‘6 0.‘8 i 0 0I 0.‘2 0.‘4 Ojﬁ O.IS

[ATLAS-CONF-2013-018] - BR(t' — Wb)

+ B 95% CL exclusion from

[PLB 718, 1284 (2013)] ATLAS t' -~ Wb search
7 TeV, arXiv:1210.5468
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t's5t's /5 Same-sign (CMS)

same-sign leptons
O

T, » Wt > WWD
- same-sign W's from T., — same-sign
dilepton signature
- poosted W and t on the other side
— fat jets with 2 and 3 sub-jets (resp.)

m Full reconstruction of the T,,mass

ﬂ FroT | T | T I. T |. 1T ‘ T ‘ T I—‘—Iljalté T | m1TT14
5 —_ CMS Prellmlnary -ZZ _— 3 TT |I TTT | TTTTTTTT IJ T I?l_q TTTT ‘ TTTT |Ii
@7 196 at ys=8TeV DWW 1 a CMS b_ﬁe"m'”ary :
i = f E 19.6fb " at ys=8 TeV -
10 eetel Ul - o |
A = Charge MisiD §  © 42| -
. 155 300 Bevy - i
N 1 Foo ]
(95% CL) N ER e —— ]
i A j
N ] 10°E « Observed Limit E
SIS 7 Eoeeee Expected Limit .
- M _ - [_1Expected Limit £ 1o 4
C ] - [ Expected Limit + 2c i}
L | 0 TRNL § - — Signal Cross-Section 7
0 200 400 600 800 1000 1200 1400 1600 1800 % S T E N NN FETTE RRNT PR FENT TR

CMS PAS-B2G-12-012

Rec. T;;mass [GeV]

550 600650 700 750 800 850 900 9501000
M, (GeV)

H. Bachacou, Irfu CEA-Saclay

Latsis, 3-6/06/2013
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b'b' - WtWt same-sign analysis (ATLAS)

® pb'b' - WtWt - WWbWWhb: 4 W's In
the final state
®m Event selection:
- At least 2 leptons of same-sign
- Missing ET > 40 GeV
- At least 2 jets, incl. 1 b-tagged
- Total transverse energy H; > 650 GeV

— 5 FATLAS mman| i oo o B T
ee efl L s oo ool
Prediction | 27 £ 0.6 44 +1.0|23+12 3 :; T e
Data 3 10 2 &0 Howo
af Oraes 3
- Slight excess in el channel, not seen in £ EZ;ZWW) 3
ee or Uu channels - not significant 1 ST @
overall 00200 400 600 800 1oob12001205h186;é%;|‘2;6;%062\/2]00

. [ATLAS-CONF-2013-051]
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b'b' - WtWt same-sign analysis (ATLAS)

® Assuming BR(b'— Wt) = 100%:
m(b") > 720 GeV
(expected: 770 GeV)

® Assuming singlet VLQ
branching ratios:

BR(Wt) ~ 0.5
BR(Hb) ~ 0.25
BR(Zb) ~ 0.25

ATLAS Preliminary
Vs=8TeV, j Ldt=14.3fb"

=== 95% CL expected exclusion

95% CL observed exclusion

o e e oK Y SU(2) doublet @ SU(2) singlet

Mg = 500 GeV|

& mg = 550 GeV

. 0.4
Z 0.2k .
! 0) . . A . . . -y
I I I > e 0 00z 04 06 o8 0~ %z 04 08 08
- m, =800 GeV| - mj = 850 GeV
0‘5,' 8 0‘5,'
, %,
| | 0_6,
(expected: 630 GeV)
0.4f 0.4F 0.4F
0.2F . 0.2F * o0.2F b
0%—6z 04 06 08 0% —0z o4 o8 o8 05 —%2 04 06 08

BR(B — Wt)

. [ATLAS-CONF-2013-051]
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Outline

Heavy Resonances

- Dilepton
- Dijet
- Top-Antitop

4" generation and
heavy “quarks”
- Vector-like quarks

] 1 v

Long-lived particles !
and more exotic final;
states |
- Stopped particles

- Exotic Higgs decays
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Monojets:

Large Extra-Dimensions (ADD) and WIMPs

" ADD: ’ ™ —
- KK tower of excited gravitons: large ED ——— o N —
means small AE between states: AN =

AE ~ 1/R - continuum = .._R;,;;::.; =

- direct production of a KK graviton recoiling VR . . =
against a quark or gluon N, E—

. . =

® Dark matter pair production - =

- Observe only the Initial State Radiation

] '

i o N S (f
_ \ i 7
X ‘* L-’i'u' »
Ay Ty
g gYe

9 X
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Search for Monojets: ADD

[ Zowy

107

m | ook for a jet and I == E
(almost) nothing else W GE e E
= I z-rT 3
®m Data-driven estimation of: e T OMACaS TV 1 cev S
S Tl Oy L UNPg,;=1.7, Ay =2 TeV B
- Instrumental background E —e— Daia E
107 - | Wl “rne. | e =
- Understandlng Z(— wv) + jets I R N
= - = 10 S B Ul -
© - cMS Prellmlnary = :
% 7:_ _[Ldt 19.5 6™, {s=8 TeV . = e
= - CMS Monojet (LO) 8 TeV O P i i i i e i
) 6? e E 1.5 =
E E ST CMS Monojet (LO) 7 TeV, 5 fb P 1 ;4
BE—1 e LEP - A  0sf

| | | |
200 300 400 500 600 700 800 900 1000
E™SS [GeV]

: m Stringent limits on ADD:
T E - My >3 TeV (LO, b =6)

of e . — [CMS PAS EXO-12-048]
# extra-dimensions S [ATLAS-CONF-2012-147]
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Search for Monojets: Dark Matter

® Comparison with astroparticle direct

searches (effective theory): ;
X
g X

c\II—I‘]QQT 1 ||||.|||. T T T T T T T T TTTITH C\ll—l‘l()_27 L ||||.|||. L B A T .| TTTTITH
£ 10 CMS Preliminary —*— CMS 2012 Vector £ 10 CMS Preliminary —s— CMS 2012 Axial Vector —
O, . ~ (s=8TeV " e+ CMS 2011 Vector — O, e F s=8TeV e CMS 2011 Axial Vector —
c 10 — — CDF 2012 - ~ 10 — - CDF 2012 =
Lo _[L dt=19.5" XENON100 2012 Qo b J.L dt=19.5fb" == SIMPLE 2012 =
"g 107 -== COUPP 2012 B "g 107 -~ CDMSII 2011 B
R SIMPLE 2012 = E B ama COUPP 2012 =
0 107 = e CoGeNT 2011 B 0 107 il -~ Super-K W'W B
% 10728 - -~ CDMSII 2011 _ Uw) 10°% - % IceCube W*W" _
o il ---- CDMSII 2010 3 O i e ]
O g8l o O g ) e
- . c - aal
@) d ] o oy <]
< - i Q@ ST i
O = = O e @y, v 0@ Y,Q) =
> — Gl 3 10% A2 =
ZI E ZI i . -
R107 10" Spin Dependent B
10-46_ 1 | 1 IIIII| 1 | 1 IIIII| 1 1 1 IIIII|— 10—46_| | | 1 IIIII| | | | IIIII| 1 | | IIIII|—
1 10 10? 1203 1 10 102 1203
[CMS PAS EXO-12-048] Mx [GeV/cT] Mx [GeV/cT]
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Outline

Heavy Resonances 4" generation and
- Dilepton heavy “guarks”
- Dijet - Vector-like quarks

] 1 v

- Top-Antitop

% o\ | eV-gravity and Dark Long-lived particles 338
7 ( *Matter and more exotic final S
, - Monojets states

- Stopped particles
- Exotic Higgs decays
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Long-Lived Particles (LLP)

CMS Vs=8TeV,L=18.81"

. ’g 20- ; A 1- Datlaf'.:sI:SITeV)l .
®m Predicted by: = 84 B — b
L = 16 - '
~ SUSY (R-parity violating or = b
split‘compressed mass spectra): :
stau, or gluino/stop hadronized 10f
into R-hadrons )

- Hidden Valley

= Experimentally very diverse:
- Depends on particle's properties:

6
n
i
0

life-time, charge, decay Decay in il
- highly ionizing (dE/dx) Calorimeter
- slow (time-of-flight)
- highly displaced vertices s

- kinked tracks

- disappearing tracks Decay in Muop-—=—" J//F
Spectrometer IS

- out-of-time (wrt collision) decay G. Watts

H. Bachacou, CEA-Saclay / CERN SLAC, 27/03/2012 46



LLP: Stopped Particles Decaying Out-of-Time

m Qut-of-time decay of heavy particles stopped in the detector

m | ook for signal without collisions:
- When no beam in the machine
- Between bunch trains

= Trigger on:

* Gap > Jet pT > 32 GeV (L1)

‘5‘0n‘s_‘48|0b-:-1s‘ym.‘all_‘42‘4_‘14l_4(‘38772‘bp‘i11‘injl \Li‘"ti 3‘8 p‘b’1 e - Veto on BPTX t”gger to
suppress beam background

T
- X cMm
CMS Prelimina ry 2011 Signal PDF (z = 1ps)

Lifetime = 1 us

K

1 1 | ‘ | 1 1 1 | ‘ 1 L 1 | | ‘ 1 1
500 1000 1500 2000 2500 3000 3500

0
Bunch Crossing # BX
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LLP: Stopped Particles Decaying Out-of-Time

m Qut-of-time decay of heavy particles stopped in the detector

m | ook for signal without collisions:
- When no beam in the machine

~ Between bunch trains Too short-lived Too long-lived to
to be out-of-time ~ Nave decayed yet
T Leff (Pb" 1) Live time (S) Nexp Nobs 100 ns 1 month
75ns 19.6 2.06 x 10* | 0.200£0.056 | 1
100 ns 57.8 617 % 10* 0.60 =0.17 2 7 . |
1ps 508 441 x 10° 43+12 7 |2 | Tl emn I -
10 s 913 8.67 x 10° 8.5+ 24 2 T 2 ¥ [iaeson —osered |
100 ps 935 8.86 x 10° 86+24 12 (¥t Bl . — ol TR
10%s 866 886x10° | 86+24 | 12 |LF L U e RS D
10*s 636 8.86 x 10° 8.6+24 12 |2t &, | x
10°s 332 8.86 x 10° 8.6 2.4 12 [&"F & Sy (I = 400 CoV) . O
10°s 198 8.86 x 10° 8.6+24 I U {4 ©
& E =8 d
© E o | G . 2
arXiv:1207.0106v2 - 1
10—1? E Giheory (n’L[ =400 GeV)

Lifetime t[s]
13 orders of magnitude!
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Higgs Exotic Decay:

Decay in the Muon Spectrometer

M. Strassler
[ Communicator |

= Hidden-Valley theories predicta |
hidden sector coupled to the UGHSURN
SM only through some heavy
communicator — weakly
coupled — long-lived particles

m Exxh-h,-mm - 4b's

m Life-time of 1, Is unknown

B | ook for 2 pairs of b-jets

appearing outside the b
calorimeter. &,m 7}v,-~/\5
m Sort of b-tagging with the Muon . hE Ehv "~ b
Spectrometer! . Mixég ’ <B

Displaced vertices
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Higgs Exotic Decay:

Decay in the Muon Spectrometer

Tracks caused by jets in Muon Spectrometer

. Very hlgh OCCUpanCy *5800;—' | I=;=I - AllTLIAIS Fl’rellimline;ryl l_;
® 700 ) =

= Partial track reconstruction e A e e T
L } E 500%_ —eo— Data (Ys=7 TeV) _;

® Note: punch-through's “well % ooF ; E
} : . = =
described by the simulation! 0= e £

. . 200 —— 3

After final selection: no event 100F- .
observed (exp: 0.03+£0.02 ev.) S S S

w

("]
o

Number of reconstructed tracks
H E : T T T | T T T T | T T T T | T T T T T T T T _]
i 95% CL Limit: m,=120 GeV, m, =20 GeV .
M ii oo 95% CLLimit m =120 GeV, m, =40 GeV =

95% CL Limit: m, =140 GeV, m'k=20 GeV
----- 95% CL Limit: m, =140 GeV, m,k=40 GeV

h
T LI

ATLAS Preliminary

—
o
I

95% CL Limit on o/oy,,

J.Ldt =1.94f"
Vs=7 TeV

—
T E T T T

—CATLAS

1 EXPERIMENT o=t L S NN
hitp://atlas.ch ﬂ:\,f)roperdecay length [m]

Simulation

1m 15m
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Conclusion: a short (over-simplified) summary

® The 8 TeV LHC data have been investigated extensively
but still a lot of work in progress

®m Unfortunately, still no hint of BSM physics in the LHC data...

Approx. Lower
Limit (95% C.L.)

VLQ t' (any BR) 500 GeV
KK gluon - tt > TeV
(narrow)

Z' (SSM) 3 TeV
Excited quark 4 TeV
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Conclusion: Outlook

m | ife with a 125 GeV Higgs boson:
- Exotic decays: Invisible Higgs and decays to exotic objects
- Must consider heavy particle decays to Higgs (e.g. t' — tH)

m Experimental challenges as we enter further the Multi-TeV
world:
- TeV leptons
- Boosted objects (W, top)

- Trigger: keeping up with high luminosity without neglecting low-mass
searches (e.g. jet final states)

- Investigate less obvious signatures

® \We must be patient (again): the 13 TeV run will open
another window of opportunity for discovering physics
beyond the Standard Model
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Search for Heavy Resonance: Dijet Angular

= Most BSM signal are expected to be more central than QCD

®m Study angular variable as a function of dijet mass

®m Consider the two leading jets
rapidity in their

& '35:ATLAS' Preliminary

@® 800<m. <1200 GeV

© 0.3 ILdt=4.8fb",rs=7Tev A 1200 <th < 1600 GeV (+0.o4)_:

: = Ok A 1002000 ey 1008

center of mass: O igjbg%OQ.%V<+o-w>+' ;

) I o oo ucoranios |

y — — (yl _— yz) Epetul A QBH (i=6), M_ = 4.0 TeV §

2 0'27i—iiiﬂ——v——¥—~v——'—l'"*

o :

® Variable chi defined as: 0.15¢ e T ]

= —h——h———h—

= ex — —exp(2|y*|) o1f E

X = exp(ly1 —y2|) = exp(2y’|) ol

as a function of m(jet-jet) 0.05F ]

- —=.i.__'_—.—'—.—‘_.-+_._:

® | imit on Quantum Black Holes: 4t e —
1 10

Mm(QBH) > 4.14 TeV (exp. 4.11) for n=6 y
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Search for Heavy Resonance: Dijet Angular

® Most BSM signal are expected to be more central than QCD
®m Study angular variable as a function of dijet mass

m Alternatively, look at: Y — :
N ‘= [ ATLAS Preliminary ]
F — +¥central j e

_— —— 05 Ldt=4.8fb '\ Ns=7 TeV -

N, total ——  QCD Prediction '

[ ] Theoretical uncertainties

. 0.4 [ ] Total Systematics :
where N 1S |y*| < 0.6 ¢ daa i |
Central |y | --------- Contact Interaction: A = 7.5 TeV —e—
0.3 " QBH (n=6) : M_ = 4.5 TeV ]

‘‘‘‘‘‘‘‘‘ gt:m_ =25TeV
9
Upper boundary to control region

Lower boundary to search region

B | imit on Contact Interaction: 0.2

rT 1 1 [ 1 11 [ 1 rrr 17 15171777 177
[ [ [ | l

A > 7.6 TeV at 95% CL . e :
. pra gl P oy == —
(expected: 8.2 TeV) E Tt ]
[ 1 | | | | | L {]
O1 000 1500 2000 2500 3000 3500 4000 4500
m; [GeV]
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Jet Clustering Algorithms // D

Starting point: topological clusters in the calorimeters

Iterative procedure of merging near-by clusters into bigger
ones (a.k.a proto-jets) until convergence

For all proto-jets and proto-jet pairs, define:

2
_ ; Zp 2p (ARI])
Pij = mln(pTl.,ij) R2

2
Pm=Pﬁ
If pj; Is the smallest p;or p;, merge | and J

If p, Is the smallest of all p;, itis a jet (and removed from list)

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013
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Jet Clustering Algorithms %/ >

B Two parameters:

m Parameter R is the analogue of cone side in a cone
algorithm
- Typicall R ~0.4-0.6
- Larger R ~ 1.0 (“fat jets”) also used for boosted objects

B Parameter p:

- p = 1: standard k; algorithm pij = min (pr’ij

R2
- p = 0: C/A algorithm
= poP
- p = -1: anti-k, algorithm PiB = Pr;
m Standard in ATLAS: R = 0.4 anti-kt algorithm
- But others are used to study boosted objects and jet sub-structure

5y 2p) (AR;))?

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013
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Jet “Grooming”

® “Pruning”:
m Start with a fat jet (R ~ 1 or more)
m Run k; or C/A algorithm on clusters within the fat jet

m At each step, if merging of two clusters fails, remove cluster
with smallest pT

ol i 1 '1+ '2 .
Initial jet O p;?/pfr I > Zeut OF AR;, i, < Reut Pruned jet
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Top-antitop Resonance

» AKT4: Anti-k; (R =0.4) jets: pT >25GeV, |n| <2.5
» AKT10: Anti-k; (R =1.0) jets: |n| < 2.0, p7 > 350 GeV,
m > 100 GeV, v/d12 > 40 GeV (expect v/dy» = m; /2 for t — bW)

resolved boosted
trigger single lepton trigger fat jet (AKT10) trigger
leptons 1 lepton (e* or u*), pr > 25GeV

additional lepton (e* or u*) veto, pr > 20 GeV

lepton trigger match —

Er e=: Fr >30GeV, u™: Fr >20GeV

my et: Mr(W) >30GeV, ut: Mr(W)+ E1 > 60GeV

jets > 4(3) jets “leptonic jet": AKT4 jet
(if one jet mjx > 60GeV) “hadronic jet": AKT10 jet

b-tag > 1 b-tag using AKT4 jets (&, =70%)
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TT - WbWb analysis

® Final state: Ivbbqgq (I = e or p)

m Selection:
- 1 lepton + ETmiss + 4 jets and b-tagging
- Select boosted W - jjfrom T - Wb

® Reconstruct the t' mass

T T T | T T T T T T I T T T l T T T [ T T T

% 900__ T I T T T | T T T I T T T | T T |__ % 25 [ ! ] ]
o ATLAS Preliminary 3 ° I /s = 7 TeV ATLAS Preliminary -
o = J el =
L‘; 800:_ ¢ _: = B —&— Data -
S 200k mm Data = @ ool J-Ldt—4 710" = = = = tf (500) 50% Wb 50% tH _|
T - O Ift (500) ] § - B :+ (500) 100% Wb .
6001 ™ Non-tt = H . L] i
E 72 Tot bkg unc. 3 - = non -
500— - g — 15 Tot. BG uncertainty —
400~ \s=7TeV = B i
E CE- I .
= Ldt=47f" I ~ 1
300: _[ = 10 —
200 72 — - ’
100~ —j - -
- 5_ —d
215 i :
2 /W;%W - : —
o 0
8 0.5E 0 200 400 600 800 1000 1200
20 60 80 100 120 140 160 1 80 Myeco [GEV]

W, 4 candidate mass [GeV]
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b'b' - WtWt same-sign analysis (ATLAS)

" pb'b - WtWt -~ WWDbWWhb: 4 W's in

% [ATLASF iy [ liosw | o a5 )

- 3 — b’->Wt 800GeV—]

the final state g f

® Event selection: g o o
. 15
- At least 2 leptons of same-sign )
- Missing ET > 40 GeV o5t

- At least 2 jets, incl. 1 b-tagged 5

H, [GeV]

- Total transverse energy H; > 650 GeV

T _FATLASFeiminary| o res’ | en Ehannéls=8 Tev]
S 7K L —
> e S N SN I A I PN VS ety p - b'->Wt 800GeV 4
[0) 2'E’jT'LASPreIiminary JLdt=14.3fb" ee channel,Vs=8 TeV] o o 3
o C — b->Wt 800GeV ] - 6 - ---- b'->Wt 650GeV—]
o r 1 ~ - —
o - . % E
A -+ b->Wt 650GeV ] % 5 —- Data =
‘% E -8~ Data . 0 4 = |:| Q Mis-id =
1.5 — o .
Lﬁ C I:I Q Mis-id 3 = I:I Fakes E
1 = I:I Fakes : e, |:| dzww) 3
- 2? —]
C |:| tT+Z/W(W) | s . wz/zz
B 1; :___:_0_ .
0.5~ .WZ/ZZ E — - I:lwtwi 3
: + . - ‘ ' : e e ]
ok G '...DW’V‘F E 0 200 400 600 800 1000120014001600180020002200
P I P P I P P B T H; [GeV]
0 200 400 600 800 1000120014001600180020002200 T

H, [GeV]

. [ATLAS-CONF-2013-051]
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Black Holes: Multi-Jets, Lepton+Jets, Same-Sign

>108\\II\\\\‘IIII\\\Illl\\

E!
. [ - ATLAS Preliminar 1]
= Multijet — S107 el SN S EE
Pt 10° —=— BH(n=2.M =1TeV\M, ~4.3TeV)
B 5 s BH(N=4M~1TeVM,-29TeV) -
N L+JetS - 5104 BH(n=7,M =1TeV,M, =2.1TeV) 1
b 10 —e— BH(n=4,M - 12TeV,M‘h=3.5TeVE
10°

® Same-sign Di

102
10

A AAA“

HTII[ T HIUIT‘ T HWU' TTT HIW T H\UIT' T HUIHl T IITIHW T HIHITl TT HUl T IIWIW

|
vl v od vl o] i ol 1

1 8,
(7> W L L BN ILLELE \ AL L B B S B 1| 10-1 ™ Q
§103 553}:|:(;s=7TeV s T T T T T BTN T 102 . IT |
L C th (53 p —TOta'lBkg_ o b b el b PR
107 ol S 910 fra-roan EBwepesr 0 1000 2000 3000 4000 5000
[ Diboson S . Zets L p, [GeV]
[ Single top: Wt = Ly
10 ot | Seog
1 10 [ =
10" 1 _
1026l ;
o ' . . T 10" =
2 2-same=sign =,
P ANUONS e - J
g § ey

5 10 15 20 25 30 35 40 45 5 ol 1000 1500 2000 2500 3000 3500
: N, Y p [Gev]
# high-pT Tracks T
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A Short History of Extra-Dimensions

m 71921-26 : Kaluza & Klein MxC
attempt to unify EM and %
relativity by adding a dimension l .

to general relativity /\/
M

- Compactification — Kaluza-
Klein towers

~E=nhc/R (R =ED radius,

n integer) /
m 7998 : Large ED (Arkani-

Hamed, Dimopoulos, Dvali)

m 7999 : Warped ED Warped
Randall-Sundrum

® Since then: many more... G~—¢., <7

MP:"Z 5 MDZ—HIRH

-1I
R W

ds™ = ¢ nodetdxyt b e~
> 2 o
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Large Extra-Dimensions (ADD)

® \What if gravitation is strong but appears weak 2 m"-. =—
because it is “diluted” in extra-dimensions at  em —
low energy / large distances? =

- removes the hierarchy problem R % o -
Raml ==

m KK tower of excited gravitons: large ED means " SN —
. —

small AE between states: AE ~ 1/R RN —

- Experimentally: continuum | — o —

m At the LHC, three ways to look for it:
- Deviation in DY or dijet spectrum caused by

continuum q. q
- Monojet/monophoton: graviton production e /
recoiling against quark or photon — > \ q ,f*(
- Semi-classical black-hole and Quantum __,i_._--:-iif'“ "'EL
Graviation Object A e 2
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Microscopic Black Holes

If Gravity becomes strong at
TeV - strong enough to
produce Microscopic black-
holes decaying through
Hawking radiation

® | arge uncertainty on models
due to our ignorance of
guantum gravity

® Semi-classical models only for 4
m(B.H.) >> m(threshold) ATLAS Simulation:

1y 2e many jets
m A safe bet: decay is democratic
and isotropic —» Look for
(many) jets (and leptons) at
high mass
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Microscopic Black Holes

“multi-object” CMS analysis with 8 TeV data:

CMS s =8 TeV L=121fb"

Ems = Multiplicity N > 4
m Cut on total number of objects (jets, s L s
. P10% :
2] U rtaint
photons, electrons, muons) in event s oM e v, M= 55 Tev,n =
. ] . '”103:_ - My =2.0 TeV, MB";;“=5.0 TeV, n =4
® | ook for deviation in total transverse j — My =256 M7 = 4.5 ToV,n =2
energy S; (a.k.a. Hy at ATLAS) # objects 2 4
: h '1-—-1'-"‘;1:---.;
,.. CMS js=8TeV  L=12.11b" 10 T
3 B E "_l -i.'i‘:
Z’E 6 L T
mEm : §|IIII|IIII|IIIIIIII|IIIIIIII|III1I1I:I_-E-.
Ns [ 2000 2500 3000 3500 4000 4500 5000 5500
3] g L N ST S, (GeV)
= :u;:’ 03 g — Background
Q B £ Uncertainty
o i e L e M, =1.5TeV, M7\"=5.5TeV,n=6
L 5 mwzhl - =My =2.0TeV, MJ" = 5.0 TeV, n = 4
% i Fl\, — M, =25TeV,M"=4.5TeV,n=2
© i .
P i >
M 45 BjackMax 0L # ObJECts 28
[ —=— Nonrotating - o TR
4—_ --»- Rotating '|.....__|'I -|_r'l T
B Rotating (mass and angular momentum loss) i H 1'r|--:| R L e
_I | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | | 1 E ' ' ;
15 2 25 3 35 4 45 5 TP AL | A PP T e IO
arXiv:1303.5338 MD M (TeV) 2000 2500 3000 3500 4000 4500 SSO-EOSTS(SGOE%
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Warped Extra-Dimensions (RS)

® One extra-dimension with negative
curvature i.e. anti de Sitter metrix

B RS1: Planck brane and TeV brane at the
boundaries of the ED

- -1I

- KK graviton tower with AE ~ 1 TeV ds=e T [ dx" ey’ 4 F. dgh
- Signature: KK graviton to dilepton or o 1P
diphoton =@ @A

m Bulk-RS: all fields propagate in ED and
create KK tower.

- KK graviton couples to massive
particles - large BR to WW, ZZ

- KK gluon - ttbar
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Model-Independent Searches

®m Dedicated searches cannot cover every possible final state

® Complete the spectrum of analyses with model-independent
searches

B Two examples:

- Inclusive same-sign search

- A generic search trying to look all possible final states (that may
have been missed by the dedicated analyses)

H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 68



Model-Independent Searches

Inclusive Same-Sign Dilepton

® |nclusive: only requirement is two isolation same-sign

leptons

® | ook for excess as a function of lepton pair properties,
namely dilepton invariant mass

% 120—’-"'!“"“"I""l""l""I""I""-l—
: ATLAS P || . D t 2011 : > :( LI ! LIL LI T L I LI L l LI T 1 LI T | LI L L I LI I B I:
S - VAR =t D 1 & eof ATLAS Preliminary 4 Data 2011
§ 100 Ldt= 4.7 o [INon-prompt — o - :
= B N B : Ldt = 4.7 o [Z]Non-prompt
£ X \s=7Tey ~ WChargeflps 7 —  sof . [ ]Prompt e
a 8o [ |Prompt ] = N \s=7TeV ]
= — o — —
o B + .t ] c 40 ]
g 60? e e - S . uiui :
0 n 1 = 30f =
N 20F -]
’ 10F -
300 350 400 N PP PP PTON Sl na
) 0 50 100 150 200 250 300 350 400
“e*) [GeV
miee) (el M) [GeV]
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Model-Independent Searches

Inclusive Same-Sign Dilepton

® | imit presented in terms of fiducial cross-section limit, I.e.
cross-section with detector and event-selection acceptance
(as opposed to total cross-section): 95% CL upper

N - limit on yield
95% CL upper fid 05 (given
limit on fiducial |—» 0'95 - Nobserved and

cross-section 8ﬁ d X f Ldt Nbackground)

Reconstruction and Selection efficiency Integrated luminosity
Within acceptance

B Ojq4 IS (almost) model-independent
m Canturn ogq INt0 Oy With generator-level information only

m Caveat: not exactly model-independent — must be
conservative
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Model-Independent Searches

Inclusive Same-Sign Dilepton

95% C.L. upper limit [fb]
N Partlcle_level defl N Itlon O-I: Mass range expecteii‘fgbserved expecteﬂiLgbserved
acceptance: M>15GeV || 45077737 457 | 234788 291
Electron requirement Muon requirement _MTIOG_G_E‘V §4_3“_L3{'}_‘_§§E]— - _1 l_éfgé 14.6
Leading lepton pp pr > 25 GeV pr > 20 GeV M > 200 GeV ] 8+3.2 81 4.2% 1.8 6.6
Sub-leading lepton pr | pr > 20 GeV pr > 20 GeV - =29 ] =Ll ]
Lepton 7 Inl < 1.37 or 1.52 <[] <247 | |yl <2.5 M >300GeV || 457¢ 3.9 2.3% 0k 2.5
Isolati cond03 0.1 ptl'f’““”‘lf pr < 0.06 and ;:: ;:;;
salation Pr /pr <0. Pgl'_tmeﬂﬂ <4 GeV +0.02 x pr M > 400 GeV 2.9_@ 2.3 1 .6_{}:5 |
E'.'+ €+ -“+#+
- M >15GeV || 27.3100 1 92338 14,709 14.9
Particle-Level - e 2 =
. +0. +3
Isolation ﬂg > l.{]{}l(;re\’. 1_5.-2._4__3 | 1.2..4 8.2_.:,._4 | 77
M >200GeV | 66778 6.5 34703 42
M >300GeV | 3578 29 2072 2.0
®m Also search for excess in ++ M>400GeV | 24750 [ 17 [ 1505 [ 17
and -- separately ok ol
M>15GeV | 246732 | 29.1 Ry 18.0
M>100GeV || 127738 | 19.9 S8 9.8
M >200GeV || 47713 44 23% 43
M >300GeV || 287 2.7 T4% 1.7
' + 10 +04
M >400GeV | 1879 22 L2t 1.1
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Model-Independent Searches

Generic Search

® |mplemented in many ways in several experiments:
-~ Hera
- DO Quary and CDF Sleuth
- CMS Music
- ATLAS generic search (shown here)

®m Basic idea: look for an excess in the entire dataset (!)

m Caveats:
- Not optimized for any given signal. No complicated reconstruction.

- Background estimates not as accurate / trustworthy as in a dedicated

search
- Very large trial factor: the more signal regions the more likely an excess
Is a statistical fluctuation — decrease sensitivity

®m Observation of an excess would trigger additionial studies on
additional data
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Model-Independent Searches

Generic Search

B ATLAS Generic Search

B (55 exclusive channels, as function of number of electrons,
muons, photons, jets, b-jets, missing ET

object jet b-jet | electron | muon | photon E.‘r‘“iSS
label j b e 7, y n
lower pr cut || 50GeV | 50 GeV | 25 GeV | 20 GeV | 40 GeV | 130 GeV

m Background estimated from Monte Carlo with conservative
uncertainty on cross-sections

- QCD: 100% uncertainty
- Caveat: trust MC to simulate fake leptons

H. Bachacou, Irfu CEA-Saclay

Latsis, 3-6/06/2013
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Model-Independent Searches

Generic Search

®m Use lowest unprescaled trigger in each stream:
electron/photon (e/g), muon, jet/MET/tau

® Part of the result for the e/g stream:

DA BT TTTTI T T T T T I T I I I T T T I I T T T T I T I T T T T T T I T T I T T T T T T T T I T T I T I T T T T T T T 71T =
[ —— Data 2011 (§z =7 TeV) .
2108 aw e EGamma Stream - A _[L dt~ 4.7 b
L By jets o
10 B Wjets ATLAS Preliminary
B Zjets
Bl WW, ZZ, WZ+eats
10° COE 11V, trjets Event Classes (5 labelled)
10°
10° =
10°

10°
10

10" iﬂl Lii

1elb
1ety!
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Model-Independent Searches

Generic Search

® Quantifying an excess: for each signal region, compute the
p-value = probability that the background fluctuates at or
above the observed number of events

® Take into account trial factor (a.k.a. Look-Elsewhere Effect)
with pseudo-experiments (a.k.a. “toys”)

3 , f—— ' EGamma Stream ]
g 10E 5
o - —— JL dt=471b" .
§ 10 _ ATLAS Preliminary = u Sanlty/SenSItIVIty
L - $ =
- . : : check:
1 L —-—Daia2011(|s_:7TeV) —]
= I SM Toy Experiments 3 .
- —t WS i ] - Compare with toys
B T — SM+5U(1220, 240} ] . . . .
10" E In which a signal is
- 1 ] Injected
E\ IIIIII\|IIIIIIIII‘I\II‘IIIIIII\I‘IIIIIIIIIl\IIIE
0 1 2 3 4 5 6 7 8 9 10

—Iog1 0(p—value)
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Model-Independent Searches

Generic Search

T T T
EGamma Stream

B Result In the 3 streams

i e
@ C ]
o 10 =
@ = 4 =
IS = — det=4.7fb =
L NO excessl % 10 ATLAS Preliminary i=
- A clear evidence that our i3 om0 S
. . . - . SM Toy Experiments ]
simulation is pretty good! 101E — .
Bl
D N P B R R T D B
0 1 2 3 4 5 6 7 8 9 10
-Iogw(p-value)
0 ™ L A L L N LN B N
@ e JetTauEtmiss Stream 7] v T — T T T
3 s 2 o [P Muon Stream T
o 10F J"Ldt=4.7fb'1 = g  10°E =
= £ E 5 = - det=4_7fb" =
g ~ ATLAS Preliminary ‘ e - t =
t i ] g 10 & ATLAS Preliminary -
10 —t— = L E E
- ——Data2011 (\s=7TeV) I —— n
L — .SMToyExperimems i 1 = - BEASIT-7T =
1E — = .SMToy Experiments E
E E B —— ]
& . 107 E
107 I ~ N — g
E e b b e e e b e T 107 3
0 1 2 3 4 5 6 7 8 9 10 Bl by b by b b b e by by
0 1 2 3 4 5 6 7 8 9 10

-log. (p-value)
0P -log, (p-value)
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LLP: Highly lonizing Particles (CMS)

Slow Heavy Particles or High-charge-multiplicity particles:
muon-like signature with large dE/dx and slow timing

m Sensitive to 1/3 < |g| < 8 (above: stopped by calorimeter)

m | atest CMS result (full dataset): combine dE/dx from inner
tracker and timing from muon spectrometer
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LLP: Magnetic Monopole (ATLAS)

ATLAS

e Monopole mass 200 GeV - i

. . . . :8 L Simulati o Monopole mass 1500 GeV—
® Soionizing — stopped by calorimeter £ 'm“a";;%%& i
0.8 ]
] Slgnature \ 06:— EIJ ++ b
L - - i - t
- Large number of hits in Transition Radition - écp } :
Tracker caused by delta-rays o ° G 4 ﬁ
: : e 4 ]
- Large fraction of hits above threshold 0* By | ﬁé@éﬁ% I
500 1 000 1 500 2000 2500 3000
(usually used for electron ID) Monopo|e Kin. E [GeV] e e
900~ T T
- EM shower narrower than an electron EN\ | ATLAS | o
g T '—E _Slmulatlon .
= | > 7 arXiv:1207.6411 ;
_Ig ° 0.8 7001 PRL 109 (2012) 261803
2ot N :
i - I g
n 600K ! -
© 2% aras N
§ Soga-rev 500} :
"3 g - [Ldt=201" -
© - Datazori 400F -
Lt % 0-2: o Monopole MC | :
- B D - Py on o Lo v pnboyn ool uvo ol B%rg [Py s
o ote s oud -900 -800 -700 -600 -500 -400
Shower width o, Xar [Mm]
H. Bachacou, Irfu CEA-Saclay Latsis, 3-6/06/2013 78


http://arxiv.org/abs/1207.6411
http://link.aps.org/abstract/PRL/v109/e261803

LLP: Magnetic Monopole (ATLAS)

®m Background estimated from ® Model-independent limit on
the two uncorrelated variables fiducial cross-section:
(“ABCD method”)

® 0.011 £ 0.007 background
events expected

® (O event observed
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Higgs Exotic Decay:

Electron-Jets

® Hidden-Valley theories predict ® Ex: h — cascade -
a hidden sector coupled to the multiple highly collimated
SM through some heavy electrons (a.k.a. electron-
communicator jets)

B Higgs mixing — exotic decay ® Could be long-lived

f Communicator | M. Strassler Y +

+ Electron jet
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o
D @ D D

+

\\ d e-
ME g+ Electron jet
Y e
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Higgs Exotic Decay:

Electron-Jets

® Hidden-Valley theories predict ® Ex: h — cascade -
a hidden sector coupled to the multiple highly collimated
SM through some heavy electrons (a.k.a. electron-
communicator jets)

B Higgs mixing — exotic decay ® Could be Iong Ilved
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