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A new era for BSM searches?

® |Impact of 125 H on our search for BSM strategy? g \"fﬁ’\é}'\%@

e SM Higgs related measurements: '{ i%-?lv =5
- Measure its mass, width and BR to SM particles o
- Look for other decay channels and measure their BR S 6o

- Measure its spin (angular distributions) Ly} *\

- ——t— b

® Exotics decays, does it couple to new particles?? ==
=) |nvisible Higgs—»(MonoX analyses..) ";";,,,*,,":’;v,"”
=) Higgs to Exotics objects, e.g. Hidden valley to dark photons (LLP or lepton jets)
=) Other Higgses? might be more than one (SUSY)

® Technicolor and SM4 are less likely, however other models including SUSY
live well with a light Higgs.

® As the Higgs acquires mass from loops of fermions (tops!), Gauge bosons
and itself.. :

I f

: I
! f; ‘,'/ !!1 f! . !/

=) New physics may appear close to the Higgs mass

=) ook for new physics in top related, or diboson physics.
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(partial) List of Exotic Models

Dark Matter
WIMPs (monojet, monophotong,monoX..)
jl E xcited fermions
q", Excited quarks (dijets, photon+jet)
[*, excited leptons (dileptons+photon)
Leptoquarke (lst, 2nd, 3rd generationg)
higge -> hidden sector (displaced vertices, lepton jets)
Contact [nteraction

‘9 = llqq Cl
. % 4q Cl(dijets)
‘ Doubly charged Higge (multi leptons, same sign lepton

E xtra dimengions:
RS Kaluza Klein (KK) Graviton
(dibogong, dileptons, diphotons)
RS KK gluong (top antitop)
ADD
(monojets, monophotons, dileptons, diphotons)
KK Z/gamma boogne (dileptong)
Grand Unification (BUT) symmetries
(dielectons, dimuons, ditaus)
Leptophobic topeolor Z' bogon
(top antitop to dileptons, [+j, all had)
! 88- color octet scalare (dijets)
;% String reconance (dijets,)
¥ Benchmark Sequential SM (SSM) 2, W'
W' (lepton+MET, dijets, tb)
W* (lepton+MET, dijete)
S ¥ Quantum Black Holes (dijet, [+)
4 ~‘ Black Holes (I+jete, same gign leptong)
Technihadrong (dileptons, dibosons)

.
-

4" generation
t'->Wb, t'->ht b'-Zb, b'->Wt
(dileptons, same sign leptons, I+J)
VLQ-Vector Like quarks
Magnetic Monopole (and HIP)
Heavy Majorana neutrino and RH W

[ 4 il
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(partial) List of Exotic Models

E xtra dimengions: - Dark Matter
RS Kaluza Klein (KK) Graviton Rl  (MDe (monojet, monophotong,monoX..)

.

(dibosons, dileptons, diphotong) | - E xcited fermions

Complementary talks:
{ Searches for BSM in final states with 39 Generation Particles - F Blekman
SUSY searches - P. Pralavorio

: Detailed talks this afternoon:
L. Thomas (Heavy resonances), |. Tomalin (LLP), |.Vivarelli (DM & ED)
C. Contreas (heavy quarks and multi leptons)

§ TBD ? (surprises?)

' Quantum Black Holes (dijet, [+) \ o) : Hevg Majorana neutrino and RH W
s‘ Black Holes (I+jets, same sign leptong) » o <
" Technihadrong (dileptong, dibosons) a \\' & #7

(A%
' >
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Search for heavy resonances

® There are famous precedents

® Theoretical challenges: predicted by numerous BSM
extensions

- GUT, ED, Technicolor ..

- Benchmark model Sequential SM (Z°, W
couplings)
® Experimental challenges:

- Detector effects (trigger, resolution, efficiency) at
high E.

- Reach the TeV scale - a few CRs, extrapolate from
low E, MC

- However expect clean signal

l";’/ Y o -
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Search for heavy resonances

® Strategy

o Srling
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Search in tails of the SM distributions (lower mass
excluded ? hidden by SM “BG”?)

S-channel - easy to detect, higher cross section, but
high BG

Pair production - clearer signal but lower cross section

BG estimate - main BG data driven techniques, smaller
BG with MC

Acceptance and efficiency - model dependent
Sometime start with SM cross section measurement
Alway start with SEARCH phase!!

Plan B, turn to limits on typical benchmarks
and /or “model independent” limit

Blind analyses




-JETS, thats what we have at LHC ..
=The sighatures: resonances or angular distributions of dijets,
multijets or y + jet, single-jet / y
-Exotics model considered are:

-ED (ADD)

=DM, (and SUSY signals)

=TeV-scale gravity

=Contact Interaction

=Model independent searches

=QCD like signal: (excited quarks, axigluons..) usually couple to
jets, the EW BG is small but has irreducible Jets BG calculated at
NLO or fit the data in control regions (CR)

o
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Search for heavy resonance: dijets

® Models: excited quarks, strong
gravity, contact interaction.. ‘

® Large statistics

® However high background
(QCD) level

® Looks for resonance above
phenomenological fit of the
data

Fx) = pa(1—x)rapeins

X=mjj/\/s

Events, o, ...

mass
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Search for heavy resonance: dijets

® Models: excited quarks, strong
gravity, contact interaction.. T e

CMS

PR R
° ° ).;::‘\“,\ : §
® Large statistics o, 0

® However high background % j{&(w
(QCD) level B2

® Looks for resonance above

. ] ATLAS-CONF-2012-088
phenomenological fit of the

- B ~ ATLAS Preliminary ]
data % ! B 5 1°° :—gati E
SR s - ackground 7
£ 02 Es 10 Vs =8 TeV -
+ ]nx § . [Ldr=13.0f0" ]
f(x) — p1(1 _x)szm P4 | *
X=m;; / \/E o7 QU iy 3 :
JJ oy B
B - B e v
Reconstructed m. [GeV]
M(g*) 95% CL |Luminosity | Expected Observed
ATLAS 2011 4.8 >3.09TeV >3.55TeV
CMS 2011 5.0 >3.27TeV >3.05TeV
F— — ATLAS 2012 13.0 >3.70TeV >3.84TeV
CMS 2012 19.6 >3.75TeV >3.50TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-088/

Resonance in X/HH—bbbb

TeV scale resonances decaying via two SM Higgs to 4 b jets ATLAS-CONF-2014-005
= 300 — :
Event selection E ATLAS Prlminay A
zs 2501 's=8TeV:)Ldt= 195" n.jgzlg,,{
— 2 pairs of b-tagged jets, jet pr > 40 GeV, E
200
— A R(jets)< 1.5, Dijets pr > 200 GeV [
150
- 80.4 —~172.5 ~150
— tF veto /(mazE04)2 4 (mlT25)2 5 3. h
120% 100
— HH ellipse: \/(%{%)2 + (%%)2 < 1.6 ; my(9) leading dijets. o

Background multijets (90%) and tt (10%) VT i
% 50 100 150 200 250 300
‘e b by ” ) 2-tag mgad [GeV]
— multijets compare ”2-tag” data (only one b-tag) to ”4-tag "
0 o
— regions to normalise, re-weight and test (exclude H-Z regions ); | ATLAS Preliminary | !300%
. . . - 1s=8TeV: | Ldt=195fb"

— tt shape: MC, normalise to "4-tag” data with failed ¢t 23 250 . - 1 osg~
P ot 170
. % .0 K
, 200 < > =
Totlint +1200,3

1001 S 4 100

7 H /A i B
. 8 : 50} 1 50

%50 100 150 200 250 300 °
4tag qet[GeV]
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Resonance in X/HH—bbbb

D e A s e IS e o s ATLAS-CONF-2014-005
8 C Signal Region —e— Data ]
5 20:_ =l\fllultuet _:
E 155_ — 21 E:z:ggch(:Z\)/)x 10 _E Type Sideband Region | Control Region
- ATLAS Preliminary ] .
10l s_sTov: | Lat— 105" Multijet 903 +3 935+3
- ‘=8 IV JRdi=195T0 - i 19.0 £ 0.2 26.7+0.3
5 ] Z+jets 11 +1 17+ 1
o I Total Bkgd 933 +3 979 + 3
o 35 T T T T T =
g 22%: _+_ .l. —— Bkgd Systematics :%
% 1-s1§:_ PUUIE U I . - R— = 4-tag Data 933 933
O osp + 4+ 41747 E
400 600 800 7000 1200 1400 1600 1800 __ 2000
m,; [GeV] G* (mg- =500GeV) | 0.75 £0.10 3902
G* (mg- =700 GeV) 0.48 + 0.04 3.0+£0.1
_ 1 | i
. ema=m Expected Limit (95% CL) |

Benchmark spin-2 KK RS graviton(G*)

G*) x BR(G* — HH — bbbb) [fb]

102

Data compatible with SM hypothesis

Set upper limit o(pp — G*)
X BR(Gx — HH — bbbb) as function of mg,

10

Exclude for 590 < mg« < 710 GeV at 95% CL

(o}
(oX

~—"

o)

I Expected = 1o

Expected = 20
= Observed Limit (95% CL)
= RS Graviton, k/M,,, ., = 1.0

ATLAS Preliminary

s=8 TeV:f Ldt=19.51b"

1 | 1
600
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e Benchmark spin-2 KK RS graviton(G*)

Resonance in X/HH—bbbb

10

% 25 T T T | T T T T T T | T T T I T T T I T T T I T T T

0] Signal Region —e— Data

5 20 I l\_/lultljet

» .

£ TEL 0 e G* (m=700 GeV)
15 —— G* (m=1000 GeV) x 10
L

ATLAS Preliminary

llIIIIIlIlIIIIlIIIIlIIIl

\s=8TeV: | Ldt=19.5fb"

5

0 | N N
'o 3 E T T T T T =
[T == _l_ -
ol S _+_ —— Bkgd Systematics E
; 1.5 i_ | | --- _i
‘Ej‘ 15—- - Y- -t -1--F---—----]-----f----- e e —%
5 esp + + 4117 E

400 600 800 7000 1200 1400 1600 1800 __ 2000

m, [GeV]

4

Data compatible with SM hypothesis

Set upper limit o(pp — Gx*)

x BR(Gx — HH — bbbb) as function of mg,
Exclude for 590 < mg« < 710 GeV at 95% CL

Blois 2014, 18-23 May
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G*) x BR(G* — HH — bbbb) [fb]

(o}
(oX

N—"

o)

102

10

ATLAS-CONF-2014-005

Type | Signal Region

Multijet 1095

i 10£6

Z+jets 0.7+02

Total Bkgd 120+ 8

Data 114

G* (mg- = 500 GeV) 125+04

G* (mg- =700 GeV) 125 0.2
[ T | T T T | ]
. emmmm Expected Limit (95% CL) n

I Expected = 1o

Expected = 20
= Observed Limit (95% CL)
= RS Graviton, k/M,,, ., = 1.0

ATLAS Preliminary

s=8 TeV:f Ldt=19.51b"

1 | 1 1 | 1 1 | 1 | 1
600 800 1000 1200

1 | 1
1400
mg. [GeV]
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Pair produced three jets resonances

e Search strongly coupled resonances decaying each to 3-jets 5%iv: 1311.1799

c‘ CMS L-194fb at\s = 8 TeV
. . . . =1 7T 17 7T ] T 1 1 7 T YYYYYYYY r T T I TirTT ] YYYYYYYYYYYY ]' TTTTT
e Benchmark model pair production of gluino decaying to S 006~ 4™jetp. =80 cI;ev + Data ]
o o . - - .
3-jets through RPV couplings 0 - et T 00 GaV [ Multijet MC ]
":005; Py —— M, =300GeV

b My, =750 GeV |
B My, = 1250 GeV -

gluino

e Event selection:

— 2 6 jets; 1-4 jets (5-6) > 80(> 60) GeV 0.04

— Supress bg at high mass with sphericity 0.03

— Use b-tagging for gluino — udb/csb cases
. . N - . 0.02
e Try 20 unique triplet combinations of the 6 highest pr jets

e Suppress wrong combinations and QCD by requiring 0.01

mg; < Z?zl lprli — A; A = 110 GeV

OgTTTT

-~ e CMS simulation at \s = 8 TeV Sphericity
) - —
(5 1200 =
o I D ety CMS simulation at \s =8 TeV
u T LI T T T T T T T T T T T T T T
g 10001 // ] E a500F- | " " Hadronic RlPV g = qqa, I\h ino = '400 GeV E
s F // ] o - [ Correct triplets =
T 800} s - J 40001 Gaussian signal E
S s ‘ ~ F SIEIEE aussian signa :
-é sool- - ® 3500 — Incorrectly combined triplets =
> L 4 o - -
'g. . - - > AL A B A B T T _
= 400”_ Hadronic RPV ] = 30005 814000: N Expected multijet {1 3
: g —qqq : 2500 TP\, T background =
i ] - 2 10000 '\ - - Signal + backgroundd J
200} Mgluino =400 GeV 2000— S 8000F \ 1
- - = = 60001 1
ol— //1 NP B PR B B 1500— 4000f- 1=
0 200 400 600 w‘?i 2 12[08 " 1000k soook 1
riplet scalar e — TN 1=
Coloured -> correctly feconstructed - Oig5"406 560606700800 J
500 iolet invari GVl
triplets, contour lines and points -> - _ ‘ Tripletinvariant mass [GeV] 3
N . M M 1 | | Il.l | I"J ] | 1 1 1 | I I - —_— I Il L Il L [l Il 1 | 1 1 Il -I-
incorrectly combined triplets. Dashed line 0200 200 600 800 1000 1200 1400 1600 1800
> A=110 GeV Triplet invariant mass [GeV]
10
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= 8TeV

Pair produced three jets resonances

. . . arXiv: 1311.1799
® Search for 3 jet resonance in falling spectrum

CMS,L=19.4fb"'at Vs
T T T I T T T I T T T

= u ™ T i
o - _
- Model independent search = L T Observedlimit |
. : : . . (= Expected limit £
- Signal model: RPV SUSY gluino pair decay to light jets x xpeeEe T :
or light+heavy jets. a L Expected =10 i
© E d+20 3
- For b-tagged results, QCD shape from b-vetoed data & xpecte :
Previous limits: 10" E
CMS,L=19.4fv"atVs = 8 TeV CDF: 144 GeV F 1
- ET T T 1 T T 1 T T 1 T T 1 T 1 T T 1 1 1 T 1 T T H B eory, hadronic ]
"_> - | | A =|11O GleV, 6th-|jet pT; 110 (ls‘ueV = CMS (7 TeV) 460 GeV 102 A" @~ qqq) =
8 i Sphe”Clty =0.4 i ATLAS (7 TeV) 666 EI I I4(|JOI I I6(|)0I I I8(|)0I I I1000I I I1200I I I1400I I I16]:;10
255.102 E_ + Data _E GeV Triplet invariant mass [GeV]
o Fit to the data .
O -2 X , — .
> 57 Tguino x®/ ndf =29.2/ 23 7 Exclude RPV gluinos< 650 GeV
© 10 o e SignalM_ =500 GeV 3 .
g gluino E (light quarks - extend the 460)
- — SignalM_ . =750 GeV 4 and between 200 to 835 GeV
b3 N ® E (heavy quarks)
i ] CMS,L=19.41fb"at (s = 8 TeV
10'1§— = ) A A L N B =
= ] = | —— Observed limit
~ — = 10 —
102 3 = 22 E Expected limit E
- = E B Expected + 10 7
L - x 1 =
10-3 EL | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | H ° E EXpeCtedi20 E
10 E
! ol —
..................................... = I2(|)0 I I4(|)0I I I600I I 800 I 1000 I I1200 I I‘|4|00I I I‘IGI(;O

400 600 800 1000 1200 1400 1600 1800 2000 Triplet invariant mass [GeV]
Triplet invariant mass [GeV] 11
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Search for heavy resonance: vy +jet

e Complementary analysis study fermion compomteness

in y+jet events

e Select high pr jet and 7 in central events

mj —ny| < 1.6

e Smooth fit to data p;(1 — z)P2 pP3t+palne

Exclude

°q* bellow 3.5 TeV 10}

e QBH bellow 4.6 1
TeV

10

Significance
N O N

Blois 2014, 18-23 May

e Data
—— Fit
q* (1.5 TeV)
A q* (2.5 TeV)
q* (3.5 TeV)

ATLAS
\s =8TeV
[Ldi 203167

Search for new Particles and Interactions

m, [TeV]

arXiv:1309.3230

’ EXPERIMENI

m(+jet ) 2.57 TeV

"|-"-- -------r‘—.-

ATLAS

o J s =8TeV
e | Ldt =203 1"

104N ™

95% CL upper limits:
Og /Mg =
——15%
- 10%
U\ 7%
i 5%

o xBR xA x¢ [fb]

‘o|' Il 1 | 1 ! ! |

mg [TeV]

Erez Etzion 12


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-22/

Search for heavy resonance: vy +jet

e Complementary analysis study fermion compositeness EX0-13-003

3 2 (Aac , | CMS Experiment at LHC, CERN
1n y—+j)et events CMS( | Gatarecordoc: Wed Do 5 14:08:38 2012 ST

~/\| Run/Event: 208551 / 755901799
< Lumi section: 474

e Select high pr jet and 7 in central events o
;= 1| < 2.0 s
e Smooth fit to data p;(1 — z)P2gPstPaine " \

~

Photon + Jet Mass = 2.93 TeV

e CMS set limit on ¢* also as function of the couplings
Versus mass

1ot E.“.. q* 11"9 _1.'0‘-‘,! «1.0) e Data i
EXC'Ude = K".. / ot ' - H ! I SS%CLUppIefbmt; '
. 0 7 < *< 3 5 T V 101 L .*‘\% q "1 i'l'n-, =1.0) — Bukwotndfromuc 10-1“,'___ . —o— Obsarved Limit —
= ‘. . : : N sod Limil
¢ q ¢ e = o ] : [ Emtcd l.:::l * 1o
»n u PO 1 - ] Expocted Limit + 20
§ 10°L Nay - iv- . ---- Exciled Quark (f = 1.0) -
. @O F 3] = 2 Y, e Excited Quark (f « 0.5) a
® EXC' Ude cou p' [ ng = CMS Preliminary M\“ﬁ: . Q' (25TeV,f=05) - gﬂ 0 F -
* 0L sz8Tev 2 , - — L 1
VS q mass - Jldﬂ:i’Jfb" . LJ- | — m L ~
- ) | n ol CD .3‘

1 = T = ar l — X 10 ;:— |
. z : © i,_ CMS Preliminary i
g - {s=8TeV 1
3 107F ILdl =197 1" E

© 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 ' Q" - qy
M, . [GeV] [ i
10-5‘1‘ easlasaslossalay palessatbaiasly
05 1 15 2 25 3 35 4 45

q* Mass [TeV]
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Search for heavy resonance: y +jet

e Complementary analysis study fermion compositeness EX0-13-003

in v+jet events

( MS CMS Experiment at LHC, CERN
< Data recorded: Wed Dec 5 14:08:38 2012 I1ST
! ~/\| Run/Event: 208551 / 755901799

| Lumi section: 474

e Select high pr jet and ~y in central events

n; —ny| < 2.0 B / Iy N

e Smooth fit to data p;(1 — x)P2gPstpalne <
Photon + Jet Mass = 2.93 TeV

e CMS set limit on ¢* also as function of the couplings
Versus 1mass

:. q (1.0‘To‘»‘, f=1.0) -
10° Pu.. *  Data =
Exclude S Background rom Fit 1
@ R v TUATNIELE —— Background fromMC T 0.9
¢ 0.7<q*<3.5TeV  °F = . : -
2 F \"ﬂ“‘» = — 0.8
2 s 3 I 07
eExclude coupling = cus Preiminary Thngyg g TEST (08 ) 06
* 10 - fs=8Tev L‘u‘_‘ * e :
VS g* mass C [awiere o N ® 0.5
1 - qQ —qr ' ! l = g 0.4 fCiMS;:e:i’mnafy 3
- . ) ; L ) T D S= c
g’" , | 3 03 jun-us.m" E
'é .}’3 o 0.2 Q" - qy =
M, .. [GeV] ) I Observed excluded q* region -
0' L " ! , 2 . 2 8 | 2

1 156 2 25 3 35 4
q* Mass [TeV]

13
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Single objects + missing transverse energy

® Motivation

- Galaxies rotation velocities, Gravitational lensing, CMB -> DM cover
25% of universe? may have complex physics.

- Gravitonin ED AN e AN
- Gluino (squark) to gluon (q) +gravitino h i j, »»
- H->invisible N / g
* Searches for SM<->DM ‘ e aseon i
- Direct detection: (XENON, LUX, DaMa, CDMS..)
- Indirect detection: (AMS, LAT, AMANDA, IceCube..) 5 -
- Production: LHC (complimentary at low masses) é
e Simple final state, known EWK BG é
© DM

® Reject:
=) Events with identified lepton (EWK BG) p,o(,um,on af colidars
=) More than 1 extra jet (top or multijet BG)
=) MET pointing toward 2" jet (mis-measured jets) e |
® Datadriven B.G estlm. ate: i ' ©ATLAS
- Z(->vv)+X (irreducible) ¢ ' QY | BEXPERIMENT
- W(->lv)+X or Z with 1 undetected |
- Mmultijets, y+jets with fake MET
- hon-collision data
top, dibosons and yy (MC based rejection)

\

l
L
f.'
|

14
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Single objects + missing transverse energy

® Motivation

- Galaxies rotation velocities, Gravitational lensing, CMB -> DM cover
25% of universe? may have complex physics.

- Gravitonin ED S : L
- Gluino (squark) to gluon (q) +gravitino Y Nt
AN rd a e
= H->invisible yd Y
thermal treeze-out (early Univ.)
® Searches for SM<->DM indirect detection (now)
- Direct detection: (XENON, LUX, DaMa, CDMS..) ——
- Indirect detection: (AMS, LAT, AMANDA, IceCube..) 5 s o~
- Production: LHC (complimentary at low masses) §|
-
* DM Interpretations 3
° Large ED EFT Simplified models
® |f MD<< the energy scale, e Contact interaction with mediator too heavy O®LEFT has limited validity when
particle may interact via gravity = to be generated mediator mass is light
®ED -> KK graviton tower S ion scale M* x —M l ® UV- theories - valid everywhere
. ® Gravitons can escape detection” > PPHESSION SCIE 8002 e e ® Use ad-hoc fields, interactions
M? is the mediator mass and g, and gsm to model the possible DM

are the DM and SM couplings

\ q
D
o hulE
LW 7
I N ~J - “
~J PR
o\ /
‘ \ v
l’ !I¢ (J

5
0 O 2 Q!
LY (LT ) P
Ql ~ M? \? \/? MY \?

et Y. o
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Mono Z (-> dileptons) arXiv:1404.0051 [hep-ex]

Appears as ISR Z or Z couples to the DM’ c g
Look for OS ee or pp with mass around Z \
No E7**® from mismeasured jet: \ \
miss ,,l1 ll '
AS(EF*, pif) > 2.5, | < 2.5 '
ll mMiss [ 8
|pT N ET |/pT <0.5 %187 +\|/3Va/tZa+jets .
d g 1 06 @ WW/Top quark:... Systematic Unc.
No 3"¢ lepton and no jets = 10° T 2emax.y, M0TTeV
8104 ------ 1 Mediator, mn=1 TeV, f=5
. 5,03 - . =
SR: Epriss > 150, 250, 350, 450 GeV &9, Jioat iostey
10 :_________........-I-_--.-:
Dominant BG Z — Il vy : _I_I_.—' '
10 [ '
) o
Main BG uncertainty: 35-43% 01? e
(depending on SR) S ;3 S — S
< 0.
S 06

0 50 100 150 200 250 300 350 400 450 500
ETS [GeV]

Blois 2014, 18-23 May Search for new Particles and Interactions Erez Etzion 15



Mono Z (-> di'eptons) arXiv:1404.0051 [hep-ex]

— 12001 “—
.. : =
e 95% C.L. upper limits on yn coupling, f, $ 1100 g
as a function of m, and the mediator mass, m,,. £1000 2
The cross-hatching shows the theoretically accessible Zgg o
region outside the analysis coverage. The white region o e
Lo
is phase space beyond the model’s validity. 600 >
. .. 500
Above the black line smaller than lower limit from 200
our relic abundance calculations. 300
200%
m, [GeV]
e Below: limits on EFT scale and upper bounds on o(x — N)
S F T & 107 g 10 —— —
(0] B ] 30 —e— D9 = 10-31 —e— D1
S - ATLAS — DI I ATLAS . Bg ﬂtﬁggﬂ Wt/z ek BT} ATLAS Bg ATLAS 8 TeV W/Z had
= 10~ . Bg — .510-33 _ COUPP 2012e et .510'33 ——— D1 ATLAS7T:V jet(xx)a o)
= | L=20.3fb" Vs=8 Tev — - L 1 g10* f L=20.3fb" (s=8 TeV— — SIMPLE 2011 810 [ L=20.3b" (s=8 Tev— — D5 ATLAS 7 TeV jet(xx)
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Leptons + X

- We have fewer leptons, but they are easy to trigger and measure
- Signhatures include: pairs of e, U, T, Y, I+jet and I+MET

= Models include:

Extra dimensions (ADD and RS)

GUT EG6 heavy bosons (Z’,)
Benchmark models SSM ...

Excited leptons
Leptoquarks
Tev Gravity

1338110

Quantum Black Holes

® Multileptons
- Signatures are 3+, 4+ leptons, like-sign leptons
- Inclusive searches and interpretations in models like:
=) Doubly charged Higgs
=) Heavy Neutrino
=) Seesaw models
=) Higgs toDarkZ

- EW like signal: usually leptonic final states, dominated by irreducible EW BG
calculated at (N)NLO or fit the data in CR

¢

>
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Events

DataExpecied

Search for heavy resonance: dileptons

arXiv:1405.4123 [hep-ex]

10° g~
10°
10*
10°
10°
10
t * 1
10"
102

r- Dwts 2012
Qo
B 7op quark
Oowroson

7 SSM (1.5TeV)
0z ssm 25 Tev)

ATLAS

Z' - pp
Ldt=205®"
15=8TeV

Events / GeV

-

_ | 10°

—

1

— —
CMS Preliminary, 8 TeV, 19.6 b
—e— DATA

O viz—e'e
[ i, tw, ww, Wz, ZZ, vt

[ jets (data)

o B [pb)

10"
10°

10°

- A.vl ’5;4 ‘l
/A - 10°
33 04 05 i 53 4

1 1 1 I
70 100

0

0.2

ATLAS Models

- Z’, E6 motivated and SSM 2Z2’, RS
graviton, Minimal Walking
Technicolor, Z*, QBH, minimal 2’

- Dominant BG: DY

Signal and BG evaluated with MC
and rescaled using known Xsect

Jets BG in e estimated with data

® QCD shape from loose selection

extrapolated to high ET, normalized
using data in CR

NNLO k-factors correct the LO MC

Calculate p-value of observed
vs expected events

Blois 2014, 18-23 May

Search for new Particles and Interactions

1 1 1 I
1000 2000
m(ee) [GeV]

200 300 400

® CMS preliminary results from 8 TeV full data set in ee and
uu channels

® No excess seen; exclude variety of narrow resonances
(Z’ssm, Z’y, etc.)

® Event selection
® CMS: ET (el1,e2) > 35 GeV, pt (u1,u2) > 45 GeV, plus
isolation criteria
® ATLAS: ET (e1,e2)> (40,30) GeV, pt (p1,u2) > 25 GeV,
plus isolation criteria

expected observed

> 2.96 TeV > 2.960 TeV

..................................................................................

> 2.87 TeV > 2.90 TeV

But more on the comparison in the text!
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arXiv:1405.4123 [hep-ex]

Search for heavy resonance: dileptons

oD [

Model M=1TeV M =2TeV M =3 TeV
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zZ" _ 300 4.0 0.076
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ATLAS-CONF-2014-017
[CMS EXO-12-060]

Searches in single lepton states

® Search for excess in transverse mass of e or p with low mass neutrino
® |Interpret as SSM W’ (no interference with SM W)
® Interpret also as excited chiral boson (W*) with equivalent couplings

10°

% 107 | IATLAS Iérelimilnaryl W’—> W | ° D%ta 2(-)12- % ; | ATLAIS Prlelimlinalryl IV\II’—> ev ol Da’\taI2012I _C.\‘y oo
i 10° \s=8TeV %mf’ggé) i 10 \s=8TeV %w’ﬁggé) é{ \ n
5 fL dit =20.3 fb_1 DW’(SOOO) 104 det =20.3 fb—1 DW’(SOOO) Pl —
10 Dw w =
10* = 'Zr(?p quark 10 = 'IZ'Qp quark E?:"‘.:" N
o Ol W 10° Ol v X
10 10 .
10 e 2000 Gy ::1:.::“
1 1 P
Al
o 2 o 2 — ' ' l
—— IR = . :
10° 10° m; [GeV] 10° My [GeV]
_ ! : —= :
o R MT—\/Q-PT-E%,Z”SS-(l—cosAqbl’Eqmiss) my [TeV]  mw-[TeV]
o 10°F . ATLAS -+~ LO theory — decay | Exp. Obs. | Exp. Obs.
o F . Preliminary —e— observed limit ev | 3.15 3.5 3.04 3.04
102k ~ z""““"’ ":" [ pv | 298 298 280 2.80
e Xpectedz 1o 3 both | 3.19 327 | 3.08 3.17
10
expected observed
1 i
E m,>04m,. NN >34OT€V>3,35T8V
-1 w . I
107 W= v | ~ 1 ELATEAS | >3.191eV. | >3.271eV .
" \s=8TeV, [Ldt=20.3fb "o, ] E
- l LA L L l AR :"l Ll L. 1 1 .t.0.1 l Ll 1 1 l . - - 1 11 11*. > 2'55Tev
500 1000 1500 2000 2500 3000 3500 4000
m,,. [GeV]
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Searches in single lepton states

® New interpretation: MONO W recoiling against pair produced DM

® Consider three couplings, interference

- D1 Scaler, D5 -Vector (cont/dest interference) and D9 tensor couplings

- Unlike mono jets, affected by interference effects

- Interference parametrised by € (see diagram)

- M* Scale of unknown mediating interaction

10—
ATLAS ~ D9
Preliminary -®- DSc

—+— D5d

D1

b
-
-
b

LAl 1)

10¢ |+ ET™ =

\s=8TeV, [Ldt=2031b" :
| | | l 1 4 i l | i ' | 4 1 |

0 200 400 600

L L

PR T S .

3 ]
800 1000 1200
m, [GeV]

Observed limit on M* as a
function of the mass of DM particle (m,,)

Blois 2014, 18-23 May

CMS Preliminary 2012 20 fb" 1s=8 TeV
- Expected limit for =-1 o

T a
g 0% Expected limit for £=0 Spin Independent 3
e R Expected limit for £=+1

© 10%| —— Observed limit for E=-1

§ e Observed limit for E=0

Q 109 Observed limit for E=+1

e

x

a1l .
10 a ' LA ' ' ll‘l ' T

1 10 10° - 10°
M, (GeV)
Excluded nucleon-DM cross

section for vector-like and £ = 0, +1

Search for new Particles and Interactions

ATLAS-CONF-2014-017

[CMS EXO-13-004]

100 CMS preliminary 2012 20 fb ' Vs =8 TeV
T mryyn L T '1"'~I T " T177TT

| B

100 Observed limit -~ CMS monojet 2012 -
...« Expected limit =" Xenon 100 2012
107 oy ¢ pocted £ 16 " COUPP 2012
- Expected 20 SIMPLE 2012
10%ELmitingoCL. o
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'''' CDMSII 2010

electron + muon & = +1

-
-
-
......
-
..
P

U b 'n -.-vv-f 1 i

10° | 10°
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Exclude proton-DM cross-section
vector-like (spin independent)
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Microscopic BH & string balls in leptons + jets {:}

arXiv:1405.4254
® ED with low scale gravity (ADD) allow prod of strong gravitational states decaying via

Hawking radiation

® BH - high mass, high object multiplicity (reasonable BF to leptons)

® Require at least 3 high pr objects (jets + leptons)

® Construct scalar pr sum of selected objects

® Main BG W/Z+jets, ttbar, Multijets (to the e channel)

® Shape and relative fraction of BG with MC

® Derive scale factors for dominant BG in CR

® Fit each BG component to “dijets” function, systematics - choice of fit function

> L L L L L I > L e B B
[} - —e— Data N O] . . —
10} - ATLAS 22 Total Background ] O el ATLAS Simulation Wjets (SHERPA)
g 104 - Ldt=20.3 fb'1, \s=8TeV [ W+j§t§ (SHERE’A) - 18_ = muon channel E
£ F  electron channel % g,:n:::z ((g:ggp'\:?tmd) E E i —— Fit + Total uncertainty
4 [ i (POWHEG) 2 s 10° =
i N, [ Single top (ACERMC/MCatNLO) | ] = =

10 = @l Diboson (HERWIG) E - ]

- ] 10e E

10° 5 = L i

- £

L - (1-x)p° N szlog(x): Xx=3 pT/‘E + ]

10 = 10" Fit Parameters: T 'y —=

3 = p,;126=03 E

] Py -4.54 +0.10 n

] 2 p,: -0.33+ 0.04

1 10°E. L] Lo L. \ [N =

% 1-3:_ = e _; E 1.3: ‘ } 'y i ‘ d’l///////j ///// ‘/////i /////l//lééég

L NPT WO P LB 5 12 SN

S L qerenaeegengreninie sven aetth byl 48 =N g*"ﬂw/-w/»csczwiczz//W; o

© S ] . i S W T A A //55555572

8 0.6F ‘ e o : e - e 3 0.6F - i ‘ ;/2/%%/7/ s
700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 2000 2500 3000 3500 4000

p [GeV] p [GeV]

2P, 2P,
2.pT1 distribution for electron channel Fit to > prdistribution, muon channel,
Pre-selection region. W+jets background.
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Microscopic BH & string balls in leptons + jets

arXiv:1405.4254
® Combine shapes from fit > wE T T T e
. . . o Ldt=2031b", /s =8TeV 3 o ATLAS f Ldt=20.3fb", s =8TeV ]
W|th relat've fraCtlonS Of 1?_) electron channel _ ?_) 10° muon channel ]
each background for final 2 10 o T Backraund E 2 oz o ackarouns
& G \V-jets (Fitted SHERPA) ] & R W-iets (Fitted SHERPA) .
eSti mate o , = E’Z;;ig:é’gtx::g)mm) 7 @ 102 (. Z/yi+jets (Fitted SHERPA) ]
. . L 10 S ‘ﬂ“fds“#a\‘,"ﬁ,l“f‘;%d{,_? e g POMEC) ey
® Slice signal region in order Mot est ] b Ll Rt B, M5 T, M 5.5 ToV -
opg e . | 10 =
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: 2 14 7 £ lapTo SEEREEE . e
° Mo,del md?pendent s :,E Y ////”/ s ;E’”‘W/ ...... */( /'éfz/ééj:;:
limits on signal cross- S o6k i . : & 06k g - ;
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M — Siubatinde AN - 1 ) ]
5.8 = 5.8 =
Previous searches 56 | o 5.6F )
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C ] WA Vi .
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http://arxiv.org/abs/1308.4075

Exotics new particles

-~ \‘ «f -". e l*
‘a2 i :
© ¥ e Excited leptons,
q I
49 5 e e
—
® LeptoQuarks Q- >

c

’
2\,
L\Q\‘/e / e
AN BN

cl

eejj channel eVjj channel
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Search for scalar LQ3

CMS Preliminary, 2012
¥ T L ] L L | l L} L |

EXO-12-032

Search for scalar LQ) pair each decaying to 7 and b

Events / GeV
%) . o)
LB I | LB ' LB B | l 1 ]

p
T

o
o«
LS L

One 7 decays hadronically (73) and one leptonically (1

Require two jets at least one tagged as b-jet 06
Pair to minimise the difference |M (7h, jm) — M (1, jn)| oot

0

o

19.7107, s =8 TeV =

¢ QObserved
o

P Wz + jets E

B other e
— Signal MLQ=5OO GeV

600 800 1000 1200

S; (GeV)
CMS Preliminary, 2012

As no excess is found use the St distribution to extract R

limits on leptoquark (as well as stop scenarios) T —
L . . ‘:6:1

STQ = PT(l) T PT(Th) + PT(b-Jet) + pr (Jet) & v

Major irreducible BG tt decaying to 75, and 7

Major reducible BG events with jet misidentified as 73 1

19.7m", ys=8 Tev
— 6, x B%, B=100%
-+ Expected limit

-&- Observed limit

LQ3 with masses bellow 740 102
GeV ( and stops with masses
below 576 GeV ) is 10°
excluded at 95% CL 200 300 400 500 600 700 800
M o (GeV)
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Search for scalar LQ3

CMS Preliminary, 2012
¥ T L ] L L | l L} L |

EXO_12_032 > Frrrr1rrrrg , A

© 1.6 19.71b7, s =8 TeV -3

O ¢t d

. . \14:‘- + e Observed _"'
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Q1.2f P Wz + jets E

w -

H other e
— Signal Mu.o=500 GeV

p
_-r

e One 7 decays hadronically (71,) and one leptonically (I

e Require two jets at least one tagged as b-jet 06

e Pair to minimise the difference |M (7y, jm) — M (1, jn)| °’2§

%200 400 600 800 1000 1200

e As no excess is found use the St distribution to extract - S (GeV)
limits on leptoquark (as well as stop scenarios) CMS Prelimins

, 2012

-

o
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o Sr%=pr(l) +pr(mh) + pr(b-jet) + pr(jet)

e Major irreducible BG tt decaying to 73, and 7

B(LQ—-1b)

e Major reducible BG events with jet misidentified as 7

19.7fb”", \s =8 TeV
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excluded at 95% CL %0 300 400 500 600 70'(\)/‘ a?& . Vs)oo
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Search for LQ3 -> to top tau pairs

e Search for scalar LQ) pair each decaying to 7 and top EXO-12-030
LQs LQ,
e The signature is like sign W (decaying to u) and Tht / 1* \l
e Require S+ > 400 GeV, additional two je‘csb‘,{,+ //V /? >, . / l\ux\;‘j:\‘g
reject dimuon around Z mass J\ ' S /
Uy d, Vi

e Centrality |7| - average of all e, u, 7 in the event
split to central (forward) |7| < 0.9 (> 0.9) events

S .
10" E"CMS Preliminary, 1s=8 TeV Il W+jets 10" E°CMS Preliminary, /s=8 TeV Il W+jets
B Z/y*+jets B 2y +jets -
10° B tisjets - B ti4jets N
] N WW/W2Z/ZZ B WWWZ/ZZ
10 o tAw o ttw .
Rare SM 10° Rare SM -
= 10* QCD at 3 QCD 3
8 —+— Data (19.5/fb) C:) o —— Data (19.5/fb)
S 10° Q 10 3 =
10° u =
10 3
10 - =
1 15 ¥
Q 1.5 Q 1.5 ”
% 1 B § 17*'.—._.-.— ........ *— % =
[ - o [\ - -

O 0.5 l 1 1 A1 1 l A 1 L | l L 1 1 L l 1 A | 1 l 1 L O 0.5 1 1 1 l l 1 1 1 I 1 1 1 l 1 1 L l
0 0.5 1 15 2 0 200 400 600 800 1000
Il S; (GeV)
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Search for LQ3 -> to top tau pairs

e Search for scalar LQ) pair each decaying to 7 and top EXO-12-030
LQs LQ,
e The signature is like sign W (decaying to p) and 7, | 1 \
U
e Require St > 400 GeV, additional two jets,,‘_,-,-f-"‘ff/ /. S~ / \ \” .
v V; o, w N, T Vy - b
reject dimuon around Z mass l\ / l
2 _1/3 LQ3 decayi Vi
" ~ . = ecaying to top +
e Centrality |7| - average of all e, u, 7 in the event FE e —— ﬁeﬁow 55%
split to central (forward) |7| < 0.9 (> 0.9) events GeV is
excluded at 95% CL
T T T L} T T T T T T T T T T T 1 T l L3 L L2 T T U l LI L I LI I UL I UL I L L l_l I LI I _:
10° CMS Preliminary, \s=8 TeV  — i CMS Preliminary, \s=8 TeV
§ —4— Observed (19.5/fb) - —e— Observed Limit (19.5/fb)
- 1 Single & Double Fakes - 10? ---- Expected Limit _::i
3 B Prompt-Prompt (MC) | - I Expected 68% 7
10° "~ ] Background Uncertainty = e - Expected 95% 1
E [ = {71LQ, (Mass400 GeV) ] o) - - oLthi % Opoory (B=1) 7
- C _ Q.
8 L ¥ _ ~ 1 E- =
L Ry : 3
10 : = X L d
- . (o] - 4
- N D—l - -
- Z . 107F E
1E 3 - 3
o 4F + s-es . 4
§ 8;:) — i N 1
('il) :3 .:I l ..... 1 I: I Il o - l I ..... : :] l , I rl - I .'.' 10-2 T P 1“1,.‘1 l‘ L
200 600 800 1000 1200 1400 200 300 400 500 600 700 800
S; (GeV) LQ, Mass (GeV)
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® Dibosons
- Search for new Physics with two or more EW bosons

- Signatures are various combinations of diboson: lljj, lvjj, Ivll, lviv, W/Z
+photon,jjjj and JJ, monoZ

- Main Physics interests are:

= New heavy Gauge bosons

=) RS gravitons (;‘A]'LAS
m) Composite Higgs AL EXPERIMENT
= Extended Guage Evont Number = 67258097

8 TeV collision

Model (EGM)

WZ invariant mass = 1050 GeV

//

/ #

fiee F* 5
[1' - ; l‘ ¢ f .-,v, - l"!

Resonant WZ to Ivll
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Resonant WZ to IVl

Event Selection

Exactly 3 leptons
2 OS SF |my — mz
Emiss > 25 GEV
Ay(W,Z) < 1.5

< 20 GeV

miss

e Reconstruct mwz using m(I", EYT

e Background estimation

High (low) mass region A¢(lV, E*%) < (>)1.5

) = mw

— Prompt BG, 3 or more prompt leptons, MC: WZ, ZZ (Powheg),

tt + W/Z (Madgraph)

— Non prompt BG: photon conversion MC Z~ (Sherpa), where leptons
from hadron decays Data driven: ll+jets, (¢, single t, Z+jets)

Limits are set on the signal
o X BR(WZ) using CLs method
for the EGM W’
and heavy
vector triplets (HVT) models.

10°

10

o x BROWW—WZ) [pb]

Related searches 8 TeV:
CMS:
WZ -> Ivil EXO-12-025

107

-
Q
N~
o
o
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Resonant WZ to IVl

e Event Selection High m SR
ATLAS-CONF-2014-015 > 1ofgm T T 1 g
— Exactly 3 leptons o E ATLAS Preliminary 4 pata  —W(600GeV) ]

o -1

— 2 OS SF |my —mz| < 20 GeV S 10°E iseTev, flozoae” Pz _waooocey
N Emiss 95 GEV ;E, 1023_ [ ] other bkg — W’(1400 GeV) _f
T > v q w Lﬁ ; m Ostat.+syst. ;
- Ay(W,Z2) < 1.5 10 All channels combined ]
) w’ = 3
— High (low) mass region A¢(IV, Emi5) < (>)1.5 N E
e Reconstruct mwz using m(lW, E}"‘“) = mw ; 15 : :
10'E IE
e Background estimation X ]

I I I BRI R R N =

200 400 600 800 1000 1200 1400 1600 180C

— Prompt BG, 3 or more prompt leptons, MC: WZ, ZZ (Powheg), Low m SR m._ [GeV]
T T T T I T T T T I T T T

tt + W/Z (Madgraph) 3 240F T T T
O] 2o~ ATLAS Preliminary —4— Data =
— Non prompt BG: photon conversion MC Z+ (Sherpa), where leptons & 200E iss o, fiazoats Elvzz E
from hadron decays Data driven: ll+jets, (¢t, single t, Z+jets) £ 180F O s 3
® 160F + = =
o o o L - 7
Limits are set on the signal 140E- I ez E
o x BR(WZ) using CLs method g . """ "~ T TTTTTTT T Tt T 1208 E
for the EGM W’ E 5 ATLAS Preliminary — ____ Expected 95% CL Limt E 1005_ T emeene E
= - ) I 95% CLx 10 . 80F All channels combined ]
and heavy 1 - (s=8 TeV, f Ldt = 20.3 fb 95% CL = 26 - 60E =
vector triplets (HVT) models. = 19g —— Observed Limi ERELS E
T R M- EGM W’ . 20F =
° —=e= HVT A(gv=1) - = actlai o toleieia ]

L N HVT AQv=3) . foo " 200 300 400 500 600
Related searches 8 TeV: - N, 7T TR : My [GeV]

CMS: i _ Lower limiton W’ is 1.52

WZ -> |vll EXO-12-025 S (observed 1.49) TeV
P A R R R R AR AR YO B
10200 400 600 800 1000 1200 1400 1600 1800 2000 CMS: exclude between

myy [GeV] 0.17 to 1.45 TeV

Blois 2014, 18-23 May Search for new Particles and Interactions Erez Etzion 28




Resonance->boosted dibosons 3

® Search for massive resonances decaying into
pairs of boosted bosons in semi-leptonic final
states - (llgq, lvqq) - arXiv:1405.3447

® Search for massive resonances decaying into
pairs of boosted bosons in all-hadronic final
states - arXiv:1405.1994 (aW, qZ, WW, WZ, Z22)

_ CMS,L=197fb"\s=8TeV CMS, L=19.7fb",1s=8 TeV

CMS
/5’—'- % 10° - 4 :-:I:tgh purity doubly W/Z -tagged data ? —— Observed
. e E 10} Ggs — WW (1.5 TeV) - 2 % Expected (68%)
- rod ' ‘ o : [~~-] Expected (95%)
oy o —~ — W' WZ
v S =
S
om
X
= O
| =
Related searches 8 TeV: 5 T N L
ATLAS e 1 1.5 2 2.5 3
ZZ -> |ljj CONF-2012-150 Resonance mass (TeV)
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Long lived particles and Lepton jets

= What if the BSM Physics is there, but hidden behind a large
barrier?

= Searches for decays in the detector, heavily ionizing particles ..

- Signhatures: prompt or displaced lepton jets, displaced jets, high
TRT ionization, high pt “muons” with high dE/dx, or tracks with

anomalous ionization and bending "\ |, ® Dedicated triggers and tracking
- Physics model include N Ao froduotion e
=) Higgs & Z’ decays -> hidden valley particles w N
=) Monopoles i{f:%‘;fg;?:; :
= High charges ' e/
= Quirks
) Associated production of W/Z & H to |-jets:
o WIMP-like DM
® Predicts massive dark photon (yd) decay to pairs of e, mu or pions.
® Appear as collimated sets of leptons (pions) at LHC.
® The strength of the SM and yqd mixing determines the vertex distance
® ATLAS set limits on Sigma X BR of Higgs to prompt e-jets as well as to prompt and

displaces mu-jets and LLP pseudoscalar dark pions, v and on SUSY lepton-jets
production.
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Long lived particles and Lepton jets

= What if the BSM Physics is there, but hidden behind a large
barrier?

= Searches for decays in the detector, heavily ionizing particles ..

- Signhatures: prompt or displaced lepton jets, displaced jets, high
TRT ionization, high pt “muons” with high dE/dx, or tracks with

anomalous ionization and bending . |. ® Dedicated triggers and tracking
- Physics model include N Mt oot oo e
= Higgs & Z’ decays -> hidden valley particles w N
=) Monopoles *’*? Aﬁ
=) High charges NN\
=) Quirks ‘
) Associated production of W/Z & H to |-jets: hf?,/g,‘:;;:::::Epss
o WIMP-like DM R -
® Predicts massive dark photon (yd) decay to pairs of e, mu or pions. hdjf*", h‘;’\é‘ME}E'emn s
® Appear as collimated sets of leptons (pions) at LHC. H<f
® The strength of the SM and yd mixing determines the vertex distance hm oz WE
® ATLAS set limits on Sigma X BR of Higgs to prompt e-jets as well as to prompt and . <:;Electron jet
displaces mu-jets and LLP pseudoscalar dark pions, v and on SUSY lepton-jets H&Iéwm”ég}
production. s e
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Search for displaced dilepton pairs

e Search for massive long-lived particles (LLP)decaying to leptons EXO-12-037

e Predicted e.g. by split or RPV SUSY, hidden valley, Z’ with LLP 1’s |CMS

e Look for BSM Higgs H" — XX X — l+l_
squark pair production ¢§ — gx" RPV ¥° — [T~ v

e Signal MC H° (masses 125-1000 GeV) decaying to LLP with masses 25-
350 GeV.

e Isolated lepton tracks (with significant transverse impact parameter) form
good secondary vertex with mass > 15 GeV.

e (¢ between the dilepton vertex and their momentum sum vector is < 7 /2

CMS Prohmmary |s 8TeV L 19 6fb CMS Ptellmlnary IS 8T9V L 205fb

w T u, 8 T
@ 10° = o'e Dleoson ! | Lz @ 10 + Dolboson S ?
— 6 3 w :
10 . m=1000 GeV 1 b M=1000 GeV o
i " my=350 GeV 3 Bz m,=350 GeV 3
10 m,=350 GeV ! Wz =350 GeV !
10* 7 m =140 GeV = Joco  m10Gev ~
3 3 -
10 . il i
; } 13 7
10 ; f":' Ly 4 é—- - SR -
3 S T AT
1 i . Vil ;z",'i,!.ssf
| lllxiii [Ix.‘ '!:: l;xlll{lllllll l l[
0 2 4 6 8 10 12 14 16 18 2C 0 2 4 6 8 10 12 14 16 18
Min Id /odl IADl < /2 Min Id /odl IAGI <rt/2
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Search for displaced dilepton pairs

Search for massive long-lived particles (LLP)decaying to leptons EXO-12-037

Predicted e.g. by split or RPV SUSY, hidden valley, Z’ with LLP v’s (CM$

Look for BSM Higgs HY — XX X —1Tl" o
squark pair production ¢ — ¢y RPV ¥’ — l+l %

Signal MC H (masses 125-1000 GeV) decaying to LLP with masses 25-
350 GeV.

Isolated lepton tracks (with significant transverse impact parameter) form
good secondary vertex with mass > 15 GeV.

d¢ between the dilepton vertex and their momentum sum vector is < /2

CMS Prohmmary |s 8TeV L 19 6fb CMS Ptellmlnary IS 8T9V L 205fb

1] 8 ]
8 108' Dleoson ! | Lz g 10 + Dolboson o ?
L : i 3
10° . m,=1000 GeV 4 10° . m,=1000 GeV 1
" my=350 GeV 3 .z”“"t " my=350 GeV 3
10° 1 10° 1
m,=350 GeV =350 GeV
10’5 o 'nx0=1‘0 GeV - 104 m‘.=l40 GeV >
10° . 10° : A Higgs ‘t.)oson, mpy =125 — 1000 GeV
.02 5 10? 5 decays to pair of 20-350 GeV X bosons,
!1 3 decaying to dileptons.
! . .
10 b E 10 ..,_f;! The upper limits are between 0.1 — 5 fb
1 HidHER RS 1 ll i 'g for lifetimes of 0.01 < ¢t < 100 cm,
1 llx'lil ‘lix:"il‘ ll 1 1 12 l B
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 B8 40 12 14 16 weaken to 5 — 50 b for myg=125 GeV
Min Id /odl IADl < /2 Min Id /odl IAGI <rt/2
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Other exotics searches

® Magnetic monopoles and highly ionizing particles

PRL 109 (2012) 261803

| « High-threshold TRT hit fraction, fgr,
gt | versus EM cluster dispersion, op

: 5 S0prrrr e
. " 3 osf ATLAS E
® Multi-charges 5 oo JLat-aan | :
PLB 722. 305 (2013) = 155_ \s=7 TeV ;ﬁés x 200 GeV, [q|=4e E
3 ey =
105—' C s D“g
The plane of TRT and MDT dE/dx significances 5:_ 3
after the |q| > 2e selection. OF A - B
The distributions of the 2011 data and the signal sample .sf=  Data 3
(maSSOfQOOGevandIQ‘:ZLe) _10E Y PRI PP PP P P NPT 5
A0 5 0 5 10 15 20 25 3«
S(TRT dE/dx)
More on lan Tomalin’s talk- (parallel session)
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http://link.aps.org/abstract/PRL/v109/e261803
http://dx.doi.org/10.1016/j.physletb.2013.04.036

Model-independent generic search

e Not optimised for specific signal ATLAS-CONF-2014-006 Ovw Wrioen  [Wovoen Mo Weoneeonz D W oo [

W zightjes [ W+ightjets [ z+bjets [JW+biets [ multijec B Higes (125 Gev) [ W+y W+

. Z+y . Z+yy D yy+jets D y+jets . fake leptons

e Provides comprehensive investigation for new physics

rrTrrrrrrrr1rr1rr1r 117171717 1 1T 1T 1T T T 1T T T T TTTTTTTTTTTTTTTTTT
ATLAS Preliminary det=20.3fb'1,i§=8TeV

Events

e Study topologies with isolated e’s, u’s, v’s, Jets, b-jets, MET

e Search in 697 classes with SM expectation greater than 0.1 events o

s

e BG estimated with MC, except for single fake leptons using data driven
("ABCD” method)

- =)

5]
10j1b [TTTHTITH]

8j1b
8j2b

830 [T TR

10j2b BRI —~

e Test compatibility of data to MC in three kinematic BSM sensitive vari-
ables (megy, visible inv. mass and E7***%).

e Systematics dominated by MC stat and experimental uncertainty (JESE arLas prtminay  [Lai=2031", fs =8 Tev

JER, b-tagging, ~-id..) u
10° & :
S F ATLAS Preimnay  Channel: v2j2b | s Damz2otz i | Ll . O
St'e TR s s wome caro "B miifyH ol li L [
with (nu2j2b). The 210 =N EI BKG 53+ 17 | g Walightjets | 3 N iE DHM e
dashed vertical 2 102k . p-valuge 1e-01 EEZ_*';igh”ets ?: "‘;ggg%gg%g%g; ____ ke e e
line indicate the " . i B Single top = TEERTIRRTIETEY oo e
region with the 10 ? Tty -
smallest p-value — -'?;ﬁ)‘fs%”n =
(0.097) for this 1 : =
class. 3

200 300 I400 500 600 700 800 900
E™S [GeV]
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Model-independent generic search

e Not optimised for specific signal ATLAS-CONF-2014-006 Ovw Wrioen  [Wovoen Mo Weoneeonz D W oo [

W zightjes [ W+ightjets [ z+bjets [JW+biets [ multijec B Higes (125 Gev) [ W+y W+

. Z+y . Z+yy D yy+jets D y+jets . fake leptons

e Provides comprehensive investigation for new physics

rrTrrrrrrrr1rr1rr1r 117171717 1 1T 1T 1T T T 1T T T T TTTTTTTTTTTTTTTTTT
ATLAS Preliminary det=20.3fb'1,i§=8TeV

Events

e Study topologies with isolated e’s, u’s, v’s, Jets, b-jets, MET
e Search in 697 classes with SM expectation greater than 0.1 events o

e BG estimated with MC, except for single fake leptons using data driven
("ABCD” method)

s

C

- 5}

H
]
MmN

3

10j1b [TTTHTITH]

r [ |
. [ ]
8j3b N TR

10j2b BRI —~

8j2b

8j
9j1b[]
9j2b|]
9j3b

e Test compatibility of data to MC in three kinematic BSM sensitive vari-
ables (mesy, visible inv. mass and EJ**9).

. I Diboson
(N Triligoson

smallest p-value
(0.097) for this 1

| No excess in all search regions
class.

10 g , A clear demonstration of our
MC precision

e Systematics dominated by MC stat and experimental uncertainty (JES 5 "E amias peimnay  fLoi-z0315 is-oTev
JER, b-tagging, v-id..) W |
103 C
% T |AITILAISI IF)I T T T | T T T T | T T T T |2I T T T | T T T T | T T T T | T I: 102 ; I i '
s elminary  Channel: v2j2b e Dam2oiz | o ’ "
(05 10 : j . #4#%% SM Monte Carlo IE ‘ = .v .i = I,,/ i ﬁ!@EE
MET fortheclass ~ EJLdt 203fb \F—STeV DATA WD jets . ERE || ‘?"' ’ ii L 7
. : 810° e, . heq, EEZORS a7 i ’ P
dashed vertical 2 . | pva“@ te:01 -: Zriohtiels - 7
line indicate the ;| I single top = EETEREE S A
region with the 10 : : -tV .

! b | [ // _//
200 300 400 500 600 700 800 900

ET'® [GeV]
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Summary

® 125 Higgs: Do we understand the theory of particle Physics?

® Large number of 3%3} BSM searches results in various topologies and
theoretical scenarios.

Excellent (too good?) data/MC agreement.
No hint for new physics.

Supersede previous exclusions, reach a few TeV scale!

Some models less favoured (RS1->Bulk RS, 4t generations->VLQ,
technicolor..). Some get more attention (Exotics+Higgs, DM)

® Large fraction of the data has been investigated... surprises hiding in
the rest ?

® Challenges for the new run (boosted objects, higher pile up..) and...
new energy frontier!

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

LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud)
LQ2(uj) x2 HSCP gluino (cloud)
LQ2(i)+LQ2(vi) Leptoquarks HSCP stop (cloud)
LQ3(vb) x2 q=2/ge :ggg
LQ3(tb) x2 q=3e
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
2 3 4
RS1(yy), k=0. j+MET, SI DM=100 GeV, A
RS1(ee,uu), k=0. j+MET, SD DM=100 GeV, A
RS1(jj), k=O0. y+MET, SI DM=100 GeV, A
RST(WW—4j), k=0. y+MET, SD DM=100 GeV, A
RS1(ZZ—4j). k=0. I+MET, €&=+1, S| DM=100 GeV, A
bulk RS(ZZ—’HJJ), k=0. |+|V|ET, E=+1 , SD DM=100 GeV, N
T I+MET, €=-1, SI DM=100 GeV, A
I+MET, €=-1, SD DM=100 GeV, A
SSM Z'(17) |
ssmz@) |
SSM Z'(bb) dijets, A+ LL/RR
s Zin- 2! | — g loe
SSM W'(jj ’
— | .
SSM W'(I({g dimuons, A- LLIM
. ﬁ .
ooz (S s e
I 4. — . . ’ .
SSMW{Wz=4) inclusive jets, A+
0 1 2 3 4 inclusive jets, A-
Excited
e* (M=A) Fermions ADD (yy), nED=4, MS
u* (M=A) ADD (ee,pp), NED=4, MS
g* (q9) ADD (j+MET), nED=4, MD
g* (ay) ADD (y+MET), nED=4, MD
b* QBH, nED=4, MD=4 TeV
0 1 5 3 4 NR BH, nED=4, MD=4 TeV
(i) x2 Jet Extinction Scale
coloron(jj) x . String Scale (jj)
coloron(4j) x2 Mu H'IJ et
gluino(3j) x2
gluinolijb) x2 Resonances

CMS Exotica Physics Group Summary — March, 2014
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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: April 2014 [£dt=(1.0-203) b V5=7,8TeV
Model £,y Jets ET™ [Ldi[fb™'] Mass limit Reference
rr ! ! o ! i | ! ! ot
ADD Gkk + g/q - 1-2j Yes 4.7 n=2 1210.4491
ADD non-resonant £(lyy 2y or 2e, i - - 4.7 n=3HLZNLO 1211.1150
ADD QBH — ¢q Teu 1j - 20.3 n==6 1311.2006
ADD BH high Ny 2 u (SS) - - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high 3 pt >le,pu >2j - 20.3 n=6, Mp =15TeV, non-rot BH | ATLAS-CONF-2014-016
RS1 Gk — ¢ 2e,pu - - 20.3 k/Mp; = 0.1 ATLAS-CONF-2013-017
RS1 Gk — ZZ — tlqq/tltt 2orde,u 2jor-— - 1.0 k/Mp = 0.1 1203.0718
RS1 Gkx = WW — {vly 2e.pu - Yes 47 k/Mp = 0.1 1208.2880
Bulk RS Gxx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 GeV [l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gkx — tt 1ep =1b,>1J/2) Yes 14.3 8Kk mass | 05-20TeV BR =0.925 ATLAS-CONF-2013-052
Sz, ED 2epu - - 5.0 1209.2535
UED 2y - Yes 4.8 ATLAS-CONF-2012-072
SSM Z' — €t 2epu - - 20.3 ATLAS-CONF-2013-017
2 2 SSMZ' -1t 27 - - 19.5 ATLAS-CONF-2013-066
= § SSM W’ — v 1e,u - Yes 203 ATLAS-CONF-2014-017
CQ8 eaMwW >wz-ovee 3eu - Yes 203 ATLAS-CONF-2014-015
LRSM W}, — tb leu  2b,01] Yes 143 ATLAS-CONF-2013-050
Cl gqqq - 2j - 4.8 n=-+1 1210.1718
Cl gqtt 2e,u - - 5.0 e =-1 1211.1150
Cl uutt 2e,u(SS) 21b,>21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
s EFT D5 operator - 1-2 Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q  EFT DY operator - 1J,<1j Yes 203 at90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e >2] - 1.0 B=1 1112.4828
Scalar LQ 2™ gen 2p >2j - 1.0 B=1 1203.3172
Scalar LQ 3" gen 1e,u, 17 1b,1] - 47 =1 1303.0526
o Vector-like quark TT — Ht + X ey =22b,>4j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
%E Vector-like quark TT - Wb+ X 1e,u  >=1b,>23j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
:‘,1:’ 8_ Vector-like quark BB — Zb + X 2e,u >2b - 14.3 B in (B,Y) doublet ATLAS-CONF-2013-056
Vector-like quark BB - Wt + X 2e,u(SS) 21b,>1j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051
Excited quark ¢* — qy 1y 1] - 20.3 only u* and d*, A = m(q") 1309.3230
Excited quark ¢* — qg - 2j - 13.0 only u* and d*, A = m(q*) ATLAS-CONF-2012-148
Excited quark b* — Wt lor2eui1b,2jorlj Yes 47 left-handed coupling 1301.1583
Excited lepton ¢* — £y 2e,u,1y - - 13.0 AN=22TeV 1308.1364
LRSM Majorana v 2eu 2j - 2.1 m(Wg) = 2 TeV, no mixing 1203.5420
- Type lll Seesaw 2e,u - - 5.8 |Ve|=0.055, | V,|=0.063, | V;|=0 ATLAS-CONF-2013-019
g Higgs triplet H** — ¢¢ 2 e, u(SS) - - 4.7 DY production, BR(H** — ££)=1 1210.5070
(@) Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 DY production, |g| = 1gp 1207.6411
'R R R B | ) ) L

*Only a selection of the available mass limits on new states or phenomena is shown.

10 Mass scale [TeV]
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