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Exotic Searches

+ Higgs-like particle discovered

+ But there are still open questions:
@ Hierarchy problem, dark matter, neutrino masses, ...

+ The answers may come from exotic models, predicting new
phenomena:

» Excited lepton, graviton, 4™ generation, ...

+ Exotics on Atlas:

@ 60 papers published/submitted on 7TeV data,
@ New results going out with the 8TeV data

+ Will review only 8TeV results except for Exotic Higgs for which 7TeV
results will be presented as well




Dilepton resonances NEW ATLAS-CONF-2013-017

+ Search for high mass dilepton resonance, using Z' or G* as benchmarks

* ee:
@ Diphoton trigger (for good background estimation)
@ 2 electrons with E.>40GeV and 30GeV
@ Accxeff=73% @ 2TeV
v L
@ Single muon trigger

@ 2 muons with pT>25GeV, opposite charge
@ Acc x eff =46% @ 2TeV

+ Backgrounds from MC, apart for fake leptons
@ ee: multijet/W+jets from data
@ uu: multijet/W+jets negligible
@ MC normalized to data in the Z peak region (80-110GeV)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-017/

Dilepton resonances ATLAS-CONF-2013-017
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WZ resonances {E@Vi? ATLAS-CONF-2013-015

+ Resonance decaying into WZ(IvI'l') search for with 2 benchmark models:
e Extended gauge model (EGM), W' =9 X(M,,M,/mM? )
@ Low Scale Technicolor (LSTC), p,->WZ

+ Selection:

@ Single lepton trigger
@ Missing E. (MET)>25GeV, exactly 3 leptons (e or u), pT>25GeV

- evee, evuu, Uvee, uvuu

- Same flavor leptons: opposite sign, within 20GeV of the erzrgjgssf _

=
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W/Z resonances

ATLAS-CONF-2013-015
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/Z/Z resonances

ATLAS-CONF-2012-150

+ Use spin-2 Randall-Sundrum Graviton as benchmark model

+ Select Z boson in ee/uu events: 66<m <116GeV.

+ Second Z depending on the topology: resolved or merged (2 quarks fall into the

same jet) . _ - -
. '8_ a _ FIlS Gluravito‘n,‘lcil'm I= 110‘ .
* Resolved selection (m<1TeV) 5 —e— Observed 95% Uz;:: Limit |
N RN me==- Expected 95% Upper Limit
- pT >50GeV Tl o PP -
_ 65<m <115GeV, Ap.<1.6 2 | e .
Il Il % = ATLAS Preliminary .
@ Merged selection (m>1TeV) = s = 8TeV,JLdt= 721"
Q) T —
- pT,>200GeV 2 OF ]
- .
Q I W,
- ij>ZOOGeV, mj>4OGeV © ‘m(G*)>850GRY 00 s
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+ Background estimated from a fit on the data : mg. [GeV]

o If fit's x> has probability<1%, exclude the region of disagreement - re-fit

@ Cross-checked with MC



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-150/

Excited leptons ATLAS-CONF-2012-146 ,,
+ Benchmark model: contact interaction
> B—T71 LI L B '_I
3 . F  ATLAS Preliminary [ Observed imi ]
» Selection: < et g

EAN...\s=8TeV
- A

@ eey: 2 electrons with pT>40GeV and 35GeV 12 RO, o sl
@ uwy: 2 muons with 25GeV

« pT >30GeYV, isolated from lepton 2 o*
s m>100GeV i
0.5 1 15 2 25 3
» Background from MC et
@ Z+jets scaling from data < 12_ S
70<m <110 (correct fake-y rate) 2N 2—

e [or m”y>2506ev: 12 ....... E
— Low statistics for Z+X 6

4r
- Fits Z+jet and Z+y in the range 110< m <1050GeV 2.
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Type Il Seesaw Model Heavy Fermions {j%ﬁ?

+ Type lll seesaw (- neutrino masses) predicts heavy fermions N°, N*

@ m(N°)~m(N~) ' ATLAS-CONF-2013-019
@ Search for pair production

+ Selection:
@ Single lepton trigger w
@ Atleast 4 leptons (e or u), pT,>25GeV, pT, ., ,>10Ge
@ m(ll) within 10GeV of the Z mass. § (L ATLAS | pda |~ Baeeosa)
@ Veto events with a second Z & Prelminary BT B e
i) ¥s = 8TeV,.[Ldt =58 mm Z+jets [ W+jets
S 10E [ N[200 GeV] N [300 GeV]
> -
L

+ N= from the Z candidate + the closest lepton

+ Backgrounds from MC 10"
® Z#ets (bbicc): low statistics 102 55555505 3% 300 480 500
- reverse the isolation cut _ i (GoV]
and normalize it in a control region m(N*), signal region



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-019/

Type Il Seesaw Model Heavy Fermions %

+ Main systematic uncertainties:

@ Electron identification (2.7%) ATLAS-CONF-2013-019
@ Fast simulation vs full G4 simulation: 6.8% on signal acceptance
@ Z+jets shape (100%) and normalization (370%)
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Top-like quarks {ﬁﬁ? ATLAS-CONF-2013-018
>

Top quark partner from addition of weak-isospin singlets/doublets/triplets
+ 3 possible decay modes: t'- Wb, t'- Zt, t' - Ht
@ Focus on high jet and b-jet multiplicities: t't' - HtHt/ZtHt/WbHt (H - bb)

+ Selection

@ Single lepton triggers, exactly one lepton (e or )
@ MET>20GeV, MET+ W transerve mass > 60GeV
@ At least 6 jets, then split into 3 channels

- 2 b-tagged jets and H_(=sum jet, lepton pT and MET)<7OOGeV} Constrain the
systematic

- 3 b-tagged jets uncertainties

- At least 4 b-tagged jets : drives the sensitivity

+ Backgrounds:

@ tt+jets: MC, light and heavy flavor components of the jets fitted in a control region
@ Other backgrounds (small) MC apart for:
- WH+jets: MC, data-driven normalization

- Multijet: data-driven

11
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Top-like quarks ATLAS-CONF-2013-018

+ Dominant systematic uncertainties
Normalization of backgrounds (42%)
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Di-jet resonance ATLAS-CONF-2012-148

Di-jet resonances predicted by many models (compositness, extra-dimensions,... )
Selection

@ High pT jet trigger

@ 2 anti-kt jets with R=0.6, |y|<2.8, pT>150 GeV

o |y*=ly,-y,li2 < 0.6, m>1TeV = 10—
2 F — —— q"MC12 .
< 102; —_—— ?)bserved 95% CL upper Iimité
+ Background fitted from data s B e Expected 95% CL upper limit J
B 68% and 95% bands .
- S

+ Search for excesses/deficits 1N ATLAS Preliminary -

* Take care of Look-Elsewhere Effect & N JLdi =130
* Limits expressed as function of g* mass 102 T 2
or simplified Gaussian model (backup) . | | N .

2000 3000 4000 5000

Mass [GeV]

mq*>3.84TeV
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Di-jet mass

SATIEA S

WATLAS
2 EXPERIMENT

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

Highest mass event:
m,=4.69TeV

Missing Et=47GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/

Monojet + missing E. ATLAS-CONF-2012-147

s Predicted by supersymmetry (gravitino), Large Extra Dimension (graviton),
WIMPS ...

9 (9)

+ Selection:
e missing E_ trigger,

I\/*K:ut-off scale

=

G (G

@ MET>120GeV Y Various operators tested

@ At most 2 anti-Kt jets (R=0.4), pT>30GeV, |n|<4 S

o Leading jet: pT>120GeV, [n|<2 7 T R e T

. Aq(2 el MET05 A e

@ Lepton veto ° _ATLAS Prefiminani) \s:8TeV,J.L:10.51b'1 |
S

+ 4 signal regions: MET and leading jet pT
larger than 120, 220, 350, 500 GeV

@ 350 GeV working point gives
the best sensitivity
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Exotics Higgs

16



. EPJC 72 (2012) 2244
Doubly-charged Higgs boson Ex‘m_zglz_lg

+ Extensions (type Il seesaw, ...) predict the Higgs sector is extended to a triplet

(HO, H*, Hii) I
+ H* . narrow resonance, pair-produced 2 ':/< ‘
@ H** couples to left- or right-handed fermions :
* Search for signals inside windows of +4% [ee] N r
or £(6+0.007.m )% [ep, py] of the tested m, i < r

Limits on BR(H** - ee), BR(H** - ep), BR(H** - pp ) vs m(H*) | See talk by E. Strauss
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-18/

Higgs — hidden sector / electron jet

Accepted by NJP
EXOT-2011-01

+ The Higgs boson could decay into hidden-sector particles (string theory,
unparticle model)

+ 2 models considered - 2- or 3-step decay chains

@ New particles assumed very light - decays are boosted - jet of electrons
- m(h,,)=10GeV, m(h,,)=4GeV, m(n,)=90MeV, m(y,)=100 or 200MeV

—- Results unchanged while m(h
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Higgs — hidden sector / electron jet

Accepted by NJP
EXOT-2011-01

4

Search using the HW( - elp v) production

Single lepton trigger, one isolated lepton, MET>25GeV,
at least 2 electron-jets (high electromagnetic and charged fractions, ...)

Backgrounds :

@ Fake electron-jets, from final state photon radiation and n° decays

@ Fully data-driven

Main systematic:

80% on the
background estimation

Similar results for
m(y,)=100 or 200MeV
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. . : A ted by PLB
Higgs — hidden sector / muon jet R S

+ Assume
@ heavier y : 400MeV, with ct~O(40mm)
o m(f,)=5GeV, m(f )=2GeV
— muon jets, with high impact parameters (IP)  -=-----

» Single production of H° f  escape to the detection

fd,

@ deMM:45%

fa,

+ Selection:

@ Trigger with the muon spectrometer, large IP prevent the use of inner tracker
@ 2 isolated muon jets, back-to-back (A@>2), neutral
@ Not too far from the primary vertex |d |[<200mm, |z |<270mm

+ Backgrounds
@ Prompt muon: negligible
@ Multijet: data-driven P
@ Cosmic-ray: from data (empty bunch crossing)|

Cells:

P Simulation
20
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Higgs — hidden sector / muon jet

Accepted by PLB
EXOT-2011-12

+ Main systematic uncertainties: trigger (17%), reconstruction of y_ (13%)

+ Almost no background at the end:

95% CL Limit on 6xBR(H-»y v +X) [pb]

10

0

cut cosmic-rays multi-jet total background | my = 100GeV | my = 140 GeV | data
Nyg =2 30+2.1 N/A N/A 135411°37 909" 17 871
EXl<5 Gev 30+2.1 N/A N/A 132+11°3% 88+9* 17 219
|Ap| =2 15+15 153+ 18+9 155+ 18 +9 1231126 81+9* 13 104
Quy =0 15415 57 +15+22 59+ 15+ 22 12111735 7948713 80
ledo, 120! 0, 111+39+63 111439463 105410722 66+8*12 70
1 o +1.64 +0.66 +1.64+0.66 +16 +9
IpP <3 Gev 0%) 0.06+0.025000 | 0,067,650 754918 484749 0

expected + 26 (stat.+syst.)

. expected + 1o (stat.+syst.)

expected limit
observed limit

0><BR(H—>ydyd+X)

ATLAS

=Ogy

s=7 TeV, f Ldt=1.9fo"

95% GL Limit on 6xBR(H->y v +X) [pb]

expected £ 26 (stat.+syst.)

. expected + 1o (stat.+syst.)

expected limit
observed limit

chR(H—>ydyd+X) =0Cgy

ATLAS

102 10°

Dark photon ct [mm]
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my, = 140 GeV
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Conclusion

+ Searches with 8TeV dataset are closing in on many models

+ Tighter and tighter limits on various models

@ Extra dimension

@ Compositeness
il

But also on exotic Higgs bosons!

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)
T

Large ED [ADD) : monojet + £,

Large ED (ADD} : monophoton + £, .

Large ED (ADD) : diphoton & dilepton, m,, ,

UED : diphoton + E; ...

S'iz, ED : dilepton, m,

RS1 : diphoton & dilepton, m

RS1: ZZ resonance, my,

RS1: WW resonance, my

RS g, —tt (BR=0.925): tt— |+jets,m

ADD BH (M, IM,=3) : 8S dimuon, N, ..
ADD BH (M, /M =3) : leptons + jets,Ep
Quantum black hole : dijet, Ft(mu

gt

1t boosted

Extra dimensions

ggag contact interaction ©y(m )
qqll Cl: ee &j.Lj.L,rH"
uutt Cl - SS dilepton +jets + £,

cl

Z7(SSMY T,
Z' (SSM) : m...

W' (SSM) :m, .
W'{—tq, g _=1) omy
W, (~ tb, SEM):m |
we :mTem

Scalar LQ pair (f=1) : kin. vars. in eejj, evjj
Scalar LQ pair {#=1) : kin. vars. in pjj, pvijj
Scalar LQ pair (B=1) : kin. vars. in =zjj, wvjj

Excit.. New quarks’ LQ

ferm.

N 4" generation : t't— WbWhb
4" generation : b'B(T, T,)— WHWt
New quark b’ : bb's Zb+X, m,
Top partner : TT — tt + A A (dilepton, Mrzﬁ
Vector-like quark : CC,m,,
Vect
e Egad GArKS -jet FesonanEe. M
Excited quarks : dijet resonance, ;r:'
Excited lepton : -y resonance, m

Techni-hadrons (LSTC) : dilepton, m,,,,
Techni-hadrons (LSTC) : WZ resonance (vll).m
Major. neutr. (LRSM, no mixing) : 2-lep + jats
W, (LRSM, no mixing) : 2-lep + jets
H™ (DY prod., BR{H"—l)=1) : S5 ee (uu), m

H* (DY prod., BR{H#—ep)=1): SS e, m
Color octet sc:al'iar : dijet resonance, m,

Other

L=4.7 th", T TeV [1210.6604]
L=4.7 th", 7 TeV [1209.4445]
L=4.7 th", 7 TeV [1209.6593]
L=1.0 ", 7 TeV [1205.1016]
L=4.7 f", 7 TeV [1209.4445]
L=1.0 ", T TeV [1112.4626]
L=1.0 10", 7 TeV [1203.3172]
L=4.7 1b", 7 TeV [Preliminary]
L=4.7 ", 7 TeV [1210.5466]

L=2.0 b, 7 TeV [1204.1285)
L=47 1", 7 TeV [1209.4186]

1 =5.9-6.1 fb", 8 TeV IM’LI.!-CO'F-&M?A”I

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-130]

L=4.61b", 7 TeV [ATLAS-CONF-2012-137]
L=4.61h", T TeV [ATLAS-CONF-2012-137]

T T T T TTTT T III\III|
My (5-2)

M (HLZ 5=3, NLO) ATLAS

Preliminary

T T 1177
Mg (5=2)

Compact. scale R”'
My ~R"
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mg, = 0.1}
Graviton mass (k/M, = 0.1)
g,, mass

Lot = (1.0 - 13.0) fo"

My (5=6) fs=7,8TeV
M, (5=6)
My, (5=6)
A
A (constructive int.)
A

240TeV_ 7' mass
14Tev 7' mass
285TeV | W' mass

430 Gev W' mass
143TeV | W' mass
2427V W* mass
660 Gev T gen. LQ mass
s8sGev 2" gen. LQ mass
sameev 3% gen. LQ mass

656 GaV 1’ mass

E70Gev b (T, ) mass
400 GeV | b' mass

483GeV. T mass (m(A ) <100 GeV)
1.427ew VLQ mass (charge -1/3, coupling x5 = v/mg)
1.08Tev | VLQ mass (charge 2/3. coupling k. = v/mg)
* mass

" mass
I* mass (A = m{l*))
p.Jeo mass (mip Je) - mix;) =M, )
p, Mass (mip,) = mii;) + my. m(a) = 1.1 mp.)
N mass (m(W ) = 2 TeV)
Wy mass (m(N) < 1.4 TeV)
H." mass (limit al 398 GeV for uu)
H:* mass

Scalar resonance masT

*Only a selection of the available mass limits on new stales or phenomena shown

1 10 102
Mass scale [TeV]
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Backup
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EPJC 72 (2012) 2244

Doubly-charged Higgs boson EXOT-2012-18

Electron pairs / 10 GeV

4

Extensions (type Il seesaw, ...) predict the Higgs sector is extended to a triplet

(H°, He, H=)
H** : narrow resonance, pair-produced " <

|+

/ '

@ H* couples to left- or right-handed fermions z d |

Assume H** decay only into ee, ep or pu \\ [
H- ~

Single lepton trigger, at least two leptons with pT>20GeV, m(**)>15GeV )

Search for signals inside windows of +4% [ee] or £(6+0.007.m )% [eM, py] of
the tested m_

LA S S L R S B S B S B B R B S L B S B S B B B By 80_—""|""|""|""|""|""-|: 40__|||||||||||||||||\l||l|l||ll|_':
ATLAS +Damzott 1 ATLAS ~+ Data 2011 ] : ATLAS +Data2011 ]
— e -  35( —
_[Ldt — 47" [_JNon-prompt ] = J-Ldt - 471" [JNon-prompt 3 - Jldt _471f" [JNon-prompt
s = 7 TeV [ Charge flips 3§ 60 2 \s=7TeV O (F?hargi fips 5 30 3 o7 Tev ] Pii)mpt E
ctet [ ] Prompt 1 s0E ety [_]Promp S £t [JH 250 GeV 3
[JH*250Gev ] [ [JH*250Gev |~ F HH H 300 GeV
H* 300 Gev § 4O H* 300 Gev o  20p [JH™ 350 GeV =
[JH*350GeV § 30 —+ + ] Hi 350 GeV - 15F [ ]H™ 400 GeV
s - = H™ 400 GeV 7 o ]
[(JH." 400 GeV 1 sof CIH VI b + E
1 10t f ER: E
: )= IS B B .. = ol T P 1 # . H

600 0 100 200 300 400 500 600 0 100 200 300 400 500 600 —

m(e“e*) [GeV] m(e*) [GeV] m () [GeV] 24
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. EPJC 72 (2012) 2244
Doubly-charged Higgs boson EX(OT_2312_18

+ Limits depend on if the H** couples to left- or right-handed fermions

Limits on BR(H** - ee), BR(H* - ep), BR(H* - 44 ) vs m(H*)

L B B B

{ E :' * v E ﬂ-\ 1 -+ 1 1| 1 1| 1 1. 1T [ 1 T 11 T —]
+ E — P TR ] —_ C 1 -
o 09 T Qeervedimit. & 1 T 09F — Observed limit: e%e* =
N 0.8E P mite e = T E - -- Expected limit: e*e* ! =
Jill:_l - g —_— (E)bser;/eéi I||m|t1 Lli’!li: g jr‘in: 0.8 —  —— Observed limit: utui =
r 0.7 - T Xpecie |.m|'. n +11+ = T 07 - --- Expected limit: ptp* =
o 06E — Observed limit: e 3 o0 = —— Observed limit: e'u* =
. E_ - - Expected limit: e"u* _E 0.6 ;— -~ Expected limit: e —;
0.5F H* E 0.5 i— —;
0.4 = L = = =
4r 3 0.4F E
0.3 = == =
: E 03¢ ATLAS E
0.2 3 Ldt = 4.7 fb" E 0.2 = Ldt = 4.7 fo* =
0'1;_ - \s=7TeV _; 0.1 \s=7TeV =
et Al T BT B BT B T _.— I T T T

900 150 200 250 300 350 400 450 900 150 200 250 300 350
m(H™) [GeV] m(H") [GeV]

Dominant uncertainties:

@ +12% for WZ/ZZ cross-sections

@ +40% for non-prompt and charge flips
@ Limited by the statistics at high mass
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Di-jet mass

ATLAS-CONF-2012-148

4

4

Di-jet resonances predicted by many models (compositness, extra-dimensions,... )

Selection
@ High pT jet trigger

@ 2 anti-kt jets with R=0.6, |y|<2.8, pT>150 GeV
o |y*=ly,-y,li2 < 0.6, m>1TeV

Background fitted from data:
o f(x)=pi(1- x)P2xP3+p4lnx

@ Assume Poisson statistics
v?/INDF=15.5/18=0.86

Search for excesses/deficits
@ Take care of Look-Elsewhere Effect

Events

Significance

- ATLAS Preliminary -

-o-Data E
— Background 7
Vs =8 TeV E
[ Ldt=13.0fb" 7

1 1 | 1 1 1 1 I 1 1 1
3000 4000
Reconstructed m, [GeV]
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Di-jet mass ATLAS-CONF-2012-148

+ Jet energy scale is the main uncertainty (can be as low as 4%)
+ Limits expressed as functlon of g* mass and S|mpI|f|ed Gau35|an model

g 10 g T T | T T | 3 3 1 M T T T |
£ : — —— g"MC12 2 E ATLAS Prellmlnary E
<>E 102 —e— Observed 95% CL upper I|m|t ‘)E - s = 8 TeV -
= S Expected 95% CL upper limit 3 3 o 1 det =13.0f0" |
B 68% and 95% bands 7 - 107 E
10 E o 0/ Mg
E N\ = 4
SN ] = —0.15
1e S ATLAS Preliminary = = 102F :g’;g =
= A _ 1 - O .
N | Ldt=13.01fb )
1071 ~ Vs = 8 TeV - N
= - ] o 3
- ] 107F E
10°¢ E
10-3_\ ! | L ! ! ! | L L ] ] ‘\\ L 1 1 | 1045_ _E
_\I‘I‘|.I‘I‘I.\.‘.\.I.\.I‘l‘l‘l‘l.\._
2000 3000 4000 5000 5000 3000 2000
m >3.84Tey  Mass[GeV] Gaussian distributions with Mass, m_ [GeV]

width of 7%, 10% or 15%
Detector resolution on m,

from 7% (1TeV) to 4% (3TeV)
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Monojet + missing E. ATLAS-CONF-2012-147

s Predicted by supersymmetry (gravitino), Large Extra Dimension (graviton),

WIMPS ...
9/ 9(9)

+ Selection: ::; .......... 59

» missing E_ (MET) trigger,

‘ G (@) M.: cut-off scale
MET>120GeV Various operators tested
At most 2 anti-Kt jets (R=0.4), pT>30GeV, |n|<4.5
Leading jet: pT>120GeV, |n|<2
Ap(2™ jet, MET)>0.5
Lepton veto

o<t

(R I T T W

+ Main backgrounds (W/Z+jets, multijet, ...) are data-driven, apart from top and
dibosons

+ 4 signal regions: both MET and leading jet pT larger than 120, 220, 350, 500 GeV
@ 350 GeV working point gives the best sensitivity
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Monojet + missing E. ATLAS-CONF-2012-147

6 XA x € [pb]
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= — 107 7 R Nl e me=4.06-05 [eV] = B ]
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i ] B N Tt 1 E o % oLsRs m B § ATLAS Preliminary ]
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M, [TeV e

LED-ADD| GMSB SUSY | A
;‘1200_ T T T T T 17T ATLAS|P T .| .| T —] 1400_ T T T L T T 4 L | _ F T T T L T T T LI | ]
L reliminar, 4 B i E 3
8 i y o ~ Operator D8, SR3, 90%CL 1 500F- Operator D11, SR3, 90%CL E
= -1 o i C .
E* 1000 3 \s=8 TeV ILdt =10.5fb 11200 [ E=2 Expected limit (+ 1+ 20, WI M P$ ] - F=d Expected limit ( 1+ 20, ) ]
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? 11000~ — Thermal relic . 400 — — Thermal relic 3
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Doubly-charged Higgs boson

+ Acceptance x Efficiency

Acceptance x Efficiency

0.6 B T \ I
0.5 =
0.4 —
0.3 —
- ATLAS $-ce -
0.2 JLdt = 4.7 o +eu =
- \s=7TeV + 1 -

0 : l | I l 1 L ‘ 1 1 | | 1 1 L | l L I :

0 200 400 600 800 1000
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Hidden valley

4

4

Squark pair production

f, can radiate y,, depending on the

q

coupling a_, increasing the number of y,

Selections
@ Single muon jet with at least 4 muons,
@ Pairs of muon jet, with at least 2 muons,
@ Or pairs of electron jets, with at least 2 electrons
Signal Parameters Electron LJ 1 Muon L] 2 Muon LJ
Background @s  m,,[MeV] | Obs (Exp)pb | Obs (Exp)pb | Obs (Exp) pb
s Mainl litiet d +iets| 09 150 0.082 (0.082) - .
alinly muljjets ana gammarjets| o, 300 0.11(0.11) | 0.060 (0.035) | 0.017 (0.011)
e Data driven 0.0 500 020(0.21) | 0.15(0.090) | 0.019 (0.012)
0.10 150 0.096 (0.10) - :
0.10 300 037(0.37) | 0.064(0.036) | 0.018 (0.011)
0.10 500 039 (0.39) | 0.053 (0.035) | 0.018 (0.011)
030 150 0.11(0.11) - .
030 300 0.40 (0.40) | 0.099 (0.055) | 0.020 (0.012)
030 500 12(1.2) | 0.066(0.043) | 0.022(0.015)
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Long-lived, multi-charged particles

1/N dN/dS(Pixel dE/dx)

S(MDT dE/dx)

+ Particles predicted by many models (magnetic monopoles, long-lived micro black holes, Q-balls)
+ Search for 2e<|q|<6e particles: highly ionizing — large dE/dx

+ Select events with “muon” pairs (assuming Drell-Yan production),

+ Request large deviation of dE/dX in the various sub-detectors

0.22——r e T Y dE/d‘x[rm,k <dE,/d >
02f » E S(dE/dx) =
- I zouw : o(dE/dx,)
018 || e Mass 200 GeV, |g|=2e -
0.16F -~ Mass 400 GeV, [q|=2¢ =
0.14E —  Mass 600 G, =22 1+ Limits domlnated by the statlstlc uncertalnty
0.12F = . s
0.1F ATLAS Simulation = '8_ 103 = AT LAS Theory Observed =
0.08F . — j 44 fb {s=7 TeV Prediction 95 % CL limit 3
C . 3 B =% = — DY |q|=6e ‘|gq|=6e 1
S(Pixel dE/dx)| - © 102k al=se  Glal=ee ]
004;_ _; E DY |q|=5e |q|=58 E
0.02F . L_ﬁﬁi;;t%gmﬁ*akﬁ?_gﬁ; 10 ;_ ‘ —DY [ql=4e  -a-[q|=4e _;
%% 020 30 20 50 60 E ) DY|ql=3e - |ql=3e 3
30:""|""\ """" AR 1;_ —DY |q|=2e -®q/=2e _;
250 ATLAS E - 1
20; -[ L\dst:74T':\;b- Mass = 200 GeV, |g|=4e _; 10 1 '§_ N OGRS _g'
151 = = . =
: e - 2 L _
“F o oF 107 =
5? i 3 el ]
ob A . 5 10°0""300 200 300 400 500 600
.5;_ Data _; m [GeV]
G 015 20 2530 37 |

S(TRT dE/dx)



Doubly-charged Higgs boson EXOT-2012-18

+ Limits depend on if the H** couples to left- or right-handed fermions

—_
o
S}

tt
— €
o
T T T T

L e e B e L I
—— Observed 95% CL upper limit

--- Expected 95% CL upper limit

O B N

T T T T T T T T T T 102
— Observed 95% CL upper limit

=== Expected 95% CL upper limit

—— Observed 95% CL upper limit

e*) [fb]

--- Expected 95% CL upper limit

+

Expected limit + 1o Expected limit £ 1o Expected limit + 1o

Expected limit + 26
= o(pp - H" H), BR(H"— e*e*)=1
= 6(pp - H' Hy), BR(H"— e*e?)=1

Expected limit + 26
== o(pp — H™ H_), BR(H"— puf)=1
= olpp = H" Hy), BRH: — pipt)=1

Expected limit + 2¢
—— o(pp — Hz* HO), BR(Hiiﬁ etut)
=1 o(pp = H' Hy), BRH > et

10 10

T T TTTTTI
1| IIIIII|

o(pp = H™ H )x BR(H

~~~~~~

1 = —~ = —] A A NN |
E ATLAS & = ATLAS " arLas 00 & . V= E
- '[Ldt=4-7fb'1 ee ] T |Ldt=47" ] - J'Ldt=4_7fb.1 eu ]
I \sl=7TeV | | | S | | \s=TTeV N | m \s=7TeV N B
5 S I S ST S T SR ST S S SN SNT'Y A ST RS S ST S SR 21 I T T Y A e
197" 00 200 300 / 400 500 0"—750 500 3c'>cy 200 500 600 10"-—7l5———5o—— Ho S0 B500 500
%) [GeV] H™) [GeV et
m(H:* )>409GeV™" m(H=)>398GeV" """ m(H* )>375GeVmH) eV
lelts on BR( _>ee) BR( _,ep) BR( t pp ) VS m( )
Dominant uncertainties: £ osE _ E % S ARABRARI
. 4, 08 i_ "__ X see:vz Iimmli .:eie; _; . E_ ; Expected IirniF:_ eieii / _E
@ +129% for WZ/ZZ cross-sections L o7k - Opmimeiy ER 4 ﬁjz_ T ek E
m E — Observed limit: &' E E —— Observed limit: ey 3
0.6 --- Expected limit: e*u* — m E t’t 3
@ +40% for non-prompt and charge Cef | receaimter E DT T B E
ﬂlpS 0.4E- * = 04F E
. . - . 0.3 = 0.3 E
@ Limited by the statistics at high 02f R o2k ATAS o
mass 0.1F- P \s=7Tev 3 01 == \s=7TeV E
P00 150 200 350 500 350 400 450 foo 50 @0 20 300 350
m(H") [GeV] m(H) [GeV]
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Higgs — hidden sector / electron jet EXOT-2011-01
" s Search using the HW( - e/p v) production

+ Single lepton trigger, one isolated lepton, MET>25GeV,

§ 1_8\Illlll\\‘I\\Illlll‘\\\\‘Illlll\\\‘\\llllll\\\\\

at least 2 electron-jets: B ATLAS Simulation
* |n|<2, pT>30GeV ,4f  * Hadronic jets fEM VS fCH f
» High electromagnetic fraction f_,>0.99 1of  «Electronjets -
» High charged fraction f_ >0.66 13%'%“:'
s Atleast 2 tracks, likely to come from electron 08 < *:l:iseaaiz s
06 -« « -« vanoaa .
0.4~ R E
* Background : S N M 1
@ Fake electron-jets, from final state photon o;uub'_ s 0'3 'd:_ 4050'6 50:_7'615 '0_951
radiation and n° decays o,

@ Fully data-driven
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Higgs — hidden sector / electron jet EXOT-2011-01

Signal three-step model two-step model
mu (GeV) | m,, = 100 MeV | m,, = 200 MeV | m,, = 100 MeV | m,, = 200 MeV
100 143+1.7+08(124+£16£0.7 226+ 2.1+12|235+21+£1.2
125 11.34+1.0+06(10.7+1.14+06|162+12+09|1814+14+1.0
140 96 £08+05| 90+£08+04|13.7+09+08|1394+0.9+ 0.8
Background 0.41 £ 0.29 = 0.12
Data 1

+ Main systematic:
80% on the background estimation

= 10— T T T
+ Similar results for S | ATLAS
m(y,)=100 or 200MeV | 2011 Data, 1s=7 TeV

_[Ldt =2.0410" H+to

—

1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 l 1 1
100 110 120 130 140

T 7 LI L LA 10_|||||||||||| LI L B B B B B I
-o- Observed - ATLAS -o- Observed

SM
SIVI(WH)

| 2011 Data, (s=7 TeV
det =2.0410" .ﬂ’

—_
'
'
'
'
'
'
'

95% CL limit on 6(WH)xBR(H— e-jets)/c

Signal model: 3-step, m, =100 MeV
10»1 1 | | c L ‘ P I
100 110 120 130 140

101-

95% CL limit on 6(WH)xBR(H— e-jets)/c

my [GeV] my [GeV]
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