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What Characterizes Exotics Searches?

" No precise model to guide us. ® No unified parameter phase space
to map results

tt production Status: EPS 2013
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Exotics Search Strategy

® Cover wide range of final 'l N KNowN

states ZZMM 7S
® Largely model
iIndependent

" Look for resonances
" Look for any disagreement
from expectations
" Cover interesting new
BSM models

C. Issever, University of Oxford 4



Comment to Result Selection in this Talk

Show some typical Exotics search examples

“What is the impact of the newly discovered boson
on Exotics searches at the LHC?”

8 TeV Results

All ATLAS Public Exotics Results are HERE

C. Issever, University of Oxford 5




Overview of Results

Dark Matter
Boosted mono-W/Z

ATLAS-CONF-2013-073

Resonances
ee/yu

T
dijets

dijets + W/Z Y,
boosted tops

BSM Higgs/VLQ
T —tH

7
H++/--

ATLAS-CONF-2013-017

ATLAS-CONF-2013-066

ATLAS-CONF-2012-148
ATLAS-CONF-2013-074
ATLAS-CONF-2013-052

Generic Searches

Same-sign dilepton

Tri-leptons

1210.4538
ATLAS-CONF-2013-070

C. Issever, University of Oxford
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Dark Matter Searches at ATLAS

pr(jet) = 551 GeV
ME; = 542 GeV

JHEP 1304 (2013) 075




Dark Matter (DM) Production at LHC

" Effective theory with only 2 parameters (arXiv:1008.1783 )

" M’ : characterize interaction strength of the interactions with SM particles

" m, : mass of dark matter candidate :
X EFT valid for Qg < 41TM.
Effective interactions coupling DM to SM quarks or gluons
Name | Initial state Type Operator q
N D1 qq scalar mquq
>
% D5 qq vector ]\}3 X7 XqVuq
g D8 qq axial-vector ﬁiv“vg’xcﬁu'ﬁq - X
D9 qq tensor A%)Z Y Xq0 9
D11 qg scalar m)‘()(ag(G’zV) q X

® Pair production of DM:
" Events with ME+, recoiling against additional hadronic radiation

C. Issever, University of Oxford 8



Mono Jet and Mono Photon Searches

JHEP 1304 (2013) 075 Phys. Rev. Lett 110, 011802 (2013)
ATLAS-CONF-2012-147
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Events / 10GeV

Bosted Mono W/Z Production
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W tagging validation with tops

m,, [GeV] Iniversity of Oxford

=t time: ATLAS-CONF-2013-073

" Hadronically decaying W/Z'’s

® Jet Substructure techniques
® Cambridge-Aachen 1.2 jets
" Probe momentum balance

" V¥ = min(pry,pr2) AR/mjet
" Backgrounds
" Z—>vv+jetand W/Z — IV/Il + jet
® Use data control regions
" Diboson, ttbar, single top
® Use simulation
" Multijet negligible

10



Sighal Samples

Interference btw diagrams

X \Ci
71 ™ C(ux)=C(dy), C=coupling
d/CX 7 % " destructive

" W's p; low
" C(ux) =-C(dx)
_Name | _Operator | _Coefficient [N OIET IV

D9 Xo"'xqoq 1/M,* " W’s p; high
D5 XY*xqv,4q 1/M,* ® D5 signal generated
D1 XXqq m,/M,> # C(ux)=C(dx)

_ ® C(ux)=-C(d
o i m /M.’ (ux)=-C(dx)

C. Issever, University of Oxford 11



Boosted Mono W/Z Production

2 Signal Regions:  ME; > 350 GeV ME; > 500 GeV
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Limits on Parameters of effective DM Model
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Limits on Nucleon-x Cross Section
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Limits on Nucleon-x Cross Section
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Intensive Discussion about how to interpret Mono-X analyses

® G. Busonia, A. De Simonea, E. Morgantec, A. Riotto

" “On the Validity of the Effective Field Theory for Dark Matter
Searches at the LHC”, arXiv:1307.2253v1

" Derive stronger bounds than currently used by LHC experiments

® New models:
" A. DiFranzo, K. |I. Nagao, A. Rajaraman, T.M.P. Tait,

" “Simplified Models for Dark Matter Interacting with Quarks”,
arXiv:1308.2679v1
" S. Chang, R. Edezhath, J. Hutchinson, and M. Luty,

" “Effective WIMPs”, arXiv:1307.8120v1

" Yang Bai and Joshua Berger,

For more details refer to Marie-Helene Genest's talk yesterday g



Dielectron Event Display
p1=584 GeV :".“':;::;9 |

| *3, ﬁ%ﬂ%@. T S8
B.EP TF fw _MT
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Dilepton Searches: invariant mass

" Experimental Challenge:
" |lepton pT resolution and efficiency up to 1 TeV!

107 g
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® Good agreement btw data and prediction

ATLAS-CONF-2013-017 C. Issever, University of Oxford 18



Dilepton Searches: Systematic Uncertainties

Source Dielectrons Dimuons
Signal  Background | Signal  Background
Normalization 5% NA 5% NA
PDF variation NA 15% NA 15%
PDF choice NA 17% NA 17%
Scale NA - NA -
Qs NA 4% NA 4%
Electroweak corrections NA 3% NA 3%
Photon-induced corrections NA 4% NA 4%
Efficiency - - 6% 6%
Resolution - - - 3% (1%)
W + jet and multi-jet background NA 9% NA -
Diboson and ttbar extrapolation NA 3% NA 4%
Total 5% 26% 8% 25% (26%)

ATLAS-CONF-2013-017

C. Issever, University of Oxford
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Dilepton Credibility Limits

3 1 T ] T 1 I T T T T I T T T T I T T T T I T T 1 1 l T T T T g
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—-00 3 RSGHIKE 5 47 g0y,
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More interpretations with 7 TeV:
Z*, LSTC pr, MWT M, , Zy« Wik » TS

http://dx.doi.org/10.1007/JHEP11(2012)138
C. Issever, University of Oxford 20



Ditaus (fully hadronic) W

® Lepton universality not necessary for these new gauge bosons
— Essential to search in ALL decay modes 19 .5 b

:>j . [Ldt=195" % fﬂ’;ﬁj—e’t” =
>2 T candidates 10°F s=8Tev B Wiz+Hets
10% & [ ft+single top =
- [ Diboson 3
pr(T1) > 150 GeV 10k J g o -
Trigger matched e Ty E
. ALl e e H N
Opposite charge 1072
102 -

Mp(r1,72)>2.7 ol

Loose BDT ID (60%) g 1O T
()] 1 .
. o, AXE(MZ'>750) ~7-9 % ~ -
”?asf rtesolu.t'on I8 30-50%  p\xe(mz'=500) ~ 3 % 2 o050 L R I

singie tau trigger o 200 300 1000 2000

mTtOt(Th duvi ’Th devi ,Etmiss) [GEV]
ATLAS-CONF-2013-066 C. Issever, University of Oxford adrvis?Thac-vis 21



Ditau 95% Credibility Limits

ATLAS-CONF-2013-066

7
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Dijet Event Display with m, = 4.69 TeV

1A EXPERIMENT

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




Heavy Resonance Search: 8 TeV Dijets

® Strong gravity, excited quarks Probing quark structure

B Selections ~ 5 TeV
" Two anti-kt 0.6 jets

~ ATLAS Preliminary -
-o- Data =

Events

" pr>150 GeV && m;>1 TeV : — Background -

" |y|<2.8 && dijet CM rapidity |y*| "¢ P o ]

< 0.6, y'=+0.5%(y,-Y,) e .

" | ook for resonance above 10° - N

phenomenological fit of data
/5 P-value = 0.61
f(x):pl(l_x)P2xP3+P4lnx

xX=mj;j/+/s

1
m. [GeV
ATLAS-CONF-2012-148 C. Issever, University of Oxford ) [ ] 24
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Heavy Resonance Search: 8 TeV Dijets

Excited quark limit: Gaussian resonance limits:
m > 3.84 TeV at 95% CL mean mass, Mg and 3 Og

— 1 03 ET T T T T [ T T T 1 T T T | S‘ L L L L
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— B ——— g*MC12 i <§ - :
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- . .. 3 -1
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© B wemsn 68% and 95% bands . c 0 = E
10 E\ E 8 - GG / mG .
AN 1 E I —~0.15 i

- N 1 3 . ~0.10 i

113 N ATLAS Prelminary 3§ o 107 007 E
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107 AN \s = 8 TeV 4 8 -
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2000 3000 4000 5000 2000 3000 4000

Mass [GeV] Mass, m; [GeV]

C. Issever, University of Oxford 25



Dijet resonance + W/Z—IV/II

ATLAS-CONF-2013-074 Backgrounds / |
" Very interesting final state B Estimated with MC
" Sensitive to VH " W/Z+jets dominant
" Extradimension " ttbar
" Technicolor, little Higgs " single-top
" Diboson

p- V11> 50 GeV

Source Ao /o% for Wjj Ao /oc% for Zjj
. . W/Z+jets normalization +5 +16
22 JetS Wlth pT> 30 Gev W/Z jets shape variation +2 +4
Multijet shape and normalization +5 N/A
| < | . | > Top normalization +4 +7
|Anjjl 1 : 75’ A(pjj 1 ) 6 Top Modeling +3 +4
Jet energy scale (all samples) +10 +11
Jet energy resolution (all samples) +2 +3
. N / Lepton reconstruction (all samples) +1 +3
Systematic Uncertainties PDF (signal) P .5 e
PDF (top) +6 +3

m(1r;) = 180 GeV
C. Issever, University of Oxford 26



Entries / 10 GeV

Data/Bkg

m; distributions for Z/W+2 jets

signal region signal region
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95% CL upper cXBR on LSTC Technipion + Z/W production

LSTC = Low Scale TechniColor

LSTC pTi_ — ZT[Ti LSTC pTi'O - I/Vn'TO'i

— 1 T — 6 T T T T T T T T T
i i . LSTCp} 7 assuming m, =372, 465 GeV i ﬁ i —_— LSTC|) p?o - W assum%ng mpT=3/2*mnT+55 GIeV_
o - ————  Observed 95% Upper Limit _ o0 —— Observed 95% Upper Limit
2 0.8 — —— — Expected 95% Upper Limit ] @ — — — Expected 95% Upper Limit
© : - +1 Sigma Uncertainty : >b< i +1 Sigma Uncertainty )
- : +2 Sigma Uncertainty . 41— +2 Sigma Uncertainty —
0.6 — i ]
I [Ldt=203fo" ] I JLdt=20.3 0" ]
B \s=8TeV . i \s=8TeV |
0.4~ ATLAS Preliminary 7 ATLAS Preliminary
- i 21~ m
0.2\ . ] ]
O [ 1 1 1 1 1 | 1 1 | 1 L 1 L ] 0 ! ! | ! ! 1 1 | ! 1 ! 1 | 1 1 ! ! |
150 200 250 300 150 200 250 300
M_. [GeV] M, [GeV]

m. > 170 GeV m._.> 180 GeV

3 /
m =§*mn+SSGeV

p =
C. Issever, University of Oxford 28




New Physics Searches with high-pt top quarks

QUARK MASSES ® Highly coupled to EWK
symmetry breaking

" LHC is a top factory

" Huge mass of top
" Bizarre
" New physics

" Heavy new particles
" Couple strongly to top
" Produce boosted tops

7" " New techniques for top ID

>
O
O,

200

150

100

50

O 0

up | s
down | ¢
bottom (T =

top

strange |“ =
charm @@

<+ ccee. <., Jniversity of Oxford 29



Boosted Regime

hadronic top al -
candidate - 0.2t

5 CERN-PH-EP-2013-069, arXiv:1306.4945
m ~ 2.2 T T T T T

® Rule of thumb:| dR~— § b ATLAS Simulation M0

Pr T 1.8F Pythia Z— ff,t > Wb #9180

< 1.6 — {160

5 - 1.4 H =140

top with p; > 350 GeV o E

decay products within R~1 iE | 100

. : 0.8 — =180

“ 0.6/ 860

% 0.4 —840

20

— % 100200300 400500 600 700800900
- top
: m=197 GeV PP [GeV]
Fr ymm P,=356 GeV

leptonic top
candidate )\ "B’

C. Issever, University of Oxford 30



Jet Substructure: Splitting Scales

" e.g ky-splitting scales CERN-PH-EP-2013-069, arXiv:1306.4945

dij = min(pzTi,psz) X AR?;;/R* 4008
- ATLAS Simulation

—_ . : c -
i, j constituents of current jet 2,0.07]~ antik, LCW jets, 600 < p < 800 GeV
clustering step % 006 0 e Ungroomed Z—

;: o o P Ungroomed Dijets
all I e —— Trimmed Z— o
0'05: i —— Trimmed Dijets

" re-cluster constituents using kt

— highest p; constituents
clustered last

III|IIII|IIII|IIII|IIII|IIII|IIIIIIIII

QCD Boosted W boson
--------------------- 6 6.\\ _EJrflil clv e b L | -h.-' -
0%0088 o O:‘ OO 20 40 60 80 100 120 140
,""min pT X dR = m|n pT X dR = \/d12 [GEV]

steeply falling

spectrum

E. Thompson, Jet Substructure and Boosted top-ta@gilnsgsg’glAe'FL %iversity of Oxford 31



Variable Isolation Cone

R=k/E;or k/p+
e.g. k=10 GeV

/‘/.
" .

Signal efficiency [%]

“Variable” Isolation Cone

1<0.05*E (for electrons)

1<0.05*p; (for muons)

C. Issever, University of Oxford
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| ATLAS Preliminary fL dt=14.2fb" Vs=8TeV
100—
80_— PSS S S S oo o oo o3
- »".J
T
60— ¢
-
40- 7
C e ¥ i Py 5 i §
20 | —&Ptcone30/p_ - Ptcone30 -
P -o Etcone20/p_ o Etcone20 -
0_.$....|....|....|....|....|....|_
0 1 2 3 4 5 6

QCD background false-identification rate [%)]

(d) 2.0TeV Z
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Boosted Top Event Candidate with my,=2.6 TeV

hadronic-top-eandidate=. n

leptonic fop - .
. B A g B PN cahdidafe .-,
CATLAS| 7

1A EXPERIMENT

a1 & )

Run Number: 209995, Event Number: 51046560 1. . TR
hadronic top

Date: 2012-09-09 23:10:22 CEST ¥ - .
/. candidate

P\.\\*iiefﬁﬁiiﬁﬁb’g;ndidate
hadronic top candidate

[eptonic top candidate




Heavy Resonances Search: ttbar

ATLAS-CONF-2013-052 v
" Lepton+jets channel

" Models: e.g. bulk-RS (esp. KK gluons) and Leptophobic Z'
® Large Branching Ratio to top-antitop

" Combining resolved and boosted reconstructions

" Taking full advantage of boosted techniques

dij = min(p® ., p T]) X ARZU/R2

% 60 E—ATLLAS Il:’rlellirl'r{inlalr)l/ o LolllDalte\' o 'IEIltf' o —f % 40 ;—ATLAS Prellmlnary o —o—Datal | Dtt L —;
Q) - [l Single top [ Multi-jets ] Q) 35F- [l Single top [ Multi-jets 3
~ 50 7/ [CJW+jets [OZ+jets ~ = [CJW+jets [ Z+jets 3
2] - , : . n 30 . —
= 40F- 7 ‘ % [CJDiboson Ty = o 3 [CJDiboson sty 3
N Y /. ] e E
- - 7% Ldt=142fb" 3 Ldt=143f0 3
20 ..' 7. y | = 15 | :
£ u + jets . 10 e + jets -
106 Z¢2 boosted 3 5 =
e 7 Nsiiiiisiiiiniiiii E
2 2
m m
8 / 3
© . : 4
0 1 OO 120 140 160 180 200 220 240 260 280 (DU 40 60 80 100 120 140 160 1 80 200
mthad [GeV
[ -. .-,-].. University of Oxford \/d12 [GeV] 34



" m, resolved + boosted in e+jets and u+tjets

Events / TeV

Data/Bkg

Discriminant distribution my, .,

10°
107
10°
10°
10*
10°
10°

10

AL L BN L B L L BN L L BN BN

ATLAS Preliminary —Data ~ ---5xZ (15TeV) E
_ - 5xg. (2.0 TeV

chn:m.sz1 [ I )

P Multi-jets  [JW+jets -

[ ]Other Backgrounds ;

ls=8TeV 7

=

L

W

2

3

3.5

Mypar [TEV] 35



Heavy Resonances Search: ttbar

E‘ | L] L ) L] I L ) L] L) L ] I L ] L] L] l T T T T I T T L ]

Qo Vs=8TeV Obs. 95% CL upper limit

e 10 [Ld—tazt’ Exp. 95% CL upper limit

1 T I Exp. 1 6 uncertainty ;

‘L\_l, 102 Exp. 2 ¢ uncertainty

% ----- Leptophobic Z’ (LO x 1.3) -5

X S, ATLAS Preliminary i
N 10 AR -!

b ~~ =

Z' mass [TeV]

KK

Gy

3‘ L} L] L} L} l L} L] L ] L] I L ] L T T I L L ] L ] T
o Vs =8TeV ——— Obs. 95% CL upper limit
= 10° I Ldi<143f? U Exp. 95% CL upper limit
1 ST I Exp. 10 uncertainty

< Exp. 2 ¢ uncertainty
> 10k .. Klei
T . Kaluza-Klein gluon (LO)
CQ ATLAS Preliminary

10-2 1 L L 1 l L 1 1 L I 1 L L L I L L 'l L
0.5 1 1.5 2 2.5

gk Mass [TeV]

m(Z’) > 1.8 TeV @95% CL

rm(Z’) = 1.2%

m(gxk) > 2.0 TeV @95% CL
Fim(guk) = 15%

More details by Oana E.Vickey Boeriu this aftemoon




Searches for Vector-like Quarks (T, B)

Composite Higgs

Little Higgs models
Warped extra dimension
2HDM models

Not excluded by Higgs mass
constraints/branching ratios

Very rich phenomenology
" Final states with multiple
" W/Z/H’s, b and top quarks
" T. Decays to Wb, Zt, Ht
" B: Decays to Wt, Zb, Hb

Loose constraints on CKM4 —

decays to light quarks possible!
C. Issever, University of Oxford
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T —-Ht

ATLAS-CONF-2013-018

C. Issever, University of Oxford 38



Complex-conjugate decay modes are implicit

-




Complex-conjugate decay modes are implicit

- o




E Miss >20 GeV
Emss+m,; > 60 GeV
1 Isolated lepton with p; > 25 GeV
2 6 akt4 jets with p; > 25 GeV

2 bjets 3 bjets 24 bjets

Complex-conjugate decay modes are implicit

-




Discriminant Variable H

Hr = Z PT,lepton + ET,miss + PT,jets

Scalar Sum

C. Issever, University of Oxford 42



Arbitrary Units
o
N
(@)

0.2

0.15

0.1

0.05

Discriminant Variable H

Vs =8TeV

_Ill|||I|III|III|||I|III|III|||I|III|III

ATLAS Preliminary (Simulation)

ti+light-flavour jets

tt+heavy-flavour jets

2223

E

200 400 600 800 1000 1200 1400 1600 1800 20
H. [GeV]

/R (m, = 600 GeV), doublet




Events/ 100 GeV

Data/ MC

Discriminant Variable H

100~ ATLAS Preliminary
[Lat=14310"

80—

60—

40

20

—
IIII|IIII|II|I|IIII

e+l >6 jets, >4 b-tags

25
ot

255

K8
P20
petete
9 90

0.9.0,9.9,
X KKK
XK
—
0 0.0,
XK
55058

Bl Multijet
B3 Tot bkg unc.

9,
9,
o
X

SOFL
%S

T o™
S e
PSR

o

500 400 600 800 10001200140071600 18002000
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Exlusion Limits for Vector Like T Quark

ATLAS Preliminary

m, = 350 GeV m, = 400 GeV m, = 450 GeV Status: Lepton-Photon 2013

0.8 B 0.8 |8 0.8 |

Ys=8Tev, _[ Ldt=14.3f"
= =+ 95% CL exp. excl. — 95% CL obs. excl.

[ Hesx [ATLAS-CONF-2013-018]

06 B 06 B 06 |

o4t 04 R 0.4 B

BR(T — Ht)

M SU(2)(T.B)doub. @ SU(2)singlet
1

m. =600 GeV| R\ . m, = 650 GeV

0.8 B

m, = 500 GeV m, = 550 GeV

0.8 B

%G'
8,
&

06 BN 0648

04 R

0.2 0.2 NN o
X ! L 1
" 1 0.8 1 % 0.2 0.4 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1
1 g 1
: m, =700 GeV o m, = 850 GeV
0.8 015
'bO’
6
06 i
0.4
L ]
0.2
0 1 1 1 Olllllllllllllxlllll
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

BR(T — Wb)

. IDDCTVCI, UIIIVTIDILYy Ul VAIVIU 43



Exlusion Limits for Vector-Like T Quark

ATLAS Preliminary
Status: Lepton-Photon 2013

0.8 p
Ys=8TeV, Ldt=143fb

0.6 = =+ 95% CL exp. excl. m— 95% CL obs. excl.

oA [ Hesx [ATLAS-CONF-2013-018)

BR(T — Ht)

[[| same-Sign [ATLAS-CONF-2013-051]

-
X
0.2 I8 % SRR ] zbmex  [ATLAS-CONF-2013-056]
o o <4 N 0000 000060,
0 a0 J 000, K R K K i
R RS R00020500%0% o” gre [ wesx [ATLAS-CONF-2013-060]
P 20200t 26005 022050 a0t 0% o OO |

! M SU(2) (T,B) doub. ® SU(2) singlet

1

m; = 650 GeV

-
2

S5
58
250
B
5o 0.4
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AR . XS r
" 00200020 000 0 %00 0% Lodedetese; > .
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& EXXXX 00060000 10000 o‘\ Bl V050005000050, S Lo O A0S, RSO . '
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BR(B — Hb)

0.8

0.6

04

0.2

0.8

0.6

0.4

0.2

Exlusion Limits for Vector Like B Quark

ATLAS Preliminary

C. Issever, University of Oxford

A mg = 350 GeV i :‘ A mg = 400 GeV :,;\ A mg = 450 GeV Status: Lepton-Photon 2013
0'6 0.8 0'6 0.8 Fr+a °f6 1
0, [ o "%, R DA ys=8TeV, JLdt=14.3fb
& X & N (eSS
06 |-, 0.6 L N = =+ 95% CL exp. excl. m— 95% CL obs. excl.
: o *a
Iy 04! 04 | Same-Sign [ATLAS-CONF-2013-051]
[ ® L . LA ]
[ 02 ‘| 02F
X P oE [ou Zbit+X  [ATLAS-CONF-2013-056]
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M SU(2)(B)Y)doub. @ SU(2)singlet
- e s 1
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Inclusive Same-Sign Dilepton Search

1210.4538

®" Model independent approach
" Limit presented in terms of fiducial cross-section limit

95% CL upper limit on yield
fid N956 (given Ny and Ny, o)

P E—
- Efd X fﬁdt

Reconstruction and Selection efficiency
Within acceptance
" ofidjs (almost) model-independent

" Can turn 0" into o' with generator-level information only
" Caveat: not exactly model-independent — must be conservative

Electron requirement Muon requirement
Leading lepton pr pr > 25 GeV pr > 20 GeV
. . g Sub-leading lepton > 20 GeV 20 GeV
Particle-level definition I S I s S oo e
Lepton 7 In| < 1.37Tor 1.52 < || <247 | |n| < 2.5
of acceptance concD 4 .
L cone0.3 / P /pT < 0.06 and
Isolation PT /pr < 0.1 coneD.4 e
pret <4 GeV +0.02 x pr 48




Inclusive Same-Sign Dilepton Search

C. Issever, University of Oxford

1210.4538
> 120 L l L I 1 17 7T I L l L l L ] L I LI I . "_ > :l L I L I T 1 17T I L l L l L ] T 1 17T I LI B I_
8 N ATLAS ~+ Data 2011 S 60F ATLAS ~+Data 2011 —
& 100 Jldt _ 47" [CJNon-prompt — & 5 05 JLdt — 471" [JNon-prompt -
_% 80: \s =7 TeV [ Charge flips A % : s = 7 TeV [ ]Prompt ]
G B [ ]Prompt 5 S 40 = =
o B + ot ] o u +,t .
5 _ e e _ 2 N Vi ]
g eof ] = 30 i =
w - - | ;|
401~ ] 20 -
200 . 10F =
o C 11 1 L1 | L11 M - o 11 I 1111 | 111 | 111 | 1111 | 1 Fﬁ
0 50 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

_ m V] —
m_.[GeV] wlGeV]
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Inclusive Same-Sign Dilepton Search

1210.4538

" 95% upper limits Mass ee ey iy
® 1.7 and 64 fb exp obs exp obs exp obs

95% C.L. upper limit [fb]
Mass range expected | observed || expected | observed || expected | observed
etet et ptp
m > 15 GeV [ 467} 42 5671 64 24.0750 29.8
Fiducial cross section m > 100 GeV || 241753 | 234 || 230721 [ 312 || 22733 | 150
upper limits m > 200 Gev-l_8 8731 7.5 84731 9.8 43718 6.7
m > 300 GeV [ 4.571% 3.9 41755 4.6 24192 2.6
m > 400 GeV [ 2.9733 2.4 3.055% 3.1 17198 1.7
etet etut utpt
m > 15 GeV [ 20.1757 | 228 [ 34.97%° [ 341 150755 | 152
INGOV 16.17573 12.0 154757 18.0 8.4754 7.9
m > 15 GeV 5.7 m > 200 GeVJ|_ 7.0737 6.1 6.677% 8.8 35509 4.3
‘ m > 300 GeV [ 3.77H 2.9 3.2+12 3.2 2.010% 2.1
m > 100 GeV m > 400 GeV o 24700 2.5 1.510% 1.8
e"e” e p” nop
m > 200 GeV 97 m > 15 GeV || 232%58 [ 257 [ 2627195 | 344 12.1732 18.5
- m > 100 GeV [ 12.0753 18.7 11.5152 16.9 6.07%3 10.1
m > 300 GeV -l 2.7 m > 200 GeV [ 4.977 4.0 46775 4.5 2.715% 4.4
m > 300 GeV [ 2.975¢ 2.7 2.770%6 3.5 15795 1.7
m > 400 GeV . ). m > 400 GeV || 1.870% 2.3 2.370% 2.5 1.2707 1.2

C. Issever, University of Oxford 50



Possible Models

" |eft-right symmetric models

® Higgs triplet models

" little Higgs model

" fourth-family quarks Acceptances: 43% - 65 %
" supersymmetry

® universal extra dimensions
N

C. Issever, University of Oxford 51



Inclusive Same-Sign Dilepton Search: H**/~ Limits

" Models explaining non-zero neutrino masses predict H**/-
" e.g. minimal type |l seesaw model
® additional scalar field
" triplet (under SU(2), with Y=2): H**~ H*-, HO

q X q N

Q|
—
n-
2

=

pair production associate production

Signature: same-sign leptons

C. Issever, University of Oxford 52



Doubly Charged Higgs Limits

arXiv:1210.5070

® Used e.g. limits on doubly charged Higgs

102

I I | I I | | I I | | I I I I I I

[ Expected limit + 1o

10

I |IIII‘I_I’

ATLAS
JLdt =47 N
\Vs=7TeV

o(pp — H™ H )x BR(H™ — etet) [fb]

—— Observed 95% CL upper limit
---= Expected 95% CL upper limit

[ ] Expected limit + 26
—— olpp = H:" H), BR(Hi*—> eet)=1
-~ -.o(pp — H: H ), BR(H:—> ee*)=1

| ] I I | I

|1 IIlIII|

10-1 PR AN T N SR T AN TR SO T SR A ST S S N R
100 200 300 400
Pair production: M(H**-) > 409 GeV

C. Issever, University of Oxford

500
m(H) [GeV]
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Doubly Charged Higgs Limits

" Example of more optimized search arXiv:1207.2666
" |ncludes also T -channel and associate production.
BR(®** — e*u®) = 100% BR(®** — 757%) = 100%
CMS Preliminary /s=7TeV, [ £L=4.6fb"! CMS Preliminary \/s=7TeV, [ L =4.6fb"!

10

] elJ 10% Z’ T

[

107!

95% CL upper limit on /o041
95% CL upper limit on o/o,04e1

Bl +10band
3 +2¢band
@ Tevatron exclusion

107! @ =10 band

- = Expected limit (combined) - = Expected limit (combined)
— Observed limit (combined) — Observed limit (combined)

150 200 250 300 350 400 450 500 40 160 180 200 220 240 260 280 300
Mass of ®** [GeV] Mass of »** [GeV]

Combined ep: M(H**-) > 455 GeV

Combined 7 7: M(H*-) > 198 ford 54
e

107°




General 3 Charged Lepton (e/u/ T ) Search

ATLAS-CONF-2013-070 /
® complements previous searches — model independent
" 4 inclusive signal regions 20.3 fb"
Flavor Chan.  Z Chan. Expected Observed
> 3e/u off-Z 260+ 10+ 40 280
Qe/u+ > 1tpag  off-Z 1200+ 10+ 290 1193
> 3e/u on-Z 3100+ 40+ 500 3199
Qe/u+ > 1t on-Z 17000+ 40+ 4000 14733

* 100 exclusivesignalregons |
[ ] H_I_Ieptons , H_Ijets
2 isolated electrons or muons,

prq > 26 GeV, pr,>15 GeV

3'd lepton: e or por T, 4
pr(e,u)>15 GeV, pV8( T 1,4)>20 GeV

akt4 jets with p; > 30 GeV

" Min p{

" mg=|H{e| +[Emss] + |py|
= for on-Z: mW

" number of b-jets

C. Issever, University of Oxford 55



General 3 Charged Lepton (e/y/ T ) Search

ATLAS-CONF-2013-070

_ Defu+>1t ATLAS Preliminary’
\s= 8 TeV
J-Ldt =203 b

Ill'ﬂl llllllﬂ| Illlll'ﬂl—l

Events / 100 GeV

————
—e— 2012 Data é

[ ] Reducible
B VV(V)
[ tT+V(V)
%252 Syst. Unc.

OISO SOOI, CITOTOTITOZ 0S0005008
SRR
X CHRRRXHKHKHA
QOURRRRPRRS
’A’.“’.’I‘ "

% %%
Jrom e
RRRRRIARRIRRARRS
QRARORARRAKKAKKKK,
LRIRRIRIRRRRIRRS

%

500 600
H=P™ [GeV]

C. Issever, University of Oxford
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General 3 Charged Lepton (e/u/ T ) Search

ATLAS-CONF-2013-070 /

95% Confidence Level Limits (using CL,)

£ | ATLAS Preliminary 1s=8 TeV  Observed Model Testing with published
© 10 Lt - 203 " o fiducial lepton efficiencies
Exp £ 2c P :
10F . PT rompt u
- [GeV] In| > 0.1 In| < 0.1
e — — 1015 0.021x0.001 0.003+0.002
= : ——t U —— 20-25 0.808+0.002 0.42+0.01
= ] 25-30  0.855+0.002  0.45+0.01
© yob 1 30-40  0.896+0.001 0.498+0.008
e —_— 5
L —
i — E——
10_1;‘ >3 e/u : off-Z 2e/p+2t  :off-Z 3
Inclusive  >200 _ >500 _ >800

Inclusive >200 >500 >800

HP"™ [GeV] HP"™ [GeV] Just one example from note

C. Issever, University of Oxford 57



ATLAS Exotics Summary

Limits pushed into 1 TeV regime

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

P Large ED (ADD) : diphoton & dilepton, m, el M, (HLZ 5=3, NLO) ATLAS
— UED : diphoton + E; .. Compact. scale R ! Preliminary
s'iz, ED : dilepton, m, Mg ~ R
RS1 : dilepton, m, { Graviton mass (k/M;, = 0.1)

RS1: WW resonance, my . raviton mass (k/Mp, = 0.1) ;
© Bulk RS : ZZ resonance, m,, on mass (k/Mg, = 1.0) Ldt =(1-20)fb’
o T .

S RS g, f (BR=0.925) : i I+jets,m_ 7T _
a ADD BH {M,, /M,=3) : SS dimuon, N, ;. fs=78TeV
ADD BH (M IM =3) : leptons + jets, ¥Xp

Quantum black hole : dijet, F (m m,)
qqqq contact interaction : ,(( )

W (= tb, LR%M) im,]

eelup

Techni-hadrons (LSTC) : WZ resonance (ivIl), m w2

Major. neutr. (LRSM, no mixing) : 2-lep + jets

avy lepton N (type Il seesaw) : Z-I resonance, my,

|~ (DY prod., BR(Ht‘—)II) 1) : SS ee (uu), m

Color octet scalar : dijet resonance, my
ulfi-charged particles (DY prod.) : highly ionizing lracks
Magnetic monopoles (DY prod.) : highly ionizing tracks

ATLAS Exotics Searches*

95% CL Lower Limits (Status: May 2013)

T TTTT
My (3=2)

M;, (5=6)
T6TeV. A

| L=4.81b7, 7 Tev [mo.mn
£=5.01b”,

L=143 fb”, 8 TeV [ATLAS-CONF-2013-050) 1.

Tev. W' mass

—~ Scalar LQ pair (=1) : kin. vars. in eejj, evjj [t=1.01b",7 Tev [1112.4528) s60cev T gen. 0 mass
Le to u a rkS /_/9—’ Scalar LQ pair (=1) : kin. vars. in pupjj, uvjj [t=t.0m" 7 1ev (1203.3172) e8sGev 2" genl Q mass
p q Scalar LQ pair (B=1) : kin. vars. in Ttjj, Tvjj |L=4.7 "7 TeV [1303.0526) s346ev 3" gen. LQfnass
/ 4" generation : t't'— WbWb |L=4.7 b™, 7 TeV [1210.5488) 656 GeV ' mass
=< 4thgeneration : b'b'— S dilepton + jets + E, .. [t=1a3m"s eV [ATLAS-CONF-2013.051) 720 GeV_ b' mas:
N k % ] Vector-like quark : TT— HHX |L=1431b" 8 TeV JATLAS CONF-2013018)  7906Gev T magk (isospin doublet)
eW q U a r S = Vector-like quark : CC,m, . [£=461b",7 TeV [ATLAS-CONF-2012-437] 1.42Tev. M Q mass (charge -1/3, coupling ko = v/m,)
Excited quarks : y-jet resonance, m L=21 b, 7 TeV [1112.3580] 246TeV] q* mass
Excited quarks : dijet resonance, m £=13.01b”, 8 TeV [ATLAS-CONF-2012-148) 384TeV. q" mass
. . Excited b quark : W-t resonance, m,,, |L=47 "7 TeV (1301.1583) 870Gev.| b* miss (left-handed coupling)
EXClted fe rmions Excited leptons : l-y resonance, m [ ISis0 i 18 oV IATLAS-CONFE01E 27ev. |* mass (A = m(l')
Techni-hadrons (LSTC) : dilepton, m pJofmass (m(p Jo) -m(t) = M, )

p_ hass (m(p,) =m(x;) +my, m(@)=1.1mip))
N mass (m(W_) =2 TeV)
N* mass (V| =0.055,}V | = 0.063, |V | = 0)
H;* mass (limit it 398 GeV for uu)
Scalar resonance mass
mass (Jq| = 48)

IlIlTas | 1

| I | | | lII[III |

qqll Cl : ee &y, m 7 TeV [1211.1150) 4307eV| A (constructive int.)
uutt Cl : SS dilepton + jets + E, s L1431 8 TeV JATLAS-CONF-2013:051) 33TV A (C=1)
/ Z' (SSM) im,,,, [L=20" 8 TeV [ATLAS-CONF-2013.017) 286TeV_ 7' mass
z (SSM) m.. [L=471b", 7 Tev (1210.6604) 1.4TeV Z' mass
Z (leptophobic topcolor) : tf— I+jets, m, [L=14.31", 8 TeV[ATLAS.CONF-2013:052)  1.8Tev Z'mass
Heavy gauge bosons " (SSM) : mre, L=4.71b”. 7 TeV [1209.4446) 255Tev. W' mass
W' (—=tq, g =1):m g |[L=47 157, 7 TeV [1209.6593) 430 Gev W' mass

1111

10 10

102

udps://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

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

C. Issever, University of Oxford
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We are at the beginning....

WJS2013
100 N Al Al Al L l Al Al Al L) Al Al Al Al Al Al ,.'
[ ratios of LHC parton luminosities: 13 TeV /8 TeV ,;-’
[ ]
f
b I/
o _ _—___ 99
© xqq
—==qg
= 10f i
U) -
O
£
=
=
MSTW2008NLO
1 L L I L L L L L L L L Il L L
100 1000
M, (GeV)

Up to now, small parton luminosity at high masses
Large discovery potential: 13 TeV

C. Issever, University of Oxford 59



Conclusion

" Role of models in Exotics

" Models are used map our search reach

" They give us some guidance where to look

" But, Exotics searches are mainly model-independent.
® EXxotics searches coverage

" Vast range of final states

" Vast range of models

" Searches with H boson in final state added

® Searches will continue
" Continue exploration beyond TeV regimes
" Push o-limits at low invariant masses down.

C. Issever, University of Oxford 60
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Generic 3 Lepton Search

10°E" 5 eju+>1t ATLAS Preliminary  —e— 2012 Data
off-Z \s= 8 TeV [ ] Reducible
[Lat=20.3 fo I VV(V)

I tT+V(V)
#222 Syst. Unc.

Events / 20 GeV
5 3

102
10
1
1 0-1 L L 1 L L 1 L L L 1 L L 1
o 2 ' ' | T ——
5 2000000
@ 1.5 s
3 RS Rss
ok 1 2RI
Q)
()] 0.5
0 1 1 1 1 1 1
0 50 100 150 200 250 300
ET° [GeV]
7 [Ge

C. Issever, University of Oxford

No H; Cut

ATLAS-CONF-2013-070
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oy [fb]

o1 o]

ATLAS Preliminary \s=8 TeV . Observed

— Expected |

10° [Ldt =203 b WExp - To 3

o H™ <100 GeV Exp £ 20 ]
1 e == :
—4

10" >3 e/u :on-Z 2e/u + 21t on-Z .
10
F — —
107 >3 e/u : off-Z 2e/p+2tt _ off-Z 3

Inclusive _ >100 3200 >300 Inclusive _ >100  >200 _ >300

ETSS [GeV] ETsS [GeV]

Generic 3 Lepton Search

C. Issever, University of Oxford

ATLAS-CONF-2013-070
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ATLAS-CONF-2013-070

Number of b-tagged Jets

C. Issever, University of Oxford
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Generic 3 Lepton Search
ATLAS-CONF-2013-070

ATLAS Preliminary Is=8TeV det =20.3fb"’
Ol - S0
= ° || N =
E =
-
g 2 LL_#J 2
o @
—— N2
g ° _— ) 5
W N a
g —l —i o
T T_q__ﬁg- — S a
E 1 72
he] -2
[«1]
c N
a 2
8 h H__ﬂ-—_—_ S =
a 5 €
) W— - N+
-2 L
All 2200 =500 =800 250 =100 =150 21 22 2600 21000 21500 20 2600 21200 20 2600 21200 20 =100 =200 =300 20 2100 2200 =300
Hi " [GeV]  Min.pF[GeV] biags  m,[GeV] M, [GeV] M, [GeV] ET** [GeV] ET™ [GeV]

Inclusive ET®>100 GeV  m¥>100 GeV H 2150 GeV H "<150 GeV
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Mono Jet Signal Region Definitions

Signal regions SR1 SR2 SR3 SR4

Data quality + trigger + vertex + jet quality +
Common requirements | 77| < 2.0 + |A¢(PHES, )| > 0.5 + Nige <2 +

lepton veto

miss et S 120 GeV 220 GeV 350 GeV 500 GeV

“‘Although the results of this analysis are interpreted in terms of the ADD model and
WIMP pair production, the event selection criteria have not been tuned to maximize the
sensitivity to any particular BSM scenario. To maintain sensitivity to a wide range of BSM

models, four sets of overlapping kinematic selection criteria, designated as SR1 to SR4, are
defined (table 2).”

C. Issever, University of Oxford 66




Suppression scale M, [GeV]

Limits on Dark Matter — Mono Jet

90% CL lower limits on M*

SO:ATLASI Preliminary /.

- \s=7 TeV . :

:ﬁdt _e4 . M* at which WIMPs of a given mass
401~ result in required relic abundance
gop B
20— Operator D1, SR3, 90%CL -

- - -- Expected limit (= 1o, ) i
10:_ — Observed limit (= 10,,,,.) _:

= — Thermal relic il

: 1 | | llllll | 1 | IlIllI | 1 1 Illlll : convert

1 10 107 10°

WIMP mass m, [GeV]
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Limits on the annihilation rate of WIMPs

1 10 102 10°
WIMP mass m, [ GeV ]

ATLAS \s=7TeV, 4.7 fb", 95%CL
?10-19E | I IIIlIII I | IIIIIII I | IIIIII|
. 2x ( Fermi-LAT dSphs (xx) ~ —bb) /,:
c 1 0-20 L Majorana N
L, F ——a—— D5: 99— (%) ]
1 0-21 L Dirac 4
o ;
CTT 1022
102
3
s 102
A 102
6 10°
Vv
2 107
c;) 10°
= -29
5 10
=
c
c
<
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Search for Heavy Resonance: dilepton channel

" Limits as a function of RS graviton mass and coupling
m( RS graviton, k/MPI =0.1) > 2.16 TeV at 95% CL

- excluded at 95% CL
Observed Limit
— - Expected Limit

----- Expected Limit + 1o

7 \s=7TeV
G* =l

ee:j Ldt=4.9fb" 3

uu:J- Ldt=5.0fb"

11 I | | 11 I 11

| I1 .2I | I1 .4I | I1.6I | I1.8I | I2I 22 24 I2.6I
Mg- [TeV]
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Jet Grooming

m “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

_r i, jl+ 2 -
Initial jet ® pJTZ/pé 7S 2ot OF AR;, i, < Reut Pruned jet

H. Bachacou, IRFU Gif, 20-21/09/2012 31




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

m Keep only jets with pT > pT(fat jet) . f

-~
‘5--—"

Initial jet ‘ piT/p'.l'ft < feut Trimmed jet

H. Bachacou, IRFU Gif, 20-21/09/2012 30
C. ISsever, university or Uxiord 71



HEPTopTagger (Filtering)

1 Decompose until m;, <30GeV with mass drop requirement
mj. << I Miarge jet
2 Investigate 3 subjets and their constituents

3 Re-cluster using C/A with parameter
R = min(0.3,min; AR(ji,jj)/2) S. Fleischmann

4 Use only 5 hardest subjets of last step

5 Built exactly 3 subjets from the selected constituents
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Standard Model Lagrangian

1 1

1 LV LV
,CS]\[ = _WBHVBIL — Q_QQTT(WMVW'L ) — 292

Above: Describes gauge fields and interactions

D determined by gauge quantum numbers

Tr(G L, G")

strange ~ SU(3) | SU(2) | U(1) | chirality
Q 3 2 +1/6 left
Gravity is not included!! vy 3 1| +2/3| right
D 3 1 —1/3 right
L 1 2 | —1/2| left
E 1 1 —1 right

C. Issever, University of Oxford 73



Standard Model Lagrangian

—|—(}/UZ‘JQ_IUJ[~{ -+ Y(;JQZGZ]H -+ leijl_;iej'H + h.C.)

Responsible for mass and mixing of quark masses
Responsible for charged lepton masses
Generation index: i, j = 1,2,3

Why 3 families?

No neutrino masses or mixing included

C. Issever, University of Oxford
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Standard Model Lagrangian

| o
+(D,H) (D'H) = N(HTH)?> = m*H"H + —— """ Tr(G ., G po ).

3272 7
Strong CP Problem in SM 6 te.rm.in QCD
* Why is 6 < 1.2 x 10-10 227 Periodic: 0 - 2m

e Natural value ~ 1 Violates T and CP

C. Issever, University of Oxford 75



Ditau Discriminant

Transverse mass of visible decay products of tau’s and E;™Mss

my = \/szlpTzc + 2|EmlSS|]7T1Cl + 2|EmlSS|I?T2C2

8 =1-cosAp(tl,12) |
C, = 1— cosAp(t,, Ep™°)
C, = 1 — cosAp(t,, E;™*°)

Backup Slide

C. Issever, University of Oxford
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Ditau Search

Zly* =t Multijet W] Z+jets Top Diboson SM total Data  Zg,,(1750)

Preselection 270+ 50 630100 80+50 27+15 1.1+£0.6 1000+ 140 1016 94+1.5
Ad(ty, 12) 120 +£ 20 420+ 70 48 + 30 13+6 0.1+£0.1 600 + 80 577 92+1.5
oS 113+ 18 210+ 40 34+ 22 10+4 0.1+0.1 370 £ 50 372 8.7+14
myt > 300 GeV 102 £ 17 96 + 17 28+ 19 7+3 0.1+£0.1 230 £ 40 235 8.7+14
m3' > 350 GeV 63+11 40+9 18+12 50x19 0.1+0.0 126 + 21 123 83.6x+14
ms' > 400 GeV 37+7 18+4 10+7 20+1.1 < 0.1 66 =12 59 84+14
myt > 450 GeV 22+4 9+3 6+4 1.2+0.6 387 31 8.3+14
mg' > 500 GeV 14+3 44=+1.6 4+3 0.6+0.3 235 20 8.0+1.3
myt > 550 GeV. 89+1.8 2.7+1.1 1.8+13 04+03 14+3 12 7.7+1.3
my' > 600 GeV  59=x1.2 1.8+ 0.8 1.1+£08 0.1+0.1 9.0+138 5 74+13
myt > 650 GeV. 4.1+0.8 1.0+£05 0705 0.1+0.1 59+1.2 3 7.1+1.2
mZ' > 700 GeV 2.8 +0.6 0603 05+03 < 0.1 3.9+£08 0 6.7+ 1.1
mZ' > 750 GeV 1.9+04 0503 03+02 28+0.6 0 6.3+1.1
myt > 800 GeV 1.4+03 03+02 02+02 2004 0 6.0+ 1.0
myt > 850 GeV 1.0+ 0.2 0.2+0.1 0.2+0.1 1.4+03 0 56 1.0
myet > 900 GeV  0.7+0.2 0.1+0.1 0.1+0.1 1.0+£0.2 0 5209

C. Issever, University of Oxford 77



ee channel

" Diphoton trigger

" E;>35GeVand E;> 25 GeV
UuJ channel

" Single muon triggers
" E;>24 GeV or E;> 36 GeV

ATLAS

— ATLAS Preliminary

Efficiency

IIIIIIIIIIIIIIIII

Data 2012 (Vs = 8 TeV)
Ldt=5.56 fb'

n [<1.05

o EF_mu24i_tight

Dilepton Resonance Search: Trigger Strategy

CMS

ee channel

® Dielectron trigger
" Both clusters w E; > 33 GeV
uuJ channel

® single muon trigger
" E;>40 GeV

E/gamma HLT Turn On for a 33 GeV Online Cut

I 11 1 I 1
Efficiency
5

o
)

| CMS Preliminary, s = 8 TeV

&

A

Jyl
i

_lllllllll

—a— In|

—— <15

N
o

Takuya Nobe, ATL-DAQ-PROC-2012-067
)
o

[e)]
o

70 80

C. Issever, University of O;.._. _
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Selection for Di-Electron Channel

ATLAS CMS
E.'>40GeV E,'>35GeV

Proton,

E->>30GeV E;*>35GeV

Protons

—_——

\\‘s
Problem: jets fake electrons
Use isolation to reduce fakes

C. Issever, University of Oxford 79



Electron Isolation |, .«

Energy/momentum around
lepton

—

ATLAS CMS

leading |calo, ,<0.7%E; + 5 GeV
|tracker0.3<5 GeV ICalOO.3<3%'ET

subleading | 1°%°,, <2.2% E; + 6 GeV

C. Issever, University of Oxford 80



Acceptance x Efficiency after all Selections

ATLAS CMS

Axe(m=2TeV)=73% Axe(m=25TeV)=67%

Similar

C. Issever, University of Oxford 81



Dilepton Resonance Search:: yu selections

ATLAS CMS
" Single muon triggers " Single muon trigger
" p,> 25 GeV " pr>45GeV
" |n|<2.4 " nl<2.4
|

Suppress cosmic rays
|dg| < 0.2 mm
|z,-z(vertex)|<24 cm

" Suppress jets faking y’s

® Suppress cosmic rays
" ]dy] < 0.2 mm
" |zy-z(vertex)|<1 mm

" Suppress jets faking p’s " Sp(AR<0.3) < 10%-p;
" 2p7(AR<0.3) < 5%pr " |zy)-z(vertex)|< 0.2mm
" Require opposite charge " Require opposite charge
Very different

Axe(m =2 TeV) =46% Axe(m=2.5TeV)=80%

C. Issever, University of Oxford 82



dominant & irreducible

q I

Use MC

(a) Drell-Yan

GulGa)

(;«f(‘?'n) ]l”—\

WHW-)

vy(i)

(d) WZ, Wy

Dilepton Resonance Search

- :

q - ;/ﬂ

B =]
A

-
N

C. Issever, University of Oxford

. Backgrounds ee

(i)

WH(W-)

Ga( G I*(in)

(c) Wy

2nd for ee channel
g ,\[\f\j\/ | 7
7

Use data d

(f) Dijets (without the exter-
nal photon line),y-+jets
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Dilepton Resonance Search:

2nd for ee channel
data

2nd for ee channel
data

(g) Dijets (without the ex-
ternal photon line),y+jets

2nd for ee channel data
q

Gulqa) m(l™)

W (W)

qal G I (in)

(j) Wjets

(h) Dijets (without the ex-
ternal photon line),y-+jets

Backgrounds ee

2nd for ee channel semi-leptonic

(k) Z+jets

C. Issever, University of Oxford

(1) DY to tauons to leptons
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Dilepton Resonance Search: Backgrounds up
R 39MC

dominant & irreducible mc

q I

WH(W-)

' al Gu I*(in)

(b) WW (c) Wy
Gu(Ga) . .
q . Z[l 7
GdGu) ]'{1_)
W) a :
I vl 7y) g - "2 q
(d) WZ, Wr (e) ZZ,Z~yy (f) Dijgts (without the exter-

nal photon line),y-+jets

C. Issever, University of Oxford 85



Dilepton Resonance Search: Backgrounds up

(k) Z+jets (I) DY to tauons to leptons

C. Issever, University of Oxford 86



Heavy Resonances Search: 8 TeV Dileptons

Backgrounds

% SM Drell-Yan: y*/Z-> I*I
" shape taken from Monte Carlo
" normalisation taken from Z peak in data
“ t-tbar: o
“ where tt goes to e+e-, mu+mu-

" est. from MC, cross-checked in data
“ also includes Z->11, WW, WZ

" Jet Background:
" di-jet, W+jet events where the jetsare [~
misidentified as electrons/muons
“ Cosmic Ray Background:
" muons from cosmic rays

" estimated <0.1 event after vertex and
angular difference requirements

ee and pp

C. Issever, University of Oxford 87



Heavy Resonances Search: 8 TeV Dileptons

ATLAS-CONF-2013-017

Mee [GeV] 110 - 200 200 - 400 400 - 800  800-1200 1200 -3000 3000 - 4500
Zly* 119000 = 8000 13700 +£ 900 1290 + 80 68 + 4 9.8 + 1.1 0.008 + 0.005
tt 7000 + 800 2400 + 400 160 + 60 25+£06  0.11 £0.04 < 0.001
Diboson 1830 +£ 210 660 + 160 93 + 33 48+0.8 0.79+0.26 0.005 + 0.004
Dijet, W + jet 3900 + 800 1260 + 310 230+ 110  8.6+24 09+0.6 0.004 +0.006
Total 131000 £ 8000 18000 + 1100 1780 + 150 84 +£5 11.6 £ 1.3 0.017 £0.009
Data 133131 18570 1827 98 10 0

Analysis: P(ee) = 18% Analysis: P(uu) = 98%

my, [GeV] 110 - 200 200 - 400 400 - 800 800 - 1200 1200 -3000 3000 - 4500
Zly* 111000 = 8000 11000 £ 1000 1000 + 100 49+ 5 73+1.3 0.033 + 0.029
it 5900 + 900 1900 + 400 140 + 60 27+£0.7 0.16 +£0.08 < 0.001
Diboson 1520 + 190 520 + 140 62 + 26 28+ 1.0 0.38+0.28 0.002 +0.003
Total 118000 + 8000 13300 +£ 1100 1160 + 120 55+5 7.8+ 1.3 0.035 + 0.029
Data 118701 13349 1109 48 8 0

No deviation from expectation found.
C. Issever, University of Oxford 88



Signhal Shapes and Parton Luminosities

A m (2 =11V m2) = 3TV




Search for Heavy Resonance: Dijet Angular

Lab frame

Centre-of-mass frame ,
y* = 5(Ye — Ya)

Ye /
/ Boost /;—\

> € E—— » €

Yboost = %(l/c + yd)
Yd —y”

dé /d(cos @) ~ sin~*(6/2) t-channel Spin-1 exchange

_l—Hcosél | 1

p— —_— —_ X
1 —|cosf| 1—|coséb|

t

dOAr a12 A

I X 5 (s fixed) § = m;; |Constantin x for fixed m;

C. Issever, University of Oxford
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Search for Heavy Resonance: Dijet Angular

99 —qq9 =q7 — qf

Ya? (£52) q q
q q
q9 — 499
_lnz( N 2 ) 7 q q
9 %s “ef T 3
q q q
93 — q'q . g
Tu.(_t,_)
¢ s &%
1 q
]
o (o e 3wy N - : : :
| e G- QCD is a bit more complicated.....
q9 — 99
q g9 q
q g9
q9 — 499
q g9 g q

o w

99 —* g9 . . .
rou? (34 Pai , #as? . Pi) D YT :@ Andreas Dominik Hinzmann
! } : ’ g g g

e iety —emimesy, - OXfOrd 91



Search for Heavy Resonance: Dijet Angular

main processes

4 -
S 10 3 o3
@ 5 % s=7Tev —acp
Q T M, >22Tev-d9->dg
2 102 B o025k e 99’ >4qq
h:lz "-_.' b E niminin q q -> q q
s 105-.," = 0.2%  emees gg->9gg
: |
° 0.15F 99->99
1 * . L 1 "=
107 : —~qq->q'q
107F 045 99 ->gg
10°F N\, S
104;— ‘ N 0.05 B
10’5: v 1 lllllfllll\ ,L_g 01 PYRNT  N INYON YON W IN T T T T TN W Y T TN
500 1000 1500 2000 2500 300 3500 6 8 10 12 14 16
[GeV] X

dijet

low M; gg and qg dominate

QCD ~ flat in x
high M ; dq dominate

Andreas Dominik Hinzmann
C. Issever, University of Oxford 92



Search for Heavy Resonance: Dijet Angular

arXiv:1210.1718

>
0.25+ ]
5 - det - 4.8 10" \Vs5=7 TeV ATLAS 1
Xe - Y :
— --- :
2 o2BbEEr .-
== -
0.15_— W
:‘w
0.1_— .
- W
0.05 _
L e e
ot e L
1 10

v m, > 2600 GeV (+0.16)

® 2000 < m, < 2600 GeV (+0.12)
A 1600 < m, < 2000 GeV (+0.08)
A 1200 <m, < 1600 GeV (+0.04)
® 800 <m, < 1200 GeV

QCD Prediction

Theoretical uncertainties

Total Systematics

-=wmw QBH (n:6), MO =40TeV (+016)



Search for Heavy Resonance: Dijet Angular

arXiv:1210.1718

= 0.3

(mj;) =

di\".cent ral / dn (¥ K]
d-l'\'ltot.al/drnjj

0.25-

0.15

0.1~

-

0.05[-

0

0.2}

Setese 00 low R o= = + )

- ATLAS

|

oo

Jl.dt =481b" \s=7 TeV
QCD Prediction

[ 1 Theoretical uncertainties
.
L ]

Total Systematics

data :

----- Contact Interaction: A =7.5TeV | :

. QBH(n=6):M_=4.0TeV
D,

R m.= 2.5TeV

———— Lower boundary of search region

|

1000 1500 2000 25

' ' | | ]
00 3000 3500 4000 4500
m; [GeV]

60

40
20}

O_-

Systematic Uncertainty (%)

-20

L PDF Uncertainties
-40 Scale Uncertainties
ro----- JES Uncertainties
| (] Total Systematic Uncertainty

anll | |
5Q000 2000 3000

Models and Limits:

|
4000
m; [GeV]

® Quark contact interaction
(quark compositeness)

" A>7.6 TeV (7.7 TeV)
® Quantum Black holes

" My>4.1 TeV (4.2 TeV) n=6

C. Issever, University of Oxford

94



Top Reconstructlon @ LHC 3 Reglmes

ATLAS

Y EXPERIMENT |, .,

. 1 -

CATLAS | VRN S/ | CATLAS

J3EXPERIMENT N - ML EXPERIMENT

- - . 2 » /, g
. Badion® topeandilate

Transition region:

At rest: Mtt<500 GeV 500GeV<Mtt<700GeV

ATL-PHYS-PUB-2008-010
® M. Villaplana (IFIC) - Boost2012 - Valencia 27/07/12 @4




Jet Substructure: jet mass

" Use jet substructure to "tag” boosted tops

TN,
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Efficiency Comparisons
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Efficiency Comparisons
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Ttbar search: Object Selection

" Jets
= Small jets: pT > 25 GeV && |n|<2.5 A
" Large jets: pT > 300 GeV && |n| < 2.0

" Require that at least one of the small jets is b-tagged

" Electrons
" pT > 25 GeV && |n|<1.37, 1.52<|n|<2.47
® Mini Isolation: | ;i < 0.05 E;
" z-impact parameter within 2mm of PV \
" Muons
" pT >25GeV && |n|<2.5
"1, <0.05pT v
" z-impact parameter within 2mm of PV

C. Issever, University of Oxford 99



Ttbar Selections Continued

® Optimized for high-pt tops && reduce ttbar bkg
" High-pt single electron or muon trigger
" >1 primary vertex with = 5 tracks of p; > 0.4 GeV
® Electron channel

" ME; > 30 GeV && my = \/2prME(1 — cosAp)>30 GeV

" Muon channel
" ME;> 20 GeV && ME+m; > 60 GeV

C. Issever, University of Oxford 100



Resolved Selection

2 4 small jets, |, with p> 25 GeV, |n|<2.5

AR(1,j)<1.5

VARY >1 b jet

C. Issever, University of Oxford 101



Merged Selection

3 small jets, j, with p> 25 GeV, |n|<2.5

,,,,,,

AR(1,j)<1.5

/v >1 b jet

C. Issever, University of Oxford 102



Boosted Selection

>1 small jet, j, with p;> 25 GeV, |n|<2.5 AR(1,J)>1.5
>1 fat-jet, J, with p;>300 GeV, |n|<2.0 AP(1.J)>2.3
AR(,j)<1.5 @

/

e/l 7 “>1bjet

> x

V
M,> 100 GeV

Jdi; > 40 GeV

C. Issever, University of Oxford 103



Geometrical Acceptance + Selection Efficiencies

3 20:I LI I UL I UL I LI I L I LILLL I I L
2~ 48  ATLAS Preliminary Simulation
5} - I's=8 TeV R ved+B tod
S 161 U + jets, combined |1NESOIVE oosie
‘o 14 - U + jets, boosted e e -
£ ——et jets, combined |Boosted I E
LL| E e e + jets, boosted .
10 —
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Reconstructed top mass distributions

Semi-Leptonically decaying top Hadronically decaying top
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Reconstructed splitting scale
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C. Issever, University of Oxford
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Fine-Tuning Problem in Electromagnetism

oy 2 e (o 2 Coulomb
(Mmec?)observed = (Me€”)pare + A Ecouiomb :
self-energy
7 1 e?
VI A Ecoulomb =
~ “I Ameg T
_ s 1 _
e . = e

r. 510 cm =— AE 10 GeV
0.511 = —9999.489 4+ 10000.000 MeV

Fine tuning!

Murayama hep-ph/9410285
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Fine-Tuning Problem in Electromagnetism

® Picture not complete:
" Positron cancels 1/r, term
® New symmetry:
® particle/anti-particle

CYe' h
l0g

47 MeCTe

("7'7'1'('672)observed — ('m'('CQ)bai’e 1+

® Correction to bare mass becomes small

C. Issever, University of Oxford
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Supersymmetry

® Same problem with Higgs

t

5 h? 1
h h Apgop = —647_277—2 ~ (100 GeV)?
: H

t

125 GeV = (huge number)-(huge number) even more fine tuned!

t
/"\\
h WV\J\' /\rvvvw h Add new particles (spin symmetry): SUSY
g
t
2 2 /'1-12 2 2 1
Apdion + Apgo, = —6 — (m; — my)log e
: H""f
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Composite Higgs

" But there is another way....look at QCD

Pion mass is not divergent.

m y K m Why??

It is a composite particle!

® Assume Higgs is a composite particle
® Changes couplings
" Introduces new partners to top quarks
" Vector-like quarks...
" (both chiralities same under SU(2)xU(1)

" Solves fine-tuning problem....
C. Issever, University of Oxford 110




4th Generation and Heavy Quarks
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Graviton Production in Extra Dimensions

gravitons
escape into
the bulk

C. Issever, University of Oxford 112



ME- Distribution of Mono Jet Analysis

ATLAS-CONF-2012-147
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Exclusion Limits
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Exclusion Limits on My from CMS

EXO-12-048 PAS

< 8 | | | -
o : CMS Preliminary :
% 7 ;_ IL dt=19.5fb", \s=8 TeV _;
b 6 I_ CMS Monojet (LO) 8 TeV _:
0 L e CMS Monojet (LO) 7 TeV, 5 fb'

Semi-classical regime out of reach of the LHC

LHC operates in Quantum Gravitational regime
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Mono Photon Searches for Extra Dimensions

Etmiss=218.3 GeV
Etphoton=218 GeV

SUATLAS
A EXPERIMENT

Run Number: 179710, Event Number: 19174449
Date: 2011-04-15 03:48:32 CEST




The Discriminant

Phys. Rev. Lett 110, 011802 (2013)
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Limits on Mg in Mono Photon Search
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DM-nucleon scattering cross sections

arXiv:1209.4625

Mono photon analysis

90% CL, Spin Dependent

10 90% ICLI, Spin Independent
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Long lived particles in ATLAS

Muon Detectors Electromagnetic Calorimeters

Weight: 7000t
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Long Lived weakly interacting particle decaying

Muon system

LS ATLAS
.}_.EXPERIMENT
http://atlas.ch

Simulation
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95% CL Limit on o/0g,,
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Displaced Muonic Lepton Jets from Light Higgs

® Search for long-lived neutral particles

" H — hidden-sector neutral long-lived particles
" Focus on 100 GeV to 140 GeV mass range
® Derive constraints on additional Higgs-like bosons

® placing bounds on BR of discovered 126 GeV resonance
into a hidden sector f,

® Relevant for other distinct models
" heavier Higgs boson doublets,
" singletscalars - ------
" Z' that decay to a hidden sector

fa

C. Issever, University of Oxford 123



Displaced Muonic Lepton Jets from Light Higgs

" Neutral particles
" with large decay lengths arXiv:1210.0435
" with collimated final states
" challenge for the trigger and for the reconstruction

Higgs boson mass | excluded cr [mm] excluded ct [mm]
[ GeV] BR(100%) BR(10%)
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50 LN LILLAL) N R RLILLL B L 25 140 1 <cr <430 T7<cr<82
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