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Higgs Discovery!!

A Higgs boson (BEE126 GeV) hERZIhic !
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What is it?
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Measurement of Higgs properties (coupling, spin, parity)
is therefore most important as this is model independent

But, we also need theory (model) to get idea where to
look next after Higgs discovery

( 126 GeV Higgs observation

— Any implication to BSM scenarios postulated to

explain EWSB, gauge/flavor hierarchy, ...?
— EOS A (SUSY)

EH=A (UED)

— Do we need to re-think about search strategy for

exotics (non-SUSY) phenomena?

ExoticsiERDEARStrategyzHI5W\WT B &, | .
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Signature-based Search
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Motivation of this Talk

126GeVOFERERITIT. BIREBSM signatureldZHoahH ?
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Exotics Search ?Matrix”’

Expected sensitivity In signature-based search

HRIE7S
Signature

Dijet QIO |A|A ?
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Implication from 125 GeV

126GeVDHiggsFRT. COMatrixDREUIIHE ?

» Dijet, Dilepton’a £ IEHEICKE (QCD, Drell-Yan4&EL)
» HiggsZ & 2 & TRIFANRY KT L (—RIRE) DN ZE DS ?
» HiggsHIE TRHEZ R T D/I\TX—FEIgdHZH7?

--u .u color |Fermion Boson
Dijet Q[O|A| A ?
Dilepton/Diphoton O O | O
Ditop 0l
Diboson
Jet/photon + Er™'ss{f @ | O
Multijet (incl. b-jet) O |
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Dilepton/Dijet Signature

New New
color |Fermion| Boson

Dijet

Dilepton/Diphoton

tRAIGBSMIEBLICIRIL < REDH S
» Extension to SM gauge symmetry group SU(3)c x SU(2)L x U(I)y
— U(l)’ : neutral (Z£’) gauge boson
— SU(2)’ : charged (W’) and neutral (Z£’) gauge bosons
» SM embedded within a larger gauge symmetry group: GUT-E6, SO(10), ...

— Charged (W’) and neutral (Z’) gauge bosons
— Leptoquarks - color triplet bosons

EREEE « SINBOBBRDLEBNS V7L (e, u, jet)
TeVATr—ILOYEZ EEFERTES!!
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Dilepton/Dijet : Now

>2 |solated electrons ET>4O 30 GeV
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Drell-Yan background estimated with
» POWHEG(NLO) for shape

» NNLO pQCD + NLO EW for cross section

=¥ Scaled data at Z-peak (80<M;<100 GeV)

B 28]
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» =2 R=0.5 jets pt >30 GeV
» “Fat jets” (all jets merged to closest

(Data-Fit)/op,,,
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AbbLloamdws

leading jets if they are within AR<].I)
p lyll2| < 2.5, |yi'-y?| < 1.3, m; > 890 GeV
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Dilepton/Dijet : Prospect

A V) 1 — V5 g
Lz ~gz 2, | Gy q
N 1/2
gz v/ BR(Z' — [T]7) = ( — — )
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10 - —  Discovery reach with 300 fb™!
> - Discovery reach with 3 ab™!
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Z’ssm exclusion sensitivity
» 7TeV (b fb'l) : 2.2 TeV

— Discovery sensitivity
14TeV (300 fb-1) : ~5.5 TeV

Assume universal left-handed
) coupling to up and down quarks

LHC2TSP workshop

1/2
Sv Npa ) /
o(qq — Z2')|g, =1 AeL

9z V/BR(Z' — IH17) = (

Dijet
LHC@7TeV LHC@14TeV SLHC@33TeV
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o /,// ------ Exclusion with 5 fb™!
—  Discovery reach with 300 fb™!

10-2 - Discovery reach with 3 ab™! |
500 1000 2000 5000 10000 20000

Mz (GeV)

W’ssm exclusion sensitivity
» 7TeV (b fb!): 1.7 TeV

— Discovery sensitivity
14TeV (300 fb-1) : ~4.0 TeV


http://indico.cern.ch/conferenceDisplay.py?confId=173388
http://indico.cern.ch/conferenceDisplay.py?confId=173388

Ditop Signature

ADD

G |s-ch|t-ch| G

Ditopl

RSI D |Techni| New New

color |Fermion| Boson

O? @[0) O

Events / TeV

Data/Bkg

» Large top-quark mass (Yukawa) implying connection to new physics
- Top Ars observed at Tevatron!?
» Expected to be prominent signature in realistic Randall-Sundrum scenario

- 8 TeV tt resonance searches start probing KK mass scale > 2.0-2.5 TeV
- Entering into regime predicted from precision EW measurements
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Warped Extra Dimensions

Randall, Sundrum
Original RS ~ golden signal ~

» 5D universe bounded by two branes
» All SM particles localized on TeV-brane

» 5th dimension highly curved with a warp factor = exp(—krm)

» Planck mass “warped” down to EW mass at TeV-brane if kr=12
— Solve hierarchy problem

WARPED GEOMETRY
(RS1 Theory)
5D BULK
4D WORLD )
WHERE WE &
LIVE o
\. GRAVITON
PROBABILITY
FUNCTION
10° \. 10%°
Gev Gev 102 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
moS— T— 250 500 750 1000 1250 1500
Vs (GeV)
TeV GRAVITY
BRANE BRANE

Main LHC signal : G—Il, G—=yy
. ™ dilepton/diphoton resonance



Bulk Rundall-Sundrum

Chang, Hisano, Nakano, Okada, Yamaguchi, ...
Bulk RS ~ more challenging ~

» 5D universe bounded by two branes

» All SM particles in the bulk of extra dimension

» Higgs and heavier particles localized near TeV-brane (for hierarchy)
» Lighter particles near Planck-brane — weak coupling (smaller O)

m dilepton/diphoton signature not possible

107 ¢ | | | | . . :
i 2 TeV f
Usual spacetime A 3TV -veeemee ]
directions ot b KK gluon — tt 5 Te\ o ]
7TeV ]
‘ i IS BG
107
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& .
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electron ‘ T s T
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o
ol (O/M~15%)
Exira-dimensional _
bounda ' ' ' ' - ' 5
e e Y 1000 2000 3000 4000 5000 6000 7000 8000

Microscopic extra dimension M, (GeV)

Main LHC signal : g—tt, G2 tt, WW, ZZ

w tt, WW, ZZ resonance
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Bulk RS with 126 GeV Higgs

Minimal RS model (Bulk fermion fields with localized Higgs on TeV-brane)

Bulk KK fields can contribute to
gg—h loops

» KK towers of all light quarks contribute
— destructive effect for brane Higgs
— constructive effect for bulk Higgs

SM quark couplings to Higgs also
modified

» Top Yukawa reduced with respect to SM

Maximum 5D Yukawa coupling

Lightest KK gluon mass


http://arxiv.org/abs/1204.0008
http://arxiv.org/abs/1204.0008

Bulk RS : Prospect

14TeV tt search sensitivity

300 fb- 300 fb-

1.61 1 30F T

E - 1] ab!

. - ] |

2.5 g B

- | 4.1

_; 20}5*;. AR

| . M
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04F . i i i i
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oz}rf y e . ' 'l . .

o s Higgs on brane 1o Higgs in bulk
00FS w0 00k . .0 0w T

25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200

Lightest KK gluon mass [TeV] Lightest KK gluon mass [TeV]

Large 5D coupling regime significantly constrained to large KK mass scale (=10 TeV)

SM-likelc 35 IF EEFERFRIEHLEZ S, o o

KK statehFERICELS KD L..
» Contact interactionic7x% ?

» Non-resonant tt/VV excessO L DICRZX %7
16



http://arxiv.org/abs/1303.5702
http://arxiv.org/abs/1303.5702
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-003/

ADD RS| Bulk RS UED Techni| New New
G |s-chlt-ch!| G g G g color |Fermion| Boson
DibosonI O © O

» Diboson final states predicted by Extra dimensions, Technicolor, Little Higgs, ...
» Triple/quartic gauge coupling : indirect probe to new physics
» (Non-)resonant VV—=VV scattering : connection to EWSB and Higgs

» Mainly consider relatively narrow, high-mass resonances (I /M<~5%)
-> Reconstructed resonance mass resolution > ['/M (except ZZ—4l)

4 ) 4 )
W/Z q qtag

W/ Z




Original Technicolor 3 pTC
» Scaled up version of QCD : Apc ~ 4/ " Aqcp (Fr© =v~246 GeV)
NTC F7r
» Chiral symmetry breaking by condensates grqr (technipions)

» Already disfavored by precision EWW measurements long time ago...

Extended Technicolor
» Additional gauge interactions connecting color to technicolor

» Larger group at ETC scale breaks at different TC scales — generate
fermion masses

A1c~ 100 GeV, Nerc~ TeV to give quark masses ~ 0.1-1 GeV

Low-scale Technicolor (LSTC)

» TechnicolorOERIPNRN Y FIY—T7 E UL TR FEDOLNTEL:
» SM HiggsDETRIE T D EWLWHEL, - o
H—ZZ, WWZ% BB T= 40U\ (Higgs Imposter = O- state only)




Walking Technicolor

Walking Technicolor
» Aetc~10 (1)TeV = mgq~0.1(1) GeV
» Slow running of TC coupling enhances condensates at ETC scale
— Possible to explain heavy quark masses

“‘Natural’’ZZTCRT —J)L : AN=4nv ~ TeV
— Walking TCT126GeV HiggsZ4£md % C & IEATEE

4 p
Observed arXiv:1211.1083
Higgs mass

TC (22 2 my )
2 2
@:@MH )J—I—S/ﬁ: (—47“1”7%4—237T (mW | 22> 4.
“Bare” composite  Radiative correction from (FTC — y ~ 246 GeV)
g Higgs mass top quark (re=1 for SM) L )

BREXS X —%
p vector, axial-vector mass : My, Ma

» spin-1 resonance coupling : g S EDINSA—SEBDBPEZTVNDIHN?
» Higgs mass : My

19


http://arxiv.org/abs/1211.1083
http://arxiv.org/abs/1211.1083

Walking TC : Now and Prospect (I)

Mixing with SM Z
1 (9
\\g /

— x-section suppressed at Iarge g

7 TeV dilepton analysis sensitivity

» 2 leptons pt>25GeV, |n[<2.47(2.4)
for electron(muon)

» Leading electron (both muons)
required to be isolated

@)

arXiv:1209.2535

9 [ | [ [ [ [ | [ [ [ [ [ [ [ [ | [ [ [ [ | [ I 1
- ATLAS \s=7TeV A
- R,R,—= 1l

8 ee det 4.9 o det 5.0 b P

7:_ I Dilepton 85% Exclusion 7
R Dileptgn 95% Expected limit A
B Dilepto®95% Expected limit = 1o 07

6k ] Running rggime i

A

/ /
/////////

LHC 14 (300 fb-')
Discovery reach

/////////

N\

=
N\ \ \ \ N\ \, N\
\\ \ NN

/J(/

2500
M, [GeV]

LHC 4 sensitivity estimated from
Z’— || sensitivities at 7 and 14 TeV

» Not clear in large g region
(—resonance gets wider)

] ] ] I ] ]

2000

1500

500

1000
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http://arxiv.org/abs/1209.2535
http://arxiv.org/abs/1209.2535

Walking TC : Prospect (11)

\\ W=, R+ /
s .
— Not suppressed at RWH vertex

SM ZH—lIbbf&th D EEF1E
Slightly optimized selection for R—ZH

» Z— 1l (M=83-99GeV), ETMs<60GeV
» 2 b-tag (no AR;jj cut)

» |M;i—Mu|<20GeV

p priet>45GeV, AD;< 1T /2, API<TT/2

Mt

- Large §Clddileptondk D &)
EE=IA

9 _‘ | I I I I | I I I I I I I I | I I I I | I I |
[ o _
~° ATLAS LHCS, 20 fb"' -

8 Ldt=4.91" uu:det=5.0 w' ZH—1lbb 7

S e

v Dilepton 95% Exclusion A

- Dilepton 95% Expected limit A

Dilepton 95% Expected limit + 1o v

N Running regime 0004

6 EW precision test A
0000007

/' // // // / ///_

5 04
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000

4 . .\«’ O "/ // // // 7/ //_é_
S/\/B>2 i

G I PPN A

$ ISP /:
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(I
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L /_
0 S s
2 . . . ‘ S
2000 2500
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Dilepton & HB#EMIICIEWVINT X — 4 $8I%
ZHhIN—HESZHE LGV
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Vector Boson Scattering

Longitudinal gauge boson scattering
- EWSB®E R

» VLVL—V_ VL scattering w/o SM Higgs will
violate unitarity above v/s=~|.2TeV ==

» Unitarity can be restored with a specific
coupling toVV if only one resonance

#1) SM Higgs
AW W, - WHiw, ) ~

o(VV — VV), no Higgs

SM Higgs #&U

cross section [nb]

0.5

0.2 — WHW = - WHtw~-

[ [
0 1000 2000 3000

1 52 12 Ve
L . - )
V2 ( s— Mz t— Mg

=)
=, o(VV = VV) with my, = 120 GeV
N
» ...or with a unique combination of ,§ “._ SMHiggs (120 GeV)
couplings and resonances 3,
#51) Technicolor, 2HDM, ... 2
2M2 2 8
2 — 2 _ W O 0.01-  WtW — W
ZgXiWW — 9YHsyy WW = ( y > —— Wwhwe - 2z
ow-wWhD/SIREM (21 TeV)%& o —

[ [
0 1000 2000 3000

14TeVTRIETE 30\ ? , e


http://arxiv.org/abs/0806.4145
http://arxiv.org/abs/0806.4145

VBS : Prospect

14 TeV, 3000 fo- 1 TOWHW-—-ZZICX T 5 RXE

ATL-PHYS-PUB-2012-005

SM Higgs (126 GeV) included inWW—ZZ ¢ PAOETT T AFLAS Primindry W, -
» 2 OS-SF paris of 4-leptons i 200F LS;T“'gggg o W
» VBF jets : =2 jets with M;; > | TeV TooF e E
(More SMVYV events at higher M;) 140F i

120E VBF jetRDBE -

R 100 = 2

Resonance D ¥ B = E | | a0 Higher My — More -
model 300fb™"  30001b 60~ WLWL contribution ? 3
Miesonance = 500 GeV, g = 1.0 240 7.50 g E
Mresonance = 1 TeV, g = 1.75 Lo .50 005 T 95 2 25 3B 4 i s
Myresonance = 1 TeV, g = 2.5 3.00 940 Ieadlng m. [TeV]
k4 ATLAS Preliminary Woyvy -

E e (Simulation) B

2015-172 (100 fb'!) THFEBHZ E? o det=3°°° o Dok -
» ovv/ owWSMDAIE at v/s(VV)=1 TeV . ”'29°T?V75F§e_f
» 126GeV Higgsh'IESME S £ D L 185 :
— Unitarity#&&Z{RELU=ResonanceDEE4IE ~ I E

» 126GeV HiggshSMiE& %D L8 E -

— VV resonanceifz&D#lR (HEORHELT) T T

23 m,, [TeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2012-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2012-005/

Universal Extra Dimensions

UED (Appelquist, Cheng, Dobrescu)

» R-'~TeV sized flat extra dimension (4 + extra |-dim = Minimal UED)
» Effective field theory with cut-off scale A\

» Infinite number of KK towers to SM particles : m,? = msy? + (n/R)?

» KK parity conserved — lightest KK particle (LKP) = DM candidate

N T 800 Gov MERELTWS log(AR) THEIED R T B
my =125 GeV | 400 mu=120 GeV, R~'=800 GeV G AR=20 }io00
950 Z?gf ——— 1 {950
at” 900 1 oo
o . 850 . 850
) — 0 v.ws  H oy, 0D P H b I
750 Tree Level One Loop 750
[ » KK gluon—KK photon\7 X7 — K g%
N ’."' _ ° — «
~ EBRRFORANRY R FLHY T b
» KK photonDE = ~ R
mmm quarks } @%u%b‘{% L\EﬁE'I‘E
10% < BR < 100% leptons
1% < BR <10% s scalar bosons - KK W/ZH KK quarkck N BX,)
P 4 (LKP) 0.05% < BR < 1% mmm gauge bosons
O - KK W/Z—SM W/ZEEEE IEsuppress= 15

Missing Et 24


http://arxiv.org/abs/1212.4858
http://arxiv.org/abs/1212.4858

mUED with 126 GeV Higgs

arXiv:1207.0798

o Ei#R=loop-corrected. FiR=tree-level LHC : 7 TeV (5 fb!)
. I I T « NNW‘NNN‘N[N\\\‘\\\‘\\\‘
> -
1.8 | qgg — h — v~ i 8 2000
L7 ST 1 1800 - WMAP excluded
= 16F ............... - ™~
S 15 -~ _ t 1600 —
= S
3 14} N S
= 1400 = 8
~ 3
S 1.3} _ 3
19k i 1200 - zf Allowed by .
..____......:::::::::::::::::::: ................ - - S EW precision fits
L e 1000 - §
1'0100 150 2(|)0 2&0 300 - 3,’
ma [GeV] 800 3
600 :3:_
KK fermions (mainly top) contribute 499 C= . LHC Higgs exclusion @7TeV/@5fb7 | | '
to gg—bh IOOPS 100 120 140 160 180 200 220 240 260 280 300
=> Enhance Ogg—h relative to SM e o ) M, (GeV)
FFac NIV XA —5 FEE

Both KKW and KK top contribute
to h—yy loops

» Large negative KK top effect

=> h—7yy suppressed relative to SM

» HIE SN /cHiggsBEEREBICRES 15

» RTvs A TEFREIBZEANE ?  (EifHf

> #FEBRIAXZEVRT (FLKKEZ5EE)
ZRERTE DO H

AT PAN
alivay

g -
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http://arxiv.org/abs/1207.0798
http://arxiv.org/abs/1207.0798

mUED : Constraint by pun

26 | | | | | | 100 | | | | | | —
24 | ATLAS qgqg — h — YY| o5k )
2.2 = 0.42 n
S UggF—’W = |.6" -0.36 (i | O-) S 0.90 |
s | WHW~=/ZZ — h — vy
~—
3 i
5 ATLAS
. HUver—yy = 1.7£0.9 (£ 10)
R — Useful to constrain UED?
] | | | | |
0 400 600 800 1000 1200 1400 16( . 400 600 800 1000 1200 1400 1600
R™! [GeV] R~ [GeV]

KK particle contributions to gg—h and h—7yy loops become smaller with
increasing KK particle masses
-> Smaller effect at larger R-! : ~10(15)% effect on pyy (Mww) at R-'=1 TeV

300-3000 fb 1 TlXpggr—yy(HvBE-1y) DIEEIED-10%(10-30%)IEETRE S
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mUED : Direct Search Prospect

arXiv:1212.4858

45 LHC @ 8 T eV: MUED reach for 3-lepton signature

P - o= NS/J Ns+NB) o
2 40 l50 """""" II """ iV
E l 95% CL | E \
MultileptoniBRCOREFSE 3 i) :
» >3 leptons (e, M) pt>10 GeV 30 --f;ﬁ;_1* ************* |°1 *********** 1
p priepon!(23) <100(70,50) GeV 2% _ _som’ :i ,,,,,,,,,,, =3
Miss B 11 uE
) ET >50 GeV 2 ,,,,,,,,,,,,,, 'i ,,,,,,,,,,, || ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
p Z-veto: |Mi—Mz| >10 GeV F R R
} Meff — Zlepton,jet PT + ETmiSS > R-I/S 15 - : 77777 I 777777777777777777777777777777777777777777777777777777
10 L ,,,,,,,,,,,,,,,,,,,, I_. ,,,,,,,,,,,,,,,,, o
TNy RIE 5 '??'AFO}” lle\v}el lapa\]lys‘sl \ \
W/Z, ttV, VVV 600 800 1000 1200 1400 1600
R(GeV)
8TeVDEETIIEITH
(AR<10DMEE FIEHIVICERN 7))
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http://arxiv.org/abs/1212.4858
http://arxiv.org/abs/1212.4858

» EV I ADETFHEDLSRERTIEBEAFRZRI IENTES

» KK gluonDEIFFEFRISRSIEE CHF I NS EEBAZZELDDH S
- £ DELVKK stateNDXE ? non-resonant excess?

» mMUED
- 8 TeV 3-leptonfi&# i CTE C X TITIT DM ?

» Walking Technicolor
- Dilepton&EVHF v+ > RILTIEW/IK S X =585 % 1/\—T= SR EEME

» VVELEL
- 14 TeV Run2 TSMBREDAIFE. resonance\DH[RE
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Events / 20 GeV

High-Mass WW — lvlv

2 OS leptons pt > 25 GeV
Miy > 106 GeV

Exmiss > 30(60,65) GeV for ee(el, M)
no b-jet pt>20 GeV

L L e A I A

10° ATLAS _ —4— Data DWZNVy/ZZ/Wﬂets/Single Top_;

s=7 TeV, f Ldi=4.7 16" [ 24jots — g 600 GeV -

102 []&  — me=1000Gev _;

[ Jww  [///] Ostatasyst. E

10 =

—
o
N —h
W I IIIIIII| I IIIIIII| I IIIIIII| T TT
I_I =
<

800 1000 1200

m¥WGeV]
Also sensitive to SM Higgs-like
wide resonance

§_ L | | | | | | | | | | | |
0 200 400 600

o x BR [pb]
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N

=eeipp — G* = WW

AL 1
. —

— Expected 95% CL upper limit
Expected = 10 7]
Expected + 20

= Observed 95% CL upper limit 3

*
o
|

.
|

III l IIII|

ATLAS
\@=7Ter|—dt=4.7fb'1 ...... ]
5,3 NN B B N AR AN A AN ST A U BN SN SN A A S SR N AU S AT AT A A
10300 200 500 600 700 800 900 1000 1100 1200
mg. [GeV]

Bulk RS graviton\®D#lR
» M(graviton) > 0.84 TeV



http://arxiv.org/abs/1208.2880
http://arxiv.org/abs/1208.2880

Vector-like Quarks

Unphysical

\
A
= oioghy 4
' 7/ e
' 3 ecCa
’ N
-~
-~
- -~
o ~
~ ~
~
N
Y

Lepton+)ets channel

Sub-analysis #2 (a-la ttH-like):
. Nigts: 6, 7,28 > 3 bins
. N 3,24 =>» 2 bins
Total: 6 bins
=» Mass reconstruction hard. Use Hs.

b—tags:

-

’
”
______ - 1

Sub-analysis #3 (a-la b’b’>WtWh):
. N.6,7,28 =>» 3bins

jets-

*  Npgg 10r2 9 1bins Sub-analysis #1 (a-la t't >WbWb):
« Ny 0,1,22 9 3bins * N 24 = 1 bins
Total: 9 bins . Nb_tags: 1or2 = 1bins
= Mass reconstruction hard. * Nypgt 1,22 > 2bins
Counting experiment. Total: 2 bins

=» Mass reconstruction possible

> 3D DETTBRZER%Z H/V\— (model independent)
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't - Ht+ X (1)

Analysis strategy

- Built on ttH(—bb) analysis . .
- large Niee(= 6), large Np.czg (= 3) » tt+HF jets dominant BG (=4 b-tags)

- Use Hr as discriminant variable » tt+]F/HF jets normalizations determined
- Orthogonal to Wb+X with event-veto by fits in CR (HT<7OO GeV)

SR : =6 jets, 3 b-tags SR : =6 jets, >4 b-tags

> - . : > [ e :
2 ~ ATLAS Preliminary  €+u =6 jets, 3 b-tags 2 100/~ ATLAS Preliminary ~ e+u =6 jets, = 4 b-tags
- -1 B -1
o 800?det=14.3fb —e— Data ({s = 8 TeV) o _det=14.3fb —e— Data (/s = 8 TeV)
o - ] Et fﬁ(?\(t))' t = B s tt §6(E]0)
- — C_ ti+light jets - C_ tt+light jets
o T99F = ttaHF jets o 80 - = tt+HF jots
c - 3 tiH S B S % ttH
o °°F = Whiets (T _ = Whiets
= = Z+ets | & == Z+ets
500 (=3 Diboson 60— R =8 Diboson
- @ Single top B SRR @ Single top
- B Muitiiet - S e Bl Multijet
400[— - u I o 223 Tot bkg unc.
: good BG modeling ol e
- —— = N
300 at low HT - B! Hi:E)S/BiJ‘E\c\
- I | o, |
200E" tt+HF:tt+LF 20 tt+HF:te+LF
100 ~ |:2 i :
oF |
O u @) =
% 15 g % 15 E_ :‘:i:‘ﬁ.‘f’ao’o’o‘ozz‘o:«to;’ T T o Srororototed ototetotetotototototototetots!
o 155 o L S e S S
© 2 © F |
S O'5§ | | | | | | | S O'5§ | |
0O 200 400 600 800 1000120014001600 18002000 0 200 400 600 800 1000120014001600 18002000

H; [GeV] 3 H, [GeV]



t’t’ — Ht + X (II)

' 102 ET T T 1 T T 1 T T 1 T T 1 T T 1 T T T3 ..
o) = | | | | 3
Q - ATLAS ||| Theory (approx. NNLO prediction =10) J ATLAS Prellmlnary
Ff : Preliminary --------- 95% CL expected limit : \/g =8 TeV, fL dt=14.3 fb-1
T 10 \: 95% CL expected limit+ 1o = ===== 95% CL expected exclusion
% F \: 95% CL expected limit=20 .  95% CL observed exclusion
© ] 95% CL observed limit ] * SU@@) doublet @ SU(2) singlet
1 E
g 3 m, = 550 GeV
107 E
102 _ = 08 1
- s =8TeV ] 700 GeV
- -1 ]
- f Ldt=1431"  SU(2) doublet i
-3 11 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | | I I | | 1 1 1 1
10300 400 500 600 700 800 _ 900
m, [GeV]
08 1
V LQ/\ @ %U IZE m, = 750 GeV - m, = 850 GeV
: o""'b'o.
L 8,’
» M(VLQ) > 790 GeV 065k
0.4F
SU(2) doublet osk °
05557 0% 0% 1

BR(' — Wb)

#1) BR(t'—Ht)>0.5 excluded
for mvLa=700 GeV
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t’t> > Wb+ X (I)

Analysis with “boosted” W-bosons
- A high pT isolated lepton with large Ex™ss
- >3 jets with > | b-tag jet
- A high-pt hadronic-WV jet (merged or resolved)

Selection Cuts
- Leptonic-W by solving pz¥ with W-mass
- Large scaler pt sum of lepton, jets and Er™s
- Two jets with highest b-tag weight : pt >160
and >60 GeV
- AR(lepton, V) < |.4 => Loose selection|

- min( AR(WMd b or by) ) > 1.4
- min( AR(lepton, b or by) ) > | .4

-> Tight selection|
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Events / 80 GeV

Events / 150 GeV

[ [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ [ [ [ ]

E ATLAS E

- Loose —o— Data E

- B T (500) ]

- BR(t'— Wb) =1 ]

30¢ - === t¥ (500) -

C BR(t— Wb) = 0.5 ]

- BR(t— Ht) = 0.5 ]

25

L/ C i .

4 [ Non-tt -

A S /2 Tot. BG uncertainty 7

Vs=7TeV -

15F S

- || .

10F 7% =

- < ]

5 7Y -

O : 7 7 7 i 7 | | | | 7__,'__‘__;__;;__:;__;
0 200 400 600 800 1000 1200

mreco [GeV]

25 B [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ I

= . ATLAS -

- Tight o Daio :

B B T (500) -

20— BR(t— Wb) = 1 —

B - === {7 (500) §

B BR(t— Wb) = 0.5 7

i BR(t— Ht) = 0.5 ’

15— C _

i [ Non-tt _

L /4 Tot. BG uncertainty _

- Vs=7TeV ]

1 | ) —
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5 | —
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£ — Wb + X (1)

3 10:|||||||||||||||||||||||||||||||||||||||||||: %\ 1: kol'b. mt,=400GeV ATLAS
2 [ ATLAS s=7TeV, f Ldt=471" - 0.8F %
= - ] T Raf ? ]
1\ = Theory (approx. NNLO prediction = 10) ] — 0.6:_ ::’0”'. \/g — 7 TeV, f L dt —_ 4.7 fb
% — eaaeaass 95% CL expected limit (stat + syst) ] E 0.4 :_ .:' ;00 .~’
\6 1 \: 95% CL expected limit = 10 | m - ".\ ------ 95% CL expected exclusion @ SU(2) singlet
E \: 95% CL expected limit + 26 E 0-2__ ...Q. v
B - _ C el 7 95% CL observed exclusion Y SU(2) doublet
) — 95% CL observed limit o | ) | o T B RO S g R :
- ™ ] 0 02 04 06 08 1
I R, | % =2
- N . - s, m, = 450 GeV - e, m, = 500 GeV
0.8 %% 0.8F %%
10— — ¢ ? -k N
- . 0.6 o 0.6 |
: : 0.4__ l‘. ’.~”’ 0.4__ .:.' Ve
L . B :‘ . ”\ C &
_ _ 02k R P
10-2 o by b b b s b b by 0:I P R | -‘-- P O U R s K v-~~-’~ 0:| 1 L .I:»".Z":3.'i’1’|:i'3.:13 3'1'3.:3'3'}“3:3'1.'3:5:.3,:3.*;'\
350 400 450 500 550 600 650 700 750 800 1 o 02 04 06 08 1 1 0 02 04806 08 1
) . k o k
t’ mass [GeV] : 0’6/3, m, = 550 GeV B O’é'b' m, = 600 GeV
| 0.8F %, 0.8 %y,
VLQAD f‘EJ HES 0.6/ % 0.61%
» M(VLQ) > 650 GeV . .
] 0.2 . 0.2~ .
BR(t’—=WDb) = 1 : : 5 o,
0% 02 04 06 08 1 %0 02 04 06 08 1

BR(t' — Wb)

BR(t'-»WDb)>0.5 excluded
for mvLe=500 GeV
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

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

T,miss

I I 1T T 1T 11 | | | |
M, (5=2)

M (6=2)

T,miss
2 Large ED (ADD) : diphoton & dilepton, m,, Mg (HLZ 8=3, NLO) 'IS.’I-_L_AS
(CT)) UED : diphoton + E; i Compact. scale R™ reliminary
& S'/z, ED : dilepton, m, Mg ~ R
GE-’ RS1 : diphoton & dilepton, m, Graviton mass (k/Mp, = 0.1)
3 RS1 : ZZ resonance, my, ,; Graviton mass (k/Mp, = 0.1) p
© RS1 : WW resonance, my),, Graviton mass (k/Mp, = 0.1) det =(1.0-13.0) fb
£ RS gKKett (BR=0.925) : tt — I.+Jets, M e s=7 8TeV
1N ADD BH (M, /M=3) : SS dimuon, N, part. -0
ADD BH (M., /M =3) : leptons + jets,Zp
Quantum black hole : dijet, F (m,
"""""""""""""" gqqq contactinteraction >y (m)
%) qqll Cl : ee & uy, ,.;l,” A (constructive int.)
uutt Cl : SS dilepton + jets + E ..
'''''''''''''''''''''''''''''''''' Z' (SSM) mee/uu L=5.9-6.1 fb", 8 TeV [ATLAS-CONF-2012-129] 2.49TeV Z' mass
Z' (SSM) : m_ |L=4.71b",7 TeV [1210.6604] 1.4Tev. Z'mass
N W' (SSM) :my,, |L=471b", 7 TeV [1209.4446] 255Tev. W' mass
W' (=tq,g =1): My, |L=4.7b",7 TeV [1209.6593] 430 Gev. W' mass
W'g (— tb, S%M) :m. - |t=1.01",7 Tev [1205.1016] 1.13Tev. W' mass
___________________________________________________ W* imy,  [L=47 1", 7 Tev [1200.4446] 2.42Tev. W* mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evjj |L=1.01",7 Tev [1112.4828] 660Gev 1" gen. LQ mass
3 Scalar LQ pair (p=1) : kin. vars. in uujj, uvjj |L=1.0b", 7 Tev [1203.3172] 685Gev 2™ gen. LQ mass
Scalar LQ pair (p=1) : kin. vars. inttjj, tvjj |L=4.7tb", 7 TeV [Preliminary] 538Gev 3 gen. LQ mass

@ 4"generation : t—> WbWb

%))

E 4" generation : b'o'(T_ Ty5)— Wt
8- New quark b': bB— Zb+X, m,
N Top partner : TT —tt + A A, (dilepton, MTZS
()
<

L=4.7 fb™", 7 TeV [1210.5468]
L=4.7 b, 7 TeV [ATLAS-CONF-2012-130]
L=2.0 fb", 7 TeV [1204.1265]
L=4.7 fb™", 7 TeV [1209.4186]
L=4.6 fb", 7 TeV [ATLAS-CONF-2012-137]
L=4.6 fb™", 7 TeV [ATLAS-CONF-2012-137]

Vector-like quark : CC,m,
Vector-like quark : NC,m,,

Excited quarks :y-jet resonance, m"

Excited quarks : dijet resonance, H%j

Excited lepton : I-y resonance, m
"""""""""" Techni-hadrons (LSTC) : di I'ép'tbh','m;e,'u: '

Techni-hadrons (LSTC) : WZ resonance (vlll), m_

Excit.
ferm

Wz
S Major. neutr. (LRSM, no mixing) : 2-lep + jets
< W, (LRSM, no mixing) : 2-lep + jets
Q H™ (DY prod., BR(H™—ll)=1) : SS ee (uuw), m

= (DY prod., BR(H*—ew)=1) : SS ey, m,|
Color octet scaILar : dijet resonance, m;

400 GeV b' mass

656 Gev t' mass
670Gev b' (TS/S) mass

483GeV. T mass (m(A ) <100 GeV)
112Tev. VLQ mass (charge -1/3, coupling k,q =v/my)
1.08Tev. VLQ mass (charge 2/3, coupling K ,q =v/m)
gq* mass
q* mass
I* mass (A = m(I*))
p,/o; mass (m(p /w;) - m(z;) =M, )
p, mass (m(p_) = m(m;) + my, m(a) =1.1mlp.))
N mass (m(WH) =2TeV)
W mass (m(N) < 1.4 TeV)
H;* mass (limit at 398 GeV for pu)
H* mass

Scalar resonance mas
| | 1 1 1 111 | | |1

10

*Only a selection of the available mass limits on new states or phenomena shown
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10°
Mass scale [TeV]
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