searches at LHC-14

Physics Challenges in
the face of LHC-14

The Institute of Theoretical Physics UAM/CSIC
Madrid, September 2014

Erez Etzion, Tel Aviv University

JAA]



LHC, Three years at Energy Frontier

2010, Vs =7 TeV, 36 pb' 44 pb-*
2011,Vs =7 TeV

- Peak luminosity 3.65x1033 cm2s-1
- Peak of 140 pb' of data per day

- ATLAS Online Luminosity

- = 2010 pp Vs =7 TeV
= 2011 pp Vs =7 TeV
m— 2012 pp \/s = 8 TeV
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- 50 ns bunch spacing

Delivered Luminosity [fb™]
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- Pile up - collisions/bunch crossing

<w >=6.3 (11.6) before (after) September 10
® 2012,Vs=8TeV T
- Peak luminosity 7.73x1033 cm2s! et e $ooooek
- Integrated luminosity (ATLAS/CMS)
23 fb1 '8 ArLasoniine Luminosty E
. . . : 1605_ [ Vs=8TeV, [Ldt=20.81" <u>=2o.7_5
- Data taking effi. 93%, good quality = 4 £ o= 7T flat=5215" <= 01
95% = E

100}

- Pile up -<u>=20
® Total : ~5 billion events, ~25 fb™
® 120 PB data and MC on disk! ok
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LHC, Three years at Energy Frontier

® 2010,Vs =7 TeV, 36 pb"' /44 pb
® 2011,Vs =7 TeV
- Peak luminosity 3.65x1033 cm2s-1
- Peak of 140 pb' of data per day

- Integrated luminosity 5.62/ 6.1 fb™
- 50 ns bunch spacing

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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- Pile up - collisions/bunch crossing
<w >=6.3 (11.6) before (after) September

® 2012,Vs =8 TeV
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- Peak luminosity 7.73x1033 cm2s-1 S
- Integrated luminosity (ATLAS/CMS) CMS Average Pileup, pp, 2012, .5 - 8 TeV
23 fb1 “ “
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- Data taking effi. 93%, good quality
95%

- Pile up -<u>=20
® Total : ~5 billion events, ~25 fb™
® 120 PB data and MC on disk!
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Q&A

Hierarchy / fine tuning problem
Fermions mass structure
Matter vs. Antimatter
Cosmology -> Dark M & Dark E
Unification of electroweak (EWV) & QCD

Number of generations
Neutrinos are Massive

SUSY
Extended Higgs sector
Baryogenesis
GUT
Extra dimension
Quantum loop gravity
Minimal DM
Theory of everything (Strings)
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Run-2, new era for LHC Physics?

§ 10 ATLAS 2 -7-8Te\
3 'M | AW

Impact of 125 H on our measurements and searches strategy?

:’ | e W |

H w _ Wi 1
SM Higgs related measurements: o | -
. . ) o't | S
- Measure everything: mass, width and BR to SM particles s
s m,, [Ge

- Look for other decay channels and measure their BR — P-Yales

= Measure its spin (angular distributions)...
Exotics decays, does it couple to new particles?? _,u
= |nvisible Higgs _)(Monox analyses..) -

=) Higgs to Exotics objects, e.g. Hidden valley to dark photons (LLP or lepton jets)
=) Other Higgses? might (should?) be more than one (SUSY)

Lessons from run-1: Technicolor and SM4 are less likely, however other
models including SUSY live well with a light Higgs.

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

‘ i i H o~ i

= New physics may appear close to the Higgs mass
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Theoretical motivation : proton - (anti)proton

proton - (anti)proton cross sections
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Theoretical motivation: parton

® |[ncrease of Ecm
results in large
increase in qq
parton luminosity
more than 7->8 TeV.

® More pronounce
even for gg process
(graviton searches)

® Additional
opportunities for
New Physics!

UAM/CSIC Madrid, Sep 2014
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“CMS discoveries
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CMS preliminary  19.7 fb”, s =8 TeV
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ut,, 1 Jet
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3.77% (exp.)
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h—urt
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Search for Heavy
Neutrinos and Right-
Handed W

arXiv:1407.3683

Search for Lepton Flavour Violating
Decays of the Higgs Boson

CMS-PAS-HIG-14-005
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“CMS discoveries”
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ATLAS doesn't stay behind

-2-3 sigma excess in some signal / control regions
= In some cases result of low stat.
- Some due to being at the end of the spectrum
- We expect to have a few 3 sigma effects
= The current strategy of the experiments is to check
carefully and when certain publish.
- LOOK again with run |l !!

ATLAS “Twin peak”...

Best fit signal strength g2 =1.57°
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ATLAS doesn't stay behind

-2-3 sigma excess in some signal / control regions
= In some cases result of low stat.
- Some due to being at the end of the spectrum
- We expect to have a few 3 sigma effects
= The current strategy of the experiments is to check
carefully and when certain publish.
- LOOK again with run |l !!

ATLAS “Twin peak”...
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CMS
A Compact Solenoidal Detector for LHC

‘ ‘ l LA S v S C M S Forward [Muc'\ chambers ] | Trackes | | Crystal ECAL |
calormeter /
: y

Parameter ATLAS CMS
Weight (tons) 7000 12500
Diameter (m) 22 15
Magnetic field (T) 2 (Solenoid) + Toroid: 0.5 (1) | 4 (Solenoid)
Trigger L1, L2+EF (HLT) L1, L2+L3 (HLT)
Tracker pixel & strips + TRT full silicone tracker
"""""""""""" o/fpr | =5%%r+001 | ~15%%r+40.005
E Cal LAr i PoWO
~  o/E | ~ 10%/VE + 0.007GeV |~ 3%/VE + 0.003GeV
H Cal Fe +scintilators / Cu +L Brass + scintilator
"""""""""""" o/E | =50%/VE+0.03 | ~100%/VE +0.005
Muon (+inner tracker) stand alone tracking :
____o/pr ~ 2% @ 50 GeV; 10% @ 1 TeVix 1% @ 50 GeV; 10% @ 1 TeV
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Preliminaryl

M Septomber 4, 2014
{ LHC Schedule - 2015 ] s

The return of

Jan Feb Mar
: the LHC!
50ns 20151 2015.2
Apr
- 30 30 40
3 4.6E+33 7.4E+33 1.3E+34
July Aug Sep
':: » = o b » of i =u| » o 2 ‘] 44 5 1
We MD 1 === TS2 !! MO 2
‘: with 25 ns beam g;
- | e 1/tb 51/fb  10.2/tb
Oct Nov Dec N:Fw
:: 40 . 41 a2 a3 - a4 . as 1 &% o . 43 a9 ! 50 ‘ 51 52 27 22 rmmunm.mm.:mm-ws8m9umleNc_sm-duh_zmswv
s = i = o ] .% :
— = Conservative rough estimate..
— - Actual plan to be decided in 2 weeks at Chamonix
:Rummﬁf‘ with beam EMN Pivysics runs (indicative - schedule 1o be established)
] croing (nticative - dates 0 b astabishac) https://espace.cern.ch/be-dep/BEDepartmentalDocuments/BE/LHC_Schedule_2015.pdf
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SM Measurements



Standard Model Production Cross Section Measurements
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10° e Sy LHC pp Vs=7TeV LHC pp Vs=8TeV
B Theory Theory
10° o0 - —
~0— Data 45-47m BN Data 203!
10° |
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Re04 Ro04 74 owx (ST
ot 1]<30 lyl<3.0 Scucal Nducle! fofel  total  lolal fotel  Noucial  lofal folal  lotal  Aducial hducie! Mouciel ol el fovcial fducial fiduvciel ol
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® Great success of Next-to .. calculations and extremely
precise simulation

® Huge data sample 100M W(lv), 10M Z(Il)

® Testing the SM at 7 & 8 TeV, calibrating the detectors and the
MC

US ATLAS Workshop, Aug 7,2014 ATLAS Run-2 Physics Preparations Erez Etzion
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B-Physics, CMS

CMS Preliminary,\'s=7 TeV Spring 2012

value + stat. + syst. = lum. error
(luminosity)

pp— A X—=Jp AX
P:>10 GeV, lyl<2.0 (x10000)

1160612 +2.0
(1900 pb’)

28.1+24+2.0 = 3.1
(6pb”)

pp— B X
P>5 GeV, lyl<2.4

pp— B’ X
P>5 GeV, lyl<2.2

33.3+25+3.1 +36
(40 pb™')

pp— By X — Jhp ¢ X
8<pT<50 GeV, lyl<2.4 (x1000)

6.9+04+0.7 £0.3
(40 pb™)

Theory: MC@NLO / POWHEG

CTEQ6M PDF, M:(m§+p$)”2, m_=4.75 GeV

|
0 50
B Hadron Production Cross Section [ub]
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® TOP Factory ! (400K ttbar (I+x) written in ATLAS!)

OeOCelOmOdm 3|
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LI l UL l LI I l
Tevatron combination* L = 8.8 fb ATLAS+CMS Pre“m'nary July 2014

ATLAS dilepton L = 4.6 fb™ _
CMS dilepton L = 2.3 fb"

ATLAS lepton+jets* L = 0.7 fb" TO PLH CWG
CMS lepton+jets L = 2.3 fb'
ATLAS dilepton L = 20.3 fb"
CMS dilepton L = 5.3 f5’
ATLAS lepton+jets* L = 5.8 fb'
CMS lepton+jets* L = 2.8 fi5'

250r n

* Preliminary

200F .

1502— ki -

=== NNLO+NNLL (pp) 1 1
==~ NNLO+NNLL (pp) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
=172.5 GeV, PDF® O uncertainties according to PDF4LHC

m
to
l?lllll 11 1 1 11 1 1 11 1 1 11 1 1

.

1 1 1 I | -

2 3 4 5 6 7 8 9

\s [TeV]
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ATLAS+CMS Preliminary o, summary, Vs =7TeV TOPLHCWG

"""" NNLO+NNLL (top++ 2.0), PDFALHC, . = 1725 GeV

scale uncertainty

scale ® PDF @ ag uncertainty

July 2014

stat. uncertainty

total uncertainty

O =(stat) =(syst) =(lumi)

ATLAS, l+jets 179+4+9=+7pb L,,=0.7 fo'!
ATLAS, dilepton (*) H-‘-l—l 173+ 6114 2 pb L,=0.7 fo"
ATLAS, all jets () | t 1 167+ 18=78+6pb Ly=1.01b"
ATLAS combined = 177327 pb L0.7-1.015"
CMS, l+jets (*) H"—’ 164+ 3= 12+ 7 pb L,=0.8-1.1 fi"
CMS, dilepton (*) —_ 170+ 4+ 16+ 8 pb L=t 1
CMS, 7,5+ (7) - 149524526+ 9pb L1t
CMS, all jets (*) i | 136+ 20+ 40+ 8 pb Ly=1.110"
CMS combined |—H—| 166+ 2+ 11+ 8 pb L,=0.8-1.1 fi"
LHC combined (Sep 2012) e 173+ 2+ 8+6pb L0711 1"
ATLAS, l+jets, b—Xuv —_— 165+ 2+ 17+ 3 pb Lct 7 1"
ATLAS, dilepton e u, b-tag H“"' 1829+3.1£42+3.6pb L =46
ATLAS, dilepton ey, N, -ET™ H-l—l 181.2:2.8%37+33pb L4610
ATLAS, 7, F—i—i— 186+ 13+ 20+ 7 pb Ly=2.1 b
ATLAS, 1, . +ets E T 194+ 18+ 46 pb Ly=1.7 fo!
ATLAS, all jets ‘. 168+ 1275+ 7 pb Lo=4.7 fo"
CMS, I+jets = 158+ 2+ 10 4 pb L=2.2-2.3 fb"
CMS, dilepton HeH | = 162+ 2+ 5+ 4 pb Ly=23 1"
CMS, 1, + ——e—t—i 14314222+ 3pb  L,=221"
CMS, v, s+ets |_|—‘—|—| 152+ 12+ 32+ 3 pb L,=3.9 fb"
CMS, all jets ———— | 139+ 10+ 26+ 3 pb L,=3.5 b
(*) Superseded by results shown below the line Effect of LHC beam energy uncertainty: 3.3 pb
III|IIII|IIII|I I|IIII|IIII|IIII|II
50 100 150 200 250 300 350
o, [PP]
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Top mass

CMS Preliminary

T T T 1 N NS I 1 .
[ ] ] ] ATLAS Preliminary m,,, summary - Oct. 2013,L = 35pb’- 4.7 fb”
. 2010, leplon+jels’ 169.3 + 4.0 ¢ 4.9
CMS 2010, dilepton 175.5 + 4.6 + 4.6 GeV o - B
JHEP 07 (2011) 049, 36 pb” (value = stat = syst) g ot —_— 1745 £ 06 & 0.4 t 23
2011, all jets"
CMS 2010, lepton+jets » 173.12 2.1+ 2.6 GeV CONF- 2012030, =205 1749 1 21 t 3.8
PAS TOP-10-009, 36 pb’” (value = stat + syst) 2011, dieglon” . 1785 & 1.8 31
CMS 2011, dilepton N\ 172.5 + 0.4 + 1.4 GeV modvioniobpripind — 172.31£0.23 0.27+ 0.67+ 1.35
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat + P
(2012) syst) 7?0“1;1;?"'2?*0"_‘_? N 173.09 + 0.64 +1.50
CMS 2011, lepton+jets 8 173.5+ 0.4 1.0 GeV ' . IR SoiNia: Nl 1o
N - « 8801, uncertainty
JHEP 12 (2012) 105, 5.0 fb (value = stat = syst) stat. © JSF @ bJSF uncertainty
.__._._._ lotal unceranly
CMS 2011, all-hadronic 173.5 « 0.7 «+ 1.2 GeV l l , l 4 *Preliminary,  Input comb. l
K | 1 1
arXiv:1307.4617, 3.5 fb” (VIS &SIt 0790 155 160 165 170 175 180 185 o T
ml'."D e
CMS 2012, lepton+jets ¢ 172.0+ 0.2 + 0.8 GeV
PAS TOP-14-001, 19.7 b’ (value = stat = syst)
CMS combination . 172.2+ 0.1+ 0.7 GeV
March 2014 (value = stat = syst)
CMS 2012, all-hadronic . 172.1+ 0.4 + 0.8 GeV
PAS TOP-14-002, 19.7 fb™ (value = stat = syst)
2 ey - e -
Tevatron combination (2014) 1743+ 0.4 =+ 0.5 GeV : - -
arXiv:1407.2682 (value = stat = syst) ) M‘ 5‘(‘ TE R !M ,‘r
._’_‘ 5 "—.:‘ ¥ ‘.‘f‘ = - "“
World combination 2014 173.3+ 0.3 + 0.7 GeV o =
ATLAS, CDF, CMS, DO (value = stat + syst)
1 1 1 | 1 I 1 | i | | l 1 1 1 1 1 1

165 170

UAM/CSIC Madrid, Sep 2014

175 180

m, [GeV]
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Top mass

CMS Preliminary

T ] (O T T | ] LN NN ] 1 T 1 ] 1
@
CMS 2010, dilepton 1755+ 4.6 + 4.6 GeV
JHEP 07 (2011) 049, 36 pb™ (value = stat = syst)
CMS 2010, lepton+jets ® 173.12 2.1+ 2.6 GeV
PAS TOP-10-009, 36 pb’ (value = stat + syst)
CMS 2011, dilepton . 1725+ 0.4 + 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat + syst)
CMS 2011, lepton+jets I 1735+ 0.4 + 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb" (value = stat + syst)
CMS 2011, all-hadronic . 1735+ 0.7 + 1.2 GeV
arXiv:1307.4617, 3.5 fb" (value + stat + syst)
CMS 2012, lepton+jets ' 1720+ 0.2 + 0.8 GeV
PAS TOP-14-001, 19.7 fb"' (value = stat = syst)
CMS combination s 172.2+ 0.1+ 0.7 GeV
March 2014 (value = stat = syst)
CMS 2012, all-hadronic 172.1= 0.4 = 0.8 GeV
PAS TOP-14-002, 19.7 fb™ (value = stat = syst)
Tevatron combination (2014) : 1743+ 0.4 =+ 0.5 GeV
arXiv:1407.2682 (value = stat = syst)
World combination 2014 173.3+2 0.3 = 0.7 GeV
ATLAS, CDF, CMS, DO (value + stat + syst)
1 [T Y TR | ] 1 ANRNN 1 L9 0 1 1 1

ATLAS Preliminary m,,, summary - Oct. 2013,L = 35pb’- 4.7 fb”

2010, leplon+jels’

165 170
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175 180

m, [GeV]

.o i 169.3 1 4.0 149
. | N 1745 + 0.6 + 0.4 +23
Cw Phyn J C72 207) 2048 n 1000y
2011, dilepldrf . 3
oty g B o 1752 + 1.6 + 31
f?‘i‘;_f‘?f“'{"fi et 172.31+0.23+ 0.27+ 0.67 + 1.35
12_‘0”;?:'2?‘0'1. i —_—— 173.09 + 0.64 + 1.50
SN2 077.4,, =47 (stal) (ISF) (DJSF) (ay=t)
Pt - stal, uncortainty
stat. © JSF @ bJSF uncertainty
lotal unceranly
*Preliminary, Input comb.
| | | | | 1 1 1 |
155 160 165 170 175 180 185 190 195
m.. [GeV)
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Next round: Cross section ratios

D12
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S 2.1
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1

1

stop pair (0.9 TeV)

(for 13 TeV /8 TeV: 8.4)
16 (for13TeV/8TeV:12)

Cross section ratios: 14 (13) TeV/ 8 TeV
A. J—Ioecker

And: pp — H*500) + X: 14 TeV/8 TeV ~ 7

gluino pair (1.5 TeV)

72 (for13TeV /8 TeV: 46)
I 1

gluino pair (2.5 TeV)
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SM prospective

® ATLAS & CMS are finalising the SM 7/ 8 TeV measurements.

® Prepare for data with very low y =0.01 (and 0.5). Useful for various soft QCD
and diffractive measurements

- MB @ 13 TeV, Inelastic Xsec, Diffractive jet production, UE, Diffractive Physics
synched with ALFA

- Useful for JETMET and tracking for tuning w/o pileup
® For summer - quick look at “simple channels” @ 13 TeV
- Single Z (qqbar dominated), ZZ (significant gg)
- WZ can follow soon and WW later (due to MET, new BG conditions)

® SM Xsec expectations @ 13 TeV

- Increase of gg vs ggbar may increase discrepancies vs NLO dibosons calculations
(see already at the 8 TeV ->)....

1 4 | [ T ' 1 4 | ] T T 1 | I’ 1 L T | I’ L4 14 :
ATLAS Preliminary

- Studies of Vector Boson Scattering @ 14 TeV — JLd _aandt
high luminosity) (X POP 1ot amor ta"T v.
\S= e
=) Most of the 8 TeV effort is still ongoing, will - — WW

probably delay 13 TeV effort

Fiducial, differential and total Xsec improve our knowledge R — Data (+ stat. + tot.)

SM, and determination of PDF — 714412 *%5pb
ATLAS-epWZ12 B ¢ B —— Stat

Stat+syst
L l L L A L ' L A 1 1 A i l A A L i l A A L

50 60 70 80 30 100
G\ [PD]
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https://indico.cern.ch/event/276204/contribution/3/material/slides/0.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2012-005/

Top in Run-2

® Searches - ttbar resonances, top partners, NP in
precision measurements

® Entering further to boosted regime
® Would be interesting to repeat ALL 7 & 8 TeV @

higher Ecm (& pileup)
® Crucial for the stability _: — e

of the SM... s ek
® The top groups are also —=

still working on 8 TeV .. ——

m,, (GeV]
mp = 173.34 + 0.27 (stat) + 0.71 (syst) GeV.
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Top in Run-2

® Searches - ttbar resonances, top partners, NP in
precision measurements

® Entering further to boosted regime

® Would be interesting to repeat ALL 7 & 8 TeV @
higher Ecm (& pileup) —_

® Crucial for the stability [ R oty
of the SM...

08.0292 A Andreassen et al.,’|

Metastability
176+
® The top groups are alsc
[ ] [ ] \ L \'\‘,
still workingon 8 TeV .. s« ° .
: 172: e 0\'},
. m _‘\‘.\? ’
— > Possible stability
o 170| Mv‘\:\b (Planck-sensitive)
 » M
' N [":,\& .
i Sl 168 . : . SR :
175 180 85 120 122 124 126 128 130 132
m,, [GeV] '_
Miop = 173.34 £ 0.27 (stat) + 0.71 (syst) GeV Miigg
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Run-2 Physics first goals

e SM

- Fast track W/Z, Z2Z (more difficult: WZ, WW, Vg); inclusive cross sections, and dijet
differential cross sections (detector level, comparison with MC); total inelastic cross
section measurements-> possible by summer? initial MB studies and MC comparisons
for pile simulation validation

® Top

- High priority measurements are top pair and single top (t-channel) inclusive and
fiducial cross sections-> possible by summer (inclusive)? update of precision results
with full 2015 dataset

® Bottom
- Results with full 2015 dataset

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion 19
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Higgs Search
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e 3 B 350 E—- HoWW = evuv with 0/1 jet B WZZWy —-:
26— - — = z == ¢ 3
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20— 3 250 B Zejets -
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F B Background 227 ] 200~ B H(125GeV] S
15— B sackground Z+jets, tT 150:_
= —4— Data 3 3 06.04.2012
10~ — 100;—
: ] sof- f
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Evidence for the 125 GeV Higgs boson decaying to a pair of
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Higgs Search
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g wE fs=8TeV | Ld1=2065f ' Dec 9, 2012 2 " Vs=8ToV | Ldt=2065f " H-2Z"-4lchan 4 ;:‘:wf.'hfn zi :’. I WZzzwWy
@ 35000 s asf- ] o 350 — evuv with 0/1 jet
- ATLAS Preliminary w - (L) Signal (m_=125 GeV) § § tf.
3000 |- H—yy channel — - B Background ZZ” - T ] Slrple Top
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- e } e e = 2
w  200° [ 1§ 10 3
s 5 5 >
a oc}_rtllll r‘hjhﬂﬂ l_r—rl Lllrﬂ_,f‘w_lj P P § 8
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N Vk\),} CERN-PH-EP/2014-001
C N 24 2014/01/21
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77 6.6 4.4 6.8 6.7
Yy 7.4 4.3 3.2 42  CMSHIGIZ00
WW 3.8 3.8 4.3 5.8
T 3.2 3.4 3.6 . . . .
b 1 . . - Evidence for the 125 GeV Higgs boson decaying to a pair of
- l. - .

T leptons

3.8 0 combined
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Discovery was just the beginning

® After the discovery in the ZZ, WW, gamma
gamma

® Run-1 provided precision measurements of
mass, couplings

® The particle found to be consistent with JP¢=0**
® Evidence for coupling to fermions (taus..)

® Study top Yukawa couplings with ttH channels

® Rich program of search for yet unseen channels
® Search for BSM with the Higgs as a portal
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Discovery was just the beginning

® Precision measurements ® Portal for new physics
- Mass, width - DM
- Couplings - hidden sector
= Quantum numbers (spin, CP) - BSM including H° (ZH°,
- Differential cross sections WHO,H°H®)
- Off shell couplings and width - Off shell couplings and width
® Rare decays search ® Additional new Physics
- Z gamma - FCNC top decays
- Muons - di-Higgs
- LFV tau-mu, tau-e - trilinear coupling
- jlpsi, ZY ... ® And more
® |s is just minimal SM ? - ...

- 2HDM, MSSM, NMSSM
= Doubly charged..

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion
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Higgs plans for Run-2

® ATLAS & CMS currently combine the 8 TeV analyses.

e Systematics attempt to improve knowledge of trigger and detector effects
® A scalar was discovered ... need to measure everything that is measurable:
= Precision Higgs physics (mass, width, g, coupling optimisation, CP mixing..)

- Search for signatures we haven’t seen (L}..)
® Run extensive BSM search program
- Look for additional scalars

- Cover wide range of final states and a large parameter space in
coordination with the other BSM groups.

- Various possible extensions of SM (Additional EWS-> heavy SM-like CP-
even H, 2HDM-> 5 Higgses (.. charged..)

- Constraints from the observed state (mass, coupling, CP)
- Higher mass reach
= Overlapping with other BSM studies
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Higgs BSM program

High mass 2HDM: MSSM  NMSSM

P Heavy Higgs decays
O oy -2atody (ultiphoton) 2o s epeplephad acha
- H to WW to Ivaq - 2a to 4taus  hh o yybb
“Hto ZZ to 4l - (bb)a to (bb)tautau to (bb)emu
_Hio ZZ to livv - 2a to tautaumumu ~hhto4b
“HtoZZtollaq - H+ to aW - hh to bbtautau |
~H to ZZ to wbb —hhito yyVV'io yy4)
- (b)tau tau (leplep, lephad, hadhad) - top pair
- (b)bb LFV - Doubly charged Higgs
- (b)ymumu - tau mu
- very high mass tautau -faue
Charged Higgs -emu Other BSM
- taunu+jets - mono photon
- taunu+lep - mono Higgs
-tb - Cascade decays H to H+W to hWW to bbWW
-¢cs Invisible Higgs decays
- AW - Mono jet. Exotic Higgs
~Wh ~ZH to (linv - Hidden valley pions
- WZ to (lvqq, qqll) - VBF H to inv
- very high mass tb (allhad, lep+jets) - VH to (jj)inv -Dark Z, H o Zdz(d)to 4l
- H+ to Wgamma - Mono-W analysis substructure
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BSM Higgs prospective

Production cross section (2HDM):

(no BR muitiplied

Charged Higgs -> tb

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

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

o [pb)

1.8

3 10 B« » & 5 H' - 1b '
9 % e - 10+ % ' Run-Il Pr 1.64 9 !
@ ‘\ H =t ‘:‘«wh.(“' , g ’05 3 14 TeV, 30/ u ospect ] C 8 TeV (
o "-.\ 8 TeV, 200 asB (g] o™ Mrfat I \'Q-\ 141 i |
B raDA (5] ™ tangato b - ! ]
2 9 ~""h. e HDR (50 o a0 S — '-.,m' | 1.2} ]
£ '3\ T T -‘\ ; 14 { | >tactors
I - 2 S 0.8H 5
ok —S * B0t e R — | |
-, - ' ' ¥ — . i
\\-.. o Gpecwd bmaCls) e 0(1 3
\ - = 0.4} ‘ |
» ‘w | |
10° RUn,l \ 102} _.:..m & g - |
oo 0.2} k - —— 1
t W30 3 U . - ,—’—/
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600 % 100 20 0 40 50 6
m,. [GeV] m, [GeV] tang

Systematically dominated, now exclude tan B = 60 may reach tan B =30 @ high mass,
small gain from 300 fb-1

First year (summer, Moriond..)
® 50 ns run will be useful to start understanding the detector

® Most measurements: meaningful results (competitive with
run-1) will require full 2015 dataset

® Searches, with larger increase in cross section of heavy
states could target summer (1-3/ftb). However some new
searches require time to develop, understand conditions

e LHC will be required to show that Higgses are accumulated
between summer and Moriond timescale...

26

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion



Higgs preparations

® Some techniques and tools can benefit from
better detector understanding: trigger (b-jet
trigger), UE modelling, Jets and mainly b-jet,
boosted top jets

® 8 TeV-> 13 TeV changes S/B. Improve channels
® likeo(ttH)urev ~50(ttH)srev, VBF, but increase top BG.

® Some channels will very soon switch from search
mode to precision measurement (ttH) - exciting !

Cross section ratios: 14(13) TeV/8 TeV
Minimum bias * 1.2

77 J 2.1 A. Hoecker, Higgs Rome Workshop
WH 2.1
t (s-channel) 2.2
H (ggF) ’2.6 And: pp — H*500) + X: 14 TeV/8 TeV ~ 7
H (VBF) $2.6
t (t-channel) ’2.8
tt ’3.9

ttH 4.7
1

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion 27



Run-2 Physics first goals

® Higgs

= Confirmation of ¢¢ and ZZ peaks in summer 2015? (“Higgs rediscovery”). Early Higgs
cross section measurements @ 13 TeV with ¢¢ and ZZ. Other SM channels will be more

challenging. Priority for ttH, end of 20157 also high mass NSM Higgs searches, expect
results at 20157? With full dataset: new results for all channels and in combination with
run-1; results on BSM Higgs.
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Searches:
SUSY, Exotics



TeV scale SUSY Motivations

® A unique extension of Lorentz symmetry

® SUSY can solve the hierarchy problem (Weak >>
gravity) by symmetry cancellations between
fermionic and bosonic fields.

® Models like MSSM calculations result in Gauge
coupling unifications.

® R-parity MSSM provide DM candidate. _
® Can generate EWSB dynamically. Gl ool

with SUSY
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SUSY - Natural fine tuning solution?

® MSSM (Weak scale SUSY) every bosonic and fermionic d.o.f gets SUSY
d.o.f

= spin 1/2 gaugino for each SM gauge boson

- scalar partner for each fermion helicity so left handed and right handed
selectrons ..

- Two complex Higgs doublets cancel triangle anomalies;

® Rparity = (-1)3(B-L) +2s conservation? (sparticle -1)-> lightest SUSY (LSP)
stable (DM candidate)

Names Spin | Pp | Gauge Eigenstates | Mass Eigenstates

Higgs bosons | 0 | +1| HY HO HY H; | h° H® A° H*

uz, ur di, dr (same)

squarks 0 -1 §;, 8p €1, €p (same)

Strong SUSY

sleptons

Weak SUSY

neutralinos | 1/2 | -1 | B® W° HO? }73 N, N, N5 N,
v -

charginos

Strong SUSY

goldstino 1/2
(gravitino) (3/2)
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SUSY - Natural fine tuning solution?

® MSSM (Weak scale SUSY) every bosonic and fermlonlc d.o.f gets SUSY
d.o.f

= spin 1/2 gaugino for each SM gauge boson

- scalar partner for each fermion helicity so left handed and right handed
selectrons ..

- Two complex Higgs doublets cancel triangle anomalies;

® Rparity = (-1)3(B-L) +2s conservation? (sparticle -1)-> lightest SUSY (LSP)
stable (DM candidate)

Names Spin | Pp | Gauge Eigenstates | Mass Eigenstates

Higgs bosons | 0 |+1| H° HO H H; | h° H° A° H*

ur up dy dg (same)
squarks 0 -1 51‘ §R EL EH (samc)

Strong SUSY — - e G b, &
ty tg by by ty by by

Missing
29 sparticles and deiioni

4 undicovered Higgs .. susy _RTE% | AR
neutralinos | 1/2 | -1 | B W° H? HY N, N, N3 N,
o= —

Last seen **°?

charginos

A — R

Strong SUSY

1/2
(3/2)
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Some SUSY exclusion in Run-1

Zgif production

Y'Y ' "y o T ~0 ~0 7 ~A .

tt, production,t, > b tt x'/I,—)cx'/(,—)be‘/t,—)lx' Status: ICHEP 2014 S 900 ———— LB e o
'>— 500 g 9 @ I L L ] 9 0 @ ] o 0 ¥ 0 I » 0 4§ @ ]' | [N . [N ] I 1 '“< 0 : :
- - - - - - = =t ~r -
8 - ATLAS Preliminary 1 =201"1s=8Tev L, =471 15=7 TeV S 800k CMS Prellmlnary % ™ x?)(w 2(:’ .
Tl . — — - - —
= 450 - '”i_: oL [1406.1122) oL [1208.1447) § F Ja o 8 T V i: x: - (2 -x'?)(w x:) o
EN o | L= 11 1447 0583 11 [120R 2650] " e 5 \S - e D (T BF(1'1)=0.5) ]
- E- 20 1403 4853 M [1200 4188) T - LK L, BFLL =0 -
4001 é-.!_:—a Wl)i? IL[1407.0583), 2L [1403.4853] - Q. 700 n 'CHEP 201 4 —y - > . ’f
C . l.—-’cg? OL [1407.0608] . (3 - TR (1. BF(I'T)=1) -
-~ @by oL [1407.0608), 1L [1407.0883] - - i o n
350 ' - - — W, .
m ] 600 |- —— SUS-13-006 19.5 fb" k() =
- = Observed limits =--- Expected limits o - Py L 4, (e BF(L)=1) 4
300}~ A frits a1 95% CL 3 S0 - o SUS-14-002 19.5fb o2 -
b & - - IR St B
E & . 3 u Observed &y _Z“o,.-' B .
250} B g IR NP .
: : soof e el -
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- e bl 16 > e BT B I 1l 11
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\ : .

s, [GeV] neutralino mass = chargino mass [GeV]
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model ey Jets ET™ [Ldnm) Mass limit Reference
Ll L] ' L] L) L] Ll . Ll L) Ll ‘l Ll Ll Al L] Ll L] Ll
MSUGRA/ICMSSM 0 26jets Yes 20.3 'y 1.7TeV m(§=miz) 1405.7875
MSUGRA/CMSSM 1ep 36jets Yes 203 |B 1.2 Tev any m(g) ATLAS-CONF-2013.062
MSUGRNCMSSM 0 7-10jets  Yes 203 R 1.1 TeV any m(q) 1308.1841
@9, 44t Ly 0 26jets  Yes 203 |§ 850 GeV m(F))=0 GeV, m(1* gen. Q)=m(2™ gen. §) 1405.7875
22, x-*wh 0 26jels Yes 203 |R 1.33 TeV m(t))=0 GeV 1405.7875
28, 8—a9%) -*w“"ié’ 1ep 36jots Yes 203 |@ 1.18 TeV m(F})<200 GV, mit " )=0.5(mt} )+miz)) ATLAS.CONF.2013.062
88, 8—qg(LL/lv/w)X, 2e.p 0-3 jets - 203 |#& 1.12 TeV m(t})=0GeV ATLAS-CONF-2013.089
GMSB (/ NLSP) 2ep 24jots  Yes 47 [ tanfi<15 1208.4688
GMSB (7 NLSP) 1274017 02jels Yes 203 |2& 16TeV  tani>20 1407.0603
GGM (bino NLSP) 2y . Yes 203 |& 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Tepusy . Yes 48 m(¥))>50GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(t})>220GeV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 03jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>10~" oV ATLAS.CONF.2012-147
R-o”‘"g? 0 3b Yes 201 |R 1.25 TeV m(f})<400 GeV 1407.0600
Q—ou}’b 0 7-10jets  Yes 20.3 8 1.1 TeV m(t}]) <350 GoV 1308.1841
gy 0-1e,p b Yos 201 |& 1.34 TeV m(¥})<400 GeV 1407.0600
§—bil | 0-1eu 3b Yes 201 |@ 1.3 TeV m(¥})<300 GeV 1407.0600
byby, by —.br) 0 2b Yes  20.1 b, 100-620 GeV m(¥})<90 GoV 1308.2631
bnb. by ety 2e.u(SS) 03b Yes 203 |4 275-440 GeV m(E )2 m(Ed) 1404.2500
fyiy (Wght), 7y —bb] 1-2e.p 1-2b  Yes 47 |4 1105167 GeV' m())=55GeV 1208.4305, 1209.2102
fifi (light), 7y Wb 1 2ep 0-2jets Yes 203 |7, 130-210 GeV m(¥}) «m(7, }-m(W)-50 GeV. m(j, )<<mii] ) 1403.4853
fyfy (medium), 7y -tk 2ep 2jets Yes 203 |7 215-530 GeV m(¥})=1GeV 1403.4853
iy iy (medium), f; —o‘l;i?f 0 2b Yos  20.1 i 150-580 GeV m(t))<200 GeV, mit; )-m())=5 GeV 1308.2631
fifi (heavy), 7y —t¥ vy lep 1b Yes 2 |i 210-640 GeV m(F))=0 GeV 1407.0583
fifi (heavy), 7yt 0 2b Yes 201 |7 260-640 GeV m(¥})=0 GeV 1406.1122
iy, 0y —n.X 0 mono-jelctag Yes 203 |7 90-240 GeV m(i;}-m(i})<85GeV 1407.0608
fify (natural GMSB) 2e,u(2) 1b Yes 203 | 150-580 GeV m(¥})>150 GeV 1403.5222
hiy, =i +Z 3e.pu(7) 1b Yes 203 |7 290-600 GeV m(¥})<200 GeV 1403.5222
fnli g, i-00) 2ep 0 Yes 203 |7 90-325 GeV m(i7)=0 GeV 1403.5294
X.X. ' l’. -l "(( ) 2ep 0 Yes 203 b 140-465 GeV m(¥))«0 GeV, m(Z, #)=0.5(m{T] }+m(t})) 14035294
x.x x. — (V) 2r - Yes 203 |i; 100-350 GeV mi¥))=0 GeV, m(f, #)=0.5(m(¥] )smii})) 1407.0350
E X. x~-o(. vl, (), vy L(V) 3eu 0 Yes 203 f‘.!' 700 GeV m(E] )=m(k3), m{E})=0, m(Z, #=0.5(m(k] Jem(k})) 1402.7029
¥ }x, -.wx 7 23e,p 0 Yes 203 .G}'.fi 420 GeV m(E] )=m(t3), mit})=0, sloptons decoupled | 1403.5254, 1402.7029
X ,-.Wx hxb Tep 2b Yes 20.3 !‘.ﬂ! 285 GeV m(E7 )=m(i2), m{i})=0, sloptons decoupled | ATLAS-CONF.2013.093
r‘} V3, ¥as -.?R( dep 0 Yoes 203 ﬁ‘,_, 620 GeV miE2)=m(’), m(F})=0, m(7. ¥)=0.5m(i>)+m(i})) 1405.5086
Direct ¥1 X prod., long-lived ¥;  Disapp. rk 1 jet Yes 203 |& 270 GeV m(E7 )-mi¥])=160 MoV, r(i{)=0.2 ns ATLAS-CONF-2013.069
Stable, stopped & R hadron 0 1-Sjets  Yes 27.9 J 832 GeV m(E])=100 GeV, 10 ps<r(#)<1000 s 1310.6584
GMSB, stable 7, X. —Fé, p)n‘(r w 12p - - 15.9 10<tanfi<50 ATLAS-CONF-2013.058
GMSB, ¥} -yG, long-lived 1} 2y - Yes 47 0.d<r(¥})<2 ns 1304.6310
39, Xy —qqp (va) 1 p, displ. vix . 203 |4 1.0 TeV 1.5 <c7<156 mm. BRx)=1, m(¥})=108GeV | ATLAS-CONF-2013-092
LFV pp—vi', + X, i-, —elp) + 7 leusr . - 46 A34,20.10, Ay2,3,+0.05 1212.1272
R Bilinear RPV CMSSM 2¢,4(SS) 03bh Yes 203 |4k 1.35 TeV m(G=m(E). crzsp<1 mm 1404.2500
o 0457, i. WA ) —eed s €V, dep - Yes 203 & 750 GeV m(t))>0.2xm{}), 4,5, 0 1405.5086
VUE, B W Domrrw, erh,  Beuer Yos 203 |#t 450 GeV m(E)>0.2xmiE}), 4uuyed 1405.5086
&—qqq 0 6-7 jets - 20.3 B 916 GeV BR(#)=BR(h)=BRYc)=0% ATLAS-CONF-2013-091
311, fy—bs 2e,u (SS) 0-3b Yes 20.3 F 850 GeV 1404.250
Scalar gluon pair, sgluon—gg 0 4 jets . 46 | sgon  100-287 GeV incl. Bmit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—»i 2 c-.u (SS) 2 b Yes 143 | sgon - 350-800 GeV ATLAS-CONF-2013-051
WIMP interaction (DS, Dirac y) Yes 10.5 m(y)<80 GeV, limit of <687 GeV for D8 ATLAS-CONF-2012-147
1 2 l 2 4 s s 24 1 s ' l 1 'S 4 s 'S 24 4
8 = 3 TeV 10~
Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



SUSY preparations

stop pair (0.7 TeV) 11 (for 13 TeV / 8 TeV: 8.4)

stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)

16 (for13TeV / 8 TeV: 12)
72 (for 13 TeV / 8 TeV: 46)
|

5700 (137 8: 2700)

3rd generation
® Motivated by naturalness (cancel 1 loop top to Higgs mass)
® sbottom and stop - May exceed 8 TeV with the first 5/fb !

EWK Production (Chargino & Neutralino) prel. prospect for chargino searches
complementary to DM search 1o :
RPVLLP % E Z:SC)I-:‘V\T/:/I'V:::;(:. 2v+ NIN1, AB « 0.15,L =« 30/b
;\; | ® C1C1 — WWNIN! = 1+ 1v+2jets+ NIN1, 4B = 0.30,L = 30
® Require complex dedicated techniques 8 | + commmenotaicimas i o
O + Combination of all channels, L « 300 fb
14 TeV
= o o
' o + 7
LI A T I
1:_ --:_--:.----------------------_:" -------- '.—’ --------
M( x;) [GeV]
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SUSY prospects "z

® Data analysed so far shows no hint for weak scale SUSY partners.

® Going from 8 to 14 TeV or adding 10 times more data increase the reach
for squarks / gluino masses by 100 GeV

g |
Limits for LSP mass g
g

@ Aided by the discovery of a Higgs boson, focus of the

experimental search strategy and corresponding

interpretation moves towards “Natural SUSY” scenarios:

o Expectto see dedicated 3rd generation searches
Electroweak studies towards Higginos (with Higgs in the final state)
@ Weak scale SUSY is still a natural extension to SM
@ However various options, cross section might be low
o RPV might be the right (though complicated ...LLP) route.

® As there still no hint could be .. wrong... SPLIT SUSY (ratural) or even
SUSY
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(partial) List of Exotic Models

——

= Extra dimengions: Dark Matter
RS Kaluza Klein (KK) WIMPs (monojet, monoph
(dibogons, dileptons, o ll E xcited fermiong
g RSKK gluons (topan q*, Excited quarke (dijete,
{'0‘:, ADD [, excited leptons (dilepton

Leptoquarks (lst, 2nd, 3rd g
higgs -> hidden sector (diepl
Contact Interaction
llqq Cl
4qCl(d Jefs)

o di (monojets, monophoto
®enhd KK Z/gamma boosne
Grand Unification (GUT)
(dielectons, dimuons, di
Leptophobic topeolor
(top antitop to dileptons
i 8- color octet sealars (c
:‘} String resonance (dijets;)
“S Benchmark Sequential S

W' (lepton+MET, dijets,
W* (lepton+MET, dijets)
' Quantum Black Holee {dij
Black Holeg (I+jete, same
Technihadrong (dileptone

rrrrrr

4" generation
t->Wb, t'->ht, b'-Zb, b'->
(dileptong, same sign lepton
VLQ-Vector Like quarke
Magnetic Monopols (and H
Heavy Majorana neutrino a

Nl ¢is
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Search for heavy resonances

® Strategy

® Search in tails of the SM distributions (lower m excluded ? hidden
by SM “BG”?)

® S-channel - easy to detect, higher cross section, but high BG
Pair production - clearer signal but lower cross section

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

Acceptance and efficiency - model dependent

Sometime start with SM cross section measurement

Alway start with SEARCH Phase!!

Plan B, turn to limits on typical benchmarks

and /or “model independent” mass / width limit
® Blind analyses

® Typical Models e
e QCD like signal B 9
® EW like signal R

e EWSB ' l::h
LS e .
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Jet+ X

=JETS, thats what we have at LHC, and there is enough of them ..

=Searches for Exotics models involve jets as the most prominent,
analysis selection which heavily rely on jets or MET.

=The signhatures include: resonances and enhancements in
angular distributions in dijets, multijets or photon + jet, single-jet
or single-photons

=Exotics model considered are:
-ED (ADD)
=DM, (and SUSY signals)
=TeV-scale gravity
=Contact Interaction
=Model independent searches

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

® Excited quarks, strong
gravity, contact
interaction

® Larger branching
fractions compared to
dileptons

® However higher
background (QCD rate)

® Looks for resonance
above
phenomenological fit of

f( ) P1(1 )P2x17%+l741nx

xzm”/\/E mass

39

new physics
/7 \

Events, o, ...
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Search for heavy resonance: dijets

® Excited quarks, strong
gravity, contact
interaction

® Larger branching
fractions compared to
dileptons

® However higher
background (QCD rate)

® Looks for resonance
above
phenomenological fit of

f(x) = p1(1—x)P2Parpeins

X=mji/\/s

UAM/CSIC Madrid, Sep 2014

Prescale-weighted events

Signif.  [data-fit)/fit

o o o O o o o
w rS o =) ~ @ ©

Searches at LHC run-2

arXiv:1407.2410

20/fb

ATLAS
/s=8 TeV, fL dt=20.3 fb’

coound vood v v vl vl ol s o

-i— .

Jlllll | llll' Jlll‘ . Ul

03 04 05 1 2 3
Reconstructed m, [TeV]

NN
(&)
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do/dm; (pb/GeV)

(Data-Fit)/op,,,

Search for heavy resonance: dijets

-t -
S o "
o L - o

—_
<
w

108

AbhblLloanws

- -~ CMS Experiment at LHC, CERN
CMS Dota recorded. F1i Oct 5 12203 r
%lllll T TTT T T TT T T TT IIII|IIII|IIII|IIII IIII? \\ / H.I’-‘:. | 4 CMS Exo-12-059
- —e— Data - g
= E: \ T'/
= Fit = :
E 0N e QCD MC =
i_ JES Uncertainty _i {
E = B
E- W (1.9 TeV) = ﬂf
= =
E E T | TTTT | TTTT | TTTT | T TTT | T'TTT T TTT | T TTT | T TTT | T TTT | T
E- = CMS Preliminary T stril?g
= .- E _ --- Excited Quark
_ CMS Preliminary i <C E » \s=8TeV,L=1961b" Axigluon/Coloron 3
= Vs=8TeV,L=19.61t" . ~.5 - X 102k . M<25ani<13 L sDlguar 7
- ml<25, IAnjjI <1.3 > e 0 = .. e T w 3
m; >890 GeV , Wide Jets ERN oo e 2 .
T S S é 10 E '\\‘Q RS Graviton E
- ‘\"\ R .
'9 1 RN M =
fd = ‘. -
i (@] = ., 3
, : : : D 40 .
1000 1500 2000 2500 3000 8500 4000 4500 5000 5500 o 107 = E
Dijet Mass (GeV) @ R ]
109 N oUeeEsmetees =
(@) = 3
_ - ]
m(q*) 95% intLumi.[/ Expected Observed O o3 _ 95% CL Upper Limit . RSsescodeos -
CL fb] [TeV] [TeV] =~ Gluon-Gluon T At
104 —e— Quark-Gluon '%\ "u,,:“\ —
- —e— Quark-Quark '\,“ Trly, 3
10'5 _I | 1111 | 1111 | (I I| (I I| 1111 |I (I !T‘?I | | 1111 | 1111 | I_

20.3

ATLAS 2012 |
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Search for heavy resonance: vy +jet

e Complementary analysis study fermion composﬂ:eness arXiv:1309.3230
In y+jet events N\

e Select high pr jet and v in central events N | *expemmem.

|77j - m\ < 1.6 5 l
2 m(+jet ) 2.57 TeV

e smooth fit to data p;(1 — g;)P2xp3+p4lnx

§EI —— IE%

e set limit on ¢*, QBH and Gaussian like resonance %El |§§

ATLAS
\_\ =8 TeV
Ldi =203fb" — ) T
’ £, % ATLAS
w \ is=8TeV
- \ | Ldr =203 10"
<  joi \ .
b4 [ — — PYTHIA q" prediction
EXC' u d e : % 95% CL upper limits:
i Data .
PPkl 10 k d X Observed Limit
9 bellow 3.5 TeV - —— Fit o | S\ \ == Expected Limit + 10 band
® QBH bellow 4.6 1 o qQ@5Tv) a4 | N e Expected Limit + 2o band
TeV } - A qf(25TeV) 1}
107 - Q" (3.5TeV) S [
© — 3
e 2t E
s 2} :
S == o ; 10"
75 0.5 1 2 3 4 1

m,, [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-22/

Search for heavy resonance: vy +jet

e Complementary analysis study fermion composﬂ:eness arXiv:1309.3230
In y+jet events N\

e Select high pr jet and v in central events N | *expemmem.
75 —ny| < 1.6 3 l

m(+jet ) 2.57 TeV

e smooth fit to data p;(1 — g;)P2xp3+p4lnx

§EI —— IE%

e set limit on ¢*, QBH and Gaussian like resonance %El |§§

7 IPT A S T v
£ 10°F ArLas -
Q>) \s =8 TeV o
L = [ Ldr=203 10" 3 o) rassqgip r
5 | - =
10 - ; w is=8TeV
: . : | Ldr =203 10"
1 03 - : \ ) ; X 10 3 — — QBH prediction
Exclude f TA 3 « - N 95% CL upper limits:
* : e Data o R\ +— Observed Limit
[ : X \
q bellow 3.5 TeV 10k~ — Fit - © N e Expected Limit + 10 band
e QBH bellow 4.6 - o QBH (1.5 TeV) * N\ - Expected Limit + 2¢ band
Tev : A QBH (2.5 Tev) E 1
107 - QBH (3.5Tev) L '
® — E
e 2t E
s 2 :
o b . <
) .

0.5 1 2 3 4 107
m, [TeV]
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Search for heavy resonance: vy +jet

e Complementary analysis study fermion composﬂ:eness arXiv:1309.3230
In y+jet events N\

e Select high pr jet and v in central events N | *expemmem.

75 — 1y < 1.6 : l
; m(+jet ) 2.57 TeV

e smooth fit to data p;(1 — g;)P2xp3+p4lnx

§EI —— IE%

e set limit on ¢*, QBH and Gaussian like resonance %El |§§

T 4 A y -
£ 101 atLas -
Q>) \s =8TeV o
L = [ Ldr=203 10" : ro) | I
10° b . = ATLAS
= E )0: ‘ s =8TeV
3 ] & A\ _%1 § 0 }z"d:,::: 3 I Ldt =203 'b‘
Exclude 1078 " j % d \ 95% CL upper limits:
*g* bellow 3.5 TeV e 8 x %/ Ma =
jop — Fi ; © LR, -
e QBH bellow 4.6 ~ oo QBH (1.5 TeV) ’ Y N\ ey
Tev : | 4 QBH (2.5 Tev) 7; 1 ';i . _:_ ;:
107 - o QBH (3.5 Tev) = s ""lif}_\\
® —t ; [ R
e 2F F \
8 O g e B, \
s 2 : .
(= J S— — :
(7)) .

0.5 1 2 3 4 [ — 5 S %
m,; [TeV] mg [TeV]
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Search for heavy resonance: vy +jet

e Complementary analysis study fermion compositeness EXO0-13-003
in ’7+j et events .T‘M‘S;T CMS Experiment at LHC, CERN

"+ | Data recorded: Wed Dec 5 14:08:38 2012 IST
Z Run/Event: 208551 / 755901799
~+"_| Lumi section: 474

e Select high pr jet and 7 in central events

e smooth fit to data p;(1 — x)P2gPstpaine & , &7" -

N L
. . . ° Photon + Jet Mass = 2.93 TeV
e CMS set limit on ¢* also as function of the couplings
VErsus 11nass
Exclude o [y, TR0 . ous )
. Background from Fit - R I -
® 007 <q*< 305 Tev - .‘.* q'fH"-ATn'.',':H) —— Background from MC -1 .1‘-1 I I I 95%(2;;.:‘:0’[.1'“‘; B
eExclude coupling B - 107 T
vs g* mass g wp s : i' T 3
i1} - b 4 ] — “ee EXCH | -0
= CMS Preliminary b‘m\“ﬁg . q(25TeV, 1205 ;6:10 2:'_ E
10 - 8=8TeV \-I'-“.." 3 — [ .
C _[Ldmo.r " i | 4 c i* .
1 o . T e 10':’: -
- ¢ o | — X i ]
¢ IF © [ CMS Preliminary .
g i’ Vs=8TeV 1
§ 3 10°F [ Lot 107n" E
S "G00 8001000200 1400 TE00"T800 2000 22002400 3500 28003060 £ ey 1
M, . [GeV] [ ]
10,5‘1‘ STISTENARTERINY pelssaateiaal
05 1 15 2 25 3 35 4 45

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

e Complementary analysis study fermion compositeness EXO0-13-003
in ’Y+jet events (_\/15 CMS Experiment at LHC, CERN

> Data recorded: Wed Dec 5 14:08:38 2012 I1ST
~/\| Run/Event: 208551 / 755901799
| Lumi section: 474

e Select high pr jet and 7 in central events

Inj —1y] < 2.0
e smooth fit to data p;(1 — x)P2gPstraine &\ JE )

Photon + Jet Mass = 2.93 TeV

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

Exclude N A - ows .
e WA Background from Fit  —
® 0.7 <q*< 3.5 Tev - "‘.. q (1.5 TeV.1=1.0) —— Background from MC . 1
° 10’ = R\ 3 ] - 0-9
eExclude coupling A S : 08
2 F A ' . &= U
Vs q* mass - \\% 1 o7
- CMS Preliminary ' W q25TeV,1208) - ’
L js=aTev L.l“_‘* = o6
- Iumnm" 1 i— = » 0.5 -
1 - qQ —qr ' ! l = g 0.4 fCiMS;:e:i’mnafy 3
= _ ' , B . s=8Te
§ OF =
g 3 03 jun-us.m"
i O g2 a* - ay 3
2 j 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 0.1 —— Expected excluded q* region -
M, .. [GeV] ) I Observed excluded q* region -

1 156 2 25 3 35 4
q* Mass [TeV]
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Resonance in X/HH—bbbb

e Search for TeV scale resonances that decay via two SM Higgs to four b

jets
e Event selection

— 2 pairs of b-tagged jets, jet pr > 40 GeV,
— A R(jets)< 1.5, Dijets pr > 200 GeV

- tf veto |f(Dg204)2 4 (mysli28)2 > 3.9

0.1m,, 0.1m,

0.1my 0.1mg

— HH masses ellipse: \/( m—124)2 4 (ma=lld)2 « ) 6 ;

(sub-leading) dijet.
e Background multi jets (90%) and tt (10%)

mgie: [GeV]

my(2) leading

— multi jets modelled compare data that passes the "2-tag” (only one

dijets has b-tag) to standard "4-tag”

— define regions to normalise, rewirght and test (exclude signal or mixed

HZ regions)

— {1 shape taken from MC, normalised to data using "4-tag” when one

or both dijets fail the tt veto

UAM/CSIC Madrid, Sep 2014

et [GeV]

SCATLAS

ZLEXPERIMENT

Searches at LHC run-2

300

2501

200

150

100}

S0

ATLAS-CONF-2014-005

MEPEPEPS BPEPSTEPE IPSPEPEPS PR MIPEPETS P 0
% 50 100 150 200 250 300

2-tag msa [GeV]

BO0 v ¥
ATLAS Preliminary . 300
250 \s=8TeV:| Ldt=195fb" g
: ' 1 250,
200 . 3
-200|_|_|

150_— | —_ 150

50}

PP PP (P 2 .00 0 00 saillsgnal
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4 tag n‘sa]et [GeV]
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Pair produced three jets resonances

e Search strongly coupled resonances decaying each to 3-jets arXiv: 1311.1799

- CMS.L=19.4f at\s = 8TeV

e Benchmark model pair production of gluino decaying to § oosk 4Jh~jetpT N r T o e
3-jets through RPV couplings § . [ Multijet MC -

® [ 6™jetp =60Gev oM., =300GeV

on- U 0.05}- - -

e Event selection: - b My, =750 GeV
E 2%, M0 = 1250 GeV -

— > 6 jets; 1-4 jets (5-6) > 80(> 60) GeV 0.4~ & —

— Supress bg at high mass with sphericity 0.03

— Use b-tagging for gluino — udb/csb cases

0.02
e Try 20 unique triplet combinations of the 6 highest pr jets

e Suppress wrong combinations and QCD by requiring 0.01

ms3; = Z?:l ‘pT|z — A; A =110 GeV

- 1 CMS §|rpqlaglqn at \s = 8 TeV . . . ‘ ' ‘ . . Sphéricity
G 1200 -
@ Rk CMS simulation at \s =8 TeV
ﬂ T LI T T T T T T T T T T T T T T T
g 10001 / 4 i % - | " " Hadronic R'PV g = qqa, I\h o= '400 GeV -
« [ o 1 (5 4500 uino —
B L % . o = [ ] Correct triplets -
= 800 e ™ 4000 . . —
s - / . ; - - Gaussian signal E
£ 600 ® 3500 —— Incorrectly combined triplets =
o SO ] o F =
[« % . = - LI N B BN B R
= aool- Hadronic RPV - = 30005 ::::Zz R Expected multijet ]
A = 2 o ‘. background 1 3
i g — 4499 ) 25005 g1°°°°;‘ '\ - - Signal + backgroundd J
200} Mgluino =400 GeV 2000F- 3 . e
. . - F 6ooof .
ol //1 PR B PP B B 1500— 4000F E
0 200 400 600 ao_c}i ' t1ooo| 12{0&) v 10005 2000 E
riplet scalar e — : , ] —
Coloured -> correctly feconstructed - Oig5"406 560606700800 J
500 —
triplets, contour lines and points -> - b -~ Tripletinvariantmass [Ge¥] 72
. . 4 4 1 | | Il.l | I"J ] | 1 1 1 | I I - —_— I Il L Il L [l Il 1 | 1 1 Il -|-
incorrectly combined triplets. Dashed line 0200 400 600 800 1000 1200 1400 1600 1800
> A=110 GeV Triplet invariant mass [GeV]
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Single objects + missing transverse energy

® Single high pr (jet, photon, W, Z, lepton) and MET predicted by:
- DM (associated with ISR),
- Gravitonin ED
= Gluino (squark) to gluon (q) +gravitino
- H->invisible
® Simple final state, known EWK BG
® Reject:
=) Events with identified lepton (EWK BG)
=) More than 1 extra jet (top or multijet BG)
=) MET pointing toward 2" jet (mis-measured jets)
e Data driven BG estimate: S
- Z(->vv)+X (irreducible)
- W(->Ilv)+X or Z with 1 undetected |
- Mmultijets, y+jets with fake MET

- non-collision data
- top, dibosons and yy (MC based rejection) RN
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Single objects + missing transverse energy

® Single high pr (jet, photon, W, Z, lepton) and MET predicted by:
- DM (associated with ISR), | 9.7, or W \
- Gravitonin ED |
= Gluino (squark) to gluon (q) +gravitino
- H->invisible
® Simple final state, known EWK BG
® Reject:
=) Events with identified lepton (EWK BG)
=) More than 1 extra jet (top or multijet BG)
=) MET pointing toward 2" jet (mis-measured jets)
e Data driven BG estimate: S
- Z(->vv)+X (irreducible)
- W(->Ilv)+X or Z with 1 undetected |
- Mmultijets, y+jets with fake MET

- non-collision data
- top, dibosons and yy (MC based rejection) RN

(] X
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Single objects + missing transverse energy

® Single high pr (jet, photon, W, Z, lepton) and MET predicted by:
- DM (associated with ISR), q
- Gravitonin ED
= Gluino (squark) to gluon (q) +gravitino
- H->invisible
® Simple final state, known EWK BG
® Reject:
=) Events with identified lepton (EWK BG)
=) More than 1 extra jet (top or multijet BG)
=) MET pointing toward 2" jet (mis-measured jets)
e Data driven BG estimate: S
- Z(->vv)+X (irreducible)
- W(->Ilv)+X or Z with 1 undetected |
- Mmultijets, y+jets with fake MET

- non-collision data
- top, dibosons and yy (MC based rejection) RN

l, (l'
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Single objects + missing transverse energy

® Single high pr (jet, photon, W, Z, lepton) and MET predicted by:
- DM (associated with ISR), q
- Gravitonin ED
= Gluino (squark) to gluon (q) +gravitino g
- H->invisible
® Simple final state, known EWK BG
® Reject:
=) Events with identified lepton (EWK BG)
=) More than 1 extra jet (top or multijet BG)
=) MET pointing toward 2" jet (mis-measured jets)
e Data driven BG estimate: S
- Z(->vv)+X (irreducible)
- W(->Ilv)+X or Z with 1 undetected |
- Mmultijets, y+jets with fake MET

- non-collision data
- top, dibosons and yy (MC based rejection) RN

q

(q (.r'
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Mono X

® Motivation thermal freeze-out (early Univ.)
- Galaxies rotation velocities, Gravitational lensing, CMB -> IRCRECEASIEEIOH UowW)

DM cover 25% of universe? may have complex physics.
- Common couplings at unknown higher scales ?

® Searches for SM<->DM

DM SM
- Direct detection: (XENNON, LUX, DaMa, CDMS) %
DM SM

- Indirect detection: (AMS, LAT, AMANDA, IceCube) TR—
- Production: LHC (complimentary at low masses) production at colliders

direct detection

® Search strategy

Large ED EFT Simplified models
® [f MD<< the energy scale, e Contact interaction with mediator too heavy ~ @EFT has limited validity when
particle may interact via gravity = to be generated mediator mass is light

® UV- theories - valid everywhere

®ED -> KK graviton tower M

® Gravitons can escape detection” i I_’resswn Scf‘]e o VIxxesM g ® Use ad-hoc fields, interactions
M? is the mediator mass and g, and gsm to model the possible DM

are the DM and SM couplings

L |
2 i
gugh ot (l , Qi .‘.,(Q,,')) o
QL — A (VE M2 e \?

46
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Search for Monojet

Event Selection

& [ anaseimmy S tmmE 3 §
S T y 2100 +ets i &
o >=1jet with pp > 120 GeV || < 2.0 £7F  Juwesw BFiciis SR3 5 ;
SF e NomSTeV o e : g
o < 3jets with pr > 30 GeV || < 4.5 ¥ F gty R, 3 e
5 L S - o JuAseeTl, e
e veto electrons and muons :
10'15— _____________________________
o A¢(jet2, MET) > 0.5 -
BG Estimate ;. g’g U
300 400 500 600 700 800 900 1000 1_100 1200 g ' o
. : 7 [GpV -
o 7 — vir(e, ufi, 77)+ jets and W — ev(uv, 7v)+ jets use CR with leptons L
enriched in W — v+ jets or 72 — ppr+ jets CR | 7 TeV: CMS JHEP 09 (2012) 094
- . ‘ ATLAS JHEP 04 (2013) 075
e Multijet use MET +2(3) jets CR where A¢(jet2(3), MET) < 0.5 8 TeV:CMS arXiv:1408.3583 (20/fb)

ATLAS-CONF-2012-147 (10.5/fb)

19.7 fo” (8 TeV)

g n ; YT L e e A
=3 > ' CMS ce-M =50GeV,I = M3 |
W i 95% CL O 4000 « oM, =50 GeV.I" =« M0 _]
X ATLAS Preliminary o - » e M, = 50 GaV, I = MBY -
< - - - Expected limit =, L v M, = 500 GOV, I = M3 -
x 1 Ldt=10.5fb" N N M, = 500 GV, I' = MI10
o) E — Observed limit 7 3 3000)- - M,_wom.r_%:
- \'s =8TeV e < | Spin Independent, Vector \##, comours
L - = G oM @y"q)
- Em— [ E 7%
1077 = = E') ZOOOT
; e s
102 e
s QA ™ <t et L
8:) s o o 0 10° 10° 10*
w )] w Mediator Mass M [GeV)
. Model EFT scale bounds (vector & Lower bounds on rpedlator
independent mass/sqrt(coupling) of

scalar) trarlli?"]?tted to Xsec simplified model
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Mono Z (-> dileptons) arXiv:1404.0051 [hep-ex]

e Appears as ISR Z or Z couples to the DM z

q U] Z

e Look for OS ee or uu with mass around Z

e Reject 3rd lepton or jet

e No E7'% from mismeasured jet:
Ap(EFs pi) > 2.5, |n"| < 2.5, "

ll Miss ll 8
|pT o ET |/pT < 0.5 %107 —+ Data W2
10 W/Z+jets ZZ—lvv
rd . o 106 @ WW/Top quark:... Systematic Unc.

e No 3" lepton and no jets o ° — DI, M =0.050 TeV

~10°g aa. ZZyx max.y, M=0.7 TeV

) % 10 —e— e n Mediator, mn=1 TeV, =5

. miss e
e SR: EF**s > 150, 250, 350, 450 GeV £ 10° [ie20315" iomaTev
. 10° m,=200 GeV
e Dominant BG Z — [Tl vv 10
1
10
10° g

O 14
g 1.21
£ 08

A 0.6 | | | | | | | | |

O 50 100 150 200 250 300 350 400 450 500
E.'P'SS [GeV]
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MOnO Z (-> dileptons) arXiv:1404.0051 [hep-ex]

— 1200 “—
.. : =
e 95% C.L. upper limits on yn coupling, f, $ 1100 g
as a function of m, and the mediator mass, m,,. £1000 2
The cross-hatching shows the theoretically accessible Zgg o
region outside the analysis coverage. The white region o e
Te]
is phase space beyond the model’s validity. 600 >
. .. 500
Above the black line smaller than lower limit from 200
our relic abundance calculations. 300
200
m, [GeV]
e Below: limits on EFT scale and upper bounds on o(x — N)
S F T & 107 — g 10
(0] B 7] 30 —e— D9 = 10-31 —e— D1
3 - D 1 810 D9 ATLAS 8 TeV W/Z had.(x)2 O, . 20 D5
; L ATLAS 05 1 s10% ATLAS o g% GEE)AZSO 172Tev et 5 18—33 ATLAS o B? ﬂtﬁgﬂ:x \glt/(Z h)ad-(xx)
10 = [L=20.3b" Vs=8 Tev A 2 1 B10™ f L=20.3fb" (s=8 TeV— — SIMPLE 2011 B10%E [L=203 6" Vs=8Tev— — D5 ATLAS 7 Te\ jet(00
- — ZZXX ?OaX.Y 1 o, .35 Picasso 2012 »{0%°Y 0 e CoGeNT 2010
- xx.noy i c,c,,)10 ........ IceCube W*W ? 10°% ——— XENON100 2012 7
P L R 910‘36 \ — — — IceCube bb 910_37 ”””” LUX 2013 -7 s
103,5_ ____________ e LT e 210'37
g LR ““_“I':""_--:-.-:-'-:--_....:.'.:.'.:,',:.', -------------------- E 81038
2100
10
10
ey ey 10—43
0 200 400 600 800 1000
m, [GeV]
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Leptons + X

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

= Models include:

Extra dimensions (ADD and RS)

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

Excited leptons
Leptoquarks
Tev Gravity

1338110

Quantum Black Holes

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

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

¢
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Search for heavy resonance: dileptons

arXiv:1405.4123
" 107 T v ——————
. MOdGIS l% ' ;T_L:: é?x::nm.n:
’ * ’ . 10° I Ldt=2031b" Dl’fl;cl & Wadets
- Z .,; , E6 , SSM Z2’, RS grawton, 20/fb 1o 5= 8ToV et Tok]
Minimal Walking Technicolor, . 07 ssM 25 Tev)
Minimal Z2’, QBH e

- Contact interaction .
Dominant BG: DY o

i . ST/ N
® Signal and BG evaluated with MC gE s

Data/Expected
co . e

and rescaled using known Xsect 0
® Jets BG in e estimated with data
® QCD shape from loose selection g ' 2"_‘.1.5,; L e
extrapolated to high ET, normalized T - [Lan20s g
using data in CR o e O o 0 v
® NNLO k-factors correct the LO 0
MC y ; i
e (Calculate p-value of
£ aF =
observed vs expected O e :
events § 0.08 0.1 02 03 04 05 i % 24
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Search for heavy resonances: di-muons

® Track muonin MS
and ID

® Require muon
isolation

® Use muon op. sign
with highest
sum(pr) T
Dominant BG: DY. e
Signal and BG
evaluated with MC
and rescaled using

known Xsect.

® NNLO K-factors
correct the LO MC.

EtCut> 1.0 GeV

— PtCut > 0.4 GeV

- "
& I B =
' P e ol ETmiss: black
’ SN Cells: Tiles, EMC
B / o
2 R
/ . e ! N N \ \
| b X
r -~ N\
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Search for heavy resonance: dileptons

® CMS also has preliminary results from 8 TeV full data set in ee and ppu channels [CMS EXO-12-061]
® No excess seen; exclude variety of narrow resonances (Z’sswm, Z’y, etc.)
® Event selection

® CMS: ET (e1,e2) > 35 GeV, pt (u1,u2) > 45 GeV, plus isolation criteria

® ATLAS: ET (e1,e2)> (40,30) GeV, pr (u1,u2) > 25 GeV, plus isolation criteria

6 CMS Preliminary
> 10 % T T T T =TT T T T~ =
S 10°E- CMS Preliminary, 8 TeV, 19.6 fb’” N ]
(72}
c 10 ) viz—e'e - .
b [ tf, tw, WW, WZ, ZZ,tx = .

[ ] jets (data)

_opp—=Z + X o 4+ X)

Ro = olpp 2 Z+ X = U+ X)

=
E
=
E
=
=
E
=
=

2
|||||I11| ||urm| ||||I11|| T

1 1 1 | 1 1 1 1 1 1 1 1 | Il I I
70 100 200 300 400 1000 2000 .
m(ee) [GeV] 17T VETEA TSR

expected (o] o 1T V/=To

>2.96 TeV | > 296 TeV

__________________________________________________________________________________

>287TeV  >2.90TeV

53

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion



Searches in single Lepton states

® Search for excess in transverse mass of e or p with low mass neutrino
® |Interpret as SSM W’ (no interference with SM W) but also SSMS, SSMO, UED ..
® Interpret as Excite chiral boson (W*) with equivalent couplings

ATLAS arXiv:1407.7494
CMS arXiv:1408.2745

@ 10% s~ v T ' L %) 10° e ' ' o C\'\S -
e op ATAS Wow el B g Woor e 2
e W(0.5 Te 7
@ 10° 1$=8TeV CIW'(1 TeV) O 10 1s=8TeV 8\#21 TeV)V) }é—-/ i
® [Lat=2031" CIWETeY) 10* [Ldt=203fb" CIW@Tev) " T
10° mw W — S
V4 e TS5
103 - ] Diboson 02 (] Diboson
Multijet 1 "] Multijet
10 - € G :.:" 1% Gy
- 1 puy e
ba=% 107§ | fb_. :
' g I B I
. . & ! ¥ :
% 08 _ —
my [GeV] & —— B
10° m-{GeV]

MT — \/2 . Pfll-v . E{’IZ’)_:L'I:SS . (1 _COSA¢Z7E’717}7LSS)

ev 1
W — v | 2.65 + 0.10 2.28 + 0.21
Z — 0.00163 = 0.00022 | 0.232 £ 0.005
Diboson | 0.27 + 0.23 0.46 + 0.23
Top 0.0056 &£ 0.0009 | 0.0017 = 0.0001
Multi-jet | 0.066 =+ 0.020 0.046 £ 0.039

Total 2.99 + 0.25 3.01 + 0.31
Low stat analysis (ATLAS expected events > 1.5 TeV)
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Searches in single Lepton states

Events

Data'Bkg

® Search for excess in transverse mass of e or p with low mass neutrino
® |Interpret as SSM W’ (no interference with SM W) but also SSMS, SSMO, UED ..
® Interpret as Excite chiral boson (W*) with equivalent couplings

10°g

107
10°
10°
104
10°
10°

10

I " v —
e Data 2012

ATLAS W = uv
CIW'(0.5 TeV)
1$=8TeV CIW(1 Tev)
fLdt=203m"' [IW@ETev)

TN R L
- ATLAS --=- NNLO theory
10°} Y —e— Observed limit
N e Expected limit
I . B Expected + 1o
10°E N Expected ¢ 26
0 95% CL
1
- W= ly
107 \s=8TeV, | Ldt=20.3 fb"

A PP PP PP PRI PR PP PP
500 1000 1500 2000 2500 3000 3500 4000
my [GeV]

UAM/CSIC Madrid, Sep 2014

Events

10°g~ S e e
10°
10*
10°

o Data 2012
[IW'(0.5 TeV)
CIW(1 Tev)
CIW(3 Tev)

W — ev
\s=8TeV
fLdt=2031b"

ATLAS

Data'Bkg

* (1 — COS A¢Z7E,¥mss)

My = /2. P} - Bppies

expected

>3.26TeV. . >3.28TeV. .

ATLAS arXiv:1407.7494

CMS arXiv:1408.2745
CMS S tatis
‘ —-_/ \ o~ soxion 185 '
e / .&
mw [TeV]  mpy- [TeV]
Decay | Exp. Obs. | Exp. Obs.
ev 3.13 3.13 | 3.08 3.08
v 297 297 | 2.83 283
Both | 3.17 3.24 | 3.12 3.21

observed

_____ >317TeV. . >3.24TeV
> 2.55TeV
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Searches in single Lepton states

® New interpretation: MONO W recoiling against pair produced DM ATLAS-CONF-2014-017

® Consider three couplings, interference [CMS EXO-13-004]

- D1 Scaler, D5 -Vector (con/dis interference) and D9 tensor couplings
- unlike mono jets, affected by interference effects
- interference parametrised by € (see diagram)

- M* Scale of unknown mediating interaction

CMS 19.7 10" (8 TeV)
10 078 fo ey (W Observed T Expected |
— - 5@
;105:"*1'** LA L BB N [ L AN L ?----Expected Spm-mdependent! pec_.
() - —w— mono-Wlep,D9 ATLAS = mono-W/Z had, D9 O — Observed SSMW NNLO o S {1
S ~ —=— mono-W lep, D5¢c --®- mono-W/Z had, ~ 10> [ A ssmwnno IS _ OMSpin | . IE—
g | —+ mono-W lep, D5d o mom.zg :.:' bs © Limits at 90% CL SSMW NNLO @ + g=+1 N
- & mono- a i
. + mono-W lep, D1 . mono-zupg’; 5 20 25 3"?'“3(75“)40 |
E g, - mono-Z lep, [e) mcmLo.—_ : ! DM Spin geo
I o e
olprziisges TR = 8 9 10 1112 13 14 00 04 08 12
S ml 1 Exchuded Cl scale (TeV) Excluded EFT scale (TeV)
e —————— el T e > mongiet e+ ’ 3 SSMWLO.- —
10% 107} ......I..'.I.:.:.:.:.:.:.:. ------------ i ssmw Lo, IEG_-— +==+  Expected
""""""""""""" E SSMW LO o +  IEEG— EE Expected £ 10
. e ZE mw‘w‘:_ BB Eaecied £50
10k 1+ E?i” 90% CL 109 .................... -4 ssmswio HNC Cle ‘
- _ T — f f-1 E ........................ E SSMSWLOO‘U_ HNCCly
A\ASA 18LeAv: IlA-st 1 12031 Abl PR ST T W T U .41“"‘;“:’0:)\1\—1 cMs ] SMWlO._ o ."::r
0 200 400 600 800 1000 1200 10 Y PRI ety sswow Lo M- o Spendersy  w My
m, [GeV] 1 10 107 M. (G V103 SSMO W LO o + I o :‘:"'
! (GeV) SOU.UED. N = 2. J— { 'u"
y 4 1 =10 TeV, NNLO e+y independont B Ay
TeV' @+ _ M, > 1500 GeV ovp M,
Observed limits on M* as a g%é&.fn?.u‘}?.v,‘ ’ ” S e aciia
function of the mass of DM particle (mx) Excluded nucleon-DM cross
section for vector-like and ¢ =+1,0,-1 Summary e and mu

and combinations.
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Microscopic BH & string balls in leptons + jets

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

Hawking radiation
® BH - high mass, high object multiplicity (reasonable BF to leptons)
® Require at least 3 high pT objects (jets + leptons)
® Construct scalar pT sum of selected objects
® Main BG W/Z+jets, ttbar, Multijets (to the e channel)
® Shape and relative fraction of BG with MC
® Derive scale factors for dominant BG in CR
® Fit each BG component to “dijets” function, systematics - choice of fit function

D T T S S A S R )

ATLAS Simulation

44 Total Background

—o— Waijols (SHERPA) —

>

D -

o ]

8 104 I Ldt=203 fb'. \z=8TeV - Wejets (SHENPA) _ muon channel

@ eloctron channel ) Mettjots (Matrix Mathod) - _ _ 1
c @) 771 sjees (SHFRPA) 4 . = Fit + Total uncertainty -
g’ D i (POWHEG) - 1 O‘

w

Events / 100 GeV
3,

9 ) Singe top (ACERMCMCAINLO) | :
10°E Bl Dvoson (HERWIG) 3 1
10 =
107 1
1 t e
(1-x) "x'x xX=Ip/rs .
10 10" Fit Paramaters: . + * . L =
p,: 126103 | E
p:-4.5410.10 ‘ T g
p.:-0.33+0.04 .
1 1026 7 aaad s ol |
8 145 . & 14f RINWE T 07
P 1'1"00.".0..'-0."."'.0 L R L2t T TOLTOE 5 Q "10'0 teue? 0-.-'.'3.4;72 220777 3
g o8} . . [ gadiat £ Lo = 08f A AR A/ 4/ 1
O 0.6k : . 0.6k . I 777, 0 7004 020200, 90262505
700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 2000 2500 3000 3500 4000
2 P [GeV] )P [GeV]
2 pT distribution for electron channel Fit to X pT distribution, muon channel,
Pre-selection region. W+jets background.
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Microscopic BH & string balls in leptons + jets

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

Hawking radiation
® BH - high mass, high object multiplicity (reasonable BF to leptons)
® Require at least 3 high pT objects (jets + leptons)
® Construct scalar pT sum of selected objects
® Main BG W/Z+jets, ttbar, Multijets (to the e channel)
® Shape and relative fraction of BG with MC
® Derive scale factors for dominant BG in CR
® Fit each BG component to “dijets” function, systematics - choice of fit function

Different signature:

Like sign dimuons

> e[ ey Yrv YV [Py ey —r—v— . R T SRR
D - Dut - Qo ) -
S o £445 Toal Dackgeound . S Lo ATLAS Simulation Wiss e -
8 10° Ldt=2030 ,\s=8ToV () Welets (SHEAPA) _ 8 muon channel 3
;i ) Mettijots (Mateix Mathod) 3 - » '

= @) 771" vjees (SHFRPA) - o . — Fit + Total uncertainty -
4 B3 i rowHEs) 3 g 10°

w 10°E 5] Single top (ACERMCMCaINLO) &

B Dvoson (HERWKS)

1 ll

(1 -xl’ X xw’J )
Fit Paramaters:
p:126103

p:-4.54£0.10

10

P, 0.33+0.04
1 10°
2 14F _ C 14F
o 06F a a a ~ 0.6F " = . "“gﬁf‘f‘;-’;‘i’r/',ﬁg -;r-'.f.'/,—/.n‘l
700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 2000 2500 3000 3500 4000
2 P [GeV] ) P [GeV]
2 pT distribution for electron channel Fit to X pT distribution, muon channel,
Pre-selection region. W+jets background.
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Exotics new particles

leptoquark

quark

/e' /e
LQ/ L
- \ \ u
LeptoQuarks \ \
eejj channel eVjj channel
® Select a data sample with high signal and : :
background acceptance
® Use control regions with (almost) no signal
contamination to derive the major
backgrounds normalization
® Combine the variables which give the best
signal - background discrimination into a q Y
Log Likelihood Ratio (LLR), which is then
~ & avd used as the variable to look for the LQ .
-,,; ;-s*“ ' signal -
7 /m ‘e Excited leptons
o
o 060600 q l_|_
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Search for scalar LQ3

R 1|9.7|fl:|>'1 (8 TeV)
-4~ Observed .
M tt irreducible ]
I Major reducible ]
Il Other ]

Bkg. syst. unc. ]
— Signal M q = 500 GeV ]
plus background

>
IIII—
o_
g_
o .

Search for scalar L(Q pair each decaying to 7 and b

Events / GeV
N
|

—
N
L L

One 7 decays hadronically and one leptonically

—
I|II

o
(o]
T T T

Require two jets at least one tagged as bv jet :
Pair to minimise the difference |M (7h, jm) — M (I, jn)] Z:
As no excess is found use the St distribution to extract 20 #° o e g’fsze\f;OO

limits on leptoquark (as well as stop scenarios) arXiv:1408.0806

PP e 1

19.7 fo'' (8 TeV)
III| IIIIIIII |IIII|IIII|IIIIIII:
CMS — o, x B% B=100%

SéQ) = pr(l) + pr(m) + pr(b — jet) + pr(jet) % oo 5

--- Expected limit
. Expected = 10,,,

Major irreducible BG tt decaying to 73, and 7

1 =
E Expected + 2 o, 3
Major reducible BG events with jet misidentified as 7, [

10'2;— ~ 3
LQ3 with masses bellow 740 : e

GeV ( and stops with masses AT T .

below 576 GeV ) is 10500" 300 400 500 600 700 800
excluded at 95% CL M, q (GeV)
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Search for scalar LQ3

19.7 fb” (8 TeV)
T T T | T T T ]

. ° > i [T R
e Search for scalar LQ pair each decaying to 7 and b §'op ows Lobsened
_.91 4 I Major reducible ]
~ . S -F Il Other 3
e One 7 decays hadronically and one leptonically b Bk sys.unc

— Signal M q =500 GeV ]
plus background

—
I|II

o
(o]
T T T

e Require two jets at least one tagged as bv jet :
ool
e Pair to minimise the difference |M (7h, jm) — M (L, jn)|
0.2F
' o e :
e As no excess is found use the St distribution to extract 20 0 o0 w0 oo, e
limits on leptoquark (as well as stop scenarios) AFXiv1408.0806
1 19.7 fb™ (8 TeV)
SLQ) o [ b et et IS CMS
e S =pr(l) +pr(m) + pr(b — jet) + pr(jet) s ;
Qo8 E
-
e Major irreducible BG tt decaying to 75, and 7; = o7 o :
06 -E;q;ected E
0.5 — - Observed =
e Major reducible BG events with jet misidentified as 73, 04 AT T—
a0 N\ Tl -
e
LQ3 with masses bellow 740 &L E
GeV ( and stops with masses o L 1
beIOW 576 GeV ) iS 200 400 600 800 1000
excluded at 95% CL Mo (GeV)
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Search for LQ3 -> to top tau pairs

Search for scalar L(Q pair each decaying to 7 and top

LQs
The signature is like sign W (decaying to p) and 7, 7 |
Require Sy > 400 GeV, additional two jets, bn/ SN
reject dimuon around Z maas N T
. - . '1;1 ‘dg
Centrality |7| - average of all e, p, 7 in the even
Split to central (forward) || < 0.9 (> 0.9) events
) _CMS Preliminary, 19.5 b at Is=8TeV CMS Preliminary, 195fb at s = 8 TeV
% 10 _l + Data E 42
o o f W+jets 2
w100 W2y +iets w
104 ,;_ .tf 3
; W rare SM
©)] O
= =
3 3
© ]
(] o
0~"100 200" 300 400 500 600 700" 800
S, [GeV]
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Search for LQ3 -> to top tau pairs

Search for scalar L(Q pair each decaying to 7 and top

The signature is like sign W (decaying to p) and 7, /
Require S+ > 400 GeV, additional two jets, ) / /

reject dimuon around Z maas

Centrality |7| -

LQs

b H’ v, - a0 .‘"” ’ Lt

Y
(L5 d2

average of all e, u, 7 in the even

Split to central (forward) || < 0.9 (> 0.9) events

Events

Z-Score

10°

10°

10

_CMS Preliminary, 19.5 fo'at (s =8 TeV

3 —¢— Data
- B Single & Double Fakes
Prompt-Prompt (MC) 1
------- LQ (M=400GeV)

AN - --- -

Aponv s =
TT T [T T T TTrTT T 1 T 1

400600 800 1000 1200 1400
S, [GeV]
UAM/CSIC Madrid, Sep 2014

CMS Preliminary, 19. 5fb at /s =8 TeV

Events

O
=
©
o
(]
0 100 200 300 400 500 600 700 800
S, [GeV]
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Search for LQ3 -> to top tau pairs

Search for scalar L(Q pair each decaying to 7 and top

L(?;; L(Ji
The signature is like sign W (decaying to p) and 74 ya 1 AN
Require S+ > 400 GeV, additional two jets, e / J\ \

reject dimuon around Z maas

Centrality |7| - average of all e, p, 7 in the even

-1/3 LQ3 decaying to top + L
tau with mass bellow 550

Split to central (forward) || < 0.9 (> 0.9) events E

Events

Z-Score

10°

10

—h

excluded at 95% CL

_CMS Preliminary, 19.5 fb” at /s =8 TeV CMS Preliminary, 19.5 fb" at Vs =8 TeV

Apon s

= To" Dath T T T T T T T T T T " 1]
- B Single & Double Fakes - —e— (Observed Limit -
Prompt-Prompt (MC) - 106 0 - Expected Limit .
------- LQ (M=400GeV) - -
_ = - B Expected 68% .
i Expected 95% i

O 2
ks -8_ 1 - 0’LQSXB * 0’theory (B=1) =
L """. _ — - 3
Al L _
o - N
X o B _
o } ]

|
= - o 10_1 = =
3 . : i |
3 () o d () = . ; 1 O 2 E_ _E
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 _: : | I | I | I | I | "N ~~~~’ | :
400 600 800 1000 1200 1400 2000 300 400 500 600 700 800
S, [GeV] LQ, Mass [GeV]
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® Dibosons
- Search for new Physics with two or more EW bosons

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

- Main Physics interests are:

= New heavy Gauge bosons

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

8 TeV collision

Model (EGM)

WZ invariant mass = 1050 GeV

//

/ #

Resonant WZ to Ivll
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Resonant WZ to IVl

e Event Selection

arXiv:1406.4456 S oL | tow  —weoown ]
— Exactly 3 leptons S watev, [aan’ @ — w1000 Gev) 3
§ . [T]Other bkg - W'(1400 GeV)
— 2 OS SF |my — mz| < 20 GeV @ 10 () e 3
miss ~ SR, All channels combined
- E’I‘ > 25 GEV q W 0 High mass
- Ay(W, Z) < 1.5 1
. . - w’
— High (low) mass region A¢(IV, EF*s*) < (>)1.5 ol 7;/
. ) 1 | PP | // n
e Reconstruct mwz using m(IV, EX*%) = my § 2§ l
7 7 ~ ! W
. . B B 4444 30 M
e Background estimation - ;EE“ - 1} L3 1
200 400 600 800 1000 1200 1400 1600 1800
— Prompt BG, 3 or more prompt leptons, MC: WZ, ZZ (Powheg), My [GeV]
tt + W/Z (Madgraph) § of ATLAS | IRPOREL
— non prompt BG: photon conversation MC Z+ (Sherpa), where lep- s 2 SR A1 hamnats combined =
tons from hadron decays Data driven: ll+jets, (¢, single t, Z+jets) | P 1 EL""‘
B dowz
Limits are set on the signal B

o X BR(WZ2) using CLs method

for the EGM W’ R Low mass
and heavy % is8 ey, [Lat= 203" —— g
vector triplets (HVT) models. X 10 —— Observed Limit .
v B eGMwW &
Related searches 8 TeV: % 1 S ::ev-;: £
CMS: Q --- :VT B(:\\:S)
ZZ -> Ilvqq EX0-12-022 ©
WW -> lvgq EXO-12-021 10°
WZ -> Ivil EXO-12-025 a p—
ATLAS ) 10500400 600 800 1000 1200 1400 1600 1800 2000
ZZ -> |ljj CONF-2012-150 m[GeV]
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Resonant WZ to IVl

e Event Selection

arXiv:1406.4456 S oL | tow  —weoown ]
— Exactly 3 leptons S ey, fuaznae g"l —Wiikson) 8
z Other bkg —— W(1400 GeV)
_ 2 0S SF |my — mz| < 20 GeV g o= ;
- E!y‘;iss > 25 GEV o SR, All channels combined
1 q W High mass
- Ay(W, Z) < 1.5 1
. . - w’
— High (low) mass region A¢(IV, EF*s*) < (>)1.5 ,o,
e Reconstruct mwz using 1rt(lW,E{,l‘i“s) = Mw g 2§ ' i :::;
d z I T 44 08 ) 1) i
e Background estimation e ;EE“ * ++‘$4'41 ...... I i
200 400 600 800 1000 1200 1400 1600 1800
— Prompt BG, 3 or more prompt leptons, MC: WZ, ZZ (Powheg), My [GeV]
tt + W/Z (Madgraph) 3 2F amas R T
— non prompt BG: photon conversation MC Z+v (Sherpa), where lep- §, 200
tons from hadron decays Data driven: ll+jets, (#Z, single t, Z+jets) 3 1 e

B vz
[777] Cuawr
— W(200 GoV) 1110

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

T Tt
— - Expecied 95% CL Limit

B 95%CLt 10
18=8 TeV.ILdI =2031" 95% CL+ 20

w— Qbserved Limit

Low mass

2

ATLAS

o (pp—X) x B(X—=WZ) [pb]
o

: B EGMW 2 - 142

Related searches 8 TeV.: 1 | e : i Wl il

. wee (HVS Al YLD W
CMs: === HVT Bigv=3) 20300400 500 tloo1 4

27 -> lvqq EXO-12-022 My [GOV]

WW -> Ilvgq EXO-12-021 10° > Lower limiton W’ is 1.52

WZ -> Ivll EXO-12-025 s T (observed 1.49) TeV
ATLAS 10200 400 600 800 1000 1200 1400 1600

ZZ -> |ljj CONF-2012-150 miGeV] CMS: exclude between

0.17 to 1.45 TeV
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Heavy Quarks & Top like signal

Heavy top mass may point to a special role in EWSB
- Look for BSM with top or top-like particles

= Signhatures include: ttbar resonances decaying
leptonically and hadronically, pairs and single
production of heavy b-like and top-like particles
decaying to Wb, Wt, Hb and Ht. The events include

resolved and boosted top jets.

- Models include:
) | eptophobic topcolor resonances
= RS KK gluons o
=) Heavy W’ decay to t-b H \  H
= 4th generations .. VLQs
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Top antitop resonance

® Many models favor resonance _
decay to tt: Z’ top-color, bulk tt -> Wbwb
RS (KK gluon)

® Various decay channels:
= tt ->dileptons, 2 X b+ W->lv

= {t-> lepton + jet resolved and
boosted, W->lv, W->jj +2b

= tt-> hadronic BOOSTED

All jets 44%

15
Electron s :
4 \_.I ?.‘%,_«L‘
1

S
3 SN s e N N N SN
44 90 180 270 360

leptonic top candldate
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hadronicstop eandidate=._

leptonic fop -

CATLAS|
A EXPERIMENT | = —

Run Mumber: 209995, Event Mumber: 51046560 18 ST
hadronic top

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

ronic 1op candalgale 5SS ET(GeV)

—
| ll‘

45

SNy —
= o ‘:', | | 35

.
' - T —
| e =
e T
i L;_-'—'::T_:‘:-':__ - e == r e
e [ e

e e —

| —— |
- I e
o N N N S e e e S
e I 30 OTSNG N N N N N
nal 4 g g 1 2 3

leptonic top ca : 0o few, I
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Top antitop resonance (lepton+jet)

ATLAS-CONF-2013-052
Recently Improved efficiency at high tt mass with tuning lepton
isolation (shrinking the cone at high momentum), using Fat ( R=1
anti-Kt) jets trigger which performs better than lepton trigger at high
mass

combine resolved and boosted selection (choose the better
mass resolution on an event base)

Y -
T N _
/[ \'
/ /
@/
b

-‘(B IIIIIIIIIIIIIIIII I T T T T I IIIII -‘(B IIIIIIIIIIIIIIII I T T T T I T T T T I T T T T I_
S 025 i o ] c L o i
@ V.eor i ATLAS Preliminary o 095 ATLAS Preliminary

qq_J B ;i Simulation,\/s=7 TeV i qq_J r Simulation,\/s=7 TeV
g oo i e m,=0.5 TeV _ g B mg =1.3 TeV ]
2 - my =1.3 TeV ] 2 02 L . m,=1.3 TeV ]
icé B S e m,=1.3 TeV i icé - A e m,=2.0 TeV i
w 0.15— [ — m,=2.0 TeV - L 9.15EF fo s m,=3.0 TeV J
01:_ E ; L _: 01: ]
0.05(— R — 0.05 7
0:1¢ " I :-.'!"h--.‘.l Lol [ IR ll-n'"'l o L 0: L ?-Il'-l. by | :--E"'-- ns)
0 0.5 1 1.5 2 2.5 3 0 2.5 3 3.5
Reconstructed tt mass [TeV] Reconstructed tt mass [TeV]
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Top antitop resonance (lepton+jet)

Events / TeV Data/Bkg Events / GeV

Data/Bkg

40 E—ATLAS Prellmlnary --Data il

35F [l Single top [ Multi-jets

3 OE [JW+jets [ Z+jets
= []Diboson

258 7 Is=8TeV
Z

20 % 7

15 JLdt=14.3fb'1

e + jets

160 180 200

~40 60 80

100 120 140
A /dfj = mjn(pr, ij) X ARU

ATLAS Preliminary =Data  ---5xZ (1.5 TeV)
th 5x 9ex (2.0 TeV)
P Vutti-jets  [JW-+jets
[]Other Backgrounds
Is=8TeV

JLdt: 14.2 fo'

15 :.« ---------- _///////////////////W
WS i

m[§°° [TeV]
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Events / GeV

Data/Bkg

Searches at LHC run-2

L DL RN B BN L BRI BN IR BN
60FATLAS Preliminary ~s-Data Ol =
- [l Single top [ Multi-jets 7
50 /// [JW+jets OZ+jets
403 7 ;y [CJDiboson 5 Tov ]
— L, st Is=8Te g
- A :
30 et —
- G 7 JLdt 142" 3
NH 7 =14. ]
20627 | =
’ U+ jets .
boosted _-
100 120 140 160 180 200 220 240 260 280
t had [GeV]
3‘ L) T T L) l T T T I T T T T I T T T T
Qa Vs =8TeV ———— Obs. 95% CL upper limit
= B 4 Exp. 95% CL upper limit
1 Jrdi=1431 I Exp. 16 uncertainty
< Exp. 2 ¢ uncertainty
ECOJ Kaluza-Klein gluon (LO)
0)3 ATLAS Preliminary
bcn

2.5

d, Mass [TeV]

Exclude m(ggr) < 2.0 TeV 95% CI]

m(grk) = 15%

Erez Etzion

(¢]¢)



Top antitop resonance (lepton+jet)

R — —r— —r— —r — — — — —
%, 40 ;—ATLAS Preliminary - Data Ot % 60 E—ATLLAS Prlelimir;ary . Data ' |I:|tf ' _f
O 35 oo / @ Single top [l Multi-jets ) - [ Single top [ Multi-jets 3
; 30 = /// CJW+jets O Z+jets ; 50 /// [ W-+jets Mz+ets
= = : []Diboson ] - / [CJDiboson ]
c - 7 ] e _ (- — / [7 | —]
() 25 / #Z Is=28TeV 40¢ L, s Is=8TeV 2
T 7 g) - 2 /AW{//rJ =
w20 % W 3o 22 =
1587 JLdt =143fb" L F 7 JLdt: 142" 7
- 208527 , =
10E e + jets . U+ jets
- 10E 787 boosted _7
5 - ]
- --“ ___Mz-_-_-::-_:-_-____
D B ey G o 2 '
m 1 ¥ o
g o5k % :
= D e it A sl
I 40 60 80 1 00 1 20 120 1 60 1 80 200 a 1 00 120 140 160 180 200 220 240 260 280

1 had [GeV]
dij = min(pt;, prj) X AR;;

- 95% CL on 1-3% width | 95% CL on 10% width | 95% CL on Kaluza-Klein gluon

CMS lepton+jets 2.0 TeV 2.1 TeV 2.6 TeV 2.7 TeV 2.2 TeV 2.5TeV
CMS all-hadronic 1.7 TeV 1.7 TeV 2.5TeV 2.3 TeV 2.1 TeV 1.8 TeV
CMS combined 2.1 TeV 2,1 TeV 2.6 TeV 2.7 TeV 2.4 TeV 2.5 TeV
ATLAS lepton+jets 1.9 TeV 1.8 TeV - - 2.1 TeV 2.0 TeV
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Novel boosted tagging techniques (jet+jet)

JHEP 01(2013) 116

® HEPTOpTagger %350_*' T I";'b;';zvo;1 ffff - %35TTY.17 —T—T—T T T
. . O : ] o : -»-Data 2011 .
- start with Fat (1.5) C/A jets g3o00- I Dz (1 Tev)o = 1.3pb S 30- Dg:f,_s'rev,mo.aspb?
. - - Ui - - F T ]
- split, re-cluster test for top 2 250, Dot ] g 2 B Mot E
compatibility @ 200} ATLAS ] @ 20 ATLAS .
e TopTemplate 150 Jramazet 15- | IR
: ke ¥ lo¥ : Is=7TeV ]
- compare jets topology to 1004 HEPTopTagger - 3 Top Template Tagger ]
300k templates 50 5 ‘
- use AKT (R=1.0) jets 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
o tt™m G i
- top quark efficiency ~75% ass [GeV) tt Mass [GeV]
HEPTopTagger TopTemplate Tagger
® Modeling O R - \NMasar Ao
. = s\ xp. 95% CL upper limit = B W Exp. 95% CL upper limit 4
- ttbar MC@NLO, Herwig, b i r BN Eo. louncertainty |
o . N xp. 2 ¢ uncertaint X Exp. 26 uncertaint
- signal Z’-Pythia, kk-gluon & B Lo 2 001 & B KK ohion (L) -
X ATLAS 2
M a d g ra p h = HEPTopTagger ag 1
- multijet BG - data driven
(loose b and t tagging) 15 =7TeV
107 \s =7 TeV 104__J.Ldt=4.7lb"
JLotzazn L ATLAS ~ Top Template Tagger
06 08 1 12 14 16 18 2 Y v R
Z' Boson Mass [TeV] 9, Mass [TeV]
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http://dx.doi.org/10.1007/JHEP01(2013)116

4" Generation and Heavy Quarks

® 4t generation would significantly
enhance Higgs production cross
section

=) (almost) excluded by observed
Higgs cross-section

® Beyond 4" generation: Vector-like
“Standard” SM4 quarks (VLQ) in composite Higgs

ot’t’->WbWb: like heavier theories

. = - diverse phenomenolo
°b’b’->WtWt messier than tt (extra The left P & right &

Quarks

)
-
O
P
(ol
Q
-

2 X W) . . handed components of VLQs
eSingle production: important at transform the same way under SU(2)
very Iarge mass, with Iarge BG. = Allows for a gauge invariant mass
term independent of the Higgs and
of some unspecified BSM oriain.
Ty, . Tk
(7‘1,) . (TR)
B, Br
MQQ

e VLQ appear in many BSM theories, mainly
with strong EWSB.

- Loose constraints on CKM4
=) decays to light quarks possible!
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Vector Like Quarks

¢ GIM mechanism is broken, tree level FCNC arises.
e Vector like multiplets with new charge quarks (+5/3 X, 4/3 Y).
* Mixing primarily with third generation, but not required.

Branching Ratio

0.7

0.6
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0.4

0.3

0.2

0.1

:I T T T T T T T T T T T T T T T :I g T I Tirnri ] LI L L I LI I LB l LI I T l LB I |
N N © B o
—_ _— m 1_ ..................................................................... cootel
N . ] 2 : :
- Singlet Doublet . = | SU(2) Singlet (B,Y) Doublet (T,B) Doublet il
= —T—>Wb - Q I i
- . ‘g 0.8l —B—-=Wt B— Wt o B— WH
— - L —B-=2Zb e B—-2b i
N N - =——B-—-=Hb - B — HbD .
- ] 0.6/ .
R U _ 0.4~ |
g | | | | | | | |§ || R ——————— -
300 400 500 600 700 800 900 1000 T FEERE PN AR R SRR FREEE PR EEe |
m. [GeV] 300 400 500 600 700 800 900 1000
T m,, [GeV]
VL-top VL-B
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Vector Like Quarks

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

o 100/ ATLAS Preli e+ 26 jets, = 4 b-tags ' % : ta(is =48 Te ATLAS Prelimina
;g k ILdl = 14é| ;Yt:"aw —Qu— Dalla (V& = B TeV) : Ht+x Wb+x g 45;—;?; IEGODI C:i:«;lv' " Ldt=1431b" 4
S jf 5{%"%%‘.:;3' . ATLAS-CONF-2013-018 ATLAS-CONF-2013-060 ~ — <o (17«75
€ - = 1M : . ol 'E - CNoni
5 + g%? | Single lepton + missing E; 2 Z: DTT.:G et
80— ibogon : . . ! tight
i E%ﬁ‘ézgw -+ Atleast 4 jets, one or (many) more b-jets i s I
Tot bkg wnc i i -
40 = ! 20—
~ 2 6 jets Reco W, 3
20 10}
2 4 b-tags Reco WbWb i s Z
P ol B é
o o . Test H(all) Test Mass :
P g | :
= 05 ; 8
0 200 400 €600 800 10001200 14001600 18002000 .
H, [GeV] |
Zb/t+X Same-Sign
?J E ATLAS-CONF-2014-036 ATLAS-CONF-2013-051
3 =
g ai(ssoam—; g ATLASPreiminary| Jus-1a3w” " o Ehamdiina=b Tev:
& remcen 3 e OS/SF leptons * SSleptons 5 I — bW 6000eV
> 2 btags b . o = 6:'— . cee-bl wxeweev-—':
-+ Zcandidate * MissingE; = b RPN
: I :
_::' ° High pT(Z) ° 2 2 jetS u.l 4:_ DOMs»m _:
: . . 1= (=
1 ¢ 22b-jets * 21b-jets : 2 :
...... 2 B
5 * Large H.{jets) * Large H(all) : C
1 1
5 ~ W
Test m(Zb) Count

200 400 600 800 1000 1200 1400
m(Zb) [GeV]
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Vector Like TOP

95% CL
exclusion in
BR(t' -> WD) vs.
BR(t' -> Ht),

for different
VLQ t' quark
mass.
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Vector Like TOP

AN

ATLAS Preliminary

& ko T CL ;'-j:;ev I Lt != 14.3 n:"
\\\\ mpi s

m, = 350 GeV

o,

BR(T — Ht)

0.2 0 6 1
M SU(2) (T.B) doub @ SU(2) singlet

1

< m, = 650 GeV
04§ _\‘\\
02 §\\\\ o NS
' R m, = 850 GeV
0.6 %%bo
) .
BR(T _) Wb) |

* IntheT plane, the Ht+X analysis is particularly powerful in the Ht corner, but also has
considerable sensitivity over a good portion of the full plane.
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Vector Like TOP

ATLAS Preliminary
Status: Lepton-Photon 2013
¥ = 8 ToV _[Ldz =1430

- o 5% CLexp exc! — 5% CL 0bs. excl

) reex [ATLAS-CONE-2013.018)
Same-Sign [ATLAS-CONF-2013-051)

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

1
08

06

0.4
0.2 - 02 F
% 0.2 0.4 06 08 g O
1 1
~ m, = 800 GeV
08 015 08
0.6 2 06
04 |- 04
- o ®
02 02
0 i A A | S S 1 | U - | il A D PR | ST SR T SN SR T S SN TN S S SN S 1
0 0.2 04 0.6 0.8 1 Yo 02 04 0.6 08 1
BR(T — Wb)

* IntheT plane, the SS analysis complements the Ht+X analysis, adding a little more reach at
low BR(Ht) for lower masses.
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Vector Like TOP
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However, the Zb/t+X provides the best sensitivity at low BR(Ht) in the T plane.
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Vector Like TOP

70

® SU(2)singlet

[ATLAS-CONF-2013-018)
[ATLAS-CONF-2013-056)
[ATLAS-CONF-2013-060)
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And Wb+X fills in the remaining uncovered region, the charged-current corner.
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Vector Like Bottom

ATLAS Preliminary

¥ =8 Tev JLd‘.z 1431

= = 95% Clexp exc! — 5% CL obs, sxcl

Same-Sign [ATLAS-CONF-2013-051)

BR(B — Hb)

ZbneX [ATLAS - CONF.2013-056)
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* And the Zb/t+X covers well the neutral current side of the B plane.
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ATLAS vs CMS plots..

BR(bW)

800

ATLAS style

Observed limits:

WD

750

Excluded for
mass=X

=700

~{650

Wb

Multiple BR limits,
different analyses for
fixed mass on same plot

—600

1 0 1
BR(tZ) BR(tH)

hep-ex:1311.7667 Physics Letters B 729 s20l4! 149

[A2D)] yury ssepy qaen) |, paAIasqQ

/1

Wple mass vs
BR limits on for
one analysis

Zt ht

CMS style
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Long lived particles and Lepton jets

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

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

- Sighatures: prompt or displaced lepton jets,
displaced jets, high TRT ionization, high pr
“muons” with high dE/dx, or tracks with
anomalous ionization and bending

= Physics model include
=) Higgs & Z’ decays -> hidden valley particles | et 243 |
=) Associated production of W/Z & H to l-jets ¥
=) Monopoles Cecf‘i:;“
= High charges |

B Quirks
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Lepton/pion jets

WIMP-like DM

Predicts massive dark photon (yd4) decay to pairs of e, mu or pions.
Appear as collimated sets of leptons (pions) at LHC.

The strength of the SM and yd mixing determines the vertex distance

ATLAS set limits on Sigma X BR of Higgs to prompt e-jets as well as to
prompt and displaces mu-jets and LLP pseudoscalar dark pions, v and on
SUSY lepton-jets production.

® Dedicated triggers and tracking
® Associated production e.g. W+H -> e-jets

R d e
£/ \ M g+ Electron jet
X~ ] , Y e
|

\\\ g e;{-
M o+Electron jet
Y e

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion 74



Lepton/pion jets

WIMP-like DM

Predicts massive dark photon (yd4) decay to pairs of e, mu or pions.
Appear as collimated sets of leptons (pions) at LHC.

The strength of the SM and yd mixing determines the vertex distance

ATLAS set limits on Sigma X BR of Higgs to prompt e-jets as well as to
prompt and displaces mu-jets and LLP pseudoscalar dark pions, v and on
SUSY lepton-jets production.

® Dedicated triggers and tracking
® Associated production e.g. W+H -> e-jets

: )\ Y/l ) d e /’//K::‘\\\ n
] e . d
. NEEL/ , , ot Electron jet
5 . . A 1 N +
Y d,2; a1/ hyo +Electron jet
—t- e / ’ °
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! J H ’
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Y| ‘ — ‘MA‘C‘ \\\\ Y d e:'-
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e i i Electron jet

MGJ,EIectronjet o, ot ectron je
Yd e'
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Search for displaced dilepton pairs

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

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

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

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

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

0¢ between the dilepton vertex and their momentum sum Vector is < /2

CMS Unpublished  ¥5 =8TeV, L=205m CMSUnpubhsmrd ¥s = 8ToV. L=19.60 -
1 rIY'lYI!I

g 10’-YI|YIYIIVIIIII[IYII I ] g 106 lllllllllll lD‘ I -IYIIIII"
T LE MW bibosan = e'e’ &w““'m' . Data CMS Simulation fs = 8 TeV
IJCJ 10 AWJels g pata UCJ 104 i 3 FETER TELErT T TETegs Ty T s
i .. =1000 GeV - oo
10° D“ m, =1000 GeV 3 Bzrove- ::'350 GeV 2 TF u
2yttt M 107 o
10° l m, =350 GeV 1 .7-' 1=l m_=350 GeV [
Bz ssocey 107 by, Hoco 7 ms40cey w f*""*‘++~+-+-++-+—+—
10° Boco m=140Gev gy oo ; + -}-
e ! . Fa L, e e At 10‘1 :_
10° [t MZ1000 GeV, m =350 GeV +
10 I
1 . T n“ . 102 ™ 2400 GeV, m =50 GeV f
P P 1 1 | | | P [
0 2 4 6 8 10 12 14 16 18 2 2. 5 3 e o 1900 Ga,m = 148 Ga¥
Min |d lo |, IA¢| > /2 Collmeamy Ad
3 ’ ' ' 0 10 20 30 40 L5,0[ fio
8 s _4}_ 1 cm
I R S fr—g—s ++ : !
t 0s g

s 5 0 ¥ ie 1 18 po) % X3 1 s ] 75 3
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Search for displaced dilepton pairs

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

—_—

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

o~
/ .
g -

Look for BSM Higgs H® — xx,x — [T~ or
squark pair production ¢§ — gx" RPV ¥° — [T~ v

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

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

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

CMS Preliminary Vs=8TeV L=20.5M" CMS Preliminary Vs=8TeV L=20.5M"

g .0 e E .
X% N m,, = eVic % = ol m,, = 125 GeV/c? _
- Observed limits , i = Observed limits 3
+ —&— m, = 350 GeV/c 1 ¢ : 2
T —&— m, = 50 GeV/c® 3 T —— = 20 GeV/c?
X v = 20 GeV/c’ 1 X 1 mx 3
S 1 ) m;( il . S b " . =
9 Expected limits (+15) /,' J 2 Expected limits (+1c)
;E 107 j )72 4 -
1 1 107 E A Higgs boson, myg =125 — 1000 GeV
o I © 3 .
L 102 1 T ] decays to pair of 20-350 GeV X bosons,
3.3 © decaying to dileptons.
3 102 E .
10 % 3 The upper limits are between 0.1 — 5 fb
% ) for lifetimes of 0.01 < ¢t < 100 cm,
uuu.ll lil‘.u.i A AL LS ;.‘lll].l 4 LJUUJL '.'.u.u.l .‘L.'l.‘lli L'.lj 103 :—1 uuu.l JJLHLUL LJL-LUL Lkl;ui LLJ;l'.Jl u.uu.d llilui lllh‘l—é Weaken tO 5 o 50 fb for mH:125 Gev
107 10" 1 10 10° 10° 10 10° 107 10" 1 10 10° 10° 10* 10°
ct [em] ct [cm]
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Other exotics searches

® Magnetic monopoles and highly ionizing particles

PRL 109 (2012) 261803

‘ High-threshold TRT hit fraction, fgr,
.. versus EM cluster dispersion, og

0,; =< 30_ L (R (AL (L DL B LA AR IR

B : -

® Multi-charges " ) :

PLB 722, 305 (2013) S 2F Hdi=441 M 200 GeV 4 E

' 2 PE) G | Mass=200GeV, al-de

15 i —ois -3

L : A :

The plane of TRT and MDT dE/dx significances 10F o>
after the |g| > 2e selection. 5 E
The distributions of the 2011 data and the signal sample F - .
(mass of 200 GeV and |q| = 4e) E A o B
-5 Data L

_10:““1““1““ P B I B B
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http://link.aps.org/abstract/PRL/v109/e261803
http://dx.doi.org/10.1016/j.physletb.2013.04.036

Model-independent generic search

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

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

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

e Provides comprehensive investigation for new physics
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ATLAS Preliminary det=20.3fb'1,i§=8TeV

Events

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

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

s

e BG estimated with MC, except for single fake leptons using data driven
("ABCD” method)
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10j1b [TTTHTITH]

8j1b
8j2b

830 [T TR

10j2b BRI —~

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

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

JER, b-tagging, ~-id..) u
10° & :
S F ATLAS Preimnay  Channel: v2j2b | s Damz2otz i | Ll . O
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region with the 10 ? Tty -
smallest p-value — -'?;ﬁ)‘fs%”n =
(0.097) for this 1 : =
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Model-independent generic search

Not optimised for specific signal

(” ABCD” method)

ables (mesy, visible inv. mass and EJ**9).

JER, b-tagging, v-id..)

MET for the class
with (nu2j2b). The
dashed vertical
line indicate the
region with the
smallest p-value
(0.097) for this
class.

ATLAS-CONF-2014-006

Provides comprehensive investigation for new physics
Study topologies with isolated e’s, u’s, v’s, Jets, b-jets, MET
Search in 697 classes with SM expectation greater than 0.1 events

BG estimated with MC, except for single fake leptons using data driven

Test compatibility of data to MC in three kinematic BSM sensitive vari-

Systematics dominated by MC stat and experimental uncertainty (JESE’
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A clear demonstration of our
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LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud)
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LQ2(p)+LQ2(v) Lepfoquarks HSCP stop (dloud)
LQ3(vb) x2 q=2/ge :ggg
LQ3(tb) x q=3e
LQS(( ; neutralino, ctau=25cm, ECAL time

RS1(yy), k=0. j+MET, S| DM=100 GeV, A
RS1(ee,uu), k=0. j+MET, SD DM=100 GeV, A
RS (jj), k=0. y+MET, S| DM=100 GeV, A
RS1(WW—4j), k=0. y+MET, SD DM=100 GeV, A
RS1(ZZ—4j). k=0. I+MET, £&=+1, SI DM=100 GeV, A
’ [+MET, &=+1, SD DM=100 GeV, A
bulk RS(ZZ~1ljj), k=0. , &=+1, :
ulk RS2zl +MET, €=-1, S| DM=100 GeV, A
[+MET, &=-1, SD DM=100 GeV, A
SSM Z'(t1) |
ssmz@) |
SSM Z'(bb) dijets, A+ LL/RR
SSM Z'(ee)+Z'(uy) | y rguit:é /\/; Lt{_l?'\F/l{
ssMmw@ o imuons, A+
SSM W'(lv) : dimuons, A- LLIM
_—!_!—’ .
T — sl o A
SSM WI WZ_’4. — ’
( ) inclusive jets, A+
0 1 2 3 4 inclusive jets, A-
Excited
e* (M=) Fermions ADD (yy), nED=4, MS
u* (M=A) ADD (ee,u), nED=4, MS
q* (qg) ADD (j+MET), nED=4, MD
g* (ay) ADD (y+MET), nED=4, MD
b* QBH, nED=4, MD=4 TeV
0 y 5 3 4 NR BH, nED=4, MD=4 TeV
| (i) x2 Jet Extinction Scale
colorony)) X .. String Scale (jj)
coloron(4j) x2 Mu H'IJ et
gluino(3j) x2
Sluino(ib) x2 Resonances

CMS Exotica Physics Group Summary — March, 2014
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Compositeness

Large Extra
Dimensions
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Cross section ratios

W 1.2
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N— N
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B—— 2.6
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Cross section ratios: 14 (13) TeV/ 8 TeV

A. Hoecker, Higgs Rome Workshop

And: pp — H*500) + X: 14 TeV/8 TeV ~ 7

(for 13 TeV/ 8 TeV: 8.4)
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Run-ll new opportunity for discovery

® New opportunity for
discoveries:

- Increase in CM
energy -> Increase
the mass discovery
reach

- Increase in
integrated Luminosity
- Enhance sensitivity
for rare processes

system mass [TeV] for 14.00 TeV, 300.00 fb!
-

0 1 1 1 1 | 1 |

-« 0 05 1 15 2 25 3 35 4
system mass [TeV] for 8.00 TeV, 20.00 fb™!

Z'SSM (3 TeV) | 13 |
Q* (4TeV) é ?7
QBH (6 Tev) e 12000

1 10 100 1000 10000 100000
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Flg

\<A..,-\w Jets analyses s

X = el

® Searches for high mass resonances

® Model like g* the discovery reach of 14 TeV in 1/fb is what we
excluded with the 8 TeV, from there the sky is the limit..

® Deviation in angular distribution as a sign for new forces and
dimensions

® Searches at high jet multiplicity
® Additional studies
- low m 3-jets, paired dijets
® Crucial JETMET, e-Gamma:
- JES calibration, uncertainty
- Jet cleaning
- trigger
® Data driven BG, depends on fit function stability

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion 81



Reach of searches in leptons / photons

E 1 e
o ATLAS -~ Expected limit
Lssm— | [ ]Expected+ 20 :
— Observed limit
10'25_ —Z55 13 v
10‘35—
10°E
10-5 A L )
0.5 1 1.5 2 2.5 3 3.5
Mzm[Tevl
FOF s eor T Early studies of hes with dileptons, diphoton, lept Emiss
€ ATLASVG = 71OV, 18 e [arly studies of searches wi 1leptons, diphoton, lepton + L
6510 —&— ATLASVs « 7TeV, 4.7 b

e ¢q yield of signal at 3 TeV is x20 higher at 13 TeV compared to 8 TeV

e The reach of 1-2/fb at 13 TeV is comparable to 8 TeV with 20/fb

10" (for BG free region and no systematics..)
ATLAS Internal
102 Wl e Should try to improve the low mass region as well
\s = 8 TeV
103 95% CL [Ldt=2031b"

T T T T T T
5 1000 1500 2000 2500 3000 3500 4000

m, [Gev] © Require further studies of lepton performance, E7'55
theory (high order corrections).
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Run-2 Physics priorities

® Exotics

- Updates of very high-pT searches (eg. dijets resonance) in summer 2015 (1/fb).
Majority of the analyses should produce results with first 5/fb accumulated

® SUSY
- Majority of analyses should produce results with 5/fb accumulated
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Summary

® Run-1
® 125 Higgs: Do we understand the theory of particle Physics?

® Large number of Precision measurements and BSM searches in various
topologies and theoretical scenarios resulted in excellent (too good?) data/MC
agreement and NO significant hint for NP.

® Superseded previous exclusions, reach a few TeV scale!

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

® Run-2
® High expectations from the dramatic energy and luminosity increase
® Challenges for the new run (TeV leptons boosted objects, higher pile up..) ?...

® Will need to start with the foundations (understanding of trigger, detector,
physics objects) -> continue the precision measurements effort, focus on
Higgs (& top)

® Look fast for NP hints in the obvious directions

® Rediscover the SM /8 TeV, later improve the precision and search for NP in all
possible directions

® We will need to be faster, smarter and improve our efficiency and collaborative

R /LN
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Still long way to go

ATLAS Simulation Preliminary
(s =14 TeV: [Ldt=300 fb" ; [Ldt=3000 fb™
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Search for heavy resonances

® There are famous precedents

® Theoretical challenges: predicted by numerous BSM
extensions

= GUT -inspired theories Z’ from broken EG6, SO(10)..
- Little Higgs->heavy gauge boson(s) 2’ (W’)
= Technicolor->narrow technihadrons
= Extra Dimensions-> RS warped KK graviton, KK gauge bosons
- Benchmark model Sequential SM (Z°, W*- couplings)

® Experimental challenges:
- Detector effects (trigger, resolution, efficiency) at high E.
= Theoretical (mass) predictions not uniquely defined
- Reach the TeV scale - a few CRs, extrapolate from low E, MC
- However expect clean signal N
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Resonance in X/HH—bbbb
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the signal benchmark model is spin-2 KK graviton

in the bulk RS model (G*) decaying this way.

The observed data is compatible with the SM background

hypothesis

Given that there is no evidence of a signal, the result is used
to set upper limits on o(pp — G*) x BR(G* — HH — bbbb)

as a function of mg-

The model is excluded for mg+ between 590 GeV

and 710 GeV at 95

UAM/CSIC Madrid, Sep 2014

ATLAS-CONF-2014-005

Type Sideband Region | Control Region
Multijet 903 +3 935+3

13 19.0 £ 0.2 26.7 +0.3
Z+jets 11 %1 17+ 1
Total Bkgd 933 +3 979 +3
4-tag Data 933 933

G* (mg- = 500 GeV) 0.75 £ 0.10 39+02
G* (mg- =700 GeV) 0.48 + 0.04 3.0+0.1

o(pp — G*) x BR(G* — HH — bbbb) [fb]

102

I Expected = 1o

Expected = 20

Expected Limit (95% CL)

= Observed Limit (95% CL)

m— RS Graviton, k/M

Planck

=1.0

10 =
~  ATLAS Preliminary \s=8 TeV:f Ldt=19.5fb" -
1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1
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mg. [GeV]
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Resonance in X/HH—bbbb
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the signal benchmark model is spin-2 KK graviton
in the bulk RS model (G*) decaying this way.

The observed data is compatible with the SM background

hypothesis

Given that there is no evidence of a signal, the result is used
to set upper limits on o(pp — G*) x BR(G* — HH — bbbb)

as a function of mg«

The model is excluded for mg+ between 590 GeV
and 710 GeV at 95
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o(pp — G*) x BR(G* — HH — bbbb) [fb]

Searches at LHC run-2

102

10

ATLAS-CONF-2014-005

Type | Signal Region

Multijet 1095

i 10£6

Z+jets 0.7+02

Total Bkgd 120+ 8

Data 114

G* (mg- = 500 GeV) 125+04
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Pair produced three jets resonances

arXiv: 1311.1799

® Search for 3 jet resonance in falling spectrum

- Model independent search

- Signal model: RPV SUSY gluino pair decay to light jets
or light+heavy jets.

- For b-tagged results, QCD shape from b-vetoed data
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o x BR(X — jjj) [pb]
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(heavy quarks)
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o x BR(X — jjj) [pb]
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Dijets with bb and bg final states
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® Simultaneous search in 0, 1, 2 b-tags (essentially requiring secondary vertices.)
® Model independent limits vs. Br
e nterpreted in qq, gg, and bg (Z’, GrRs and b* models)
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Dijets with bb and bg final states
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® Simultaneous search in 0, 1, 2 b-tags (essentially requiring secondary vertices.)
® Model independent limits vs. Br
e nterpreted in qq, gg, and bg (Z’, GrRs and b* models)

CMS Simulation s =8 TeV
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Dijets with bb and bg final states

® Simultaneous search in 0, 1, 2 b-tags (essentially requiring secondary vertices.)

® Model independent limits vs. Br
e nterpreted in qq, gg, and bg (Z’, GrRs and b* models)

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass (GeV)
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Dijets with bb and bg final states

® Simultaneous search in 0, 1, 2 b-tags (essentially requiring secondary vertices.)

® Model independent limits vs. Br
e nterpreted in qq, gg, and bg (Z’, GrRs and b* models)

CMS Preliminary L=19.6fb" s =8TeV CMS Preliminary L=19.6fb" \s =8 TeV
/>\ 10 =t [TT T T[T T T [T TP T[T T T T[T T T T[T T I T[T T T I [T T T T [TTT 3 :l T T | T T | T T | T T | T T | T T 1 | T T]
8 2 b-tags o _ qq/bb 0, 1 and 2 b-tags
—e— Data ~
re) < 10 V(= =
g = L2, =02) E
= 10 E — Fit E X - o ]
= a 3 = 95% CL Upper Limits .
_g 102 - Ml <2.5&IAn <1.3 - = [ ca-f =10 ]
S~ = =
3 10°L M>890 GeV, WideJets ] (I L @ f =05 .
E E X F oo -o-fp=02 -
10 E E ah) B gﬁg RS _B(X — bb) i}
10° = = X 101 A‘\'ﬁ '\“&Es\ bb — B(X — jj) |
10_6: 3 @) - Aéggﬁﬁ%fg%g s
107 - “x?ﬁ§%h§ -
1 0-2 == 'Q"\ %%é Até.i\‘u —
108 0 - . N E hi<258&IAn1<1.3 ~G %@5’@@'@ -
s 3 55 ............... 5' ........ 5 ............... 5 ............. 5 ............... 555 ............ - . ’x" - ]
% (2; .............. e S o ::::§.4...,4...:::::§.:: ......... T SR S Exclude i WideJets %\@ .
[T . H H H n . . H S
o A R ’ . Sl vy b by v b vy
éU/ _g s Hepe— [ T T R I SR PR SS M z ° 1 0 1 000 1 500 2000 2500 3000 3500 4000

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV) 1.2-1.68 Te\ Resonance Mass (GeV)
e RS graviton:
1.42-1.57 TeV
. b* :
1.34 to 1.54 TeV
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MonoW/Z

Events / 10 GeV

Event Selection

e One "fat” C/A (R=1.2) jet pr > 250 GeV, 50 GeV < M. < 120 GeV,

require momentum balance of two leading sub jets

e max 1 additional anti-kr R=0.4 jet (pr > 40 GeV AR(Jnarrows Jfat) > 0.9

e veto leptons or photons
Signal regions:

e MET > 350 GeV or MET > 500 GeV
Validate W reco with fat jets in
top dominated m+MET+b-jet
CR

L L S — >
160~ ATLAS 203" \s=8Tev —* Data G
0 Top =

. =miss . -~

140f~top CR: ET™ > 250 GeV W(e/w/7)+jet >
120 ///; uncertainty o
100 -

80
7

40
20§

UAM/CSIC Madrid, Sep 2014

Searches at LHC run-2

arXiv:1309.4017

BG estimate
eMain Z(nu,nu)+jet with W(mu,nu)
+jets
sttbar, single top, diboson from MC

*Multijet - negligible
Estimate dominant BG: W/Z+jets

from mu+jet+MET CR

W/Z(e/w)+jet
o Top

300 Il Diboson

Y///, uncertainty

7

ATLAS 203fb' \s=8Te\d

u CR: ET** > 350 Ge

250
200f

o/ y y;
1000 /é’
50
% 60 70 80 90 100 110 120
m . [GeV]
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MonoW/Z

> 350 > 45T
8 CATLAS 20.3 15" \s < 8 TeV —e— Data . & - ATLAS 203fb \s=8TeV -e-Data 3
o 300F aq. wmiss Z(vv)+et ] o A0 Z(vv)+jet E
@ 250 W Top = 2 F — D5(u=d) x20 J Top
st (—=—1 I Diboson . ¢ 30f —. D5(u=-d) x0.2 S8 Diboson E
o 200F | | J///, uncertainty - W osE o ///, uncertainty E
- — D5(u=d) x100 1 Q3 . : E
150l Toeax 3 Signal regions l—d{—', 7 E
«|00~ W //////////7__: 15 ///'”‘/'Z,"m"{/ W _;
_%_— 7 .
50 = ////////_é direct search: WIMPs annihilation A, ”
. - 9 ’:
% 6 70 8 9 100 110 120 SM x & % 6 70 8 9 100 110 120
m,, [GeV] ‘ g m,., [GeV]
= o
g s
3=
v>— T T I" T T T T T T T T T T T T T OU —_— T T T T T T T
[ ATLAS 203fb" \s=8TeV —=— D9.obs 1 SM ) “g 35|~ DS5(u=-d):obs 90% CL | - D9:obs )
g 10° —a— D5(u=-d):obs v S ‘2‘10 - —#— D5(u=d).0bs D9: ATLAS 7TeV j(T)
i —+ D5(u=d):0bs - . g 5 D5:ATLAS 7TeV %)
=0): ) > O
10+ [.90% CL o D1:0bs Hadron collider search §1038
—»— C1:0bs §
Probe relative Sqg%
coupling %
to u and d quarks. 1042
Stronger than ATLAS 203" \s=8ToV
monojet 10 — SIMPLE 2011 -
f ite si | —COUPP 2012 - - IceCube W'W |
Ll S T S B N B or opposite sign 15— COMS low-energy N _P'CASiozo‘z lfeCubebs
4 1 1 10' A A L A LLLL A LA A LLL A LA A LLL AL L LALL A A L LALL A A L JAALLLL
0 200 00 600 800 1000 1200 case. 1 ” e "y ” - e
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Microscopic BH & string balls in leptons + jets

arXiv:1405.4254
® Combine shapes from fit T N
with relative fractions of 8 'UF anas Jro-mswiwamey 3 ATLAS Jra-mawiuaomy
. g eleciron channel § 103 mucn channel -
eagh bfckground for final § 10° = ooy . § o :
w’-. urt:;d ml . R W iiets (Fitted SHERPA)
cenmae ¢ Siooo ] v =
. . . . jot (Ftod Matri 3 : (Fas M."J 2w 3
® Slice signal regioninorder | Ty MR e e ey
to be sensitive to wide range 10 E
of sighal phenomenologies iihasaniag ¥
1 :"“~: §" LS . :1
'0.1°.,~¢_n<¢.4:.--1.‘: .:.
® Model independent R T— ‘,,,,ﬁ ';q':'-f..*?”???f?
o o o o > A LA 7
limits on signal cross- 8 S8k Wi : : -
sec tiO n. 1000 1500 2000 2500 3000 3250;) [G:\;)]OO 1000 1500 2000 2500 3000 3250;) [G:\;)]OO
e lelts on 11 B|aCk Non-rotating Black Holes. CHARYBDIS
Hole/String Ball 3 64f- 1 atlas ~— Obsérved (-2)  — Observed (-2)
| isa8Tov /- Obserod ned) ~ Gosoned (n-4) 1
mOde|S. <62 Ldt=203M, \s=8Te . Qoserved (n-4) 3 I ook T
— Qbserved (n=6) — Obsenved (n=6)
Yy ertie - 18 () -
Previous searches | —
CMS multiplicity vs sum pT 5.4/ R ;
[arXiv:1303:5338, EXO-12-009] 52f | ] 2F
5 St
ATAS SS muons + jets ask E a8t E
arXiv:1308.4075 M AN AT T T A A AT T T
1.5 2 25 3 3.5 4 1.5 2 25 3 3.5 4
M, [TeV] M, [TeV)

The exclusion limits in the M{th} -M{D} plane
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http://arxiv.org/abs/1308.4075

Search for microscopic Black Holes

e BH in ADD, Mp = Planck scale, D =n + 4, Mpy(> Mp) BH mas arXiv:1308.4075
> §-~‘o"‘l"-""l"‘i"'i“‘i"‘g
«1 o . . . . g T Low SIGNAL T
e Striking signature multiple highpr objects s - w:,t-l REGION -
S 30; relcation ‘_
. . . . s - Region
e Secarch like-sign pupu and multiple high pp tracks % 20:
£
e Counting experiment in pre-defined signal region 108 |
e If no signal exclude TeV gravity models in M7y — Mp plane 40 100
. Leading muon P, (GeV]
BG estimate:
ott, Wt, WW, Wz, 27 - MC
e Fake Rate track— in photon+jets
data__
D ATLAS 4 Bef " amAs ] & ' ATLAS | | ' ]
© 107 1 ® Data 3 ) - e Data 1 L£10°F 1 ¢ Data E
10 - JLdt=2031b ] petake = ~ 705 ) usfake JLdt=20.3 b S Jldt=203fb [ ntake E
P 1035 (s=8 TeV -; 3 2 - -; (s=8 TeV %" i 10 102 (s=8 TeV -; .
c F [ Ipiboson ] £ _ E [ IDiboson . . [ IDiboson 3
g 10 E| — Signal '3 o - — Signalx 5 — Signal N
W E 1 @ 4oFE 10 =
108 3 ]
10": 10" i
% 700 200 300 400 500 600 700 800 o5 1 15 o+ _~7 * % =20 8 - —~ =
Leading muon pT Dimuon track
9 P A multiplicity
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http://arxiv.org/abs/1308.4075

Search for microscopic Black Holes

e See no excess in the SR

|
1
4
{
1
.
.
B
al
-
.
»
-
.
.
o
-
-
-
-
’
.
.

o g = ._owp SIGNAL :
e 95% CL upper limit on 0 x BR x A x e: 0.145 (exp 0.1597 45 éj O_Validation REGION -
s - Region
e Exclude contours in Mrg — Mp plane n=2, 4, 6 for rotating g 20;_
and non-rotating BH "~ 10:
R/
e Constrain Stringball production ) oy

Leading muon P, [GeV]

Source Signal Region
p+fake 0.21 += 0.09 + 0.09

tt 0.20 £ 0.08 £ 0.04
Diboson 0.12 + 0.08 4+ 0.03
Wit 0.02 £+ 0.02

Total 0.55 4+ 0.15 &£ 0.10
Data 0

Signal 14.2 +£ 1.3 &+ 2.7

¢
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Search for microscopic Black Holes

e See no excess in the SR

=
S Lowp,  SIGNAL :
e 95% CL upper limit on 0 x BR x A x e: 0.145 (exp 0. 159+8 8; £ 3 " Validation|  REGION =
s - Region
e LEixclude contours in Mpg — Mp plane n=2, 4, 6 for rotating ffé 205_
and non-rotating BH il 10
. v
e Constrain Stringball production ) mmET
Leading muon p _ [GeV]
< e L B B B LB BB B
© - ATLAS String ball, n=6
. . : — 6.5 i — Observed ]
Source Signal Region 5 a fLat=2037 ... Expected -
ptfake  0.21 + 0.09 + 0.09 6 WEp:to
m 0.20 + 0.08 + 0.04 5.5 19=8 TeV -
Diboson 0.12 + 0.08 + 0.03 s k=My/Mp
Wi 0.02 £+ 0.02 4 55 ]
Total  0.55 £ 0.15 £ 0.10 E 2
Data 0 4 =
Signal 14.2 + 1.3 + 2.7 3.5 Mr-Mp =
- | = 0.5 '!'eV .
31 1.2 14 16 1.8 2 22 24 26 2.8 3

g - M, [TeV]
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Search for microscopic Black Holes

e See no excess in the SR B

>
oor0l  Clowp, SIGNAL :
e 95% CL upper limit on 0 x BR x A x e: 0.145 (exp 0.159 012 30 Validation __RESON
§ - Region
e LEixclude contours in Mpg — Mp plane n=2, 4, 6 for rotating 'g’ 205_
and non-rotating BH il 10
- v
e Constrain Stringball production ) mmET
Leading muon P, [GeV]
© E ATLAS Rotating n
Source Sional Regi T 6-5:_ — Observed =
ource 12114 CZ1011 2I— n ﬂ_dt —203f"' ... Expected -
p+fake 0.21 £+ 0.09 £+ 0.09 6: I Expzio _f
t 0.20 + 0.08 + 0.04 55/ T -
Diboson 0.12 + 0.08 £ 0.03 AN Wi = €= Mr/My - 5
Wt 0.02 + 0.02 : SR
Total  0.55 + 0.15 + 0.10 e N T :
n=4 "3 .
Data 0 4 ~ : =
— . ‘ =/ > = MpMp -
Signal 14.2 +£ 1.3 &+ 2.7 3.55— ~ * <0.5TeV |
3 | [ | [ | | | | I I | | [ e i ] L ) i i ] I R i

1 15 2 25 3 35 4 45
M, [TeV]
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Search for microscopic Black Holes

e See no excess in the SR B

>
oor0l  Clowp, SIGNAL :
e 95% CL upper limit on 0 x BR x A x e: 0.145 (exp 0.159 012 30 Validation __RESON
§ - Region
e LEixclude contours in Mpg — Mp plane n=2, 4, 6 for rotating 'g’ 205_
and non-rotating BH il 10
- v
e Constrain Stringball production ) mmET
Leading muon P, [GeV]
© E ATLAS Rotating n
Source Sional Regi T 6-5:_ — Observed =
ource 12114 CZ1011 2I— n ﬂ_dt —203f"' ... Expected -
p+fake 0.21 £+ 0.09 £+ 0.09 6: I Expzio _f
t 0.20 + 0.08 + 0.04 55/ T -
Diboson 0.12 + 0.08 £ 0.03 AN Wi = €= Mr/My - 5
Wt 0.02 + 0.02 : SR
Total  0.55 + 0.15 + 0.10 e N T :
n=4 "3 .
Data 0 4 ~ : =
— . ‘ =/ > = MpMp -
Signal 14.2 +£ 1.3 &+ 2.7 3.55— ~ * <0.5TeV |
3 | [ | [ | | | | I I | | [ e i ] L ) i i ] I R i

1 15 2 25 3 35 4 45
M, [TeV]
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Quantum BH search in lepton+jet

® QBH predicted in low-scale quantum gravity (QG) explaining mass hierarchy by
lowering the QG scale (MD) from Planck to TeV scale

® QBH near MD will conserve angular momentum, color, charge and may decay to
two particles.

® Search in I+j (violation of lepton and baryon conservation) above threshold Mth
(equivalent to the inverse gravitational radius) . .. s g * BFqq for QBHS to I+J jet

functlon of Mth assume MD = Mth and n 6 ADD
10° T | B T

> Y T T Y LA | 'E‘ - -
r"‘:’ i (a) ATLAS e Data 2012 % - 5% CL upper Ilmlt ATLAS .
: 2L\ mim, |\ Jlaswee
~ + . o 5 xpected + 10 .

‘3 104 Ldt = 20.3 fb" Il top quark g Expected+ 2 ¢ \s=8TeV
g t=20 Oiboson oy 10E ® Observed =
W 40° .hoﬁglgj‘(’; o0 N = —— QBH prediction .
- e — —
10 - =QBH (5 TeV) i |
10 L 'E E
| < : z

10" Jda L R R
2x10'" : 2 3 4 56 107

Invariant Mass (e jet) [TeV] M;, [TeV]

=) Above 3.5 TeV expected BG drops below one event.
=) 95% CL upper limit on e (mu)+jet = ogq x BFqqg is 0.27 (0.49) fb.
=) Assuming lepton universality the limit is 0.18 fb.
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Events /0.1 TeV

Quantum BH search in lepton+jet

® QBH predicted in low-scale quantum gravity (QG) explaining mass hierarchy by
lowering the QG scale (MD) from Planck to TeV scale

® QBH near MD will conserve angular momentum, color, charge and may decay to

two particles.

® Search in I+j (violation of lepton and baryon conservation) above threshold Mth
(equivalent to the inverse gravitational radius) . .. s g * BFqq for QBHS to I+J jet

10° T r ————r
10° ATLAS ® Data 2012
\s=8TeV W Wi+jets
10% p+jet Z+jets
j Ldt=203fp' MoPquark
103 = ’ Diboson
- W Multijet
-+QBH (4 TeV)
107 - QBH (5TeV)
10 AT .'."-.1
L,

1 ';gl
10" 3 o :
10-2 A i 1 ‘T’}"-

2x10" 1 2 3 4 56789

Invariant Mass (u.jet) [TeV]

functlon of Mth assume MD = Mth and n 6 ADD

a 10 [~ T T - T -

% F 95% oL upper nmn ATLAS 3

L - -- Expected _ 1]

03 3 - Exzectedt 1o .[ Gt 20,510 |
g Expected + 2 ¢ \s=8TeV

bo\] 10 ® Observed

—— QBH prediction

I 1 ITIII
1 L1 lLlll

1 Illl”ll
1 llllllll

-

10—

=) Above 3.5 TeV expected BG drops below one event.
=) 95% CL upper limit on e (mu)+jet = ogq x BFqqg is 0.27 (0.49) fb.
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=) Assuming lepton universality the limit is 0.18 fb.
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Search for Black Holes

e Search for hypothetical BH that would evaporate into many

high pr objects

® Estimate by st :pt sum of all objects with pT>50 GeV)

e Estimate main (QCD) bg by fit to n=2 distribution
= Normalised for each multiplicity bin separately at st=1.8-2.2

TeV

= Model independent limits vs st and multiplicity

. CMS fs=8 s =121 fb"

310°C Mullipli

g £ ¢ Data

3, | — Background

pe 0 " Uncertainty

3 r e Mg = 1.5 TeV, M%‘{: =55TeV,n=6
0L cm My = 2.0 TeV, M = 5.0 TeV, n = 4

E - M, = 2.5 TeV, Mm =45TeV,n=2

10
10

"l'l’ rroTTmT
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-

—h

ol i
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Multipligity N = 6

+ Data

— Background
Uncertainty
p=1.5TeV. MI"'=55TeV,n=6

woMp=20TeV,MT'=50TeV,n=4

3500 4000 4500

- M, = 2.5 TeV, M;"’:d.STeV,n:Z

5000 5500
S. (GeV)

Searches at LHC run-2

[arXiv:1303:5338, EXO-12-009]
N

2

j.€,n,y,MET
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¢+ Data
— Background
Uncertainty
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Search for Black Holes

® Search for hypothetical BH that would evaporate into many  arxiv:1303:5338, EX0-12-009]

high pTt objects N
e Estimate by st :pt sum of all objects with pT>50 GeV) Sr= Z Pr
e Estimate main (QCD) bg by fit to n=2 distribution JrerY, MET
= Normalised for each multiplicity bin separately at st=1.8-2.2
TeV
- Mode™ _°

OMS

8—Jets, ST =3 TeV
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Search for Black Holes

® Haven’t seen excess above expected bg [arXiv:1303:5338, EXO-12-009]
- Set limits on ADD MD parameter assuming specific BH N
model (BlackMax, Charybdis) S, = Z D,
- Model independent limits vs Stand multiplicity js€,m,y, MET
® Also interesting as model independent search vs. multiplicity
and St

. CMSVs=8TeV  L=12.1fb’ . CMSs=8TeV  L=12.1fb" _ CMSs=8TeV  L=12.11b’
> o .8_ - _8. L
CE oL < | Multiplicity N = 3 <z [ Multiplicity N = 10
5o+ = 1 —— Observed -~ 1 —— Observed
g | @' 3 B Expected = 1o @10 3 B Expected = 10
é 55__ é'_ E """" EXpeCted + 20 é\)/l— E ........ Expected + 20

I 10'2:— 10'2:—

o - -

4'5:_ BlackMax 10°% 10°

~ —e— Nonrotating E E

~ --=- Rotating B -

i Rotating (mass and angular momentum loss) i i

T ST R R BTy 03000 8000 4000 5000 03000 8000 4000 5000
M, (TeV) S (GeV) S (GeV)

98

UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion



Resonant ZZ -lljj search

ATLAS-CONF-2012-150

P, wW/Z
® Search for G->2Z, Z->ll, Z->jj 21 G
Boosted Regime (1) ZTg%g:Zco;;a(?S:f) { Resolved Regime ;'_;L‘"" .

. A ¢ ¥ . Bulk RS Graviton
‘>°<: . , . SM fermions and boson can propagate to th
" 4 q Production and decay via light fermions <<|

) : ' : [ v BR for top, Z, W and H is enhanced.
Pr((zd)’)s.e:(clt)ml\g;l) (3)1318(? r:Il; ) Prg'; slell;iiti)mltdh(jj) (31‘/15?2??)'" G* production Xsection is 3-7% of RS1,

¢ GR by inverting m(jj), M(J)  © 7" imeoisinnic) bz

g _ RS Graviton, k/my=1.0 |
. BG t' t f't t d t - —e— Observed 95% Upper Limit _|
e S ' m a e « ' o a a N R\ =m--- Expected 95% Upper Limit
T A I o E
+palnx AN e :
f( ) p 1 ( 1 )pz xp3 P4 s ATLAS Preliminary .
X - A
> 103_ [ L > — 71 1 r T Tt 1 r r r T 1 Tt T T 1 E’; 4 @=8T€V,f|_dt=72fb )
8 - ATLAS Prellmlnary —°—Da_ta 8 ATLAS Preliminary —~ Data " 10 = E
g [ (s=8Tev, f Ldt=7.210" EGJ\’,\?}S\,Z,ZZ 3 10°F is=8Tev, f Ldt=7.210" E%\T\ﬁ}\?\/zaz g i
@ [ Z—ee+Z—pu 1 Weets @ JFTeer i 1 Weets 10|
§ 1025—MergedSeIection _?G ;11518069\/_ é 10" £ Resolved Selection _g'G )(_18(%)GeV—: ot N
i - 1 0”400 600 800 1000 1200 1400 1600 1800 2000
3 Mg [GeV]
10: = = 2 :
; ; Excluding RS Graviton
: m H * +—_ ] m <850 (exp. 870) GeV
I L L L L ||_| L L L I 1 1 L L L I_
g 500 1000 1500 2000 2500 3000 500 1000 1500 2000 @ 95% CL

e'\j,', N m(llj) [GeV] m(lljj) [GeV] 99
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-150/

Vector Like Quarks HtHt

® Search for heavy up-type quark pair, assuming a significant BR to Higgs and a top
quark, as predicted by VLQ models.

® Look forisolated lepton with moderately high pr, significant MET, and >= 6 jets.

® The search exploits the high total pr of all final state objects and the high multiplicity of
b-jets characteristic of signal events with at least one Higgs boson decaying into bbar to
discriminate against the dominant BG from top quark pair production.

r— 2
E 100~ ATLAS Preliminary ~ €+ =6 jets, > 4 b-tags o 10E IAITlLlldlsl P R R
— -1 o~ — eory (approx. prediction £10)
T el — t£+fi|_ﬁ:h;)jets = Preliminary 95% CL expected limit .
£ - = gﬁ Jets T 10 [ ] 95% CLexpected limit1o -
) i o it - -
o i . — U\X,Jets 8_‘ - E 95% CL expected limit=2c ]
vvvvv 3 3 Z+jets \b’ - =
60— Sk =3 Diboson - 95% CL observed limit 4
B oty i @ Single top

- S Bl Multijet 1 —
n R Bz Tot bkg unc. = -
40~ - i
- 53 B i
- 107" =
20— - ]
(o] R e 2l — -2 — —]
O 1076 Vs =8 TeV -
E 155_ RS 0. OB & - ]
~ 1 §:§:§’¢:1 R ;.3:; ’: v v 4 2050 195020 retete' ote RRKRLS B -1 ]
AR [ [Ldt=143f"  SU(2) doublet ]

D TE 10 1 1 1 | | L 1 1 | | | I I | | | I I | | | I I | | | I I |

= . . . . . . . . . -3
0 200 400 600 800 100012001400 1600 18002000 300 400 500 600 700 800 900
H; [GeV] m, [GeV]
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Model independent searches

i- ATLAS-CONF-2013-07C
® multi-leptons >3ef/u  |23e/u
- Search for anomalies offZ tt CR on-Z SR
2e/p2lt |2efp2lt 2100 E fien)  ATLASProliminary  —— 2012 Data = % [ s3eu  ATLAS Preiminey e 2012 Data
Models: onZ offz © (5= 8 TeV [JReducble : 9 I onz (=8 Tev - V()
- odeils. =10 J-Ldt=20.3fb" =Z/W+jets 7 :w Jlar=203 0" %mﬂ
h N 2 vt : ’3\0‘ . ne.
=) Doubly charged higgs, Excited 5 —1 T o

22 Syst. Unc.

neutrino, SUSY, 4th generation 10
- BG:
= irreducible WZ,ZZ, ttW, ttZ from MC, .

m 15
g
©

=) fake factors for non prompt leptonss .

-+

2 L 4 i
§'f G
KAk S as}- ’ £ K2
. . . % 50 100 150 200 250 2 % % 100 150 20 2% 300
=) Validation in CR Leading Lepton p Non-Z Lepton m, (GoV]

- Multi signal regions:

Variable Signal Region Definition Additional Requirements

HITep ©%5 " Inclusive >200GeV  >500GeV > 800 GeV
Min. p% Inclusive 2>50GeV  >100GeV > 150 GeV

EDs  Inclusive >100GeV >200GeV  >300GeV Hy® < 150 GeV
ETs  Inclusive >100GeV  >200GeV >300GeV Hy® > 150 GeV

Meff Inclusive >600 GeV >1000GeV >1500 GeV

Mot Inclusive >600 GeV  >1200 GeV E™ss > 100 GeV
Meff Inclusive >600 GeV >1200 GeV miv > 100 GeV, on-Z
b-tags Inclusive > 1 >2
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Model independent searches

. i- ATLAS-CONF-2013-07¢
multi-leptons >3e/u |23e/
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- Multi signal regions:

Exclusions

2 ATLAS Preliminary Vs=8 TeV "« Observed 2 ATLAS Preliminary s=8 TeV "« Observed ]
28 . o — Expected 28 — Expected ]
© 10 fLdt=20.3 fo" W Exp = 1o ° 10 fLdt=20.3 fo" WEXp:1o 3
Exp + 20 jets _ Exp +20 ]
10 — 10 Hr™ <100 GeV -
1 —— 1 S —— .
___:
10" =3 e/u :on-Z 10" =3 e/u :on-Z 2elu+=zk  :on-Z -

) ) — —
° 10 ° 10
107 =3 el : off-Z 2elu+zt_offZ 107 >3 e/ : off-Z 2ely+zt_:off-Z

Inclusive =200 =500 =800 Inclusive =200 =500 =800 Inclusive =100 =200 =300 _Inclusive =100 =200 =300

H[I(_aptons [GeV] H[?ptons [GeV] E_rlpiss [GeV] E_Irpiss [GeV]
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Model independent searches

i- ATLAS-CONF-2013-07C
multi-leptons >3e/u |23e/u
- Search for anomalies K offZ tt CR on-Z SR
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- Multi signal reqgions:

ATLAS Preliminary ¥5=8TeV [Ldt=20.3 "
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Model independent searches

9 Model testing
The cr;iss limits can be converted into upper limits on the cross section of a specific model as follows:
e Events from the new model are examined at the particle (MC-generator) level and kinematic re-

quirements on the particles are applied. These include the pt and 5 requirements for leptons and
jets, and isolation requirements for the leptons. No special treatment for pileup is necessary.

e The number of events passing this selection determines the cross section for the model given the
fiducial constraints, o9,

e A correction factor must be applied to take into account detector effects. This correction factor,
called €74, is model-dependent, and is subject to uncertainties from detector resolution, recon-
struction efficiency, pileup, and vertex selection. This correction factor represents the ratio of the

ATLAS-CONF-2013-07C

Use our visible
cross section limit
to test the reach on

your favourite model

number of events satisfying the selection criteria after reconstruction to all those satisfying thel:lduclal efficiencies

fiducial acceptance criteria at the particle level.

pr [GeV] Prompt e T—e Th
e A 95% CL upper-limit on the cross section in the new model is then given by 10-15 0.045+£0.001  0.027+0.002 -
15-20 0.484+0.003 0.384+0.005 0.071£0.003
vis 20-25 0.571£0.003 0.470+£0.006 0.251+0.006
o = Nos  _ %95 25-30  0.628+0.002 0.518+0.007 0.321x0.007
€ria [Ldt  €fia 3040  0.681+0.002 0.573:0.006 0.313+0.006
40-50 0.713£0.002 0.597+0.009 0.326+0.007
50-60 0.746£0.002 0.64+0.01  0.309+0.009
60-80 0.767+£0.002  0.67+0.01  0.295+0.009
80-100 0.799+0.003  0.67+0.02 0.32+0.02
100200 0.820+£0.003  0.63+0.03 0.33+0.02
200400  0.835+0.009  0.72+0.08 0.29+0.05
400-600 0.819+0.043 . .
> 600 0.829+0.104 - -
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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

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

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

10 Mass scale [TeV]
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Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Run-1 left us with ..

. single top D T

. single top+Z D T+V
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Run-1 left us with ..

e o R L PR No significant excess in so
many search regions.

A clear demonstration of our
MC precision..

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Prelminary ~ |Ldt=20.3fb

500 OT AT NGO AN BORORORATOoR00QOL0008S
..........................

—————
R A R A RS R RS L A R R R R S hd

Some of our searches may require more thinking.

We were looking for simple signatures, following the models
builder.

However Physics may be more complicated!

For instance DM may be complex sector, (see e.g. Reece’s
suggestion to look for DM + disappearing tracks..)
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Some open point to decide before run-2
esModel choices

-Consistent models
-Benchmark model (SSM, Gaussian resonances)
-Effective theories?

eComparison between experiments
-Statistical tools (Frequentist vs Bayesian)
-Systematic uncertainties
-Nuisance parameters and profiling

eWhere are the results (web sites, HEPDATA)

eResults presentation and interpretations
-“Model independent”
-Visible cross section
-Fiducial cross section
-Acceptance & efficiency
*1M$ question
-There is more than resonances (asymmetries, angular dist)

= Are we missing something?
UAM/CSIC Madrid, Sep 2014 Searches at LHC run-2 Erez Etzion
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Some of the recent measurements

® CMS (Exo+ b2G: 20 8 TeV papers, 33 conf notes)
- monojet
- L+MET
- LQ3
- Heavy neutrino
= Excited quark (gamma+jet)
- W’ -> tb (I+jets)
® ATLAS (16 8 TeV papers, 29 conf notes)
= Neutral LLP -> lepton jets
- LFVz >e mu
- W’ ->tb (qg’bb)
- resonances in Z gamma or W gamma
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