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Introduction — Standard Model @ ATLAS

tus: March 2015

Standard Model Production Cross Section Measurements
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Introduction — The Problems N
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@ Things are not as rosy as they seem for the Standard Model (SM)

@ Problems lurk within.....

@ [t contains no dark matter candidate
@ It requires immense fine tuning for the 125 GeV Higgs to make sense
@ [t does not contain gravity

@ Beyond the SM (BSM) theories try to solve these issues
@ The ATLAS SUSY, Exotics and Higgs groups search for a wide range of BSM

physics utilising the full ATLAS detector
@ Often at the limits or beyond the specification the detector

@ We built a general purpose detector for a reason!

3/35 Alex Martyniuk BSM searches at



Introduction — Obligatory ATLAS Slide

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

Solenoid

End Cap Toroid

>
i Inner Detector ieldi
Barel Toroid Hadronic Calorimeters Shielding

Alex Martyniuk BSM searches at ATLAS



Outline — What | will show "

@ | will cover a whirlwind tour of three searches from the ATLAS Exotics/SUSY
groups that had some ‘oddities’ in Run-1

@ SUSY: Pair produced cascade decays search using same-flavour
opposite-sign dilepton pair, jets, and large missing transverse momentum
@ [SUSY-2014-10]
@ Exotics: Search for anomalous production of b-jets and a pair of leptons of the
same charge
@ [EXOT-2013-16]

@ Exotics: Search for diboson resonances decaying to boson-tagged jets
@ [EXOT-2013-08]

@ *Fair warning, | worked directly on this analysis and might well be biased to spend more time here...
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-08/

ATLAS Preliminary

Alex Martyniuk

BSM searches at ATLAS

Vs=7,8TeV
Model GmTY Jets ET™ [radm VE=7TeV| V5=8Tev Reference
MSUGRACMSSM 03eun2r 210j03b Yes 203 | BTeV! mig-mie) 1507.05525
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SUSY Searches — Exclusions

ATLAS SUSY summary papers out now,
[SUSY-2014-05], [SUSY-2014-06], [SUSY-2014-07], [SUSY-2014-08]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-08/

SUSY search using /I + jets + EMiss
[SUSY-2014-10]

q

@ ‘Standard’ ATLAS SUSY search methodology

Control regions (CRs): Used to constrain SM backgrounds

Validation regions (VRs): CR background estimates extrapolated into VRs as
cross-check

Signal regions (SRs): After VR check, extrapolate background into SR and look for
excess of events over expected background

Search performed over a grid of signal masses
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2014-10/

On shell Z channel regions "

@ Backgrounds studied

@ Flavour symmetric {f, WW, Wt: Data-driven.
CRep data (corrected for other backgrounds).
Lepton selection eff. relations transfer to SR.
Cross-checked with Z-mass sidebands. MC
norm. in CRT, extrapolation checked in VRT/Z.

@ Z/~+ jets: Data-driven. Seed CR jets smeared
to mimic E‘}“SS distribution. Tested in VRZ region.

@ Fake leptons: Data-driven. Derived from matrix

method.
@ Other backgrounds. WZ, ZZ, Rare top. Modelled
by MC.
On-Z region Ess (GeV) Hp (GeV)  nijegs myg (GeV) SFIDF  EXs sig. (+/GeV) fst A (etyy, ER)
Signal regions
SR-Z >225 >600 >2 81 < mygy < 101 SF - - >04
Control regions
Seed region - >600 >2 81 <myg < 101 SFE <0.9 <0.6 -
CReu >225 >600 >2 81 <mg <101 DF - - >0.4
CRT >225 >600 >2 mee ¢ [81, 101] SF - - >0.4
Validation regions
VRZ <150 >600 >2 81 <mg <101 SF - - -
VRT 150-225 >500 >2 mee ¢ [81, 101] SF - - >0.4
VRTZ 150-225 >500 >2 81 <mg <101 SF - - >0.4
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Flavour symmetric modelling

@ Background normalisation modelling in good EP

agreement with the data in the flavour symmetric
cross-check CR/VRs (Z/~+ jets in backup)

@ High-Hr: Hr > 600 GeV

(Hp\égmw - (Hv>v5§;GaV)
@ High-Emiss: Emiss > 225 GeV, 400 > Hr > 600 GeV oo

T T
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T T T T T T T T T T T T T
—e— Data
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T T
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SR Results "

@ Excesses seen in both channels (ee: 3.00, up: 1.70)
@ Combined significance 3.00
@ CMS observes no excess

3 TS 5 T e T T s T T T e e
—e— Da —e— Da —o— Da —e— Dat
§2 ATLAS wy sn::uem Model g 12*ATLAS s sn:uam Model ﬁ 12—ATLAS s Sl::datd Model 3 ATLAS w S::davd Model
128 5ogTey, 203t [ Flavour Symmetric o V5=8Tev, 203" [ Flavour Symmetic o V5=8Tev, 203" [ Fiavour Symmetic o[ E=8Tev, 2031 [ Favour symmetric |
-~ [ Other Backgrounds [ Other Backgrounds -~ [ Other Backgrounds [ Other Backgrounds
2 ofSRzee OO mouecomneey] £ 10FSRZee T mwcoznon] £ 10FsRZm noucmmnee] £ [SRZm 002060V
g m@u=00s00Gev | 2 m@u=@o0s00cev { m@u=o0s00cev | gl m(@)4=(900,600)Gev_]
i} wogr ] @ gk qu
gl ]
6l E
. 1 ]
) 1] K
i Dy s "
92 94 96 98 100 50 200 250 300 350 400 450 500
m, [Gev] E7™ [GeV] m, [GeV] 7" [GeV]
Channel SR-Z ee SR-Z pp SR-Z same-flavour combined
Observed events 16 13 29
Expected background events 42+1.6 64+22 10.6 £3.2
Flavour-symmetric backgrounds 28+14 33+16 6.0+2.6
Z/y* + jets (jet-smearing) 0.05 + 0.04 0.021% 0.07 £ 0.05
Rare top 0.18 +0.06 0.17 + 0.06 0.35+0.12
WZ/ZZ diboson 12+05 1.7+0.6 29+£10
+0.7 +13 +1.7
Fake leptons 0.1755; 1275 13713
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Summary — Il + jets + Ess R

@ Channel searches for SUSY cascade decays with SF leptons, jets and E™* both
on and off Z mass shell
@ Combined significance 3.00
@ Excesses seen in both on shell channels, therefore weaker limits
@ Devil’'s advocate/pessimist in me:
@ =~ 180 SR in SUSY searches Run-1
@ Would naively expect =~ 0.5 x 30 excesses and have seen one
@ Only Run-2 will tell

GGM: higgsino-like ;f: tanf = 1.5, M, =M, =1TeV, m(@=1.5 Tev
—T

> T ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ T % :' . ‘ . j ’ ‘ " j J 1 ‘ ‘ j j j SLSY j
> 14 o Dut - & 1400 -ATLAS Vs=8 TeV, 20.3 fby Observed limit (£10505)
r ata T — .
8 [ ATLAS %4 Standard Model 1 @ E SR-Z eetj BB Expected it (+10,,,)
o 121 [s=8TeV, 203 fb* [ Flavour Symmetric | £ 1300 E === Expected limit (+2 0.,
-~ F [] Other Backgrounds C
é’ 10k SR-Zee - m(§)41=(700,200)GeV_] 1200
4 r m(g) 1=(900,600)GeV
w 8l A 1100
L ] 1000
6 7
L ] 900
- .
r ] 800
2 .
Foe 700 35 )
3 200
82 84 86 88 90 92 94 96 98 100 600
m, [GeV] 200 400 600 800 1000
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Exotic Searches — LLP

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt=(18.4-203) b V5=8TeV
Model Signature £ dt[fb™"] Lifetime limit Reference
RPVAL e dspacod oponpar 203 | ¢, S | )= 13D =107 1soaoste2
Gem - 26 dspacedviceios 200 | QST @)= 1170V ) = 10ToV| 150408162

AMSBpp - xpifixi  dappearingtiack 203 | ] letme L ezmaom i) = 450 GeV 13103675

>

@

3 WS xilain  lepreldEdx 184 | ietme o isteom i) = 450 GeV 150505352
Guse nonpoining or dolayody 203 | 12 lfetme o omsam PS8 Wi A = 200 ToV 14005542
Stealh SUSY 2DMSvertes 195 | Sfeime I GHESER n(2) - s00GeV | 150403634
Hidden Valley H — r, 2 ow-ENF vrackess s 203 | = lfstme T () = 25 Ge 150104020

g

S igdonValey Hoorr, 2iDMSertoos 195 | m fetime L oasam 256ov 150403634

W

o

D PRz 24X [N T H 20+ X, mva) = 400MeV| 14080746

T FRVZH - et X 2ejios 208 |yeteime S H sty X, ) = 400MeY| 14080746

S8 ioden Valey H — n.n, 2lowENF vackess ets 203 | = letme | ossom () = 25 GeV 1501 04020

&

0

@ HodenValeyHorr,  2IDMSverices 195 | fetime D () - 25Cev 150409634

&

@

8 rrvzHoanx 2e-ymnies 208 |yaltetime I zteomm H syt X, mra) = 400Mev| 14080748

I

Hidden Valley ® — 1,7, 2 low-EMF trackiess jels 203 | =, ifetime rxBR =1 pb, m(r,) = 50 GeV 1501.04020

Hidden Valley ® — m,7,  2IDMSverices 195 | lifetime J~XBR = 1 pb, m(x,) = 50 GeV 1504.00634

300 GeV'
scalar

rxBR=1pb, m(,) = 50 GeV 1501.04020

Hidden Valley & — 7,7, 2low-EMF rackiess jets 203 | m, fetme

s o omsam
88
88 Hoenvaieron  comswncs 195 [neine DR +eR -1 pb. m(r.) 50 Gev 150409634

HY Z/(1ToV) = qq, 2IDMS verticos 203 | lietime rxBR=1pb, m(,) = 50 GeV 1504.03634

HV Z/(2TeV) > aa, 2IDMSvertices 203 | m ffotime xBR =1 pb, m(,) = 50 GeV 1504.03634
1 1

0.1 1 10 100 cr [m]

Only a selection of the available lifetime limits on new st
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ATLAS Exgtics Searches* - 95% CL Exclusion

Exotic Searches — needles in the haystack?

ATLAS Preliminary

Status: July 20 (4.7-20.3) b Vs=7,8TeV
Model &y Jets ET™ fram Limit Reference
T T T
AOD G+ - 21w 23 |we 525 Tov .
'ADD ron esonnt 2¢ Zen - - w3 M A7Tev 2410
ADD G — g tew 1 - .3 [W 52TV farrz0s
g 'ADD QBH - 2j - 203 | 5.82 Te 1407.1376
S ADD BH high Ny 2u(88) - - 203 | 47TeV 1308.4075
ADD BH igh 3 o Stew © w3 | 58TV 1a0s.254
'ADD BH Hgh et = o e s8Tev 150306088
S RStGuu 2en - - 2 |Geemss 268 12
RSt ad 2y - - 203 |G mass. 266 TeV. 1504.05511
% BUKPS Gac o 2Z vaatt e 21110 - 203 |Ganss 7066V Taosst
BUKFS G+ WW fale e 20110 Yes 203 | 760 Gev 150206
BUKRS e HH 6666~ 4b = 195 | Gecmass 500-720GoV: 150800285
Bk S g tep 2ibzuzives 203 |gecmess 22Te 1505070
2D Aee Teu (55 216211 Yoo 205 | wcmasm 50 Gev 5020605 |
SMZ 2es - - 2o |z Taosa1z
2 sz 2r - - 195 |z Tso20m7
S smw o teu ves 203 | Wemass prisss
g R TUziaee  deh S Nn @ms | i
EGu W Wz g el 2ty © a0s | onston
& [Eovw o wzo qae - 25 205 [woa o 00082 |
& AT e Ton 205 [Winaes 030808
LRSM W, tb Ten 26041 Yes 203 |wemas atoatca
LRSM W] — tb Oe 21b1d - 203 |Wens recacsss
= Clasar - 2 - s |m 20TV 7=t 50500057
S Clggtt 2eu - - 203 | 21.6TeV 14072410
Cl wutt 2eu(SS) 210.21] Yes 203 | 43TeV Cuel 1504.04605
S EFT D5 operator (Dirac) Oep z21j Yes 203 974 GeV. at90% CL for mix) < 100 GeV 150201518
S £FT 09 oporator (Drac) e 1izli vee 23 2470V #150% Lt miy) < 100GV Taosi17
g Seerlargen e 221 - 23 105 Tov 5=t Praimiary
S Scamriaz<gen 2 >2 - 23 10TV be1 Primiary
Sealar Q3" gen Yes 215230 s 23 sH0Ge im0 Frimnary
VQTT o He X Ten 22023 Yes 23 as5Gev. Tin 78 s Ts0s 06008
22 wo ¥ Tew 218230 s 3 770 Gev Vin(e) couir 150506305
§5 voaslmix Ten 32533 vee 208 Gev 3 e
8 viasszbix 223ep s2ab - =3 755 Gev Taossseo
T W Tes 10350 v 203 B40Gev 150305025
cited quark g* — 1y 1j - 203 35TeV 13093230
8BS ectdquarke —ap - 2] - w3 400Tev 1071378
u§] Excited quark b* — tor2enib2jorj Yes 47 870 GeV. 1301.1583
8 Exciodlepton £ — by 2ety - - 130 1208 1364
Ectedlapion* Wz 8 S s 16TeV. 12001
Car W, Temty - s 23 950Gev s
LRSM Vajorana » Zes 2 - ws 20TV (Wi =24V o i 150805020
L rigstig H>* — e 2euf89 - 23 58160V O rdcton, B - Tersosr
Figs o H-< — tx Ser 23 OF procketon BRI -+ ()41 at12001
5 | Momon terres o e s w5700 etosie
Mll-charged prtles B = as 785 Gev. . oeiss
Vagretic monopoles - - 134TeV wosni2|  Piminay
| I
VesTTeV | Yi=BTeV e 1

“Only a selection of the available mass limits on new states or phenomena is shown.
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Exotics search in Il + b — jets + EMs

[EXOT-2013-16]

N
N
oN
N

e
e

@ Look for excess of events with same-sign (SS) lepton pairs, b-jets and EM'ss

@ Using a simple ‘cut and count’ methodology

@ As most Exotics analyses do, the channel is sensitive to a wide range of BSM
theories
@ Vector-like quarks (VLQ)
Any enhancement of tttt production (g pair production, 2UED/RPP)

°
@ Chiral quark production, b’ — Wt
@ Same-sign tt production via flavour changing neutral currents (FCNC)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-16/

Signal regions N

t @ Backgrounds studied

@ Real SS lepton pairs W + W + j, {tW/Z,
, ttWrW-—, ttH, WH, ZH, tWZ, tH, WZ, ZZ and

; g7 i fttt: MC modelled (low x-sections)
N 4 @ Fake leptons: Data-driven. Derived from matrix
N ‘ method.
aN @ Charge misidentification: Rate estimated in
Z — eeevents
g : @ Estimates validated in low-Hr region,
‘ 100 > Hr > 400 GeV
Definition ‘ Name
ete 4 eFp® 4 uFuT + eee + eep + eppr + ppp, Nj > 2
Ny = SRVLQO
400 < Ht < 700GeV | N = Emiss > 40 GeV SRVLQ1 SR4t0
Ny >3 SRVLQ2 SR4t1
N -1 40 < B < 100GeV | SRVLQ3
b ET™ > 100 GeV SRVLQ4
Hr > 700 GeV N — 2 40 < B < 100GeV | SRVLQ5 SR4t2
b= ER's > 100 GeV SRVLQ6 SR4t3
N, >3 ERss > 40 GeV SRVLQ7 SR4t4

etet, etp®, ptu®, N; €[2,4], Agy > 2.5
Hyp>450 GeV. [ Ny >1]  EFS > 40 GeV

SRttee, SRttep, SRttuu
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Preselection Results

A R R s e e Rt
TLAS 4 pata E 8 FEATLAS $ paa
8 TeV, 20.3 fb™* [Jiwrz E ©300F{s = 8 TeV, 20.3 fo* (Jiwiz 3
o mis-id E © E Mo vis-id
[l Non-promptfakes ] g 280~ [l Non-prompufakes ]
Hiin E gt ; Den
. . Ml oivosons E w 200? % [l pibosons !
@ Preselection applied Clover E 1o Cover
. ZZ Uncertainties 3 E ZZ Uncentainties
(*] ESSen“a”y preselection + 1 b-jet E IDDi 2 preselection + 1 bjet ]
SRLQO0/1/2 without E :
the HT or E?‘SS E s
selections applied d %
300 200 400 600 800 1000 1200 1400 1600

@ Good data/background EF™ [GeV] H; [GeV]
agreement within

S o e L L L R R > L L B L L B B B
inti i 8 [ATLAS t pata 1 8 ,pATLAS $ paa
uncertalnltles S,een in g 60-\s = 8 TeV, 20.3 fb* [Jiwz B! 8 s =8TeV, 20.3 fb* [Jiwz E
preselection with S f Wovisi 12 Wovisis 3
. 2 50 jon-promptfakes 2 _ jon-promptifakes

one/two btagged jets 5| Movomoes 3 Seof 2 oo 2
s posons | I Z bosons
@ Good agreement also : 52!:&, ] 0 EE‘L E

seen in the Va“dation e Z Uncertainties | ZZ Uncentainties
regIOnS E preselection + 2 b-jets | preselection + 2 b-jets

) 1000 1200 1400 1600
ESS [GeV] H; [GeV]

Alex Martyniuk BSM searches at ATLAS



SR Results "

@ Excess of 2.00 seen taking all SRVLQs into account (VLQ and b’ models)
@ Excess of 2.5¢ seen taking only 4-top SRs into account
@ SS+FCNC SRs are in good agreement with SM expectation

%) T

2 —e— Data

210 ATLAS Ctwiz

i} 3 Q Mis-id

10° \E -3 TeV, 20.3 fb_l [ ] tl%ake/non—prompt leptons
@ Dibosons

10? et [ Other

——— ~, Uncertainties

Significance

SRVLQO SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQ7
SR4t0  SR4tl SR4t2  SR4t3  SR4td
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Summary — Il + b — jets + Ewmiss

@ Cut/count analysis looking for events with SS lepton pairs and b-jets as a signal
for many BSM signals

@ Excesses of 2.5¢(2.00) seen taking 4-top SRs(all SRs) into account
@ Mass resolution of the analysis is poor

@ Limits worse than expected due to presence of excess

@ Again Run-2 is needed to to elucidate the origin of this excess

o R S S e = N R R RAadanaaaa
- £ ] Q. —e— 95% CL observed limit
$ L ?;FI__AS 4 :EgEllg?gPP ] ‘é Y — 95%CL:x::cl:dhmn 3
e i s=8TeV,20.3fb ] ‘E [ + 10 95% CL expected limit
b m 1 [ +2095% CL expected limit _|
107157 E ; %44 Theory [BR( - ) = 100%] J
L 1 10" El
= 120 f
107F 1 102
F ] 10° ATLAS
[ 136 F 8TeV 203fb1
T Y Y B
10 0.4 0.6 0.8 1 1.2 04 0506 07 08 09 1 1112
Signal mass [TeV] Sgluon mass [TeV]
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Exotics searchin X — VV — JJ N

[EXOT-2013-08] Bias starts here

@ Diboson resonances appear in many
extensions to the standard model

@ The following analysis concentrates on .
two benchmark models ~ -
@ Extended gauge sector models
W = W2)
@ Extra dimensions models
(Grs — WW/Z22)

. . . wy Diboson branching ratios
@ Low pranchmg ratios hlqder the v (33%) 539, 7% 39
leptonic searches at the highest masses 99 (67%) 47% 13% 7%
@ Obviously, a fully hadronic search has 7 = qq (70%) | v (20%) | I (10%)

access to these lost events

@ The problem, is controlling the @ Use large-R jets and jet substructure
enormous QCD background that the to select signal events from dominant
leptonic searches were avoiding QCD multi-jet backgrounds

Alex Martyniuk BSM searches at ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-08/

Boosted Bosons "

/ \ @ Vector bosons have mass
\ 4 001 Tev)

~ \ Low Mass
Y <500GeV iy @ We are interested in particles
N y of mass > O(1 TeV)
LaArse /J v\/ LaArée @ Therefore the decays of the
4 AN form, X — VV with large mx,
Y/ , \\ lead to vector bosons with
< / Incraasing \ > very high pr
\ / \ / @ Therefore, boosted decay
SV High Mass \ products become more
>1TeV ~ collimated
Small¢ @ Rule of thumb for angular
AR

separation of decay products:

@\\\ @ AR=./A ¢2 + AnZ ~ %’7

Alex Martyniuk BSM searches at ATLAS



Fat Jet—Grooming— Tagging N

@ Reconstruct decay as fat-jet
@ Use large-R parameter jet to collect radiation from the original decay

@ Groom the jet
@ Signal: Remove unwanted jet constituents not from the signal, e.g. pile-up
@ Background: Preserve the background characteristics

v
9 9

v _ v

< 00 0 Grooming = 0

A\ \
© Tag as boson jet
@ Use differences between signal and background jet characteristics to reject
background jets

. v
IS - \ ]
a ‘\, )| Tasging W = Q-
~
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BDRS-A Split-Filter N

99,

» N » Nt »
\) - o o /
N 230>/ (22~ \ﬁ\«/

Nt

Undo jet Find hard | Filter /

\

Reject constituents™ . splitting \ constituents \V/

D D 0

@ In this analysis a modified BDRS-A Ilterative parameter | Value

split filtering algorithm is used /Vmin 0.20

@ Starts from R = 1.2 CA jets seeded [hmax 1.00
topological clusters n 3

@ Loose BDRS tagger, with no mass Rr 0.3
r .

drop requirement
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Event selection "

@ Trigger: pr > 360 GeV anti-kt 1.0
@ Apply BDRS-A split-filter

© Require my; > 1.05 TeV T
. D E
@ Ensures on trigger plateau O FATLAS , o Dam
S 10" =Vs=8TeV,20.3 fb’
=1 E —— Background model
g 10° —— Significance (stat)
[ E
o 10°E [l significance (stat + syst)
E No boson tagging
10'
0wk
1025
10
° L o e T L e e LA
g 4r
& 2t E
2 A B R S
15 2 25 3 35

m; [Te\)]
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Event selection "

. . 10°
@ Trigger: pr > 360 GeV antikt 1.0 Saef T q
s g b o W{00GeV)x3000 BILAS. s0am
@ Apply BDRS-A split-filter g 1400 QCD (Pythia) . 203
. @ F — QCD (Herwig) e
© Require my; > 1.05 TeV 1200 QCD (PowPy) 1
. C L3 Data 3
@ Ensures on trigger plateau 100 12 sm<isatev [y 1
80— iy hd -
© Rapidity gap between leading jets, sk R I E
|[Ay1p] < 1.2 40% Sl :11 é
@ s-channel signal more central than 20[ece;0:ei0i® I
t-channel QCD i ‘ Sl
00 0.5 1 1.5 2 25 3
Byl
- T T T T =]
s F ]
= E W ATLAS |
%1‘“’00? ‘S’C‘S‘zggj}z;’) X 19000 B ey, 2037
512000~ —— QCD (Herwig) -
C QCD (PowPy) |
100005 4 pai 4
8000 216 <m;<2.64 TeV E
6000} P e
4000~ fel® " i
£ e 1
2000 e M

=]

0.5

-
3
N
N
5

=3

<

—w
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Event selection "

H . i = T T T T
@ Trigger: pr > 360 GeV anti-kt 1.0 3 [ W (1400 Qo) <2500 ari e ]
_ s 50000} QCD (Pythia) s =8TeV, 20.3Y
@ Apply BDRS-A split-filter qg; : o ]
. Le 4
e Require my, > 1.05 TeV m“ooooa{ﬁw . g:t: (PowPy) lay) <12 E
. E L Inf<2 ]
@ Ensures on trigger plateau 300001 1.26 < m < 1.54 Tev |
© Rapidity gap between leading jets, sooook E
|Ay12| <1.2 ; g
@ s-channel signal more central than 100001 E
t-channel QCD E ]
L % I ) } 2 025 03 035
© Leading jets pr asymmetry A,, < 0.15 (PP )/ #P)
ni . o 7
@ Used as proxy for large-R jet cleaning g 14004 W (2400 Gev) X 2500 A
= L] QCD (Pythia) \s=8TeV, 20.3t™]
2 000
§12007 | —— QCD (Herwig) B
i} 0 lﬁ QCD (PowPy) E
10005 Lse  Data <12 ]
800~ il <2 -
i 2.16 <m;<2.64TeV -
600~ —
400 E
200 E

~©
o
o
a
<)
o
o
e
o

0.2 0.25 0.3 0.
(pTl-pTZ)/(pTl+pT2)
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Event selection "

@ Trigger: pr > 360 GeV anti-kt 1.0
@ Apply BDRS-A split-filter
© Require my; > 1.05 TeV
@ Ensures on trigger plateau
© Rapidity gap between leading jets,
|[Ay1p] < 1.2

@ s-channel signal more central than
t-channel QCD

© Leading jets pr asymmetry A,, < 0.15
@ Used as proxy for large-R jet cleaning

@ Leading jets || < 2.0
@ Ensures a good overlap with tracker

0.
o
S
S
S
S

Jets /0.1

40000

30000

20000

10000

=)

1

1600

Jets /0.
e
ey
o
o

1200
1000

N B o
o © o o
o & & & o

F—— W (1400 GeV)x 2500 a1 AS E
[ QCD (Pythia) \s=8TeV, 20.3Y
[ —— QCD (Herwig) 2
L QCD (PowPy) ﬁ‘ ]
[ ¢ Data il ]
L It 3
[ lay[<1.2 ]
F 126 <m, <154 Tey, ]
C ._.J!!! I | I ]
3 -2 -1 0 1 2 3

jetn
£ ! ! ! ! -
E —— W' (2400 GeV) x2500 AT AS 3
E QCD (Pythia) \s=8TeV, 20.3fb™]
. —— QCD (Herwig) -
= QCD (PowPy) ‘Q.‘ e
F ¢ Data & 3
Elayl<12 E
E 216 <m, <264 Tev L& E
- ! E
E ; Lﬁ! 3
£ . _-!' i . L e 3
3 2 -1 0 1 2 3

jetn
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Event selection N

|Ay12| <12
@ s-channel signal more central than
t-channel QCD

10000

@ Trigger: pr > 360 GeV anti-kt 1.0 S50000F T (1400 GeV) x 2500 A‘LAS 1

_ e 2 [ QCD (Pythia) \s=8TeV, 20.3fb™]

@ Apply BDRS-A split-filter 8 ool — oop () E

© Require my > 1.05 TeV L, 0Py 5

@ Ensures on trigger plateau 80000 <12 o .

- L F 1.26 <m, <154 Tey, ]

© Rapidity gap between leading jets, 20000 1
3 B

=)
Ny
=
o
Ny
w

© Leading jets pr asymmetry A,, < 0.15 jetn
Ri H — E T T T T 3

@ Used as proxy for large-R jet cleaning S ook W (2400 GoV) X 2500 nrLas E

. . 2 £ QCD (Pythia) \s=8TeV, 20.3fb™]

© Leading jets [n| < 2.0 S 14005 —— QCD (Herwig) =
@ Ensures a good overlap with tracker 1200F QCD (PowPy) "»‘ E

E ¢ Data ]

@ Correction for jets on calorimetry holes ~ 1000-, _,, ‘ E
800F-2.16 <m, < 2.64 Tev L& E

600 “‘mﬁ E

400 . =

200 g o =

of . _-!'\ I \!i!_ \ 3

-3 2 1 0 1 2 3

jetn

Alex Martyniuk BSM searches at A



Event selection "

@ Trigger: pr > 360 GeV anti-kt 1.0
@ Apply BDRS-A split-filter
© Require my; > 1.05 TeV
@ Ensures on trigger plateau
()

Rapidity gap between leading jets,
|Ay12| <12
@ s-channel signal more central than
t-channel QCD
Leading jets pr asymmetry A, < 0.15
@ Used as proxy for large-R jet cleaning

Leading jets |n| < 2.0
@ Ensures a good overlap with tracker
Correction for jets on calorimetry holes

Boson tagging cuts

@ Jet mass (WZ, WW, ZZ), momentum
balance, nyx ghost associated to jet

©0 ©0 ©O

Alex Martyniuk

BSM se

>
3
o

jets

Fraction of j

Fraction of jets / 0.05

Fraction of jets /3

022 EATLAS Simulation bulk Gyg ~ WW (m_=1.8TeV) 3
0.2 . ¢ =
01 8TV nike,, - 22 =187e) ]
0.16F Pythia QCD difet E
014F E
0.12F By =12 3
E Inl<2
0.1 162 £my <198 Tev. E
0.08F- \y>045 E
0.06F- :
0.04f; E:
L g S S— =
005 01 015 02 025 035
m [TeV]
0.35¢
FATLAS Simulation EGMW - WZ(m, =18 Tev) ]
035 =8Tev " E|
0.25E Pythia QCD diet E
02 by <12 E
<2 3
015 162 <m, <198 Tev 3
60<m <110 GeV ]
01 E
0.05F -
01702 03 04 05 06 07 08 09 1
Jet |y
0251 T T T ]
[ATLAS Simulaton gy w - wz (m, =187ev) ]
o z}E =8TeV 4
E Pythia QCD diet
015 by <12 -
Inl<2 1
ol 162 5 my <1.98 Tev. 3
605 m <110 Gev. 1
\y>045
005~ 5
20 20 60

80 100 120
Jet ungroomed n,



Event selection "

©0 ©0 ©O

Trigger: pr > 360 GeV anti-kt 1.0
Apply BDRS-A split-filter

Require my, > 1.05 TeV
@ Ensures on trigger plateau

Rapidity gap between leading jets,
|Ay12| <12
@ s-channel signal more central than
t-channel QCD
Leading jets pr asymmetry A, < 0.15
@ Used as proxy for large-R jet cleaning

Leading jets |n| < 2.0
@ Ensures a good overlap with tracker

Correction for jets on calorimetry holes

Boson tagging cuts

@ Jet mass (WZ, WW, ZZ), momentum
balance, nyx ghost associated to jet

Background efficiencies
@ Topological € ~ 48%
@ Tagger e ~ 1.2 — 0.6% (per jet)

24/35 Alex Martyniuk

Selection efficiency

Selection efficiency

1.

[N

-

0.9

0.7

0.6

0.5

0.3

0.25

EEvent topology requirements

T T T T
ATLAS Simulation

Vs =8 TeV [T EcM W - wz
(S buk Ggg — WW

- bulk c-)RS -7z

| h f | . | |
14 16 18 2 22 24 26 28
Resonance Mass [Te'

Sl

ATLAS Simulation

Vs =8 TeV [ EcM W'~ wz
DUk Gg — WW
buk Gyg - 22

! L L L L
14 16 18 2 22 24 26 28 3
Resonance Mass [TeV]
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X — WZ selection "

T T T T T T

ATLAS —e— Data
—— Background model

—15TeVEGMW,c=1
20TeVEGMW',c=1

—25TeVEGMW,c=1

—— Significance (stat)

I Significance (stat + syst)

=
(@]
S

@ Full WZ selection applied

@ Z mass window applied
to leading mass jet

@ W mass window
applied to sub-leading
mass jet

@ Good agreement seen with
steeply, smoothly falling
background model in the
low/high mass regions

@ Deviation from the
background observed at
around 2 TeV
M WZ WW ZZ | Sum

1750-1850 5 1 6

1 1850-1950 5

1 1950-2050 8

1 2050-2150 2

] 0

1
0

Ll

T
©
—
[¢)
<
N
o
w
by
o,

s

s=

Events / 100 GeV
=
ow

=
o
™

WZ Selection

T \HHW
_+.
1 \HHH‘

[any
S

[N
T HHH‘
it HHH‘

T
1

TITTTTT

2150-2250
-2 B b Lo e L 140 2250-2350

: 2 2 3 S 3350-3450
m; [TeV] Total 2

Significance

= O O NN &N
OO O = Wt
—= =0 W oS

—
—_
(=2
—_
(=)
[\
ot
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X — WW selection "

> 10t g1 A @ Full WW selection applied to
® ATLAS —e— Data the data
S 10°EVs=8Tev,203f™"  —— Background model _
= —— 1.5TeV Buk G, KM, = 1 © W mass window
8 49 2.0 TeV Bulk Gy, ki, = 1 applied to both J.ets
o —— Significance (stat) @ Good agreement again seen
w 10 I Significance (stat + syst) with steeply, smoothly falling
E ) E background model
E WW Selection B
. L | @ Deviation from the
E E background still observed at
10 r E around 2 TeV
E ™3 @ Remember: There is an
1072 L o overlap between the W/Z
E = mass windows
L 1 1 M Wz ww 77| sum
o 0 B P ———+F 17501850 5 2 1| 6
s 3F 1 18501950 5 4 5| 6
S i i i g w0200 8 7 3|8
s 0r 1 20502150 2 2 1| 3
& 3E l 1 l l 321502250 0 0 0| 0
1 1 1 11.51 1 1 1 2 1 1 1 12.51 1 1 13 1 1 1 13.’5 2250_2350 1 O 0 1
mjj [TeV] 3350-3450 0 1 0 1
Total 21 16 10 | 25

Alex Martyniuk BSM searches at AS



X — ZZ selection "

10*

T T @ Full ZZ selection applied to
ATLAS —e- Data the data

Vs =8TeV, 20.3 fo* —— Background model o 7 ind
— 1.5 TeV Bulk G, kiM,, = 1 mass winaow

2.0 TeV Bulk Gy, ki, = 1 applied to both jets
—— Significance (stat) @ Good agreement again seen

I Significance (stat + syst) with steeply, smoothly falling
background model

@ Deviation from the
background still observed at
around 2 TeV

@ Remember: There is an
overlap between the W/Z
mass windows
M WzZ WW ZZ | Sum

=P 1750-1850 5 6

1 1 1850-1950 5

1 1950-2050 8

7 2050-2150 2

] 0

1
0

10°

RS’

Events / 100 GeV

ZZ Selection

—_

71T THH‘ TT HH\‘ HHHH‘ HHHH‘ TTTT

Significance
[

2150-2250
15 2 25 3 3.5 2250-2350

3350-3450
m. [Te
I [Tev] Total 2

= O O N BN
O OO~ WL
= =0 Wwo o

it
—_
(=)
=
o
[
(@2}
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Observed pg value N

@ A discrepancy was seen

o T T T B T R .
% F ATLAS Wz Selection E with respect to the
§ 10 E Vs=8TeV,20.3fb* - WW Selection E e?(pe_Cte.d background
E ) 7 distribution
1= ZZ Selection - . . .
E < 300 @ Once suitably confident it
101 gto is not an error, its
g \ / EP significance should be
1072 \ / 3 quantified
- (o 1., @ Inthe WZ channel:
103 \/ E
8 250 3 @ Localpy = 3.40
107 3,, © Globalpo =250
E 440
[ R N T @ Global o takes into
1400 1600 1800 2000 2200 2400 2600 2800 3000 account the look
[GeV]
M elsewhere effect
@ LEE includes weighted
@ Therefore, no statistically significant deviation from contribution from
the background has been observed WW/ZZ channels due

to the overlap
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X — WZ limits N

@ As no significant deviation was observed, we continue to set limits on the

observed distributions

@ 95% confidence limits set on o x B using the CLs prescription taking into
account the systematic uncertainties and background fit

L B B m e oo e ey s

— T T T T T T T T T

)
£ 10*: aTLAS —e— Observed 95% CL =
N F R 3
= F s=8TeV,203f% .o Expected 95% CL ]
3 —
é 10 E D + 1o uncertainty §
T F [ ]+ 20 unceirtainty ]
O 102 =
x E — EGMW,c=1 E
g SO i
110 e ey e ]
o E
= [
5
e
10_1VIAA1AA1AA1 PR SRS S SR S S NS SR N
14 16 138 2 22 24 26 28 3
my, [TeV]

Expected limits broadly
agree with the observed
limits

Exclusion of EGM W’
from1.3 - 1.5TeV

Broad deviation from the
background observable at
around 2 TeV
Benchmark extended
gauge model W’ o x B
shown for comparison
purposes

WW, ZZ in backup

BSM searches at
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Are we alone? ATLAS combination N

T T T T 3
— e EGM W—WZ signal, IvIT+ llqq + Ivqq + 4 ]
— — — EGM W—WZ signal. IvIT + llqq + Ivaq q

T T T T
ATLAS Preliminary EGM W, ¢ = 1, Leading Order

\s=8TeV _ a3 2 qob 0 ZIIET EGM W WZ signal, JJ
[Ldt=2031" Expecied 95°% CL T RS Gro v siondl Tag + 1vaq + 4
=20, RS G:3vysinal lag - 1vdg

—— Observed 95% CL
[ : 1 uncertainty
[ + 26 uncertainty

Local p-value
=
LT

- mme RS G'>WW signal,
,,,,,, RS G*'—2Z signal, !

T T T T

o(pp = W) x BR(W' — ZW) [pb]

1 E Channels Combined: Iv/1'+ llqq + Ivqq + JJ 107"
107 102 * """"""""""""""""""""""""""
107 10°F (S=8TeV
E E ATLAS Preliminary f La-203w .
3L 1 L L L I L 1 I |
10 500 1000 1500 2000 2500 500 7000 500 2000 2500
my, [GeV] m [GeV]

@ ATLAS diboson combination ATLAS-CONF-2015-045
In the full combination discrepancy is reduced to a 2.50 local excess
@ Limits increased to 1.81TeV in the W’ search channels

@ Fully hadronic channel in (significant) tension with the leptonic channels

@ Pointing to statistical fluctuation in fully hadronic channel?
@ Run-2 will sort this out!

@ Full paper following up CONF note in the ATLAS pipeline

Alex Martyniuk BSM se


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-045/

Summary - X — VV — JJ N

T T T T
LAS —e— Data

- a1 == Background model
BTeV, 2031 —15TeVEGMW,c=1

=
3

oz

s

@ Presented a search for a high mass diboson
resonance, [arXiv:1506.00962]
@ Used 20.3fb—' 8TeV ATLAS data
@ Jet substructure (BDRS-A CA 1.2 jets) used to
separate signal from background
@ QCD dominated background modelled by
parametric function

]
20TeVEGMW',c=1 %
——25TeVEGMW,c=1 |
—— Significance (stat) |
B Significance (stat + syst) E
I
T

Events / 100 GeV
e
o

I T g

.
U

WZ Selection

.
o

-

.
S

@ Deviation from expected steeply, smoothly falling g
background seen at 2 TeV g
@ Cross-checks performed, no major issues o
discovered
@ Excess py = 3.40 local, 2.5¢ global 1 ATLAS T Observed 95% CL
F (s=8Tev,203f"  —m- Expected 95% CL
@ Limits exclude EGM W’ models with w0 [ = wuncenany
13 < My < 1.5 TeV 102; [ + 20 unceirtainty

—— EGMW,c=1

@ Combination with other diboson search channels

o(pp — W) x BRW' — WZ) [fb]

10

reduces excess to 2.5¢ local

@ Preparations underway to repeat search in 17
13TeV data 100127716 18 2 22 24 26 28
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The Future: Run-2 &

Brace ("N
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TFheFuture How soon is now? N

'.L_' 6 j T LI T T T T T T i
= - ATLAS Online Luminosity  Vs=13Tev
z 5 [ LHC Delivered .
_g r |:| ATLAS Recorded b
1S 4 L . A
3 [ Total Delivered: 4.34 fb B
5 [ Total Recorded: 4.00 fb™* ]
(0] = -
o 3- -
U) |- -
m - -
2 r ]
= 2 -
© c ]
o C ]
a 1= -

C T A I B

0 L |
22/05 19/06 17/07 14/08 11/09 09/10 06/11
Day in 2015
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How much data is needed? "

3 1045 e L L e pe ey =
E ATLAS —eo— Data E . .
g C e arev 204!  — Background model 4 @ So question one is how much
S 10 T — 15TeVEGMW,c=1 Run-2 13 TeV data do we need
=~ E 20TeVEGM W', c=1 3
8 e 25 TeVEGMW . o=1 3 to surpass for example the
Q 102 — Significance (stat) _| Run-1 VV — JJ result?
w E I Significance (stat + syst) 3
F WZ Selection ]
3 + E
1= E
107 =
iHHHm“m“H‘H‘[
§ g F | [ I [ [
S af |
= o I -
& -1F ]
n -2




How much data is needed? "

@ So question one is how much
Run-2 13 TeV data do we need

100 ' ' wisz01s to surpass for example the
ratios of LHC parton luminosities: 13 TeV /8 TeV ;Ii Run-1 VV — JJ result?
,; @ At2 TeV production
9 / cross-sections grow
qu y considerably
F v 1 @ For gluon-gluon fusion x15,

i.e. for Ggg production
@ For qq initiated x 8, i.e. for
W’ production
@ Unfortunately QCD
MSTW2008NLO background also increases

luminosity ratio
=
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How much data is needed? "

luminosity ratio

100

WJS2013

T

T
ratios of LHC parton luminosities: 13 TeV / 8 TeV £

99 ’
---- Zqq /
] /

MSTW2008NLO

@ So question one is how much
Run-2 13 TeV data do we need
to surpass for example the
Run-1 VV — JJ result?

@ At 2 TeV production
cross-sections grow
considerably

@ For gluon-gluon fusion x 15,
i.e. for Ggg production

@ For qq initiated x 8, i.e. for
W’ production

@ Unfortunately QCD
background also increases

@ So a smaller amount of Run-2
data (1 — 3fb~") should be
roughly equivalent to the 8 TeV
dataset

Alex Martyniuk
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Conclusions N

@ Presented a series of searches for BSM physics by the ATLAS SUSY and
Exotics groups in Run-1 of the LHC which showed anomalous features

@ Allused 20.3fb~" 8TeV ATLAS data
@ Deviations between 2 — 3.5¢ local observed

@ Inthe VV — JJ search a global significance of 2.5¢ was observed, before
combination with the leptonic channels

T
—e—Data

QAT T T Y

P
%) —e— Data S : Dete, ‘ g Backe d model 3
o ATLA Ctwz H = Background model E
v ATLAS % standard Model 5 Q Mis-id S TLSTeVEGMW.cl o
12052 - Flavour Symmetric | - - Fake/non-prompt leptons E E
1200 Tev 030 S-sTev.2omt s E ey

2 SR-Zee [ other Backgrounds == Dincsons 5 10k — Significance (stat) 4
€10 e m(@)4=(700,200)GeV_{ Other wTE I Significance (stat + syst) o
% e M(@)H=(300,600)GeV 22222 Uncentainties £ W2 Selection 3
10 4
8- B E 3
& 1 o i€ E
a- B 107 =
E il
3 g 3 ;i

z ] . ;i

£ 0

i = .%1 21

82 84 86 88 90 92 94 96 98 100 E|

]
SRVIOD - SRVLQT SRVLQZ  SRVLGS - SRVIQH ~ SRVLQS - SRVLGS - SRVLOT
m, [GeV] SRa0  SRAL SRaB SRA3.  SRAG
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SUSY: Z/~+jets modelling

T T T T T T T

[ Z+jets (Jet Smearing)
[ Flavour Symmetric
[ Other Backgrounds

>
[
]
o
—
-
12}
2
<
)
>
w

T T T T T T T TS

—— Data

%% Standard Model
[ Z+jets (Jet Smearing)
[ Flavour Symmetric
[ Other Backgrounds

Events / 10 GeV

=
[N

[N

aN

———— o

o

Data/ SM
Data / SM

bbb bbb b ol

o

N
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Cambridge-Aachen Jets

@ Cambridge-Aachen jets (CA jets)

[arXiv:9707323] or [arXiv:0802.2470]

@ Part of the sequential recombination
family of jet reconstruction algorithms

Calculate the AR;; between all jet
constituents

Combine closest constituents first
Merge while R < 1.2 (in this analysis)
If there are no components within 1.2,
redefine as a jet and remove from the
collection of constituents

Merge until there are no components
left

@ NO pr dependence!

@ Therefore can look into the history and
use the pr splitting information

Alex Martyniuk
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http://arxiv.org/pdf/hep-ph/9707323v2.pdf
http://arxiv.org/abs/0802.1189

BDRS Split-Filter N

@ The BDRS split filtering algorithm, [arXiv:0802.2470], decomposes CA jets
sequential clustering to find hard substructure within
@ Originally defined to find boosted H — bb decays

Undo jet Find hard | Filter (
Reject constituents ™ . splitting \“ constituents \I I/

D D 0

@ The decomposition follows some simple steps
@ For jet j, undo the last step of clustering forming jets j; and jo (m;, > my,)
@ If there was a Iarge mass drop, m;, < umaxm; and the pr balance is not too
asymmetric, %ARE o = Ymin, define j as from a hard splitting and stop
Jo
@ Otherwise redefine j as ji, discard j>, and continue

@ Filter the resulting jet by re-clustering as n. x R, sized subjets
35/35 Alex Martyniuk BSM searches at ATLAS
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BDRS-A CA R = 1.2 Jet Calibration

@ Particle level jet energy and mass calibrations were derived and applied to the
BDRS-A CA R = 1.2 jets used in the analysis
@ Effectively restores jet energy/mass response over the full jet E and 7 range

@ Calculate the jetenergy £ ““[ "ATLAS Simulion 1 & e xTLAS Smaion E
H H 5 E=800Gev hia 8 dijets, 15 = 8 Te 1 = £ =800 Gev hia 8 diets, 15 = 8 Te 3
response in bins of nae 2 Exiiocer STV I E-t0cey SNV
and Ell'l.lth g E = 1800 GeV. Tagging selection applied 3 g E = 1800 GeV Tagging selection applied |
g EN E
@ Fit the responses witha g E E
Gaussian fit, to gain & priteyy gty ERN- vttty :,
mean response in each 2 ' g '
bin, < Ry’ > B ]
. - 15 -1 05 0 05 1 15 085151 05 0 05 I 15
@ Derive the mean Jetn Jetn
reconstructed jet energy,
E—iet g ‘ oe‘ ‘ ‘s \‘ 3 g ‘ oe‘ ‘ AS‘S \‘t 3
= 4 E=450GeV ATLAS Simulation = w E = 450 GeV ATL, imulation |
< Breco (35 E =800 Gev Pythia 8 dijets, (s=8Tev o 5 E =800 Gev Pythia 8 dijets, (s=8Tev
) jet ] Eyepest oRsAjes, GAR-12 ] § Eol00gey eoRSAjers, CAR=12 ]
o Flt the < RE > Vs g E = 1800 GeV Tagging selection applied E g E = 1800 GeV Tagging selection applied E
1 . . . « 7] © E 7]
< Eli, > distributionto 3 ERE E
gainacalibration ;l; R ] -7; § 157. RS EE R s i !7;
function g 1 gosE 3
c 3 E |
@ Repeat process for F 1 3 E
mass calibration using fs ‘1 ds 6 0‘5 ‘1 1‘5 1‘5 ‘1 ds 6 0‘5 ‘1 1‘5

<
o
=l
<
3
e

the LCW+JES jets
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Tools: Jet mass N

@ Filtered jet mass
@ Separates peaked boson mass from falling QCD spectrum

@ Apply £13 GeV window cuts
around boson mass from MC
simulation peak (mw = 82.4,

E T T T T T
EATLAS Simulation bulk Gug ~ WW (m_= 1.8 TeV)

@ Very powerful cut! 0.06
o €signal ~° 80%
@ Epackground 10 —15%

> =

@ |

2 02 =

o 0255 _gTey - E

@ For example, in the WZ cut; < o8t Oulk Ggs = 22 (m =18 Tev)
° Leading mass jet o, 0.16? --------- Pythia QCD dijet f;

79.8 GeV < my < 1058 GeV ¢ oY= by <12 E

@ Subleading mass jet 3 0121 <2 E

69.4 GeV < m < 95.4GeV &£ O 162 <my < 1.98 Tev 3

0.08— Jy>0.45 4

=

@ Cuts optimised using a data CR
@ Dijet formed from two
tagged/un-tagged regions

@ N.B. Windows overlap!!!
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Tools: Subjet momentum balance N

© Subjet momentum balance
@ Boson jets symmetric, QCD unbalanced

@ Soft gluon radiation leads to
asymmetric splittings

wn 0.351 T T T |

@ W/Z — qg decays tend to share E 0.3E TLAS Simulation EGMW - WZ (m,, =18 TeV) ]
momentum more equally between £ fs=8Tev ]
decay products So2s- gy T Pythia QCD dijet E

@ Apply a more stringent \/y > 0.45 § 0.2f y <12 E
cut on the subjet momentum % ot N leaTev E
balance g 60 <m <110 Gev g

@ Another powerful cut! =3 E
® cygna ~ 70% 0.05F- E

@ €packground 30% E =

L . . 0‘41 0.2 013 O.‘4 015 016 017 018 0'9 1
@ Cuts optimised using MC, using a Jet |y
wide mass window,

60 GeV < mi < 110 GeV

OO
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Tools: Ghost matched jets N

@ Number of tracks ghost matched to the unfiltered jet
@ More hadronic activity in QCD jets

@ Emission of hard gluon dominates
after mass/asymmetry cuts

@ Expect increased hadronic activity
from gluon

@ Use the number of ghost
associated ungroomed tracks, ng,
as a proxy for hadronic activity,
[arXiv:0802.1188]

@ Apply n« < 30 cut 0.1

0.257 T T T T T
r ATLAS Simulation
Fis=8Tev

—— EGMW - WZ(m_=18TeV)

--------- Pythia QCD dijet

Fraction of jets / 3
o
N

iy | <1.2

Inl'<2

162 < m; < 1.98 Tev
60 <m, <110 GeV

@ Efficiency after mass/asymmetry 008 Vy>045
® cigna =83+7% '
o €background ~ 65% o=LZ e ! !
@ Very hard to model in MC 0 ®0 et ungroomed n‘lf °

@ Cuts optimised using V+jets
enriched data CR

@ Efficiency calibrated in this CR

35/35 Alex Martyniuk BSM searches at
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

@ Assume a steeply and smoothly falling
distribution models the background

%

10 —
ATLAS —e- Data
(s=8TeV, 203"

—— Background model

Ty

2,

@ Any resonance should be narrow, thus only
affect a few bins

10

10 —— Significance (stat)

Events / 100 GeV

@ Use a parametric function to model the

background from the data
@ — _ y\P2—&P3 P
ix —P(=x X

10 . Significance (stat + syst)

No boson tagging
10

10

10

Significance
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

@ Assume a steeply and smoothly falling
distribution models the background

—— T
ATLAS —e- Data
s=8TeV, 20.3 fo*

@ Any resonance should be narrow, thus only
affect a few bins

—— Background model

—— Significance (stat)

Events / 100 GeV

@ Use a parametric function to model the
background from the data

. Significance (stat + syst)

No boson tagging

dn _ L \Pe—EPs s
: ix —P(=x X
7 @ Where,
\ \ \ \H“\é ® x=my/Vs

my, is the dijet invariant mass,

p1 is a normalisation factor,

p2 and p3 are dimensionless shape
parameters

¢ is a dimensionless constant chosen after
fitting to minimise the correlations between
p2 and p3

T
- L
a L
N
N L
o L
)
)
(-2 I ]

Significance

.5
m; [Tev]
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

10°g
E éATLAS‘ ‘ +Dal; 3 .
S 10'Es=8Tev, 203 b ackeround mode - @ Assume a steeply and smoothly falling
— E —— Background model = . . .
% 0L S 3 distribution models the background
2 = —— Significance (stat) El
§ B E
@ L Il sionifcance (stat+ sys) ] @ Any resonance should be narrow, thus only

1045 No boson tagging E affect a few bins

wE 1 @ Use a parametric function to model the

o E background from the data

: : dn _
— P2—EP3 4 P3

10 . — =p1(1 —x X
o B dx o )
5 oo 2 @ Error taken from errors on functional
S OF=m L ! parameters
o 5 Y R

15 2 25 3 35 H
m, (Tev] @ Fit tested on,
Sample \?/nDOF | Probibilit @ Raw data
HemIG  die evcts o | 0w @ PYTHIA/HERWIG MC

with 110 < my; < 140 GeV and 40 < mjz < 60 GeV' 12.1/11 0.79
with 40 < m; < 60 GeV for both jets 19.8/13 0.56
with 110 < m; < 140 GeV for both jets 5.0/6 0.91
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

> E T T T g
3 E ATLAS E .
& Ll fe-sTev. 203" :[B):tciground .1 @ Assume a steeply and smoothly falling
s E 3 distribution models the background
g o —— Significance (stat) -
10° -
aoE Il sionificance (stat +syst) 3 @ Any resonance should be narrow, thus only
10E 40.<m; <60 Gev E affect a few bins
1= -4 @ Use a parametric function to model the
F E background from the data
10 —
E 3 dn _
F E — P2—£P3 4, P3
o E — =pi1(1—x X
107 ‘ — dx P ( )
I
§ M3 E @ Error taken from errors on functional
s 9 il i B —— parameters
a N AN INTRR N NSRRI BARNRNRN E
15 2 25 3 35 f
mmevy @ Fittested on,
Sample /uDOF | Probabiliy @ Raw data
e -+ djot s I ® PYTHIA/HERWIG MC
Al I ® Mass sideband data CRs
Data with 110 < m; < 140 GeV for both jets 5.0/6 0.91
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

3 Eatas | eowm = @ Assume a steeply and smoothly falling
§ wphmaTn s o goidmode T distribution models the background
H 10° e *Sig’“:‘ca"ce (stay E @ Any resonance should be narrow, thus only
= Signifi tat + syst - .
Yool I siorifcance (st - oye) ] affect a few bins
E 40 < m < 60 GeV E
105 4 Mosmyswocev = @ Use a parametric function to model the
b 4 background from the data
i E dn _
10”? —= = 1 — X P2 5p3xp3
E 3 1
5 i dx pi( )
107 =
8 LE A @ Error taken from errors on functional
g 2z : parameters
5 _HE E .
@ R e @ Fit tested on,
m; [Tev] @ Raw data
i‘m’npl(‘ _ X2/uDOF [ Probability @ PYTHIA/HERWIG MC
YTHIA dijet events 24.6/22 0.31 .
HERWIG ++ dijet events _ | 1o/ 082 @ Mass sideband data CRs
Data with 110 < mj; < 140 GeV and 40 < mj; < 60 GeV 12.1/11 0.79
Data with 40 < m; < 60 GeV for both jets 19.8/13 0.56
Data with 110 < m; < 140 GeV for both jets 5.0/6 0.91
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Modelling the Background N

@ After trying to kill the background we now arrive at the point of modelling it
@ MC statistics needed to properly model the high my, tail are prohibitively large

10" g .
8 Eatas o 3 @ Assume a steeply and smoothly falling
§ 1w femeTev 03T gondmotel distribution models the background
5 100 —_ Sonfeance (s 41 @ Any resonance should be narrow, thus only
e -Slfofl:;;vy‘) E affect a few bins

lo; <m‘< e ?

F 3 @ Use a parametric function to model the
e E background from the data
10'E - dn -
E E i =pi(1— X)Pz £P3 yP3
107 -
g 0TIt eTTR @ Error taken from errors on functional
S 2 3
£ 5 - : parameters
2 -2k El i
,‘H‘1\5““2\””2}5”“5””3.% @ Fit tested on,
m; [Tev] @ Raw data
i‘m’npl(‘ — \?/nDOF | Probability @ PYTHIA/HERWIG MC
YTHIA dijet events 24.6/22 0.31 .
Data vt T10% oy & 0 GO G 0 S S0 GV | T2/ |~ 079 @ Mass sideband data CRs
U:xt:\ with 40 <\m, g EU GeV for (lm(h Jets e ' 19, 8;’13 0.56 . . . . -
Data with 110 < m; < 140 GeV for both jets 5.0/6 0.91 @ Alternate fit functions give similar results
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Systematic uncertainties: Shape N

@ Background: Taken from the uncertainties on the fit parameters
@ Signal: Various systematics affect the signal reconstruction and selection

efficiency
@ Shape systematics:
. . > E T T T T =
@ The jet pr and jet mass scale & 1BEATLAS Simulation BDRS-A E
uncertainties determined by the 2 16FE=8Tev, 203 sz o
track/calo double ratio technique S e A<0.15 E
. 12 }W‘(l,A TeV) -~ WZ - qqqq VV'>= 0.45 {
@ For example for a variable x, oF My <30 E
data /,.data E E
Xtrack/ Xzalo 8? E
MC /,MC 6 E
Xirack/ Xcalo IS 3
@ Applied as a Gaussian with . = 1 and o 2F s doun E
- E MR L L = L \—_\———‘— E|
equal to the observed uncertainty % ~"20"40 60 80 100 120 140 160
@ jet pr scale: 2% max(m, mp (6eV]
@ jet mass scale: 3% Source | Uncertainty Constraining pdf
. . . Jet pr scale 2% G(apr]|1,0.02)
@ An uncertainty on the jet pr resolution of et pr resolution 20% G(07]0,0.05 x VI22—12)
20% is applied as an additional Jet mass scale 3% G(om|1,0.03)

smearing on top of the nominal 5%
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Systematic uncertainties: Normalisation

@ Background: Taken from the uncertainties on the fit parameters

@ Signal: Various systematics affect the sianal reconstruction and selection

efficienc ) 3 200 ‘ ‘ ‘ : ; —
Normalisation systematics: 0 18}’:\; LAS Simulation | oo =
- £ Vs=8TeV, 20.3fb° y;l <1.2 E
Large uncertainty on the ny cut g 160 nK hi=20 E
evaluated in the data driven V+jets 1‘2‘;w<m Tev) - Wz - “qqﬂ g0t 7
study used to define the efficiency of the oF M < 30 E
cut g; é
Jet mass scale affects both shape and 6 E
normalisation strongly 4F—nominal E
. 2F s down E
/Y scale evaluated using the double R e ‘ T
H 0 20 40 60 80 100 120 140 160
ratio method min(m,, m,) [GeV]
. o .
Resolutions taken as 20% smearings Source | Uncortainty
Shower model evaluated by comparing Efficiency of the track-multiplicity cut 20.[27%
QQ =4
MC showered by PYTHIA or HERWIG Jet mass scale | 5.0%
Jet mass resolution 5.5%
PDF4LHC method used to evaluate Subjet momentum-balance scale 3.5%
PDF uncertainties Subjet momentum-balance resolution 2.0%
. . . Parton shower model 5.0%
ATLAS Iumlnosny uncertainty Parton distribution functions 3.5%
assumed Luminosity 2.8%
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Selection overlaps

@ Comparing the effect of applying all signal selections at once, and the same

Events / 100 GeV'

Significance

flavour selections at once

T
TLAS
[ fs=8Tev,203 1

+

—e-Data

= Background model

—— Significance (stat)

[l significance (stat + syst)

WW+ZZ+WZ Selection

T T T
ATLAS e Daa
[ fs=8Tev,2031*

T
ATLAS
Vs=8Tev, 203"

= Background model

—— Significance (stat)

Events / 100 GeV.
Events / 100 GeV.

[l significance (stat + syst)

WW-+ZZ Selection

T T

Data

== Background model

— 15TeVEGMW, c=1
20TeVEGM W, ¢

—— 25TeVEGMW,

Significance (stal)

B Significance (stat + syst)

WZ Selection

Significance
bow s
Significance

i5 2 25 i5 2 25 3 X
m; [Tev]
> 10° T T T > 10°g T T T T
$ —e- Data 8 ATLAS —e- Data
8 10° & Background madel S (s=8Tev,20.3fb" == Background model
S — 15TeV Buk Gy, kM, =1 s — 15 TeV Bulk Gy, kM, = 1
2 2 2.0 TeV Bulk Gy, ki, = 1 2 2 2.0 TeV Buk G, kit = 1
£ 10 e KV 2 10 s Ky
g — Significance (stat) g — Significance (stat)
Y B Significance (stat + syst) Y I Significance (stat + syst)
WW Selection 22 Selection
1 1
10" 107
107 107

Significance

T
w
i
Significance

3.
my [Tev]
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What do these events look like? Dramatic! N




What do these events look like? Energetic! s




Digging deeper into the jets.... N

These jet event displays take a bit more explanation, but offer a powerful
insight into the analysis jets

@ The ATLAS detector volume is

shown unfolded in y and ¢ S T
SCATLAS
@ Inner detector track positions are F {s=8TeV

shown as crosses 51—Run: 203027 Event: 5303984

L B e

@ Black Tracks: From primary
vertex

@ Blue Tracks: From secondary
vertices

w

@ Calorimeter deposits are displayed
on the rainbow scale

N

[N N T NS R

=

@ The outlines of the CA 1.2 jets are
shown

. . \ v X
” X
X
TR I TR AR L LR AR B
3 2 2 3

S -

BT
N
o
[

=)

@ Black: Leading pr jet
@ Mauve: Sub-leading jet

<s

@ Grey area: Sub-jets after filtering
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Digging deeper into the jets.... N

[ S e e e e e e = S P S B g P ey B
6 - 6~ X -
F ATLAS =« % * 1 r ATLAS X ]
r x v TX b r _ X b
[ (s=8TeVv : 1 Fls=8TeV ]
5—Run: 201556 Eyent: 7295269 . ] 5—Run: 201489 Event: 7583 -
[ s X ] r y ]
[ (e % X ] [ ]
4 — a4 x
[ ] [ X ]
[ X ] [ ]
T 17T x g
2 B 4
n % ) 7 n 7
=k ks x -
GiuwHHyu‘XmH‘u_ﬂmm’wuumuf o T S S R ]
4 3 2 1 0 1 2 3 yz 4 3 2 1 0 1 2 3 yz

What do we see here?
@ Subjets are highly collimated
@ PV tracks are highly correlated with the selected sub-jets
@ Energy deposits concentrated in the sub-jet
@ Pile-up tracks/deposits sparsely distributed over the events
@ Successfully picked the boson out of the pileup?
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Time to cross-check..... N

@ Deviations from the expected background, especially ones at the tail of the data
distribution, mean one thing for physicists....
@ What on Earth did we do wrong?
@ Try to evaluate any possible issues with the analysis
@ Operation Cross-check begins
@ Look for mistakes, bugs or shaping effects in:
@ Detector/data taking effects

@ Jet reconstruction effects
@ Event selection effects

10° T T 10°

E T T T T T T T
E ATLAS —e- Data ATLAS e Data ATLAS —e- Data

3 5 3°F 3°F
s Fr=s 1 == Background model 7 o 10°Lis= 1 == Background model o 107 ie= 1 == Background model
S [ f5=8Tev, 2031 e~ 1 S 10°-15=8Tev, 2031 9 _ S 107 15=8Tev, 2031 g
10 T oTeveoMw -1 B ) E —— 1.5 TeV Bulk Ggg, kM Z .
2k  osTeveeMw e-1 ] 2 10F 2.0 TeV Buk Gy, kil g 2.0 TeV Bulk Gy, ki
g L _ Significance (stat) 1 g E — significance (staf) 3 g — Significance (stat) El
w E B Significance (stat + syst) 3 w 100 B Significance (stat + syst) ] o B Significance (stat + syst) |
F WZ Selection ! E Ww Selection E 22 Selection El
10 -
E E| 1 El |
e - w0 1 E E
£ 3 107k . L .
107 = E ] F .
£ = 107 = B | L ‘ I I |
g 3 f f T I 3 3 f 1 f f i L f T i
5 2 s 2
g 1 g ik | J | & E |
S -1F E & -1F E E
@ -2 I I I I I o -2 I I I I I —25 I i I I I
15 2 25 3. 15 Z 25 3 3. 15 2 25 3 3
m; [Tev] m; [Tev] m; [TeV]
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Time to cross-check..... N

From E. Kajomovitz

Alex Martyniuk BSM searches at ATLAS



Time to cross-check.....

= g T T T %5 g o T T 35 @
B ATLAS § 3 ATLAS §
. 2 19 {5=8TeV, 203" s 2 Vs=8TeV, 20.3 fb* 30 ©
@ Started trawling through - s s s
i ic distributi s s s "
SR/CR kinematic distributions, & ° A SR - o0 2
looking for unusual features in ., 10 " 15
H H 10
the signal regions " s
15 30 < m, < 60 GeV 675 <m, <1058 Gev il
) 40<m, <60 GeV 40<m, <60 GeV
T 15 7 75 3 35 0 25 3 35 0
m, [Tev] m [Tev]
= T T T o = T T 45 o
B, ATLAS § 3 ATLAS 40 5
2 5 =8Tev, 203 b 53 2 5 =8TeV, 203 " 3
3 5 3 o5 3
g 3 & 3
2 “f o
o L z © 25 2
15
L 20
10 15
10
40 < m, <60 GeV. 5 67.5<m, <105.8 Ge'
) 675 <m, < 105.8 Ge 675 <m, <105.8 Ge!
T 15 3 75 3 35 0 25 3 35 0
m [Tev] m, [Tev]
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Time to cross-check.....

3 3 0'F T T T =
<] 8 (g pATLAS ~e-Data 3
g 8 E s=8Tev, 203" 3
S — Background model S wE — Background model 3
2 —20TevEGMW,c=1 2 ek —20Tevesmw.c=1 ]
H § 108
& Il Sigrifcance (stat + syt & b Il Sionificance (stat + syst)

@ Started trawling through e, w i

SR/CR kinematic distributions,
looking for unusual features in
the signal regions

8 8 3
. g § 2E
@ Look at the effect of single cuts ¢ £ G
on the distribution ’ e e R
m; [TeV] m; [Tev]
:ATLAS‘ ‘+Da‘a‘

V5=8TeV, 20.3 b
= Background model

—20TevEGMW,c=1
Il ionifance (sat + syst)

onlym

Events / 100 GeV

Significance
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Time to cross-check

3 T " E

3 o Dua ER ] o Dma

S E =

Ei £ = Background model 3 S — Background model

2 b —20TevEGMW,c=1 ] 2 —20TeVEGMW, c=1

§ 10°E E| g

&P Wsocance sy ] @ Il Sionfcance (sat + sys)
@ Started trawling through 1w o 7

SR/CR kinematic distributions,

looking for unusual features in °;JHILLH1”
the signal regions : - ‘

@ Look at the effect of single cuts
on the distribution B

5
55

Significance
bl oo

T
o %

Ll bt
Significance
ok o

‘

3.! 15 2 25
m; [Tev] m; [Tev]
@ Look at the effect of N — 1 cuts ; wg——" 13 SO
on the distribution § BT3B e ground model é % 2 Background model
2 —20TeVEGMW,c=1  _J 2 —20TeVEGM W, c=1
@ Isone cutdriving all of the & ¢ I Siomcance (st + sy & I Siance (st sy
deviation? 1Dw; wio jet ungroomed n, Wz Selection

@ Many, many, many..... more,
you can only get so much
approved...

Significance

3 8 f .
2 & 2
— em— -
1 & -1
2 @
3




Did we find any errors? N

@ In so many cross-checks, yes,
bugs were found and fixed

@ Always attempted to shield the
data from any possible biases
by using control regions to test

@ After almost a year and a half
of scrutiny by the
analysers/Exotics
group/ATLAS we found no
major issues

@ Therefore we continue to
publish the final results

@ Run-2 was looming!
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X — WW limits N

@ As no significant deviation was observed, we continue to set limits on the
observed distributions

@ 95% confidence limits set on o x B using the CLs prescription taking into
account the systematic uncertainties and background fit

I B L e e oo e e e T L e e e e e B B

10*

E ATLAS —e—Observed95% CL 5 @ Expected limits broadly

F (s=8Tev,203f" - Expected 95% CL 3 agree with the observed
10° E [ ] + 1o uncertainty E limits

E [ + 20 uncertainty 1 @ Exclusion of graviton
102 production at no masses

— Bulk G kiMp =1

11 HHM

TTT H‘

_____ @ Deviation from the

10 T R 3 background observable at
around 2.1 TeV

@ Benchmark Bulk
Randall-Sundrum graviton
o X B shown for
comparison purposes

TT HWW

o(pp - G_ ) XBR(G__ ~ WW) [fb]

TT HWW

10—1 | I I PR PR PR PR PR
14 16 18 2 22 24 26 28
mGRS

=5 [
D
'SUJ 1 HHHA LIl
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X — ZZ limits N

@ As no significant deviation was observed, we continue to set limits on the
observed distributions

@ 95% confidence limits set on o x B using the CLs prescription taking into
account the systematic uncertainties and background fit

I B L e e oo e e e T L e e e e e B B

g 0L - -
5 10°E ATLAS —e— Observed 95% CL 3 @ Expected limits broadly
N F Vs=8Tev,203f" - Expected 95% CL agree with the observed
) 2
9 10° E [ ] + 1o uncertainty E limits
% E [ ] + 20 uncertainty 1 @ Exclusion of graviton
@ 10°s —  BUKG. KM.=1 3 production at no masses
X E RS PI E
Ty T Smeag 1 @ Broad deviation from the
O 10g = background observable at
lE E around 2 TeV
2 5 ]
5 1 < @ Benchmark Bulk
\ E Randall-Sundrum graviton
ottt S o X B shown for
14 16 18 2 22 24 26 mi'B[Tev]g comparison purposes
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Are we alone? ATLAS searches N

ATLAS @ ATLAS resolved dijet

[s=8 TeV, J-L dt=20.3 fot search [arXiv:1407.1376],
nothing seen x

[ = =~ =
O o o o o o
T o o A o

Data

10° Fit

g*, m=0.6 TeV
g*, m=2.0TeV

Prescale-weighted events

[data-fit]/fit

A&

a \mH LI

Signif.

0.3 04 05 1 2 3 4
Reconstructed m; [TeV]
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http://arxiv.org/abs/1409.6190
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@ ATLAS resolved dijet
search [arXiv:1407.1376],
nothing seen ®

@ ATLAS resolved Run-2
dijet search
ATLAS-CONF-2015-042,
nothing seen ®
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@ ATLAS resolved dijet
search [arXiv:1407.1376],
nothing seen ®

ATLAS resolved Run-2
dijet search
ATLAS-CONF-2015-042,
nothing seen x

ATLAS semi-leptonic
search W(Iv)Z(jj)
[arXiv:http://1503.04677],
using similar BDRS-A CA
1.2 reconstruction, in
tail/nothing seen x
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@ ATLAS resolved dijet
search [arXiv:1407.1376],
nothing seen =

@ ATLAS resolved Run-2
dijet search
ATLAS-CONF-2015-042,
nothing seen ®

@ ATLAS semi-leptonic
search W(Iv)Z(jj)
[arXiv:http://1503.04677],
using similar BDRS-A CA
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Are we alone? Across the ring....CMS
@ CMS dijet search
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@ CMS dijet search

[arXiv:1501.04198], blip in
2-btag at 2 TeV? Trick of
the eye? ®

@ CMS run-2 dijet search

[CMS-PAS-EXO-15-001],
nothing ®
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@ CMS dijet search
[arXiv:1501.04198], blip in
2-btag at 2 TeV? Trick of
the eye? ®

@ CMS run-2 dijet search
[CMS-PAS-EXO-15-001],
nothing ®

@ CMS W;g search
[arXiv:1407.3683], excess
at 2 TeV in egjj channel
only R
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Are we alone? Across the ring....CMS

CMS L=19.7fb" at Vs = 8 TeV @ CMS dijet search

®  CMS Data (ee HP) [arXiv:1501.04198], blip in
Background estimation 2'btag at 2 TeV? Trick of
@ z+ets the eye? ®
[ other Backgrounds (if, V) @ CMS run-2 dijet search
Gy Mg =1TeV, ki = 0.5 (x100)3 [CMS-PAS-EXO-15-001],
nothing ®
@ CMS W;g search
[arXiv:1407.3683], excess
at 2 TeV in egjj channel
only v/
CMS WW/Wz/zz
semi-leptonic search
[arXiv:1405.3447], in
tails/nothing seen x
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@ CMS dijet search
[arXiv:1501.04198], blip in
CMS.L=19.7fb,(s=8TeV 2-btag at 2 TeV? Trick of
the eye? ®
@ CMS run-2 dijet search
[CMS-PAS-EXO-15-001],
nothing ®
@ CMS W;g search
[arXiv:1407.3683], excess
at 2 TeV in egjj channel
only ®
@ CMS WW/Wz/zz
semi-leptonic search
[arXiv:1405.3447], in
tails/nothing seen x
CMS WW/Wz/zZ fully
5 hadronic search
1.5 2 2.5 3 [arXiv:1405.3447], uses
mii (TeV) n-subjettiness, broad blip
at~ 1.8TeV x
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