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Outline

¢ Supersymmetry (SUSY):
[A gluino production via off-shell stop or sbottom
[A gluino production via on-shell top
Mdirect stop or sbottom production

¢Vector like-quarks (VLQ):
[ T pair production or single T production
A Xs/3 pair production

¢Resonances:
M+, tb, v,

¢Searches for Long-Lived Particles (LLP):
(Zstable and metastable heavy charged particles
[A disappearing tracks
[A displaced vertex

[A lepton-jets



Supersymmetry



CMS, different analysis strategies based on
v different finale states: 0, 1, =2 or =3 leptons
v different variables for SR definition: H7**°, Mps, Razor, ar, ...

Best sensitivity with O leptons final state and H7**® base
Signal region (SR) definition

— _— —_—

ATLAS, focusing on two final states: 25ame Sign (SS) or = 3 leptons, multi-jets

Reference arXiv:1602.09058 ATLAS-CONF-2015-067 arXiv:1602.0658
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Off-shell stop
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ATLAS, SS or > 3 leptons

;‘ 1100 TITIIIITIIIIIIIIIl"ﬁij"f"‘YYY'Y"I l’ll!__
w— Observed limit -
Q !
(2. 1000 |- ATLAS ----- Expected limit (+10,,,) -E
e C \s=13TeV, 320"  —— ATLAS8Tev, 2031 .
900 ——— ATLAS SS/3L 8 TeV, 20.3fb" —
- All limits at 95% CL .
800 4
700 .., =
600 = —]
; \ :
500 'i. -
300 - . -
200 [ .
e £
100 _l A1l l 1111 l 1111 A 1 l l:! L l l.'l 11 l g I 1 111 l 111
950 1000 1050 1100 1150 1200 1250 1300 1350 1400

m, [GeV]

>’ 2000 N
8 - CMS Preliminary — Observed ----Expected -
'_O'J 800~ —SUS-15-002, 0-lep (HT™), 2.3 b (13 TeV) | -
! ~ - SUS-15-003, O-lep (My,), 2.3 " (13 TeV) ]
€ 1600 — =SUS-15-004, 0-lep (Razor), 2.1 fb™' (13 TeV) -]
[ —SUS-15-005, 0-lep (o), 2.2 fb' (13 TeV) -
1400 =SUS-15-004, 1-lep (Razor), 2.1 fb™ (13 TeV) ]
- —SUS-15-0086, 1-lep (A¢), 2.3 o' (13 TeV) -
1000 —SUS-15-007, 1-lep (M), 2.2 fb! (13 TeV) ’
— —SUS-15-008, =2-lep (SS), 2.2 b (13 T ]
- —SUS-16-003, >3-lep, 2.3 b (13 TeV ébmbmatlon— (Pf all 72 SRs
1000[— —SUS-14-010, 0+1+2+=23-lep, 195fb (8 TeV) .
n for the exclusion plots
800 .
600 —
4004z =
200 -
| | | | | | | | | | “ I‘.l | i : I:':l | | | | | | | :
800 800 1000 1200 1400 1600 1800
mg [GeV]
< 1600 ATLAS, multi-jets
3 - ATLAS Prellmnnary ATLAS8 TeV, 201 16" ]
étx-“‘oo " 15=13TeV, 331" 5555 Expected limit (+10,,)
. :_ e Observed limit (1103“5') 3
200 - All l|m|ts at 95% CL
w0 e SR w:th the best pected
O N N sensitivity used
E for the exclusion
600 fom’ \:
. \ plots
400 — 1
- ::
= | B
200 — |
1! __
o s L l 1 1 1 I ' 'l i l 1 1 i l :"n 1."» l 1 1
1000 1200 1400 1600 1800 2000

m (GeV] 6




m.o [GeV]

CMS (arXiv:1602.0658), the same selection of § — t£x} with

\S

lepton and HV*** base SR definition:

ATLAS (ATLAS-CONF-2015-067), same anaIyS|s of multi-jets but

with:

¢ 0 lepton (before also 1 lepton request)

¢ Niets = 4 (before = 8)

mepr =) PP+ BE

Off-shell ¢ different definition of mey i<4
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¢ 1 lepton

€ Nbejets = 1

€ Niets = 4

¢ Large E7ss

On-shell stop

ATLAS-CONF-2016-007, focusing on a final state with:
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SR with the best expected sensitivity used for the exclusion plots



P
; A~ .,  CMS, different analysis strategies based on
_ - 1 . .
- v different finale states: O or 1 lepton
Pl v v different variables for SR definition: Hy""**, Mo, ...
o i Best sensitivity with O leptons final state and M+o base
L Signal region (SR) definition
0 c“lsllllllllllllllllllIlllllllllll:llllll:lllllllllllllllll??:l)l-il(‘lalrf‘l)
'é 10° n,[zoo.Aso)Gev§ n,(-sso.srs)ccvi m(srs.tooolcovim(woo.usooloevg H, > 1500 GeV = |
w g0 F Pre-fit background -@- Data
3 : : E:‘:s':'::mm
Reference arXiv:1603.0453 -
Nleptons 0 10
1
Njets > 2 (1) o
Nb—jets >0 o = s % A HE .
1o ggggggssggggsae;&azgeesfgs;@s:gseg;@sfss:gseq;u;&gjgees;gt!fgs'gee
Varssr Njetar No—jetar Hr, Mrs(Ny—jora Pr) ) g m $% .zz 33T g .N..fiif ‘-z 11399" r.i.miiv g5
—10-1.'
Each bin should be splitted
in 3,4 or 5 Mr2ranges to obtain
Mps =  min {max[mT(f’getl,@),mT(ﬁget2,ﬂ)} all the SRs
Gy + 7y =Pmiss

ATLAS (ATLAS-CONF-2016-007), same selection of g — txl
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ATLAS-CONF-2016-009, focusing on a final state with:
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CMS, focusing on two different analysis strategies:
¢ the same of ¢; — tx? with O lepton and M7, SR base definition
(arxXiv:1603.0453)

$ 20r 3 Jets W|th Iarge ET > in the flnal state

Simi Ia rappoac fo r AT LAS
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ATLAS-CONF-2015-066
Large E7sS

veto on an energetic 4th jet

CMS-PAS-SUS-16-001
Large E7'5s

veto on energetic 4th jet
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Bottom squark pair production, b, — b .
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t ATLAS arXiv:1602.09058, focusing on a final state with:
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Still possible to have light stop changing its BR
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Vector like-quarks



Vector-like Quarks

[ I l I I I

ATLAS-CONF-2016-013

T

(T,B) or —
SU(2) Singlet (X,T) Doublet

—T5Wb e T - Wb
0.8 i

e \/ector-like quarks (VLQs) are
predicted by a large variety of non-
Susy models to stabilize the Higgs
mass calculation

Branching Ratio

- Little Higgs, Composite Higgs, 0.6
extra dimensions

e Non chiral fermions, not excluded by 0.4
electroweak precision measurement -

0.2
L / PROTOS

- Same charge as b, t (B, T) or - |

exotic charges (Xs/3 or Y-4/3) i | | | L]

. 400 600 800 1000 l1 200
- Masses in the TeV range m; [GeV]

® Properties:

- Singly or pair produced
e Variety of final states

® Dedicated searches and inclusive
analyses



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/

T-pair production

Reference ALTAS-CONF-2016-013 CMS-PAS-B2G-16-002
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o Atlest 1 T—tH

e Background estimation 2

o Fit meff=MET+prt+ ) pTjet  '°F

® Interpretation in the tttt

I I III]IIIIIIIII]IlIIIIIIIIITII]]IIIIIIII

| | ATLAS Preliminary - Data g 10r - 3
from simulation except for @i10%L Vs=13Tev,3.21" mm TT doublet (800) | = F = Theory (NNLO prediction +15) I
Pre-fit [t + light-jets - F —— 95% CL observed limit -
I tt + 21c L _— |

multi jet background (data ool m .2t A 95% CL expected limit
driven) i Non-{i e | B 95% CL expected limit +1c
e \/alidation regions with d o eaBrewe R 95% CL expected limit 220
low jet multiplicity 10° SU(@) singlet 1

T T1I'IYTTI

ATLAS Preliminary’

s=13TeV, 32" 20,
Run |

production, in the SU(2) §
singlet and doublet and &
limits set on BR to Wb

¥ 11[1]

" g : g 3 : z : 3 7 A AT TN FN A T .
- F 8 s % 2 [ U U0 W T O U W T U U W U W U T WO 0 0 0 O O O O O O |
(back-up) id 37t 3843473 600 700 800 900 1000 1100 1200 1300 1400

my [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-002/index.html

T-pair production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-002/index.html
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-008/index.html

CMS S
Xs/3-pair production CMIS-PAS-B2G-15-006

~ev Sy ¢ Main backgroun First result
- top pair prod in this
estimated from simulatio channel !
—8*vb —+Hadrons 0 0
and checked in dedicated
CMS Preliminary 2217 (13 Tev) 22" (13 Tev)
— Hadrons — Hadrons 3502— : ::t:_, AHOS Sev) KO : :;:,anoo Tev) x10
v e l."!” (1 3 TeV) -T. ——— L 410 TeN) 7
0= - I
0250 U8 5 o ese. s oo
SS —Hadrons —Hadrons
e Main backgrounds : l+jets
- fake leptons and charge misidentification b d .
estimated using data driven methods +boosted é’ of S o
. e W-taggedjet &8 ...
- Di/Tri boson from 2 : N ik b i
simulation(WW,ZZ,ttW,ttZ, WWW) S 800 800
discriminating variable-> min[M(.b)] (GeV) AR(lepton, 2™ jet)
CMS Preliminary 221" (13 TeV) CMS Preliminary, 2.2 fb "' (13 TeV)
""l""l""l""l""']"" UE IIII‘[IIIllllilllIIIIIIIIIIIIIIIIIIIIIII
o* All Channels =L o ] —— 95% CL observed |
anne hargeMis| — -
‘ % ﬁoaPrompto ,E R H ----- 95% CL expected
----- LH_X53X53_M-700 Lo
> 102 e RH_X53X53_M-700 I><m 1= - + 10 expected —
D e Data 2 - . -
O x“’ - ‘ I + 20 expected N
& 10 ) X _ L
- b L~ memee= Signal Cross Section |
\g 1 et ] ]
11} X o _— l
< 10 L i 10

oy gy SS and Semilept.b‘hic\ channels combined
g’” Of——-'-—--—-—-.— £ lude RH(LH) Xs/3 <960(940) GeV

-
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Resonances
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Searches for tt and tb resonances ) _—
e Several new physics models predict new W
gauge interactions with enhanced coupling
to third generation quarks : - 5
o ttbar:
- Generic wide and narrow Z’ models,  t
Heavy Higgs, extra dimensions kk
excitations “ ‘{
o th:
o q t
- Generic wide and narrow W’ models,
Little Higgs, extra dimensions
e Analysis in Run | - -
y g i
W’->tb M(W?*)>1.9 TeV Phys.Lett B 743 (2015) M(W’)>2.15 TeV JHEP 02(2016)
L’-> tt
Narrow (~1%) M(Z’) >1.8 TeV JHEP08(2015)148 M(Z’) >2.4 TeV PRD 93(2016) 0120001
Wide (3%)M(Z’)>23T€V l+jets (10%) M(Z’)>29T€V combination

KKgluon excitation  M(KKG)>2.3TeV M(KKG)>2.8 TeV
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http://arxiv.org/abs/1410.4103
http://arxiv.org/abs/1509.06051
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.012001
http://dx.doi.org/10.1007/JHEP08(2015)148

=
Searches for tt resonances CMS_PAQSMGS_15_OOQ =

® |epton +jets analysis optimized for heavy
resonances

CMS Preliminary 26f" (1
P—IIIYIYIIlrllYl]IllY'l‘lll

| AKS jets with p’>500 GeV, <2 4, ’.pd) (25

3 TeV)

|

o

[ ——Data

L I matched Y top
— [l unmatched to top
e Z 3TeV (o=1pb)

72
e |eptonic top: lepton (dedicated isolation),
missing Er, b-tagged jet

e hadronic top: large cone top-tagged jet
(softdrop mass € [110,210] GeV and N-

subjetness 732 < 0.69)

. ; .. .. Jet softdrop mass [GeV]
e choosing candidate minimizing:

— 2 _ 5
Mt”_MC’ Mm_Mm : -
y2 = | —ep e ) ( . d) e/u+jets, 1t tag 26" (13 TeV)
My OMiyag @ [T T
o 80 CMS. . —+— Data —
e Event search regions: 5 [ Freliminary i ]
L B Other SM .
- 1 top-tagged; 60—~ 3 Z' 3 TeV (o=1pb) ]
- 0 top tagged, 1b-tag; 40i 1
- 0 top tagged, Ob-tag; : i
e Simultaneous max.likelihood fit 201 ~
e Background estimation: - s 1
(@) S e b O | ’I ! |
e M(t,1) in tt-dominated low M(tt o 150 =
r o 8 T
o M(t,1) in W+jet CR: inverted 4° S 05 e l AT =
0 1000 2000 3000 4000

e M(,I) in DY CR: dilepton events M, [GeVh4


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html

Searches for tt resonancesATLA‘g_‘;U;éO%_m

® |epton +jets analysis optimized for heavy 3 soof ATLAS Preliminary = 0as |
Q) = i
resonances S 700f VF=13Tev.321" ] Waets
. . . . > gooE ° = o
o Ieptqnlc top: lepton (dedlcateq isolation), £ S,F B s E
missing Er, closest b-tagged jet @ 400F- ) ok uncerany
, , 300F
e hadronic top: large cone top-tagged jet 200E-
(trim mass and N-subjetness 732) 3 E
o 15F ' ' '
Ty
. . % 0250 100 150 200 250 300
e Background estimation: o Large-R jet mass [GeV]
e \W+jets normalization (charge > Faas Py T g TS
. . . 0} - 15=13TeV,32M" m— - 3
asymmetry in data and simulations) g o' e = s
y _— © F M = e :
e Multi-jet fake leptons contributions ~ » wk [ ™, = S I
o E ]
from CR & 1ep .
e tt-production from simulation 1ok -
e bump hunt in M(t,t) spectrum s s ﬂ _
m &l
8 05 0 500 1000 1500 2000 2500 3000 3500 4000 4500

m;* [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-014/

Searches for tt resonances

e Both analysis found data in
agreement with SM prediction

® 95% CL limits are set for
different scenarios (more in
back up)

e Similar sensitivity as Run |

CMS

CMS-PAS-B2G-15-002

ATLAS-CONF-2016-014

’ CMS Preliminary 261" (13 TeV)
— 1
ﬁ‘ ------- Expected (95% CL)
= = Observed (95% CL)
T 107 w=== 7' 1% width (NLO)
_ B +10 Expected
% 10 [ +20 Expected
X
o' 1
c
o
= 10"
£
— ~’~.
102 B
Q10 ..
S
10-3IlIlIIlIIIllIIIIIIIIIIIIIIIIIIIIIIII
05 1 15 2 25 3 35 4
M,.[TeV]
S 3TITIITIIY]ITYYII177]TYYYIYYTYTIYYIIYIIYITYII LI T
S10°=ATLAS Preliminary Obeerved 0500 Lt
'1; [ Vs=13TeV,3.2fb" eeeean Expected 95% CL limit .
Ry 10° = B Exp. 16 uncertainty E
o - K s, Exp. 2 ¢ uncertainty :
am 10 = e, . eessew Z'1co(T/M=1.2%) (LO x 1.3) _|
X = ‘s ‘s =
5 = K wimimn Z' (M/mM=3%) (LO x1.3) =
¢ T e -
107
10_2H‘1111111 | Lol ' '.:.I'!Allf'7'9411 [ 1H
O 05 1 15 2 25 3 35 4 45 5 26
Z' mass [TeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-014/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html

Events / bin

Pull

Searches for tb resonances

L

CMS Preliminary L=2.2fb", {s=13 TeV

:llllllllllllllllllllllllllllIllll'llll-

- - . Dwts
HHets Nblm-z - Ew- enezed1 s vy
H | LR
1° : |

[ + orgieTop ?
—W, TS TV~ 20 3
— Wy, TdD TeW

10

10"

1000 1500 2000 2500 3000 3500 4000
M(tb)

Limits better than Run |

e Semileptonic final state

CMS

CMS-PAS-B2G-15-004

® Right handed W with SM-like coupling as benchmark model

- optimized isolation requirements for higher boost wrt Run |
(relative momentum b/w lepton and jet for multi-jet events

rejection)

Fit of the M(t,b) spectrum in different categories:

- (e orp) x

® Background estimation:

(1 or 2) b-tagged jets

- Wh+jets: iterative normalization estimated in 0 b-tagged (light
flavor enriched), then in pre b-tagged control regions(hf)

- tt: checked top pt distribution in CR (dileptonic and low
M(tb) events)

CMS Prellmmary L=2 2fb at 1s 13 TeV

= 102;" —TheoryM <<MW E
o) o e Theory M > M, §
.g - —— 95% CL observed i
b 10 S 95% CL expected =
o BN [ ] +1o expected -
T 1 - || +2c expected i
_ = =
s E
o0 ; i
Z 0 E
3 - " Invariant Mass Analysis
g_ 102 e/utjets N, iage ™ 1or2 .
Q‘ o I T W N N T T U A N U ST U U N NN SR U
© 1000 1500 2000 2500 3000 o7
W' Mass [GeV]



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-004/index.html

Searches for rv resonances
CMS

CMS-PAS-EXO-16-006

174
e Sequential standard model (SSM) W’

e Events with missing energy (> 120 GeV) and
an hadronic tau (pt> 80 GeV) identified
combining different decay modes

4 ( /'Wohih?}é/i A

e Main backgrounds:
e SM off shell W from simulation (NNLO)

o Multi-jet events with fake tau are
estimated in data considering prand n
dependent fake rate (5-1%)

e [it to transverse mass:

Mt = /2 pFEFiss (1 — cos Ag(T, Fs®))

h:t

o x B(W'-1v) [fb]

2.3 b~ (13 TeV)

T T T T T T

{ CMs - B Woly W M=3TeV
Prefiminary 7+Ey

-

-mlb]e( w— W' M=1TeV

2

tt
- Z/y —4= Data

Events/(30 GeV)
=Y =3 3,

—
o

—
o
~

Data/MC

200 400 600 800

M, GeV!
23" (13 Te
10* LA
oSSMW‘MlLO@PDFaE
G SSMW'LO
—— Obssarved
10° me== Expected 3
[ Expectsd = 10

[] expected 220
10%}

i | \l o

N\

— —— N\
llII

1b00150020002500300035004000450050005500

10

Run | and Il combination W’ are  Mu{GeV]
excluded in the mass range 300
GeV<M(W’)<3.3 TeV

1000 1200 1400 1600

N\


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-006/index.html

Long lived particles



Long Lived Particle (LLP) Searches

Ranges are from a variety of sources (eg

€ reinterpretations by theorists) and indicative only
Prompt hadronic:
RPV multijets >
2x2 jet stop Pixel dE/dx
?
---ﬁ
Displaced vertices SMP
Displaced dileptons
Prompt leptonic: ——
4L —
B-L stop Non-pomtlng/ late photons (Stopwd R-hadron:
LFV resonance 1e8-3¢18 mm)
Disappearing track
l I I I I I ¢t [mm)]
1 10 100 103 104 10°
g R-hadron — g/qq 7(? ;M= 100 GeV Status: March 2016
% 2400 - ATLAS Preliminary -e- Expected stopped gluino (cloud)
g - 95% CL E)mitsl. Gtshggr\){' no:-indugﬁd . —e— Observed stopped stq) (cloud)
o ISplacea vertices s. Rev. D92, 072004 :
IEm 2200 = Stogped gluino Phys. F)(Iev. D88, 112003 }18.4-20.3 fo, Vs=8 TeV HSCP gluino (cloud)
c " e Stable charged JHEP 01 (2015) 068 HSCP stop (cloud) ®
S 2000 [~ @ Jets+EM™® ATLAS-CONF-2015-062 j q=2/3e HSCP Long-leed
é C Pixel dE/dx To appear } 3.21b”, Ys=13 TeV AT LA q-_-_3e HSCP .
= 1800 i S ; chargino, ctau>100ns, AMSB PthCIQS
2 1600 Fo Lo neutralino, ctau=25cm, ECAL time
Chaaa=3 ? aE 0 1 2 3 4 TeV
1400 | o ©
1200 | ! Lo »
1000 [ . o ® | | P are particles that can decay inside the
800 [2- j L o detectors
-9 : : : i 8
o ! ! Lo 2
600 éllllllll | Illlllllé | IIIIIII| | I;lllllll II IEIIIIIIl | IIIIIII| | IIIIIII| | Ii . Wide_ranging SearCheS exploiting diﬁerent
102 107" 1 110!t 102 10°  10* ’
(r for =0, By=1) Beampipe iInner Detector Calo M3S I I /I I
IIIIIII| | IIIIIII| | Iilllllll | Illllllli | IIiIIIII | IIIIIII| | IIIIIII| | Illllﬁl[nIS] teChanueS, Wlth Some nontrIVIaI Overlaps In
10° 107 107 1 10 107 10 10° lifetime coverage 30

ct [m]



Stable Massive Particles Jé:[1|(33°«15)§68

e Search for long-lived massive charged particles

- sleptons, charginos, or (sbottom/stop/gluino) R-
hadrons

» composed particles can undergo charge-flip
(uncharged->charged a or vice versa b)

e Signatures

- long-lived charged: interaction with at least one
outer detector component, TileCal (hadronic

calo) and/or MS (muon spectrometer); massive: C
IOW VeIOCity B:V/C %; - SR-RH-FD coMBINED ¢ Data =
- main discriminants are time of flight (TileCal/MS) 3 . I E5gented Sanel, m = 500 GeV  —
and jonisation enerqy loss (Pixel detector) o F o s
e Status and Plans EAPE . o " =
- * e ! -
- preliminary Run2 2015 analysis based on N ’+’*¢4};’i+-!'§§;g"i" E
TileCal, with expected improvements of 20% 10g R E
w.r.t. Run1 mass limits n mﬁ T T ]
15 ? 9% -
- include MS (Full detector analysis)
- if possible include LAr (EM calo) in B estimation 107 i
3: |||||||||||| | Dh ol Wb v by 3
- use slow-muon trigger (about 10% efficiency 2 * { ‘ | 3
gain) g b *...,._.,‘._,,++_+_++ﬁ#.+ ...... * ................. | E

S A7 1 I e e

- optimise searches in low mass region R T R T [ R T T R T = OB TV I (T

m, [GeV
p [0V,



. . CMS
Stable Massive Particles CMS-PAS-EXO-15-010

e Search for long-lived massive charged
particles

- sleptons, or (stop/gluino) R-hadrons

» composed particles can undergo
charge-flip (uncharged->charged a
or vice versa b)

e Signatures

[ 20 e _ 24m"(13TeV)
- long-lived charged: interaction with at E o N B -
> l o ' Q=1e eV . [$)
least one outer detector component 2 6% . Emvc:oze 40Gev | 403 S
(Muon Spectrometer); massive: low = EpMCatesmey 11 =
velocity B=v/c ol §
- main discriminants are time of flight 10! 10° ;
(MS) and ionisation energy loss (Silicon- 8l S
Tracker detectors) 6f 0
* Status 4f 2
: 2k >
- Run2 2015 analysis based on tracker sk | Z

0 500 1000

and tracker+TOF published
p (GeV)
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Stable Massive

Particles

3 2.4 (13 TeV)

— 1 O E I I I I I I I I | I I =

) “CMS Tracker - Only 3

~ - Preliminary fl

© 102 _ =

c = Theoretical Prediction —v—gluino; 50% g9 3

S N = gluino (NLO+NLL) ~—— gluino;10% gg 7

é 10 g_ ______ stop (NLO+NLL) —— gluino; 10% gg; CS_E

= E ------ stau; dir. prod. (NLO) - stop. 3

1 -  J— tau (NLO) —=— stop; CS i
O stau ( —e— stau; dir. prod.

\O 1 = s 1Ql=1e (LO) e— stau _§

0 i QI = 2e (LO) —o— 1Ql = 1e .

@ 0 \ QI = 2e 1

T =

107 ¢ E

107 E

- ] AY N\ I ! ! I ! 1

107
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" N

Cross-section [pb]
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—i
o
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<
N

107°
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C

I ' I ' ' I ' I ' I
= ATLAS Vs=13 TeV, 3.2 fb™ E
- arXiv:1604.04520  stable g -
- s, B Prediction § .
— — Observed 95% CL UL —
= =— Expected 95% CL UL (= 1o,,,) 3
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e Search for long-lived massive charged particles
e Signatures N

- long-lived charged: at least proper reconstructed track in the ID
O(ns), sensitive to short lifetimes but also consider long lifetimes; N
massive: low velocity B=v/c = large dE/dx

. . ATLAS ,
Meta-stable Massive Particles  axiv1604.04520

- main discriminants are high dE/dx in Pixel Detector, large
momentum ID track and large MET

- two signal regions: Short lifetime (<50ns - reject muons); long
lifetime (=50ns - tighten jet rejection) N

: i Stable 4.
e Status and Plans :}:::}:::}:::}:::}:f:h::::}::::t:
. : . %) - i
- gluino R-hadron Run2 2015 analysis published . [ V/s=13TeV,3.21b" ]
. o o o —— Observed 95% CL LL
- aim for better efficiency for shorter lifetime E ... Observed +1a, LL ., I
» use pixel tracklets. Poor momentumn resolution but plan to 5 10F— Expected 95% CLLL (= 10ur) E
P " P - —— Observed 95% CL LL (8 TeV) [/ . ]
add vertex constraint ... Observed =10, LL 8 TeV) /- ]
— 10 € ZOEIrrl1(€|3)l=8locl)leévl,rl(§|)='lslnéI A | §—qa %, mE)=100 GeV |
t ATLAS l _© 18 —m(g)=1600 GeV, t(G)=10 ns - ATLAS Simulation—
o 9 Data 2015, Vs = 13 TeV o T m(G)=2400 GeV, stable : ; ]
¢ =10 > 16— . = — 1= —
28 E & 3 - ]
= 1 =14 = - ;
S 7 . 7 ¢ - 17 . _ ]
g, S0 D12 - : :
5 - E -0101‘_ _: I|III|III|III|III|III|III|III|I
_ S o E 200 400 600 800 1000 1200 1400 1600
4 . E C 4
3 . 6 . E Mass [GeV]
o[ 10 A, L e ; =
1 |':|"':|7 T |” |||||| Cov0 01 L l. L |. | ‘|E:"|.' :"ii‘;.l sr”l-'.;.'l.‘ 1": | |: |.'| AN A
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Disappearing ITracks

Tracks / GeV

Data / Fit

ATLAS

PRD 88, 112006 (2013)

Search for long-lived massive charged particles

- chargino decaying into neutralino and soft pions

- long-lived charged: at least proper reconstructed track in the ID O(ns),

using ad-hoc reco algorithms for short tracks; disappearing track: few hits

- main discriminants are number of hits in the ID, large momentum ID track,

- improving short track reconstruction and use of dE/dx for Run2 2015

Signatures
in the outer part of the ID
angular correlation with MET
Plans
analysis
1 05 E T T T T T T T T | e DI t T T T T T T T ?
jotf ATLAS moonns
F A e p_-mismeasured track 3
10°L Vs=8Tev, f Ldt =20.3 b Electron 1
o e — MT'200 GeV,x.=0.2ns
L ' m’ = 300 GeV, T = 0.2 ns -

m;L =300 GeV, 1;1 =1.0ns

05I + .......................

20 30 40

100

200 300 1000
Track P, [GeV]

Tracks

10—

107 —e— Data (s =8 TeV, J Ldt=203f") ATLAS
SM MC predictio

6
10 % m)zj =200 GeV, ‘[)_C =0.2 ns (Decay radius < infinite)

5 )
10 - m. = 200 GeV, T 0.2 ns (Decay radius < 563 mm)

104

0.-0-9
10° * o00c0®’ *
o
°
¢
mlllll 1
30 40 50 60
N gy
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. . CMS
Disappearing Tracks JHEPO1(2015)096

e Search for long-lived massive charged particles
- chargino decaying into neutralino and soft pions
e Signatures .

- long-lived charged: at least proper reconstructed track in the’
ID O(ns); disappearing track: few hits in the outer part of the
ID and no energy deposit in the calorimeters

- main discriminants are number of hits in the ID, large
momentum ID track, energy deposit in the calorimeters

Simulation (8 TeV) Simulation (8 TeV)
_-l: i | | | T T T | T T T T T T | T T T | T T T | T T T | T T ] > T T T | T T T T T T | T T T | T T T 'c.— :
5 1.2-CMS [ Stat. uncert— 8 1 " CMS ] Stat. uncert. |
~ - B Wty . L B Wl ]
_8 400 GeV x= (ct = 10 cm) % SE?ISO“ i Q0 .| = 400 GeV * (ct = 10 cm) % SECI)ISOH i
LTEJ - LY 400 GeV x* (ct=100cm) [ ]Z —vv N g 0.8 f' LY 400 GeV x* (ct=100cm) [ ]Z —vv __
. I 1 ] = I . I i i
0.8 =r=+ 400 GeVy: (ct=1000cm) = gnaet T S [ | "7 400GeVyr (cr=1000cm) | ginget |
' [ JQCD - 0.6 [ 1QCD _
0.6 . i
i 0.4~
0.4 - i
3 021
0.2 E -
0 o W, S ok
O 2 4 6 8 10 12 14 0 20 40 60 80 100
N?nui;esr Ecalo [GeV]



Disappearing ITracks
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Displaced Vertex PRD 92, 012010 (2015)

PLB 743 (2015) 15-34
p

f

e Search for long-lived particles decaying into the
detector volume

- SM scalar boson communicator ® between
SM and hidden sector. ®-1m,11,. LLP is the
hidden valley pions m,.

- HV Z' communicator, decaying into hidden
quark pair
- stealth and split SUSY

e Signatures (non standard - devoted reco
algorithms are needed)

o 0.9¢ T T T T T T x (>)~0-7 L L L B L B B B BRI B
- displaced vertex ID: secondary vertex, high  tos- amas = s o B o ATAS Smulaton T o0 et mcan aev ]
. . . . . — e, m,=600 GeV, m =50 GeV  _] = C —— mz= e ]
track multiplicity and high mass, material 25l I ey 1B e ey
g 0o m,=2 TeV, m,_=50 GeV E o Ok v B
Veto E 050 Background (data) = g 0.4; _v__y__v__v_ é
. . 0.4 = g F e - ]
- displaced vertex MS: MS segments isolated 0sk o Bor Fag, T =
w.r.t. ID, high number of hits, dedicated o R 1 Box T E
trlgger 04 "6 8 10 12 14 16 18 S - =3 ]
Vertex track multiplicity ol b Lo bme Lo L Lo Lo L Loy

- displaced vertex HCalo: jets with large energy ‘(]

deposit in the hadronic calo, isolated w.r.t. ID, 0B
dedicated trigger based on large Eyca/Eem 2 Z::?f“w”w’@:s%gﬂ%s - .
e Plans E O-é ----------------- :§:82:|;d§g:§ :: IDa :
- two independent searches in Run1 (ID+MS zzz% E
and HCalo). Final goal for Run2 is to have 004 -
one combined search for various °'°j? e
3 2 3 4 5 38

combinations of objects (vertices and jets)



Lepton-Jets JHé-!:I(-ZOAM)SO%

® Hidden and visible sectors communicate
through a dark photon Y,

e Signatures v
- the dark photon can to collimated pairs
of e, y, i* (lepton-jet) far from the IP \"“-.::;;;..,l,
- main discriminants are /arge impact (P | - |
parameter and jet topology : 'g&gs'_m )
¢ Plans T BR(H— 2y +X) = 100% :
- study displaced pure electron and all-

hadronic decay of the dark photon

- search for different LJ production
mechanisms: 1 LJ + X

95% CL Limit on oxBR(H—> 2y +X) [pb]

1L FRVZ 2y model |
L) TYPEO LJ TYPE1 L) TYPE2 o E n’le= 400 MeV E
s ' s N EMCAL expected = 20 observed limit i

B9 HCAL
= MS expected= 1o~ -as-- expected limit .

|||||| 1 1 ||||||| ||||| 1 ||||| 1
\
\ 3
, 1 10 10° 10

o Dark photon ct [mm]

39



Conclusions
e Run | left us with great hopes/doubts for new physics at 13 TeV

e With beginning of Run |l both experiments showed to be well prepared
to acquire and analyze new data

e \\We gave you some overview on the most recent analyses that exploit
2015 data to look for New Physics

e Some analyses already more powerful than the ones at 8 TeV!

e Nothing new so far... but the new run has just started and we expect
10 times more integrated luminosity in 20106!
T s - e —_.\z"?*'-*? b

Stay tuned for
new data !!!
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- (r%,mi) =(1.1,0.7) TeV
(ma.m") =(1.1,0.8) TeV

t ATLAS (ATLAS-CONF-2016-007)
] ] \
p 4
t _ X3 Signal region SR1 SR2 SR3
- Observed 12 1 1
RS 0 Total bkg 5.50 4+ 0.72 | 1.2540.26 | 1.03 +0.18
. p, l
D L t 2.21 +0.60 | 0.29 4+ 0.10 | 0.20 + 0.07
Single top 0.46 + 0.39 | 0.09 +0.08 | 0.10 + 0.09
t W +jets 0.714+0.43 | 015912 | 0.20+0.09 |
J— T — tt 4+ W/Z 1.90 £ 0.42 | 0.61 £0.14 | 0.41 £0.10
Diboson 0.23 +0.15 | 0.11 £ 0.07 | 0.12 £ 0.07 |}
‘—
315lllIll'llllllllllll]llllllllll‘lllll!lll E‘ol‘ll’]l""f'lllll"]l"lIl‘l!!"ll’lllil]l
S ATLAS Preliminary -0= l?ata ) S | ATLAS Preliminary - Data
= ) EltiaL - - L 1 BltiaL
g 1s=13TeV, 3210 []Single Top - 2 gl 's=13TeV,32f0 [ Single Top
@ SR1 [ W+jets i L opy [ W+jets
10} L_]Omer _ "t [ Otner
BtV - Bl iV
Total SM ; 68— Total SM
. N— -- (l'ﬂa,l'ni) = (1.1,0.7) TeV - o
(m_,m.) = (1.1,0.8) TeV . - —
i e >
51— _ .
' ' IS os | “_
600 700 800 900
ET™ [GeV]
T —
SR1 SR2 SR3
miss
b > 260 GeV > 350 GeV > 450 GeV

42



\\\S

1 1 prevy 1 BN . - 4 as
T-pair production B T eo0Ger I, mIi0Ge] ATLAS ey
0.8"= .‘o ‘= ... - of
T := a ::: ‘.. E-13 Tev,32 b
o6 9 T “% 1 Hux
o [ . TS ) . 95% CL observed exclusion
o 0.4:5 X T4 X 4 eemes 95% CL expected exclusion
0 2:_5 e ".. ::E L "o.. 1 * SU@)doublet @ SU(2) singlet
Reference ALTAS-CONF-2016-013 3in PR * 3o
(e s, m; =750 GeV]: ™, m; = 800 GeVii ™, m; = 850 GeV
N 1 08 ™. H, H.,
leptons (eorp) N N il
0.6% “% T4 (4) T ’ ‘5 1
N' 6 . s :-! .0% e ? -t
jetS > L u ) . . B ,ecee .
0.4'_'i °0.. -“_'E ....... % ....n...c a
Nb-jets 2,3,2 4 02:_§ - ..".’....0 -:_: ] -:- L ] ;
N Large-cone jets maSS‘tagged ( t, H ) jetS (0,1 y >2) :-:-.-. t t et % AR t R R R R
. e %, my =900 GeV]L.: my; = 950 GeV m; = 1000 GeV
trimmed mass >100 GeV 08F ™. 1
. 0_6.'.;.... dda 1 < 1 < 2
Categories 20 T b % *
0.4¢ T % T 1
0.2 . I . 1 * 1
0:“““-1.“1‘“1‘“: PPN IPEPEPE IR EPEPETS PR aaal oo b aa s laaaly s '
0 02040608 0 02040608 0 02040608 1
BR(T — Wb)
> LI IIIIIIIII LI IIIIIIIII ™ T7T ™ TT ™1 TT ™rTT ™71 71T ™TTT
8 ASPrellml]a{y :'[D-?doubbt(em) 3 20 TLASPrehmna[y -’-ga%mt :S _E :§1OL—IYITIYIYIIITITIllII]TII1I1TYITITIIIIIII-
§ 18 F 13TeV, 321 ’ \§=13TeV, 32" Etf: >fc * 3 = F Theory (NNLO prediction t+15) 3
2, 26j, 24b [t + light-jets 18 ) (- . :
S » Z0h Cff + 21c = 22J, 26}, 24b B+ 21b - E —— 95% CL observed limit x
£ 16 Preit I+ =1b £ 16 Post-it =3 Non-t = T+ T weemeeeee 95% CL expected limit :
2 14 []Non-f S 4 77 Total Bkgunc. - g B 95% CL expected limit 16
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1 = : e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/

T-pair production

Reference
Nleptons
Njets

Nb-jets

N Large-cone jets

Categories

e Atlest1 T -> tH

e Main discriminating
variable min[M(l,b)]

e Background
estimation from
simulation

e \alidation regions
dedicated control
region

e Limits set for
different BRs to
Wb, Ht, Zt (back-up)

ALTAS-CONF-2016-013

1 (eorp)
> 6
2,.3,>4

mass-tagged (t, H) jets (0,1, >2)

trimmed mass >100 GeV

CMS-PAS-B2G-16-002

1 (eory)
>3
0,1,2,>3

W-tagged jets (0,> 1)

pruned mass € [65,105] GeV

20 16
B(T —bW) B(T —tH) B(T — tZ) | Expected [GeV] Observed [GeV] '

0.50 0.25 0.25 743 750
1.00 0.00 0.00 853 876
0.80 0.20 0.00 812 824
0.80 0.00 0.20 808 828
0.60 0.40 0.00 778 780
0.60 0.20 0.20 772 778
0.60 0.00 0.40 768 774
0.40 0.60 0.00 727 731
0.40 0.40 0.20 707 714
0.40 0.20 0.40 < 700 < 700
0.40 0.00 0.60 < 700 < 700
0.20 any any < 700 < 700
0.00 any any < 700 < 700
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-002/index.html

Single production: T—tH
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-008/index.html

Tpalr production: T—tH Q5MO§952

_ 19.7 ®7 (8 TeV)
g CMS
é 107
e Run | all :
hadronic final _
state 10°F  ComosncLem N
C [ Cenmal 85% CL axp. ~
= ~
" 1 1 o
600 800 1000
m, (GeV/c?)
Figure 13: Observed (solid line) and expected (dotted line) Bayesian upper limits on the T
quark production cross section determined from the variable L for the combination of the single
and multiple H tag categories, for the hypothesis of an exclusive branching fraction B(T —
tH) = 100%. The green (inner) and yellow (outer) bands show the 1¢ (2¢) uncertainty ranges,
respectively. The dashed line shows the prediction of the theory as discussed in Section 3. AT L A S
19.7 " (8 TeV) 19.7 7 (8 TeV) arxiv1409.5500
T(BW) T(bW)
CMS ‘ CMS ‘ Q 3102 lllllllllllllllllllllllllllll
§ . ATLAS [ ecey Moy
§ § o 95% CL expected fimit
g g T 10 = 95% CL expected limit 4 1
700 = 100 2 % [ ] 9% CL expected imit 120
; i |
: 1
; ; 450 I : 3 10°
T(2 T(tH T2 T(tH

Figure 14: Branching fraction triangle with observed upper limits (left) and expected limits
(right) for the T quark mass. Every point in the triangle corresponds to a particular set of
branching fraction values subject to the constraint that all three add up to one. The branching
fraction for each mode decreases from one at the corner labelled with the specific decay mode
to zero at the opposite side of the triangle.

10° ILdt:ZOSfb" Zbit+ X
) Dilep. + Trilep. Combination
fs=8TeV SU(2) singlet

10300 400 500 600 700 800 900
my [GeV]
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X5/3pair production:

® Run | same sign
dilepton
CMS L=195fb" (s=8TeV
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e 1
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CMS —
Searches for tt resonances .20

CMS Preliminary 26f7(13 Tev) CMS Preliminary 26f7(13 Tev
—10%E~; — 10°
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S 10 o 10 : [ +26 Expected
. @
N x} 1
S ©
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Ly e D107 G5 e s e e
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
http://arxiv.org/abs/1410.4103

Q-+ qw
T-H
T=1Z
T-bw
B - bH
B—bZ
B—1wW
X5/3 =+ tW
X5/3 =+ W

T-bW

T - tH ¢(Wb)=1.5

T = tH c(21)=2.5

Vector-like quark pair
production
Z'(1.2%) = tt
Z'(10%) - tt
gKK - tt
W = tb

W = tb Mur <Mw

W = tb M >Mw

Resonances to heavy
quarks
radion - HH
W' —= WH
_—

v

Z(1%) — t WS WHHE)
Z/(10%) — tt Z = VHHVIE)

2(30%) — tt

gKK — tt

0 03 06 09 12 15 0 05 v 15 2 25 3 35 4

Observed limit 95%CL (TeV) Observed limit 95%CL (TeV) =19 S=3/2
Vector-like quark single v - 1gS=12
production B2G: new physics b* = W K=t
searches with heavy SM BRI TR

800 b
13 TeV
800 b
0 04 08 12 18 2

Observed limit 95%CL (TeV)

particles

Gox 22 |
W' = VW HVT(B) |

Resonances to
dibosons

61

13 TeV |

15

0 05 1 5 2 25 3

Observed limit 95%CL (TeV)
Excited quarks

=3
8 TeV
oo

o 14

o+ o AT

0 04 08 12 16 2
Observed limit 95%CL (TeV)

+-model-independent
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W\
ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2016 JLdt=(3.2-20.3) fb" Vs =8,13TeV
Model ty Jetsi ET™ [Lam) Limit Reference

ADD Gyx +glq - z1j Yos 32 |Mp 6.86 TeV ne2 Prolminary
ADD non-resonamt ££ 2e.u - - 203 n=3HZ 1407.2410
ADDQBH — (g lepu 1) - 203 n==6 1311.2006
ADD QBH - 2j - 36 | My 8.3 Tev n=6 1512.01530
ADD BH high 3. pr zlepu z2j - 32 |My 8.2 TeV n =6, Mp = 3 TeV, rot BH ATLAS.CONF-2016-006
ADD BH multijet - >3j - 36 | My 9.55TeV n w6, Mp « 3ToV.rot BH 1512.02586
RS1 Gx — £ 2e.u - - 203 k/Mp =01 14054123
RS1 o 7y o I I 23 = =01 rrpics
Bulk RS Gyx — WW — qqlv leu 1J Yes 32 Gyx mass 1.06 TeV k/Mp = 1.0 ATLAS.-CONF-2015075
Bulk RS Gxx ~» HH —+ bbbb - 40 - 32 Gux mass 475-785 GeV k/Mps = 1.0 ATLAS-CONF-2016-017
Bulk RS gyx — 1t lep 21b 2102 Yes 203 BR « 0.925 1508.07018
2UED / RPP lepg 220,24 Yes 3.2 KK mass 1.46 TeV Tier (1,1), BRIAD < ¢2) w 1 ATLAS-CONF-2016-013
SSM Z' - 1t 2e.p - - 32 | Z mass 34 TeV ATLAS-CONF-2015070
SSMZ' = rr 2r - - 19.5 1502.07177
Leptophobic Z* — bb - 2b - 32 | Z mass 1.5 TeV Proliminary
SSM W' — &y Tep - Yes 3.2 | W mass 4.07 TeV ATLAS-CONF-2015063
HVT W' - WZ - ggvvmodel A De.u 1J Yes 32 | W mass 1.6 TeV gv =1 ATLAS-CONF-2015068
HVT W’ - WZ - gqqq model A - 2J - 3.2 W mass 1.38-1.6 TeV gv =1 ATLAS-CONF-2015073
HVT W’ - WH — tvbbmodelB T1e.u 120 1-0] Yes 32 | W mass 1.62 TeV gv =3 ATLAS-CONF-2015074
HVT 2" =+ ZH —» vwbbmodelB  Oe.p 120, 1-0] Yes 32 | Z mass 1.76 TeV gv =3 ATLAS-CONF-2015074
LRSM W/, — tb lepy 2b01) Yes 203 1410.4103
LRSM W, — tb Oe.p z1b1J - 203 1408.0886
Cl gaqq - 2 - 36 |A 175TeV e =-1 1512.01530
Cl qqtt 2e.u - - 3.2 A 231 TeV nu = -1 ATLAS-CONF-2015070
Cl vurt 2e,u(SS) 210,14 Yes 203 ICul=1 150404605
Axial-vector mediator (DiracOM) O e.u z1j Yos 32 £¢0.25, g,#1.0, m(y) < 140 GeV Prelminary
Axial-vector mediator (Oirac OM) O e, 1y 1) Yes 32 £:+0.25, g,«1.0, m(y) < 10 GV Preliminary
ZZyy EFT (Dirac DM) Oe. 1J,51]  Yes 32 m{x) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1 gen 2e z22) - 32 A=1 Preliminary
Scalar LQ 2™ gen 2u 22j - 3.2 B=1 Prelminary
Scalar LG 3 gen Tep 21523) Yes 203 |GG =0 1508.04735
VIQTT » Ht + X leu 22b 23] Yes 203 T in (T,B) doublet 1505.04306
VLQYY - Wb+ X lep 21023 Yes 203 Y in (B.Y) doubiet 1505.04306
VLQBB - Hb+ X leu 22023 Yes 203 80spin singlet 1505.04306
VLOBB + Zb+ X 223e.p4 221210 - 203 8in (B.Y) doubiet 1409.5500
VLA QQ — WqWq ey 24 Yes 203 1509.04261
Tars — Wt lep =105 Yes 203 150305425
Excited quark " — qy 1y 1 - 3.2 | q" mass only u* and d*, A = m{q") 1512.05910
Excited quark ¢* —» qg - 2j - 368 |q" mass 5.2 TeV only u" and ", A = m{q") 1512.01530
Excited quark b* — bg - 1b 1) - 32 b mass Preliminary
Excited quark b* —» Wt 1oe2e,p 10,20  Yes 203 fo=fi=fr=1 1510.02664
Excited lepton £* e - - 203 A=30TeV 14112921
Excited lepton »* epT - - 203 A=16TeV 1411.2921
LSTC ar — Wy feuly - Yes 203 14078150
LRSM Majorana v 2e.u 2j - 203 m{We) = 2.4 TeV, no mixing 1506.06020
Higgs tripiet H** — ¢ 2e.u(SS) - - 203 DY production, BR{H!* — ({)=1 1412.0237
Higgs triplet H** - ¢r Jeut - - 203 DY production, BR{M* — (1)1 1411.2821
Monotop (non-res prod) leu 1b Yes 203 Anon-res = 0.2 14105404
Multi-charged particles - - - 203 DY production, |qf = Se 1504.04188
Magnetic monopoles - - - 7.0 DY production, lg] = 1gp., spin 1/2 1509.08059

s aaal M i 2 3 aaal N N PR
Vs=13TeV N
- 107 L 10 Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
TSmall-radius (large-radius) jets are denoted by the letter j (J).



Searches for rv resonances

CMS

q
CMS-PAS-EXO- 16—006\

' 19.7 b (8 TeV) + 23 b (13 TeV) _ | | ' | 231" 513 TeV)
8 UL blMlsl l I L I I- UL I L I L L I | L L I‘l./l g : 1 ! 1 1 1 I 1 1 -I--I--l 1 || l- 1 T :
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~ F S S o= [ Expected limit + 1
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i L : © model independent limits
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-004/index.html

Delayed and Displaced

e |Long-lived pair-produced neutral particle
decaying into a photon and an undetectable
particle

Photons Pﬂoe?), 1

=ty
2]
o

TLAS

12005 (2014)

- GMSB benchmark model, neutralino s ==

10 ATLAS ® Z>ee (Data) =

N LS P g 5 F;j :ez\; L O et JT

e Signatures <t % :

- undetectable particle: large MET < o ﬂ%ﬂ% E

- search for final state with 1 or 2 photons o0 - E

- main discriminants are timing and T -
direction EM calo (low B, late decay) S

e Status and Plans

- LAr Calorimeter timing calibrated using
W-ev data sample, validate in Z-ee data

» plan to include calibration for low gain o
LAr hits (worse resolution due to :
limitations in calibration samples)

e CMS public result: Phys. Lett. 722 (2013) |

273

!
700

tries/200 ps
>

En

Iz | [mm]
origin
TTTTT {NIYI‘NIYN‘NITY‘TITT‘NNIY{TYTT‘TYIT*
.| -¢-Data E?iss >75 GeV ATLAS
- — Data ET"™* <20 GeV _ s =8TeV
- - A=160TeVt =0.25ns it det=20.3 -
L - A=160TeVt=1ns -5
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DISCUSSION

e Boosted objects and techniques
e Non standard signatures
e Theoretical interplay
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DISCUSSION

® Resonance and VLQ searches are pretty consistent between CMS and
ATLAS:

® boosted object reconstruction:
® |epton isolation optimized for presence of close by jet
e ATLAS: isolation cone that is the smaller b/w AR=10GeV/pT or

Z’->tt

AR=0.2 (e) and 0.3 (p)
® CMS uses:
e Minilsolation(similar concept)
¢ AR(l,j)>0.4 or pte(%,j)> 20 GeV

QCD rejection rate

107"

CMS Simulation

"z M, =2TeV
AR, p’:‘ selection (muon)
AR, p' selection (electron)
C  sessessses Mini-isolation (muon)

- sesssssaes Mini-isolation (electron)
1 1 l 1 1 1

1 1 0.85 1 1

1 l 1 1 1 1 5
09 095 1
Prompt lepton efficiency
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DISCUSSION

® Resonance and VLQ searches are pretty consistent between CMS and
ATLAS:

® boosted object reconstruction:

® boosted W, t, H tagging: main tool for signal selection and also among
the biggest source of uncertainty

e calibration in situ

e calibration in 8 Te\l because of low statistics in validation sample

Fre-fit impact on u:

8,=+A0 0,=-A0 -02-0.15-0.1-005 8 005 0.1 0.15 02
p()gtfit Post-fit impact on p:
1t ta o \0,=+AD 0,=-A0 | ATLAS Preliminary
_ . & , —e—Nuis. Param. Pull | /s =13TeV, 3.2 b’
CMS tt Wjets Z . » :
. Large-R jet cross calibration L ——
z '>tt t- and b-taggmg 6.7% 17.0% 7.3% Large-H jet run 1 extrapolation ——
Luminosity T
Scale uncertainty 4.1% 9.9% - b-tagging light EV 0 high pt -
Multi-jet (e) .o
PDF 2.7% 4.8% 4.2% - -
it prod. cross section —
b-tagging ¢ EV 0 high pt —e

Can they be improved? o



DISCUSSION

e boosted W, t, H tagging similar between ATLAS and CMS:

e grooming algorithms for mass reconstruction: soft radiation in jet is removed
providing better resolution

e N-subjettiness(z21,732) : jet substructure more likely to be originated by a

given number of hard partons
e L arge-R jet or subjet b-tagging

® N-subijettiness cut is correlated with pt and mass (sculpting of bkg)?

hollow ones to signal. The different colors correspond to different py bins.

- e _I L l LI l LI l LI I LELELEL I LI B I | I LN B B | I LI I B | I LI I_
R A A aaaaaa e e S aaa aaaas o . oY 16 bkg, p. = 300400 GoV ]
Ny 14-— — DA P_w 300400 Gev "} :Ssl 14 —— DAQ, P = 300400 GaV ] » 91 T .
"D le | o DA, P, = 500400 GoV 1 — b, p, = 50800 GeV 1 1 4F —— bkg, p, = 500-800 GeV -
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Figure 2: Profile distributions, {(m/71), as a function of p = l()g(m?/’p':}.) (left) and as a 0'2:_ e
e D) o . . - -
function of p/ = log(m=/pr/i) (on the right). Solid dots correspond to background, while ()| = L L . R . L L L
-1 0 1 2 3 4 o) 6 7 8
)
p

e multivariate tool to tag? Validation?

e Extrapolation to high pt regime? more statistics is needed >


https://arxiv.org/pdf/1603.00027v2.pdf
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Yy (left) and (Dg=1> (right), as a function of p =

log(m?/p2%). Solid dots correspond to background, while hollow ones to signal. The different

colors correspond to different pp bins
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Non standard signatures

- Dedicated triggers for non standard signatures and ad hoc reconstruction
algorithm

 slow muons
 energy deposits in calorimeters (HE/EE)
- displaced vertices

Save useful infos in the xAOD/AQOD
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Theoretical interplay

« Some excesses seen in some analysis, but nothing new so far..
« What if nothing is found?
- If di-phon excess is confirmed what can it be?

* VLQ: T->tn : TTpair production with ttjjjj Strasler et al. arxiv 1512.05775

 Associated production with other particles(t,b,tau)?
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http://arxiv.org/pdf/1512.05775v2.pdf

