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search for exotic resonances
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beyond the standard model

non-SUSY BSM
o _ _ [Gfitter group, EPJC 72,2205 (2012)]
* similar motivations as SUSY . esgrrrrr e e
0.4 — (srvf: ¥ M:=12(; GeV,Itr::::t;; rc?é\tlj)free —
0.3 — =
* examples: 02 = =
- extra dimensions: warped extra o1 =
dimension models where fermions °E S prodicion E
propagate in the bulk e m =173.18.+ 094 GeV
. . -0.2 — ®_ L —]
* composite Higgs: Heavy Vector .- T ooy cev
Triplet model, with new W%, Z’ states 04 - G
e contributionsto Sand T 08 04 03 02 01 0 o1 02 03 04 0
S

parameters must be small

—high resonance masses
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collider reach

system mass [TeV] for 13.00 TeV, 3.00 fb™1

parton luminosity scaling:
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collider reach

system mass [TeV] for 13.00 TeV, 3.00 fb™1

parton luminosity scaling:
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system mass [TeV] for 8.00 TeV, 20.00 fb-1

* we do better at high masses
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topology of a tt resonance

light resonances
(M ~ 500 GeV):

» “classical” event topology

heavy resonances
(M ~2 TeV):

» decay products pr~1TeV | leptonic top
- large Y factor (>5 -10)
» jets overlap and merge
» special reconstruction

techniques needed !




% bOOSted t tagging [CMS-PAS-B2G-15-002]

modeling of boosted variables at 13 TeV:
» semi-leptonic top selection

CMS Preliminary 2.6 fb" (1 3 TeV) CMS Preliminary 2.6fb’ (13 TeV)
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- after initial difficulties at the start of Run I,
things look very good now



xaas tt resonances: semi-leptonic ATLAS.CONF-2016.014

top jet leptonic top
event selection b D
- three types of jets: R &= YV —
* small-R jets (R=0.4) ~v
- large-R jets (R=1) for top-tagging
- track jets (R=0.2) for b-tagging
* pt dependent lepton isolation
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= g& ATLAS Simulation Preliminary 3§ 800 ATLAS Preliminary g E
5} - . - {s=13TeV,3.2fb" W-et =
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Sane: tt resonances: semi-leptonic ATLAS.CONF-2016.014
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_ tt resonances: semi-leptonic s PR B2 15.007

e/u+ets, 1 t tag 2.6’ (13 TeV)
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_ tt resonances: hadronic

[CMS-PAS-B2G-15-003]

» top tagging

.subjet b-tagging (=

top jet

d

background from data:
* invert substructure selection criterion on one jet (QCD region)
* measure mistagging probability of other jet
» parameterised in bins of b-tag and pr
* apply mistag rate in single t- tagged sample
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_ ttresonances: hadronic e PAS 826.15.009
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tb resonances: semi-leptonic s PR 826, 15008

b jet leptonic top

* b-tagging
b Ww————=L) *missing energy
"=<!{ -lepton isolation

» b-tagging
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Z’ and W’ exceed 8 TeV results already now
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“* vector-like quarks: pair production R0 15.06

X573 in same-sign di-lepton final state:
- first VLQ result at 13 TeV
- clean same-sign lepton selection
- backgrounds from opposite-sign
events with charge mis-measurements

MS Prelimi 2.2fb" (13 TeV
D A Channel  Total Background | 800 GeV X5,; | Observed
- 5 $'T” ”)'(B°S°" . Di-electron 6.47 +2.02 4.38 7
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- CNonPromet 3 Di-muon 2.80 4+ 1.70 3.55 1
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= S 5 o T ]
- X —] w1 =
1072 - :
= 5 n ]
107 ST =
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ratas vector-like quarks: pair production . covrs0c0m

b
X573, T3, B-18 jn SS di-lepton
+b-jet final state: W
* 8 signal regions, sensitive W, H,Z
to different final states
» also sensitive to four-top production b, 1.1
o 10'=— T T | | I T =
= = ATLAS Prelimi Vs=13TeV,3.2fp" ~ —® Data2015 =
L?>j - SS dileptonr7 t:ﬂenpa}[:)yn + b-jets % (F;':;'iogzrﬁ)mpt .
10° = Coawzw'w 5
~ [ ] Dibosons =
Definition Name e 0 other o
eTet + eiui + uiui + eee + eep + epp + pppt, Niets > 2 ° %ee@eee—. ';;:).Li‘l:V(Z%fb)%
Ny = | SRO " - L . ] Total Unc. B
400 < Hy < 700GeV | N, = Eiss > 40 GeV SR1 -_— -
Ny >3 SR2 = T
N _ 1 |40 < EF <100GeV | SR3 1
a ETS >100 GeV SR4 -
Ht > 1700 GeV 40 < BT <100GeV | SRS o "9 — . . . .
Nb =2 ErII\mSS > 100 G@V SR6 EE 2'g:Total Unc. [///]] Stat. Unc. :
N > 3 EmlSS_> 40 Gev SR7 % 1'5\_\ \\\\\\\ + >\)\)\>\{>>\>\>\/\H\\\HH\\\\\\\\\\H\,/‘\H\\\\\\\\\é%K< o
b = T o I8 * ¥ + S e
¢+ 3§ 4 5 6 7
SR index
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SPATLAS

EXPERIMENT

vector-like quarks: pair production

[ATLAS-CONF-2016-032]

R(B — Hb)

X583, T3, B-13 in SS di- Iepton
+b-jet final state:

» results interpreted for all VLQ
species (and four-top production)

'5' 103 E I I | I I I | I I I I I I | I I I | E
2 -~ ATLAS Preliminary —— (E)bserve;j I|imit =
= - _ 1 aaas xpected limit ] —
- 10 \E_.13Tev,3..2fb . D EREY ER=
2 - SS dilepton / trilepton + b-jets 20 S
— B —— Theory (NNLO)
r 10g 3z
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Q - 4 1
g8 N ]
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- * 3
107F E
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ATLAS Preliminary
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vaas vector-like quarks: pair production

[ATLAS-CONF-2016-013]

T23 in lepton+jets final state:

* optimised for T=tH + X
(with H—bb)

- sighal characterised by
high (b)-jet multiplicity

* 11 categories based on

- jet multiplicity (>6 for signal)

- multiplicity of mass-tagged
large-R jets(my>100GeV)

* b-tag multiplicity

» mass of two close b-jets
* high mass mpp>100 GeV
* low mass mppr<y 00 GeV

also sensitive to 4-top production!

[ [ [ [ [
= ATLAS Preliminary - Data -
D105 Vs=13Tev,3.2fp" [ TT doublet (800) ]
Pre-fit it + light-jets
It +>1c i
10% & I tt+>1b 5

] Non-tt
72, Total Bkg unc. ]

1 .
‘%’1.5_— = _ / ,
Sosh / / //2
O- | | | | | | |
8§ 8 § &§ 3 3 2 3 & 8 %
R —— - 1000
0.9 ATLAS Preliminary 38950
0.8 : Vs =13 TeV, 3.21b" 388900
0.7 =
0.c O 8850
0.5 —= 800
0.4 1750
0.3
: 700
0.2
0.1 60
0O 0.102030405060.70809 1 600

BR(T — Wb)

95% CL mass limit [GeV]
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varas four-top production

[ATLAS-CONF-2016-020]
[ATLAS-CONF-2016-013]
[ATLAS-CONF-2016-032]

SM

* eXp. exclusion:

o> 107 fb
(12 times SM)

* Obs. exclusion:

o>951b
(11 times SM)

EFT

|

* exp. exclusion:

o>671b

* Obs. exclusion:

o>791b

o x BR [pb]

—

107

1072

2UED/RPP

Tier (1,1), =1, BRA"'—tf)=1

—— Theory

—— 95% CL observed limit

--------- 95% CL expected limit

I 95% CL expected limit +16
95% CL expected limit +2c

ATLAS Preliminary
\s=13TeV, 3.2 b

1000 1100 1200 1300 140

IIII|IIII|III|IIII
0 1500 1600 1700 1800

My [GeV]



“* vector-like quarks: pair production v s e 1600

b
T23 in lepton+jets final state:
- inclusive search for all possible W
decay modes (many!)
- divide events in 16 categories W- H,Z
(lepton, b-tag, W-tag)
b,t,t

CMS Preliminary 23f"(13TeV) . 10 = __ cMSPreliminary, 2.3 fb" (13 TeV
- ] e = | | | | E
10° = e/utiets, 21W,2b  __ r (0.8 TeV) [ EWK Q. - —— 95% CL observed + 1o expected
102 - ---TT (1.1 TeV) TOP |||: s 95% CL expected + 20 expected
c = —— DATA Bkg uncert. ~ = 4
O 10 b ©
~ E *Tmﬁ \ 1= E
2 B TN = - - :
qc) 1 §§ R \s T s = 1
> N . £ |
TR b S |
107 % 1 101 = E
D - )
D=3_ O-_.-T-J m N _ _
2 , . --------- --------- --------- . --------- - o O L . , --------- 10-2 oo b b e b by || L
0 200 400 600 800 700 800 900 1000 1100 1200 1300

min[M(l,b)] (GeV) T mass [GeV],



> vector-like quarks: single production _......c.co

_ : 2.3 (13 TeV)
H jet leptonic top > g T T
g : CMS ® Data :
- .. — T,,(1700)—tH .
> T A S o Preliminary . o E
"""" Wy 8 st S
b t Vv © : channel : ggg Bkg. post-fit :
g ’ 20_ 100%% T
B 3 -
: | . + i
10— * T —
! & B ’Ti ' e T”"ﬁ.iﬂm: N
\ 2. O 1_ ........................................................................... * ........................... “. ............................ _
Z/W \ \ (D*cg = 0 [ RK ¢ e ' ; | B . *’lL..v ARSI 2;_
I I I I | I I I I I I I | L L L
H 0 500 1000 1500 2000
T quark mass (GeV)
231" (13 TeV)
N [ — T T 1 T T 1
[

- — Obs 95% CL
d 4 - CMsS = Exp 95% CL .
= . — Preliminar [ = 1 std. deviati —
search for single T23—-tH;: i Y B e _

- first single VLQ result from CMS
(and first at 13 TeV) )l
- forward jet tag

* boosted Higgs tag:
- softdrop mass 90<m < 160 GeV

] T R
* subjet b-tags 1000 1500
T quark mass (GeV) 20




% vector-like quarks: single production

[CMS-PAS-B2G-16-005]

H jet top jet
e»’ T - W
g b.t

t
T /
7./ W “\
Y H
q q

search for single T#3—-tH;
- all-hadronic final state
* boosted Higgs- and top-tags

N
o
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[ATLAS-CONF-2015-070]

~dilepton resonances (CMS. PAS.EXO. 15.005]

experimental challenges:

* lepton reconstruction at high momenta

- efficiency and fake rate calibration (extrapolation from low to high
momenta)

 background estimation (extrapolation)

. 2.6 (13 TeV) o - — . —
> 100 o " cMS o S qoel— ATLAS Preliminary ¢ Data -
S 10 e ¢ Data  poliminary® (s=13TeV,3.2 1" Oz =
» 4n3E [ Jviz—e'e — 10° Dilepton Search Selection [} Top Quarks =
£ 10°= I tt, tW, WW, WZ, ZZ, 1t 5 [ Diboson E
LT>j 10° [ Jdets . = 10°E [ Multi-Jet & W+Jets 5

10 Narrow Z (MZ: 2 TeV) E: . — 7,3 TeV) E:

1 : —— A, =20TeV 3

10 o =

107 2

10°F 1 £

10 g E E

10 _E H " -

10—6 | | | | | | | | | | | | | | EI-'_

70 100 200 300 1000 2000 - S S SRRSO 1 001 Y I =

m(ee) [GeV] S g2 b T -

.Es. -

: . T 1 . I} L =

* highest mass event: mee=2.9 TeV = e 11—
100 200 300 400 100 2000 3000

(03 eventS eXpeCted above 2 TeV) Dielectron Invariant Mass [GeV]

(0.08 events expected above 2.5 TeV)
22



“ dilepton resonances s xoree)

search for di-tau resonances:
* first di-tau result at 13 TeV

- four final states considered: thth, Tuth, TeTh, TuTe

. . -1
_ 1 CMSPrelimnay  22M7(18TeV) o SRRy 2R TEY
= = Q. B — Ob d i
@ - n'h —+4— Observed - — i . 1
Q) - ] Z =i 4 % o\ Expected= 1o
~ 10 [_JQco = xr: ] . _
%) ; el ; E‘, i Expected |
CICJ — [ W-+Jets ] Oc |\ = Expected= 20
g ! 3 == vy E LE 1F —— o(LO*1.3) =
101 N f
E ;l\)_ i Combined (g, T, T TeTpy TeT, )
— o
102 & B | ]
- 107 E
107 = - ]
o T - ] o~ ]
e L - - . ' _
m 2 2 D e N — — —
gy T
: : : o o ]
O - | {‘ + x| 10 =B AN NSNS B SN A RN SRR |\|\ ISR N

100 200 300 400 500 600 700 800 900 500 1000 1500 2000 2500 3000
me,, v, E;) [GeV] m(Z') [GeVba



high-mass dijet resonances

do/dm; [pb/TeV]

(Data-Fit)

[Phys. Rev. Lett. | 16,071801]

LT T T | T T T T | T T T T | T T T T | T T T

- CMS —e— Data

Fit
QCD MC
Color-octet scalar (3.1 TeV)
Excited quark (5.0 TeV)
Scalar diquark (6.0 TeV)

Wide jets -
ml < 2.5, IAnjjI <1.3 LT

24" (13 Te
b

[ —

Dijet mass [TeV]

Data-MC  Significance

data - fit
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- DN O N
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|
—

[Phys. Lett. B 754, 302]
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high-mass dijet resonances

[Phys. Rev. Lett. | 16,071801] [Phys. Lett. B 754, 302]

[ —
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vaas high-mass di-b-jet resonances [Phys. Lett B 759,229

challenge:
* b-tagging efficiency at high pr
(instrumental limitations)

%) = | | T T T T T T T T TS
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[ATLAS-CONF-2016-030]

hot from the press:

- data scouting (trigger-object-level) search
in mass region 450 - 900 GeV
» avoids high trigger pre-scales for full analysis

- dedicated trigger-level jet calibration

:, =
1 2 e By -
T
C -
11y
— 107
y fEm. :
0.9t _
- ATLAS Preliminary J 10
0.8 - EYORS-passing-HLT--60- trigger-—
p;>85GeV, Il <28, ly*l<0.6 =
1 | | I I | | I I | | 1 1 1 1 | | I I | | I I | | 1 1 1 1 | | I I | | I I | | I_
0.7 100 150 200 250 300 350 400 450 500
p, [GeV]
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vanas low-mass dijet resonances ATLAS. CONF2016.030

results:
- empirical function to fit the background spectrum
- analyse all possible mass intervals for excess
» most discrepant interval 574-685 GeV (0.8 0)
- excludes gaussian excess with cross sections
3 pb (450 GeV) to 0.7 pb (900 GeV)

£10"E — L10"E ' ' ' | =

S ATLAS Prellmlnary . g F ATLAS Preliminary 1

w L 's=13 TeV, 3.4 fb" . w - s=13 TeV, 3.4 fb™ .
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o E } } } } t E o E } } } } t E

e 2 — e 25 =

S OF = S op -

&2 | | . = 52F | = =
400 500 600 700 800 9001000 @ 500 600 700 800 900 1000




varas low-mass di-b-jet resonances ATLAS.CONF-2016.03

hot from the press:
* search in mass region
570 - 1200 GeV

0 I 7
§ ~ ATLAS Preliminary ys=13 TeV, 3.2 b .
. L e Data
° - 41— 2 b-ta —
b tagged _trlggers _ 10 o - 9 Background fit =
— full offline anaIyS|S - el BumpHunter interval ]
i s e - SSM Z' 750 GeV, j
— 10 o T T T T T T T T ox10
= 10 | | | = ;
= - ATLAS Prehmmary \E 13 TeV, 3.21p . 10% = =
s n 2 b-tag — ~NLOSSMZ m = -
UQ i —e— Observed 95% CL | B _
wo e Expected 95% CL — .
X i  E==== t1o = — 7
< - s=eees t20 -
X F— N 102 = —
© T N - p-value = 0.7 =
____________________ - - | =
o | ietpr>230(90)Gev  *
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- T e F 5 E
! 1 o T F E
= 0E -
10 |||||||| [ b by b by by by C = E
650 700 /750 800 850 900 950 1000 1050 1100 .2 -1E =
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rarss low=-mass dijet resonances ATLAS.CONF-2016.029

alternative approach:
- exploit initial state photon for triggering dijets
(isolated photon pt>120 GeV)

N ' T ] N
! ! % ATLAS Preliminary -
e T PN (s=13 TeV, 3.2 b
107 2%l . Data =
- — Background fit 3
— — BumpHunter interval
- o Z,m,=300GeV A
1035— E
q q - |
1025_ Z'(g,=0.30), o x 50 =
Y —  p-value =0.89 ]
~ Fit Range: 203 - 1493 GeV
. ly*l < 0.8
- excludes gaussian excess ol _
with cross sections s °5) =
100 b (250 GeV) s E
to 10-20 tb (1200 GeV) ® 300 400 500 1000
m; [GeV]
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¥aas summary

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2016 [L£dt=(32-20.3) o \5=8,13TeV
Model {,y Jetst ET™ [rdi[fb] Limit Reference
T T LI | I T T T T T T LI | I T T T T T T LI | I T T T T
ADD Gkk + g/q - >1j Yes 3.2 Mp 6.86 TeV n=2 Preliminary
ADD non-resonant ££ 2epu - - 20.3 n=3HLZ 1407.2410
ADD QBH — ¢q 1eu 1j - 20.3 n==6 1311.2006
ADD QBH - 2] - 3.6 Mth 8.3 TeV n==6 1512.01530
ADD BH high 3 pr >lepu >2]j - 3.2 Mn 8.2 TeV n=6, Mp = 3TeV, rot BH ATLAS-CONF-2016-006
ADD BH multijet - >3j - 3.6 Mih 9.55 TeV n =6, Mp=3TeV,rotBH 1512.02586
RS1 Gkk — € 2e,u - - 20.3 k/Mp; = 0.1 1405.4123
Bulk RS Gk — WW — qqtv leu 1J Yes 3.2 Ggk mass 1.06 TeV k/Mp; = 1.0 ATLAS-CONF-2015-075
Bulk RS Gyk — HH — bbbb - 4b - 3.2 | Gkk mass 475-785 GeV k/Mp = 1.0 ATLAS-CONF-2016-017
Bulk RS gkk — tt lep 21b,21J/2) Yes 203 |ERKImassH e 2nrrev BR =0.925 1505.07018
2UED/RPP lepu =22b>4j Yes 3.2 | KKmass 1.46 TeV Tier (1,1), BR(AMY — tt) = 1 ATLAS-CONF-2016-013
SSM Z' — ¢¢ 2e,pu - - 3.2 Z’ mass 3.4 TeV ATLAS-CONF-2015-070
SSM Z’ — 17 27 - - 195 [|Zmass  202Tev 1502.07177
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV Preliminary
SSM W’ — ¢v leu - Yes 3.2 W’ mass 4.07 TeV ATLAS-CONF-2015-063
HVT W’ - WZ — qqvvmodel A O e, u 1J Yes 3.2 W’ mass 1.6 TeV gv=1 ATLAS-CONF-2015-068
HVT W’ - WZ — qqqq model A - 2J - 3.2 W’ mass 1.38-1.6 TeV gv=1 ATLAS-CONF-2015-073
HVT W’ — WH — tvbbmodel B 1e,u 1-2b,1-0] Yes 3.2 | W mass 1.62 TeV gv=3 ATLAS-CONF-2015-074
HVT Z2’ - ZH — vvbb model B Oe,u 1-2b,1-0] Yes 3.2 Z’ mass 1.76 TeV gv =3 ATLAS-CONF-2015-074
LRSM W}, — tb Oe,u >1b1J - 20.3 1408.0886
. Cl gqqq - 2j - 36 |a 175TeV . =-1 1512.01530
Cl qqtt 2eu - - 3.2 A 23.1TeV nu=-1 ATLAS-CONF-2015-070
Cl uutt 2e,u(SS) 21b,1-4j Yes 203 [N e Gl =1 1504.04605
Axial-vector mediator (Dirac DM) Oe u >1j Yes 3.2 mp 1.0 TeV g4=0.25, g,=1.0, m(x) < 140 GeV Preliminary
. Axial-vector mediator (Dirac DM) O e, u, 1y 1j Yes 3.2 mp 650 GeV £4=0.25, g,=1.0, m(x) < 10 GeV Preliminary
ZZyy EFT (Dirac DM) Oe,u 1J,<1] Yes 3.2 M., 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 15t gen 2e >2j - 3.2 LQ mass 1.07 TeV p=1 Preliminary
Scalar LQ 2" gen 2pu >2j - 3.2 | Lamass 1.03 TeV B=1 Preliminary
Scalar LQ 3" gen lep 210, 23j Yes 20.3 _ p=0 1508.04735
VLQTT - Ht+ X ey =22b,>3j Yes 20.3 T in (T,B) doublet 1505.04306
VLQ YY - Wb+ X leu =21b,>3j Yes 20.3 Y in (B,Y) doublet 1505.04306
VLQ BB —- Hb+ X 1eu >2b,>3j] Yes 20.3 isospin singlet 1505.04306
VLQBB - Zb+ X 2/>3e,u  >2/>1Db - 20.3 B in (B,Y) doublet 1409.5500
VLQ QQ —» WqWgq 1eu >4j Yes 20.3 1509.04261
Ts/3 — Wit Tepu >1b,>5] Yes 20.3 1503.05425
Excited quark ¢* — qy 1y 1j - 3.2 4.4 TeV only u* and d*, A = m(q*) 1512.05910
Excited quark ¢* — qg - 2j - 3.6 5.2 TeV only u* and d*, A = m(q*) 1512.01530
Excited quark b* — bg - 1b, 1] - 3.2 Preliminary
Excited quark b* — Wt lor2e,u 1b,20] Yes 20.3 ff=fi=fr=1 1510.02664
Excited lepton ¢* 3e,u - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
LSTC at —» Wy leu 1y - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 2e,u(SS) - - 20.3 DY production, BR(HE* — ¢£)=1 1412.0237
Higgs triplet H** — ¢7 3eut - - 20.3 DY production, BR(H;* — £7)=1 1411.2921
Monotop (non-res prod) Tepu 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

L L L L I L L L L L L L L I L L L L L L L L I L L L L
Vs =13 TeV ~
- 107 1 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).



summary

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2 .
LQZ(uj)+L(C“)g()\(/j) coloron(jj) x2 Mul’rue’r
Loty Lepfoguarks coloron(4)) x2 Resonances
LQ3(tt) x2 .
LQ3(vt) x2 gluino(3j) x2
Single LQ1 (A=1)
Single LQ2 (\=1) gluino(jjb) x2
0 1 2 3 4 TeV 2 3 4 TeV
) RS Graviton
RS1(ee,pp), k=0.1 ADD (j+MET), nED=4, MD Dimensions
RS1(yy), k=0.1 ADD (ee,up), NnED=4, MS
1 2 3 4 TeV ADD (yy), nED=4, MS

ADD (jj), nED=4, MS

CMS Preliminary

NR BH, nED=6, MD=4 TeV

SSM Z'(t7) QBH (jj), nED=4, MD=4 TeV
SSM Z'(jj) Jet Extinction Scale
| )
SSM Z'(bb) ' l String Scale (j)
SSM Z'(ee)+Z'(uy) o
SSM W'(j) ,
SSMW'(Iv) | ) dijets, A+ LL/RR

0 1 2 3 4 5 TeV dijets, A- LL/RR
dimuons, A+ LLIM
i dimuons, A- LLIM

EXCITed dielectrons, A+ LLIM
Fermions dielectrons, A- LLIM
single e, AHNnCM
single y, A HnCM

inclusive jets, A+
0 1 2 3 4 5 6 TeV inclusive jets, A\-

01234567 8910111213141516171819 TeV
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~ summary

Q- gW
T-1tH
T-tZ
T — bW
B — bH
B —DbZ
B - tW
X5/3 = tW
X5/3 =» tW

T - bW

T - tH c(Wb)=1.5

T — tH ¢(Zt)=2.5

Vector-like quark pair
production

0 03 06 09 12
Observed limit 95%CL (TeV)

Vector-like quark single
production

900 fb

0 0,4 0,8 1,2 1,6

Resonances to heavy
quarks

Z'(1.2%) — tt
Z’'(10%) — tt
gKK — tt
W — tb
W’ = tb Muvr < Mw
W’ = tb Mug > Mw
Z’(1%) — tt
Z’'(10%) — tt
Z’(30%) — tt

gKK — it
1,5 0 05 1 15 2 25 3 35

Observed limit 95%CL (TeV)

B2G: new physics

2

Observed limit 95%CL (TeV)

4

searches with heavy SM
particles

Resonances to

dibosons
radion = HH
W = WH
7' — ZH
+
Gbuk — WW
Gouk — ZZ m‘
{ { { ‘
W' = VW HVT(B) @I‘J‘
\ \ ‘
W’ = WH HVT(B) 401b|
| |
7' = VH HVT(B) 181H.
0 0,‘5 "I 1‘,5 2 2,5 3

Observed limit 95%CL (TeV)

Excited quarks

t* = tg S=3/2

t* — tg S=1/2

b* = tW K =1
b* = tW  Kg=1

b* = tW KuKg=1

0 0,4

0,8
Observed limit 95%CL (TeV)

1,2 1,6 2

+model-independent
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summary

Vector-like quark pair
production

Resonances to heavy
quarks

Q- qW Z2’(1.2%) — tt
T-tH Z’(10%) — it
T-o1Z gKK — tt

T — bW W’ = tb

B — bH W’ = tb Mvr < Mw

B - bZ W' = tb Mg >Mw

B —tW Z’(1%) — tt
X5/3 = tW Z’(10%) — tt
X5/3 = tW Z’(30

T - bW

0 0,3 0,6 0,9 1,2 1,5
Observed limit 95%CL (T

1

1,5 25 3 35
Observed limit 95%CL (TeV)

2 4

B2G: new physics

T - tH c(Wb)=1.5

searches with heavy SM
particles

0,4 0,8 1,2 1,6 2
Observed limit 95%CL (TeV)

Resonances to
dibosons

radion = HH

W’ — WH

Z' - ZH

w Sl HVT(B) 281
\ \ ‘
' WH HVT(B) 40fb.
7' = VH HVT(B) 181H.
0 0,‘5 '; 115 2 2,5 3

Observed limit 95%CL (TeV)

Excited quarks
t* — tg S=3/2 80 fb

t* - tg S=1/2 m m

b* = tW Kgr=1

S

0 0,4 0,8 1,2 1,6 2
Observed limit 95%CL (TeV)

+model-independent
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tt resonances: semi-leptonic

[CMS-PAS-B2G-15-002]

CMS Preliminary

2.6 b’ (13 TeV)

CMS Preliminary

2.6 b (13 TeV)

E T 10°
E e Expected (95% CL) ¥

u —— Observed (95% CL) | =

= -- KK gluon (LO x 1.3) | ~ 10°E
- B +10 Expected _T

- [ | +20 Expected N oL

------- Expected (95% CL)

— Observed (95% CL)
== Z'10% width (NLO)

I =10 Expected

[ | =20 Expected

CMS Preliminary

2.6 b (13 TeV)

L x B(Z' — ti) [pb]
2

------- Expected (95% CL)
— Observed (95% CL)
== Z'1% width (NLO)
I =10 Expected
[ | 20 Expected

%— e}
é— %10‘1— :
é_ é.lo—ZI:_ ..............
E| | S— l | | | | | | ......I
O.HII1 1(')_30.5””1HII1.5HH2IIII2.5HH3HH3.5HII4
M., [TeV]
excluded mass regions [TeV]
signal 1+ jets e + jets combination 8 TeV
observed (expected) observed (expected) observed (expected) combination
Z' (1% width) | 0.5—-18(06—-19) | 1.0—-1.1,1.3—-22(09—-17) | 0.6 —2.3 (0.6 —2.1) 24 (2_4)
Z' (10% width) | 0.5—3.2 (0.5 — 3.3) 0.5—3.2(0.5—3.2) 5—3.4(0.5—3.5) 2.9 (2.8)
Z' (30% width) 9 (0.5—-4.0) 0.5—3.8 (0.5—3.8) .0 (0.5—4.0)
KK gluon 7 (0.5 —2.8) 0.6 —2.7 (0.6 — 2.5) 9 (0.5-29) 28 (2_7)
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dilepton resonances

*MuUons

1 2 = ' T T ' 3
> 1 05 E T T 1 T T T T T T T 28 Tb (1 3'Te\/§) LT>J) 106 = ATLAS Preliminary + Data =
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e-mu resonances

[CMS-PAS-EXO-16-001]

2.7 fb~! (13 TeV)

10° — - i | ]
: CMS. L% Wry
S 10° Preliminary Diboson —— QBH n=1,M=1000 GeV —_
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tt resonances: semi-leptonic

[CMS-PAS-B2G-15-002]

- top tagging

(o
N
g

top jet leptonic top

» b-tagging

* b-tagging B —
lepton isolation: E
. mini-isolation' g;
Iii = » P, AR(( track) < Kt /pETcDC%
tracks T
mlnl/ pt <desired value chosen

empirically -

. 2D iIsolation:
AR(¢,7) > 04 or p5i(¢,]) > 20 GeV

- lepton isolation

CMS Simulation 13 TeV

------------
------------
--------
------
------
......
[
.
]
a
a
]
]
]
«
]
»
.
.
.
L
“
s

- 7', MZ, =2 TeV
AR, prTe' selection (muon)

AR, prTeI selection (electron)
---------- Mini-isolation (muon)

[ Mini-isolation (electron)

0.85 0.9 095 1
Prompt lepton efficiency
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vector-like quarks

what are VLQ:
*they are quarks: coloured, charged, spin 1/2 particles

*no difference between chiralities: they couple to left- and right-
handed charged currents (in the same way)

= \/L quarks can have mass terms without violating gauge

invariance!
, T’
*not constrained through 9
Higgs discovery
*new motivation through
di-photon excess
9 T

edecay modes:
T— tH, tZ, bW 5/3
BobH, bz, tW
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~vector-like quarks JHEP 08 (2015) 105].
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vector-like quarks: single production

production cross-section: g bt
1O4E '\ [ I I | I I I | I I I , I I I , I I I I I I I I I I I I I I IE
L\ [Phys. Rev. D 88, 094010] _
NG mQ
0%k e Yo |
| — Tbj| - T /
— Bbj| (
= 10°E — Ty | = 7./W \
S — Xt : S H
g N
© 1oL
- q q
'E forward jet
13 TeV
- | | | | | | | | | | | | I | | | I | | | I | | | I | | | ~
10" 400 600 800 1000 1200 1400 1600 1800 2000

mQ(GeV)

» higher cross sections at high masses
- allows to set limits on model parameters
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vector-like quarks: single production T—=tH . ...c..c 5.0

background estimation

- entirely data-driven (shapes and normalisation)
* background region: no forward jet, subjet b-tag veto

region signal | sideband
number of subjet b-tags (H cand.) | exactly 2 | exactly 1
number of forward jets at least1 | exactly 0
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~vector-like quarks: pair productlon

[ATLAS-CONF-2016-13]

effective mass

» scalar sum of lepton, jets,

Events / 100 GeV

Data / Bkg

missing energy
* used to discriminate
signal and background
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vector-like quarks: pair production

[ATLAS-CONF-2016-13]

BR(T — Ht)

results

- all decay branching modes
scanned in steps of 5%
* sensitive to all decays

- 1.9 sigma excess for BR(T—tH)=1
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X573 in same-sign di-lepton final state:

After requiring two tight, same-sign leptons with pr greater than 30 GeV we impose the fol-

lowing requirements:

Quarkonia Veto: M;; > 20GeV

Associated Z-boson Veto: veto any event where either of the leptons in the same-

sign pair reconstructs to within 15 GeV of the mass of the Z-boson with any other
lepton in the event not in the same-sign pair.

Primary Z-boson Veto: invariant dilepton mass (M;;) > 106.1 or < 76.1 GeV for
dielectron channel only. If the muon charge is mismeasured, its momentum will
also be mismeasured so a selected muon pair from a Zboson will not fall within this
invariant mass range.

Leading lepton pr > 40GeV
Number of Constituents >=15
HyP > 900GeV
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X573 in lepton+jet final state:

We begin by defining event preselection criteria consistent with the signal topology. The fol-
lowing selection is applied: lepton pr > 50 GeV, EF'ss >100GeV, Njgis >3 with jet pr > 30 GeV
and || < 2.4, pr (leading jet) > 200 GeV, and pr (sub leading jet) > 90 GeV. In addition at least
one of the jets is required to be tagged as originating from a b quark [28]. In Fig. 4, we show
the differences in signal and background as characterized by a few kinematic variables, the
number of jets (Njgss), missing Er (E%‘iss). Decay products of heavy particles such as Xs5,3 can
have large Lorentz boost, and their subsequent decay products can merge into a single jet. The
“n-subjettiness” [29] algorithm measures the likelihood of a jet having n subjets (1, 2, 3, etc).
Mass grooming techniques are used to remove soft jet constituents so that the mass of the hard
constituents can be measured more clearly. The “pruning” [30] algorithm is currently used
to identify boosted hadronic W boson decays. We require a W tagged jet to have pr > 200
GeV, |n| < 2.4, pruned mass between 65 and 105 GeV, and the ratio of n-subjettiness variables
T2/ 71 < 0.55. Figure 4 shows the number of b tagged and W tagged jets (bottom row).
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T23 in lepton+jets final state:

We select events with one electron or muon, usually from the decay of a W boson in the bW
channel or from the t -+ Wb decay in the tZ or tH channels. Electrons and muons must have

pr > 40 GeV and pass the tight identification and isolation requirements described previously.
We discard events having extra loose electrons or muons with pr > 10 GeV.

We select events with three or more jets, where the highest corrected jet pr is greater than 150
GeV, and the second highest pr is greater than 75 GeV. ETSS must be greater than 60 GeV
to reduce multijet background events. The final selection criterion is a veto on boosted Higgs
tagged jets, which creates a signal region orthogonal to that of an ongoing dedicated T — tH
analysis. Figure 2 shows distributions of lepton pr, jet pr, EX* along with the total number
of jets, number of b tagged jets, and number of W tagged large-radius jets. These distributions
include the jet pr reweighting procedure described below.
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[ATLAS-CONF-2016-13]

In addition, a Universal Extra Dimensions (UED) model is considered involving new heavy particles.
The UED model considered has two extra dimensions that are compactified using the geometry of the
real projective plane (2UED/RPP) [41], leading to a discretisation of the momenta along their directions.
A tier of Kaluza—Klein towers is labelled by two integers, k and ¢, referred to as “tier (k,£)”. Within a
given tier, the squared masses of the particles are given at leading order by m? = k?/ Rﬁ + (%) R§, where
nR4 and mRs are the sizes of the two extra dimensions. The model is parameterised by R4 and Rs or,
alternatively, by mgk = 1/R4 and & = R4/ Rs. Four-top-quark production can arise from tier (1,1), where
particles from this tier have to be pair produced because of symmetries of the model. Then they chain-
decay to the lightest particle of this tier, the heavy photon ALD. by emitting SM particles (Fig. 3(c)). The
branching ratios of A" into SM particles are not predicted by the model, although the decay into #7 is
expected to be dominant [42]. Four-top-quark events can also arise from tiers (2,0) and (0,2) via a similar
mechanism. In this case the expected cross section for four-top-quark production is reduced compared to
that from tier (1,1) since each state in tiers (2,0) and (0,2) can decay directly into a pair of SM particles
or into a pair of states in tiers (1,0) or (0,1) via bulk interactions, resulting in smaller branching ratios
for the decay into t7 [42]. In the following, when considering four-top-quark production from a given
tier, it is assumed that the A photon in that tier decays exclusively into ¢ while A photons from other
tiers cannot decay into t#. Within this model, observations of dark-matter relic abundance prefer values
of mkk between 600 GeV and 1200 GeV [43].
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[ATLAS-CONF-2016-37]

2.3 Trigger-Level Analysis in ATLAS

Partially-built events are collected by means of an additional TLA data stream. In this stream, all events
containing at least one L1 jet ROI with Eyx > 75 GeV at the electromagnetic scale ? are recorded. For
each trigger jet recorded at the HLT with pr > 4 GeV, the stream records the jet four-momentum and
a set of variables characterizing the detector information within the jet (such as variables needed for
jet identification |25], and limited information about the structure of the jet). The data format does not
include any readout of individual calorimeter elements, nor does it record information from the tracking
or muon detectors. The size of partially-built TLA events in 2015 data is less than 5% of the size of full
events, allowing for higher event rates to be recorded. TLA events are recorded with a rate of 2kHz, in
addition to the fully-recorded higher pr events.
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[ATLAS-CONF-2016-035]

The search uses a sample of events which contain at least one photon with pr > 130 GeV as well as at
least two jets. Jets are required to have pt > 25 GeV and [p| < 2.8. In addition, half the difference in
rapidity y of the leading two jets,

*_yjl—yj?.
R

is required to satisfy |y*| < 0.8 to reduce the backgrounds from processes that yield an ISR photon and
a non-resonant jet pair from QCD processes, which tend to have higher-rapidity separation. To suppress
such jets surviving the photon isolation criterion, and to further suppress background from fragmentation
photons where the photon is inside or near a jet, the selected photon is required to be separated from the
closest jet by AR > 0.85. Figure 2 shows the m;; distribution of events satisfying these criteria.
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[ATLAS-CONF-2016-029]
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Fractional JES uncertainty
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varas low-mass di-b-jet resonances ATLAS.CONF-2016.03
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jet grooming

J. Dolen
Trimming, Filtering - Recluster jet with smaller distance
parameter. Condition based subjet removal.

Trimming:
Remove soft

Recluster ,
small R subjets
é é

Filtering:
Keep N
hardest

Pruning - Recluster jet. Remove soft large angle particles.

Redo clustering
remove soft
large angle
constituents

BDRS, MMDT, Soft Drop, JHU top tagger, CMSTT -
Recursively decluster jet. Remove sub-clusters not
satisfying algorithm condition. Stop declustering when
both subjets satisfy condition.

Remove sub-
clusters not
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Decluster sofr%/e i
|terat|vely cr|ter|on
Stop when
both subjets
satisfy
criterion
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. let Shapes [CMS-PAS-JME-13-006]

energy patterns within a jet:
» characterise multi-prong properties
- many definitions and varieties
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boosted t tagging

[CMS-PAS-JME-15-002]

performances:

. * background rejection at
- several variables scanned

individually

30% efficiency
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