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RUN-2 completed: ~ 140 fb per experiment at 13 TeV
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Overview of EXOTIC searches (ATLAS)

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 [L£dt=(3.2-79.8) b Vs = 8,13 TeV
Model (,y Jetst ET™ [rdt[f] Limit Reference
L] L] LI I L L L] L) L) L) L L) L L] T I L] L] L] L]
” ADD Gkk +glq Oe,pu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
‘% ADDQBH - 2] - 37.0 M 89TeV n=6 1703.09217
< ADD BH high ¥ pr >lepu >2j - 3.2 M, 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
E ADD BH multijet - >3] - 3.6 M 955TeV n=6, Mp=3TeV, rotBH 1512.02586
B | RS1 Gk — ¥y 2y - - 367 |Gk mass 4.1 Tev k/Mp = 0.1 1707.04147
g Bulk RS Gy — WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp =1.0 CERN-EP-2018-179
W | Bulk RS gkx — tt leu =1b,21J/2) Yes 36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP ey 22b,23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY — ¢t) = 1 1803.09678
SSM Z’ — (¢ 2ep - - 36.1 Z’ mass 4.5 TeV 1707.02424
g SSM Z' — 11 21 - - 36.1 Z’ mass 2.42 TeV 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
g Leptophabic Z* — tt leu =21b,21J/2 Yes  36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
P SSM W’ — (v lepn - Yes  79.8 W’ mass 5.6 TeV ATLAS-CONF-2018-017
2 SsSMW - v 17 - Yes  36.1 | W’mass 3.7 TeV 1801.06992
8 HVT V' — WV — qgqqq modelB 0 e, u 2J - 79.8 V’ mass 4.15 TeV gv = ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 2,93 TeV gv = 1712.06518
LRSM Wy, — tb multi-channel 36.1 | W’ mass 3.25 TeV CERN-EP-2018-142
_ Cl qqqq - 2] - 37.0 A 21.8TeV 1, 1703.09217
O  Clftqq 2epu - - 36.1 A 40.0 TeV 1707.02424
Cl tett leu =21b=21] Yes 36.1 A 2.57 TeV |Cae| = 4n CERN-EP-2018-174
s Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV £4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Q Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mpped 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VW yy EFT (Dirac DM) Oe 1J,1]  Yes 3.2 M. 700 GeV m(y) < 150 GeV 1608.02372

Vs=8TeV

f: 13 TeV

TSmall-radius (large-radius) jets are denoted by the letter j (J).

*Only a selection of the available mass limits on new states or phenomena is shown.
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Overview of EXOTIC searches (ATLAS)

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status. JU/y 2018 fL dt = (32 _ 798) fo1 \/— =8,13 TeV
\ miss - P
Model (,y Jetsi ET™ [rdt[fb™'] Limit Reference
o Scalar LQ 1% gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
=1  Scalar LQ 2" gen 2 >2j - 3.2 |LQmass 1.05 TeV B=1 1605.06035
Scalar LQ 3™ gen 1e,p =1b,23j Yes 203 [LGmass 640 GeV B=0 1508.04735
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-XXX
> VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
mg VLQ Ts5/3Ts3|Ts;3 » Wt+ X 2(SS)/>3eu>1b,21] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 » Wt)=1, c(Ts3Wt)=1 CERN-EP-2018-171
;% g VLQY - Wh+ X ey =21b,21j Yes 3.2 Y mass 1.44 TeV B(Y — Wh)=1, c(YWh)=1/ V2 | ATLAS-CONF-2016-072
VLQ B = Hb+ X Oeu,2y 21b,21j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ —» WgWgq 1eu >4 Yes 20.3 Q mass 690 GeV 1509.04261
» Excited quark g* — qg - 2j - 37.0 q* mass 6.0 TeV onlyu* and d', A = m(q") 1703.09127
35 Excited quark g* — gy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
‘8 E Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
® Excited lepton ¢* 3eu - - 20.3 £* mass 3.0 Tev A=3.0TeV 1411.2921
Excited lepton v* et - - 20.3 v* mass 1.6 TeV A=16TeV 1411.2921
Type Il Seesaw 1eu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2eu 2j - 20.3 N° mass 2.0 TeV m(Wg) = 2.4 TeV, no mixing 1506.06020
o Higgs triplet H** — (¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
© Higgs triplet H** — (1 3eurt - - 203 |FEmass 400 GeV DY production, B(H;™ — ¢r) =1 1411.2921
g Monotop (non-res prod) 1eu 1b Yes 20.3 spin-1 invisible particle mass 657 GeV 3non-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 multi-charged particle mass 785 GeV DY production, |g| = 5e 1504.04188
Magnetic monopoles - - B 7.0 monopole mass 1.34 TeV DY production, |g| = 1gp, spin 1/2 1509.08059
L L U= l L L L L L L l L L L L L L Ll l L L L L

*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]
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Overview of EXOTIC searches (CMS)

Overview of CMS EXO results

cMS 36 fb~! (13 Tev)
SSM Z(Ln M, |1B03.06292 (25 45
" S55M Z(qg) M, |1B0G6.00B43 (2j) 27
g LFVZ', BRleu) = 10% M, |1B02.01122 (ep) 44
el S5M W Hw) M, [1B03.11133 (¢ + ET™) 52
& S5SMWigg) M, |1BDG.00B43 (2j) 23
(§ S5M W Tw) M, |1B07.11421 (v + ET"™) 4
E' LRSM WalIN=), My, =0.5M,,, M, [1803.11116 (2f +2j) 44
3 LRSM Wl Tz}, My, = 0.5M., M, [1811.00B06 (27 + 2j) 35
Axigluon, Coloron, cof@ =1 M. |1B06.00B43 (2j) 61
scalar L [pair prod.), coupling to 1** gen. fermions, B =1 M. |1B11.01197 (2e+ 2j) 144
_E scalar LQ (pair prod.), coupling to 1*° gen. fermions, 8 =0.5  p . |1B11.01197 (2e + 2j;e + 2j + E7*™) 127
- scalar LQ (pair prod.), coupling to 2™ gen. fermions, B =1 M, |1B0B.050B2 (2, + 2j) 153
g scalar LQ (pair prod.), coupling to 2™ gen. fermions, B =05 M. [1B0B.0508Z (2p+2j; p + 2j + ET'™) 129
5‘ scalar LQ (pair prod.), coupling to 3 gen. fermions, B=1 M, [1B11.00B06 (2T + 2j) 102
scalar LQ (single prod.), coup. to 3™ gen. ferm., B =1,A=1  |1B06.03472 (2v+b) 074
excited light quark (gg), A= m, M, |1B06.00843 (2j) 6
E excited light quark (gy), fs=f=F=1,A=m_ M, |1711.04652 [y + j) a5
g 'E excited b quark, fe=f=F=1,A=m, M, [1711.04652 [y + j) 18
K] excited electron, fo=f=Ff=1,A=m_ M, [IBL1.0305Z [y + 2e) 39
excited muon, fe=f=Ff =1L A=m_ M, |1B11.03052 [y + 2p) 38
B8 quark compositeness (gg), us==1 N, [2B03.08030 (25) 12.8
g : quark compositeness (1), Nuwe==1 N |RBL2.10443 (2F) 0
quark compositeness (9g), uss= -1 N [FBO03.0B030 (2j) 17.5
ﬁ quark compositeness (), Ques= -1 Mo [1B12.10443 (28) 31
L) L T T S S R R L P S T S R L T T
0.1 10 10.0

mass scale [TeV]

Selection of observed exclusion limits at 95% C.L. {theory uncertainties are not included). January 2019

—

15 March 2019, LaThuile

G. Daskalakis 5



Overview of EXOTIC searches (CMS)

ADD (jj) HLZ, Nen= 3
ADD (yy, #) HLE, nen, =3
ADD G emission, n =2

i ADD QBH (jj), Nen=6
E ADD QBH [ay), Nes = 6
i RS Gxlgq, ggl kiMz, = 0.1
= RS Gl ), kM, =01
RS Guxlyy), kiMey, =0.1
g RS QBH [jj), nen =1
RS QBH (ey), Nnen =1
nor-rotating BH, M- = 4 TeV, e =6
split-UED, p=4 TeV
[axial)vector mediator (yr). g5 =0.25 gom =1L m,=1 Ge¥
g (axial)vector mediat{-:ur [qg9). 92=0.25. gom=1.m, =1 GeV
$ scalar mediator [+.tl'm, 9.= L gow=1m, =1GeV
* pseudoscalar mediator (+t/tt), 9. =1, o= L. m, =1 GeV
a scalar mediator (fermion portal), Au=1,m, =1 GeV
complex sc. med. (dark QCD), M, =5 GeV, cTx, =25 mm
5 Type |l Seesaw, B, =8, =8
g string resonance

Selection of cbserved exclusion limits at 95% C.L. (theory uncertainties are not included).
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Overview of CMS EXO results

CcMS

36 fb~! (13 TeV)

1803.08030 (2j)
1812.10443 (2y, 21)
1712.02345 (= 1j + E™)
1803.08030 (2j)
1802.01122 (ep)
1806.00843 (2j)
1803.06292 (21)
1800.00327 (2y)
1803.08030 (2j)
1802.01122 [ep)
1805.06013 [ = 7L, y))
1803.11133 (£ + E7™)

a1
a9
82
56
18
4325
41
39
36
a7
29

1712.02345 (= 1j + ")
1806.00843 (2j)

1901 01553 (0, 1f + = 3j + E7™)
1901.01553 (0, 1f + = 3j + E7*™)

1712.02345 { = 1j + E7*™)
1810.10069 (4j)

18
26
029
03
14
154

1708.07962 (= 31)
1806.00843 (2j)

" | i i T T

0.1

10
mass scale [TeV]
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some recent results from RUN-2

Heavy Gauge Bosons & Extra Dimensions Vector-Like Quarks
X—>e'e , 1’ , X—>ev, pv, v B—oHb , Z’ > tT (T — Ht, Zt, Wb)
X— dijet , X—>tt

X— yy » X>WW, WZ, 2Z 3" generation scalar LQ

LQY; & tv, bt & LQY; > by, tv

excited leptons

e* > ey , u* — py type-lll seesaw heavy leptons

qq>W—>NL*—-(£* W)(W *v)

. dark matter

More material:
and

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults long-lived particles
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html at the LHC
http://cms-results.web.cern.ch/cms—resuIts/publ!c-results/prel|_mm_arv-resuItg/EXO/lndex.htmI from Alex Kastanas
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html ("e’(t talk)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://mmm.cern.ch/owa/redir.aspx?C=EBEtMl3fb3c_0CVny-iOt5MwAlvtS8gX-c6mxY3oOQ2tCfe1W4fWCA..&URL=http%3a%2f%2fcms-results.web.cern.ch%2fcms-results%2fpublic-results%2fpublications%2fEXO%2findex.html
https://mmm.cern.ch/owa/redir.aspx?C=CjCBu6HuqYKTfKeqxVEaVw8pKDmqkSGTMScaHgeNA7atCfe1W4fWCA..&URL=http%3a%2f%2fcms-results.web.cern.ch%2fcms-results%2fpublic-results%2fpreliminary-results%2fEXO%2findex.html
https://mmm.cern.ch/owa/redir.aspx?C=dtMyoQXJ6NeLaEpJrvvm6Sw2U4Fnqwlo-4XiYsKn4569MPe1W4fWCA..&URL=http%3a%2f%2fcms-results.web.cern.ch%2fcms-results%2fpublic-results%2fpublications%2fB2G%2findex.html
https://mmm.cern.ch/owa/redir.aspx?C=_PbPrgzcJaC6vYXrDnEI2KAs8-D1DmwG8TDGEeZB0b-9MPe1W4fWCA..&URL=http%3a%2f%2fcms-results.web.cern.ch%2fcms-results%2fpublic-results%2fpreliminary-results%2fB2G%2findex.html

Search for deviations from SM background:; e Bump hunting
Use an optimal observable with maximum e Excess in tails of distributions
signal — background separation e Special structures (peaks/dips) due to interference
W jot, T,f7,=0.26 Top jet, 1,/1,=0.45
Final states contain : Physics Objects I
, B S S
- . - T S osf | T
leptons missing P jets IR i R R ’ ;;
electrons _ 5 T
2miss — — e e s
proo=— 2 pr “
muons q .
visible w W q jet substructure
particles = %5 . L.
taus - N-subjetiness [JHEP 1103:015, 2011]
7 K sensitive to multiple p-p TN:iszkmin{Ale,ARQk,“' ARN
f / eitd interactions (pileup) Resolved Boosted do S | | |
Wy VU

anti-kT anti-kKT : e
(R=0.4) (R=0.8,1.0) jet grooming (jet mass)

Trimming [JHEP 1002:084,2010]

fundamental Pruni
b/t - tagging runing [Phys.Rev.D80, 051501 (2009)]
Jor ATLAS & CMS Softdrop [JHEP05(2014),146]

15 March 2019, LaThuile G. Daskalakis 8
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CMS-PAS-EXO-18-006
ATLAS-CONF-2019-001 77/139 fb

41417 (13 TeV)

R ‘ ‘ . ‘ _ . ‘ ‘ ] § LT rT I L L \ '.' !
g 108 C o cus £ 10E Artas Prolmmay o o 3 > 10 ATLAS Preliminary |
s 1© [ lyiz—ee Preliminay D 10°F Vs=13TeV,139fb" Moo 3 % {s=13TeV,139fb" 3
qc> 10% - W, WW, WZ, 22, ©t 108 Dielectron search selection %;i:;.s;?&wﬂeé kel X s |l .
|_|>J 10° l:lJets 10¢ — 7, (2TeV) 3 © ;
\ 0 —z,@Tevy)  § 1 3
10 10° B E
10 102 ’ E R
—1 _
! 10 L] - 10 3
107! ’ E ]
e 10 ] 102 e
10 102 3 — IcE)bserve: ‘I_imln at lEfm = gss;fo §
3 L ---- Expected limit at I'/m = 0.5%
10758‘0‘1(‘)0 2(')0 3(‘)0 e ‘1'0‘00 2000 mm E ) L N M E 1072 —rm':=1.2% (obs.) I'/m = 6% (obs.) — 2, model
9 1 : | | . Ztap o e t‘l _____ E ---- I/m = 1.2% (exp.) ---- I'/m = 6% (exp.) ---- 2, model
@05 1 @ 1.2F e b by b by by
Y — et L 5 VTR E 1000 2000 3000 4000 5000 6000
[ j 0.8F —
£ “'so100 200 300 1000 2000 0.6 I 3 my [GeV]
= m(ee) [GeV]
m,, [GeV] 104 77.3f0 (13 TeV, ee) + 36.3 b (13 TeV, u)
i - - £ . .. N R I D L L B~
® Search separately in e*e” & p*u final states; e Upper (lower) limits on 0-B (mass) = —— Obs. 95% CL limit i
then combine results for various Z’ models ST e N\ Exp. 95% CL limit, median -
.. . No100 Exp. (68% E
- limits on couplings (HVT models) = & 5 oo ng: -
e High signal selection efficiencies b [ ' i
; .. -6 - e 7 _
e model-independent limits on A-0-B 107¢ ;_SSM
® o(Z’')/o(Z) ratio limits by applying fiducial cuts (lepton p; > 30 B ! i
- No dependence on luminosity GeV, and lepton |n| < 2.5) 107 =
- suppress correlated experimental uncertainties - .
® results for various resonance width qotl e N
L , 1000 2000 3000 4000 5000
® Limits for narrow Z hypotheses M [GeV]
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JHEP 06 (2018) 128 1
ATLAS-CONF-2018-017 , 36/80 fb

35.9fb~! (13TeV)
T T

107 o ‘ ' ‘ ' 2 L AG Bl W (3] '« Data o ET TN T T T T T T T TS
- CMSE+p_rFiss - ::_I-Boson :E\? ::::i: :T:\é " L%> 10 fsrifg$é‘3:r;;:r¥b,1 _w Ei Ex; D\?vata % E ATLAS Preliminary e od limit E
o Dben  — SwumssTe 1 Worevsdecton  —HETEY) - BE Tt 1s=13Tev, 798157 _ TP 2
:3:103 o Z/y— Syst. uncertainties 10¢ %ggoson 510_1 W - v Expected + o _§
£ 10° % \95% CL Expected + 26 -
E 102 §“1 0L — Observed limit 7;
10 g_ ; — Wiy ;
& r ]
1 =] i i
107 -
107 E =
2 14 -
L 107 =
g
2w o o o .
g "l 5[|)D 10‘{)0’ Ht_itﬂ] 20‘00 25|00 30‘00 35|0CI 4000 - 400 1000 2000 3000 mW‘ [TeV]
M1 (GeV) Transverse mass [GeV] 10" | 35.9 b (13 TeIV
>" | CMS : ]
. : . o . ]
search : separately in ev & pv final states; then combine results 2| ensEl™ ]
H ) . 4
interference : The W’ boson is assumed not to couple to the SM W and Z. .
10 E
backgrounds : from simulation except multijets (data-driven) Observed
Do Fxptected .
. . ; . . . . Lo limi
uncertainties : lepton & E;™** reconstruction, background modelling, PDFs , luminosity @  Exoluded -
S/ iat8TeV |
The results are interpreted in the context of the SSM (ATLAS/CMS), split UED & RPV stau (CMS) 500 1000 1500 20001/2F§0(%e3\9)00
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CMS-EXO-17-008

Phys. Rev. Lett. 120 (2018) 161802

e e e B L e e ‘3‘5'.9 fp"l(13"|'e‘\l)‘_ = E T ! ! T ! IE =) LI I L N S B B N H A A B BN B B B B
§105 CMS ¢ Data [Iwejets 8 - ATLAS 1 i [I.jb?ta , = =~ | Non-perturbative regime o
) 3 r -7 ] — 5
2. e SSMW o Tey  [1Z0W)sets T Vs =13 TeV, 36.1 o’ ] Jet - S 7 ATLAS |
10t oMW 1o Tey MUttt @0 - [ Others 3 5L /s=13TeV,36.1fb" |
S S ‘I----.‘__ . Wi CICJ » %z Uncertainty 7| = W'y, — tv 95% CL limits -
D10°E, | e - SSMW 40TeV  [gipg 2 10 . = L YNy ]
; 4 inglet 3 o e Wiggy (3 TeV) 3 i Non-universal G(221) model ]
102 ] — ;'-E_. —=SSMW' 5.0 TeV DZQ”-‘-]‘EIS é o W'Nu (3TeV) - l— ATLAS tv 7
[[] bibeson E 1k 4¥ WS ATLAS 7 i
10 E 1 A #s2 ATLAS ee, uu
; _; 10 :\\ (EWPT) -
........... i L ppe— 3 - Indirect (LFV) ]
107" = 10 R — - Indirect (CKM) |
E f H r [ - I Indirect (£-pole)
. ] . L .Y
; 5 1073 :'": | : .
' L all ) - E 1 I 1 ""- ______ 2_ \:_ -= —
=4 2 T T E T T T T E ﬁ‘\ '.“ |
=9 1.5 m . S / /// | N\ B B!
g‘z 1I=".¢¢ +' + Q 1 21 :l/’// 8 // //%// // // r '_ N "-__ -
091 . + . + . . ] E 0.8 T / // 1_I P ‘-'P |\|\l- |“'1> T R ]
0560 {000 1500 2000 2500 3000 S . s L 1000 2000 3000 4000
m; (GeV) 300 500 700 1000 2000 GeV
my, [GeV]
My [GeV] 35.9 b (13 TeV)
. . . e
search : charged heavy gauge bosons decaying to T, 4ronic T V . A L
. . . . . __c__n - CMS T +pmiss
reconstruction: T, 4. iS @ tau jet seeded from a jet (anti-kT , R=0.4) = T :

backgrounds : off-shell tail of the m; distribution from the SM W. he

models: SSM, Non-universal G(221) enhanced BRs to 3™ generation fermions I

G(221): cotd,, mixing angle, related to W’ couplings to heavy fermions. T Observed 95% CL imit

107" -- Expected 95% CL limit -

B - +1sd. E

] r |:|t2s.d. 7

For M,,,>180 GeV, W'— tb opens, affects BR(W’ —1v)=8.5% in SSM talk from I I

W’—> tb searches: Phys. Lett. B 788 (2019) 347 , Phys. Lett. B 777 (2017) 39 | Emery Nibigira 10000 2000~ 5000 4000 Mso'?ge'v')
M
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CMS-EXO-18-004 ee® ,p.p.* —> eey, Ly

, )
v o 29 (13 TEV) o e, 359167(13TeV) 10 35.9 b (13 TeV)
&, CMS ¢ Data N E - CMS + Data o) T i
o 10°E max DY+y 3 > 10°E DY = =
mer i} mmax +y g
F Jet background 7 FoHY Jet background S
. ey I . ()
0 — E o e E T
e/ A m,.=1TeV, A=10TeV ] 3 T m.=1TeV, A=10TeV 7 © 1
102§ ] 102§ """"""""""""""""""" q :
F F X
10 b 10; ©
B/pﬂ 4| 95% CL upper limits -
10 — Observed
---- Median expected

B 68% expected

95% expected

107 107" 95% expected
New strong force with gil wded £ - Toea (32 16 W
o 3 ,,,/Ay : | = 5 ol _p| - Theory (A=15Te N N
characteristic energy scale i R 24 | | | f 107 - Theony (n -2 TeV) AARE
. 0 500 1000 1500 2000 0 500 1000 1500 2000 3(')0 — '1‘000 20'00 —

N\ (compositeness scale) I (GeV) my (GeV) m,. (GeV)

35.9fb” (13 TeV)
. . o — 35 T T L T T T
Compositeness models predict excited leptons : e* (u*)— ey (uy) 3 | cms 95% CL lower limits -
Production through Contact Interactions (Cl), decay via SM gauge interactions = 30F e vpected
C I 68% expected
25

final state: same-flavor lepton pair — low bkgd but ambiguity in the e*/u* reconstruction. 20
thresholds: eey , ppy [ e,y p>35GeV and AR(/,y)>0.7 ]. Both pairings are used.
Bkgd rejection : 2D cut on (m,,™, mgvm‘“) plane.

15

T

10"
Channel Observed (expected) limit Observed (expected) limit 5_
“ on my formp- = A, TeV  on A for mp =~ 1TeV, TeV .
eey 3.9 (3.8) 25 (23) 0:550 3000 2000
MUY 3.8 (3.9) 25 (23) m,. (GeV)
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o0 ([ ] [ ]
CMS-PAS-EXO-17-026 diiet — hieh
jjet resonances I8N MASS region

20000 CMS Preliminary 77.8 0" (13 TeV) — 77.8 fb (13 TeV, oo p
3 i'H"H”‘?H'!‘Hblt"'”': D 10° o Data 105 CMS Preliminary 77.8fb" (13 TeV)
E - ' . ata _ t — Fit Method — [T T T T T rrrrrrrrprrrrjprrrrpg
ool MBS L ema 3 10 o o = sting f
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50000 j j E ° . a0 Tev) < 3 I — Axigluon/coloron 3
C SR ‘cR. | CR. ] 8 1 -~ aq (6.0 Tev) X 10 | — — Scalar diquark 5
i {Himiade | high . 107" -.. o' | ——— Color-octet scalar (k = 2 3
40000 - . T, % 1 02k . - W' -
C ] 10° ", I mmen 2 3
- i Wide PF-jets . . .
30000~ B 107 m, > 1.53 TeV \Q\n © 10g s T DM mediator 3
. ] 104 B <25 i< 14 R so e RS graviton :
20000~ - - ‘ \ ; E
r ] S aE N .
: : 3 3 E
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i : - 1 a8 2= | ‘ 107°F E
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0 0.5 1 15 2ni . 2.5 S 45 6 7 8 10 3E95% CLlimits  "=oiy ekt .
ljet jAn Dijet mass [TeV] 4§ —&— gluon-gluon :

o I .. . . K 1 0— g —— quark-gluon RN >
search: high mass dijet resonances using wide PF-jets E T ek i
1 0_5 l L1111 | 111 | L1 11 l L 11 I-.l' 'i“"L 11 l L1 ‘Il"‘ol

(AR < 1.1, reduced sensitivity to gluon radiation from the final-state partons) 5000 3000 4000 5000 6000 7000 8000

Resonance mass [GeV]

QCD background : t-channel production

do  Py(1—x)
a) fitting an empirical functional form = it )

Observed (expected) mass limit [TeV]

di: — P2+ P In (x) Model Final 36fb ' 77.8fb !
H H : State 13 TeV 13 TeV
b) data-driven method via a |An| sideband. J Siring 7707 e 9)
Scalar diquark qq 7.2(74) 7.3(7.5)

models : s-channel dijet resonances P e T ey oo
widths and line shapes depend on the parton content of the resonance (qqg, qg, or gg). plor-octet scalar (k5 =1/2) 8 o 82 §ZE§§§
7' @ 27(29) 29(3.1)

-1 RS graviton (k/ Mpr, = 0.1) qq. gg 1.8(2.3) 24 (2.4)

ATLAS [37 fb' , Phys. Rev. D 96, 052004 (2017)] Dhemedistor (mony — 1G6V) 8 7625 25028
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CERN-EP-2018-347 dijet resonances — low mass region

'C% 6 ATLAS ) " '_._ Dlata, 7r56 f5.1’ T ] 3 I T T T | T T T T T T T | T T ‘l ] I T U)c' 0_35_r T[rrrryrrrr|prrrorrrrrs LI L L I L LI L l_
> 107 £ Vs=13 TeV Eom&)ined téigf]ger E Ken L ATLAS 95% CL Upper Limits | - ATLAS 95% CL upper limits .
Z E ; ; ackground fit 3 Vs=13TeV —— Observed C _ ]
§ o :Igvgugr |zncvl,uz|ve . . g-; (,:,;;g%ev Lo : cg ) F?avour ineclusive _____ Expected = 1-20 0.3 Vs =13 TeV —— QObserved -
He? 3 e, o ey, ’ BH p-value = 06 5 w10 - 798|766 ge;:e : 2‘:“;‘ E - 2btags = Expected (+ 1-20) .
= BH p-value =074 Ty We, X Pvalue=022 3 “ F oM =010 ] o5l i 1 ]
E 52 pvalue = 0.12 . < e e ] 025  79.81b 76.6 fb .
10* &= —=— Data, 79.8 b, e I — “ ere T C ]
E single-photon trigger “PEgg e, 3 o - 4
C Background fit QED:B,_,: ® e 0.2 —
F ——Z',0x150 Bag_ % L i
10°  M;=250GeV,g =01 . S 3 C ]
g 25 - 0.15- -
S OF e e e L C .
g -2 85 C ]
£ 2E- ' ' - 0.1 —
% OF Z C va .
-2 L L L L L L L n 1 ; [ O | PIRSE SN Y TY TN Y| Y N (R VR | I R .fu | /: ol b b b by ]
200 300 400 500 600 700 1r?10t[)GeV] 200 400 600 800 1000 200 300 V‘d 500 600 700 800 900 100
i
mg [GeV] m,, [GeV]
different
search : dijet resonance produced in association with a high E; photon. acceptances

variants: jet flavor inclusive & 2 b-tags
models

leptophobic Z’ resonance

- axial-vector couplings to quarks (g,) universal
in quark flavour.

- negligible mixing with the SM Z

the problem : low mass dijet searches suffer from high multi-jet bkgd
= high P;'"& jet trigger thresholds = low sensitivity bound at M;; ~ 2xP_ i

solutions: - record partial event information [PLB769(2017)520 , Phys.Rev.Lett.121(2018)081801]

- resonance produced in association with y or jet , dedicated b-jet triggers generic Gaussian-shape signal
- upper limits on fiducial cross section
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CMS-B2G-17-017

35.9 fo (13 TeV)
\I\I‘II\II\II\7=

g T 35.9 1" (13 TeV)
o CMS booae ] a
T 10 p Myi>t0 o aeomue 2 10*F CMS o e
o 2btag Z 4.0TeV, 1% widih (1 pb) 3 = 108 B +1 5. exp.
T 5 [ ] +2s.d. exp.
<10 —— g, (LOx1.3)
2 10 Combination
)
X 1
5 10~
1072
s ¢ 10°°
=] 0 o 1 1 L —
o ) L el 107 Ll ! ! | !
D S o i 1 2 4 5
0 2000 4000 6000 M, [TeV]
m_ [GeV] KK

search : spin-1 resonance X— tt, no interference with SM tt production assumed.
tt modes: fully-leptonic, semi-leptonic, hadronic , leptons=e, p

strategy : optimized for top-quarks with high Lorentz boosts;
requires non-isolated leptons and jet substructure techniques.
simult. measurement of the bkgds and t-tagging efficiency from data.

ATLAS : probe also low top-quark boosts (resolved decay topology)
[ 36 fb? , CERN-EP-2018-350, Eur. Phys. J. C 78 (2018) 565 ]

resonant tt production

35.9ib" (13 TeV)

—— Observed

-------- Expected

I +1 s.d. exp.

[ ] +2s.d. exp.

—— 7' 1% width (NLO)
Combination

leptophobic topcolor Z’

Width 1%
Exclusion 0.50 -
(TeV) 3.80

10% 30%
0.50 - 0.50 -
5.25 6.65

1"t Kaluza-Klein excitation of the gluon

in the RS scenario (g,,)

Exclusion (TeV)

0.5-4.55
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Phys. Rev. D 98 (2018) 092001 Heavy resonances in 'A%

359fb' (13 TeV)

“““““““““ 35.9 fb™ (13 TeV) E——— AR LAY 35.9 b (13 TeV)
8 ' | i Daa | S 10°L\CMS { Data b g 10 N ‘ — 3
Q —— Fit model & : =BEE — Fit model : ; : CMS \ . E:gé?;,d\ll;?it :
3 11 std dev Emgl;_ +1 std dev ?: = \ I il‘:l,stddev -
g; E § = 3 (; \\ + 2 std dev .
i} 3 w 10; ] } _ —— Observed limit
N T 1 \ 61 (o) E
W 3 - \ ] g8 F ]
R 11— :
5oy | AT E S R R E 107
= j Ll | | W; R =3 |H ]l\hhl(nﬂlm.h!uh!\ R :
B ) T T P H J||}|Hu]ﬂm T I B \
S 2 [ | | | E 3 2 H | E K | \
500 1000 1500 2000 2500 500 1000 1500 2000 2500 a1 107 107 3107
m,, (GeV) m,, (GeV) mg (GeV)
search : resonant new physics signatures with high-mass diphoton events RS graviton
advantages : X 0.01 0.1 0.2
lower SM backgrounds / better mass resolution w.r.t. dijets ' ' '

. . . -4 -2 5
larger branching fraction w.r.t. dileptons 1 1.4x10" 1.4x10 5.6x10
background estimation : m,, fit to a parametrized functional form — EX(CTIUf’/i)On 2.3 4.1 4.6

e

fully data-driven description of the shape

Also, model independent limits on cross
sections in the fiducial volume (P;'>75 GeV)

ATLAS [ 36 fb! |, Phys. Lett. B 775 (2017) 105] for resonant pp —vyy processes.

limits : on heavy spin-0/spin-2 resonances
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ATLAS-CONF-2018-016 X—>WWW2Z,2Z

Y 1 04 T R | T T 1 T T 1§ - 1 04 E = -
ATLAS Prelimi o Data direct fit 1 E . + Data . . Model Signal Region Excluded mass range [TeV]
g 10°F {13 Tev, 798107 ==Fit } E E 10° ATEARUISOTnY L direct fit W 1.30 — 2.80
= 2 [ --- Fit + Bulk RS m=1.5TeV (x 10) _] g --- Fit + HVT model A m=2.0 TeV _
2 10 . - Fit+BukRSm-26TeV(x10) § g 'O -~ Fit + HVT model A m-3.5 TeV HVT model A, gy =1 wz 1.20 - 3.10
g 10 4 & 10k WW+WZz 1.20 — 3.40
. et b . 4 " LB . . WWw 1.30 — 3.10
10 . E E HVT model B, gy =3 Wz 1.20 — 3.30
WW+ZZ SR 107 WW + WZ 1.20 — 4.15
102 - ¥¥DOF =5.9/8 = 1072 = x/DOF = 4.5(7 WW 1.30 — 1.60
. : e 10°E N RN Bulk RS, k/Mp =1 zz None
8 ] 8 LB RSB WW + 27 1.20 — 1.90,2.10 — 2.30
g ] [1 G & o
= 1 5 F
_c%l I k ‘ ‘_: c%) _2 ;_ <_c T T T T T T I T T T T I T 1 T T T T T T | T T
35 4 45 5 15 2 25 8 35 4 45 b 310 ATLAS — Observed 95% CL limit
m,, [TeV] m,, [TeV] E 10° Vs =13 TeV, 36.1 fbo = === Expected 95% CL limit
=
T
. . . s Expected + 1
Search : narrow diboson resonances decaying to fully hadronic final states 2 102 B Expocted + to
E Expected * 20
models : 10 """" HVT model A

spin-1 Heavy Vector Triplet Model (HVT) , X->WZ , WW
spin-2 graviton Gkk — WW, ZZ (bulk RS)

diboson system : pairs of high transverse momentum, large-radius
(R=1.0) jets tagged as compatible with the hadronic decay of a boosted

Phys. Rev. D 98 (2018) 052008

DYHVTV = VV+VH +Iv+1l

0% o
W or Z boson, using jet mass and substructure properties. |1 2 3 z 5
m(V’) [TeV]
background : from multijet production suppressed by the CMS [36 fb!]
characteristic jet substructure of W/Z bosons JHEP 07 (2018) 075, Phys. Rev. D 97, 072006
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-EP- ) rd -
CERLER ALy 3" - generation scalar LQ
b nt § o' camas b o g
» 3 {s=13TeV, 36.1 fi” —'rIFU(p qu)ark e ?
LQu P d ; 10° btht j_lget—w kffaies Do
- 3 _ U, T LQS B v, T E Ty oiThag 2 1208 — éog;qgfa: ks 3,
S :- - 102 “‘N@ U:::erlainty Q
LQJT w7 "5~ VT
P p LQ3 : 10
t,0 b,t 1
assumption : LQs decay only to fermions of 10
the same family (minimal Buchmiller—RUckl— = 2 ¥ %
Wyler model phys. Lett. B 191 (1987) 442 ) g o.§‘$3'““‘*§\\\\$}k S \ﬁ
0500400 600 800 000 1200 1400
s; [GeV]
Exchange of LQs might explain the potential violation (if confirmed) of lepton -
universality in measurements of B-meson decays [arXiv:1706.07808] 1

d
3

B(LQ

reinterpretations of previously published ATLAS searches :
- HH—bbtt

p p
- pair production of top/bottom squarks >y§_,4~ %9 >}j,,41 %
T ~0 N Xi ~0
t X1 { X1
CMS [36 fb!] ! i ! Jw

LQ,Y, LQ,¢ (B=0), Phys. Rev. D 98 (2018) 032005
LQ, (B=1), 1811.00806
LQ,¢ (B=1), Eur. Phys. J. C 78 (2018) 707

1: T [ T I J R |'; LI I | I I | |:
0.9 :_ ',,' ATLAS _:
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0.8 S e J —
0.7 = —— — observed _;
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= —1t+ ET -0/ -
0.4 - i ETmlss_1 /7 r
0.3F ttb + ET™ ]
0.2 f_ \‘. a0 miss _f
E ., —bb+Er 3
0.1 Y -
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400 500 600 700 800 900 1000 1100 1200 1300
m(LQ3) [GeV]
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ATLAS-CONF-2018-024 Vector Like B—>Hb

=> N L D B
q 8 wk ATLAS Preliminary g OA45p
SO ot S SO = 0.4F ATLAS Preliminary E
E Signal Region [ Continuum background E E 13 TeV, 79.8 fo! — (B,Y) doublet model prediction (LO) E
. Post-Fit 7/ Uncentainty N 0.35 5. bHs 7). x, =05  — Obs.Limit(35%CL) =
M --  Exp. Limit (95% CL) =
; E 035 0 Exp.tio E
. a 0.25 ;_ Exp. 20 _;
b ° 02k 3
1072 J
t-channel production of the signal 109 :
.10
s ‘he ,}L,‘,C/ A B I B I B B P
g | MTHS% R 800 900 1000 1100 1200 1300 1400 1500 1600
500 1000 1500 2000 2500
m,,, [GeV] mg [GeV]
search : single-production of VLQ B that couples exclusively to
third-generation SM quarks via the flavor-changing neutral final state : two photons from the Higgs boson decay, a b-
current interaction B—>Hb—>(yy)b. quark, and an additional light-flavor forward quark.

® cross section explicitly depends on the coupling, kg, of the

main background : non-resonant diphoton production
VLQ to SM quarks

estimated from the data sidebands in m,,

model : assume a generalized coupling k;=0.5 and doublet CMS [36 fb! , JHEP 06 (2018) 031]
branching ratios of 50% for B—>Hb and B — Zb B—Hb—(bb)b
M; < 1210 GeV excluded at 95% CL singlet/doublet representation

various B widths (/M =1,10,20,30%)
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CMS-B2G-17-015 Z2'>tT (T>Ht,Zt,Wb)

259,07 (13 TeV) 35.91b' (13 TeV)

> 3 3 = 359fb 13 TeV
§ oo ows g Ton, g 2 UFEMS reaern ]
@ 08F Iichannel Wadels  — M. =15 Tey - g 2500 = - CMS 95% CL upper limits ]
§ 0.7 1 HrotEe st M; =2.0TeV - E'_ 2100 | Q)cj . - G'model, M =15Tev Expected X
w BF W Tot. unc. M, =2, E I~ — = THt:Zt=0.5:0.25:0. o =
giz A Tot. unc M, =2.5TeV 3 1800 t : WE..HE;*Z;;S 0.25:0.25 -68/oexpected E
0: 4 3 1500 | 1 - 95% expected
0‘3; E 1300 | ) 1F —— Observed =
02 E 1200 | g_ T .
0.1F YV E - S
2 ikl . —— e 1000 T 10k \ -
5 2 — T T w00 I 5‘:
& '# *‘“”'M** _____________________________ ] - T ]
g ” . 800 o | ‘ . ‘ . ! . . . 1
g %0t S ool 10”3000 2500 3000
1000 2000 3000 4000 5000 | I 1 I I 1 \ 1 MG* [GeV]
M rzelc [GeV] 500 1750 <000 <250 2500750 3009 %500 “00g ' .
M., [GeV] Extra dimension model
heavy spin-1 resonance G*
search : heavy spin-1 resonance Z’ — t T (vector-like top-quark partner) Mg+ excluded in
dominant decay mode if M, + M; <M, <2ML. [1.5,2.3] TeV &[2.0,2.4] TeV
for M; of 1.2 and 1.5 TeV.
final state: arXiv:1110.6058

optimized for Z’— tHt, tZt &> monolepton + jets (leptonic decay of one top quark)

Use of resolved (R=0.4) and merged (R=0.8) top quark hadronic decay products.
Highly boosted H, Z and W bosons identified using jet substructure techniques.
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ATLAS-CONF-2018-020

type-lll seesaw heavy leptons

w oy T T T — m T T T T v L [ ] — (n T T T T I T T T T I T T T } | T T T I t
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na / // -m(N°,L%) = 600 GeV = 2.5 u M) ¢ @ 107 — Type-lll seesaw 3
- //// ] 2 /// / z/ o - .
- % 7 - — 7 o B ]
4F L E 1.5 /, v I c :
:L . / . 7 £ 10%F =
g D)) _: 0.5 //// X - :
E 2E /, ........ 2 e 3 L —
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H; + ET*° [GeV] m(N,LY) [GeV]

Assumptions:

- N% and L*are considered
mass-degenerate.

- BR to all lepton flavors are

assumed to be equal (1/3) CMS [36 fb!, Phys. Rev. Lett. 119, 221802]

type-lll model : new charged and neutral heavy leptons could be produced in EW processes LHC

final state: six channels defined by the lepton pairs ( ee,pp,ep x SS,0S )

observable: the sum of the E;™ss + H; (scalar sum of the transverse momenta)

main systematics:

experimental (uncertainty in the simulation of physics object efficiencies)
theoretical (uncertainty in the physics model used for simulation e.g. cross sections),
yields (uncertainty arising from fitting the yield of top and diboson backgrounds)
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Epilogue

e Many beautiful results from ATLAS and CMS. More to come soon including the full RUN-2 luminosity.

e Observations are in agreement with standard model expectations.

e Upper limits on production cross section of new heavy resonances calculated in a model-independent manner.
e Limits are interpreted as constraints on model parameters (masses, couplings ...).

Necessary to continue the broad search program for New Physics

Up to now the EXOTICA papers have (almost) the same sentence in the abstract:

... No significant excess above the background expectation is observed, and upper limits on ....

Lets hope that in the near future, at least one (or more) EXOTICA abstract(s) will contain the magic sentence:

... An excess of events is observed above the expected background, with a local significance of 5.0 V
standard deviations, at a mass near .... Py -
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Overview of EXOTIC searches (CMS-heavy SM particles)

Vector-like quark pair production Resonances to heavy quarks Excited quarks
Q- gw Z(1.2%) = tt t* — tg S=3/2 —I
T tH Z'(10%) — tt t =g S=1/2 | ikl —I
Ttz gKK — tt b* = tW (ki=1) 70 b
T - bW W = tb b* — tW (Ka=1) 60 b
B — bH W = th (M<Mw) b* = tW (Kn=1) 70 fh
B — bZ W = tb (M:-Mw) t* = tg (Kuke=1) 70 fb
B — tW Z’(‘Icﬁ:) — 1t 0 0.4 0.8 1.2 1.6 2
Observed limit 95%CL (TeV
X5/3 — tW Z'(10%) — tt R
X5/3 = tW Z/(30%) — tt
T=bW gKK — tt
0 03 06 09 12 15 , Resonances to dibosons
W = tb (M<Mw)
Observed limit 95%CL (TeV) _
W’ —=tb (My=Mw) radion = HH 8 TeV
Vector-like quark single production ¢ \
Z— Tt W' — WH
t= 1 —tZt (52%)
T—tH +1HUG0% 1 15 2 25 3 35 4 45 5 7' = 7H —I
t— lep ..
T—tH o5 Observed limit 95%CL (TeV) Goun o, WW
TotH L~ had N
Wb=1.
T ot t— had Leptoquarks Gou = 22 30 fb-
cz=2.5 1
T—tZ cw=15 LQ->top+mu W= VW HVT(B) Bid
T—1Z cz=15 i W’ — WH HVT(B) )
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B—-bZ ow=15 Z' = VH HVT(B 18
LQ->bmu ®) 8D
T— bW cwe=1.5 f 20 fh
0 0375 075 1.125 15 radion =+ HH :
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’ Observed limit 95% CL (TeV) 0 05 1 15 2 25 3
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CMS-PAS-EXO-18-006
ATLAS-CONF-2019-001 77/139 fb

3 35.9fb" (13 TeV, e ) DA NG T3
N 107 — ‘.”.‘4.fb, .(1.3.“.:"\'," ° E) N 107 e -( ——T ;) % Jo2L ATLAS Preliminaiy /s=13TeV,1391" |
'L‘_E' —— Obs. 95% CL limit E E‘ —— Obs. 95% CL limit E X ;
A R A\ — Exp. 95% CLlimit, median{ = § N\ . e Exp. 95% CL limit, median 1 © ol -
N 10_57 . I Exp. (68%) 3N 107 _ ~. I Exp. (68%) E :
% & . [ Exp. (95%) ] E B [ Exp. (95%) . ; N
10° e = Lseu E 10° A RSy E : .
o . —_7 3 g -7 3 o E
r ., v ] C Y ] —— Observed limit at I/m = 0.5%
. ---- Expected limit at I'/m = 0.5%
107 2017 4 10752016 = 07 Tomoimen—imeoen g\
r ‘-.‘ ] r . L . PR | L L L ]
I \ y - JHEP 06 (2018) 120 ; ] 3x10? 10° 2x10° 3x10°
18—t LN = T T . N S m, [GeV]
1000 2000 3000 4000 5000 10 1000 2000 3000 4000 5000 _ o | | X .
M [GeV] M [GeV] £ r LN P~
36.3 b (13 TeV, ) o 107 ATLAS Preliminary Vs=13TeV, 139 fb _E
No107 T TM‘L‘LE X.g Yo :
= —— Obs. 95% CL limit e 0 .
2 N Exp. 95% GL limit, median - E NN E
AN 10°° ‘ I Exp. (68%) E 1— —
.QE. [ ] Exp. (95%) ] ; ;
—_ 10—6 - ‘.'.‘ - Z'SSM . 1071 E_ -
E — § F — Observed limit at rim = 0.5%
B Y ] 1072 E —1%;(:&: T:J),,"EE:;.;”M =L€”’°1'fm = s%{[obsA; _gw mn;lel\
F----T/m=1.2% (exp. ----T/m = 6% (exp. === Z', model
107 = S ‘ -
- 2016 = 3x10° 10° 2x10° 3x10°
[ JHEP 06 (2018) 120 | o mx [GeV]
1 O— M B AT A . I S
1 2 4 T
000 000 3000 000 IVI5 ([)(ggV] Lower limits on m -+ [TeV]
_ o Model ee I 144
Channel hg?del Obs. 11411‘111(;[ [TeV] Exp. ltlrril; [TeV] obs exp | obs exp | obs exp
ee (2017) M 335 s A 43 43 [ 40 38 |45 45
v : : ¥
ce (2016 and 2017) + 1yt (2016 Zln 17 17 Z)’( 46 46 | 42 41 | 4.8 4.7
e z, 41 41 Zasm | 49 49 | 45 44 | 51 5.0

15 March 2019, LaThuile G. Daskalakis 25


http://dx.doi.org/10.1007/JHEP06(2018)120
http://dx.doi.org/10.1007/JHEP06(2018)120

JHEP 06 (2018) 128 1
ATLAS-CONF-2018-017 36/80 fb
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e (W

/1231 (1132)

q V,V,)

RPV SUSY :
scalar stau (T) could act as a mediator with couplings
Ay31 (Ay3,) for the electron (muon) final states.

R-parity and lepton flavor violating decay to a charged lepton
and a neutrino [Phys. Rev. D 86 (2012) 055010, Phys. Lett. B 76 (1978) 575]

\’3; - hadronic-leptonic RPV coupling to the 3d generation

Signal samples : MapoGraru 5 (v1.5.14) at LO
M..., in the range 400-6000 GeV
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e Model-independent limits on signals with a Gaussian shape

17.4 TeV — 29.5 TeV
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CERN-EP-2018-350

resonant tt production

Eur. Phys. J. C 78 (2018) 565

fully hadronic final state
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Phys. Lett. B 775 (2017) 105 Heavy resonances in YV
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X—>WW,WZ,2Z

X —->VZ = qqvv
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JHEP 06 (2018) 031 Vector Like B—>Hb —(bb)b

35.9 b (13 TeV) 35.9 b (13 TeV)
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H— bb : highly boosted pair reconstructed as a single collimated jet

assumptions : B quark belongs to a singlet or doublet representation. It decays exclusively to SM particles.

singlet BRs of B — Hb, Zb, Wt are 25%, 25%, 50%,
doublet BRs of B — Hb, Zb, Wt are 50%, 50%, 0%

BRs depend on the VLQ mass m,
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