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ATLAS Introduction

EXPERIMENT

Heavy Neutral Leptons (HNLs) Vector-like quarks (VLQs) :
v Extension o the SM by 3 R-H neutrinos (seesaw v Vector-like quarks (VLQs) are spin half
mechanism) fermions and coloured

v Explain dark matter, Baryon asymmetry and neutrino  « Transform the same way as SM quarks under

masses the strong force but singlet under the weak
v'Can couple to the 3 lepton generation i.e. LFC and force.
LFV v'Natural solution to the hierarchy problem

v Can have Dirac(Majorana) nature LNC(LNC + LNV) _s the smallness of the Higgs boson mass
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arXiv: 1305.4172 arXiv:1301.5516

Vector-like leptons (VLLs)

v'Same electric charge and spin as SM leptons

v'Interact with both left- and right-handed

particles through the weak force.

v Explanation to neutrino masses and the nature

of dark matter
v'Potential solution to the hierarchy problem

— the smallness of the Higgs boson mass

arxiv:1312.5329

— Solution to SM limitations: HNLs, VLQs and VLLs hypothetical particles offer explanation of the smallness of Higgs boson

mass and neutrinos masses.


https://arxiv.org/pdf/1305.4172.pdf
https://arxiv.org/pdf/1301.5516.pdf
https://arxiv.org/pdf/1312.5329.pdf

ATLAS Overview: Most recent results since Moriond EW 22

EXPERIMENT

CMS and ATLAS results with full run 2 dataset corresponding to ~138 fb™!.
All results can be found:

@ATLAS: Publications
@CMS: : Preliminary , Publications : Preliminary , Publications
Analysis Topology Released |Experiment
EXOT-2019-39 Search for Wy and N, - 1/2 £ + jets March 23 ATLAS
EX0-21-013 Search for long-lived HNLs in 2 £+ + jet March 23 CMS
EXOT-2019-08 VLQ pair production TT and BB single lepton December 22 ATLAS
EXOT-2018-58 VLQ pair production 7T and BB 2| + multi-leptons October 22 ATLAS
B26-20-011 VLQ pair production TT and BB - 1 - 2 and multi-lepton  September 22 CMS
B2G-21-007 VLQ single production, T — tH and H - yy July 22 CMS
EXOT-2020-07 VLL pair production March 23 ATLAS

EX0O-21-002 VLL pair production February 22 CMS



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-39/
http://cds.cern.ch/record/2852843?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-58/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-011/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-07/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-002/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html
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/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html

Search for right-handed Wy bosons and heavy neutrino N, ATLAS

EXPERIMENT

Left-Right symmetry model (LRSM) : Extension to the SM Majorana: electron channel Dirac: electron channel

Electron channel Vs =13 TeV, 139 fb™", Al limits at 95% CL Electron channel Vs =13 TeV, 139 fb™", All limits at 95% CL

ATLAS Resolved 36 b
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ATLAS Boosted 80 fb'! i )
Phys.Lett.B 798 (2019) 134942 Majorana scenario
______ CMS Combined 138 b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-39/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-002

Probe Dirac and Majorana HNLs
Inclusive coupling to the 3 £ generation q
prompt £ + displaced £, and j*

low mass region — displaced decays _

Broad categorisation (48 category):

- &5, j* topology : boosted or resolved
£,¢, flavour(charge) combination i.e SF/OF(0S/SS)
The 2D displacement sign. from PV: ds’g(fz) =d,(£))]d; ()

A displaced jet tagger (deep NN) to maximise sensitivity to a broad c7,.
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http://cds.cern.ch/record/2852843?ln=en

Search for pair production of vector-like Tand B with Z — £¢

- TT where at least one T — Ztor B = Zb (Z — ¢¢ and t — bW)

- MCBOT trained to tag jets from H, top or V(Z/W).

2 lepton category:

2 subcategories : = 1 b-jet or > 2 b-jets

7 subcategories - presence of (W, Z, H or top)

3 lepton category:

5 subcategories

Events

Data / Bkg.

- presence of (W, Z, H or top)

EXOT-2018-58

10k ATLAS ¢ Data --Singlet TT - \AY%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-58/

Search for pair production of Vector-Like Tand B- 1£ + MET

EXOT-2019-08

1 lepton category: ttb b.b.t
- Events with 17+ MET in the final stateie. £ = e, u 9
B Z HW
« Most sensitiveto T = tZ,t — ¢vb,Z — vv
B — Wt — 1, v, b B %, H,W
g
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-08/

=" Compact Muon Solenoid

Search for pair production of Vector-Like T and B

TTandBB: T—bW.T—>tH T —1Z B— W, B— bH,B— bZ B26-20-011 138107 (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-011/index.html

Search for Single production of ' — Ht — yyt

-Bvents with T — Ht,H — yy,t - wb

B26-21-007
- 2 category : leptonic/hadronic decay of ¢
12+ 2y + 1b jet
0Z + 2y + 3jets(1b at least) Y
- 2 BDTs as S/B discriminant - 1 per category. (BDT-SMH) ¥
138 fb™ (13 TeV)
- 1 BDT for non resonant background in hadronic category. E 10; cms Wy | | | | 138 ft|>“(13 Tev)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-007/index.html

Doublet vector-like lepton model (z',v,)

Couple only o the 3rd lepton generation.

Events with multi-lepton in final state

BDTs to maximise signal significance

7 SRs: #7, charge(flavour) combination and #7,,,, + high BDT score.

7 VR : low BDTs score.

7 SRs : #yields
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-07/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-002/index.html

ATLAS Summary

EXPERIMENT

VLQ

Single Production
VLQ CMS Preliminary March 2023 138 b (13 TeV)

- Only new analysis published since last Moriond were shown

10 —— (bq)T — tH — blv/bqq,gg 2302.12802 Sub. to JHEP =
F — (bq)T — 1Z — bagvv JHEP 05 (2022) 093 ]
— (tq)B — tW — bqg,Iv/qq JHEP 04 (2022) 048
(bq)B —btW — bag,Iv/aq JHEP 04 (2022) 048

Pair production

- Several techniques used to maximise sensitivities. Mo g [TeV]

T
-—

S et | HNL pure u coupling

)
g
)
'_
. . . . CMS Preliminary March 2023 13817 (13 Tev) | i <%
- — a | 778’
All single and pair VLQ production performed with the run2 dataset E Y v —e e N
. @ gL T T Wo e 2 >jets 2209.07327 Sub. to JHEP | ° s
are summarised o E — BB, B o Wqy, by, bZ,,, >llets 2209.07327 Sub. o JHEP ] O
= E —— BB, B—1tW,, bH, bz, >lljets 2209.07327 Sub. to JHEP E
= I —BB, B —tW,, bH,, bz, Oljets PRD 102, 112004 (2020) =
0 [ —BB, B —>tW,, bH,,,. bZ,, Oljets PRD 102, 112004 (2020) % 107"
. . . . o 10°'E — BB. B tWy, bH_ bZ . Oljets PRD 102, 112004 (2020) | 5 g
- Similarly, low mass HNLs summarised together with ATLAS results. - R some enton s st st 1 2|
o r/(Jstfge/l;leS are stat. dependen ] Lg ' —— Observed
g i ' § [ Expected
ot 10_2|..\...\\.I‘\\I..\\y..\
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.
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. . . 1073 v Expected 3
- No evidence of new thSICS is observed YET | [ TVl oTTBBNO S 1Ve,\‘;vm\l;vr,\‘ =0:1:0 138fb" (13 TeV)
09 1 11 12 13 14 15 16 17 18 %z CMS Preliminary — — Aras, snge favour
ry —— ATLAS, single flavour N
mT/ B [TeV] 21 10_1 Majorana HNL production ;?:;:204'”9‘81“,
% C iite e , prompt,
- Many phase spaces (not yet excluded) have to be explored — We need more data ! ki voiy e oo 2

- - -+ Expected (median) EPJC 81 (2021) 248

=« « CMS, displaced, 3|
JHEP 07 (2022) 081

—2
10 I Expected (68% quantile)
Expected (95% quantile)
~

- Run 3 has only started ~ 35 fb™! for ATLAS and CMS of collected data

The best is yet to come!
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Vector-like Leptons

- Inclusive nonresonant multilepton probes of new phenomena
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-002/index.html

Backup: Summary of CMS B26G results including VLQs

Resonances VV/VH/HH/Vy resonances

Very heavy fermions

HST

W, HVT B Z,HVT B

Radion, A\ = 3TeV

Bulk G, k/Mp = 0.5

Excited quarks

w-tb  LQ

Ztt

>R > GGy = Wy (gn=0.1, A=aMy)
> W - GGy - Wy (gn =01, A =4My)
1> 2’ (2016 combination)

152 = ZH » qdtE

» 2’ ZH - (i, wibb

»Z' > 7H -+ q4qq

»2Z' - WW - g4qq

> 2~ WW - vgq

1> W’ (2016 combination)

W > WZ > Ho§

> W WZ > wad

1> W WH - qgt

> W WZ > q4qq

> W WH - fugq

> W - WZ - vgd

>R 2Z - wqd

>R = HH = qgTe

» R~ HH - bbBWW (lep.) merged-jet
» R = HH - multi-leptons

B R = HH - yybb

» R - HH - bbbb merged-jet

>R - W q4qq

>R WW - fvgd

1>G (2016 combination)

1>G—ZZ tw

G - 2Z Had

»G 22 wad

»G - 2Z tag

» G - HH - bbWW (lep.) merged-jet
» G = HH  multi-leptons

»G = HH - yybb

> G+ WW - fvqd

>t'E" - fubb +jets (R-S model, B=1)
bb - tW - bqq qq (LHRH)

»b' = tW - bgq qq (RH)

»b = tW - bgq qq (LH)

»b W - bqq £y (LHRH)

»b o tW - bgq v (RH)

»b W - bqq tv (LH)

»b = tW - biv gq (LH+RH)

»b - tW - bv g (RH)

Bb* = tW - bt qg (LH)

1>LQLQ ~buby

> LQLQ - tuty

>LQLQ -ttt

> W = tb, 11 (RH) My, > My

> W~ th, Of, (LH)

> W th, Of, (RH)

17 - tf (/M7 =30%)

2’ t (Mz=10%)

2’ (M2 =1%)

> Stealth § —#qq (y + 2jets, M = 0.2TeV)
[>Z' = T S tZUWHE » v +jets (Mr=15 Tev)
> W - Th/BE (Myo = 2/3Mw)

> Wik — RW » WWW (0f +16)

> Wik = RW > WWW (1)

> X = aa — bbbb (M;=0.1TeV, MyN/f=8)

»bzZt(Zsw) (r/m=0.3, Singlet)

» bZtz-w) (r/m=02, Singlet)

» bZtz-w) (r/m=0.1, Singlet)

> bZtZw) (r/m=0.05, singlet)
% » btH(H > yy), 05, Singlet)
£ > b tH(H - yy), 04, Singlet)

> bt (H oy,

> bt (H-yy),

> btH(H =y,

Pair prod. (@)x  (qt)/(gb)B @)T

> tHE (H- bb)
> tHE (H- bb)
> tHE (H- bb) [ 1, Singlet)
> tHt (H- bb) (r/m=0.05, Singlet)
> tWE— lep. + jets (T )

> bW lep. + jets  (F/m=0.3, LH)

> b We— lep. + jets
1> b Wt lep. + jets
&> b Hb (H- bb)

&> b Hb (H- bb)

> EWE = lep. + jets
1> Wt lep. + jets
1> tWE - lep. + jets
1> Y_4s¥_45 = bW bW  1vqdad

<UEE - 4b TT/TVIW

» 88 - bqq bq (B(t2) = 1)

» 8B - bqq bq (B(tH) = 1)

» 8B - bqq bqq (Singlet)

88 - lep. + jets (Singlet)

88 - lep. + jets (Doublet)

»TT = lep. + jets (Singlet and Doublet)

(r/m=0.3, Singlet)

1,
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Compact Muon Solenoid

Summary of ATLAS Heavy particles results including VLQs and HNL

ATLAS Preliminary

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

Status: March 2023 fL dt = (3.6 —139) fo! Vs=13TeV
Model t,y Jetst ET [rdi] Limit Reference
T T — T T T T — T T T T —TT
. ADD Gkk +g/q Oe T,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874
qC) ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
£ ADD QBH - 2j - 139 Min 94TeV n=6 1910.08447
ES) ADD BH multijet - >3] - 3.6 My, 955TeV n=6, Mp=3TeV,rot BH 1512.02586
© RS1 Gk — vy 2y - - 139 Gk mass 4.5 TeV k/Mp = 0.1 2102.13405
2 BukRS Gyx > WW/ZZ multi-channel 36.1 Gy mass 2.3 TeV k/Mp;=1.0 1808.02380
w Bulk RS gxk — tt lepu 21b,21J2) Yes 36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP 1eu >2b,>3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AM) — tt) = 1 1803.09678
SSM Z’ — ¢t 2ep - - 139 | Z'mass 5.1 TeV 1903.06248
» SSM Z" — tr 27 - - 36.1 Z’ mass 2.42TeV 1709.07242
= Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oeu >1b,>2J Yes 139 Z’ mass 41 TeV r/m=12% 2005.05138
S  SsMwW ey leu - Yes 139 | W’ mass 6.0 TeV 1906.05609
I SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
S  SssMwW’ -t - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
[ HVT W’ — WZ model B 0-2epu 2j/1J Yes 139 W’ mass 4.3 TeV gy =3 2004.14636
V) HVT W —» WZ - tv ' modelC 3en  2j(VBF) Yes 139 | W’ mass 340 GeV gven=1,g =0 2207.03925
HVT Z/ - WW model B lepu 2j/1J Yes 139 Z' mass 3.9TeV gv =3 2004.14636
LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 A 21.8TeV 1703.09127
_ Clltqq 2e,u - - 139 A 358TeVl 2006.12946
O Cleebs 2e 1b - 139 | A 1.8 TeV g=1 2105.13847
Cl pubs 2u 1b - 139 A 2.0TeV g =1 2105.13847
Cl tttt >teu 21b21) Yes 36.1 A 2.57 TeV |Cael = 4m 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 Muned 3.8 TeV 84=0.25, g,=1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mped 376 GeV 8q=1, &=1, m(y)=1 GeV 2102.10874
Q  Vector med. Z’-2HDM (Dirac DM) 0 e, 2b Yes 139 mz 3.0 TeV tanp=1, gz=0.8, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 m, 800 GeV tanf=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1°t gen 2e >2] Yes 139 LQ mass 1.8 TeV =1 2006.05872
Scalar LQ 2™ gen 2p >2j Yes 139 | LQmass 1.7 Tev p=1 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 | LQj mass 1.49 TeV B(LQ§ — br) =1 2303.01294
G ScalarLQ 3 gen Oeu >2j,>2b Yes 139 |LQimass 1.24 TeV BLQ — tv) =1 2004.14060
= Scalar LQ 3 gen >2ep,21721j,21b - 139 LQZ mass 1.43 TeV BLQY > tr) =1 2101.11582
Scalar LQ 3" gen Oe,u, 217 0-2),2b Yes 139 LO‘,’ mass 1.26 TeV B(LQY - by) =1 2101.12527
Vector LQ mix gen multi-channel >1j,>1b  Yes 139 LQ; mass 2.0 TeV B(Uy — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3¢ gen 2eu,T >1b Yes 139 LQ} mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
® VLIQTT - Zt+ X 2el2u/>3eu 21b,21j) - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
d 'éi VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
T S VLA To3TsslTss > WE+ X 2(SS)>3eu>1b21j Yes  36.1 Ts/3 mass 1.64 TeV B(Tsj3 = Wt)=1, c(Ts;3We)=1 1807.11883
S E VIQT - Ht/Zt 1eu  >1b>3] Yes 139 | T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
8 :q:) VLQ Y - Wb leu >1b,>1j VYes 36.1 Y mass 1.85 TeV B(Y - Whb)=1, cr(Wh)=1 1812.07343
> VLQ B - Hb Oeu >2b >1j,>1J - 139 B mass 2.0TevV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7 — Zt/Ht multi-channel ~ >1]j Yes 139 7’ mass 898 GeV SU(2) doublet 2303.05441
ko) Excited quark " — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
k3 § Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
u’j D Excited quark b* — bg - 1b1j - 139 b* mass 3.2TeV 1910.08447
Excited lepton 7* 27 >2] - 139 7" mass 4.6 TeV A=4.6TeV 2303.09444
Type Ill Seesaw 234epu >2j Yes 139 | N®mass 910 GeV 2202.02039
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2Tev m(Wg) = 4.1TeV, gL = gr 1809.11105
o) Higgs triplet H** — W*W#* 23,4 e, (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
ES Higgs triplet H** — ¢¢ 2,34 e, (SS) - - 139 H*t mass 1.08 TeV DY production 2211.07505
o Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |q| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
‘/'=13Tev f=13-|-ev a1l L L A | " L a0l L " PR
partial data full data 107t 1

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

10 Mass scale [TeV]
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- Type-I seesaw mechanism EXOT-2019-29

-2 . : : : : : o —2: : : : . : : q
o+ 510 ;\‘/‘ITLAS s — obs 95% CL 510 ESTLA;SS o — obs 95%CL |
- Dirac or Majorana nature. ¢ 103k e " — ixlpa%% ° | | - v - 1X1p095°/° .
MAN\/ €+ 2o 2o
- Long-lived : 7 mﬁs X | V,le_2 w+ g ! ol | el
N~z
-N->CW* > 0v or N— Z*v - v Lok 1 sl
- Displaced vertex (mass) reconstruction ve ‘; 105l ] 10,6;_
-SR m e 0’20 CR m [ 20’50 Gev - \/§:13lTev, L:I]39fb*1| . . . - :\/E:]SITeV,L:II39fb*‘| . . .
HNL [ ] HNL [ ] 10 72 4 6 8 10 12 14 16 10 72 4 6 8 10 12 14 16
m_y [GeV] m._y [GeV]
- SRs binned in leptons flavour : p — pp, p — pe,e —ee,e —eu, u—ee, e — uu
— 1072: T T T T T T 3
: : ¢ [ATLAS : z
- Background estimated in data from CRs % | Majorana — UP0.06,048,046) f
> 103 T T R R RN R R IR R 3 §1073; _____ 2QDH (IH): .
8 g ATLAS Background E S o |1US|F(I-(|)73]\0(31%00033)5
o f Vs=13TeV, 139 fb' 2\ Uncertainty ] o s UPOL
o 10°E puuy, ct =10 mm — Data = & 10
G o Chwasen :
2] i E— e ] =05
< 10 SR CR — = 10
S 10k — HNL (15 GeV : =
a3 * ‘t . S
=~ 10~
1=
E \\\\\ \\ i s TR K
- \\\ \i» AN \\\\ Z [VEmBTeVL—19f !l T '
10 _ WY %6 s 10 12 14 16
g 3 m_y [GeV]
C _ 16

N T I P I P e S T N T N
1020505650 55 30 35 40 45 50
M, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/

Search for Single production of T->tZ Z-> MET + t-> Jets final state.

i

: - >qa > UD 137 fb™ (13 TeV
T->tZ where t -> Wb -> g gb and Z -> v0. B26-19-004 - """"""""""';,'5'02,'5;_';;,;);}',{,;1;,;"""""(""""")
Say how you do identify jets parent particle g 10 CMS Observed

+ F T Median expected ]

High MET, High multiplicity of jets and Leptons veto - BN 68% expected 1

o 1 95% expe<':ted N

3 categories based on top quark identification : g - z::tg; :::g::: U ZI: gl
0

- Merged: 1 single large-Radius (0.8) jet. ?10_1 pp — Tbg, [/m, <0.05 ]

: : - g E

- Partially Merged: 1 W + b jet. 5 i

- Resolved: 3 small-Radius (0.4) jet.

1072
. . . 06 07 08 09 1 11 12 13 14 15 16 1.7 1.8
2 categories: # forward jet Oor 1 — intotal 3 X2 =6 = b({) m; [TeV]
- | | | 59.8 ;fb'1 (1? TeV) 59.8 fb' (13 TeV) — 30 _CMS 137 fb.I (1 3 TeV) .
2. L CMS $ Data E, 045CMIS ' 4 Data ' I X E 0.14.§
S = Validation region WZ + jets ~ 10 E Merged WZ+jets 1 46Tev s — N =
~ [ = 1forward jet S F>1fowardjet Other T x50 £ o5k 012 §
‘E103§_ Other ,ucgms-_ i ——T1.2TeV ] (- B N
$ F Merged B« s 10°E -u o ] 0.1
w 102k N wr N\stat+syst ~ , 59 : 20 T
N\ satesyst S - . L 0.08 §
1 SRS - \ \‘\\\\‘Q\\\\ [} : EXCIUded =
0 l{\\\\m\ 15 0.06 1
[~ Q.
1 : 0.04 o
10— ©
2 2 + C 0.02
;gﬁg]’ S Q\ i i \%E \‘#\ ‘g% S ¥ (1 ¢+ \é\ 5- PSS BT
""l""I'"'l"+"l""|"'1|l"' - 1|||l|||1||||1|||1|||1|1||1|||1|+|| 0'6 0'8 1 1'2 1'4 1'6 1'8

ot ] ok 1
0.8 09 1 11 12 13 14 15 0.8 09 1 11 12 13 14 15 mT[TeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-004/index.html

Search for Single production of T ->1 Z(H) - t->leptons + Z -> hadrons - ATLAS

-b-assoc. production of single VL T

-T—tH H — bb
-T—>1tZ,7Z - qq

-top quark decays leptonically™— 1 lepton (e p).

-1 forward jet for signal purity.

-Jets tagged as b, t,, 1, H and Z jets using reclustered large-radius jets.

+qb

ATLAS-CONF-2021-040

g

H/Z

b

Baseline selections on jet and b-tag multiplicity

Jet multiplicity  b-tag multiplicity Channel name Targeted signal
3-5 1-2 L], 1-2b T — Zt
3-5 >3 LJ, >3b T — Ht
>6 12 HJ, 1-2b T > Zt
>6 >3 HJ, >3b T — Ht

2

- : discrimi Meff =
off - discriminate

Py Z p; +E¥ms
central jets

leptons

Fraction of events / 250 GeV

i
sy

i
-

L o N o
TLAS Simulation Preliminary

m;=1.6 TeV, x=0.5
(3 Total background
----T > Ht
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. Lo
3000

“3500

Megt [Gev]

4 regions split in
24 fit regions

and 20 Validation Regions (VRs).

Events
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Post-Fit

Data / Bkg.

L e LA
ATLAS Preliminary

s =13 TeV, 139 fb”!
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EEmmama
4-Data
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[]Single-top
[ V+jets
[@Others
77 Uncertainty
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I I I I
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95% CL mass limit [GeV]

LE—
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= Theory (NLO)
—— 95% CL observed limit
-------- 95% CL expected limit
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10

T singlet, k=1.0

1

o(pp — gb(T — H/Zt)) [pb]

ATLAS Preliminary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040/

Search for HNLs in three leptons final states with displaced vertices. CMS

- Type-I seesaw mechanism er © e 138101 (13TeV)
>%10_2 % CM - ozs?ar:e:( ecte 3

. . . . 4 - E\‘ - 28; expec':edt ¢ 3

- Produced through mixing with active SM v. Y e 55 xpoctd ]
10° N ... DELPMIdisplaced 2

. . . E "\‘\ : — . CMS 31 prompt (2016)

- Dirac - Majorana are considered. 0= RN ]
107 Y- v E

- N> EW* > £€v or N - Z¥v - £Cv Voo i SRR,
10°E E

- Displaced vertex (mass) reconstruction of 2 £ : A,p(m,,) 10{_ _
- SRs binned in : leptons flavour i.e. jt — pp, p — pe, e —ee,e — ey, Mmypand Ay p 107L Dirac J
:l | 111 ‘ L1 1 | 111 | 111 | 111 | 11 1 | 111 ‘ 111 | 11 |:
. . 2 4 6 8 10 12 14 16 18 20

- Background estimated in data from CRs m, (GeV)

-1

13 TeV (%) T T T T T T T T T T T T T T |138 f|b (13| TeV) 138 fb™" (13 TeV)
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4 CMS Simuiation —HNL2 o CMS o romuo — 2 S#10°L CMS et

F . ] L . = .+ F\: N 68% expected 3

e 0B M wte wute N = aopees
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Search for right-handed Wj bosons and heavy neutrino N,

138 fb' (13 TeV)
T T

138 fb! (13 TeV)
T T T T
F555%% Stat. @ syst. uncert.

T T
4555555 Stat. @ syst. uncert.

- Similar t0 Z' search, LRSM is considered.

cMms cMms

= c
o o

-~ ~ @

@ e —¢— E!ata 3 P 10 m —— [zata

c 10°E Resolved SR NN thtW E 1 Boosted SR NI ti+tW

2 Post-fit Zijets 3 Q 18- Postit Z+jets
w3 [ Nonprompt - w I Nonprompt

- Looking for Wy — N, where N, — > fﬂ]él

[ Other backgrounds

3 I Other backgrounds
......... 5x(m,, ,m) = (6.0,0.8) TeV |

......... 5x(m,, , m) = (6.0, 0.8) TeV

- 2 Leptons (up, ee) and #jets > 1.

Validation region

- 2 categories based on the topology of N, decays.

- Resolved: 2 leptons + AK4 jets > 2 Boosted: 2 leptons + AK8 jets > 1 Leptonflavors

: SF
- Reconstruction of my,, my, and my, = mg,(my;) for resolved (boosted).  (ee,uy)

: 7 : - DF
- my, : to reduce background (T'T, DY+jets) - define CRs/VRs and SRs ()
. . . . . 138 1o (13 TeV)
Corrections tested in validation regions mee (GeV) S i ntitioh i e S
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Search for Z bosons decaying to pair of Heavy Majorana neutrinos N,N,
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