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[ ] Prehmlnary results: Here Mean number of interactions per crossing
* Publications: Here
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-012
https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf
https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf
https://cds.cern.ch/record/2905051?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results.web.cern.ch/cms-results/public-results/publications/

EFWED landscape & ggc—gR—gWW |2

Extended Warped Extra Dimension (EWED) model (k.Agashe, et al, 1612.00047, 1711.09920, 1809.07334)
* Extra brane by splitting = extended bulk = 3 or more branes, 2 or more Radion

«  "Di-SM-objects” suppressed, in favor of “tri-SM-objects” - A wealth of new signatures
* Various fields propagate in different sub-spaces, 3 main scenarios:

EW fields propagate at the bulk Hypercharge at the bulk QCD fields at the bulk
SU(3), x SU2), x U(1)y SU@2)p x ULy SU(3). x SU(2), x U(1)y U(l)y SUB). x SUQ2)L x U(1)y SU(3).
Radion Radion
light fermions KK EW light fermions light fermions top, Higgs
e KK W/Z/y
Radion
) — SMW/Z/y” —
~ . 3
L~ - — L === \7 -
~ O(10) TeV ~ O(TeV)
UV brane Intermediate brane IR branc! R gy Higgs brane IR
Jet q
Jet q A Jet
q q
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. W q ~ € W q BKK 8Kk
R - R w R~‘ ~ g Sso g
q q SRl R* et
w w - W R ™ Rosmm J
a0 N
Jet d et g W) q o © et
AL Jet
q q
Tri-W; W« = WR - WWW This analysis Di-jet (merged) Tri-jet (resolved)
merged & resolved R; final states: Ol & 11 Okk ™ gR - QWW Ik — gR - ggg Ik = gR - ggg
2201.08476 , 2112.13090 the following search 2201.02140 2310.14023
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https://arxiv.org/abs/2310.14023
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0s+ tagger scores = SRb
ParticleNet j,

* SRs: mgs<15 GeV
* CRs: mgs>15 GeV
used in QCD estimate.
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3 jets, AK8, PUPPI; 2 jets with SD-mass mj, ,>50 GeV
W-qq identification with ParticleNet tagger 1902.08570
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- Graph NN, treat jets as particle cloud
- Convolution on point clouds (EdgeConv 1801.07829)

Tagger: p(W-qq) / [p(W—qq) + p(QCD)]

138 fb' (13 TeV) & «10° 138 fb™' (13 TeV)
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https://arxiv.org/abs/0802.1189
http://www.arxiv.org/abs/1407.6013
https://arxiv.org/abs/1902.08570
https://indico.cern.ch/event/745718/contributions/3202526/attachments/1753880/2842817/jet_as_particle_cloud_ml4jets_20181115_hqu.pdf
https://arxiv.org/abs/1801.07829
https://cms.cern.ch/iCMS/analysisadmin/getcfile?file=next&comment=10367
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
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° Form mR mJJ' mgKK=mjjj
«  Apply corrections to
* ¥ .
m;™, Mj;”™ as:
mt = my; — mi, — my, + 2 x 85GeV
- improved resolution
* Binning over my*/my*
10 SRs are formed
« QCD estimate from CRs:
QCD S
PredQCD [Data — Rest| CRXYQCT(S:;,,
 Fitthe my*in 10 SRs -
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gkk—9gR—=gWW: binning, results, & limits
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B2G-23-006 | CMS/
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Two Higgs Doublet Model (2HDM) introduces an
additional Higgs doublet to the SM
- 5 Higgs bosons: h, H, A, H*

Free params: mp, my, my., my, tan(B)=vq/vy, a

Alignment limit “cos(B-a)=0" = h is SM-like

Low masy, low tan(B) region explored in # bb-
channel JHeP2020), H->bb dominant, sensitive for
mH<mtt

High ma/y, unexplored at LHC so far:
This AZH(¢ tt) analysis focuses on my>my; with
H—-tt dominant

Further motivation: Baryon asymmetry can arise
from EW baryogenesis facilitated by 2HDM
configurations requiring a first-order electroweak
phase transition (FOEWPT) 2208.14466 (fig.3, left).

—> This search targets this region.

The tt—bqgq bqq (resolved jets) & Z— U is
considered [for 1st time]
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https://www.arxiv.org/abs/1106.0034
https://link.springer.com/article/10.1007/JHEP03(2020)055
https://arxiv.org/pdf/2208.14466
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)163.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html

A—ZH- U tt: selection & BKG estimate [
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Data: single/double-e/p triggers (eff.>97%)
Signal: LO (MGS5), ggA production, '/mpu=3%.

N,= 2, ee/uy, OS, Img- mzl< 5GeV
tt - jets
tt-system (my=my) reconstructing minimizing a x?

N; =5, AK4, CHS jets > binning
Ny = 0,1,>22 (DeepJet Mid-WP) = binning

Use Am = mpa-my, pTz variables[*] 2 form elliptical
bins in przxAm plain, centered at signal mean

Dominant BKGs: tt, ttZ =2 from SB: |Img- mz>5 GeV

Z+jets > from Np=0 CR
6 bins over N, Nj, (4 SRs, 2CRs),

6 bins over przxAm = 24 in total
A

22 b-tags | CR nj=2b SB :i:8,1F~.8 1 CR nj 22b SB

1b-tag | CRnjlbSB PNEEIELE CR nj1b SB
0 b-tags CR nj Ob
lemz£5 GeV | m
withn =5, 26
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https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12012
https://www.arxiv.org/abs/1807.07734

A-ZH- U tt: limits & 2ZHDM constrains | >
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html

HIG-22-004 CMS,

Search for A—»Zh— Ut cos

records

3 modes: H- 1T, et UTL (DeepTau)
2 modes: Z —ee, py
e(u)[b]: ID eff. 90(99)[80]%, misID eff. 1(0.2)[1]%

2HDM (CP-odd A, SM-like h):
7 o 3 ggA productions -> N,=0
bbA productions > Np=>1

+
N
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= L = o ]
© 2.0 = @ 0.25 -]
: H . o — 3 e o ]
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A 0.4 il = 0.05 F -
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https://www.arxiv.org/abs/1106.0034
https://www.arxiv.org/abs/2201.08458
https://www.arxiv.org/abs/1603.05910
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
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2HDM+q,

A— ah, bbH- aZ

[

2HDM+a: a: additional pseudoscalar Dark Matter mediator, h: SM-higgs, H: BSM-higgs.

 Search for DM production in “mono-h/Z" signatures: h/Z boson recoiling high p7'*°.
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https://www.arxiv.org/abs/1810.09420
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
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! B2G-2 CMS,
Search for Z'->ZH- U/vv cc/dq =22

F\'\
. 2403.16926
* Heavy Vector Triplet (HVT) — 1'.*‘.’{."?‘?".8,'....,..,.,....,....,....,,.
AK8 Jet model > New spin1: Z', W 7% A~ ?
* Predicted by weakly couplgd E’
extended gauge sectors, little @
or composite Higgs models.
e Model B considered here 10°F | M(V) = 2000
¢y = —0.976, cp = 1.024, and gy = 3 L —— A
. . md = — W -
V' 5W/VH is dominant > " %0
« Zoee/pu/w W _

* mz>1.4TeV - boosted jet 10 T g

* H-cc (3%) /49 (12%) g, x sign(g,)

« Complementary to the

138 fo' (13 TeV,

138 fo” (13TeV

H— bb analysis 2102.08198 > 0 gme T s e T T
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8 10k ] \Z/J\r/Jet 2 8 1°kn ] ﬁi?ét 4
. - F - t 1= — WV
Selection: o 10°E .,Z HH :mz.=2Tevqug 2T o 10°F Zowv — 2 eV (19b) -
c  F T, T o) 3 £ O F — m;=2TeV(ipb) 3
.+ 20S5-SF¢, p%>200GeVor gwk . S I S R
C 3 10 £ o é
«  pHISS 5 250 GeV from Z—-vv : N E
15 - E E
E E 15 E
e H-tagging: ParticleNet >0.95  ''¢ .y 10 :
Pl e |
p(X = bb) +p(X = c€) +p(X = qq) ; ST T T T T g ;3
H D= = 9 E 1 O =
vsQC p(X = bb) + p(X — ) + p(X = qq) + p(QCD) &’ Zi_.Stat-UﬂC-.Stat.@Syst_unc_ g &) Zi
, , g 4F 1 g i -
* Vetoing b-subjets. " 0" e 5006 5565 5000 5506 406 4806 K00 O 7obc 1500 S 5 i
« Signal eff.~50%, BKG-eff.~ 19 mise [GeV] : ml, [GeV]
my = \/2 pfe 1 cos Ag(jet, pir'ss))
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'»/ZH— U/vv cc/4g, BKG modeling
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CMS,

L'—>/ZH— U/vv, cc/4qg: Limits & Interpr. p.

+ Comparing & combining the 3 channels:
138 b (13 TeV)
LA

—_ —— T T T ]
AKS8 ]et @, - CMS Expected upper limit |
- 102 ee 3

I E —h E

N s ;
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: : CMS,
ReV|eW art|C|e X — HH, HV, HY 2403.16926

Searches for Higgs boson production through decays of heavy resonances

Statistical combination hMSSM interpretation Run5 projection 4~
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https://arxiv.org/pdf/2403.16926

CMS,
Search for resonant X—VYY zuse

\
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* Select yy events. 1E xpected limit E
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Search for non-resonant yy signal

10° 138 fb" (13 TeV)
> L | T UL B L |
« ADD large ED model g } Data

S1 0 EBEB 77 vy post-fit prediction

- [ jiv jj post-fit prediction

---Pred + ADD GRW (Ms =9 TeV)

* Select yy events.
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« QCD BKG prediction:

- vy: Sherpa scaled at NNLO with MCFM.

- jv.jj = fakes: 10-30%, dataOdriven with fake rate.
* Fit the two binned m,, spectra in range 0.5-4 TeV.

* Lower limits on Mg (or /A7) scale vs number of ED: (~11 TeV)

2405.09320
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Signal: GRW Hewett HLZ
negative positive ngp=3 ngp=4 ngp=5 ngp=6 ngp=7
Expected: 87137  73%0% 78706  103%08 8707 79706 73706  6970¢
Observed: 9.3 7.1 8.3 11.1 9.3 8.4 7.8 74

Interpretation on Continuum Clockwork Mechanism =
Constrains on Mg mass vs clockwork spring “k".
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138 fb™' (13 TeV)
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https://www.arxiv.org/abs/hep-ph/9803315
https://www.arxiv.org/abs/1603.02663
https://www.arxiv.org/abs/1610.07962

1072
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Summary plots & model constrains Twiki |
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

Run3 is ongoing, and BSM physics CMS.

may be just around the corner - Stay tunnedl
e e A e e e

7 7/
CMS B LHC delivered: 196.35 fo™
[0 CMS recorded: 180.84 fo™'

Run3!

i’oial integrated luminosity (fo™")

13/14 TeV
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Figure 2: Combined 95% CL upper limits on m, as a function of the Z' branching fraction to
(upper row) T*7~ and (lower row) WW~ for the (left column) g, = 0 and (right column)
8¢ = 1 scenario. The red, green and blue curves show the observed limits corresponding to xy
equal to 0.1, 0.5, and 1 respectively. The dashed curves and shaded bands show the expected
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https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf

Reso & non-reso X=>HH/HY—->TTYY exo-22012

» Motivated by Warped Extra Dimensions and Extended Higgs sector models

d H/Y
¢ heavy Higgs can decay to lighter Higgs /
X
---=-<
e HH — yy77 has small branching fraction but clean signatures (non-resonant not included here)
« four channels: X© — HH, X® — HH, X - Y(z2)H(yy), X = Y(yy)H(z7) g N
e Narrow width resonance searches CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb' (13 TeV)
E ,_xﬁa-‘-HH—-lyv" I §ln.x. ’ ---‘Bmodell _é Z’ 45 X;*V.:A'w)l‘*ll(-'n) I +o.:. I ...g,,im. I 3
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¢ Signal extraction is performed on m,, distribution . o ;
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» Main backgrounds from yy+jets (non-resonant) and single-H production (resonant)
* A maximum likelihood fit on m,, distribution is done for each probed mass and event category
» Some deviations from background-only hypothesis are observed in X = YH channels
* X = Y(zo)H(yy) : 2.60 (2.20) local (global) significance at (my, my) = (320, 60) GeV
* X = Y(yy)H(z7) : 3.40 (0.10) logal (global) significance at (my, my) = (525, 115) GeV
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10 £
3 ] 3 “E rdm=5%
r ] I, r Leptonic (Wy — lvy)
£ . F 404l — Hadronic (Wy — qqY)
o E E E —— Combination 4sd
1 10° 2x10° 1 10° 2x10° 10° 500000 T200 460 76007800 2000
x10* 0 o GeV] d0? 0 oGeV] m, [GoV]
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https://cds.cern.ch/record/2893032?ln=en

SUS-23-012 s

Introduction to Analysis:

o  The fundamental nature of DM is not known. Weakly interacting massive particle (WIMP) may interact with SM through the
Higgs sector, as in Higgs-portal models. WIMP DM is denoted
Signature of mono-Higgs: Higgs + missing transverse momentum (pT‘“iSS)

Benchmark models: -
q Baryonic Z . h
= 2HDM-+a
v 2HDM-+a: Total 14 parameters -
= Baryonic Z 3 X
v, my ,m,, my, my, ,m,m,
cos( B — a), tanf, sin6,
A S E
9 h Fixed parameters: 7 &
A v =246 GeV,
....... e > m, =125 GeV,
<X cos (B—a)=0, v
) X }‘3 =X Pl A P 3, Baryonic Z’: Total 2 parameters
g pseudoscalar particle yx =1 7’ Mass: m,,
mass parameter are set to be equal: Dark matter mass: m
_ _ x
m,=m,=m,,
Free parameters: 5
m,, m, tanf, sinf, and m
a x

Signal extraction strategy:

Analysis Selection:
A Select e, pt, Tt pairs with opposite sign, third lepton-veto, bjet veto
AR (lepton(e/p), ) > 0.5
Higgs p, > 65GeV
Visible mass < 125 GeV
MET > 105 GeV
M_ > 100 GeV

0000 d

Signal is extracted based on the likelihood fit on the total transverse mass variable in the signal region

M = \/(E7' + ET2 + s — (p3' + pi + pR=)2 — (py + py* + P’
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Introduction

Motivation

4 Fermi-LAT space telescope observes a gamma-ray excess in studies
of the Milky Way Galactic Centre arXiv:1511.02938

> Might be interpreted as the existence of weak-scale DM annihilating into
bb pairs

> DM-nucleon interactions mediated by pseudoscalars are much below the
reach of present DD experiments

Theoretical framework: 2HDM+a

+ Two-Higgs Doublet Models extended with an additional pseudoscalar
(DM mediator) arXiv:1701.07427 arXiv:1705.09670

» Can reproduce the observed DM relic density for relatively large tan §
» Would favor preferential coupling of DM mediator to down-type fermions

» Associated production of Heavy scalar with b-quarks is enhanced

SUS-23-018

Event Selection and Background Modeling

+ Baseline Selection

+ Two oppositely charged leptons (e*e™ and u*’p') with invariant mass consistent with that
of a Z boson
» Requiring lepton pair to be moderately energetic and to have a large separation w.r.t. prTniss

- PSS > 65 GeV & mEF! > 90GeV

+ Signal region and background control regions

-1 ization of main four

ind controlled using subsidiary its in sep
regions
» Shape of DY modeling improved using data driven procedure, while the rest estimated mainly from
simulation i
=

tt CR SR

o No fF analytical solution

77 CR

oA SFOC

10GeV

o agETs e

o No 7 amalytical solution

Drell-Yan CR

o Bpi 100GV

. | SR -
Presenting new search involving final state with two bottom quarks, a leptonically decaying Z boson, and p;mss 1, and ; are DEOC 1 and 1y aze SFOC
CMS Preliminary 138 fb™ (13 TeV) p
+ Multivariate discriminant (MLP) trained with leptonic and missing transfer F 10" o . T T T T T T N i T
momentum information 5 TS 4a [/ wretesen 4 4 Excluded regions on the parameter phase space for the
- 5 Wi “ singo Top 1 2HDM+a model
. Input: leading p}, trailing pl, pll, ARY, Am!", piiss, mlF™", A@1P¥*, and S = . Wove ]
mll, 107 o1 Signalion=oosp) . Signal(ro =005 1 » Four projections the various 2D planes are shown
o 12400 Got 4100 o™ ™ 121600 G 10 G 1
- Signal class: grouping of all simulated mass configurations for my and m, 10° 1 » Allowed phase-space values for each projection as estimated
10° .
» Background class: All process contributions normalized to their expected yields 1 :' by assuming a range around the central value of (ov) as
+ MLP score is transformed and binned into 17 different subregions 10* resultlng for assuming the observed DM relic denSIty
il N N o y 10 i
of the signal studied ; + Some preferred regions of the phase-space largely
uded : .
- CMS Proliminary 138 fb (13 TeV) 5 T \+ T T T T T .+\ ™ by this analysis
) T j T E 2 e 4
2 of 95% CL upper imits E E 1 b —o—-*—++++_+”*'++ o CMS preliminary 138 fb" (13 TeV) CMS Preliminary 138 1b” (13 TeV)
@ = Observed - Median expected E S o8 ) L \ L 1 3 2 FX T
° ! 1 68% expected 95% exg 3 DY €WZZZ 1 2 3 4 5 6 7 8 9 10 11 12 18 14 15 16 17 O T Otmened K
E pected 3 | =, % Median expected
10 ﬁ my=400GeV (<10 1§ MLP4 output [bins] £ oo 5% expected
102 k| (2410
" my=600Gev (109 Control Signal region an pett, sin =035
10 # E regions to subdivided a0 m =45 G,y =1 | —
105k m, =800 GeV (x10%) Sxiract into 17 bins Mocian expectad
d 3 500 fian expecte
10°F >y m, = 1000 GeV (x10) § normalization gifs::r:iﬂhi/rl;fgr e 9% expocied
107 g - m, = 1400 GeV (x10%) § <ove=(2-4p10%emls
8 |
1o m, = 2000 GeV (x10%) 3 2HDM+a, m,=m,=m,
10k k| PR P . m,=800 GeV, tan p=11
o ) ) ) ) E No significant deviation from SM expectation observed odf, ot Gov, 1
107 500 1000 1500 2000 2500  Setting limits on product of the cross section and branching fraction SRR NP § UG SN e m’ e
m, [GeV] m, (GeV] m, [GeV]
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vy Search Motivation

CMS,|

SM shortcomings indicate some kind of BSM physics:

ADD large extra dimension RS graviton (warped ED)  Continuum Clockwork

- Ngp extra dimension - one extra dimension - coincides with a 5D
- compactified with - compactified with r, gravitational theory
average radius R - curvature k - mechanism that can
- effective Mp, ~TeV-scale - scales masses in 4D as:  take large effective
Mp* ~ Mg, R m = e My interaction scales from
- gravity has a strength - scaling Mp, ~TeV-scale dynamics occurring at
comparable with the rest (kre ~ 11-12) much lower energies
forces but dilutes in ED (arxiv:161007962).

23/10/24

These three models are:
-> Solving hierarchy problem
- Introducing ED and graviton f f v(y)
—> Can be visible in TeV-scale Gy Gk

through KK graviton modes

-> Leads to visible SM discrepancies ¥ f v (y)
in yy final state
New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24
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Motivation: BSM physics beyond minimal | =

CMS,

* Hierarchy: EW-Mp, scale gap motivates BSM physics.
* No BSM physics yet & time to look in non-standard final states/scenarios.

Minimal Warped ED model:
4 2 Branes in bulk (in the RS framework).
Everything propagates to the same bulk:

[9A% IR

>
>

5D extended SM /

light fermions

top/Higgs 7Radion/

KK

A
Y

Extra Dimension

+ Di-SM dominant *
phenomenology:
« Constrained by

LWt w-

q

\ LHC searches.

Theory sources:
Kaustubh Agashe, et al
his talk at CMS

23/10/24

Extended Warped ED (EWED) model:
£ Extra brane by splitting=> extended bulk.
e 3 or more branes, 2 or more Radions.
* Various fields propagate in diff. regions:

uv Higgs brane IR

IR Radion

light fermions

top, Higgs /

Gauge/Gravity KK

Ve

g/W/Z/~

. . d \

radion 0’% |
7 g/W/iZj~

.

SM Matter, Higgs

SM Gauge Fields

— Gravity
N

* Di-SM suppressed
in favor of tri-SM:
A wealth of new

A ={yW,zg}

New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24

J

\_ signatures emerges:

LHC Signals from Cascade Decays of Warped Vector Resonances arXiv:1612.00047
Dedicated Strategies for Triboson Signals from Cascade Decays of Vector Resonances arXiv:1711.09920
Detecting a Boosted Diboson Resonance arXiv:1809.07334

25


https://arxiv.org/abs/1612.00047
https://arxiv.org/abs/1711.09920
https://arxiv.org/abs/1809.07334
https://arxiv.org/search/hep-ph?searchtype=author&query=Agashe,+K
https://indico.cern.ch/event/755143/contributions/3129333/attachments/1713233/2762825/multi_boson.pdf

EWED landscape & CMS searches %

F\ A

EW fields propagate at the bulk Hypercharge at the bulk QCD fields at the bulk
SU@). x SU@) x U(L)y SU@)L x U(L)y SU(3). x SU(2)L x U(1)y U(l)y SU@3). x SU2)L x U(1)y SU(3).
Radion Radion
light fermions top, Higgs KK EW light fermions . light fermions top, Higgs e
KK g KK W/Z/y
SMg  — fadion I— SM g/W — — SM‘I‘V/"Z/*» —
. - - = s
. . ~O(10) TV ~ O(TeV)
UV brane Intermediate brane IR brane tri-y signature - yet unexplored uv Higgs brane IR
Jet q Jet q
g g Jet
Wik w Jet Wik W _onntl g Jet g Jet
S w q ~ 8KK g ]et gKK gKK
R ~ R S, W % g
3 oo w q Sso
- w q R R
ql w (—ll
am
Jet d et e : Jet
q Jet q
Tri-W; W > WR->WWW This analysis q Di-jet (merged) Tri-jet (resolved)
merged & resolved R; final states: O & 1 Ik > IR>gWW g 9R>ggg g2 9R=>ggg
2201.08476 , 2112.13090 This search PAS 2201.02140 2310.14023
Process Name MKK | My | Gyxx | IWkk | Yok | Jerav
. KK | VKK 7P = 799 (51) z:giﬁ; g 1%5 2?7 g g 4?1
Benchmark points & e emean e BRI [ B[4 (27| 6 | 6 |23
. . K Y 2.
associated dominant g9vBP2 | 3 |15| 27| 6 | 6 | 3
5.2.1) g-999-BP1 3 1 2.7 6 3 2.45
process > gk | kK = 99 = 999 (5:2- g-999BP2 | 3 |15 27| 6 3 4 € 2201.02140 & 2310.14023
from 1612.00047) ggVVBPL [ 3 | 1 [265| 3 | 6 | 3 .
( gxx =99 > gViVh (5:23) | oy ppo | 3 |15 | 265 | 3 6 | 5 € This search PAS
W-Wgg-BPL | 25 | 1 | 35 | 44 3 | 35
Wiz | Wi = Wip = Wigg 53) |y oompo | 3 | 15| 3 | 35 | 3 | 51 € 2201.08476 & 2112.13090
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https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://arxiv.org/abs/2310.14023
https://arxiv.org/abs/2201.02140
https://www.arxiv.org/pdf/1612.00047.pdf
https://arxiv.org/abs/2201.02140
https://arxiv.org/abs/2310.14023
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090

CMS

Signal topology & Preselection /=

*  We use benchmark point at which the dominant process is: ggx 2 gR > gWW
« Big advantage of the W-tagging & narrow mass-window to suppress BKG.
/ Jet

o S

& e S e
---- e
\@f\x\@ o((\Q‘ ......
gxk  © Jet \‘\g .................
i W q ................... \qed
D SO <o [ | o
R ....... es
O
W IIlll.llllllllllllll'lllll‘-“Ml'élrged
A S v ;
Jet ; .

* gk is spin-1, Ris spin-0
«  We focus on the Ol channel: g« 2 gR 2> gWW - jets (BR~56%)
* We cover only the resolved R case: 0.2<mgp/myxx<0.9 = 3 jets

2 50 M 18 (13 Ten)
8 E CcMS ¢ Data Preselection
8400 Preliminary Bacbp r_nultijet Data / Sim. = 1.04 .
Strategy: SO . mer s Preselection cuts:
1. Tri-jet selection, o . e 1. Niake=3, Niep=0,
2. identity .(tag) 2 jets as 2. priges > 400 (200) GeV,
W-candidates with PNet, Inl <2.4, n=-—Intan(6/2)]
3. form m; (R) and my; (g, 3. My > 50 GeV,

4. bin over my,

fit mm > %1‘2& 4. Hpr = 27 [)1(‘]()?‘[1])>1 1 TeV

= 1
£ o8E E

8 <E . E
06 1500 2000 2500 3000 3500 4000
m.* (GeV)
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Datasets, Trigger, & MC samples |~

DATA: pp collision at 13 TeV Simulation (MC) Madgraph, Pythia ...
/= Full Run 2 (JetHT) dataset used. /BKG samp|eg\ /Signal: 72 points, M

. 138 fo! (1’3 TeV)
. Tngger paths; QCD_HT500t0700_TuneCP5.] = s000]
QCD_HT700to1000_TuneCP5 [O) r . - .
Hy (Hr = ¥ pr(ietli))) & mjAKS_based QCD_HT1000t01500_TuneCP © + 2D scan. Mg, Mgkk:
1 QCD_HT1500t02000_TuneCP E 5ol 2=~ OR > 9 '
° I_ = 1 38 fb_ QCD_HT2000toInf_TuneCP5. C| 9wk | 9Wkk | Yoxk | Jerav
. . . TTToHadronic-.TuneCP5_13Ti C| 2.65 3 6 5
« Triggers OR combination found TTToSemiLeptonic TaneCP5 2000, :
o) WJetsToQQ_HT-400to600_Tu1 C
to be eﬁ. >~99 A) for HT>1 1 TeV. WJetsToQQ_HT-600t0800_Tus B
CMS Integrated Luminosity, pp WJetsToQQ_HT-800toInf_Tun 15001—
Data included from 2010-03-30 11:22 to 2018-09-10 01:13 UTC ZJetsToQQ_-HT-400to600_-Tun L
~%° — 2010, 7 TeV, 5.0 51 % ZJets ToQQ_HT-800toInf_Tunc 10000~
w2011, 7 TeV, 6.1 b
& 8o — 2012,8TeV, 23.3 0! 80 Z]etsToQQ_HT-600to800_Tun R
%‘ 70 — 3312; 3 13 a2 70 ST_tW _antitop _5f_inclusiveDx P
2 o0 — 231;: 3 I:z 8 ‘r_‘jj 60 ST_tW_top_5f_inclusiveDecay 500—
£ 5ol 50 STt-channel antitop4f Inclu N D N I D T
: ST_t-Channel_top_4f_InClusiV€ 1500 2000 2500 3000 3500 4000 450
g 40 a0 ST _s-channel 4f hadronicDec m, (GeV)
& 30 30 WW _TuneCP5_13TeV-pythia¢ _“ 10°
£ 20 20 ZZ TuneCP5_13TeV-pythia8 = 350016 xBR(pp — gk — 9R — GWW)[7], MG, LO
T 10| 10 WZ_TuneCP5_13TeV-pythia8 S |nterpo|ation
P £ o £3000—
S AR R I A R . - acCross 102
> > > CI\:S Ave:age Pi?eup > > .QCD mU|tIJet C 1
- 2500~ /2 points
e e " Top (tt, single t) -
3 = 2017 (13 TeV): <> = 38 | . 2000—
2 %00 £ 2016 (13 TeV): <p> =27 | .Other (V+]et, W) C 10
2 EEm 2015 (13 TeV): <> = 13 \ / r
< 4000 EEm 2012 (8 Tev): <;> =21 |4°%° 1500 —
a BN 2011 (7 TeV): <u> =10 L
g 3000| {3000 [ ;
E o1 (13 TeV) =80.0 mb 1000[—
o? (8 TeV)=173.0 mb -
é 2000 0}:’) g Te:/)’) :7?.2 mb | 2000 C
8 500/
§ 1000 {1000 - I
* \ 1500 2000 2500 3000 3500 4000 4500 'O
o

mg (GeV)

29 0 ) 20 A0°
Mean number of interactions per crossing
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W-candidate selection on m,,,

form single AK8 jets

— 150 CMS 138 fb! (13 TeV)
° Weqq are boosted: ® = Signalm__=1.5TeV, m = 0.75 TeV
i ; 2 10 SN i
using the anti-KT algo =

Boosted jets: Increasing transverse momentum

Data events / 1000

« The 2 highest ParticleNet score jets j,, j, are
assigned to be the W-candid., gluon is j..

*  We demand the jets Soft Drop

masses my, i, to be on W-peak
with the condition of mgs variable:

5 |||I|||||I||||I|||||||| "'
m85 = \[(m]a + 85)2+(m]b + 85)2< 15 GeV qu 60 70 80 90 100 110 120 ’lr?:jJa (EZV;SO
> x10° 138 ™! (13 TeV)
o :l T I L I L I L I L l L I T
: : . B450- CMS i ,
*  We define 3 regions based on mgs: 0L Caaton HOSD T Preselecton
- Signal Regions (SRs)have:mgs < 15 GeV. 2" M Other (V4jets, W)
. [} ‘_ : = =
- Control Regions (CRs) are: mgg > 15 GeV & mgy < 50 GeV ~ 5°°F SRICR  “Mac= 15 TeV. m, =075 TeV x300
. . . 300 :—4_,VR = =My = 3 TeV, m, =2 TeV x10000
- Validation Regions (VRs): 15 < mgs< 20 GeV. Dl
250 i
(The Soft-Drop is an algorithm which remove soft & wide-angle ) 200;_
radiation from within the jet, improving mass scale & resolution: 1501
Stop when We use the anti-kT algo to 100
Dockstr "o cluster individual particles
— = (PF candidates) into jets %0F
O (using clustering param. R)/ % 20 40 60 80 100 120

mys (GeV)
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https://arxiv.org/abs/0802.1189
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/0802.1189

» Use Particle Net (PNet) tagger (1902.08570)
to identify W->qq merged jets.
- Graph NN, treat jets as particle cloud -

W-tagging with PNet & SR binning | =

-

simulated top quark jet
anti-kt, R = 0.8, pr = 600 GeV

u,
hi \
E (lw( ony
UIJ

" ' il
- Convolution on point clouds (EdgeConv 1801.07829) | = '@ @ /\0
is
« Use PNet (MD) scores of j, & j, to select as: N
x10° CMS _Simulation 138 " (13 TeV) x10° CMS _Simulation 138 b (13 TeV)
3 240 T T T T —T T T ‘19 — T T T T T T T T L e - X .
8 220 B oco ' 5 B oco L ParticleNet j,
tW 200 W-ets W 300 Wijets ! 1.0
. o . o5 SRa
[ single t [ single t : 1 SRb
I Rest (W, Z+ I Rest (w,z+jet'§) 08
---------- (3000,1500) GV x 3000
% 600F- . | = [ooo - ‘ =
—i0f r946% e66.9% si188.3% S/srB0.19 |1 = [ r99.9% e18.3% si383.3% S/srBi0.32 | ]
o_F '13 wsoof R o=
1 Lof T :
ok SIS R e I T o %
0 0.1 0.2 0.3 04 0.5 0.6 0.7 O.PBNete‘?V(ja) 0 0.1 0.2 0.3 04 0.5 06 PNet W(jb) Par‘tideNet ja
 SRa = both jets with PNet;,;, >0.9 - |

¢ SRb - PNetJa>09 & O8<PNetJb<09

* No demands for gluon candidate (m;. or PNet;)
- maintain generality and provide sensitive to
signals like: X2>AWW, or X>WW + jISR/FSR,
23/10/24

PNet Tagger is calibrated with
SFs formed on tt data sample:

Jet pr [GeV ] 200-300 300400 > 400

0.8 <y, <09 1.08+0.03 1.01+0.04 1.02=+0.05

Sja > 0.9 0.83 £0.03 0.84 +0.04 0.82 £0.05

New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24
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https://arxiv.org/abs/1902.08570
https://indico.cern.ch/event/745718/contributions/3202526/attachments/1753880/2842817/jet_as_particle_cloud_ml4jets_20181115_hqu.pdf
https://arxiv.org/abs/1801.07829

CMS,

R, gKK reconstruction & SR binning | =

F\ 3
10° 138 fb™' (13 TeV) «10° 138 b (13 TeV)
M M > XllIII||IIII|IlII|\lII|III > _IIIIIIII|IIII|II\I|\III|IIII|_
L] ° [0} - () L .
M R €CO. from Ja' Jb' O + CMS [l QCD muttijet Preselection o r CMS [l QcD muttijet Preselection
. o200~ Simulation Top (t, single 1) 8400_— Simulation w10 ¢ single t)
mjj* = m;j; — mja — my, + 2(85 GeV) 2 - S" e ‘S
= [l other (V+ets, VW) ~350 [l Other (V+jets, VV)
(2]
*2400 Mgk = 1.5 TeV, m, = 0.75 TeV x300 "qc'; Mg = 1.5 TeV, m, = 0.75 TeV x300
(5] - - - -
. . : S -=m . =3 TeV, m =2 TeV x10000 >300 --m . =3 TeV, m =2 TeV x10000
*  Mgkk reco. from j,, jb, jc: e o "k i e "k

300
mjj;* = Mjjj; — Mja — My + 2(85 GeV) 200

v b bova Lo bvaaa b

200 150

||I||||||IIII|IT||‘Illllll

* =2 i.e. we correct invariant
masses to mitigate reso.
effect from jet SD masses.

9 shar er pea I(S 500 1000 1500 2000 2500 0 1500 2000 2500 3000 3500 4000

o p . p . ] m;* (GeV) m;* (GeV)
9 ~3 A’ S|gn|ﬂcance gam' 3 138 b (13 TeV) CMS 138 fb" (13 TeV) 5o
12 _|IIIIIIITWIIIII|IIllllIII|IIII|IIII|I!YII_ . |V||VII\ T 1 7T ",0 O
. § - gmgation Maco multijet Preselection 2 2200 Og
* From ratio m:*/m.:* and  asof Top (f, single S o 3
) o il [ Other (V+jets, W) o 5
deflne 5 bInS SR1—5 = My = 1.5 TeV, my, = 0.75 TeV x300 ®
. . . 200 -- =3 TeV, m, = 2 TeV x10000 ©
 Effectively binning over mg. 2" “sr3 "sra 3

SR1 SR2 SR3  SR4 _SR5

e |n each of these 5 SR we 150
have 2 SRs (SRa, SRb)
based on PNet scores.

LI L LI B B L B

100

50

vl b e by b

e Thus, we have 10 SRs.
* We fit the m;* spectra.

1 02 03 04 05 06 07

o[ rrryrrrrrrrrrrrrp oo

2000 2500 3000 3500

0.§ O.g
m; / m; m;* (GeV)
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https://arxiv.org/pdf/2112.11876

BKG prediction in 10 SRs B

B QCD multijet 80-90%

SR full selection « Dominant 2 data-driven prediction el A
Summary . . . 130
(1. Noaa=3, Npo.=0 ™ |* Form Control Regions (CRs) defined in A
2 p%1(j2,j3)>4oo(500)(3ev Mia b Sideband as: mgs>15 & mgp<50 GeV 55
Inl < 2.4, keeping the rest conditions as in SRs. .
3. mja,jb > 50 GeV, 70
4. H,> 1100 GeV, * Form 10 CRs: CR1-5a & CR1-5b
o: iy < 19 G «  Similar kinem/cs to SRs: high QCD purity. -
6. PNet > 0.8, & binning S purty- = T
7. lAnymx< 3 « Predict QCD with >  Pred$5> = [Data — Rest|cpy o>
8. Nb=0 (CHS, tight, deepflavor) QCDCRXY

. We validate QCD pred. in 10 VRs (defined by 15<mg<20 GeV).

10 SRs categories:

Rsegil‘;“ /i L W Top (i, singlet) 3-8%
seib <92 0809 o Other (V+jet, VV) 8-16%
o 028043 250 | (¢ Subdominant BKGs > use MC for prediction )
s 04057 i «  We correct the MC applying SFs for PNet selection eff. per
e 057072 0 matched W->qq jets.
S gﬁgﬁ > 0.72 0_>8_0(')?9 ) *  We validate Top MC (shape & rate) in dedicated samples (bRs)
like the SRs but with Np,>1.

- J

« We assign conservative (large) rate unc. for these 3 BKGs.

23/10/24 New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24 32



CMS,

Systematic Uncertainties

Uncertainty source Effect on Magnitude Number of NPs & correlations

Normalization QCD Rate 20% « D 10, uncorr. across SRs

O Normalization Top Rate 50%  °Mingp, 10, uncorr. across SRs

M Normalization Other Rate 30% 10, uncorr. across SRs

QCD bkg. shape due to mgy, usage Shape +10 templates 10, uncorr. across SRs

QCD bkg. shape due to other processes Shape +10 templates 10, uncorr. across SRs

Mjag |
« QCD 20% based on validation prefit disclosure & MC low stat. |
RATE P | N
based on data in bRs, Other 30% based on similar search R \
All uncorrelated across 10 SRs = 30 nuisances. . ( N\
SHAPE °© Vary “rest” in QCD BKGs prediction by x2 down, x0 up. 2N\ A /.
« Shift CR circle center: my<50 (central) 3 mgs<50 (down), mes<50 (up). \\‘\\ | /
N 50\70 ( T30 mjy
S PU reweighting & int. luminosity Rate 1.7% 1, correlated across all SRs
qV] PDFs Rate < 10% 1, correlated across all SRs *
C URr/ ur scales Rate < 0.8% 1, correlated across all SRs *
O) PNetyy; selection eff. per jet (event) Rate 6% (12%) « Do 1, correlated across all SRs
if) JEC Shape +10 templates Minan “lated across all SRs *
JER Shape +10 templates 1, correlated across all SRs *
RATE Lumi, PU, PDFs, QCD scales pg, pr: 1—10%

* PNet SFs unc. 2 6% [12%] per jet [event] (we have 2 W->qq jets/event)

SHAPE « JEC & JER: +0/-0 variations = forming templates per point, per SRs.
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Results: SR1a—SR5a

¥ Y
1
We fit simultaneously the m;* spectra in the 10 SRs, using Combine tool:

138 fb (13 TeV) 138 fb™ (13 TeV) 138 fb”' (13TeV)
> —— ‘ —— e R —— ‘ —— S L ——T
©10° == CMS ¢ Data = ©10°e- CMS ¢ Data — o10°t CMS ¢ Data —
0] SRia [ QCD multijet ENO] SR2a B QCD multijet ENG; SR3a W QCD multijet E
8 [ Top (ti, single t) . 8 [ Top (i, single t) . 8 [ Top (ti, single t) .
C\lm2 [ Other (V+jet, VV) N102 [ Other (V+jet, VV) N, [l Other (V+jet, VV) N
; %% Systematic uncertainty 3 ; ¥ Systematic uncertainty 3 c\nw %% Systematic uncertainty E
"q:')' AAAAAA --My =2TeV, m =0.5TeV J "q&)’ =My =3 TeV, m =1TeV E *qc-; ........ --My, =3 TeV, m _15TeV:
&0 g0 18,

1 1 1

10 =10} . : 3 17, 3
= é = --SignaIIGSTATé = g é
a 34873 E E
B s s T =2 OF e e B o)== i ey feolocteadannarseacdncdd

-1 3 -1 = -1 3
2 = 2 4 i 2 3
22 4 (Data-pred.)/og,; B8 0gye/ Ograr = j + (Data-pred o, ‘ Osvs/Ismar 3 j 4 (Data-pred)/ogr,; l%"svs At 2
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000

m;* (GeV) m;* (GeV) m;* (GeV)

138 tb™ (13 TeV) 138 fb' (13 TeV)

Excellent post-fit data/pred.
agreement.

--my =3 TeV, m_=2TeV - My =2TeV, m_=1.6TeV ]

s ems " epaa T T ] ‘cMs ‘ '+ Data ]

(O] SR4a [l QCD multijet 3 SR5a I QCD multijet 3 . . . .

S WTophargon aresger 3 e No indication of signal.
er (V+et, s |

; %% Systematic uncertainty % Systematic uncertainty

c

o

>

1]

:i 4 (Data-pred.)logy,; B ogdosry 3 j 4 (Data-pred /oy, B 0gyelOsar
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000
m;* (GeV) m;* (GeV)
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Results: SR1b—SR5b e

We fit simultaneously the m;* spectra in the 10 SRs, using Combine tool:

138 fb” (13 TeV) 138 fb’ (13 TeV) 138 fb (13 TeV)

% CMS (] Data - % CMS [) Data - %103 ¢ Data -
(©) SR1b [l QCD multijet EQO) SR2b [l QCD multijet 30 SR3b [l QCD multijet 3
8 [ Top (tf, single t) . 8 [ Top (ti, single t) . 8 [ Top (ti, single t) .
A [ Other (V+jet, VV) | N [ Other (V+jet, VV) | C\l102 [ Other (V+jet, VV)

; """ % Systematic uncertainty 3 ; % Systematic uncertainty 3 ; %% Systematic uncertainty 3
€ | , --Mmy=2TeV,m =05TeV] & -Mmyy=3TeV,m =1TeV 1 = - -Mmy =3 TeV,m =15TeV ]
O [ § 1 O - 1 O —
> HEEPHN e N > 0 T a
TR - EQIT w1 3

4 ' - E 4 y 3
% 3 . - 'S'gnal/(’snwé % 3 - -Slgnal/oSTATé
a? E a2 3
1 = 1 .

0E 3 0E S R

-1 E -1 E
-2 E 2 3
j 4 (Data-pred )/ogr,; B og oy 3 j 4 (Data-pred )/ogr,; B og oy j 4 (Data-pred /oy, B ogdosy 3
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000

m;* (GeV) m;* (GeV) m,* (GeV)

138 fb” (13 TeV)

138 b (13 TeV)
—— ‘ —— e

E“’a cms SR4b maco muljet 3 E o SR5b maco et E indicati i

R moreriviw 1 8 morervim ) No indication of signal.

2 e TovmazToy ] 2 e st] *  Excellent post-fit data/pred.
& o e 1 Gop R 1 agreement.

- -Signal/ogar

F

—e—
—e

et

N FE A ST e R YT A

-o—

fo—

—o—
wluuliddduelunbinl

.+ (Data-p‘red.)/cSTAT ‘ ‘ B8R OSYS‘/USTAT ‘+ (Data-p‘red.)/osTAT ‘ ‘ 8% GSYS‘/OSTAT E
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000

m;;* (GeV) my;* (GeV)
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Interpretation: oB & m-mg limits

CMS

N

*  We set upper limits, at 95% CL, on oB, and lower limits on mgck-mg masses plane:
« Expected and observed in agreement within ~0.5a.

/ Jet
g Jet
~~~\ W
R
w
Jet
ql

q

e First ever limits of this kind:
EWED with QCD in bulk &
gWW resonant...

SU3). x SUQ)L x U(l)y

SU(3).
Radion

Jykx | 9Wkk | Ggkk | Ggrav
2.65 3 6 5
light fermions top, Higgs
KK W/Z/~

I
uv
23/10/24

~ 0(10) TeV
Higgs brane

~ O(TeV)
IR

S 3500
()]
S
0

€ 3000

2500

2000

1500

138 b (13 TeV)

— CMS Preliminary

== Expected central
- - Expected, 68% CL
== Observed

IIIIIIIIIIIIIlIIIIlIII

1500 2000 2500 3000 3500 4000 4500

m, (GeV)

gKK

S
95% CL observed upper limit on ¢ x BR [fb]

Read our full paper (PAS) here for more.
* Visit the CMS B2G pubilic results page and

see our summary plots for more.
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CMS,

The CMS detect at the LHC

<
[‘\
3

Pixel Tracker ECAL HCAL

Slllcon Tr. 5 Barrel Wheels

Compact Muon Solenoid

Mass: ~12500 Tones 2 End
Size: ~15m x 22m Endcaps
Magnetic field: 4 T (3.8 T) Endcap

CMS collaboration is 30 y.o.
~6100 collaborators

~250 Institutes ~57 countries here for more l‘ ‘ Muon
— —

“Chambers

CASTOR
(location)

Cryodenics
g Cooling Svstem Mudn

‘wbers

I[ron Yoke

Multipurpose experiment
Many sub-detectors

eta=0.8 / 1.04

RPC

‘I
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ZY)  Motivation for a Diboson search

* SM shortcomings indicate some kind of New Physics

1. (Bulk RS) Warped ED,

. . q vV
spin-0 Radion (i 2. Heavy vector triplet (HVT)
spin-2 Bulk Graviton spin-1 Z',W’, coupling with SM 7

8xx - Models A, B, C i V/H

g v 3. Little Higgs models
4. Two Higgs doublets models (MSSM)
Grk 5. Extended WED models (Vx> RV)
g v 6. Technicolor models

* Predict new heavy bosons at TeV ¢ a a
« 3 production modes: g%% D% Vi
X X W X
« Decay modes include VV, VH g q o
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B2G-21-003 CMS
X =2 YH =2 4b  voosted

F\ ) \
(1 3 TeV) Mx=1600 GeV "
et b 3 1 E ARIE | AMS MDBASA ARe | E " My=90 GeV o Multijet
= f CMS ' CMS-DP2020:002 : hy=90 N
— :8 - Simulation Preliminary : o 1 MS SimLi/at/on Preliminary .
b =q=, _4| H—bbvs. QCD muitijet | § 2 VS3® F
H o 10 3 500 <p?™" < 1000 GeV, In™"l < 2.4 | E @ K
X PR g [ 90 <mg; <140 Gev | 2
-~ o s —DeepAKB ] 2
----- -<\ > 102} DeepAKs-D ; ) £
S S . panicina 5
Y & b LI ¢
[ Deep %) Ay
i -l-DeepAKB—DDT (2%) PaticleNet %
b 10°F Ops points 8
Jet g ,0.98 X
b 1074 7- i I N P 1
0 01 02 03 04 g5 (isﬂ07 08
X Ignal etficiency
«  X,Y:scalars, My >> My

094

* Models: NMSSM o910.1785, Two-real-scalar-singlet extension 190s.08554 ® Hecandidate PartcleNet score
2D search over M;, M;Y variables

« 2 (wide) jets, myy): 110-140(>60) GeV, |An;/<1.3

« Tagging with Graph CNN (ParticleNet), mistag~0.5%, eff~70%, calibration with g=>bb jets
CMS Preliminary 138 fb~! (13 TeV)

- CMS Preliminary 138 fb~'(13TeV) 1OACMS Preliminary 138 fb-! (13Tev) ;-60 102
= FT T T T T T3 £ L B B T
Q F Myx=1600 GeV N 1 Q F M 16006 V E (O] -
2.4 SR1 M-tsoGev B 2 ISR1 M: Sis0Gey B RO o)
3 10 — _ My=2000 GeV 3 Multijet 5 10%F My=2000 GeV 1 Multijet | 7‘50 I =
m F My=300 GeV + Data | g “77 My=300 GeV + Data S N f2)
102 ___ Mx=3000 GeV E I Mx=3000 GeV [=
F My=400 GeV E 1021 7T My=400 GeV | =
10f (pp—>X—>YH—>bbbb)—1fb_ (pp—>X—>YH—)bbbb)—1fb 400 =
______ I ] F Observed upper limits on 2
. ] g e ol ] x
R R ] i o(pp—X—YH—bbbb) )
. Eoo : E L ] o
S 1 - Most stringent to date g
10-2 . . 10-1 I Pl I n . r 8
w 1 T T T T E " 1 3 8
50 S0
e, E o 1 2
L I Ll L | N - E| -
100 200 300 400 500 600 1000 1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000 3500 4000 °
MY [GeV] Mys [GeV] Myx[GeV]
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1000}~ =
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Production: DY/ggF & VBF targeted

2 wide AK8 jets, mj; ,: 95-215 GeV
extra 2 narrow fwd jets for VBF

Tagging with DeepAKS classifier:
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- 10 categories

Method: 3D-fit of m;;, m;,, m;;
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138 b (13 TeV)
> 77 Trrrryrprrevyrvrrrreryrrprrrerpeerrprero g
o 107k ¢ Data
o F CMS Background fit
S 10° = Preliminary + 16 unc.
- F WHjets
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in DY/gg & VBF
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EX0-21-010  |[CMS,

Y 9 XX 9 (JJ (JJ paired di-jets

. - X : . m;—my|
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1 2
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B2G-21-004 |CNAS

Vector-like lep. pair LL 2...—> 4b, TT/TVW

* Wealth of signatures:
* Focus on events with: final state

* Model 4321 1808.00942, 1708.08450
Potential to explain B-physics

B+

b X s
. 1412,
anomalies: R(D*), R(K), \ \ >3 b-jets 0c| 4+ 6120
evidence for LFV e 0,1,2 1, 4b + 8+ 2v;
0,1,2 v, (MET) i:+‘211_+f+1/7
« EW production of VLL-pair, decay via off-shell vLQ: U 1t 4b14;::iz

q L(N) 9 * Tagging: AR
7+ /y* L U - DeepTau 27| 4b+ _2'; +T21—
o ‘s - DeepJet(b) 4b +4j+ 2t
q@) L (E) d3

DNN (ABCNet) to reject QCD and tt

* VLL - 3 gen fermions: b/t, t/v. (3-body decay)

due to flavor non-universal coupling of vLQ: U * Binning and fitting over: #j, #t,, DNNy

: " o 50.8 b (13 TeV T 965 (13 Tev
sl CMS ¢ Data B faketau ) | CMS ¢ Data ey m ICMS Comblnat|on of201 and 2018 E
" 600\ Preliminary @ ttbb - j P | Preliminary [ ttbb H ttjj P Preliminary ~~ ASymptotic CL_ expected
5 £ EX (600 Gev) = ] NN {800 Gev) & 6o B EX650 Gev) 1 NN (800 ooV} S10'E 1 std. deviation =
o 1-t channel: %Z Total uncert & I 2-t channel: ( ) Z Tota(| uncert ) _g ;hz std. de\ggttl_on ]
IS — Theory prediction
400 - 2T SR = e Observed ]
1Th SR 401~ h. g )
Postfit S+B I Postfit S+B s 2.80]
oSt i 5 ]
200 20l % 10 for signal ~600 GeV
I 4 '
3 not shown here)
0 g
=
: 15 : 15 c
£ 5 £ o
@ 10&»%%////%1%%/{4%%%%% % 1OWW g
© < &)10—3\\II‘II\\'\II\'II\I'\\\ll\
8 %% 010203040506070800 1 8 °0 01020304050607 0809 1 © 500 600 700 800 900 1000
DNN;; bin DNN;; bin VLL mass [GeV]
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Resonant Triboson: X > WR-> WWW =

\‘\ ‘: \1
Extended (3 branes) Warped ED model
1711.09920, 1612.00047, 1809.07334
B2G-20-001 1-lep + jets Full-hadronic B2G-21-002
A@ Jet AN a
q q
w
Wik Jet
q oo w q
R° B
q g w q q
w Resolved R w 7 Resolved R w g
q (@) am
Jet () Jet g w) Jet et g )
a @ Merged R q Merged R
1 ,CMS COMBINATION 138" (13 Tev) - 138113 Tev)
>35_..l....l....l....l.,..\‘,38,“’."‘.13|Te.")% pp = W, = WR - WWW e 3 ECMs |+ pa E
© “Ecms SRa + o £ sl Expected £ 16, ymen (combined) § © % sra B Muitjet 3
S 30 Weiets x — Observed limit (combined) LB S sk [ 4, single t =
2 S =z 10°0 ~ °F I Other (VV, V+ets) E
S o5F [ single t 3rT Expected £ 16, periment (1-16P) ? 8 a5 Systematic uncertainty -
i 2 B orer — Observed limit (1-lep) @ & F My =25 TeV, m = 02TeV.
F 2 systematic uncertainty 250 g 11] 205_ """"" my, = 25TeV, mg=1.25 TeV_Z
—— my, =25TeV, my=1TeV ’ 5 15F- =
2t E
T 5F =
1.5} 008 ;
Q =
S5 S 4
e c_]) o g_
my, (Tev) 2 i
0.5f 8 _a- . . . I-iGSYIS/GSTAT ]
1.5 2 25 3 3.5 4
: . . . . , m. (TeV)
01.5 2 25 3 3.5 4 45 10 u
My, (TeV)
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0-21-003

Majorana Neutrinos & Weinberg Op. Probe

Introduction: Physics Background

=> Neutrino masses: The Nobel Prize in Physics 2015

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 2015 to

< Confirmed by neutrino oscillation experiments | el | okl A

kyo, Kashivwa, Japan

0:0 N ot | n CI u d ed | n th e S M “for the discovery of neutrino oscillations, which shows that neutrinos have mass™

=> Why no neutrino mass mechanism in the SM?
% SU(2),xU(1)y EW symmetry & only Dimension-4 operators in Lagrangian
« Economical particle content:
> Only left-hand neutrinos, Dirac mass is thus forbidden.
-> To generate neutrino masses, one must go beyond the SM:

LA Fa “SM + scalar t'riple“t H~ oH Why named as Seesaw?
Secondary Higgs The heavier BSM particle is,

1

|

! N 3 I

& X . & I . . .

! /—\ | g Typedl The lighter SM neutrino will be!
1 3 7z

L9 L kAL

! 1

! 1

- 1

! 1

J 1

I

V

N/

Y

SM + fermion singlet ! " SM + fermion triplet

“Heavy Neutrino” , Type-lll

L Twel ] / 1N
BSM Model for B & B

This analysis

< EFT solution: Weinberg Operator Phys.Rev.Lett. 43 (1979) 1566-1570
Majorana Mass: Weinberg Operator
the unique dimension-5 extension PEEHARGE M G '£ ¢ —c
to the SM gives a neutrino e MASS Ly = 2 [(I) ’ L[] [L[,, <I)]'
mass without any new 1 /_2 /f 2 2 A
fields in the theory K ’LH‘ - TBLVL—'_“.
7 V2d~v+h
i MEEn
N 1(h c¥ __  Clv _
/ (e 1) 2 —90“> Ls=— —2“1 hhvgv, — 5A hvgv,
SU(2), MULTIPLETS 00 2
LEFT-HANDED ANTI-[LEFT-HANDED \ & . . . = 5—FV B + H C
NEUTRINO NhJTR\NQ . ’;[J‘L«‘L' “* HEA Lk ALE THA fj‘i* 7:»‘\, HE WEINBERG OPERATO 2A 7L Ed
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B2G-19-002 | CMS,

X > WV, WH - Iv qa/bb

g q
4
W _
1% Z W >
X W X q’
W q Z o
g (—l/ q// ql//
H ! e fb ( TeV)
« 2D fit to the mye, My masses s e IR e R
. 3 500,’9:!8_ u, HP, nobb, LDy B 443 gl\fls w HP, nobb LDy i
- - relimina | = reliminary 3
- V/H-tagging: 1,4PPT, double-b tagger = ™™ foas IR CData
£ 400 mwsve A3 CIW+ets
- W,, J, back-to-back 5 | Fiwsers {8 mwt
. . W 300f 1@ 1
« 2 forward jets for VBF, 0 b-jets : : ]
. . . 200" - =
24 categories based on 4 criteria: : ; } Hl l l 1
. 100F -
e/y, L/H purity, VBF/bb/nobb, L/H Ay, , : z
. - 07 L | h " PN S I | 1 =
« BKGs: non-reso (W+jets), reso (tt) | IR NORCCNRIL SR | E ]
T . & o8t L 38 o | ) 3
Prediction with kernel-approach at My, — % % & 2 10 0 a0 e 2 e )
jet
137 " (13 TeV) 137 (13TeV) j 137 fb” (13TeV)WV
S [ I I I I I = LA I R IR RN I = A R I I R IR
s 1 Sr:ﬁnary s Gy, —»WW, k=05 3 a 1 ,9,2'-8- " s W'WH, HVT model B 3 o 1 Enas_ s WWZ, HVT model C, 6, =3
=) F E — min E —~ reliminary 3
% [ 95% CL upper limits % 95% CL upper limits % Q 95% CL upper limits ]
1| —e— Observed | N 1 —— Observed | N . A —«— Observed _
T§10 1§ ----- Median expected = EONL. Median expected E = 1o k L Median expected E
@m K I 68% expected E I 68% expected %.'3 I 68% expected ]
w ] 95% expected IO [ 95% expected > [ 95% expected i
8102 \] = §102 N = QE’—ICFZ
= 1 KQ7 6
x f /\,6"6 © 149 o
o, B \ )
107 10 E 1073
10—4§ 10~ 107
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B2G-20-008 | CMS,

X=>2ZV 2> vqag

\N|

GR q ws W W

V;f\\iw a

g q (_l, q q// q///

« Use M+(J,pt™ss) as observable; 71,4 for V-tagging; vetob, |, 1,, y, pr™ss |l j events
» Categorization to 4 sample: VBF, ggF/DY topology
To1 High/Low purity
« SR: 65<m <105 GeV; CR: m,sideband
* Dominant BKG: W/Z+jets, estimated from the data in CR per M bin
107 ECMS Preliminary ‘ 137 fb’1(13ITeV) c :CMS Preliminary ‘ 137 flb'1 (13 TeV) s CMS Preliminary 137 fb™! (13 TeV)
-'5106; * data l:lNon—resonantbkg 3105;* + data |:|Non—resonantbkg 510 EI I L R IE
%1052 ¢ Post-it [ Resonant bkg %1042_ ¢ Postit [ Resonant bkg 5 c 95% CL upper limits ;
o 10° B %% Postfitunc [ |ggFG 1 TeV (1) o N %Pospﬁtunc .\:]VBFG1TeV(1.fb) = Observed ]
m103; i10° g di-modal signal for spin-2 oLl N Expected
1023 SR HP ggF/DY 102 | SR HP VBF > 10 [ Expected + 1 s.d. E
= 10 é— 5 Expected + 2 s.d. ]
1[: 3 16 s “— W' (HVT model B) 1
3 E X
107'E 107"E g 10 JHEI?)Ob7(201%)075 E
E' 1;15 E‘ 1-%5 % A N o Expected . 3
§ o.gg— § o.gg— T == <@
B 2 1 3| 7 | | I g
5o o b g ——— |
§—2 . ‘ ] g-z;‘ . ‘ . —f 10—|||\|\11|||||||||||||\1\|||||||»
= 1000 2000 3000 = 500 1000 1500 2000 1000 1500 2000 2500 3000 3500 4000 4500
m; [GeV] m; [GeV] M, [GeV]
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Generic Vyqty search

q q
X ;
q 9
« W->qq merged (R=0.8) jet
« W-tagging with 154, m;SP
 Centraly
* Main BKG: y+jets
* Lowm,SP as CR
« BKG estimate: fitting
analytic function to M,,
» Best limits to date on:
Opp-x X Br(X — Wqqy)

Model (in)dependent limit
spin 0&1, narrow/broad
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Events / 40 GeV
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Events / 40 GeV

X2>Wy->qqy

10° CMS Preliminary

EXO-20-001

F\, | \\

137 fb' (13 TeV)

—_

w Data CR (Norm) ¢ Data SR
@y +jet @Qcob
--8ig.1TeV(N) ---Sig. 1TeV (B)

Sig. 3.5 TeV (N) --- Sig. 3.5 TeV (B)

o -

o -

data/MC  data/MC
LN OLILGIN

CMS Preliminary

2000

1000 3000 4000 5000 6000
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137 o' (13 TeV)

—— Observed Limit
Expected Limit

<3.1(2.8)0 broad(narrow)
at My~1.6TeV
1.7(1.1)o global
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251 SRi

* 1 or 2 AK8 massive jets, 0 b-jet
» deep-AKS8 taggers for W & R
- Radion tagging with Hyq & W,

X > RW > WWW > Iv jets =" 22
jets .
» First tri-boson search Resolved Radion Merged Radion
e CY Al
- New model: Extended Warped ED v (@) 79 .
- suppressed di-SM processes -
—> enhanced tri-SM processes Jet
SU3)e x SU2)L x U(L)y SU@)L x ULy q
K. Agashe, et al Hadion =/
_arXiv:1711.09920 q q
lightarXiv:1612.00047 P Hiees KK W/Z/ W W 7
KK g
q (1)
= SMg = —] Jet 1) s q'(v)
N q’ (l)
~ 0(10) TeV ~ O(TeV)
Higgs brane IR
. Only EW in extended bulk § Mergesﬂ Radlon massmfb w310 I\/Ierged Radlon tagger 170
o 45 smu/a!onPrelmnary q 1 imulation Preliminar
dominant: Vkk =7 RV - VVV g : (ESMW ~35TeV, M-0.21 Tev 4q""“$\'fw§ . CMS Sinaton Py
. S 4 I R a5 SR1+SR2+SR3 —
Di-resonant 2 350 - R . 3 My, =35 TeV, M-0.21 TeV :
N R™ (35 %) R34 “’@ T3 Hl
W 3 W (8% q 4 |- - ]
 W=Iv: reconstruction = e . 3 X
ROkl 3 2 w
=

« Calibration with SM-proxy jets:
top for R3a.4a W for Rlaa
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* Probe simultaneously merged & resolved

« Categorize to 6 SRs:
SR1-3 > 1 jets (merged) > M,
SR4-6 - 2 jets (resolved )> M,;

—M =25 TeV, 1 T
stat Wi MR v CMS
- MW ‘~2.5TeV, M,=0.25 TeV Prellm/nary

------ MW _35TeV MR 021 TeV 137! (13TeV)

{ (Data-Prediction)/c
Pu” - t GSYS/GSKat

2
SR1 ¢

ot

2_
SR2 0
_2_

2_
SR3 o
-2

2_
SR4 0
2k

2_
SR5 0
2t

2
SR6 o
-2

%
(TeV)

MJ' (v

* First limits on o(Wkxx = RW - WWW)
and on [Mykk, MR] space
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Triboson results

B2G-20-001 EMS\

2R |

2 \W-tagged massive jets + W|V region:
137fb (13TeV)
Y] L L L L B B

3 35
2 P cms 5
ata
— C Preliminary SR4 +
S 30— Wijets
[2) C -
< o5 E - tt, single top
(0] —
i = - Other

W Systematic uncertainty
— My =25TeV,M=1TeV

|IIII|IIIIIIIIIlIIIIlIIIIlIIIIl

D111

ul (TeV
137 fb” (13 TeV,

==

3.5 CMS Preliminary

Lpp > W, - WR - WWW
ii: Expectedt 1o
[ = Observed limit

Mg (TeV)
w

=
%
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—_
o

|||||
||||||||||||||||||||||||||||||

95% C.L. upper limit on cross section (pb)

=)
L
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WKK

Results interpretation in Zgxx —» ZWW
Relevant search gyxx — Rg — ggg at talk

5
(TeV)
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EX0-20-001 | CMS,

X2>Wy->qqy

Theory motivation:

- Triplet pseudo-Goldstone bosons 113
w+  (https://arxiv.org/pdf/1608.01675.pdf)

« W->qq AKS jet - Scalar or pseudoscalar SU(2), ¢

- tagging with 1,1<0.35 coupling via anomaly-induced interaction
° ij(Y)>225 GeV, |r]j(v)|<2(1 44)

» Generic search for Vgg+y >

- Two Higgs doublet (H+) MSSM

, _ - Technicolor
° Maln BKG Y+JetS -HVT

- Calibration from low m; CR

, L JER: 15%, 8%, 4% for 10, 100, 1000 GeV
° BKG eStImate flttlng 105;:'\”3 Preliminary 137 b (13 TeV) CMS Preliminary 137 fb'1(13TeV)

> —
analytic function to My, & . i =
% 10° §... Fit Uncert. 68% CL 3 B Observed Limit
% % \,\ Fit Uncert. 95% CL ﬂ\: 10 32 N Expected Limit
- Bestlimits to date on:  “ F %, : I <3.1(2.8)o broad(narrow)
Br(X — W. 10 W | = | at My~1.6TeV
Opp-xXBr(X = Wqqy) ﬁw \ s L 1.7(1.1)o global
-t |V
* Moldel Independent — 10_2; a1 ||”“||l||I||||“"““|“|I|IIHI é10—1:— )
limits for spin 0,1, '“;;bgs ‘;+ | . | | " Spin-0 Broad
= § T, B
narrow 0.01%, broad 5% g Lt t
5 -

llllllllllllllIllllll]llllll
1000 2000 3000 4000 5000 600 1000 2000 3000 4000 5000 6000
M, [GeV] M, [GeV]
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HVT couplings

Coupling strengths scale factors

VT | g =gcel gy --am

Model A -0.55 -0.56 BF(f,f)~BF(V,V)
Model B 0.14 -2.9 3 —0.98, 1.02 DY (min. composite H)
Model C 0 -0.56 1 1, 0 VBF (Fermiophobic)
" 1_ 2016 dlllaoson anddlle:aptorj comllwnatlo:n ‘| 35.:::; 513}2\\//) Heavy VeCtOF trlplet (HVT)
s [ o8 ! AT coupling with SM: cy, gV, cF
I Sl .| e HVT model B ek . Y \NJ?
g 05~ et megd:m _ tlelti q spln-1 V4 ,W
E B . N ‘ n e(;s;er © model A (comparable BF to f, V, gy = 1)
| gi-gs plane model B (. = —098,gv = 3,cr = 1.02), DY
j model C (¢, = gV = 1,¢F = 0), VBF only
| 8H = §vCH
—— Combination
----- V' = W, VH = o“C
A i Vol & gz F/gV Parameter Model A Model B Model C
Hig%s and vec1tor boson (2:oupling g: CH -0.556 -0.976 1
Cp -1.316 1.024 0
Qv 1 3 1

More at : https://arxiv.org/pdf/1906.00057.pdf
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Motivation for a Diboson search

CMS

&

SM shortcomings indicate some kind of New Physics S

(Hierarchy problem, Unific.of Gravity, Dark Matter/Energy)m . 4

Many BSM theories have been proposed: 9 4
(Extended Gauge-Symmetry models; RS Warped ED;
Two Higgs doublet models; Little/Composite Higgs)
—> Predicting new heavy boson(s) X with
spin 0: Radion/Higgs g 1%
spin 1: W/Z’ (HVT) 9
spin 2: Graviton
at the TeV scale decaying to a pair of SM bosons> W, Z, H, y 1%

Gkk

V/V

V/H
Therefore we can search for BSM Physics in Dibosons FSs /

2> HOW TO... search?
Probing Diboson FS at TeV-scale is a challenge to

oM BSM reconstruct boosted & merged V/H reveling substructure
/\ » Selection based on V-like objects suppressing BKG
‘ * Predict in a Data-Driven way the SM BKG
My - « Look for a peak-structure at My, tails
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Motivation for “tri-object” search

 Mp-EW scale gap motivates BSM physics (hierarchy problem)
* No BSM physics yet - time to look at non-standard final states/scenarios

Standard (Minimal) Warped ED model Extended Warped ED model:
- 2 Branes in Bulk (in the RS framework) * Extra brane by splitting=> Extended Bulk

- Everything propagates to the same bulk 3 (or more) branes, 2 (or more) Radions

« Constrained by LHC searches  Various fields propagate in diff. regions
uv Higgs brane IR

5D extended SM / IR Radion

light fermions top/Higgs ,Radion / light fermions top, Higgs /

KK
Gauge/Gravity KK
all or some (see later)

SM\Matter, Higgs /\_/

«—— SM Gauge Fields

A— Gravity
N

~ 0(10) TeV ~ O(TeV)

« A wealth of new signatures emerges
« “di-SM” suppressed in favor of “tri-SM”

1 radlon) % K. Agashe’s talk
arXiv:1711.09920
Wt Wﬁ}% arXiv:1612.00047
2 44 (©)
SM
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« “di-SM” dominant phenomenology
t, Wt w-



https://indico.cern.ch/event/755143/contributions/3129333/attachments/1713233/2762825/multi_boson.pdf
https://cds.cern.ch/record/2300079/files/arXiv:1711.09920.pdf
https://arxiv.org/abs/1612.00047
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CMS,

Jet tagging with deepAKS8 framework

JME-18-002 :
17 jets categories/scores Juptt e use twotaggers:
» Mass-decorrelated versions S—

« Powerful BKG rejection (binarized)  wgs e

H H (11 - 7
A W tagging with “binary” scores
.§ i CMS . top (bcq)
$ | Simulation Preliminary ] top (bqq)
g .| wvsacp ] Lz top (bc)
g1° E 1000 <p!™" <1500 GeV, h™"l <2.4 E 1o (ba) d W
£ C 65 <m? <105 Gev ] op eep— —
& i | p CD b + W,
w 84,b,. qq.qc
102 3 g
DeepAK8 1 z
DeepAK8-MD
10°F —BEST 3
i e ||
- ; mgp + NOOT 1 QCD (cc) . . . .
= Qcb QCD (b) Rad|0n tagg|ng W|th hybl’ld
Signal efficiency

QCD (0)

« Extra power from modularity:
non-binarized, customized taggers deep-WH = ag.

« Modularity reveals the actual power of deep-AKS, Db, )t Wagae +Heq
but comes with the price of N/A SFs

~
S

R ~~~<,

Wi
a W S s Sep.
W;MAY» i = %\/q +H¢-W"V§q+w\,q+ o
q P 4
4
7’ 7

@ A
Jet q (V)
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Several signal benchmark scenarios are used to interpret the results of the search. Spin-0 ra-
dions [38—40] and spin-2 gravitons [41-43] decaying to WW are generated for the bulk scenario
of the RS model of warped extra dimensions [7, 8]. For bulk gravitons, denoted as G, the ra-
tio k of the unknown curvature scale of the extra dimension k and the reduced Planck mass Mp,
is set to k = 0.5, which ensures that the natural width of the graviton is negligible with respect
to the experimental resolution [44]. For bulk radions, we consider a scenario with Az = 3TeV
and kI = 35 [44]. Spin-1 resonances decaying to WW, WZ, or WH are studied within the HVT
framework [9] in the benchmark model B (Drell-Yan production) and model C (vector boson
fusion). The HVT framework introduces a triplet of heavy vector bosons with similar mass, of
which one is neutral (Z’) and two are electrically charged (W'<). Its benchmark models are ex-
pressed in terms of a few parameters: the strength cy of the couplings to fermions, the strength
cy of the couplings to the Higgs boson and longitudinally polarized SM vector bosons, and
the interaction strength gy of the new vector boson. In HVT model B (gy = 3, cg = —0.98,
cg = 1.02 [9]), the new resonances are narrow and have large branching fractions to vector bo-
son pairs, while the fermionic couplings are suppressed. In model C (gy = 1, cy = 1, cg = 0),
the fermionic couplings are zero, and the resonances are produced only through vector boson
fusion and decay exclusively to pairs of SM bosons. Monte Carlo (MC) simulated samples
for bulk radions, bulk gravitons, and resonances of the HVT models are generated at leading
order (LO) in quantum chromodynamics (QCD) with MADGRAPH5_aMC@NLO versions 2.2.2
and 2.4.2 [45]. For each model, resonance masses in the range 1.0-4.5TeV are considered, and
the resonance width is set to 0.1% of the resonance mass, which ensures that the narrow-width
approximation is fulfilled, thereby making our modelling of the detector effects on the signal
shapes independent of the actual benchmark scenario used to generate the events.
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Tools for BSM multiboson searches

«11,16'b

Boosted objects = small angular separation - merged jets
W/Z->qq;

H->bb/qqqgq/qqlv

- anti-kt clustering @
> Large-R jets: AR = V(A@2 + An?) = 2m/p;

- "Groomed” Soft-Drop Masses: M;,~My £ 0.2 M, >

Boosted jets: Increasing transverse momentum

Taggers based on (2-prong) substructure 1
* Ty = N-subjettiness = ratios: 15/T1 =19y 2> ™~ = EZ’)” min {ARyk, ARo k., - ,ARNk}
« Decorrelated taggers 1,,PP7 o =
Deep-NN taggers & Image taggers (soon) ‘

W,Z,H

MET + lep from Boson: —><g

- Reco the W(H) assuming My)=80(125) GeV

~~---

a/g
—

b-jet tagging based on MVA, DNN
PU effect - Pile Up Per Particle Identification (PUPPI)

o . ey 107
0 5 10 15 20 25 30 35
ixel
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https://arxiv.org/abs/1011.2268

