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Introduction & Motivation

There is a wide range of BSM parameter space
Sometimes unwieldy to manage

We use an EFT approach here
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Proposed Operators

Two different color sextet scalar operators

One coupling to charged leptons only, the other to neutrinos or charged leptons
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* Single production modes

®* Previous studies of sextets have focused

on pair prOd UCtion (a) Diagram for production in association with a lepton

uy followed by decay involving a neutrino.
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Generated atra nge Of sextet masse%b) Similar to above for the reverse process with neutrino at the
between 250-5500 GeV production step.
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(c) Diagram for the all-neutrino process.



Background process

Backgrounds

W +jets, W — {vy

Diboson (WW /WZ/ZZ)
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t-channel single top (gt)
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Cuts Implemented

Selection criterion Selection ranges Selection criterion Selection ranges

Jet multiplicity. Nje, Nijer = 2 Niy>2
jet =

Jets, anti-k, R =04
[} = 15 GeV, i) < 2.5 : ' ; 3
Jet kinematics pr)) V. In()l pr(j) > 100GeV, In(j)| < 2.5

veTO additional jets with pp > 500 GeV

Charged lept Ne=1
Lepton multiplici | opposite-sign (OS) lepton pair arg PR
p plicity PP gn (OS) lepton p pr(6) > 15GeV
pr(f1) > 20GeV, pr(f2) > 15GeV, |5(£)] < 2.5
b-tagged jets vETO b-jets with pr > 15 GeV

veTro additional leptons with pt > 10GeV

Lepton kinematics §
vero OSSF lepton pairs with mgg € [81, 101] GeV Leadiig jot noincnia prlii) > 250GV

pr(ja) > 200 GeV

Leading lepton isolation vETO any jet with AR({y,j) < 0.3

Missing energy, E,[“f'j“ VETO events with E.?.‘i“ > 25GeV Lepton momentum pr(f) > 250 GeV
Leading jet momentum prij1) > 350GeV Missing energy, E? i Require E_rrn 'S$ > 300GeV
Leading lepton momentum pr(f1) > 300GeV lltat-f.'f[.ﬂiSS separation Ad(ji, ﬁ?iss] ¢ [2n/3.4n/3]




Binned Analysis

Invariant mass/transverse mass cuts
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Light signals, 45 = 13 TeV, labeled by mg [GeV]

Selection criterion 250 500 750 1000 1250 1500 1750
Niy =2 0.8914 | 0.9343 | 09501 | 0.9591 | 0.9646 | 0.9373 | 0.9763 B " d S | t 1

Jet InNne elections
1 OS lepton pair 0.7718 | 0.8336 | 0.8558 | 0.8680 | 0.8735 | 0.8780 | 0.8824

No OSSF pairs from Z || 0.7661 | 0.8303 | 0.8538 | 0.8661 | 0.8720 | 0.8767 | 0.8813

EIss < 25GeV 0.7349 | 0.7877 | 0.7963 | 0.7986 | 0.8000 | 0.7946 | 0.7932
pr(j1) > 350GeV 0.2525 | 0.3467 | 0.4568 | 0.5539 | 0.6327 | 0.6795 | 0.7145
pr(f1) > 300GeV 02392 | 0.3301 | 0.4269 | 0.5124 | 0.5945 | 0.6486 | 0.6907
Best my, j, j, |GeV] 200 | 450 | 650 | 900 | 1200 | 1400 | 1700
Final my, j, j, cut 02331 | 0.2745 | 0.3414 | 0.3486 | 0.3953 | 0.3095 | 0.2075

= Lower bound on mT( /1 j2. Efrniss} [TeV] (recall that mT bins are non-overlapping)
cess

0.2510.501 0.75 | 1.00 | 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 [2.75(3.00|3.25]3.50(3.75|4.00(4.25|4.50|4.75

W+jets, W — £y |58.0(58.0{173.9|116.1|347.8|637.6|289.8|173.9(347.8|347.8(58.0|58.0(58.0|58.0|58.0|58.0|58.0|58.0|58.0

Diboson (1£) 07710771077 [ 0.77 | 0.77 | 077 | 1.54 | 0.77 | 0.77 | 0.77 [0.38(0.38|0.38|0.38]0.38|0.38 (0.38|0.38|0.38

pp —= @ — fvjj |10.6|35.1{101.8|234.5|461.7|684.1|803.4| 96.6 | 47.8 | 29.0 (22.1|17.0{11.1|3.38|3.88|1.46|1.43|0.48|0.99

pp—v@ —= Ly |3.04(477|17.0)1499 | 755|753 | 644|390 | 253 | 17.1 |8.76(5.25|3.08|1.48]1.34|0.80(0.1410.41 | <0.1
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LHC Projections

R.un 2& HL-LHC projections (unbinned analysis)

250001

20000

15000

10000

5000

AX=1(1.X#3)

EFT validity thresholds
(invalid where shaded)

= “Light” resonance

==== Partial-wave analysis
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Custom jets + 1 £ + EF™:
~ Zea = 1.68 [best, 139fb7"]
=== Zew = 1.68 [joint, 139 fb™'] -
—— Zexet = 1.68 [best, 3ab™!|
=~ Zexal = 1.68 [joint, 3ab™!]

Cu . pmiss,
Lieston Jma top ol

Zexel = 1.68 [139 571

Non-unitary
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Recasts:

=== jets+ EX [exp., 139fb7']
—— jets + EM [obs., 139fb7']
— jets+ E-'}“"\“ [exp., 3ab™!]
DM + 1 u [exp., 77.4b7"]
DM + 1 fobs., 77.4 7' ]
—— DM + |y [exp., 3ab™"]

LQ+ l e. single [exp., 35.9 fb™']
LQ + 1 ¢, single [obs., 35.9 fb]
— LQ+ le, single [exp., 3ab™]
LQ + I e, pair [exp.. 3597
LQ + l e, pair [obs., 35.9fb7"]

LQ+ le, pair [exp., 3 ah™]



Conclusion

e Identified two new sextet operators with unusual phenomenological signatures

e Examined observable distributions to choose appropriate cuts against the
backgrounds

e New proposed search would outperform previously implemented searches at ATLAS
and CMS

e Questions?
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