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Motivation

* SM 4 top production has been recently i st I =y
observed in Run 2 data [2303.15061,2305.13439] | 7 .
- Measured cross section slightly higher than SM "l + ot - taaitn | o
theory in all channels [2303.03864,2106.11683] 2ess|
« Many BSM theories predict new resonances cmm = =os
coupling to tops: PR s
../ ot tttt signal significance
— Top-philic Z' (can be DM mediator) g t
— Two Higgs Doublet Models
- Axion-like particles (ALPs) 7! t

* Previous searches for BSM resonances in 4

top final states in 1 lepton channel —
[2304.01678,B2G-24-009)] t
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Analysis strategy

* Using 2016-2018 (13 TeV) and 2022
(13.6 TeV) datasets

— Signal cross sections up to 30% higher
for 13.6 TeV compared to 13 TeV

* Select leptonic decays of spectator
tops
— 2 leptons, opposite charge

— Split into signal categories with 1 and >2
b-tagged jets (anti-kr R=0.4)

* Reconstruct resonance from two
boosted large radius jets
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. Source: =+ MPV
“. 1606.04961 — 2mp;
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e Standard R=0.8 anti-kr jets only capture very
high pr top quarks
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e Solution: variable radius (HOTVR) jets [1606.04961] - VT I P
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 Developed a new BDT top tagger for HOTVR jets ¢

= 11, p_(u+p™ss)>250 GeV [ non-matched I

[CMS-DP-2024-038] S>j Sib, 21 b .

15 =3 Sys.+Stats. _

- Signal efficiency of 32% v.s. 20% for previous cut- 3 Bhaa ]

based tagger for low-pr jet working point i BDT score in E

_ _ top-enriched §

* Require two HOTVR jets, both tagged b region ]

with very loose BDT working point L

- 84% signal efficiency, 22% mistagging rate 3 150 E

4 % 051— | D
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]
BDT score (leading VR jet)
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Results (ttZ")

« Main background: tt (dileptonic) + T | ;
mistagged HOTVR top jets : ﬁi% |

- Estimate mistagged background via
transfer factor from O top tagged
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J : 4% width - 50% width
e Set limits on 4%, 10%, 20% and 50% & & T ————
Z' widths
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E — Theory I'/m,,. = 50%
* For 50% width exclude Z' massesup |  Theory Fim, = 4 : M co% oxpected
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Further Interpretations

1 7T 10}
i I
[aa] o
é 10 ,:? 105
* Interpreted in terms of scalar (¢) & \ —Theory Iim =4% | L | — Theory I/m, = 4%
. = 1L 95% CL upper limits E,; 1L 95% CL upper limits
and pseudoscalar (a) mediators B 687% expected B 65% oxpectod
& — Obsenve $ D bsorred |
B Sarr_le mass and width ranges as 10505 *“fo0b" 500 000" 2500 3000 3600 4000 0860 o050 200028003000 300" ‘4000
for ttZ' m, [GeV] m, [GeV]
_ _ _ 100 CMS Preliminary 173 fo~' (13 + 13.6 TeV)
* Also interpreted pseudoscalar mediator as T [ wiessos ms v n ) i
. (O] L m arXiv:2507.05119, 4% width mediator (inc. i), (13 TeV, 138 1b™")
an ALP Coupllng Only '[O tOp qual‘kS % - :L’:;V:;ffi‘;;m::;lredfator(norm:(13Te\r.1aafb*'1 ) q}f&‘
= - --- Expected
- Compared with other CMS limits, inspired by [ =2 ]
[2303.17634]
- tt resonance search [2507.05119] I
~ Limits below tt threshold from t/tt+invisible 107 4T+ A, A invisible g
search [2505.05300] (assuming ALP is LLP L (pI'ss)
since decays via top loop) ———
6 10—350 — I1(|)CI 3(|JO —l- I6(|)0I ‘1|0|00 20‘00 | 4000

Ma [GGV]


https://arxiv.org/abs/2303.17634
http://www.arXiv.org/abs/2507.05119
http://www.arXiv.org/abs/2505.05300

Conclusions
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* Four top final states offer new search channel for
BSM resonances

* First search in 2 lepton channel
~ Combining 13 TeV and 13.6 TeV data
* Developed new BDT top tagger for variable radius
jets

* Exclude Z' mediators Uﬂ to 850 GeV (1000 GeV
expected) for 50% widt

* Also provide scalar, pseudoscalar and ALP
exclusions

* Statistically limited analysis: still a lot of phase
space to explore!
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e Scale factor corrections for
b-tagging efficiency derived
In top enriched region

Top-tagging BDT scale factor

o
o
o

e e g scsccsccsccsccccsccssscscesssse
DA AN B O B B A B O - O G - N G A - B O A O, -
* Semileptonic tt: 8558585883588 ¢8388¢88388¢8838886¢87¢
pr range (GeV)
- 1 muon
x10°CMS Preliminary 138 fb (13 TeV) x10° CMS Preliminary 34.7 b (13.6 TeV
- ﬂ T T T T = 4(2 } ]
- >1 b-tagged R=0.4 jet § 250 e bprp250Gey B el T 2 0| tupysp)eo250 Gev  Enenmatched &
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Background estimation

* Propagate data from transfer my & [80,101] GeV (ee. up), > 2J

region with identical o 4 oRTATREb0T X BT oo 225
. ©

selection except O top tags I e
to SR using MC ratio > 2 TR2bOT SR2b2T

e Separately for each dilepton Mm—hmw{ )
ﬂaVOUr, nbtags and M3 b|n 1 |TR1bOT SR1b2T

* Subtract any events with jets ..
matched to top quarks in TR 0 1 >2
— estimate from MC in SR Ntop-tagged J

10



Validation of background estimation

. . . . w WS Proliminary 1.‘351.!.:.‘(.13.7.9.\')‘.. 0 60 CM? Preliminary ... 1.3‘8.1'?.‘(.131#).‘
« Validate modeling of tt+jets using § om0 o Elhmonct | § [ W, el0. 100GV Elvadone To
. o : +Dat‘a - . G i :Daia
Z+J etS 30? % 5:::;:: Sys. Unc. E 40? p %i s"s;”:;:& Sys. Unc.
- 2 opposite charge dileptons 3 %;,& ER f ' e ]
. . 10 . - /
- No R=0.4 jet requirement et : ] i .
_ o ! S Qf__-— .
- 22 HOTVR JetS @ 15¥L 4y pa=0-87i0-10,xtndf=4-4f6_§ ﬁ 1§_ | L PD=0.9410.109,xfndf=2.4.’6_
) o Sost T ; = gost T ' k
° Produce data-dnven pred|ct|on a G 7000 2000 3000 4000 o 5:!0100 o q 7000 2000 3000 4000 o 5VU]00

I'T'IJJ e I'T'I‘JJ e

. GM§ Preliminary 34.7 ! (13.6 TeV) _ CMS Preliminar 34.7 fb” (13.6 TeV)
* Shape We” descrlbed ‘% = ete,m. . <[80, 101 GeV (I Hadronic Top 3 *% 15! ;&Lf,'n}i'pe'[éiﬂ]}jé'é{r'"i‘H;;,;'n,;'T';p' e
> 10 — Data - > L —— Data -

. . . - E - Estimation E w B —— Esiimatiun
« Slight normalisation offset o e R %
6 . S ’
— From mismodelling of correlation p - oS W}E 4% .
between tagging 1%t and 2" jet 2 i i | ?
. A . . 97 S R . . . ot P s B w . ]
- Correction derived and applied in SR z 2 N e Eﬁgf ‘ PR T
11 g O-QE i r D s
o G 7000 2000 3000 4000 5000 O O 1055 ﬁooo 3680406855000

m,, [GeV] m,, [GeV]



ttZ' limits - all widths

107 CMS Preiiminary 17310 (13 + 13.6 TeV) 10° CMS Preliminary 173 b7 (13 + 13.6 TeV)
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ttd limits - all widths
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tta limits - all widths
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