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Four top quark production in the Standard Model

e One of the heaviest final states accessible at the LHC

- NLO QCD: of(tttt) = 12 fb £20% [JHEP 02 (2018) 031]
- NLO+NLL: o(tttt) = 13.4 fb £11% [arXiv:2212.03259]

e Naturally sensitive to many BSM models
- top Higgs Yukawa coupling and its CP properties
- Uniquely sensitive to EFT four heavy fermion operators

- New mediator particles

LO(+NLO
o[fb] LOgcp  LOqep +NLOgep  LO LO+4NLO 5o 2tiigh—s
p=Hr/d4 683707 11.1212%% 7.591 54 1197137 1.11(1.08)

NLO K-factor around 10-15%
NLL resummation increase the XS by 15%
Decrease in scale uncertainties by 50%
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Vs (TeV) i (fb) e (fb) i (fb) Knwr
13 11.00(2)*252% fb 11.46(2)*223% fb 12.73(2) 1'% fb 1.16
13.6 13.14(2) 12515 fb 13.81(2)*20-7% fb 15.16(2) 2°%. b 1.15
NLO(QCD+EW) NLO(QCD+EW)+NLL NLO(QCD+EW)+NLL’
Vs (TeV) Ltk - (fb) titi (fb) Liti (fb) Knwws
13 11.64(2) 12327 fb 12.10(2) 1257 fb 13.37(2) 357 fb 1.15
13.6 13.80(2)*22-5% fb 14.47(2) 11557 b 15.82(2) 1%, fb 1.15
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4top production as probe to new physics

30 CMS 137 fb~! (13 TeV)
® nggs Obllque parame'ter : 95% CL exclusion regions
- - . - - . - 1 Ob d
- the Wilson coefficient that modifies the Higgs propagator (arXiv:1903.07725) 25 = Modian expected, 1 urmman
- Modify the 4top signal and the ttH cross section (rescaled by (1-H”)2) |
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e New particles with m<2mt my or mz (GeV o,
- Virtual scalar (®) or vector (Z) | scalar
- Recalculate o(4top) limit with 10% more systematics (effect of the BSM on the signal 500 ;
acceptance) ]
> 400j _ 2mx
g 1. mw
e New particles with m>2mt § 800
- Heavy Higgs (H/A): could be interpreted in terms of 2HDM parameters or as simplified dark 200 - j
matter models (dirac fermion dark matter X in addition to A/H) =1 Obs. @ =1, Gom =1
100 - ] Exp.(gsm=1,gpm=1)
- Obs. (gsm =1, gom =0.5)
. . - Exp.(gsm=1,gpm=0.
Interpretations performed by CMS: arXiv:1908.06463 ol e el hommh
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Other possible models with 4top signature

G G o o
: - O, 0000090y -—---- 009y -~ ----" SITTITTR o,
e sgluon production e ¢ C L
. - O G O | ><
- S. Calvet et al: arXiv:1212.3360 g G o paaaash N
. . 5 S 009000 K e — O i ____~_()" N
- Sgluon decaying to tj or tt : can lead to a 4top G e G G Sgaa
signature
Multilepton analysis g 10§ _ ::ry ""Zi::ﬁﬁ:ﬂ:ﬂ: ::)
Single lepton analysis || Multilepton analysis E rr W,,,r:,;,:: h
(baCkground X 10) IJ 1 §_ ................ Multilepton (background x 10)
tjt] 590 T30 Gev 570 730 GeV 440 T4 Gev : b T Snaerer
N 10-1 = . it ,';-... ..................
tytt 480 T5y GeV 520 T55 GeV - s '---31112::::;-_-.-.-.'-.-...._-;-12; .................................................................
tttt (Scenario I) - - - 102 - D e
tttt (Scenario II) 640 T30 GeV 650 T30 GeV 520 137, GeV 35
°F Ldt=20fb"
St d weak dipol b L
. B 10°4 E_
rong an _ V_Vea |p9 € moments o(pp — titt)(fb) = ogn + 154.827 x df, + 3404.44 x (d?,)?, SN N S FE P P T
- Malekhosseini et al: arXiv:1804.05598 CT R Gey

. ) . 7 _ g2
- Parametrize the 4top cross section as a function of (P = HH(/b) = osu + 273127 (d3)”

( (
( (

da.Zy or d9.Zx o(pp — titt)(fb) = osn — 0.689188 x di + 37.0581 x (di-)?,
( (

- Extract limits from the 4top rate o (pp — tHE)(fb) = osnm + 27.962 x (d%)?,

Coupling Current four-top with 35.6 fb~! Future four-top with 300 fb—!

dy, [-0.20, 0.11] [-0.07,0.03 |
d* [-0.16, 0.16] [-0.05, 0.05]
df [-1.42,1.45 | [-0.45, 0.47]
d% [-1.65, 1.65 [-0.53, 0.53]
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4-top EFT operators

e 4-fermion operators relevant for 4top

- Only constrained by tttt or ttbb
- Operators that preserved SU(2).:
Olqq, O8qq, Olqt, O3qt, Olit

1 ) sy chy = CLE | IR
- 261(3333) _ £03(3333) Qt ; Notation Sensitivity at O(A™2) (O(A™*))
QR — 3 44 ’ . 08(3333) tt | single-top | tW | tZ | ttW | ttZ | tiH
8 _ orv3(3333) ot = ’
coq = 8C, , 0QQ1
C%t _ Cl(‘”‘”), 0QQ8
0Qt1
- Other operators could affect the backgrounds: 0Qes
- ttW: 3 O(A-2) operators 0Qb1
- ttH/Z: 7 O(A-2) operators 0Qb8
- 14 qqtt operators 0tt1
Otbl
e Reduced set for tttt only at LO: 0tb8
- 4 operators that conserved SU(2).: O8qq,= 1/3 Olgq 0QtQbl
(see for instance 1807.02130) 00tQbS

- Could also test SU(2). breaking operators

F. Déliot, 4top interpretation meeting, 3-DEC-20
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Overview of the experimental results

e Final states: high jets and b-jets multiplicity
- Analysis strategy depends on the number of leptons from the top decays
- All hadronic (all-had): reasonable branching fraction and large irreducible background (multijets)
- Single lepton and two lepton opposite sign (1L/2LOS): large branching fraction and large irreducible background (ttbb)
- Same-sign di-lepton and multi-lepton (multilepton or SSML): smaller branching fraction and higher purity

Not approved yet

ATLAS+CMS Internal Run 2, ¥s = 13 TeV, April 2023
LHClopWG
i 0..=12.0"3% (scale)tb 5 o, =13.4"]] (scale)fb  p—dt—s
JHEP 02 (2018) 031 " aniv:2212.03259 (ot stat
NLO QCD+EW NLO QCD+EW

o .. ttot. (+ stat. +syst.) Obs. Sig.
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1 lepton JHEP 11 (2021) 118 et 26 1. (8" 2)fb 190
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JHEP 11 (2021) 118 g 247 (x47,) tb 4.7 0

CMS, 1L/2LOS/all-had, 138 fb” & .
arXiv:2303.03864 o o—e—— 3672 (277Y) 10 39¢
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P CMS, comb., 138 fb™
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CMS result in the all hadronic channel

e Very challenging channel because of the multijet background MEXE) arXiv:2303.03864
 Analysis strategy: T, e s
- Signal region: Ht > 700 GeV, at least 9 jets with at least 3 b-jets (5/B ~ 10-°) T | B
- Split in numbers of resolved and boosted tops and Ht into 12 regions rXA -------- S
- BDT trained in each category to separate tttt from QCD multijet (20 input variables s AR B
including Nj and Nb, kinematics of the jets) o 0 )
7 3 9 10 N(Jets
e Background estimation: B .
- 5 control regions with lower jets/b-jets multiplicity e = ( M >< | )
- Absolute normalisation from an ‘extended ABDC method’ A Ay
- BDT shape in each SR predicted using a DNN trained on the 5 CRs N G —
- normalizing autoregressive flow trained on the CRs to learn a bijective AREDtem - higher

transformation of HT and BDT from a source (tt MC) to a target (tt and CRsused mVR 1
QCD background) ‘

I CRs used in SR I

- Shape checked in validation regions
138 fb-1 (13 TeV) 138 fb~1 (13 TeV)
_S L L ot ] tot .E T L
f 400‘ CMS ¢ Data l f - CMS ¢ Data
[2) ] QCD + tt 1 2 400 B QCD + tt _
§ | All-hadronic B other backgrounds | § " All-hadronic B other backgrounds |
B t+H t+V - t+H t+V
m 300 Nrr=1, NpT 21 : :tftf and | 3001 NrT=2 : gtf and t ]
EXpeCtEd . O .4 0 ! Hr 21400 GeV 7722 Postfit unc. : I Hr 21100 GeV 7227, Postfit unc. i
Observed: 2.5 0 200 » A
. . | I 2 ]
- );y ,//i///-///f//////f// : I ,///i/////iz//,”’i/// ¢
100 B | -///‘i/ T N 100+ B ;///7/@// -
B E///f// d : ///if//)
L ; Y i = :////,/i/ ////// .
o 1.50 ———— H—# o 1.50F= —
=3 i | X i
g | |8
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CMS result in the 1L/2LOS channel

e Analysis strategy in the 2LOS channel: =% cms § Dae W e
- Selection: exactly 2 opposite charge leptons, at least 4 jets with at least 2 g, o[ OS0L N2 I e e
b'jetS, Ht > 500 GeV _ eV :

- Split in numbers of jets, b-jets and by lepton flavour e R .- o )

- Signal region: = 7 jets, = 3 b-jets , CR: lower multiplicity R o

- Correction for events with tt+jets (no b’s) : 0.78 £ 0.05 10|

- The Ht distribution is used in the fit

e Analysis strategy in the 1L channel:
- Signhal region: exactly one lepton, at least 6 jets with at least 3 b-jets,

Ht > 500 GeV

- Split in numbers of jets, b-jets and resolved top
- BDT trained to separate tttt from tt and tt+X background using 70 input

Expected: 0.6
Observed: 1.8 0

variables, validated in the Nb=2 region

- Split in numbers of resolved top, boosted and Ht into 12 regions

Expected: 1.2 0
Observed: 1.4 0

101 fb~! (13 TeV
[ |

)

0.7_ | | | |

. W///////?/////////—//—/7‘//%/7‘/7‘/7‘/7‘/7‘/7‘// /7‘/7‘/%/7‘/%/7‘/%/¥%/%/7’/7‘

arXiv:2303.03864

4 S 6 7

Jet multiplicity

138 fb~1 (13 TeV)
oo eV

c S T 1
< i i
= - CMS Ngrt 2 1 NrT=0 Ngrr21-
2 103 | Np=3| & Data == TOP p, 54 No > 4-
S - e/u + jets N,=8 tt+21b WM EW N,=8 N;=8"
AT B tf+0b it :
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CMS evidence combination

. . . ChS 1SR 08TV arXiv:2303.03864
e Combined likelihood fit to all channels Expected Exp. sig. ~ Obs. sig.
. c L. . Bl Observed (s.d.) (s.d.)
- Systematic uncertainties treated as nuisance parameters
- Correlated for shared systematics Single-feplon e 2 14
- Including the ‘old” multilepton analysis
OSDL% 0.8 1.5
e Combination achieved evidence - o e
- Limited by statistics
- 2 largest systematics: ttH cross section and modelling of tt with b’s o R L 27 2
Combination ////////////////////////////////////////ﬂ 3.2 4.0
|
1 1 1 1 161 0 1 2 3 4 5 6
Analysis Signal strength (1) Cross section (fb)  Significance (s.d.) i signal sienificance
(Stat') (S+ylsgt) (Stat) (Szls;') EXP. Obs. CMS Supplementary 138 fb~1 (13 TeV)
OSDL (2017+2018) 2.8 +1.0 ~1.2 33 12 —14 0.6 1.8 H Total unc. Stat. unc. SM prediction Observed  Exp. Sig. Obs. Sig.
Single-lepton 12 ¢ +06 15 8 0 12 1.4 ® Central value (Stat, Syst)  (s.d) (s
: ' 495 OSDL —e—— 33(13,71%) 06 1.9
All-hadronic 58 +£14 420 70 £17 2 04 2.5 (2017+2018)
Combination of above 2.5 +0.5 +0.5 36 +7 -l—éO 1.5 3.9 Single-lepton F o 4 15 (*5, *19) 1.2 1.4
SSDL&ML (2016-2018) [21] 1.0 +04 1> 13 2 +3 27 2.6 All-hadronic ——e—— 0(}.0® 04 25
1.7 20
OSDL (2016) [22] —0.2 1_1'5 15 -2 1—18 +18 0.4 0 Combination of above F o 4 36 (*7, 8" 1.5 3.9
Full combination @ 17 +4 +3 SSDL&ML (2016-2018) 13 (+5 43
EPJC 80 (2020) 75 |-o| 3G, %) 2.7 2.6
JHEP 1?3(’2DOL1 52;03?3 - ° — 2 (5 118 04 00
Full combination | | 17 (*4,3) 3.2 4.0
I I I I
0 50 100 150

best fit oy (fb)
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ATLAS 1L/2L0S results

e Analysis strategy:
- Key point: estimation of the tt+jets/b background, challenging to get from MC
- Use events with tt+2b events to derive pre-fit correlation factor classifying the events

4b

3bV

3bH

3bL

2b

according to the flavour of the particle jets

- Sequential reweightings in Njets, Niarge jets, Ht, AR(jj)

- Sighal region: exactly one lepton, at least 7(5) jets with at least 3 b-jets in the 1L(2LOS) channel
- Split in numbers of jets, b-jets: 12 (9) regions for 1L(2LOS) channel

609 70% 359
Name Nb e NbU‘ Nz T
2b - =2 -
3bL <2 =3 E
3bH — 3 = 3 = 3
3bV =3 =3 > 4
>4b (2LOS) >4 E
4b (1L) - =4 .
>5b (1L) E >3 E
1L 2LOS
a s s a s =
| i _ b 24b | | Signal regions
e s Signal regions ——---1 i i |
| : a At it ———
| | | | | |
_____________ b 3bV i Validation regions
i i . l | [
i Validation regions | [T T [T I
————————————— f e 3bH i | i
i i I +---—- Control regions ------4--------------
_____________ S i e __S— | | |
: Controllreglons i 3bL i | i
| | S S — L I I
------------- O e i i i
tt+jets kinematic reweighting regions 2b tt+jgts kinematic rgweighting ’egions
i i i | | |
7j 8j 9 >10j 5j 7] >8;

IlIlll]lllllll]lllllll]lll llll
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2 | 1L>8j3b 7/ Uncertainty i ~ | tt+jets corrected M tt+>1b [Enon-tt |
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- - - = 8000~ -
a . i i i
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Events

Data / Pred.

ATLAS 1L/2L0S results

160,—]]]']]]']IIIIIIIIIIIIIIIIIIIIIIIIIIIII

Wttt [Jtt+light
[Jit+>1c [ltt+>1b
[Onon-tt 77 Uncertainty
*: normalised to tot. bkg.

STy /7’9‘/,"79‘/ . /v’-ﬁ///#—u‘m«vﬁ:‘ v rquy‘F

¢ Data -ttt *

vl b b Lo 19

Illllllll

.

. . }3
e Signal extraction: e o e
—— — — T ,of 5=13Tev, 139 b
- BDT trained to separate tttt from tt/ tt+X background - Signal regrs
L 1L>10j,
- . . - . . . . 120~ X
- Profile likelihood fit of the CR and SR regions including systematics: - Postil
. . . . R . 100[—
- Main systematics: signal modelling, tt+b modelling -
Name Description 80 = 1
2. b-tag  Sum of pseudo-continuous h-tagging score over the six 60
jets with the highest score
Niets Number of jets 40
AR}, Minimum AR between all pairs of b-tagged jets
H%u Scalar sum of all jet and lepton transverse momenta . 20
c! Centrality (3}; pr;/ 2.; E;) of the leptons and jets EXpeCted ) 1 ) O G
pdoT tum of the leading jet . 5 O
ZTR . l\;fm.sverse momentum o e. eading je . Obse rved . 1 . 9 O‘ g . sE
bt inimum AR between all pairs of b-tagged jets and leptons a -
AR;}’g Average AR between all pairs of jets g 1“
m;; Invariant mass of the closest triplet of jets o 0'55_
E™  Missing transverse momentum 1
m¥v W reconstructed transverse mass m (¢, E'T“iss) (1L)
N rjes Number of large-R jets with a mass above 100 GeV
2. ds Sum of the first k, splitting scale d,, of all large-R jets
2. dy Sum of the second k, splitting scale d,; of all large-R jets
T | | | | T | | T | T i T T T T T | T T
- ATLAS ¢ Data - fitt* 3 ATLAS ¢ Data - titt”
105 k Vs =13 TeV, 139 b’ .titf |:|t§+|ight i a0 Vs =13 TeV, 139 fio! .l‘Etf [lti+|ight
F 1L Ctt+>1c  [@tt+>1b 3 2LOS CJtt+>1c  @tt+=>1b
Post-Fit Enon-tt 7 Uncertainty ] 10* F Post-Fit @non-tt 2 Uncertainty
- “:normalised to tot. bkg. | i *: normalised to tot. bkg.
10° —e 3
10° U cemmnnnd
10° 102
10
10
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1 8 1.25}
0.75 o | e @ @ rnimin il mini A ey e e e Lo
o 0.75F
2 3 & 5 v » % % § © ©& © =@
@ 9 2 9 8 8 g 5 3 A A A8 2 » @ & B = T 3T 7
© o o 9w & g N ° 2@ 9 R S} ® @ ® AL Al AL
Al Al A © N ‘ﬁ © N 9 © N Q

F. Déliot, top LHC France, 16-MAY-23

08 06 -04 02 0 02 04 06 08 1

BDT Score
Pre-fit impact on u:

Post-fit impact on pu:
6 = 8+AD 0 = 8-AD

—e— Nuis. Param. Pull

tttt cross section

tttt PS choice

ttbb 5FS vs. 4FS

tt+>1c normalisation

tttt poand p_

b-tagging: light jets mis-tag rates EVO
ttbb generator choice shape

tt+>3b normalisation

tt+jets reweighting: non-tt subtraction
tt+> 1c generator choice shape
tt+>3b 5FS vs. 4FS

ttB normalisation
JES modelling EV1
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ttH + jets cross section
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Events

Data / Bkg.

ATLAS 1L/2LO0S + 2LSS/3L combination

e Combined likelihood fit to 1L/2LOS channel and the old multilepton result
- tt+jets systematic uncorrelated, other systematics correlated

p=2.0+04(stat) "0 7 (syst.) =2.008

I I I | I I I I | I | I I I I I I I 5 +7 — 1 I I 1 1 | I 1 1 | I 1 I 1 1 1 | 1 | | I 1 I —
B ' | | ] o =24 +4(stat) " (syst.)fb=24" b £ E | ' ' ' | E
105; ATLAS ¢ Data = il (stat.) 4 (syst.) -6 § - ATLAS ¢ Data -
" 15 =13 TeV, 130 fb” signal (u=1.0) - O sl 15=13TeV, 139 fo" signal (u=1.0)  _
10 = Background = ob d. 4' - - Post-Fit Background ]
- | = . PR
- @ . //// Bkg UnC. - Serve . . O- 104 E_ . 7/// Bkg UnC _§
10° +|_ﬁ=!= = 10° _ -
- - ATLAS (s =13 TeV, 139 fb” - _L .
UL UL IR LR LRI B IR LR IR IR B _
i | — tot. titt 2
21— — 10 = =
10 - - stat. Tot. ( Stat., Syst.) Obs. Sig. - =
i s 1L2L0S| b——e—— 22 53 (57 .05) 190 10 =
16E — |!( !1!0)! !Bk! ! = E. e e b e !I!—
OF signal (u=1.0) + Bkg. — ) ) S 3 _ - =
145 __ ignal (u =2.2) + Bkg &= 2LSS/3L Fo— 20 '0e (o4 s os) 430 |5 ar s!gnal (n=1.0) + Bkg. .
1 oE Mo ' = — 3 — signal (u_=2.0) + Bkg. j .
1: ......................................................................... % 2__ fit —
—2:5 —2 -1.5 o —11 o -0.5 : Combined - & —i 2.0 igg ( tgi d ig; ) 4.7 ¢ = _12 5 -.- -_'2 : -‘- _115 — _11 — _O' 5 — o — 0-5
B T T T T S 0g,(S/B)
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New CMS result in the multilepton channel

CMS-PAS-TOP-22-01

e Re-analysis of the full Run 2 dataset Symbol _Definiton o
1 epton
- Two same-sign leptons, three leptons, four leptons W Absolute value of the lepion

- Benefit from improvements in b-tagging and fake lepton rejections I%xl;d ieiaﬁVeisollaﬁonusingaﬁxedddistar:;:eAI; <04 o
. . g . ¢ elative isolation using a pr-dependent distance and includin
- BDT trained to distinguish between prompt and nonprompt leptons " only charged particles °
s Relative isolation using a pr-dependent distance and including

only neutral particles

Neh(jpear) Number of charged particles associated with the jet

e dataset split by lepton multiplicity
- Jets an b-jets multiplicity to define SR and CR Y Nonprompt

ptic Ratio of the lepton py to the nearest jet pr, pr(£)/Pr(jnear)s OF
1/(1 + Ixd) if no nearest jet is found

- Train 2 multiclass BDTs (2LSS, 3L/4L) to separate signal from tt+X and tt [l e ottt n direction ransverse o the
e . - . . arge Mis near
- tt+X estimated from MC with some normalisation from data ’ D) (jnear) ~ DEEPJET score of the nearest jet

log|d,,| Distance of closest approach of the lepton track to the PV in the

- QmisID and non prompt background from data

transverse plane
log|d,| Distance of closest approach of the lepton track to the PV in the

longitudinal plane
d/od Significance of the distance of closest approach of the lepton track
to the PV
Py Electron ID discriminant
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e Background from non prompt leptons:
- Evaluated using the tight-to-loose ratio method
- fake rates measured in multijet data events

Other backgrounds

e Background from charge mis-id electrons:
- Charge misID probabilities measured in MC

- applied in regions with loose lepton requirements - (e:\cl)g:]echtlon factors applied to these measured in Z OS / SS
-
> o ttt events
SR - Cross section around 1 fb (small but very signal like)

5 - Normalised to the LO cross section

" - 20% uncertainties

z ? W ! ¢

Loose Tight

¢, 1D
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e Includes all CR and SR
- SR further split into three subregions tttt , tt+X , tt based on the highest value of three BDT scores
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BDT score tttt

Symbol Definition
max; DJ Second-highest DEEPJET score of any jet
AR(£4,£,) AR between leading and subleading lepton
minAR(b,b)  Smallest AR between any two b jets
min, AR(£,b)  Second smallest AR between any lepton and b jet
Ap(£,,€,) t A¢ between leading and subleading lepton
min; AR(£,b)t Smallest AR between any lepton and b jet
m(ty) Invariant mass of any three jets, of which one is a b jet, that is closest to the top
quark mass
max; DJ Third-highest DEEPJET score of any jet
DJ(j,) DEEPJET score of the leading jet
m(W,) Invariant mass of any two jets used for m(t, ) that is closest to the W boson mass
pr(j;,) 1 Fourth-highest py of any jet
DJ(j,) DEEPJET score of the subleading jet
Prijs) Fifth-highest p; of any jet
Hy Scalar sum of py of all jets
pr(£,) 1 Second-highest py of any lepton
DJ(j;) 1 DEEPJET score of the jet with the third-highest py
my(£,) Transverse mass of the leading lepton and p7"**
priy) Highest py of any jet
pr(£,) Highest py of any lepton
piss Missing transverse momentum
m¢(£,) 1 Transverse mass of the subleading lepton and pJ*=
pr(j,) 1 Second-highest py of any jet
m(t,) T Invariant mass of any three jets, of which one is a b jet and none of which is used
for m(t,), that is closest to the top quark mass
N; Number of jets
my,(b) 1 my, variable constructed from the leading and subleading b jet
mp(£+b) t mq, variable constructed from two lepton+jet systems built with the leading two
leptons and the leading two b jets
N: ght Number of jets passing the “tight” DEEPJET working point (tighter than in the
event selection)
m(W,) 1 Invariant mass of any two jets used for m(t,) that is closest to the W boson mass
max; D] 1 Fourth-highest DEEPJET score of any jet
Npedium — + Number of jets passing the “medium” DEEPJET working point (tighter than in
the event selection, but looser than “tight”)
pr(£3) 1 Third-highest p; of any lepton
pr(j;) 1 Third-highest p; of any jet
mp(£) 1 myy variable constructed from the leading and subleading lepton
DJ(j,) 1 DEEPJET score of the jet with the fourth-highest py
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Results: 4top observation

Obs. (exp.) = =
Channel significance c(pp — tttt)
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Fit constraint (exp.)

Additional b jets in ttX
b tagging efficiency (b jets)
b tagging efficiency (charm, linear)

Normalization ttZ
JES: Absolute (corr.)

Normalization ttwW
Matrix element scale variations (tttt)

b tagging efficiency (charm, quadratic)
JES: RelativeSample (2018)

b tagging efficiency (light)

Additional jets in ttW

Final-state radiation scale
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MC stat. in bin 3 of SR-3L (tttt, 2016)
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Conclusion

e The past years/months have seen the development of 4top physics
- SM computations

- BSM scenario o
- Since March 2023, ATLAS and CMS have observed tttt production

e This is just the beginning Four Top Quarks' Poem

- Run 3 at 13.6 TeV means 18% higher tttt cross section e L HO's denths. wh s o
) . . - - . . ntne S aepins, wnere pariticieS aance,
Next is first tp see_lf the n_1easured cross section is higher or not compared to the SM Four top quarks emerge, a rare chance,
- Then ttt studies, differential measurements ... Heaviest of all, the secrets they hold,
The universe's mysteries, soon to unfold.

Advancements in techniques, signals refined,
With Graph Neural Networks, clarity we find,
Six point one standard deviations amassed,
A threshold surpassed, discovery at last.

&s New doors now opened, as we further explore,
N The cosmic labyrinth, seeking truths to implore,
R With future endeavors, our knowledge expands,
Unveiling the secrets, the universe commands.

ChatGPT

A recent review (pre-observation)
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