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" tttt production at HL-LHC
B Stat. Uncert. only
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Expected Significance (s.d.)
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Integrated Luminosity (fb™)

Projections SS dileptons/multileptons:
ATLAS ATL-PHYS-PUB-2018-047
CMS PAS FTR-18-031

See also the HL-LHC/HE-LHC Yellow Reports
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Production of four top quarks is being actively examined by ATLAS and CMS collaboration.
O iIn SM (NLO QCD+EWK) 12 fb, and very sensitive to modifications from BSM

HIJHK*BEK@J*QR*
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ILK*@ABR*
0":M#%("#OQR* @a@ QaR @A*2M QQ*2M Bal®a@, BQ@B&2M
218
ILK*mfQIKK@J* : .
BQ‘*Zﬁ? @ @@ai*2M B@aR;, @M
. . CMS 137 ' (13 TeV)
« With large LHC Run 2 dataset, CMS has 2.6 standard deviations o] = Commesmer it '
excess, and measurement of Aoy /0=45% means CMS can e Predcid s oecion

constrain |y/ySM| < 1.7 at 95% C.L. ®

« Collaborations are interpreting oy beyond just the SM value, in EFT 2=»{
and various BSM models %

« HL-LHC: single channel observation possible at 5 standard deviations X
(in multilepton/SS dilepton channel) with 10%ish uncertainties on oy

............................
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Table 5: Expected and observed 95% CL intervals for selected coupling parameters. The in-
tervals are extracted from upper limit on the tttt production cross section in the EFT model,
where only one selected operator has a nonvanishing contribution.

Operator Expected C;/ A2 (TeV~2) Observed (TeV?) C%

oL [—2.0,1.8] [—2.1,2.0] \*E

Obo [—2.0,1.8] [—2.2,2.0] E

Oét [—3.3,3.2] [—3.5,3.5] Ll

Ogt [-7.3,6.1] [—7.9, 6.6]

1+Ao/o

Table 6: Expected and observed 95% CL intervals for selected coupling parameters when con-,
tribution of other operators is marginalized.

Operator Expected C,/ A2 (TeV=2) Observed (TeV?2)

0
oL [-2.0,1.9] [-2.2,2.1]
Obo [—2.0,1.9] [—2.2,2.0]
Oy [—-34,3.3] [-3.7,3.5]
O, [~7.4,6.3] [—8.0, 6.8]
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18"$$*$,0%("#*93: (#"$(% 7+$0'9(#)* BH/X

process 14 TeV/13TeV 27 TeV /13 TeV

tt NLO 1.19 462
tttt NLO 1.33 12.79
ttH NLO 1.24 5.75

ttW NLO 1.16 3.68
ttZ NLO 1.21 5.62
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| t&®@in EFT approach

m SM Lagrangian is augmented by composite operators of the SM pe

m Lowest dimension EFT operators contributing pp ! t#& @ have d=6

t

operators contributing topp ! t@ @ oY
= color singlet coupling RH tops: on ¢ '
Or = (&kYutr) (BRYutR) t
m color singlet cou#)l.ing LH taps and bottoms: 000 ~—~__ .
Ofl) = 8v.Q &+.,Q b !

m color ogtet coupling#LH tops and#bottoms: P

OES) = @, TQL G, TQ
m color singlet coupling, LH tops#and bottoms b

and RH tops:Oél) = 8 v,QL (Tkyutr) J
= color octet coupling LH tops and bottomg,and  example 4-fermion

RH tops: O = @7, TAQ. 8k, T tr EFT diagrams

" D. Lontkovskyi (VUB) 7/6
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I O;” and O;” correlation

Two operators have identicait @

terms: ,m<
m color singlet coupling LH tops e
and bogtoms:

1
O( ) = @L ,LLQL @L ,LLQL b 0® t

L
m color octet coupling LH tops an —>—< .

8
pottoms: O(L..)| =
' I T A A This type of diagram does not contribute at LO, when 4FS (standard)
@L K QL QL ,u QL PDFs are used!

1# ! . $ .
Ofl) =5 (@ ) (el ut)+ B Mbe B b+ (| ft) B! by

. " g %0 & %

O( ) = (2{_' MtL) (tZ{_' pt) + 8L' hp Bl ube + g ATAY BT Ab
lI 1]

(g! “tL) BL MbL and q1 KT At B!, TAb. contributions are

suppressed by PDFs, therefore two operators have strong correlation.

D. Lontkovskyi (VUB) 1/6
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HIJHK*KEK39%(9,-%"#$

Regionname Nj Np N Leptoncharges Kinematic criteria Source SR1b2¢ SR2b2¢ SR3b2¢ L SR3b2¢
VR1b2! 11 1 2 ++ or™ 400< Hr < 2400GeV orE'T“'SS< 40 GeV
SR1b2! M1 1 2 ++or™ Hr > 1000GeV andE"sS > 180GeV tav 2.04+0.14+049 2.68+0.15+0.55 095+0.11 £0.31 0.40+0.06+0.10
VR2b2! 12 2 2 4ror™  Hr>400GeV 74 0.58£0.08+0.10 0.95+0.11+0.17 0.72+0.11 £0.19 0.11 +0.05 *313
SR2! '2 2 2 #vor™  Hr>1200GeVandEy s> 40Gev Dibosons 32 £15 24 <05 0.13+ 0.13 *037 <05
VR3b2! 13 13 2 ++or™ 400< Hr < 1400GeV orE'™ss < 40 GeV teH 0.56+0.07+£0.07 0.57+0.10£0.09 091+£0.11 £0.22 0.19+0.05+0.07
| 1 1 " miss
Shes T 13 13 5 v e 1rbocesandEmes tooser 1ap 0.10£0.01£0.05 044+£0.03£023 1.46=0.05+0.74 0.75+0.04 +0.38
VR 11 1 3 any  400< Hr < 2000GeV OrEM < 40GeV Other bkg 052+0.07+0.14  0.68=0.09£0.24 047 +0.08 +0.18 0.20 +0.04 + 0.06
SR1b3! 1103 any Hr > 1000GeV andEfss > 140Gev Fake/non-prompt 4.1 *18+24 25 9+11 12 *§9+06 020 *355+0.16
VR2b3! r2 2 3 any 400< Hy < 2400GeV orENss < 40 GeV Charge mis-ID 1.17+0.10+£0.27 1.29+0.10+0.28 0.32+0.04 £+0.09 0.21 +0.04 +0.04
SR2b3! r2 2 3 any Hr > 1200GeV andEf™ss > 100GeV > > s s
+<. +1. +1. +0.
— '3 13 3 any My > 400GeV Total bkg 123 22434 91 *12:12 62 f9x12 20 *95=:03
SR® L !5 13 3 any 500< Hr < 1000GeV andEMss > 40 GeV .
SR%3! 13 13 3 any Hr > 1000GeV andEmss S H0Gev Data yield 14 10 12 4
BSM significance 0.31 0.25 1.7 1.1
SM t@Psignificance 0.33 0.38 2.1 1.6
Source SR1b3¢ SR2b3¢ SR3b3¢_L SR3b3¢
tav 0.66 £0.08+0.20 0.38+0.05+0.11 0.21+0.05+ 0.09 0.15+0.04 £0.05
1774 266 +£0.15+0.43 190+0.14+042 2.80+0.17 £ 058 1.47+0.14 +£0.28
Dibosons 23 £07 +1.7  022+0.16 £0.27 <05 <05
teH 0.30£0.04+0.04 0.28+0.05+0.05 0.38+0.06+ 0.07 0.10+0.03£0.02
717 0.06 £0.01+0.03 0.13+£0.02+0.06 0.58+ 0.04 £ 0.29  0.59+0.03 £0.30
Other bkg. 1.37+£0.13+045 0.65+£0.10£0.27 0.17+0.09 £ 0.10 0.31+0.07 +0.11
Fake/non-prompt 1.0 *28+06 014 *337+009 000 338 +008 003 *225+0.00
Total bkg 83 *02+18 37 *08+04 42 22 +£07 27 £02 £05
Data yield 8 4 9 3
BSM significance -0.09 0.14 1.8 0.19
SM t#@@significance -0.07 0.21 2.1 0.6
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