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SMEFT in a nutshell
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Top Quark Production Cross Section Measurements Status: November 2022
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Four tops in SMEFT: interference
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Four tops in SMEFT: interference
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Four tops in SMEFT

4-heavy
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Who said what?

- Cao, Chen, Liu, arXiv: 1602.01934
“.. be careful at LO SM”

- Frederix, Pagani, Zaro, arXiv: 1711.02116
“.. be careful at NLO SM”

- Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang, arXiv: 2008.11743
“.. be careful at SMEFT for some operators”

- Aoude, HF, Maltoni, Vryonidou, arXiv: 2208.04962
“..we are being careful at SMEFT for all operators”™

.. and a lot of other work considering four-fermion operators/ four tops in SMEFT [arXiv:1010.6304, 1708.05928,
1903.07725, 2010.05915, 2104.09512, ..]
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And for all dimension-six operators..
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And for all dimension-six operators..
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And for all dimension-six operators: summary
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..where sub-leading interference is important

all 4-heavy and {(9%2, Oty, O, Q(ng), Oyt Opc}




On the interference structure
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On the interference structure
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On the interference structure
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On the interference structure:

summary
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Toy fits and bounds
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4-heavy
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4-heavy
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4-heavy
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Double insertions

|
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Double insertions of dimension-six

Constraining gqtt operators from four-top production:
a case for enhanced EFT sensitivity

Cen Zhang(7K%)!
1 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

Abstract: Recently, experimental collaborations have reported (O(10) upper limits on the signal strength of four-
top production at the LHC. Surprisingly, we find that the constraining power of four-top production on the qqtt
type of operators is already competitive with the measurements of top-pair production, even though the precision
level of the latter is more than two orders of magnitude better. This is explained by the enhanced sensitivity of the
four-top cross section to gqtt operators, due to multiple insertion of operators in the squared amplitude, and to the
large threshold energy of four-top production. We point out that even though the dominant contribution beyond
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Reminder and a question
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Reminder and a question

A= Asm + A(dﬁ) e (A<d6>2 + Aas) )
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Double insertions of dimension-six

2-heavy 2-light at ¢;=1

Vs =13 TeV v/ =100 TeV
O;  |A? [fo] 3, O(A2)i [fo] ratio | A2 [fb] Y, O(A2)x [fb] ratio
oy 027 0.01 0.04 6.40 0.40 0.06
Ogy  0.28 0.05 0.18 6.36 0.63 0.10
0%, D21 0.03 0.14 5.34 0.50 0.09
o2 0.34 0.06 0.18 8.44 0.76 0.09
0;,  0.13 0.03 0.23 3.13 0.35 0.11
()4 0.17 0.03 0.18 3.97 0.41 0.10
@A 0.10 0.02 0.20 2.18 0.27 0.12
O 1.84 0.15 0.08 | 46.98 5.49 0.12
O 1.84 0.08 0.04 | 47.35 0.81 0.02
%, 1.14 0.06 0.05 | 29.94 2.83 0.09
o, 1.80 0.14 0.08 | 46.54 6.33 0.14
oL,  0.70 0.08 0.11 | 17.55 2.15 0.12
O}, 1.11 0.04 0.04 | 29.10 2.48 0.09
(358 0.68 0.05 0.07 | 17.44 1.79 0.10

Ratios of double insertions to
quadratic contributions

Given the bounds by SMEFiT
[2105.00006]
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Double insertions of dimension-six

2-heavy 2-light at ¢;=1

Vs =13 TeV v/ =100 TeV

O;  |A1]? [fb] >k O(A2)k [fb] ratio | |A1|? [fb] > x O(A2)k [fb] ratio
oy 027 0.01 0.04 6.40 0.40 0.06
Ogs  0.28 0.05 0.18 6.36 0.63 0.10
0%, 021 0.03 0.14 5.34 0.50 0.09
oz 0.34 0.06 0.18 8.44 0.76 0.09
0%, 013 0.03 0.23 3.13 0.35 0.11
O3, 0.17 0.03 0.18 3.97 0.41 0.10
03, 0.10 0.02 0.20 2.18 0.27 0.12

5 1.84 0.15 0.08 | 46.98 5.49 0.12
OGa 1.84 0.08 0.04 | 47.35 0.81 0.02
%, 1.14 0.06 0.05 | 29.94 2.83 0.09
o, 1.80 0.14 0.08 | 46.54 6.33 0.14
0L,  0.70 0.08 0.11 | 17.55 2.15 0.12
O}, 1.11 0.04 0.04 | 29.10 2.48 0.09
(358 0.68 0.05 0.07 | 17.44 1.79 0.10

Ratios of double insertions to
quadratic contributions

Given the bounds by SMEFiT
[2105.000006]
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Summary

Linear+quadratic
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- subleading interference in SMEFT is key for four tops
- differential information are important for four-fermion operators

- 2H2L are better constrained somewhere else
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