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SMEFT for the top

Standard Model Effective Field Theory

systematically parametrizes the theory space
in direct vicinity of the SM

» based on SM fields and symmetries
> in a low-energy limit
» systematic (and renormalizable) when global

BSM; BSM, BSM;

(...) if one writes down the most general
possible Lagrangian, including all terms
consistent with assumed symmetry
principles, (...) the result will simply be the EFT
most general possible S-matrix consistent
with analyticity, perturbative unitarity, SM
cluster decomposition and the assumed T I

energy

symmetry.  [Phenomenological
Lagrangians, Weinberg '79]

measurements
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WWWW |\WWZZ|ZZZZ |\ WWAZ |WWAA |ZZZA |ZZAA|ZAAA|AAAA
Os,0, Os,1 X X X
Owm,0, O, 1,06 ,0m,7 X X X X X X X
Om2 ,0m3, Oma ,Oms X X X X X X
Or,0 ,01,1 ,071,2 X X X X X X X X X
Ors Oro ,Orr X X X X X | X X X
Org ,Orp9 X X X X X
TABLE II: Quartic vertices modified by each dimension-8 operator are marked with X.
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LHC Top WG EFT recommendation

Interpreting top-quark LHC measurements
in the standard-model effective field theory

J. A. Aguilar Saavedra,! C.Degrande,? G. Durieux,?
F.Maltoni,* E. Vryonidou,? C.Zhang® (editors),
D. Barducci,’ I. Brivio,” V. Cirigliano,® W. Dekens,*® J. de Vries,'* C. Englert,"!
M. Fabbrichesi,'? C. Grojean,'? U. Haisch,>'* Y. Jiang,” J. Kamenik, %'
M. Mangano,? D. Marzocca,'? E. Mereghetti,® K. Mimasu,* L. Moore,* G. Perez,'”
T.Plehn,'® F. Riva,2 M. Russell,'® J. Santiago,'® M. Schulze,'® Y. Soreq,?
A.Tonero,?* M. Trott,” S. Westhoff,’® C. White,?? A. Wulzer,22*?* J. Zupan.?

Abstract

This note proposes common standards and prescriptions for the cffective-ficld-theory in-
torpretation of top-quark measurcments at the LHC.
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Interpreting top LHC measurements

e Reduce the number of OPs to start with (avoid 500+ 4-fermion
OPs):
Baseline U(2)q x U(2)y x U(2)4: ~
Forces the first two generation to appear as qq, tu, dd.

Extended U(2)gtd4u:
Allows right-handed td and light chirality flipping ones qu, gd.

Restricted Top-philic:
All operators with SM bosons and (just) top. (and reduced to

Warsaw basis)

Cen Zhang (IHEP) Top EFT fit Feb. 11



SMEFT for the top

Interpreting top LHC measurements

e Reduce the number of OPs to start with (avoid 500+ 4-fermion
OPs):
Baseline U(2)q x U(2)y x U(2)4: ~
Forces the first two generation to appear as qq, tu, dd.

Extended U(2)gtd4u:
Allows right-handed td and light chirality flipping ones qu, gd.

Restricted Top-philic:
All operators with SM bosons and (just) top. (and reduced to

Warsaw basis)

e Define the relevant degrees of freedom natural for top physics,
and fix notations.
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Top-specific d.o.f. definitions

Match SM interference structures
and interactions with physical gauge bosons
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SMEFT for the top

Interpreting top LHC measurements

e Reduce the number of OPs to start with (avoid 500+ 4-fermion
OPs):
Baseline U(2)q x U(2)u x U(2)q4: ~
Forces the first two generation to appear as qq, uu, dd.
Extended U(2)gtd4u:
Allows right-handed td and light chirality flipping ones qu, gd.
Restricted Top-philic:
All operators with SM bosons and (just) top. (and reduced to
Warsaw basis)

e Define the relevant degrees of freedom natural for top physics,
and fix notations.

e Provide simulation tools and benchmarks: DIM6TOP

https://feynrules.irmp.ucl.ac.be/wiki/dimétop

e Strategy, EFT validity, indicative constraints,. ..
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The SMEFIT framework

Notation Sensitivity at O(A™2) (O(A™*))

@ | single-top | oW | 1z | aw | dz | an | a | b
e In collaboration with s e
Nathan P. Hartland, one e
Fabio Maltoni, e ‘
Emanuele R. Nocera, o 1.
Juan Rojo, Emma Slade, s A
Eleni Vryonidou. | 7 ArAFaFr
oO11qq | [v] V|| v v Y
e Theory framework consistent Sl DA A I A DA DA DA
with the LHC Top WG EFT | ol o le
recommendation. S A mlalels
[J. Aguilar Saavedra et al.,'18] :: [j] [j: [j: j j
e Fitting approach based on -] AN M
NNPDF. —— AR
e TH predictions for EFT o @ jofal)
generated at NLO with o @ jom
MADGRAPH5 AMC@NLO. b ; ]
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The SMEFIT framework

Theory Data
(N)NLO QCD+ NLO EW for SM Top pair production and single top (differential)
NLO QCD for SMEFT Associated production with W,Z,H
State-of-the-art PDFs without top data W helicity fractions, asymmetries
Parton-level
Global SMEFT fit
of the top-quark sector \
Based on NNPDF Fit results can be used to bound
Faithful uncertainty estimate specific UV complete models
Avoid under- and over-fitting New data can be straightforwardly added
Validated on pseudo-data (closure test) Plan to extend to Higgs, gauge sector etc
Methodology Output

from talk by E. Vryonidou
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Theory
e SM and EFT predictions

Procoss | sM_ | Code | SMEFT | code
- MCFM/SHERPA NL
i ‘ NNLO QCD ‘ / 0 NLO QCD MG5_aliC
| | + NNLO K-factors
MCFM NL{
single-t (t-ch) ‘ NNLO QCD ‘ 0 NLO QCD MG5_alC
| | + NNLO K-factors
single-t (s-ch) | NLO QCD | MCFM | NLO QCD | Mes_anc
W | NLoqep | MG5_aNC | NLO QCD | Mes_anc
tZ ‘ NLO QCD ‘ MG5_aMC LO QCD MGS5_aMC
| | + NLO SM K-factors
_ LO QCD
t#W(Z) ‘ NLO QCD MG5_aMC Q MG5_aMC
| + NLO SM K-factors
tth ‘ NLO QCD MG5_aMC LO QCDb MGS_aMC
| + NLO SM K-factors
it ‘ NLO QCD ‘ MG5_akC Lo qcb MGS_akiC
| | + NLO SM K-factors
ttbb ‘ NLO QCD ‘ MG5_aMC Lo Qeb MGS5_aMC
| | + NLO SM K-factors

Table 3.4. Summary of the theoretical calenlations used for the description of the LHC top produc-
tion cross-sections included in the present analysis. We indicate, for both the SM and the SMEFT
contributions to the cross-sections, the perturbative accuracy and the codes used to produce the cor-
responding predictions.

e NNPDF3.1 PDF set without any top data to avoid double
counting.
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Global fit for LHC
Theory

SMEFT predictions based on previous works

Processes Operators Refs
FCNC production tgX, X =9,v,Z,h [Degrande,Maltoni, Wang,CZ,'14]
tt chromo-dipole [D.B.Franzosi,CZ,'15]

single t (s-&t-channel+tW)  tbW couplings

[CZ16]

tZ,ttv,(gg — HZ) X, X =2,~v,9 [O.B.Bylund et al,'16]

ttH chromo, ggH, top Yukawa [Viryonidou,Maltoni,CZ,'16]
ete™ = tt ttX, 4-fermion [G. Durieux,17]

(Higgs production) EW/Higgs [C. Degrande et al.,'16]
tHj, tZj, (t~j) all above plus EW and Higgs plus 4-fermion  [C.Degrande et al.,'18]

Automated in MG5_aMC
Still missing titt and ftbb, = use SM K factors.
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Data

Process | Dataset | v | Info | Observables | Naw
_ ) do/dly, do/agf, | 5,8,
| NILAStt_8TeV.ljets | 8TeV | leptontiets
dafdme, dofdyd] | 7,5
N dofdy., dofdp!, | 10,8,
i CMS_tt_8TeV_ljets | 8 TeV | lepton-jets /s, do[dp 0,8,
dofdme;, do/dye; | 7,10 Process Dataset | v | meo | Observables | Naw
o dyedp? 16, Single ¢t | CMS_t_tch_8TeV_inc ‘ 8 TeV | t-channel ‘ Gl ow® R) | 2(1)
N &odyedm, 16,
I QS_tt2D_8TeV_dilep | 8 TeV dileptons /. Single ¢ ous_t_sch_sTev | 87TeV | s-channel | Guot(t + 1) | 1
o /dpldmy:, 16,
Podydmes 1 Single t | ATLAS_t_sch_8TeV ‘ 8 TeV | s-channel | Cran(t+1) [ 1
. do /d|y:|, do/dpT. 7,9, do(tq)/dpt, do(tq)/dp} | 5,4
@ OMS_tt_13TeV_1jets | 13 TeV | lepton-ets /i, do/dpi Single ¢t | ATLAS_t_tch_8TeV | 8 TV | t-channel (t9)/dpi (})/ o
do/dmy; do/dlys| | 86 do(tq)/dy., do(te)/dy. | 4,4
. do/dly, do/dpf, | 11,12, Single ¢ ATLAS_t_tch_13TeV | 13 TeV | t-channel Troe(t), oron(E) (Re
t ‘ CMS_tt_13TeV_1jets2 ‘13 ch‘ lopton-Hets ‘ /i, do/dy Single _t_teh_13Te] ‘ 3 | ehenne | Orom@) (R) | 2(1)
dofdmes, do/dlyed] | 10, 10 -
fdmes, do/diyel Single ¢ | OHS_t_toh_13TeV_inc | 18 TeV | tcbamel | w6+ (R) | 1(1)
~ dody., do/dpT, | 8,6,
@ GMS_tt_13TeV_dilep | 13 TeV |  dileptons o/ dy, do (dp: do /i, | s
dajdme, dofdy: | 6,8 Single ¢ | CHS_t_tch_8TeV_dif | 8 TeV | t-channel o) ‘
do/dly 6
I ATLAS VhelF 6TeV | 8 TeV | W helicity fract | Fo, Fu, 3
‘ — | ‘ it | Roriha | Single ¢ | CMS_t_tch_13TeV_dif | 13 TeV | t-channel dodp . N
@ | ousimew erev | 8Tev | Whelicy ract | R,FFa 3 nele -t behASTel A e do/dly®?)| N
W ATLAS_ti_inc_8TeV | 8 TeV | inclusive | S (tW) | 1
Process | Dataset | v Info Observables | Naa:
— — W S _ti_tnc 8TeV | 8 TeV | inclusive | Feon(tW) | 1
@6 | oMs_wwb1stev | 13TV | total xsec cunltlth) | 1
— — w KTLAS ti_tnc_13TeV | 18 TV | inclusive | et (tW) [ 1
@ | oMseere1stev | 18TV | totalxsec | owe(tD) | 1
= = W CHS_ti_inc_13TeV | 13 TeV | inclusive | T (tW) | 1
7 | aswzeistev | s+18Tov | totalxsec | owltiz) | 2
- - 1z U5_t7_inc_13TeV | 13 TeV | inclusive | oma(Wb'ITq) | 1
(2| ATLAS_t02.8_13TeV | 8418 ToV | total xsec owiz) | 2
| o o ister | 8413 TV | total e oty | 2 iz ATLAS_tZ_inc_13TeV ‘ 13 TeV | inclusive | o1 (tZg) [ 1
W | ATLAS_tt4_8_13TeV | 8418 ToV | total xsec cwW) | 2
i CMS_tth_13TeV 13 TeV | signal strength wen | 1
H#H | MTLAS ten 13TV | 13 TeV | total xsec cetH) | 1

Cen Zhang (IHEP) Top EFT fit Feb. 11 18



Global fit for LHC

Methodology

e The MC replica method:

e Construct a sampling of the probability distribution in the
space of the experimental data.

¢ Translate them into a sampling of the probability distribution
in the space of the SMEFT parameters, by minimisation of
the error function

B({¢")) = ﬁ > (0 ({}) = 0O (cov )55 (05 ({¢f}) — OF®)
at g j=1

e Cross validation to avoid over-fitting: for each replica, the data is
randomly split with equal probability into the training and
validation sets.

e Closure test: feed in pseudo-data generated with known EFT
parameters, and the fitter should reproduce the correct
parameters.

Cen Zhang (IHEP) Top EFT fit Feb. 11
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Validation

Left Minimisation and stopping: in each MC replica, data is
randomly split into training and validation sets. The latter is
monitored during the fit, to avoid over-fitting.

Right Closure test: Pseudo-data generated a BSM assumption:
c8 /N2 = 20 TeV~2, is successfully reproduced by the fit.

-~ Stopping point SMvalue
—— Training 95Y confidence interval
250 — Validation 2

w 150 / S

100 10

0 500 1000 1500 2000 2500 3000
Iteration number
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Results

SMEFit analysis of LHC top quark data

mmm SMEFIT global (marginalised)
" SMEFIT individual
" LHCtopWG EFT note

95% Confidence Level Bounds (1/TeV?)

95% CL bound on 34 DOFs. With correlation =
Gray Marginalised
Red Individual
Blue Previous bounds
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Results

SMEFIT analysis of LHC top quark data

- SMEFIT NLO, 0(A~*)

e NLOvs.LO =y
| SMx Dim6.+Dime? |

vs. | SMxDim6 only

Cioj
- USM+Z ioj

95% Confidence Level Bounds (1/TeV?)

L S0 GG opt) AR ARSI S GOS8 S
— N4
Ui

SMEFit analysis of LHC top quark data

- SMEFIT, Baseline dataset

- SMEFIT, no M; data
- SMEFIT, only inclusive  deta

® |/, distribution (with
bins above 1 TeV,
potentially dangerous
for Ngsy ~ 1 TeV)
VS. Vit

95% Confidence Level Bounds (1/TeV2)
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Summary

e The SMEFiT fitting framework is ideal for global SMEFT
analysis.

o A first study including top quark data at LHC Run Il has
been presented.

e More constraints will be taken into account in the future.
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Thank you for your attention
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SMEFT for the top

e Quote limits as a function of Ecut [Contino, Falkowski,Goertz,Grojean,Riva,’16]
o Assess the validity of matching to models.

Global fit for LHC

/N

Ci(Eeut/N)? = cst
Ci(Eeut/4mA)? = cst

linear limit

quadratic limit

E2

cut

e Compare with perturbativity.
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