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Effective field theory (EFT)

m So far no evidence of BSM physics at the LHC
m Direct detection might be out of range at A > Ejpc
— Expand SM: L = Loy + Z: /\2
(here: dim-6 expansion, dim-5 and dim-7 would violate lepton/baryon numbers)
m Wilson coefficients ¢; modify the SM vertices
— Deviations visible in SM precision measurements
m Model independent
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EFT interpretations =i HEPHY

m In the top sector, EFT effects can be observed in various final states:
tt, ttZ, ttv, ttH, tZq, ...

m Two ways of using EFT:
1. Re-parametrization of cross section measurements
2. Dedicated EFT measurements

(This talk does not include spin-related observables or FCNC searches)
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Boosted tt at ATLAS New at TOP2021! FATLAS =i HepHy

[ATLAS-CONF-2021-031]

m Measurement of various tt observables in boosted regime

m Single lepton, 2 b-tagged jets, 1 top tag — tt purity > 95%
. . .. 8
m pt of hadronically decaying top sensitive to ¢;c and cgq)
m Jet energy scale calibrated using my
m Dominant uncertainties: tt modeling, b tagging, jet energy calibration
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http://cdsweb.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf
 https://indico.cern.ch/event/1018454/contributions/4339336/
https://indico.cern.ch/event/1018454/contributions/4339315/

Boosted tt at ATLAS New at TOP2021! xATLAS

[ATLAS-CONF-2021-031]

(8)

m Bin contents are parameterised as function of ¢;¢ and Ciq

m C;¢ sensitive to inclusive cross section

(8)
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http://cdsweb.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf
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Boosted tt at ATLAS New at TOP2021! YATLAS =g HEPHY

[ATLAS-CONF-2021-66]
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m Similar measurement in all-jets tt ok 3

m 2 large-radius jets with pr > 500(350) GeV g
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m DNN top tagger
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m Dominant uncertainties: pi[Tev]
statistics, jet-related, modeling
1D EFT limits, ATLAS preliminary, V'S = 13 TeV, L = 139/fb
m EFT interpretation of unfolded pt of had. top <k —— =
L < —
m 1D and 2D limits s ~ —
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 https://indico.cern.ch/event/1018454/contributions/4339336/

tty at CMS New at TOP2021!

[CMS-TOP-18-010], Submitted to JHEP

CMS /|

AL
K/

Single lepton channel

m Backgrounds:
fake v: no match to gen photon/electron
misidentified e: match to gen electron
QCD multijet: non-prompt lepton

m Exp. uncertainties:
Photon identification, Jet energy scale and
resolution, b tagging

m Modelling uncertainties:

ISR/FSR modeling

m Background estimation uncertainties:
Misidentified electrons, hadronic/fake photons,
W+~ background estimation

For analysis details

see Josha's talk
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https://arxiv.org/pdf/2107.01508.pdf
https://indico.cern.ch/event/1018454/contributions/4339327/
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tty at CMS New at TOP2021! | s HERHY

[CMS-TOP-18-010], Submitted to JHEP

m EFT interpretation with pr(7y) at detector level
m Constraints on ¢;z and c!,

m Compatible cross section results from ATLAS but without EFT interpretation
[JHEP 09 (2020) 049]
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https://arxiv.org/pdf/2107.01508.pdf
https://link.springer.com/content/pdf/10.1007/JHEP09(2020)049.pdf

tty combination at CMS New at TOP2021!

CMS

[CMS-TOP-21-004]
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m Similar measurement in dilepton (ete™, utpu~, et uT)
m Dominant uncertainties: Statistical, luminosity, modeling
m Combination with single lepton tightens limits on ¢;7 and Ctlz

— Tightest constraints on ¢;z and c!,
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-004/index.html
 https://indico.cern.ch/event/1018454/contributions/4339353/
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Energy asymmetry in tt at ATLAS ATLAS = !

[CERN-EP-2021-181]

ATLAS Preliminary [Js fiducial i non-fid

50005215 rev, 139 bt

Events

New at TOP2021!

23 MC Stat+Syst

m Usually charge asymmetry measured as rapidity
asymmetry

m Here: measure energy asymmetry in boosted

tt +jet (single lepton)

m 0;: angle of additional jet to z-axis

‘{.‘_' [ T T L T § T T T ]
m AE = E;, — E: energy difference 8 [ATLAS Preliminaryss vacorons.scano |
= 2- --¢-- Data (stat + syst) 7
m Top quark charge from lepton <
m Define asymmetry: -l
Apr — o(0;]AE>0)—o(0;| AE<O) -4i ]
E = 5(9;|[AE>0)+0(6;|AE<0) F ]
m Statistical uncertainty dominates -6 ‘ P ‘ ]
. ) 0 T4 2 314 i
For analysis details see Johannes' talk 8 [rad]
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 https://indico.cern.ch/event/1018454/contributions/4339336/
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Energy asymmetry in tt at ATLAS ATLAS  Zji§ HEPHY

[CERN-EP-2021-181]
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Top + additional leptons at CMS |

[JHEP 03 (2021) 095]

m Signals: ttH, ttlv, ttll, tHq, tllg; multi-lepton analysis

m 35 signal regions (lepton channels + jet multiplicities)

Operators involving two quarks and one or more bosons

m Testing 16 operators (split into ttV and ttll /ttlv) Operator_Defnition we Lead processesaffcied

10;,’4/"’ q,u,qa (g'9) Cig +icly tEH, tHq
. . o' (¢! D D0)@7'9) G0t G0 H, il @, g, tlg
m Direct extraction at detector level o WDl@re) o Ll i, g
oyl [ D (mp)(u,w“u/) Cot H, tilv, ], tilq
. to?g{, (§tiDyp) (@rd;) Cor +ichy, {FH, tilq, tHq
m Background from non-prompt and charge mis-Id leptons o] @eruwont,  awsidy i, g, g
0 (o 7'd)) pW,, Cow +ichy tEH, 11, tHq, tiq
estimated in data 00 @oru) B (s /o + 80 il tHq tllq
i(cwchy — cly) /s
- . . ) . ol (o TAw) ¢Gy, g(;(tmwl iq’; ! 1FH, tHlv, 6, tHq, tlq
DCharge misid. DMlSld, leptons .leoson DTrlboson |:|Conv. .ttH
., Operators involving two quarks and two leptons
= = i V P g qt P!
Wi Wi [t Hta % Total unc. - Obs. Operator  Definition we Lead processes affected
CMS 415107 (13 TeV) , LCMs 41.5 " (13 TeV) o™ @) @erar) o)+ tHlv, 0, tiiq
< 250F- Postiit 4 of“"” @) @arta) o v, 1, tllq
@ 509 Of”k” Ty t;) Ty ur) £ il
ouY (@e@ran) b i, tllg
ol (@7e)) (B ) a il
o) () € (Gur) O gt I, tllq
‘Oa“’k” (Toe)) € (o) o +ic]" ) tHlv, 401, tllq

a
-
}’,—ﬁ —— ™

s 5 oo 3 165 1603 2005 20 S Sz ¥

Dennis Schwarz 12


https://doi.org/10.1007/JHEP03(2021)095

CMs, |
Top + additional leptons at CMS

[JHEP 03 (2021) 095]
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m Obtain 1D and 2D limits — oot 41517 (13 TeV)
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https://doi.org/10.1007/JHEP03(2021)095
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ttZ and ttW at ATLAS ATLAS =i HEPHY

EXPERIMENT HIeH EnErgy prvsics
[PHYS. REV. D 99, 072009 (2019)]

m Measurement of ttZ and ttW cross sections in 2¢, 3¢, 4¢ regions
m Backgrounds: Z+jets, tt + non-prompt or misidentified leptons, WZ, ZZ

m Dominant uncertainties: Modeling of signal and backgrounds, b tagging
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072009

ttZ and ttW at ATLAS

[PHYS. REV. D 99, 072009 (2019)]

ATLAS

EXPERIMENT

Ay
i HEPHY

m Interpretation with re-parameterization of

Ottz

] OperatorS' (’)((;(%, (’)(%, Opt, Orw, Ot
(c(;/)Q — d>O evaluated with céo =0)

m Simultaneous fit of all ttZ regions

m One WC varied at a time
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072009

t/tt +Z at CMS

[CMS-TOP-21-001]

New at TOP2021!

CMs/| @
| N H |
/I‘\\ P Y

Events / bin

Targeted signals: ttZ, tZq, tWZ
MVA distinguishes ttZ (+tWZ)/tZq/background processes
33 inputs: lepton/jet properties, b tagging, event observables

Categorize by maximum value in output nodes
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https://arxiv.org/pdf/2107.13896.pdf

CMS

Q.
=N HEPHY

t/tt +Z at CMS New at TOP2021!

[CMS-TOP-21-001]

m A second MVA separates SM vs EFT scenarios
(separately for ttZ and tZq categories)

m 5 operators considered:
Oth Oth OS?:’Q’ (;Q' Og&t

m Training for single operators and simultaneously (5D)
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https://arxiv.org/pdf/2107.13896.pdf
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t/tt +Z at CMS New at TOP2021! | =i HEPHY

[CMS-TOP-21-001]
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m 2D scans of log-likelihood (all other coefficients set to 0)
m No deviation from SM observed

m Improved limits of previous ttZ measurement [HEP 03 (2020) 056]

Dennis Schwarz 18


https://arxiv.org/pdf/2107.13896.pdf
https://doi.org/10.1007/JHEP03(2020)056
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t/tt +Z at CMS New at TOP2021! A i
[CMS-TOP-21-001]
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https://arxiv.org/pdf/2107.13896.pdf

Summary

[ATLAS Summary Figures], [CMS Summary Figures]|

CMS | 1)
ATLAS | S vy

EXPERIMENT HicH EneRer physics

m LHC has entered precision era and we can use EFT as a tool to interpret SM

measurements

m Already dedicated EFT analyses in place
m ATLAS and CMS have provided excellent measurements in the top sector

m Many more analyses to come!

CMS Preliminary

EFT from top quark production {5 =13 TeV

(Top) quark - vector boson operators

September 2021

C=CIN MFV basis adopted from arXiv:1802.07237
J— — individual Dimension 6 operators ( A = 1 TeV)
& —_ IHEP 03 2020) 056 75w
3 o1x — arXiv:2107.01508 (Sub. 10 JHEP) 137 1)
JHEP 03 (2020) 056 75|
o1 21X0viZ107 01508 (Sub. o HER) 137
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Eur.Phys.J. C79 (2019), 886 39’
6 P—— JHEP 03 (2021) 095 15|
w 01x
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20
co o1 — Phys Rev. D100 (2019),072002 359 0’|
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6 Phys.Rev. D100 (2019), 072002 X
G JHEP 03 (2021) 095 a15 |
Ce i Eur Phys.J. C79 (2016), 886 3591
Ceo o1 F— Eur.Phys.J. C79 (2019), 886 35917
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ATLAS Preliminary  Top EFT Summary

[1] Single top polarisation, ATLAS-CONF-2021-027
[21Z cross section, Phys. Rev. D 99 (2019) 072009
3] dif. cross section (I+jets), ATLAS-CONF-2021-031
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 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-036/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-036/

additional material

Dennis Schwarz
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tty at CMS AN
[CMS-TOP-18-010]

Source Cotrelation  UncCrtainty [%]
yield  o(tty)
Integrated luminosity partial 2325 18
Pileup 100% 0520 <05
Trigger efficiency — <05 <05
5 Electron reconstruction and identification 100% 02-17 <05
S Muon reconstruction and identification partial 0507 07
£ Photon reconstruction and identification 100% 04-14 10
8 pr(e) and pr(y) reconstruction 100% 01412 <05
s partial 1041 19
JER — 0416 06
b tagging 100% (2017/2018) 08-16 1.1
L1 prefiring 100% (2016/2017) 03-0.9 <05
_ Tune 100% 01-19 <05
£ Color reconnection 100% 0436 06
£ ISR/FSR 100% 1056 19
g ror 100% <05 <05
ME scales jig, 100% 0447 <05 .
seres e dte ) . 68% CL interval 95% CL interval
Wilson coefficient
Multijet normalization 100% 1365 09 (A/TeV)? (A/ TeV)?
- N@pn»mpl photon background 100% 1227 20 T o E{z =0 [~0.19,0.21] [-0.29,0.32]
E Misidentified e - 2580 L6 8 profiled [~0.19,0.21] [0.29,0.32]
2 Zy normalization 100% 0625 05 Z
& Wey normalization 100% 1035 24 o =0 [-0.20,0.20] [—0.30,031]
]
2 DY normalization 100% 0111 10 % profiled [~0.20,0.20] [-0.30,0.31]
tf normalization 100% 1019 10
“Other” bkg. normalization 100% 03-10 <05 5 o dg=0 [-035,0.16] [-0.42,038]
g oz y
Total systematic uncertainty 57 E profiled [-0.35,0.07] [-0.42,0.39]
L B g
Statistical uncertainty 09 8 4 =0 [-0.35,-0.16], [0.17,035]  [-0.42,0.42]
Z
Total 58 " profiled [-0.32,0.31] [-0.41,0.41]
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https://arxiv.org/pdf/2107.01508.pdf

Boosted tt at ATLAS

[ATLAS-CONF-2021-031]

ATLAS

EXPERIMENT

)
% HepHy

AN

(GH ENERGY PHYSICS

Source Uncertainty [%] Uncertainty [%] (no JSF)
Statistical (data) +0.4 +0.4
JSF statistical (data) +0.4 —
Statistical (MC) +0.2 +0.1
Hard scatter +0.5 0.8
Hadronisation +2.0 +1.8
J— +1.0 +14
Radiation (IFSR + hd.amp) 16 53
PDF +0.1 +0.1
Top-quark mass Hl”f +0.1
Jets +0.7 +4.2
b-tagging +2.4 +2.4
Leptons +0.8 +0.8
Episs £0.1 £0.1
Pileup +0.4 +0.0
Luminosity +1.8 +1.8
Backgrounds +0.7 +0.6
systematics +4.1 +5.8
Total systematics 43 260
+4.1 +5.8
Total
o —43 ~6.0

Wilson coefficient

Marginalised 95% intervals
Expected | Observed

Individual 95% intervals
Expected | Observed | Global it [99]

Cig

(8)
Ciq

[0.44, 0.44]
[-0.35,0.35]

[10.68,0.21]
[-0.30,0.36]

[-0.41,0.42]
[-0.35,0.36]

[:0.63, 0.20]
[:0.34,0.27]

[0.007, 0.111]
[-0.40, 0.61]
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http://cdsweb.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf

)
W pepHyY

s LT ATLA S
Energy asymmetry in tt at ATLAS ATLAS  =is BERTY
[CERN-EP-2021-181]
S ) AAE[1072]
cenario 0S0,-<; %<91‘S:‘T’r %Sglﬁ
Data stat. 1.60 1.40 1.40 ) Ap (A™) Ap (A™Y)
17 modeling 0.08 0.87 0.34 C(TeV/A) 68% CL 95%CL |  68%CL 95% CL
17 response MC stat 0.51 0.42 0.42 Chy [-0.41,0.47] [-0.65,0.67] | [-0.68,4.06] [-3.36,6.16]
W+jets modeling and PDF 0.29 0.49 0.42 C‘Sq [-0.87,1.24] [-1.72,2.10] | [-1.26,4.76] [-3.24,9.64]
Single top modeling 0.28 0.60 0.29 cl, [-0.43,0.52] [-0.69,0.75] | [-0.60,5.76] [-3.42,9.36]
17 and single top PDF 0.08 0.10 0.07 ct, [-1.41,0.84] [-2.01,1.43] | [-1.86,1.70] [-3.30,3.98]
Multijet 0.53 0.54 0.51 cl, [-0.50,0.56] [-0.78,0.81] | [-0.96,5.82] [-4.72,8.88]
Jet energy resolution 0.98 0.40 0.36 cs, [-1.00,1.01] [-1.71,1.56] | [-1.30,2.52] [-3.02,4.66]
Other detector uncertainties 0.42 0.43 0.30
Total 2.10 2.00 1.80
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Top + additional leptons at CMS

[JHEP 03 (2021) 095]

CMS

INSTITUTE OF
HIGH ENERGY PHYSICS

k)
},’)‘{é HEPHY

Source Type aw__a. cg ap
Tntegrated luminosity rate % 2% 1% <%
rate+shape 6% 2% 1% <1%
b jet tag 1% 5% 8% <1%
b jet tag HF fraction rate+shape
b jet tag HF stats (lincar) rate+shape
b jet tag HF stats (quadratic) rate+shape
b jet tag LF fraction rate+shape
b jet tag LF stats (linear) rate+shape
b jet tag LF stats (quadratic) ~rate+shape
¢ jet mistag <1% 12% 8% 2%
b jet tag charm (linear) rate+shape
b jet tag charm (quadratic)  rate+shape
PDF (gg) rate 1% <% <1% <1%
PDF (gg,711) rate <1% 1% <1% <1%
PDF (qq) rate 1% <1% <1% <1%
PDF (agouq) rate <1% <1% <1% <1%
i p scale (tTH) rate 2% 5% <1% <1%
g p scale (tTy) rate 1% 1% <1% <1%
i _p scale (tEV) rate 15% 1% 1% <1%
preg scale (tHq) rate 1% 1% <1% <1%
i seale (V) rate <% <1% <1% <1%
i p scale (VV) rate <1% <1% <1% <1%
g g scale (VVV) rate <% <1% <1% <1%
shape 2% 1% <% <%
i p scales shape <1% 6% 1% <1%
FSR ratetshape 1% 11% ™% 2%
ISR rate+shape  <1% 8% 3% <1%
Parton matching rate+shape 1% 10% 5% 1%
Additional radiation ratetshape  11% 3% 1% <1%
Lepton ident. /isol. rate+shape 4% 2% <1% <1%
Trigger efficiency ratetshape 2% 1% <1% 1%
Pileup rate+shape 1% 1% <1% <1%
Lepton misident. rate+shape 2% T0% 20% <1%
Lepton misident. (stat) rate+shape
Charge misident. rate 3% W <% <%

WC/A*[TeV )

20 interval (others profiled)

20 interval (others fixed to SM)

Cow
Gz
Cty
L=

[2%¢]

[~3.08, 2.87]
[-3.32, 3.15]
[~16.98, 44.26]
[~7.59, 21.65]
[~1.38, 1.1§]
[~4.95, 4.95]
[~7.37, 3.48]
[~12.72, 12.63]
[~18.62, 12.31]
[~9.67, 8.97]
[~4.02, 4.99)
[-4.38, 4.59]
[~4.29, 4.82]
[-4.24, 4.86]
[-6.52, 6.52)
[—0.84, 0.84]

[~2.15, —0.20]U[0.21, 1.96]
[-2.14, 2.19]
[~14.12, —1.46]U[32.30, 44.48]
[3.45, 3.33]

[~1.26, —0.69]U[0.08, 0.79]
[~4.12, 4.09]

[=7.21, 2.25]

[~9.87, 9.67]
[~20.91, —14.10]U[~6.52, 4.24]
[~9.91, 9.50]

[~4.76, 5.83]

[~5.20, 5.36]

[-5.15, 5.51]

[~4.97, 5.80]

[~7.70, 7.70]

[-1.01, 1.01]
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https://doi.org/10.1007/JHEP03(2021)095

t/tt +Z at CMS

[CMS-TOP-21-001]

CMS

\\!’4
AN

HEPHY

INSTITUTE OF
HICH ENERGY PHYSICS

Other WCs fixed to SM 5D fit
Expected Observed Expected Observed
WC /AI[TV O 95% CL confidence intervals

oz | [-0.97,096] [-0.76,0.71] [-1.24,1.17] [—0.85,0.76]
oy | [-0.76,0.74] [-0.52,0.52] [—0.96,0.93] [—0.69,0.70]
L‘;Q [-1.39,125] [-1.10,1.41] [-1.91,1.36] [—1.26,1.43]
o0 [-2.86,233] [-3.00,2.29] [—6.06,14.09]  [-7.09,14.76]
ot | [-3.70,371] [-21.65,—14.61]U[-2.06,2.69] [-16.18,10.46] [—19.1510.34]
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_ _ ‘HMA
ttZ and titW at ATLAS ATLAS i HEPHY

[PHYS. REV. D 99, 072009 (2019)]

Uncertainty iz Oaw
Luminosity 2.9% 4.5%
Simulated sample statistics 2.0% 5.3%
Data-driven background statistics 2.5% 6.3%
JES/JER 1.9% 4.1%
Flavor tagging 4.2% 3.7%
Other object-related 3.7% 2.5%
Data-driven background normalization 3.2% 3.9%
Modeling of backgrounds from simulation 5.3% 2.6%
Background cross sections 2.3% 4.9%
F_ake leptons and charge misID 1.8% 5.7% coetricients e N Co A Cor/
th modelipg 4.9% 0.7%  Sreviom indirect constraints at 68% C.L. ~0.1.37] =05, 10] [-1.6,08]
iW modeling 03%  8.5% froiow e o o5 CL ra ey [ese
Total systematic 10% 16%  Ormoned limit s 636, ¢ [[:223 2’.‘;]] %: %
Statistical 8A4%  15% opencd it o o L (e Erer B [
Expected limit at 95% C.L. (lincar) [-5.8.63]
Total 13% 229  Observed limit at 68% C.L. (linear) [-1.8.44]
Observed limit at 95% C.L. (linear) [-4.8.7.5]

(Quadratic term dominant for ¢, and ¢;5)
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